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Context: The fragile X premutation has recently been
reported to be associated with a neurodegenerative syn-
drome, chiefly characterized by intention tremor, gait
ataxia, and executive cognitive deficits in men older than
50 years. Essential tremor is a frequent cause of tremor
in elderly patients and in some cases is associated with
impaired tandem gait and cognitive deficits.

Objective: To describe 2 fragile X carriers whose clini-
cal presentation mimicked essential tremor.

Design: The 2 patients described herein underwent neu-
rologic examinations by experienced movement disor-
ders neurologists, magnetic resonance imaging, and frag-
ile X gene, messenger RNA, and protein analyses. One
underwent detailed neuropsychological testing.

Setting: Patients were studied at 2 large university move-

Patients: Both patients were white men older than 50
years who had been diagnosed as having essential tremor
and then found to be fragile X carriers.

Results: Besides disabling intention tremor, the 2 pa-
tients had impaired tandem, generalized brain atrophy,
and unusual bilateral T2 middle cerebellar hyperinten-
sities on magnetic resonance imaging. The patient who
underwent neuropsychological testing had frontal ex-
ecutive deficits. Both patients had elevated fragile X men-
tal retardation gene 1 messenger RNA and reduced frag-
ile X mental retardation 1 protein levels.

Conclusion: The fragile X carrier state may underlie the
clinical findings in some older men diagnosed as having
essential tremor.

ment disorders clinics.
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HE FRAGILE X premutation
has recently been reported
to be associated with inten-
tion tremor in older men.
Besides the disabling inten-
tion tremor, these men develop a progres-
sive neurologic syndrome characterized by
cerebellar gait ataxia, executive cognitive
deficits, mild parkinsonism, erectile dys-
function, peripheral neuropathy, and gen-
eralized brain atrophy. We describe 2 frag-
ile X carriers whose clinical presentation
mimicked essential tremor (ET).

REPORT OF CASES

PATIENT 1

A 68-year-old, right-handed, retired mu-
nicipal consultant had onset of bilateral
hand shakiness with action at age 58 years.
The tremor slowly progressed, and he was
diagnosed as having benign ET at age 65
years. By age 06 years, the tremor was oc-
casionally present at rest, and by age 68
years, it interfered with eating, shuffling

cards, turning pages, bowling, and hand-
writing.

Atenolol, prescribed for hyperten-
sion, reduced his tremor moderately; alco-
hol had no effect. He admitted experienc-
ing forgetfulness since age 66 years and
denied balance or gait difficulties. Erectile
dysfunction started at age 61 years, 4 years
after a transurethral prostatic resection.

His medical history was notable for hy-
pertension, hyperlipidemia, and hypothy-
roidism. He also received the following
medications: atenolol, nifedipine, prava-
statin sodium, tamsulosin hydrochloride,
levothyroxine sodium, guaifenesin, and
aspirin. He had a 30 pack-year history of
smoking and drank alcohol only occasion-
ally. Childhood and adolescent develop-
ment were normal and school perfor-
mance was excellent.

There was no family history of tremor
or movement disorder. His mother died in
her late 60s with autopsy-confirmed Alz-
heimer disease. His maternal grandmother
also had dementia. His oldest daughter’s
third son has fragile X syndrome, with a sim-
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ian crease, motor delay, head banging, hand flapping, and
mental retardation.

General physical examination findings were no-
table for normal blood pressure without abnormal or-
thostatic changes, round face without prominent ears,

Figure 1. Handwriting sample and Archimedes spiral drawing from patient 1.
Patient 1 was asked to write and to connect the dots with his dominant hand,
using a Clinical Tremor Rating Scale form developed by Fahn and
colleagues.?

and borderline large testicular volume of 35 mL. He was
cheerful and outgoing. His handwriting and drawing
samples are shown in Figure 1.? Cranial nerve find-
ings were normal. He had a subtle, intermittent, “no” head
tremor and a small-amplitude, slow, distal postural and
intention tremor of the upper extremities (left greater than
right). Tone was slightly reduced and rebound mildly in-
creased in the upper extremities. Synergy, trajectory, and
placement of upper- and lower-extremity movements were
normal. Facial expression was animated, and he had nor-
mal speed and amplitude of movements. Muscular power
and muscle stretch reflexes were normal, except the lat-
ter were absent at the ankles. Plantar responses were
flexor. Vibration sense was reduced moderately in the dis-
tal upper extremities and markedly in the distal lower
extremities. Position sense was mildly impaired in the
left great toe. Gait and stance were normal. He could tan-
dem only 3 or 4 steps without stepping out.

