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Women with Fragile X–associated Tremor/
Ataxia Syndrome
Andrea Schneider, PhD,1,2,* Scott Summers, MD,3 Flora Tassone, PhD,4 Andreea Seritan, MD,5 David Hessl, PhD,1,3

Paul Hagerman, MD,4 and Randi Hagerman, MD1,2

ABSTRACT: BackgroundBackground: Fragile X–associated tremor and ataxia syndrome (FXTAS) is a late-onset
neurodegenerative disorder linked to the FMR1 premutation.
ObjectivesObjectives: FXTAS in women is far less common than in men, and this study represents the largest sample
reported to date.
MethodsMethods: A total of 53 female premutation carriers with FXTAS (meanage, 66.83 years; FXTAS stages 2–5) and
55 age-matched and demographic background–matched control participants (meanage, 61.94 years) underwent
a comprehensive molecular, physiological, neuropsychological, and psychiatric assessment.
ResultsResults: The large sample of female premutation carriers showed a wide range of variability of clinical signs and
symptom progression. The imaging results showed a middle cerebellar peduncles sign in only 6 patients;
another symptom included high-signal intensity in the splenium of the corpus callosum, and diffuse cerebral
deep white matter changes (e.g., in the pons) are more common. The rate of psychiatric disorders, especially
depression, is higher than in the general population. There is a clear impairment in executive functioning and
fine motor skills in connection with a higher FXTAS stage.
ConclusionsConclusions: The manifestation of FXTAS symptoms in female carriers can be diverse with a milder phenotype
and a lower penetrance than those observed in male premutation carriers. The middle cerebellar peduncles
sign is present in only a small percentage of the sample, and we propose that the imaging criteria for FXTAS in
women need to be expanded.

Fragile X–associated tremor/ataxia syndrome (FXTAS) was first
described in 2001 as a late-onset neurodegenerative disorder in
the grandfathers of children with full-mutation fragile X syn-
drome.1 The initial symptoms of FXTAS can include intention
tremor, typically beginning at age 60 years, with ataxia occurring
on average 2 years later.2–4 Some patients with FXTAS report
little or no tremor. Usually, when tremor is present, memory
problems and often executive function deficits can also mani-
fest.5,6 Once ataxia starts, a more severe decline in motor and
cognitive function usually ensues.4 Approximately 50% of males
with FXTAS will develop dementia,7 and approximately 30% to
60% will have significant parkinsonism.8,9 In addition, neurologi-
cal symptoms often associated with pain—including
neuropathy—may begin before the onset of tremor.10–12

Emotional problems including anxiety, depression, irritability,
and eventually apathy are common in those with FXTAS;
although anxiety or depression usually begins before the onset of
FXTAS.13–15

Structural magnetic resonance imaging (MRI) of patients with
FXTAS often shows global brain atrophy with white matter
hyperintensities (WMH) in the middle cerebellar peduncles
(MCP sign), the pons, the periventricular area, the splenium of
the corpus callosum, and in the deep cortical and cerebellar
white matter.2,4,12,16 The neuropathology of FXTAS includes
spongiosis of the area of WMH and the presence of eosinophilic
intranuclear inclusions in neurons and astrocytes throughout the
brain and in the peripheral nervous system in addition to many
other organs.17,18 The diagnostic criteria for FXTAS were
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initially reported in 20032 with the addition of inclusions added
in 200419 to characterize definite FXTAS after death. After an
international conference on the premutation, the diagnostic
criteria for FXTAS were expanded to include white matter dis-
ease in the splenium of the corpus callosum and neuropathy.20–22

The lifetime prevalence for developing FXTAS is 1:3000 to
1:6000 in men,23 with a penetrance for male premutation carriers
older than 60 years of age at 38%. This increases to 75% for male
carriers 80 years of age and older.24

