A Review of Fragile X Premutation Disorders:
Expanding the Psychiatric Perspective

James A. Bourgeois, 0.D., M.D.; Sarah M. Coffey, M.P.H.;
Susan M. Rivera, Ph.D.; David Hessl, Ph.D.; Louise W. Gane, M.S.;
Flora Tassone, Ph.D.; Claudia Greco, M.D.; Brenda Finucane, M.S., C.G.C.;
Lawrence Nelson, M.D.; Elizabeth Berry-Kravis, M.D., Ph.D.; Jim Grigsby, Ph.D.;
Paul J. Hagerman, M.D., Ph.D.; and Randi J. Hagerman, M.D.

Context: Fragile X premutation conditions are
associated with a significant degree of psychopathol-
ogy and thus are of interest to the psychiatrist. Re-
markable advances at the molecular level have en-
hanced our understanding of fragile X premutation
disorders.

Objective: The authors review the genetic,
molecular, neuroimaging, and clinical (systemic,
neurologic, and psychiatric) manifestations of the
premutation carrier state (55-200 CGG repeats) of
the fragile X mental retardation 1 (FMR1) gene.

Data Sources: The search for the psychiatric
clinical manifestations of fragile X—associated
conditions was accomplished by PubMed for clinical
papers published between 1970 and 2008 with the
following search terms: Fragile X syndrome,
depression, psychosis, anxiety, and dementia.

Study Selection: Articles addressing psychiatric
symptoms in premutation carriers based on review
of the abstracts were reviewed. As the majority of
the literature on this topic is based on case reports
and small case series, these were included in the
database.

Results: Reported clinical manifestations of psy-
chiatric illness in premutation carriers include an
apparently significant rate of cognitive, mood, anxi-
ety, and other psychiatric disorders. Fragile X
premutation—associated conditions are part of the
clinical differential diagnosis of several psychiatric
syndromes, particularly in pedigrees with known
fragile X syndrome cases.

Conclusions: Fragile X—associated psychiatric
manifestations serve as a useful model for amole-
cular genesis of neuropsychiatric illness. Because
of the multigenerational expression of fragile X—
associated neuropsychiatric illness, there is a promi-
nent role for genetic testing and genetic counseling
of patients and their relatives. Genetic testing is con-
firmatory of the FMR1 premutation and is an essen-
tial component of the clinical evaluation. Psycho-
pharmacologic and psychotherapeutic treatment
of fragile X—associated psychiatric illnesses may
improve patient function and assist in adaptation
to the burden of a genetic neuropsychiatric illness.
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Fragile X syndrome (FXS), the most common in-
herited form of intellectual disability and the most
common single gene cause of autism,* is a trinucleotide
repeat disorder caused by an expansion of greater than
200 CGG repeatsinthe 5 untranslated region of the frag-
ile X mental retardation 1 (FMRL1) gene on the X chromo-
some. The inheritance pattern of fragile X is complex and
based upon a progressive generational expansion of the
repeat size in transmission from mother to child. On the
basis of the size of the CGG repeat expansion, individuals
are classified as having normal alleles (544 CGG re-
peats), premutation alleles (55-200 CGG repeats), or full
mutation alleles (> 200 CGG repeats). Alleles that have
45 to 54 CGG repeats are labeled as the “gray zone”
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Table 1. Definition of Fragile X-Associated Terms

Term

Definition

Fragile X syndrome

The most common inherited form of intellectual disability, fragile X syndrome is a trinucleotide repeat disorder

caused by an expansion of > 200 CGG repeatsin the 5" untranslated region of the fragile X mental retardation
1 (FMR1) gene on the X chromosome. Thisis also called the full mutation of fragile X. Full mutation alleles
result in hypermethylation and silencing of the FMR1 gene and consequent deficiency or absence of FMR1
protein. Physical signs, including along face and prominent ears, are present in many individuals with fragile X
syndrome, and seizures occur in about 15%, most commonly in young children. Due to the presence of a
presumably normal FMR1 allele on the second X chromosome, females with a full mutation are more mildly
affected than males but can have a range of associated features, both physical and developmental.

FMR1 premutation

Premutation alleles range from 55-200 CGG repeats of the FMRL1 gene. Clinical phenotypes specific to premutation

carriers have emerged: fragile X—associated primary ovarian insufficiency (FXPOI) in female premutation
carriers and fragile X—associated tremor/ataxia syndrome in both male and female premutation carriers.

