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Abstract: Fragile X-associated tremor/ataxia syndrome (FX-
TAS) is a neurodegenerative disorder with core features of
action tremor and cerebellar gait ataxia. Frequent associated
findings include parkinsonism, executive function deficits and
dementia, neuropathy, and dysautonomia. Magnetic Resonance
Imaging studies in FXTAS demonstrate increased T2 signal
intensity in the middle cerebellar peduncles (MCP sign) in the
majority of patients. Similar signal alterations are seen in deep
and subependymal cerebral white matter, as is general cortical
and subcortical atrophy. The major neuropathological feature
of FXTAS is the presence of intranuclear, neuronal, and astro-
cytic, inclusions in broad distribution throughout the brain and
brainstem. FXTAS is caused by moderate expansions (55–200
repeats; premutation range) of a CGG trinucleotide in the
fragile X mental retardation 1 (FMR1) gene, the same gene

which causes fragile X syndrome when in the full mutation
range (200 or greater CGG repeats). The pathogenic mecha-
nism is related to overexpression and toxicity of the FMR1
mRNA per se. Although only recently discovered, and hence
currently under-diagnosed, FXTAS is likely to be one of the
most common single-gene disorders leading to neurodegenera-
tion in males. In this report, we review information available on
the clinical, radiological, and pathological features, and prev-
alence and management of FXTAS. We also provide guidelines
for the practitioner to assist with identifying appropriate pa-
tients for DNA testing for FXTAS, as well as recommenda-
tions for genetic counseling once a diagnosis of FXTAS is
made. © 2007 Movement Disorder Society
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Fragile X-associated tremor/ataxia syndrome (FX-

TAS) is a late onset (�50 years) neurodegenerative

disorder, occurring in carriers of a premutation CGG-

repeat expansion in the fragile X mental retardation 1

(FMR1) gene.1 The disorder consists of intention tremor,

ataxia, parkinsonism, cognitive decline, neuropathy, and

psychiatric features along with Magnetic Resonance Im-

aging (MRI) findings of increased signal intensity in the

middle cerebellar peduncles (MCP sign) on T2-weighted

images or FLAIR sequences in many affected persons.2-4

The penetrance of FXTAS in male carriers over 50 years

is �40%, with an age-related penetrance of 17%, 38%,

47% and 75% for male carriers aged 50 to 59, 60 to 69,

70 to 79, and �80 years, respectively.5 Penetrance in

females is much lower and female carriers only infre-

quently develop FXTAS. It is estimated that 1 of 259

females6 and 1 of 813 males7 in the general population

are carriers of an FMR1 premutation, suggesting that for

males, FXTAS may be one of the most common late-

onset, progressive neurological diseases associated with

a single gene mutation, similar in prevalence to other

neurodegenerative diseases such as multiple system at-

rophy and amyotrophic lateral sclerosis.

The FMR1 gene, located on the X chromosome, has a

trinucleotide (CGG) repeat in the 5� untranslated region

of the gene.8 The normal repeat length is 5-44 CGG

triplets; “gray zone” alleles are defined as 45-54, premu-

tation alleles as 55-200, and full mutations as above 200

CGG repeats.9 Repeat lengths in the gray zone may

occasionally be unstable, or expand, when passing from

one generation to the next,10 but are not known to cause

disease.

Full mutation alleles result in hypermethylation and

silencing of the FMR1 gene11 and consequent deficiency

or absence of FMR1 protein (FMRP).12 FMRP is an

RNA-binding protein thought to regulate translation at

the dendrite in response to glutamatergic neural activa-

tion,13 thereby modulating synaptic plasticity, and den-

dritic morphology.14 Absence or deficiency of FMRP

results in fragile X syndrome (FXS).12,15 With a popula-

tion prevalence of about 1 of 3,600,16 FXS is the most

common inherited form of mental retardation and is

characterized by cognitive, speech and behavioral dis-

abilities, hypotonia, and motor coordination problems

and autistic features. Physical signs including a long face

and prominent ears are present in many individuals with

FXS,17 and seizures occur in about 15%, most commonly

in young children.18 Because of the presence of a pre-

sumably normal FMR1 allele on the second X chromo-

some, females with a full mutation are more mildly

affected than males, but can have a range of associated

features, both physical and developmental.

Some premutation carriers have been found to have

subtle evidence of features that overlap those seen in

FXS.19 Some female premutation carriers have emo-

tional problems including anxiety, obsessive thinking,

and/or depression.20-22 Male carriers show increased ob-

sessive-compulsive symptoms relative to a control

group, independent of presence, and severity of motor

signs of FXTAS.23 Cornish et al.24 found social deficits

and obsessive thinking in adult male carriers. A recent

study of boys with the premutation who presented with

developmental delay showed higher rates of autistic be-

havior compared to their brothers without the premuta-

tion.25 A small subgroup of carriers have cognitive dis-

orders or features of FXS, predominantly those with a

larger premutation and evidence of a deficit in

FMRP.26-28

Previously there was no recognized clinical phenotype

specific to premutation carriers. In recent years, however,

two such phenotypes have emerged. The first was pre-

mature ovarian failure (POF), defined as the cessation of

menses before age 40, which occurs in �20% of female

carriers.29 Even in female carriers who do not have POF,

FSH is elevated, suggestive of ovarian dysfunction.30

The second phenotype is FXTAS, the focus of this re-

view, which occurs in a proportion of carriers, and in

men more often than women.5

CLINICAL PHENOTYPE OF FXTAS:

NEUROLOGICAL, PSYCHOLOGICAL, AND

PSYCHIATRIC

The mean (�SD) age of onset of FXTAS is 60.2

(�7.2), and larger CGG repeat number in the FMR1

premutation correlates with earlier age of onset of tremor

and ataxia.31 The major motor features are intention or

postural (action) tremor, cerebellar gait and limb ataxia,

and parkinsonism.2,32-36 These features are demonstrated

on the accompanying video clips (see video legend).

Tremor on the Clinical Rating Scale for Tremor (CRST)

and limb ataxia on the International Cerebellar Ataxia

Rating Scale (ICARS) were distinct clinical features

identified in adult male premutation carriers as compared

to appropriately defined age-matched mixed gender con-

trol group.33 Tremor on the CRST, and limb ataxia and

gait/stance ataxia on the ICARS were abnormal in addi-

tional groups of male carriers relative to age-matched

male controls.5,37 Age of onset of both tremor and ataxia

have been found to correlate with CGG repeat length.38

As evidenced by the statistically significant differences

in all subdomains of the CRST,33 the tremor of this

phenotype is multidimensional, involving rest, postural,

and kinetic elements. Postural and kinetic tremors are

typically more obvious initially and rest tremor some-
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times appears as the condition progresses. The gait is

typically slow and lurching, and patients have difficulty

with tandem stance and gait, consistent with cerebellar

ataxia. Parkinsonian signs, primarily rigidity,33 are usu-

ally less obvious. This suggests that the phenotype in

FXTAS premutation carriers is not a typical presentation

of Parkinson disease, but instead an overlapping tremor-

predominant syndrome with cerebellar ataxia and mild

parkinsonism. Despite high inter-individual variation in

the phenotype, even within families,39 the mixture of

cerebellar gait ataxia, postural/intention tremor, and par-

kinsonism in older men is characteristic of FXTAS but

overlaps the spectrum of clinical features observed in

some of the inherited cerebellar ataxias and multiple

system atrophy—cerebellar subtype (MSA-C).

In addition to tremor and ataxia, anecdotal reports

suggest that neuropathic and autonomic dysfunction oc-

curs in FXTAS.1,5,34,40 Signs of peripheral neuropathy,

including decreased reflexes and impaired vibration

sense in the distal lower extremities, are present in many

affected persons, and are found more frequently in male

premutation carriers than in matched controls.41 Severity

of neuropathic signs correlates with CGG repeat length

and with severity of ataxia in both male and female

premutation carriers.41 Some individuals also have evi-

dence of substantial autonomic dysfunction, including

orthostatic hypotension,40 impotence, and, eventually,

progressive loss of bowel and bladder control.

Cognitive deficits are frequent in FXTAS. Heretofore,

the most characteristic type of dementia seen in FXTAS

is a dysexecutive syndrome; the pattern of deficits is

similar to that observed in several of the spinocerebellar

ataxias, the frontal variant of frontotemporal dementia,

and multiple system atrophy.42-44 The initial signs of

cognitive impairment in FXTAS appear to be relatively

subtle deficits of the executive cognitive functions (ECF)

and working memory.45,46 Because these initial ECF

deficits are not obvious, they may be overlooked until

they begin to affect behavior, at which time they may be

viewed as indicative of personality change. There ap-

pears to be little impairment of primary declarative mem-

ory, especially episodic recall, until later in the disorder.

Constructional praxis, visuospatial functioning, and lan-

guage are typically intact.

Although there is considerable variability in the pro-

gression and nature of cognitive impairment, individuals

with FXTAS typically score lower than healthy persons

of the same age and education on a number of cognitive

measures, including WAIS-III Performance (nonverbal)

IQ, as well as measures of ECF and information process-

ing speed. Verbal reasoning, as measured by the WAIS-

III verbal IQ, is relatively unaffected in FXTAS, with the

exception of those subtests dependent on working mem-

ory (Arithmetic and Digit Span).

One of the most striking executive cognitive deficits as

FXTAS advances is impairment in the initiation of pur-

poseful, goal-directed activity, and in the inhibition of

inappropriate or irrelevant behavior. As insight becomes

increasingly affected, patients become oblivious to rather

remarkable behavioral and cognitive slips and errors.

Measures such as the Neuropsychiatric inventory, which

quantitate behavioral consequences of dementia, may be

more abnormal in FXTAS than overall cognitive screen-

ing instruments such as the Folstein mini mental state

examination (MMSE). This latter test may be paradoxi-

cally relatively well-preserved early in the dementia that

occurs in FXTAS, as the MMSE does not assess execu-

tive cognitive deficits directly.4

The speed of information processing is slowed and its

capacity is decreased.47 Deficits in semantic memory-

especially retrieval-are common, probably secondary to

the dysexecutive syndrome. Language and verbal reason-

ing are relatively spared, at least until late in the disorder.