Women were originally thought to be unaffected as initial
prevalence studies suggested.24 However, women with FXTAS
were subsequently reported in 200425 and thereafter in small
cohorts; however, their phenotype is usually less severe than in
men,26–29 with a few exceptions where significant dementia has
been reported.30,31 A few studies documented the prevalence of
FXTAS at 13% to 16% in older women who are premutation
carriers.32–34 Approximately 60% of men with FXTAS show the
MCP sign,27,35 but only 13% of women show this clinical radio-
logical sign.27 The less severe clinical symptoms in women may
be caused by the activation of the second normal X chromo-
some, although the activation ratio between women with and
without FXTAS did not differ.26,32,36 Another study suggested
that women with skewed activation ratios demonstrated no
FXTAS if the skewing was in favor of the normal X, but women
consistently demonstrated FXTAS if the skewing was in favor of
the mutated X.37 The correlation between the X inactivation
and FXTAS was also previously reported in a few cases.26,38

Women with FXTAS often experience immune-mediated dis-
orders compared with age-matched control women, and these
problems include fibromyalgia and hypothyroidism.32,39–41 Mood
and anxiety disorders are prevalent in the fragile X premutation
carrier population.42 They are even more pronounced in the
FXTAS population, which is perhaps due to the difficulty of cop-
ing with the diagnosis itself. Other neurodegenerative disorders
(e.g., Alzheimer’s disease) have been linked to neuropsychiatric
syndromes, especially depression and psychosis.43 However, the
lifetime prevalence of mood and anxiety disorders is significantly
higher in premutation carriers with FXTAS than in healthy con-
trols, which could mean that FXTAS is not merely a neurological
disorder but a neuropsychiatric syndrome as well.42 Indeed, in
2019, Hagerman and colleagues described fragile X–associated
neuropsychiatric disorders to summarize the most common prob-
lems associated with the FMR1 premutation.44

Methods
Participants
Participants were recruited through the University of California
Davis (UC Davis) Medical Investigation of Neurodevelopmental
Disorders Institute’s Fragile X Research and Treatment Center
and local advertisements. The participants required molecular
documentation of the FMR1 premutation or normal allele. Indi-
viduals with a gray zone allele or mosaicism with the full

mutation were not included (see the Molecular Analysis section).
For premutation participants, only those with FXTAS stages
2 through 513 were recruited for this study (see the Measures sec-
tion). All participants provided informed consent for a protocol
approved by the UC Davis institutional review board. The final
sample included 53 women with the FMR1 premutation and a
diagnosis of FXTAS (average age, 66.83; standard deviation
[SD], 9.65) and 55 unaffected female control participants without
the premutation (average age, 61.94; SD, 7.01).

Measures
Each participant underwent a detailed medical history and physi-
cal/neurological examination performed by a physician with
expertise in FXTAS (R.J.H.). The history included information
on development; past surgeries; current and past medical issues,
including pain; as well as any current and past medications. The
participants self-reported their current medications and illegal
substance use, which was categorized into different pharmaceuti-
cal groups and entered into the study database (eg, antidepres-
sant, anxiolytics, etc.).

Neurological issues, including tremor, coordination, muscle
tone, reflexes, strength, sensation, and gait, were covered in par-
ticular depth during both the history and physical/neurological
examinations. The standardized neurological examination
included an assessment of the cranial nerves, including lateral,
superior, and inferior eye movements; extremity or head move-
ment problems, including tremor and ataxia; tandem gait; frontal
release signs, including snout, jaw jerk, and palmomental reflex;
sensory examination of pinprick and vibration sense; and assess-
ment of alternating movements and cranial nerves, as developed
by Dr. Leehey at the University of Colorado.3,45,46 Premutation
carriers were considered to have FXTAS if they met the possible,
probable, or definite criteria; see Table 1.2 Staging of the illness
was also done during these visits using previously defined
criteria.13 Briefly, stage 1 participants demonstrated subtle or
unclear tremor or balance problems without a significant impact
on normal daily function. These individuals were not included
in this study because they did not meet the diagnostic criteria for
FXTAS. Stage 2 participants (n = 14 in sample) showed minor
but clearly apparent tremor and/or balance problems. These
symptoms had no more than minor interference on their daily
functioning. Stage 3 participants (n = 21) had a moderate tremor
and/or balance problems that had a significant impact on their
daily functioning. Participants at this stage must have had at least
1 fall. Stage 4 participants (n = 16) had severe tremor and/or bal-
ance problems, required assistance with many activities of daily
living, and used either a cane or walker while walking. Stage 5
participants (n = 2) were incapacitated by their tremor and/or
balance problems to the extent that required daily use of a
wheelchair. Stage 6 participants are bedridden, and no individuals
with this stage were included in the current study.