Fragile X—associated
tremor/ataxia syndrome

Fragile X—associated tremor/ataxia syndrome is a late onset (age > 50 y) neurodegenerative disorder, occurring in
carriers of a premutation CGG-repeat expansion in the FMR1 gene. The disorder consists of intention tremor,

ataxia, parkinsonism, cognitive decline, neuropathy, and psychiatric features along with magnetic resonance
imaging findings of increased signal intensity in the middle cerebellar peduncles sign on T2-weighted images or
fluid-attenuated inversion recovery sequences in many affected persons.

Fragile X—associated primary
ovarian insufficiency

Fragile X—associated primary ovarian insufficiency (previously, premature ovarian failure) is defined as menopause
occurring < age 40 years. It is a unique phenotype among women who are premutation carriers and is not seen in

females with the full mutation. Carriers of the FMR1 premutation (55-200 CGG repeats) are at risk for FXPOI,
early menopause, and ovarian dysfunction (decreased fertility) in general. Approximately 20% of females with
the premutation experience FXPOI. The premutation is the most common single gene mutation associated with
primary ovarian insufficiency (POI) in the general population. Sullivan et al** demonstrated a significant,
nonlinear association between CGG repeat number and prevalence of POI.

because instability in transmission to the next generation
is common.?

The FMR1 gene codes for FMR1 protein (FMRP),
which is thought to be important for dendritic transport
of messenger ribonucleic acids (mMRNAS), regulation of
tranglation, and synaptic plasticity. This protein is defi-
cient or absent in FXS due to silencing of the FMR1 gene.
Fragile X mental retardation 1 mRNA and FMRP levels
were initialy thought to be normal in the premutation
range; however, it was recently demonstrated that FMR1
MRNA levelsin peripheral blood leukocytes are 2- to 8-
fold higher than normal, despite a normal or slightly low
level of FMRP? The excess FMRL mRNA in premutation
carriers is hypothesized to exert a toxic gain of function
effect leading to dysregulation of several proteins, includ-
ing lamin A/C and several heat shock (stress response)
proteins, with subsequent accumulation of these and other
proteins, along with the FMR1 mRNA, in the intranuclear
inclusions found in fragile X—associated tremor/ataxia
syndrome (FXTAS) cases examined postmortem.*® These
inclusions are a pathologic hallmark of FXTAS.%®’

Fragile X premutation—associated conditions are as-
sociated with asignificant degree of psychopathology and
thus represent psychiatric illnesses of defined molecular/
genetic origin that are of interest to the practicing clini-
cian. Cases of fragile X premutation—related psychiatric
illness may be identified in family members through
analysis of genetic pedigrees of probandswith FXS (often
children presenting with developmental delay or intellec-
tual disability). Table 1 summarizes fragile X—associated
terminol ogy.

Premutation expansions are frequent in the general
population, with estimates of 1 per 113 to 259 females
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and 1 per 260 to 800 males.®** Recent clinical and mo-
lecular studies have changed the view that there are no
clinical manifestations associated with the premutation
alele condition. It is now apparent that individuals with
the premutation can present with a late-onset neurode-
generative disorder, FXTAS, which affects nearly 40% of
premutation males and 8% of premutation females older
than 50 years of age who are ascertained through families
with FXS probands.™ In addition, primary ovarian insuf-
ficiency affects approximately 16% to 25% of females
with the premutation.** Comorbid psychiatric illness is
also seen in a subgroup of premutation carriers, both
males and females, children and adults, and these prob-
lems will be reviewed here.">*®

It is important to recognize disorders of premutation
carriers for several reasons. Recognition of a genetic
disorder in a family has important implications for mul-
tiple members within the family tree. For example, a
premutation-carrier male will pass the premutation to all
of his daughters. His daughters, depending upon their
CGG repeat size, will have up to 50% risk of having a
child with FXS (which is caused by expansion of the
CGG repeat into the full mutation range). New targeted
treatments are becoming available for FXS™ and emerg-
ing treatment information is available for premutation in-
volvement as described in more detail below,® making
diagnosisimperative.

DATA SOURCES AND STUDY SELECTION

The search for the psychiatric clinical manifestations
of fragile X—associated conditions was accomplished by
PubMed for clinical papers published between 1970 and
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2008 with the following search terms: Fragile X syn-
drome, depression, psychosis, anxiety, and dementia.
Articles addressing psychiatric symptoms in premutation
carriers based on review of the abstracts were reviewed.
As the majority of the literature on this topic is based on
case reports and small case series, these were included in
the database.