His Wechsler Adult Intelligence Scale III verbal 1Q
score was 112 and performance 1Q, 106. He had particu-
lar difficulty with digit span skills (digit forward, 10; digit
backward, 3). On the Behavioral Dyscontrol Scale, which
isa 9-item, 19-point scale adapted from the work of Luria’
that measures the capacity to use intentions to regulate pur-
poseful behavior, he was disinhibited on a go-no go task
and impaired at motor procedural learning. The patient was
tangential and sometimes had difficulty following direc-
tions or explanations. Overall, executive functioning was
mildly to moderately impaired. Brain magnetic resonance
images (MRIs) are shown in Figure 2.

Figure 2. Brain magnetic resonance images (MRIs) of patient 1. Axial T2-weighted MRIs. A, In the middle cerebellar peduncles and in white matter of the
cerebellum lateral to the dentate nuclei, there is slightly increased T2 signal intensity. The pons appears normal. B, There is mild prominence in the size of
the lateral ventricles and a mild prominence in the size of the sulci over the frontal and parietal cortex consistent with diffuse volume loss.
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Figure 3. Brain magnetic resonance images (MRIs) of patient 2. A, Axial T2-weighted MRI scan shows bilateral symmetric hyperintense signal involving the
middle cerebellar peduncles. B, The sagittal view shows the DBS lead, enlarged lateral ventricle, and hyperintense signal involving the middle cerebellar peduncles
and cerebellar white matter.

Fragile X testing showed a fragile X mental retarda-
tion 1 (FMR1) gene CGG repeat expansion of 90 and el-
evated messenger RNA (mRNA) at 2.38+0.19 (SEM) times
normal.* Fragile X mental retardation protein (FMRP) level®
was slightly reduced (=72% FMRP lymphocytes).

PATIENT 2

A healthy, 63-year-old, right-handed former truck driver
was diagnosed as having ET at age 49 years. By age 59
years, he was dependent on his wife to perform some ac-
tivities of daily living. B-Blockers and primidone of-
fered mild tremor reduction in the first weeks of treat-
ment, but benefit waned and tremor severity progressed.
An occasional glass of wine provided mild subjective
improvement. His mother and brother had also been
diagnosed as having ET. Childhood and adolescent de-
velopment were normal.

Neurologic examination findings revealed an asym-
metrical (right greater than left), high-amplitude, low-
frequency postural and action tremor that affected the up-
per and lower extremities. There was no clear superimposed
ataxia in the limbs, especially the legs, where it could be
more reliably assessed. He had a low-amplitude, variable
vector head tremor. Handwriting was large and illegible.
Tone, strength, deep tendon reflexes, and sensation were
normal. Gait and stance were normal, but there was marked
instability in tandem gait.

In April 1998, the patient underwent implantation
of bilateral Vim thalamic electrodes using microelec-
trode guidance. After surgery, his limb tremor had com-
pletely resolved due to a profound “microthala-
motomy” effect, and therefore deep brain stimulators were
not turned on. His head tremor also decreased signifi-

cantly. However, immediately after surgery his balance
worsened, resulting in repeated falls, especially when
walking longer distances. His speech also became
“slower.” In August 1998, his limb tremor recurred bi-
laterally. Electrophysiologic testing suggested malfunc-
tion of the left system due to an open circuit (ie, broken
cable). On the right, suboptimal electrode placement was
suggested by MRI and programming results. We de-
cided not to operate again (ie, replace the left electrode
or relocate the right) because of concern that his gait and
speech might worsen further. His postoperative brain MRI
is shown in Figure 3.

Finding that his grandson has fragile X syndrome,
the patient underwent fragile X genetic testing. His FMR1
gene had 160 CGG repeats, FMR1 mRNA was elevated
(5.5+0.50 times normal), and FMRP was reduced (=61%
lymphocytes).

B COMMENT

Fragile X syndrome, the most common known cause of
inherited mental retardation, results from expansion of
a CGG trinucleotide repeat expansion in the 5'-
untranslated region of the FMR1 gene.®” Normally, FMR1
has 6 to 40 CGG repeats. Forty-one to 54 repeats is con-
sidered “gray zone,” and “premutation” carriers have 55
to 200 repeats. The full mutation, which involves more
than 200 repeats, results in methylation and transcrip-
tional silencing of the gene.?® The full mutation pheno-
type is variable; common manifestations include mental
retardation, autism, hyperactivity, learning disabilities,
and physical stigmata, such as long face, large ears, and
macroorchidism.!® The severity of the cognitive deficit
correlates inversely with the FMRP level.” Males are more
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affected than females, since females have a second X chro-
mosome that produces FMRP.