For the assessment of the neuropsychological profile, we used
measures of cognitive function: Wechsler Adult Intelligence
Scale, Third Edition,47 Mini Mental State Exam, Controlled
Oral Word Association Test (semantic fluency), Purdue
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Pegboard, Symbol Digit Modalities (processing speed), and
Behavioral Dyscontrol Scale 2 (frontal-motor executive
function).48

For the socioemotional and psychopathological profile, the
structured clinical interview for Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition axis I disorders49 was administered
to all the study participants.

Neuroimaging
The structural MRIs were acquired for each study participant at
the UC Davis Imagining Research Center using both a 1.5T
General Electric (GE Healthcare, Chicago, IL) Signa Horizon
LX Nitrogen-Vacancy/Ions (NV/I) scanner with echospeed gra-
dients with a standard General Electric whole-head coil and a 3T

Siemens (Erlangen, Germany) Trio with an 8-channel or a 32-
channel head coil. A diagnostic neuroradiology specialist rated
the images for symptoms of the MCP sign, white matter changes
in the pons, significant diffuse cerebral deep white matter
changes, atrophy, and high-signal intensity in the anterior sub-
ependymal region of the splenium of the corpus callosum.

Molecular Analysis
The presence of a premutation allele was determined by using a
combination of Southern blot and polymerase chain reaction
approach. Genotyping analyses performed as previously
described.50,51 Individuals who harbored a gray zone allele
(CGG between 45 and 54 repeats) or mosaicism (some cells carry
alleles in the premutation range and some in the full mutation

TABLE 1 FXTAS clinical criteria in study sample

Criteria Description N (Premutation Group) N (control Group)

Molecular FMR1 CGG repeat size 55–200 53 0
Major signs Intention tremor 43 3

Other tremor:
•Resting 11 5
•Intermittent 16 1
•Postural 35 2
•Any 47 4
•Handwriting problems 52 4
•Impaired finger to nose 42 2

Gait ataxia 45 3
Other motor problems:

•Wheelchair bound 5 0
•Walker 4 0
•Cane 17 2
•Falling 29 2
•Low motor tone 16 0

Minor signs Parkinsonism:
Masked facies 4 0
Increased tone 4 0
Pill-rolling tremor 1 0
Stiff gait 1 0
Moderate to severe short-term memory deficits 43 8
WMS-III Auditory Immediate Index Score 110.50 (SD 17.74) 117.66 (SD 16.92)
WMS-III Working Memory Index Score 101.55 (SD 12.40) 111.75 (SD 13.50)
Executive function deficits 41 1
BDS-2 score 15.38 (SD 4.25) 22.23 (SD 2.93)
COWAT total score 36.73 (SD 12.96) 46.97 (SD 13.82)
Stroop Color-Word Score 45.63 (SD 9.57) 50.82 (SD 7.12)
SDMT 46.12 (SD 11.43) 56.50 (SD 13.15)
Processing Speed Index Score (WAIS-III) 97.02 (SD 16.49) 113.24 (SD 13.45)

Major radiological signs MRI WM lesions in the middle cerebellar
peduncles

6 0

Minor radiological signs MRI WM lesions in cerebral white matter
•Pons 20 3
•Diffuse deep WM 21 6
•Splenium 34 2

Moderate to severe generalized atrophy 37 6
Definite FXTAS 1 Major radiological sign + 1 major clinical

symptom
6 N/A

Probable FXTAS Either 1 major radiological + 1 minor clinical
or 2 major clinical symptoms