BRAIN STRUCTURE AND FUNCTION
IN THE FRAGILE X PREMUTATION:
A SUBSTRATE FOR PSYCHIATRIC SYMPTOMS?

Because of the previous long-standing belief that no
neuropsychiatric abnormalities were associated with the
FMR1 premutation, few studies have been published on
brain structure in carriers of the premutation. One such
study reported that, in comparison to matched controls,
males and femal es with the premutation had significantly
smaller hippocampal volumes than controls and that this
decrease was associated with memory deficits in the
premutation carriers.?* Similarly, Murphy et al.>> showed
that premutation female carriers had significant decreases
in whole brain volume as well as caudate and thalamic
nuclei bilaterally.

More recently, male premutation carriers were re-
ported to have significantly reduced grey matter density,
as compared to 1Q-matched controls, in a number of
brain regions, including the cerebellum, caudate, insula,
amygdal o-hippocampal complex, brainstem, and thala-
mus.? Additionally, within this group, increased age, in-
creased CGG repeat size, and decreases in the percentage
of blood lymphocytes expressing FMRP were associated
with decreased grey matter density in the amygdalo-
hippocampal complex.

In arecent article* investigating amygdala function in
adult male carriers of the FMR1 premutation, functional
magnetic resonance imaging was used to measure brain
responses to viewing fearful faces, stimuli that reliably
activate this brain region in normative studies. Compared
to controls, men with the premutation showed diminished
brain activation in the amygdala and severa brain areas
that mediate social cognition (i.e., bilateral superior tem-
pora sulcus, bilateral orbital gyrus, and bilateral insula)
while viewing fearful faces, as compared to age- and 1Q-
matched controls.** The reduced amygdala activation in
the premutation group was significantly associated with
self-report of psychological symptoms on the Symptom
Checklist-90-Revised (SCL-90-R). In the psychophysiol-
ogy laboratory, these men also displayed alack of startle
potentiation while viewing fearful faces and showed re-
duced skin conductance response when greeting an unfa-
miliar experimenter in comparison to the control group.
In a subsequent study with the same participants, it was
found that the men with the premutation had reduced ac-
tivity of the hippocampus during a memory recall task
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Table 2. Diagnostic Criteria for FXTAS?

Criteria
Molecular CGG repeat 55-200
Clinical
Major Intention tremor
Cerebellar gait ataxia
Minor Parkinsonism
Moderate to severe short term 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
1 major clinical and 1 major radiological or presence of FXTAS
inclusions
Probable
2 major clinical or 1 minor clinical and 1 major radiological
Possible
1 magjor clinical and 1 minor radiological

3Adapted with permission from Jacquemont et al.3*
Abbreviations: FXTAS = fragile X—associated tremor/ataxia
syndrome, MRI = magnetic resonance imaging.

that was also correlated with abnormal elevation of the
FMR1 mRNA and psychological symptom severity.?

FRAGILE X-ASSOCIATED
TREMOR/ATAXIA SYNDROME

Fragile X—associated tremor/ataxia syndrome is a
late-onset (generally > 50 years of age) neuropsychiatric
degenerative disorder, occurring predominantly in males
with the premutation, although approximately 8% of fe-
males with the premutation are affected.?** Because the
premutation is relatively common in the genera pop-
ulation, FXTAS may be one of the most common late-
onset, progressive neurological diseases associated with
a single gene mutation.* The major motor features of
FXTAS are kinetic, intention, or postural tremor; cer-
ebellar gait and limb ataxia; and parkinsonism.®* Age at
onset of both tremor and ataxia and degree of brain
atrophy have been found to correlate with CGG repeat
length.***" The major features of FXTAS constitute
the diagnostic criteria in Table 2. Fragile X—associated
tremor/ataxia syndrome clinical staging is outlined in
Table 3.

Patients may have substantial autonomic dysfunction,
including orthostatic hypotension, impotence, and loss of
bowel and bladder control 3% Signs of peripheral neu-
ropathy, including decreased deep tendon reflexes and
impaired vibration sense in the distal lower extremities,
are present in many persons affected with FXTAS."#32
As such, patients may have received a broad range of
other clinical diagnoses, including cerebellar ataxia,
essential tremor, olivopontocerebellar atrophy, multi-
system atrophy, Parkinson’'s disease, dementia, stroke,
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Table 3. Fragile X-Associated Tremor/Ataxia Syndrome Stage
Description