It is as yet unknown when cognitive impairment begins

in relation to the neurological signs of FXTAS or

whether progressions of motor and cognitive signs cor-

respond. However, given findings of subtle executive

disorders among carriers of premutation alleles ascer-

tained without regard to the presence or absence of motor

signs of FXTAS,48,49 cognitive issues may be present

early on.

FXTAS can be associated with a combination of psy-

chiatric features that may appear either sequentially or in

combination.4,50 As the motor symptoms of FXTAS

emerge and progress, the psychiatric symptoms change

over time as well. Because all of the psychiatric symp-

tom groups seen in FXTAS are commonly seen in pre-

mutation carriers without neurological illness23,24 and are

often associated with neurological illness unrelated to

FXTAS (such as Parkinson disease), the relationship

between FXTAS and psychiatric illness remains corre-

lative, rather than causal. The psychiatric symptoms seen

in FXTAS often follow the establishment of motor

symptoms that are quite disabling. Thus, it is possible

that some of the psychiatric symptoms in FXTAS may be

partially residual to the “stress” and disruption of living

with a disabling illness and the psychosocial loss this

represents.

The neuropsychiatric comorbidity of FXTAS appears

to consist of anxiety disorders, mood disorders (primarily

of the depressed type), and dementia.4,51 In some cases

the anxiety and/or mood disorder may serve as a psychi-

atric prodrome of the later motor involvement.23 The

anxiety disorder is similar to generalized anxiety disor-
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der, wherein patients chronically experience an increased

“tonic” level of anxiety, as opposed to episodes of acute

and time-limited bouts of extreme anxiety, as seen in

specific phobia or panic disorder.

The mood disorder of FXTAS reported frequently in

studies to date is of the depressed type, with variable

neurovegetative signs.4,51 As with depressive disorders in

the context of a general medical or neurological illness,

these depressed episodes do not necessarily meet diag-

nostic criteria for major depressive disorder. Dementia

presents concurrently with anxiety or mood disorders in

some cases.50

On the basis of clinical information available to date,

diagnostic criteria for FXTAS have been proposed.34

These criteria, outlined in Table 1, have been useful in

clinical studies. In routine medical practice, however, the

diagnosis can be made by finding of the FMR1 premu-

tation in a person with a late onset neurological disorder

(however mild) consistent with previously published

cases. Presence of the MCP sign on MRI is useful in

confirming the diagnosis, but not necessary, since to date

the frequency of this radiographic sign among affected

carriers is �60%.34

INVOLVEMENT IN FEMALES

FXTAS affects predominantly male premutation car-

riers as evidenced by the lack of significant differences

between groups of female carriers and controls when

rated with the CRST, ICARS, or UPDRS,33,34 although

individual female carriers do occasionally have clinical

and neuropathological features of FXTAS.39,51-54 Pen-

etrance estimates for females are not yet available and

are the subject of ongoing study, although will likely be

less than 10% overall for females over age 50 (Berry-

Kravis E, Hagerman R, unpublished data). The neuro-

logical symptoms are almost always much milder in

females than males, presumably due to a variable degree

of protection provided by the expression of FMR1 from

the normal allele on the active X chromosome in a

percentage of cells. Indeed, females with FXTAS symp-

toms tend to have skewed X-inactivation, with a greater

fraction of cells expressing an active premutation.51,54

RADIOLOGICAL FEATURES OF FXTAS

MR imaging findings associated with FXTAS (Figs. 1

and 2) include diffuse cerebral, brainstem and cerebellar

volume loss, and increased T2 signal intensity in white

matter of the MCP, and in underlying cerebellar white

matter lateral to the dentate nuclei (Fig. 1).3 The MCP

sign is not specific to FXTAS; and not all patients with

FXTAS demonstrate this finding.55,56 FXTAS-associated

MRI findings also include patchy or confluent areas of

increased signal intensity on T2 weighted or FLAIR

images in periventricular and deep white matter of the

cerebral hemispheres and corpus callosum (Fig. 2).

These cerebral alterations are more prominent than in

age-matched controls.3,57 Volumetric studies, performed

in aging male carriers with and without FXTAS, also

reveal significant volume loss involving the cerebellum,

cerebral cortex, amygdalo-hippocampal complex, thala-

mus, and brainstem.58,59 Cerebellar volume loss, in-

creased ventricular volume, and whole brain white mat-

ter hyperintensity correlate with CGG repeat length in

premutation carriers.57 The above-described constella-

tion of MRI findings in an aging male should lead to

consideration of FXTAS, particularly if the MCP sign is

present.

PATHOLOGICAL FEATURES OF FXTAS

The pathological diagnosis of FXTAS is currently

made only at autopsy, which has been reported for 1

female and 11 male premutation carriers to date.52,60-62

The pathological hallmark of FXTAS is the presence of

intranuclear inclusions in neurons and astrocytes

throughout the brain. The inclusions are ubiquitin posi-

tive on immunostaining of paraffin-embedded sections.