37 N/A

Possible FXTAS 1 Minor radiological sign + 1 major clinical
symptom

10 N/A

Adapted from Jacquemont et al.2 and Hall and O’Keefe.8

Abbreviations: FXTAS, fragile X–associated tremor and ataxia syndrome; WMS-III, Wechsler Memory Scale, Third Edition; BDS-2, Behavioral
Dyscontrol Scale, Second Edition; COWAT, Controlled Oral Word Association Test; SDMT, Symbol Digit Modalities Test; WAIS, Wechsler Adult
Intelligence Scale, Third Edition; MRI, magnetic resonance imaging; WM, white matter; SD, standard deviation; N/A, not applicable.
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range) were not included in this study. The activation ratio, indi-
cating the percent of cells carrying the normal allele on the active
X chromosome, was measured using ratios of the computer-
quantified signal intensity of chosen Southern blot bands as pre-
viously described.52

Statistical Analysis
Data were analyzed using IBM (Armonk, NY) Statistics 26.0.
Normal distribution of data was tested with the Kolmogorov–
Smirnoff procedure, and descriptive statistics (mean and SD)
were also calculated. The differences of variables from the physi-
cal examination and medical history, the neuropsychological and
psychiatric assessments, and the imaging data compared with

their occurrence depending on FXTAS stage was tested with
analyses of variance, Pearson χ2, and Kruskal–Wallis tests, and
the relationship with molecular data was calculated with Pearson
parametric correlations for normal distribution data and Spear-
man ρ coefficient correlations for nonparametric data. A
Bonferroni post hoc correction for multiple comparisons was
applied.

Results
FXTAS severity in women with the premutation ranged from
stage 2 through stage 5 involvement, with their mean age of
diagnosis at 68.56 years (range, 52.34–83.90 years; SD, 9.10).

TABLE 2 Patient demographics

Criteria N Minimum Maximum Mean SD P (ANOVA)

FXTAS age diagnosed
Control N/A N/A N/A N/A N/A N/A
Premutation 44 52.34 83.90 68.56 9.10

Age of menopause
Control 37 35 62 49.56 5.65 0.000
Premutation 42 27 55 42.42 7.60

Tremor onset
Control 4 54 70 60.50 6.81 ns
Premutation 45 30 82 59.49 12.70

Ataxia onset
Control 3 54 81 68.33 13.58 ns
Premutation 48 24 80 60.81 12.03

CGG normal allele
Control 55 14 40 27.32 4.66 ns
Premutation 53 17 42 28.53 4.74

CGG premutation allele N/A N/A N/A N/A N/A N/A
Control/premutation 53 57 112 85.38 13.47

Abbreviations: SD, standard deviation; ANOVA, analysis of variance; FXTAS, fragile X–associated tremor and ataxia syndrome; N/A, not applica-
ble; ns, no significant differences.

FIG 1. CGG repeat allele size distribution in the premutation subjects included in the study.
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Table 1 provides an overview of the clinical criteria of FXTAS
in the study sample, depending on major and minor signs.
Table S1 provides an overview of the major and minor clinical
symptoms on an individual patient level.

Table 2 provides additional sample data including information
about FXTAS diagnosis, age of menopause, tremor and ataxia
onset, and molecular measures.

Figure 1 shows the distribution of the premutation allele size
(CGG repeats) for the 53 women with the premutation. The
mean CGG repeat size was 85.38 (SD, 13.47; CGG
range, 57–112), and the mean mRNA activation ratio was 0.49
(SD, 0.22; range, 0.00–1.00).

The correlation of CGG repeat size with age of menopause
(R .126, p .427), tremor age of onset (R −.221, p .145), and
ataxia age of onset (R −.203, p .166) did not show a significant
effect, contradicting previous reports53,54 (see Figure S1).