Stage Description

0 Normal function

1 Subtle or questionable signs, such as subtle tremor or
mild balance problems, with no interference in ADLs

2 Minor, but clear, tremor and/or balance problems, with
minor interference with ADLs

3 Moderate tremor and/or balance problems and occasional
falls, with significant interferencein ADLs

4 Severe tremor and/or balance problems; uses cane or walker

5 Uses wheelchair on adaily basis

6 Bedridden

Abbreviation: ADL = activities of daily living.

and/or multiple sclerosis before the diagnosis of FXTAS
isvalidated by clinical evaluation and genetic testing.*

A family-based, retrospective, longitudinal study®
reported the progression of motor deficits related to
tremor and ataxia and the length of survival after onset
of first report of tremor or ataxia in 55 males with the
premutation. Tremor generally occurred first, with me-
dian onset at about age 60 years. Median onset of ataxia
was 2 years after the onset of the first other motor sign
(usually tremor), followed sequentially by onset of fallsat
6 years, dependence on awalking aid at 15 years, and, fi-
nally, death at 21 years after onset. Early data on life ex-
pectancy were variable, ranging from 5 to 25 years after
onset of motor symptoms. In the months before death, pa-
tientstended to be bedridden, dysarthric, dysphagic, with-
out bladder or bowel control, and had severe parkinson-
ism (rigidity, rest tremor, and bradykinesia). Goncalves et
al.® reported a case of FXTAS with rapidly progressive
dementia with minimal motor symptoms.

Magnetic resonance imaging (MRI) findings in pa-
tients with FXTAS include cerebellar and cerebral atro-
phy and bilateral regions of increased T2 signal intensity
of the middle cerebellar peduncles and subcortical regions
(Figure 1).>*%% The middle cerebellar peduncle hyper-
intensity is seen in approximately 60% of males with
FXTAS and 13% of females with FXTAS.*3 Another
study using structural MRI compared male premutation
carriers who were affected with FXTAS with unaffected
carriers and age-matched controls.*® Significant volume
lossin the whole brain, cerebrum, and cerebellum as well
as increases in whole-brain white matter hyperintensity
volume were found in the FXTAS group, correlating with
CGG repeat number and becoming more severe with age.

The pattern of features associated with FXTAS seems
to differ somewhat between female and male premutation
carriers. Compared with controls, female carriers with
definite or probable FXTAS had greater medical co-
morbidity, with increased prevalence of thyroid disease,
hypertension, seizures, peripheral neuropathy, and fibro-
myalgia, in addition to the typical symptoms of FXTAS,
tremor and ataxia.”> The non-FXTAS group of females
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Figure 1. Magnetic Resonance Imaging Image With an Axial
Cut Through the Cerebellum Demonstrates the Middle
Cerebellar Peduncle Sign Bilaterally Denoted by the Arrows

with the premutation had more complaints of chronic
muscle pain, persistent paresthesias in the extremities,
and history of tremor than did controls.*?

PATHOLOGY OF FXTAS

The distinctive neuropathol ogical feature of FXTAS s
the presence of intranuclear inclusionsin neurons and as-
trocytes that are broadly distributed throughout the cen-
tral nervous system.*®4“® The peripheral nervous system,
including the autonomic nervous system, is aso known
to be involved, as evidenced by the presence of similar-
appearing intranuclear inclusions in ganglion cells.***
Studies of inclusion formation in individualswith FXTAS
have demonstrated inclusions in the anterior and posterior
pituitary, in addition to the hypothalamus.**“® Inclusions
are also present in the Leydig and smooth muscle cells of
the testicles, afinding that may relate to low testosterone
levels observed in asmall number of maleswith FXTAS®
and presence of impotence as a common finding in males
with FXTAS.* Symptoms of impotence often occur prior
to the onset of tremor and ataxia.***

PSYCHOPATHOLOGY IN FXTAS: COGNITIVE
DISORDERS AND PSYCHIATRIC COMORBIDITY

Until recent years there was relatively little literature
on the psychiatric aspects of FXTAS. As is common
in neurodegenerative conditions (especialy those with
a molecular basis, e.g., Huntington's disease), either
concurrent or sequential clinical expression of psychiatric
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illnesses may occur in FXTAS. Indeed, the conceptu-
dization for central nervous system—derived symptoms
and signs in such illnesses is that of “neuropsychiatric”
illness.

Patients may experience symptoms on several psy-
chiatric dimensions either simultaneously or sequentially,
adding further conceptual and diagnostic imprecision. In
FXTAS, this dispersion of psychological symptoms that
bridges DSM-IV-TR categorieswasillustrated by Hessl et
al.® in astudy of subjects with the premutation both with
and without FXTAS. On the SCL-90-R, elevated scores
on the somatization, obsessive-compulsive, interpersonal
sensitivity, and psychoticism dimensions and on the glo-
bal severity index were found for premutation carriers of
both genders, and increased scores on the depression and
phobic anxiety dimensions were found in male carriers.