Electron microscopic evaluation shows nonmembrane

bound collections of granulofilamentous material. Fur-

ther immunohistochemical and mass spectrometric anal-

yses of purified brain inclusions show them to be asso-

ciated with more than 20 proteins and FMR1 mRNA.63-65

TABLE 1. Proposed diagnostic criteria and categories for
FXTASa

Criteria
Molecular 55 to 200 CGG repeats
Clinical

Major Intention tremor
Cerebellar gait ataxia

Minor Parkinsonism
Moderate to severe working memory

deficit
Executive function deficit

Radiological
Major MRI white matter lesions involving

middle cerebellar peduncles
Minor MRI lesions involving cerebral white

matter
Moderate to severe generalized brain

atrophy
Diagnostic categories

Definite One major clinical, and one major
radiological, or presence of FXTAS
inclusions

Probable Two major clinical, or one minor clinical,
and one major radiological

Possible One major clinical, and one minor
radiological

aAdapted from Jacquemont et al.2
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FIGURE 1.



These findings support the RNA gain-of-function mech-

anism that has been proposed for FXTAS.66 This mech-

anism was based on the finding of elevated FMR1

mRNA levels in cells from premutation carriers, corre-

sponding to and presumably compensating for a transla-

tional deficit for FMRP produced from premutation al-

leles, particularly at larger CGG repeat sizes.67

Accumulated FMR1 mRNA containing the CGG repeat

is then thought to exert a neurotoxic effect by sequester-

ing and perturbing function of nuclear proteins.60,61,66

This mechanism is also consistent with the finding of

nuclear inclusions in mice expressing an FMR1 gene

with a premutation expansion allele (�100 CGG re-

peats),68 and with studies showing neurodegeneration in

Drosophila expressing an expanded CGG repeat.69 As

predicted by the FMR1 mRNA toxicity mechanism for

FXTAS, individuals with the FMR1 full mutation and

FXS do not develop FXTAS because the FMR1 gene

silencing in FXS results in absent or reduced FMR1

mRNA and FMRP. Figure 3 illustrates the relationships

between FMR1 CGG repeat length, type of mutation

(full or premutation), FMR1 mRNA levels, FMRP lev-

els, and clinical phenotype.

The nuclear inclusions in FXTAS are most numerous

in the hippocampal formation, and are only rarely seen in

Purkinje cells. The number of CGG repeats is highly

correlated with the fraction of inclusion-bearing neural

cells in cases studied thus far.61 The inclusions have been

identified in the hypoglossal cranial nerve nucleus. In-

clusions have not been identified in motor neurons of the

spinal cord, although they are present in spinal auto-

nomic neurons and astrocytic nuclei of the spinal cord.61

Patches of subcortical white matter pallor and spongiosis

with axonal spheroids are present to varying degrees in

white matter, accompanied by loss of axons and myelin.

These changes correspond to areas of increased T2-

weighted signal intensity seen on T2-weighted MR im-

aging of the same individuals. Despite the obvious ab-

normal appearance of the MCP sign on MRI images,

only a mild degree of spongiosis, with rare swollen

axons, is found in the MCP at autopsy. Deep cerebellar

white matter in the region of the dentate nucleus shows

FIG. 2. Fifty-nine-year-old male with FXTAS. T2 weighted MR im-
age demonstrates moderate bilateral increase in MCP signal intensity
and mild thinning of the oblique transverse diameters of both MCPs.
There is mild cerebellar cortical volume loss.

FIG. 3. Graphs of the relative levels of FMR1 mRNA and protein
(FMRP) as a function of the number of CGG repeats, and the associated
clinical phenotypes. FXTAS and POF are largely confined to the
premutation range, and are thought to occur through an RNA toxic
gain-of-function due to excess FMR1 mRNA; however, occasional
patients with full mutation alleles continue to express mRNA and are at
risk of developing FXTAS. By contrast, fragile X syndrome is caused
by reduced/absent FMRP, due to silencing of the FMR1 gene in the full
mutation range, and is generally confined to the full mutation range.
Features of the fragile X syndrome spectrum may occur in the upper
premutation range due to reduced protein production. Dashed lines for
mRNA levels in the full mutation range reflect variations in degree of
silencing; dashed lines for FMRP levels represent reductions due to
both lowered mRNA levels and intrinsic reductions in translational
efficiency. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Š

FIG. 1. Fifty-year-old male with FXTAS. (A–D): T2 weighted MR images. (E,F): Inversion recovery MR images. A and B: There is increased signal
intensity in the middle cerebellar peduncles that is both mild (anterior arrow in B) and moderate (posterior arrow in B) in severity, and extends into
the deep white matter of the cerebellum adjacent to the dentate nuclei (arrow in A). (C-F): There is moderate cortical volume loss and mild increase
in volume of the lateral ventricles. There are nonspecific regions of increased signal intensity in frontal and parietal white matter, most conspicuous
on matching inversion recovery images (E,F). The cerebral white matter changes are mild in severity for subjects with FXTAS.
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variable degrees of spongiosis and axonal and myelin

loss. The more severe cases also show scattered, mark-

edly enlarged astrocytes in white matter presumably con-

taining phagocytosed cytoplasmic material.