Table 3 shows the comparison of cognitive and executive
function measures. The significant differences between women
with FXTAS and the control group on the Wechsler Adult
Intelligence Scale, Third Edition are apparent in the performance
and processing speed scales, but not in verbal functioning or
Working Memory Index score. The average full-scale intelli-
gence quotient (IQ) for women with FXTAS was 105.37 (SD,
12.87) compared with 114.98 (SD, 13.43) in the control group
(P < 0.001). The average nonverbal performance IQ in the

FXTAS group was expectedly lower (102.62; SD, 14.19) com-
pared with unaffected female controls (115.68; SD, 15.15;
P < 0.001). Similarly, the Processing Speed Index score was sig-
nificantly lower (FXTAS, 97.02 and SD, 16.49; control, 113.24
and SD, 13.45; P < 0.001). The performance IQ and Processing
Speed Index scores are affected by tremor (eg, the block design,
digit symbol coding, and symbol search performance are typically
impaired by a hand tremor). The measures of executive function
(Behavioral Dyscontrol Scale 2), the Controlled Oral Word
Association Test, Symbol Digit Modalities Test, and the Mini
Mental State Exam also showed significant differences between
the 2 groups (see Table 3).

To explore this further, we calculated the individual neuro-
psychological differences according to FXTAS stage (see
Table 4). As expected, the assessment that included a motor
component (Behavioral Dyscontrol Scale 2, performance IQ,
Purdue Pegboard) showed the most significant effects of FXTAS
stage. In addition, the Controlled Oral Word Association Test
(a verbal test with frontal executive component) showed signifi-
cantly worse performance in stages 3, 4, and 5 of FXTAS.

From the medical exam, the most common symptoms in the
sample were numbness (37 FXTAS, 11 controls), muscle pain
(30 FXTAS, 6 controls), autonomic problems (33 FXTAS, 9 con-
trols), severe cramps (27 FXTAS, 4 controls), osteoarthritis
(27 FXTAS, 11 controls), muscle weakness (25 FXTAS,

TABLE 3 Cognitive and executive functioning differences between control and premutation participants

Control (N = 55) Premutation (N = 53)
ANOVA

Criteria M SD M SD F(Sig*)

WAIS-III Verbal IQ 112.11 12.28 107.68 13.41 2.69 ns
WAIS-III Performance IQ 115.68 15.15 102.62 14.19 18.03***
WAIS-III Full-Scale IQ 114.98 13.43 105.37 12.87 12.00***
WAIS-III Verbal Comprehension Index Score 113.77 11.93 108.70 14.06 3.41 ns
WAIS-III Perceptual Organization Index Score 113.93 15.52 104.24 14.29 9.50**
WAIS-III Working Memory Index Score 106.07 12.92 102.17 13.85 1.84 ns
WAIS-III Processing Speed Index Score 113.24 13.45 97.02 16.49 24.14***
COWAT (total score) 46.97 13.82 36.73 12.96 12.41***
Behavioral Dyscontrol Scale, Second Edition 22.23 2.93 15.38 4.25 66.31***
Mini Mental State Exam 29.46 .89 28.76 1.76 3.95*
Symbol Digit Modalities Test 56.50 13.15 46.12 11.43 15.46***

*P < 0.05; **P < 0.01; ***P < 0.001.
Abbreviations: SD, standard deviation; ANOVA, analysis of variance; IQ, intelligence quotient; ns, not significant; WAIS, Wechsler Adult Intelli-
gence Scale, Third Edition; COWAT, Controlled Oral Word Association Test.

TABLE 4 Neuropsychological differences depending on FXTAS stage

FXTAS stage 2, N = 14; M (SD) 3, N = 21; M (SD) 4, N = 16; M (SD) 5, N = 2; M (SD) P Controls, N = 55; M (SD)