The psychopathology of FXTAS is characterized in
many cases by dementia, which presents as memory loss
with both frontal lobe features (disinhibition, inappropri-
ate social behavior, poor executive functioning, persever-
ation, irritability, and mood disturbances) and subcortical
features (psychomotor slowing, bradyphrenia, and atten-
tion and concentration difficulties).***"* The onset of the
cognitive impairment often follows the onset of move-
ment disorder symptoms, and is infrequently seen before
age 50 years.** With formal cognitive assessment, pa-
tientswith FXTAS are found to suffer a greater decrement
in performance 1Q than verba 1Q, probably in part be-
cause of the movement disorder.® As patients may present
with movement disorder and subsequent dementia, some
cases may be misclassified as Parkinson’s disease or mul-
tiple sclerosis.”® A recent article® that examined 15 sub-
jects with FXTAS revealed dementia in 7 cases; 7 were
also diagnosed with mood or anxiety disorders. Twelve
subjects had cognitive impairment on formal neuropsy-
chological testing.*

The rate of progression of cognitive impairment in
FXTAS dementia awaits prospective clarification. As this
isaneurodegenerative condition, it appears likely that the
dementia in FXTAS is insidiously progressive. The be-
havioral disturbancesin FXTAS dementia have been dem-
onstrated on the Neuropsychiatric Inventory with apathy,
depression, and agitation as key features compared to age-
matched controls.*®

The cognitive phenotype of FXTAS s characterized by
impairment of executive cognitive functioning,”>* very
similar to that observed in various subcortical or frontal
dementias. These include such disorders as the frontal
variant of frontotemporal dementia, many of the spinocer-
ebellar ataxias, corticobasal degeneration, progressive su-
pranuclear palsy, Parkinson’'s disease, and the cerebellar
type of multiple system atrophy.>**® The existence of defi-
citsin executive cognitive functioning was apparent in the
early reports of FXTAS,* and it since has been confirmed
in a series of research studies and case reports.>®
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The phenotype appears to differ somewhat for males
and females.® Moreover, women are less likely to be af-
fected than men. Consequently, systematic study of the
cognitive phenotype of FXTAS has been undertaken
only among males, anong whom it has been found that
individuals with FXTAS typically performed worse than
control subjects on measures of general intelligence
(Wechsler Verbal and Performance | Q scores), with espe-
cially deficient performance on the nonverbal subtests of
the Wechsler Adult Intelligence Scale-Third Edition. 5%
Certain areas of functioning appear to be relatively unaf-
fected. These include language, visuospatial perception,
and verba reasoning—all abilities that are, in contrast,
affected relatively early in the course of Alzheimer's
disease.®* The overall cognitive status of men with
FXTAS, measured by the Mini-Mental State Examina-
tion (MMSE),® differs significantly from that of control
subjects.

Most noteworthy isa striking impairment of executive
functions, including working memory,**° especially on a
measure of the capacity for behavioral self-regulation
(the Behavioral Dyscontrol Scale®) and ameasure of ver-
bal fluency (the Controlled Oral Word Association Test).
Deficits have been noted aswell in declarative (semantic)
learning and memory, information processing speed, and
temporal sequencing as well as in some measures of ver-
bal comprehension and visuospatial functioning.® When
test scores on most Wechsler Adult Intelligence Scale
subtests and measures of memory are adjusted for age,
education, and executive cognitive functioning perfor-
mance, the majority of group differences disappear.®
This suggests that many of the observed problems are
mediated by the executive abilities and are not primarily
deficits of capacities such as memory or visuospatial
functioning, at least in the early and intermediate stages
of the disorder. Careful study of 1 patient over time, until
afew months prior to his death, suggests that, eventually,
such cognitive disorders asideomotor apraxiamay be ob-
served.®® Moreover, given the high burden of inclusion
bodies in the hippocampus’ and the hippocampal atrophy
observed among persons with FXTAS,* it is likely that
the memory disorder shifts over time from being dys-
executive in nature to one in which consolidation of
memory per se becomes problematic.