The current diagnostic criteria for FXTAS outlined in

Table 1, originally published in Jacquemont et al.,34 have

been modified to include the presence of inclusions when

brain tissue is available.66 Inclusions have also been

recently identified in the anterior and posterior pitu-

itary62,70 and in the Leydig cells and myotubular cells of

the testicles in two males with FXTAS.70

FXTAS SCREENING IN MOVEMENT

DISORDERS COHORTS

The discovery of FXTAS prompted exploration of the

contribution of the FMR1 premutation to disorders with

similar clinical features. The results of several cross-

sectional studies screening for FMR1 repeat expansions

in movement disorder populations are shown in Table

2.54,71-81 The prevalence of premutation alleles in men

with ataxia in a meta-analysis of studies published before

200654,71-73,75,77,79,80,83 was 1.5% (16/1,049), thirteen

times more than expected based on the prevalence of the

premutation in the general population. A more recent

study84 suggested a similar frequency (3/142, 2.1%) of

premutation alleles in men screened in an ataxia clinic.

Screening of patients with the cerebellar subtype of mul-

tiple system atrophy73,74,79,81,82,85 showed 2.4% (4/167)

had premutations, while screening of other movement

disorders populations was unrewarding.74,76,78-80,86,87 In

most cases when the FMR1 premutation was found, the

clinical description of the premutation carriers suggested

that FXTAS was the patient’s actual diagnosis, rather

than a statistical association. Thus, in the vast majority of

the cases presented in Table 2, the identification of a

premutation allowed confirmation of a diagnosis of

FXTAS.

As has been pointed out previously,88 the results of

these screening studies yielded smaller prevalence rates

than expected. These studies likely underestimate the

true contribution of the FMR1 premutation in movement

disorders for a number of reasons. Several of the studies

included patients under the age of 55. Also, the percent-

ages derived are based on low numbers of premutation

carriers identified and the confidence intervals include

zero, suggesting that larger populations would need to be

screened to generate accurate prevalence rates. Further,

the movement disorder cohorts screened were recruited

based on specific clinical criteria, which in many cases

would likely exclude patients with FXTAS. For example,

the screened essential tremor patients were required to

have a first-degree relative with essential tremor, and

patients with PD and MSA were required to have no

atypical signs, such as dementia. Lack of dementia may

exclude up to 50% of patients with FXTAS.

Another reason that these studies likely underestimate

the importance of the contribution of the FMR1 premu-

tation to movement disorders is that the screened ataxia

population had been ascertained on the basis of being

referred for genetic testing for ataxia. FXTAS patients

are rarely referred for genetic testing for ataxia, and only

�17%89 had been given a diagnosis of ataxia before they

were found to have FXTAS. The low frequency of ataxia

diagnoses in patients with FXTAS seems to be related to

the multiplicity of neurological problems and neuroim-

aging findings seen in these patients, such that they are

not typically seen as having a primary diagnosis of

ataxia. Rather the overall clinical picture for many pa-

tients with FXTAS is hard to classify as a defined neu-

rological condition, and thus patients may receive a

broad range of diagnoses such as stroke and multiple

sclerosis.89 Further, unlike most inherited ataxias, indi-

viduals with FXTAS from the same family may present

with a very different constellation of clinical symptoms

and neuroimaging findings.39

Interestingly, only a small proportion (4%) of FXTAS

patients with movement disorders were referred to move-

ment disorder specialists89; thus, the estimates for pre-

mutation alleles in those populations probably underes-

TABLE 2. Frequency of FMR1 premutation alleles in
populations with movement disordersa

Clinical diagnosis

Premutation allele/sample size

Men Women

PDb 1/903 1/225
Atypical PD 0/40 0/11
Essential tremor 0/270 0/78
MSAc 2/366 3/297

MSA-Pd 1/341
MSA-Cd 4/280 (4/167)e

Cerebellar ataxia 16/1049f 1/549
Total 18/2628 5/1160

aTable is adapted from Jacquemont et al.81

bPD, Parkinson’s disease. From Tan et al.78 only the late-onset PD
group is included because gender was not reported for the remainder of
the subjects.

cMSA, Multiple system atrophy. Includes possible, probable, and
definite MSA as defined in Gilman et al.82

dMSA-P, parkinsonian subtype of MSA; MSA-C: cerebellar subtype
of MSA. The subtype and gender was not provided for all patients.

eParentheses indicate the subgroup of probable MSA, meaning they
have definite signs of MSA and are diagnosed while alive. A signifi-
cantly higher (4/167; 2.4%) number of persons with probable MSA-C
had FMR1 premutations than present in the normal population (P �
0.01).

fA significantly higher (16/1049; 1.5%) number of males with cer-
ebellar ataxia had FMR1 premutations than present in the normal
population (P � 0.001).
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timate the numbers of individuals presenting with such

features as parkinsonism, gait ataxia, or other neurolog-

ical signs. In addition, premutation rates vary with eth-

nicity, with some populations, such as ethnic Chinese,

having lower rates than others.90 Although these studies

yield frequency estimates for FMR1 repeat expansions in

movement disorders, prospective studies are needed.