WAIS-III Full Scale IQ 107.38 (11.42) 109.56 (13.90) 98.71 (10.89) 97 (0.31) 0.002 114.98 (13.43)
WAIS-III Verbal IQ 108.69 (13.25) 110.33 (11.29) 103.40 (15.98) 111.00 (0.41) ns 112.11 (12.28)
WAIS-III Performance IQ 105.15 (11.76) 106.74 (15.68) 96.36 (11.31) 79 (2.31) 0.000 115.68 (15.15)
WAIS-III Working Memory 103.31 (14.32) 104.44 (11.62) 99.67 (15.88) 84.00 (9.01) ns 106.07 (12.92)
BDS-2 16.77 (3.76) 16.47 (4.70) 13.14 (3.11) 10 (1.23) 0.000 22.23 (2.93)
COWAT total score 40.77 (16.48) 39.25 (10.89) 30.31 (10.19) 11 (3.21) 0.001 46.97 (13.82)
MMSE 28.45 (1.50) 29.23 (1.14) 28.00 (2.92) 29.50 (0.70) ns 29. 46 (0.89)
Purdue Pegboard 31.54 (6.61) 30.32 (4.49) 25.14 (8.61) Missing 0.000 38.46 (5.31)

Abbreviations: FXTAS, fragile X–associated tremor and ataxia syndrome; SD, standard deviation; WAIS-III, Wechsler Adult Intelligence Scale,
Third Edition; BDS-2, Behavioral Dyscontrol Scale, Second Edition; COWAT, Controlled Oral Word Association Test; MMSE, Mini Mental State
Exam; ns, not significant.
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1 control), peripheral neuropathy (37 FXTAS, 6 controls),
migraines (21 FXTAS, 4 controls), bladder incontinence (25 pre-
mutation, 8 controls), thyroid problems (20 FXTAS, 7 controls),
restless leg syndrome (18 FXTAS, 6 controls), hearing loss
(19 FTXAS, 6 controls), fibromyalgia (11 FXTAS, 3 controls),
and osteoporosis (14 FXTAS, 7 controls).

The Structured Clinical Interview for DSM-IV Axis I Disor-
ders interview showed elevated rates for depression, panic disor-
der, social phobia, specific phobia, and generalized anxiety
disorder (Table 5) in the female FXTAS group compared to both
the female control group and the prevalence rates published by
the National Institute of Mental Health55 for the general US
adult population (men and women). Data for substance abuse,
alcohol (0 FXTAS, 2 controls) and cannabis (0 FXTAS, 0 con-
trols) was also obtained, although the prevalence rates were
decreased compared with previous reports in male premutation
carriers.14,56

Table 6 shows that women with FXTAS take a much higher
rate of prescription medications, especially for neuropsychiatric
conditions, and over-the-counter medications than unaffected,
age-matched female controls. There are no significant differences
in stimulants, osteoporosis treatments, or substance abuse, includ-
ing illegal substances.

Neuropathology/Neuroimaging
Findings
The patients were scanned on a 3T Siemens Magnetom TrioTim
syngo MR B15 MRI system with either an 8-channel or a
32-channel head coil. The structural observations were done
with the T2 fluid-attenuated inversion recovery images sagittal
plane, T2 turbo spin echo acquisition in the oblique axial plane.
After recording, the images were evaluated for the presence of
increased T2 signal intensity in the cerebrum, pons, cerebellum,
and corpus callosum. Figure 2A–D provides examples for the
most common findings, with Figure 2A showing a severe form
of WMH. The most common MRI findings in the women with
FXTAS was a general atrophy in different areas of the cortex
(37 of 53 women, 69.81%); only 6 control participants showed
this finding (10.90%). A high-signal intensity in the anterior sub-
ependymal region of the splenium of the corpus callosum was
found in 34 women with FXTAS (64.15%) compared with only
2 controls (3.63%). The MCP sign occurred in only 6 women
(11.32%) with FXTAS. A total of 20 women with FXTAS had
WMH in the pons (37.73%) compared with only 3 (5.45%)
female controls. Of the patients, 21 showed diffuse cerebral deep

TABLE 5 Psychiatric differences (Structured Clinical Interview for DSM-IV Axis I Disorders, DSM-IV criteria)

Criteria Premutation (N = 53) % of N Control (N = 55) % of N P (Fisher Exact Test)
Lifetime prevalence in
US adult populationa