At thistime, littleisknown regarding the timing of on-
set of cognitive difficultiesin FXTAS, although research
on unaffected carriers of the premutation?**% suggests
that they may have a neurodevelopmental deficit affect-
ing executive cognitive functioning that may predate
the appearance of cognitive symptomsin FXTAS. It also
is unclear whether all persons with FXTAS will eventu-
ally develop this cognitive phenotype, and, if so, how
severe it will be. Longitudinal research currently under-
way will provide insight into the progressive nature of
the disorder.
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PSYCHOPATHOLOGY IN
PREMUTATION CARRIERS WITHOUT FXTAS

Initial studies of psychiatric status in premutation car-
riers focused on women because they were more avail-
ablein the clinical evaluation of their children with FXS.
Females may be more buffered from ribonucleic acid
(RNA) toxicity, depending on activation ratio, since they
have a normal X chromosome in addition to the pre-
mutation X chromosome.’® Initial reportsdid not find sig-
nificant psychopathology in female carriers compared to
controls.® However, several later reports demonstrated
that a subgroup of women with the premutation had
symptoms of depression and/or anxiety. Although the
stress of raising a child with FXS could certainly add to
the risk for psychopathol ogy, many female carriers report
the presence of anxiety and low-level depression prior to
giving birth to children who have FXS. Studiesin knock-
in mice expressing a premutation range allele have dem-
onstrated an enhanced release of cortisone, the stress
hormone equivalent to cortisol in humans.®® Therefore,
individuals with the premutation may have an increased
stress response.

Franke et al." reported lifetime diagnosis rates of
major depression (19.7%) and bipolar affective disorder
(11.5%) in premutation carrier mothers of children with
FXS and an overall rate of affective disorders diagnosis
of 55.7% in this group. Thompson et al.*” studied 14
women with the premutation (and 5 with the full
mutation) and found 78% of these patients (in the com-
bined group) to have had a lifetime history of major de-
pression; 33% of the subjects had had recurrent de-
pression. Johnston et al.®® found higher scores on the
depression and interpersonal sensitivity subscales of the
SCL-90-R in premutation carriers with greater than 100
CGG repeats. A more recent study examining the associa-
tions among FMR1 CGG repeat size, FMRP, and mRNA
in men and women with the premutation documented that
the abnormal elevation of mMRNA was correlated with se-
verity of psychological symptoms in male premutation
carriers without FXTAS.*®

A recently published study by Roberts et al.®® studied
93 premutation females compared to 2159 female con-
trols from the National Comorbidity Survey Replication
data set. The methodology included the Structured Clini-
cal Interview for DSM-1V Axis | Disorders to assess for
lifetime and current history of mood and anxiety disor-
ders. In this study, the premutation population compared
to controlswere found asignificantly elevated risk of life-
time major depressive disorder (43.0% vs. 31.9%), life-
time panic disorder without agoraphobia (8.6% vs. 2.3%),
and current agoraphobia without panic disorder (3.2% vs.
0.7%). Strikingly, the risk of mood disorder in
premutation subjects was associated with decreased CGG
repeat length (a counterintuitive finding) and was not as-
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sociated with variables pertinent to number of children
with FXS or child behavioral problems. Anxiety disorders
in the premutation group were correlated with number of
children with FXS in the family and problematic child
behaviors.

Anxiety, social avoidance, interpersonal sensitivity,
shyness, and avoidance of eye contact have been de-
scribed in premutation carriers, although prevalence rates
and psychiatric diagnostic specificity (e.g., Axis | social
phobiaand/or Axis || avoidant personality disorder) are as
of yet unclear.”**™ Franke et al."” reported a 41.0% life-
time rate of anxiety disorder diagnosisin premutation car-
rier mothers of children with FXS; among these patients,
the lifetime risk of social phobia was 18.0% and the life-
time risk of panic disorder was 11.5%. This higher rate
of social phobia was also seen in female siblings of the
women who also carried the premutation allele but did not
have children with FXS. In retrospective examination,
many patients with FXTAS have been shown to have
chronic anxiety and obsessionality since early adulthood,
athough these were not aways formally diagnosed as
anxiety disorders.”® Franke et al.'” reported a higher rate
of social phobia in premutation carriers who were the
mothers of full mutation children; this higher rate of so-
cial phobia was aso seen in siblings of the women who
also carried the premutation alele but who did not have
children with FXS.

The rate of clearly distinct psychotic disorder in
premutation carriers appears to be low."” Individual cases
reported in the literature include an 18-year-old female
with hallucinations, delusions, cognitive disorganization,
and mania, followed by social and intellectual dysfunc-
tion. She was diagnosed with schizoaffective disorder.™
Khin et a.” described a case of an adult male with FMR1
methylation mosaicism who developed paranoid delu-
sions, vague thought content, and inappropriate laughter
and was diagnosed with paranoid schizophrenia and
schizoid personality disorder.