TESTING FOR FXTAS

Diagnosis of both FXTAS and FXS is accomplished

through DNA analysis designed to evaluate the size of

the CGG repeat sequence in FMR1. The DNA test per-

formed is the same for identification of either FXS or

FXTAS, and may be termed fragile X DNA test, FMR1

DNA test, or FXTAS DNA test, depending on the lab-

oratory. The fragile X DNA test is readily available at

University and commercial laboratories in the USA and

through health services laboratories in many countries.

On the basis of current literature, reasonable guidelines

for testing for FXS and FXTAS are presented in Table 3

and Table 4, respectively.

NATURAL HISTORY OF FXTAS

Since FXTAS has only recently been described, infor-

mation about the natural history of the disorder has

primarily been inferred from the multiple case histories

that have been published.1,2,35,39,61,85 Definition of the

natural history of FXTAS is difficult because the initial

symptoms may be subtle, e.g., ECF dysfunction, and

difficult to recognize. Recently, a family-based, retro-

spective, longitudinal study36 analyzed the progression

of motor deficits related to tremor and ataxia and the

length of survival after onset in 55 male premutation

carriers. Onset of disease was defined as the first report

of tremor or ataxia. Tremor usually occurred first, with

median onset at �60 years. From occurrence of the

initial motor sign, median delay of onset of ataxia was

two years; onset of falls, six years; dependence on a

walking aid, 15 years; and death, 21 years. Preliminary

data on life expectancy were variable, ranging from five

to 25 years. In the few months before death patients were

bedridden, dysarthric, dysphagic, without bladder or

bowel control, and had severe parkinsonism (rigidity,

rest tremor, and bradykinesia).

TREATMENT AND MANAGEMENT OF

INDIVIDUALS WITH FXTAS

There is no specific treatment for FXTAS that is

targeted to the underlying pathogenic mechanism of ex-

cess FMR1 mRNA; however, there are several ap-

proaches for supportive intervention and parameters for

clinical monitoring which should be considered standard

once an individual is identified as having FXTAS. These

include:

● treatment for specific neurological and psychiatric

symptoms;

● monitoring for progression and degeneration;

● Treatment of hypertension because hypertension adds

additional risk for compromise of cerebral white mat-

ter if left untreated

● referral to psychiatry, gerontology, movement disor-

der specialist, speech therapy for evaluation and man-

agement of swallowing if necessary, occupational

and/or physical therapy; and

TABLE 3. Testing guidelines for fragile X syndrome

Clinician should test for FMR1 mutation if the patient has any of the
following:

Mental Retardation of unknown etiology
Autism or Autism Spectrum Disorder of unknown etiology

(including pervasive developmental disorder-not otherwise
specified or Asperger syndrome)

Premature Ovarian Failure of unknown etiology
Clinician should test for FMR1 mutation if the patient has any of the

following AND additional cognitive or physical features of FXS
OR family history of FXS or FXTAS:

Learning Disability, especially Nonverbal Learning Disabilities or
math disability

Behavioral issues, including poor eye contact, anxiety, selective
mutism, attention problems, hyperactivity

Seizures

TABLE 4. Testing guidelines for fragile X-associated
tremor/ataxia syndromea

Clinician should test for FMR1 mutation if the patient has any of the
following:

Onset of cerebellar ataxia of unknown cause in an individual over
50 yr

Onset of action tremor of unknown cause in individual over 50 yr
with parkinsonism or cognitive decline

Prior diagnosis of multiple system atrophy, cerebellar subtype
MCP sign on T2/FLAIR images of MRI in a patient with signs

consistent with FXTASb

Positive family history of FMR1 mutation in an individual who
could be a carrier based on position in pedigree if signs
consistent with FXTAS are presentb

Family or patient history of infertility/premature menopause in a
patient with signs consistent with FXTASb

aPresence of an MCP sign (increased T2 signal intensity in the
middle cerebellar peduncles), family history of FMR1 mutation and
possible carrier status, and patient history of POF (premature ovarian
failure), even without clinical signs of FXTAS would be appropriate
criteria for presymptomatic screening for an FMR1 mutation.

bSigns consistent with classic FXTAS include action tremor, cere-
bellar gait ataxia, parkinsonism, and cognitive decline, especially ex-
ecutive function deficits. Additional features that are often associated
with, or may be the presenting features of FXTAS, include peripheral
neuropathy, autonomic dysfunction, dementia, a family history of
ataxia, autism spectrum disorder or mental retardation, and a family or
personal history of POF. Males are more commonly affected than
females.
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● genetic counseling for the patient and family.