MDD 29 54.71 11 20 0.049 16.5
Dysthymia 3 5.66 4 7.27 ns 2.5
Bipolar I d/o 1 1.88 0 0 ns 3.9
Panic disorder 9 16.98 1 1.81 0.010 4.7
Social phobia 20 37.7 6 10.90 0.000 12.1
Specific phobia 17 32.07 10 18.18 0.001 12.5
Generalized anxiety 9 16.98 3 5.45 0.028 5.7
PTSD 3 5.66 2 3.63 ns 6.8
OCD 1 1.88 1 1.81 ns 1.6

aData from Kessler et al.51 Sex differences not reported for individual psychiatric disorders.
Abbreviations: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; MDD, major depressive disorder; Bipolar I d/o,
Bipolar I disorder; PTSD, posttraumatic stress disorder; OCD, obsessive compulsive disorder; ns, not significant.

TABLE 6 Self-reported medications in the study sample

Criteria Premutation, N = 53; n (%) Controls, N = 55; n (%) P (ANOVA)

Neuropsychiatric medications
Antidepressants 30 (56.6) 14 (25.45) 0.005
Anxiolytics 104 (18.86) 11 (20) 0.000
Stimulants 4 (7.54) 1 (1.81) ns
Antipsychotic/mood stabilizer/anticonvulsants 15 (28.3) 4 (7.27) 0.002

Medications for treatments of somatic complaints
Anti-inflammatory 32 (60.37.7) 14 (25.45) 0.009
ChEIs/NMDA antagonists 18 (33.96) 1 (1.81) 0.000
Hormonal supplementsa/Immunomodulators 28 (52.83) 18 (32.72) 0.001
Dietaryb/diabetic 34 (64.15) 14 (25.45) 0.000
Osteoporosis medication 9 (16.98) 5 (9.09) ns
OTC supplements/omega3/vitamins 24 (12.7) 13 (7.15) 0.006

Drugs of abusec 14 (26.41) 9 (16.36) ns

aLevothyroxine, estrogen, anti-estrogens, progestin, bronchodilators, and neurohormones.
bStatins, laxatives, diuretics, antidiarrheal, probiotics, gastroesophageal reflux disease medication.
cOpioids, cocaine, alcohol abuse, and polydrug dependency.
Abbreviations: ANOVA, analysis of variance; ChEIs, cholinesterase inhibitors; NMDA, N-methyl-D-aspartate; OTC, over the counter; ns, not
significant.
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white matter changes (39.62%) compared with only 6 (10.90%)
controls.

Discussion
FXTAS in women with the FMR1 premutation is far less com-
mon than in men, and this study represents the largest group of

women with FXTAS reported to date. The mean age of FXTAS
diagnosis for these participants was 68.56 years, which is slightly
older than the average age of diagnosis in men.3 Women with
FXTAS also had a broad spectrum of phenotypic variability;
however, studies reported that female premutation carriers do
not always report medical issues consistent with their doctor’s
diagnosis.57

From a neuropsychological perspective, the most remarkable
finding is the lack of decline in cognitive verbal ability (up to

FIG 2. Overview of magnetic resonance imaging findings in selected women with fragile X–associated tremor and ataxia syndrome, white
arrows pointing to region of interest. (A) Severely increased T2 signal intensity in the deep white matter of the cerebrum, especially in the
periventricular regions. (B) Increased T2 signal intensity in the pons. (C) Increased T2 signal intensity in the middle cerebellar peduncles
(sign). (D) Increased T2 signal intensity in the splenium of the corpus callosum and a general thinning of the corpus callosum.
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stage 4), working memory, and in Mini Mental State Exam score
through the stages of FXTAS, which differs from previous
reports regarding cognitive deficits in men with FXTAS.7,58,59

On the other hand, there was a decline in executive function,
and cognitive/motor performance abilities throughout the stages
of FXTAS in these women. The executive function and perfor-
mance abilities are known cognitive problems associated with
FXTAS in both men and women, and in some individuals, these
problems begin even before the onset of tremor and ataxia.5,59 It
is likely that the tremor interferes with performance during per-
formance IQ testing.