Premutation carriers have been reported to have
increased prevalence of learning disabilities, attention-
deficit/hyperactivity disorder (ADHD), intellectual dis-
ability, and autism.’®” Schizotypal personality features
(not necessarily a full personality disorder) have also
been reported in premutation carriers.” The Franke et al.
study®” found a higher rate of avoidant personality disor-
der (8.2%) and schizotypal personality disorder (4.9%) in
premutation carriers, afinding that, along with their other
finding of more social phobia in premutation carriers, is
consistent with higher rates of social avoidance in these
patients.®® Thisis substantiated by Thompson et al.,*” who
found schizotypal features in 17% of a fragile X group
that consisted of both premutation and full mutation.
Dorn et a.” found high rates of adult ADHD, alcohol
abuse/dependence, and obsessive-compulsive disorder—
related behaviorsin premutation carrier males.
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There have been severa case reports of children with
the premutation and psychopathology, including autism
spectrum disorders (ASDs) or ADHD, sometimes related
to lowered FMRP.® Although lowered FMRP levels are
typically seen in those with a full mutation, the protein
levels may fall in premutation carriers, particularly those
in the upper range of the premutation, therefore causing
FXS features in some individuals with a large
premutation.® Whether autism in premutation carriers is
related to the RNA toxic effect of elevated mRNA or also
to lowered FMRP is not known. In Australia, ASD has
been reported in 1 of 7 males with a premutation (14%)
and in 2 of 43 females (5%) with apremutation. In afam-
ily study of carrier brothers, there was a significant group
difference in prevalence of ASD and ADHD between
premutation carrier males presenting clinically (proband,;
n=14), nonproband carrier males (n=13) identified
through cascade testing of the family (siblings of the pro-
band), and control siblings without the premutation
(n=16)." The rate of ASD as confirmed by the Autism
Diagnostic Observation Schedule-Generic was found to
be significantly higher (79%) in probands compared to
control siblings without the premutation (0%). It isimpor-
tant to note that the number of autistic symptoms reported
on the Socia Communication Questionnaire in the
nonproband premutation carriers was also statistically
higher compared to control siblings without the pre-
mutation. This study demonstrated a significant group
difference between the probands (93%) and the controls
(13%) with ADHD diagnoses. The ASD symptoms and
ADHD problems in young male carriers are reminiscent
of the social deficits reported in adult male carriers with-
out FXTAS by Cornish et al.,”” and previously demon-
strated in a retrospective study by Dorn et al.” Therefore,
significant psychopathology may be relatively common
in male carriers and may be developmentally based and
present well before onset of FXTAS neurological symp-
toms. Currently available studies, however, involve small
numbers of subjects, and are subject to ascertainment
bias, and definition of the true frequency of these execu-
tive and social deficits in premutation carriers will await
large population-based epidemiologic studies.

GENETIC TESTING

Laboratory testing for fragile X mutations is usually
straightforward and highly reliable in both clinically af-
fected patients and asymptomatic carriers. Testing in-
volves asingle blood sample on which direct DNA analy-
sis of the FMR1 gene is performed to determine both the
number of CGG repeats and the methylation status of the
gene using both Southern blot and polymerase chain reac-
tion testing. Fragile X mutation testing iswidely available
and covered by most mgjor insurance companies in the
United States, including Medicare and state Medicaid
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plans. The cost of the genetic test is generally between
$200 and $400 per test. Results typicaly distinguish
among normal, premutation, and full mutation allele
sizes, although it is sometimes difficult to interpret the
significance of “gray zone” aleles that overlap the junc-
tion between the normal and premutation ranges (approx-
imately 45-54 CGG repeats). Such “gray zone” results
should be interpreted in the context of the family and
clinical history and in genetic counseling.”

PSYCHIATRIC CLINICAL INDICATIONS
FOR GENETIC TESTING

The increasing appreciation of the varied, if some-
what phenomenologically nonspecific, psychiatric man-
ifestations of fragile X premutation—associated conditions
leads to consideration of which psychiatric patients
should receivefragile X genetic testing. For a“maximally
inclusive” approach, the psychiatrist may consider ge-
netic analysis in cases of anxiety disorders, mood disor-
ders, patients with tremor, ataxia, apparent Parkinson’'s
disease, and/or dementia. It is likely that testing “all”
anxiety or mood disorder patients for a fragile X pre-
mutation may yield relatively few casesapriori (although
alarge scale assessment of anxiety and mood disorder pa-
tients in this fashion would address the question of the
frequency of the premutation in anxiety and mood disor-
der populations).