As yet there have been no therapeutic clinical trials

conducted in FXTAS, likely due to the only recent rec-

ognition of the disorder and presentation of these patients

to general neurologists and primary care physicians. A

questionnaire-based study of 56 patients with FXTAS

reported that 60% were not on medications for their

neurological symptoms.91 Those individuals with defi-

nite or probable FXTAS were more likely to be on

medications than those with possible FXTAS. The ques-

tionnaire study design92 may have underestimated re-

ported effectiveness, because of small sample sizes, cog-

nitive impairment, and lack of insight into some of the

symptoms of the disease.

On the basis of the questionnaire study91 and our

anectodal experience, some interventions for symptom-

atic control in FXTAS seem reasonable. Tremor may

improve with primidone, �-blockers, and benzodiapines.

Some patients report mild, usually transient, improve-

ment in ataxia from amantadine, and in parkinsonism

from carbidopa/levodopa. An anecdotal report noted that

gabapentin appeared to be helpful for neuropathic pain in

some patients with FXTAS.34

Both the anxiety disorder and depressive disorders

associated with FXTAS may benefit from conventional

management with antidepressant medications, such as

selective serotonin reuptake inhibitors or serotonin-nore-

pinephrine reuptake inhibitors .34,91 Anxiety improved in

2 of 6 FXTAS patients on venlafaxine and 5 of 8 patients

on benzodiazepines.91 Because of the progressive nature

of FXTAS and its association with dementia, benzodi-

azepines (and their associated risks to cognitive func-

tion), and tricyclic antidepressants (which are anticholin-

ergic and thus problematic in patients at risk for

cognitive impairment) should be used with caution.93-95

Although the profile of cognitive deficits in FXTAS

appears to be different form those classically seen in AD,

and a hypocholinergic state in FXTAS has not been

elucidated, the use of anti-dementia medications may at

least temporarily increase cognitive function in FXTAS

dementia. Clinical intervention with psychopharmaco-

logical agents, as is typically done for other subtypes of

dementia, appears cautiously advisable in FXTAS de-

mentia and may serve to stabilize cognitive function, at

least in the short term.50 Off-label use of anticholines-

terase agents (e.g. donepezil, rivastigmine, galantamine)

may supplement the putative functionally hypocholin-

ergic condition reflected in poor cognitive function.34,50

In addition, off-label use of memantine to block a pos-

sible glutamate-associated excitotoxicity in FXTAS de-

mentia may be considered. Prospective studies of neuro-

protective agents for FXTAS dementia are currently

being designed. Intervention with antidepressants for the

concurrent mood and anxiety disorders may have a sal-

utary affect in enhancing cognition while treating anxiety

and mood symptoms.50 In the questionnaire study91

slowing of cognitive decline was reported by family

members in 3 of 9 FXTAS patients on acetylcholinest-

erase inhibitors and in 2 of 6 on venlafaxine. For demen-

tia cases with secondary psychotic symptoms (e.g. delu-

sions and hallucinations), cautious use of atypical

antipsychotic agents may also be helpful.50

FAMILY HISTORY TO AID WITH

DIAGNOSIS AND MANAGEMENT OF FXTAS

FOR PRACTITIONERS

When a family member is identified as having FXTAS

with confirmation by the presence of an FMR1 premu-

tation, it is imperative that the physician obtain a family

history and refer the patient to a genetic counselor or

geneticist so that genetic and psychosocial issues related

to the diagnosis can be addressed. When obtaining a

family history, the clinician must inquire about specific

medical issues related to other family members as well as

the patient.

In taking a detailed family history from a new patient

with psychiatric and/or neurological symptoms in the

spectrum of those that can be seen in FXTAS, the phy-

sician should ask targeted questions about:

● Children or grandchildren with mental retardation,

autism, behavioral/learning disorders

● Daughters or female relatives with infertility, prema-

ture menopause

● Family members with ataxia or other neurological

problems and psychiatric problems, including demen-

tia, especially if in combination with a movement

disorder. It is likely that a small fraction of cases

previously diagnosed with multiple sclerosis with de-

mentia and Parkinson’s disease with dementia, in fact,

had FXTAS, particularly when multiple family mem-

bers are affected

The most important family history is likely to involve

identifying individuals with possible symptoms of FXS

in the family, as virtually all cases of FXTAS thus far

described (outside of population screening studies) have

been recognized because of a grandson or granddaughter,

grandnephew or grandniece, or son with FXS. If present,

the family history of FXTAS and of POF has, in most

cases, been identified after the relationship with FXS was

established. It is likely that this ascertainment pattern

reflects the recent description of the syndrome, however,

and limited knowledge of FXTAS outside of groups
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working with FXS families. With increased awareness it

is expected that individuals with FXTAS (and POF) will

be identified independently of the diagnosis of FXS.