Another remarkable difference compared with men with
FXTAS is the degree of MRI involvement. A previous small
report demonstrated the MCP sign in up to 13% of women with
FXTAS,27 and this study provides further evidence of the lower
rate in this particular finding. Moreover, this is significantly dif-
ferent from the 60% prevalence in men with FXTAS.60 The
MCP sign is a major radiological criterion for the diagnosis of
FXTAS, but this finding is less common in women and thus less
sensitive for detecting those women with FXTAS. Conversely,
WMH in the splenium of the corpus callosum was the most
common pathological MRI finding in this study. Apartis and
colleagues12 first recognized the higher frequency of WMH in
the splenium of the corpus callosum, subsequently suggesting its
addition as a major criterion for diagnosis in FXTAS.12 The cur-
rent data suggest that this sign may serve as a more reliable metric
in the diagnosis of FXTAS in women with the premutation.
Longitudinal studies are warranted to see if disease progression
on MRI is significantly different in female participants with
FXTAS compared with males.

Many of the medical problems associated with the pre-
mutation, including fibromyalgia, autonomic problems (eg,
bowel and bladder incontinence), and peripheral neuropathy, are
reported here. Although pain was seen in >40% of the women
with FXTAS, there was no significant increase in the use of opi-
oids (11%) compared with age-matched controls (6.3%). Previ-
ous reports have shown increased use of alcohol or other drugs
of abuse in men with the premutation,14,56,61 which we did not
find in this study on women with the FMR1 premutation. Neu-
rons with the premutation have increased stress markers with
premature loss of viability compared with controls62 and thus
may be at higher risk for cell death from exposure to toxic sub-
stances. It is possible there was not a large enough sample size or
perhaps a sampling bias (discussed later) that contributed to this.
Future research should be directed in this area as case reports
have theorized substance abuse accelerates the disease progression
of FXTAS.63–66

In general, tremors are often diagnosed as an essential or
familial tremor early on. Nevertheless, the significant worsening
of these symptoms within the FXTAS pathology spectrum
begins later in life. This usually occurs in the patient’s 60s, but
may occur earlier after deleterious events such as a prolonged
surgery, general anesthesia, significant psychiatric distress or med-
ical illness, or drug use.41,64–66

This study demonstrated significantly higher rates of multiple
psychiatric disorders in women with FXTAS compared with

age-matched controls, including major depressive disorder, panic
disorder, social phobia, and generalized anxiety disorder. There
was no significant correlation with FXTAS stage and onset of
psychiatric disorders; the majority of women who were carriers
reported a higher rate of depression and anxiety at earlier stages
of FXTAS (stages 2 and 3). The medications used demonstrated
that these problems are being treated, and antidepressants, anxio-
lytics, and antipsychotics/mood stabilizers were used at increased
rates compared with controls.

The limitations of our study include a sample bias because
women with FXTAS will often self-refer, and they may repre-
sent a more severely affected sample compared to one obtained
in a screening study or with an unbiased selection. Also, the
majority of our sample consisted of participants with a higher
socioeconomic status and White ethnicity. Furthermore, we did
not control for having a child with neurodevelopmental disor-
ders, including fragile X syndrome, autism, or other significant
medical issues in either the premutation or the control group.
This could have caused a bias toward a higher rate of depression
and anxiety.

This study is the most extensive report to date characterizing
the phenotypic profile of women with the FMR1 premutation
and FXTAS. The results showed increased rates of major depres-
sive disorder, panic disorder, social and specific phobias, and gen-
eralized anxiety disorder compared with women without the
premutation. This study also provided new insights that cognitive
performance and working memory may be less impaired com-
pared with men with FXTAS and that WMH in the corpus cal-
losum may be a better sign of FXTAS in women compared with
the MCP sign, which is more common in men. Further studies
should be conducted analyzing longitudinal MRI changes and
whether FXTAS progresses more slowly in women compared
with men.
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