Carrier frequencies are estimated to be 1 per 260 fe-
males and 1 per 760 males,'"** although newer studies
suggest that the frequencies may approach 1 per 100.13*
Male carriers with alleles in the low premutation range
(55-100 repeats) have FMRI mRNA levels 2 to 4 times
above normal, despite near-normal levels of FMRP; male
carriers with 100 to 200 CGG repeats have mRNA levels
4 to 10 times normal, despite mildly reduced FMRP lev-
els.’>!® Female carriers also have elevated mRNA lev-
els.”” Premutation carriers have, until recently, gener-
ally been considered phenotypically normal. Some carriers
show physical features of fragile X syndrome!”!® and/or
mild emotional and cognitive problems."

The carrier state is also associated with symptoms
not associated with the full mutation. Premature meno-
pause occurs in approximately 20% of women,” and some
older men develop a tremor/ataxia syndrome,' which is
the focus of this article. This syndrome is characterized
by progressively disabling intention tremor, cerebellar gait
ataxia, erectile dysfunction, peripheral neuropathy, so-
cial anxiety, anger outbursts, mild parkinsonism, and de-
mentia. Brain imaging reveals generalized brain atrophy
in all cases, and MRI shows T2 hyperintensities of the
middle cerebellar peduncles, as shown in Figures 2 and
3, in most cases.?! Neuropathologic analysis shows neu-
ronal and astrocytic intranuclear inclusions throughout
the cerebrum and cerebellum, most numerous in the hip-
pocampus. In the cerebellum, there was marked drop-
out of Purkinje cells and dystrophic cerebellar white mat-
ter changes.”? The pathogenesis of this syndrome may
result from increased FMR1 mRNA levels, perhaps in con-
junction with other as-yet-undefined gene effects. The
increased mRNA levels may result from reduced trans-
lational efficiency of the FMRI mRNA, which begins in
the premutation range.

Our 2 patients were originally misdiagnosed as hav-
ing ET, which is the most prevalent adult movement dis-
order and one of the most common adult neurologic dis-
orders.” Despite methodologic difficulties and various
biases, the most reliable epidemiologic studies report a
prevalence that ranges from 0.01% to 4.02% in the total
population and from 1.10% to 5.55% for those older than
39 years.”* Distribution is similar in males and females
and incidence increases with age. The typical age of on-
set is 35 and 45 years, with 18% of cases occurring as
late as the sixth decade of life.” Although the postural
tremor is considered typical of ET, in fact action (ki-
netic) tremor, as seen in the patients described herein,
is often more prominent and is the cause of disability in
this disorder.?® Often, ET has been considered a mono-
symptomatic disorder, but additional neurologic abnor-
malities have been emphasized recently. Tandem gait ab-
normalities indistinguishable from those of cerebellar
diseases (increased number of missteps and broad-
based, ataxic, and dysmetric gait) have been demon-
strated, which correlate with increased age, the pres-
ence of intention tremor, and greater interference with
daily activities.”*® Cognitive deficits (verbal fluency, nam-
ing, mental-set shifting, verbal and working memory) and
higher levels of depression have also been described re-

cently in patients with disabling ET.***° However, as out-
lined herein, some of these same findings occur in el-
derly male carriers of fragile X,' suggesting that some of
the ET patients involved in these studies may in fact have
the fragile X premutation.

The fragile X premutation tremor/ataxia syndrome
is newly described and is in the process of being char-
acterized. Some affected persons have little or no action
tremor and may have resting tremor. Some have mild par-
kinsonian features. Evidence to date suggests that all de-
velop cerebellar gait ataxia and cognitive disturbances.
What fraction of male and female carriers develop this
syndrome is unknown.

This syndrome has been previously given a variety
of diagnostic labels, including ET, spinocerebellar ataxia,
atypical parkinsonism, and olivopontocerebellar atro-
phy. Clinicians should consider testing for the fragile X
premutation in patients with action tremor, progressive
cerebellar gait ataxia, or parkinsonism with cerebellar fea-
tures, especially if frontal executive deficits or middle cer-
ebellar peduncle hyperintensities on T2-weighted MRI
are present. We suggest consideration of this diagnostic
possibility in patients thought to have ET who are con-
sidered to be candidates for neurosurgery and recom-
mend a cautious evaluation of the risk-benefit ratio of
surgery in individuals who carry the premutation.
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