GENETIC COUNSELING ISSUES

Genetic counseling for fragile X disorders is particu-

larly challenging because of the complex multigenera-

tional inheritance, variable phenotype, and implications

for families. All women with a premutation are at risk of

having offspring with a full mutation and thus, FXS. All

daughters of males with a premutation will be obligate

carriers of the premutation. A detailed family pedigree

can be obtained by a genetic counselor in order to pro-

vide genetic risk assessment for carrier status and risk of

having affected or carrier offspring. When a male patient

with FXTAS is identified, the patient’s mother is then an

obligate carrier. Therefore, offspring and relatives of the

patient and his mother, including grandchildren, nieces,

nephews, and cousins of the patient are at risk for FXS,

or for carrying a premutation. Siblings of the patient are

at risk to present with FXTAS, thus ataxia, psychiatric,

and neurological problems need to be identified in family

members.

When transmitted from father to daughter, the premu-

tation may change size, but remains within the premuta-

tion range. Thus, all female offspring of the male patient

with FXTAS will have inherited the FMR1 premutation

and are at increased risk to have ovarian dysfunction and

fertility problems related to POF as well as offspring

with FXS. A female family member may undergo (often

expensive and invasive) fertility treatment while un-

aware that she may be a carrier of the premutation, and

at risk of having an affected child.96 In addition, daugh-

ters of patients with FXTAS may experience neuropsy-

chiatric problems such as anxiety, depression, and ob-

sessive-compulsive behaviors. The premutation is

unstable and may expand to a full mutation or stay within

the premutation size range when passed from a mother to

her children, depending on the size of the maternal

allele.10 Thus, all grandchildren through daughters of the

male patient with FXTAS are at a 50% risk to inherit the

FMR1 pre- or full mutation and all children of the female

patient with FXS or FXTAS are at a 50% risk to inherit

the FMR1 pre- or full mutation.

Because of the complex genetic nature of FXS and its

related disorders, all newly diagnosed patients with FX-

TAS and their families should be referred for genetic

services. To locate a genetic counselor in your area, if

there is not one at a nearby medical center, contact the

relevant national association of genetic counselors or

clinical geneticists (National Society of Genetic Counselors

at www.NSGC.org in the USA). For information on FX-

TAS contact the National Fragile X Foundation (NFXF) at

www.fragilex.org, or one of the international fragile X

associations or foundations accessible through the NFXF

website at http://www.fragilex.org/html/international.htm.

CONCLUSION

In summary, FXTAS may be one of the most common

progressive neurological disorders associated with a sin-

gle gene defect in males, but it is currently under-diag-

nosed because it has only recently been described. Fur-

thermore, the clinical presentation in individual patients

is often nonspecific and symptoms may be brushed aside

as secondary simply to aging. We urge neurologists,

psychiatrists, and other clinicians who see patients with

the symptoms described here to order fragile X (FMR1)

DNA testing to identify patients affected by the premu-

tation. Although tremor and ataxia are the hallmarks of

the condition, the phenotype is highly variable; and par-

kinsonism, executive defects, dementia, other psychiatric

problems, neuropathy, and autonomic symptoms are of-

ten observed in association with FXTAS. FXTAS should

be considered in the differential diagnosis of dementia

with a movement disorder. MR imaging studies can

assist with diagnosis, particularly when the MCP sign is

present, but also when volume loss involving cortex,

cerebellum, and other subcortical structures is noted.

Pathological studies show that FXTAS is an inclusion

disorder, likely related to an RNA toxicity mechanism

precipitated by an increased level of FMR1 mRNA,

which includes the CGG expansion. Diagnosis of FX-

TAS, as with other diseases with limited treatment po-

tential, is important to allow the patient to understand the

source of his/her symptoms and, to avoid unnecessary

testing. For FXTAS, however, diagnosis is also crucial

because daughters and other family members at risk of

having children with FXS may be identified. Of note,

symptomatic treatment can be provided with medications

currently available for some of the neurological signs

and psychiatric symptoms associated with FXTAS. In

this report, we have provided guidelines for the practi-

tioner to assist with identifying appropriate patients for

FXTAS testing, and recommendations for genetic coun-

seling once a diagnosis of FXTAS is made.
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LEGENDS TO THE VIDEO

Segment 1. Patient 1 (FMR1 CGG count 106) is a

68-year-old man with progressive tremor for 19 years,

gait ataxia for 11 years, and cognitive deficits for 7 years.

Video demonstrates his large amplitude action head and

bilateral hand tremor (kinetic � postural), unsteady gait,

difficulty with tandem, and tremulous handwriting and

spiral drawing. He has slightly reduced facial expression

and moderate upper extremity rigidity.

Segment 2. Patient 2 (CGG count 112) is 66-year-old

and is a brother of patient 1. He has had bilateral hand

tremor for 16 years and no ataxia. He has mild executive

function deficits. Video demonstrates his head and prom-

inent arm tremor (kinetic � postural � rest) and lack of

ataxia and parkinsonism.

Segment 3. Patient 3 (CGG count 125) is a 77-year-

old man with gait ataxia for 12 years, hand tremor for

eight years, and executive function deficits for about 5

years. The video shows his upper extremity action tremor

(kinetic � postural), inability to tandem and mild par-

kinsonism (diminished facial expression and lack of left

arm swing). He leans to the right as he walks.
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