In cases of mood and anxiety disorders, testing of pro-
bands for fragile X mutations may be more targeted in
some specific circumstances. Adult patients with mood or
anxiety disorders who are biological parents of develop-
mentally delayed, autistic, or intellectually disabled chil-
dren should be tested. The phenotype of FXS in children
may be variable, thustesting for fragile X mutationsin all
such childrenisclearly indicated. Adult patients may ben-
efit from testing as well when, occasionally, a case arises
regarding an adult patient with these conditions not al-
ready attributed to another known genetic or environmen-
tal cause.

Adult patients with mood or anxiety disorders who
aso have family history of dementia (especially of de-
mentia with a movement disorder) may also benefit from
testing; in such cases, the adult patient may not have had
children with FXS but can be phenomenologically iden-
tified by the dementia with a movement disorder in a
parent.

Adult women who present with a history of anxiety
and/or mood disorders and a history of premature ovarian
insufficiency may benefit from testing. Some of these
women may have been childless until their late 30sand in
pursuing reproductive options are diagnosed with primary
ovarian insufficiency. The loss of reproductive capacity
may need to be processed and mourned, but the clinical
context isagood place for fragile X testing of the patient
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and offers the opportunity to rule out the premutation as
the cause of the infertility problems.

In cases with a primary presentation of cognitive im-
pairment, the clinician is advised to actively include the
possibility of FXTAS dementia when evaluating patients
for cognitiveimpairment. Thisisespecially trueif the pa-
tient (especially amale patient) presents with dementiain
the setting of a movement disorder, athough in some
cases, FXTAS may present with cognitive impairment
in advance of a movement disorder. The differential
diagnosis of “dementia with a movement disorder” typi-
caly includes other neurodegenerative illnesses, such as
Parkinson’s disease, Huntington’s disease, the spinocer-
ebellar ataxias, and multiple sclerosis. Dementia patients
with a movement disorder and afamily history of fragile
X—associated symptoms and diagnoses including intel-
lectual disability or autism would specifically benefit
from genetic testing, since the true incidence of FXTAS
dementia among patients with dementia and a movement
disorder, although currently unknown, may be relatively
high on the basis of the rate of the fragile X premutation
in population samples.”

The use of MRI in dementia evaluations may identify
the middle cerebellar peduncle T2 hyperintensity charac-
teristic of FXTAS.®2° Due to the apparent relative speci-
ficity of the cerebellar hyperintensity for FXTAS, on the
basis of the current literature, it appears reasonable to
obtain fragile X testing on cases with this radiologic
sign, especially when cognitive impairment is clinically
evident.

GENETIC COUNSELING

Once the diagnosis of afragile X—associated disorder
ismade, the clinician must consider not only the patient’s
clinical course but also the implications of the diagnosis
for the extended family. Fragile X inheritance is complex
and there are few absolutes, apart from the fact that X-
linked inheritance precludes male-to-male transmission
of fragile X mutations. None of the sons of a man with
FXTAS, for example, will inherit his premutation, while
all of his daughters will be carriers of the premutation.
Females with the premutation or full mutation are at an
increased risk to have sons and/or daughters affected by
FXS. As such, it is not unusual to identify families with
multiple relatives across several generations who are af -
fected by a wide range of fragile X—associated effects,
from intellectual disability and psychiatric illness to in-
fertility and ataxia.”

Genetic counseling for fragile X—associated disorders
is challenging because of the complex multigenerational
inheritance and variable phenotype, as well as the emo-
tional impact of the diagnoses on families. Newly di-
agnosed patients should be provided with information
about high quality fragile X resources, such as the
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National Fragile X Foundation (www.nfxf.org or www.
fragilex.org), which has parent support groups availablein
most states, and the FRAXA Research Foundation (www.
fraxa.org). They should also be encouraged to share infor-
mation about the diagnosis with their extended family
members. Using the family pedigree, the clinician should
pay special attention to identifying relatives who are preg-
nant or contemplating pregnancy, as timely information
about the presence of afamilial fragile X mutation maxi-
mizes reproductive options, including carrier testing and
prenatal diagnosis. Anger, denial, anxiety, guilt, blame,
lowered self-esteem, and depression are common reac-
tions among diagnosed carriers of any genetic disorder.
Further complicating the situation in fragile X isthe pres-
ence of high incidence of psychiatric disorders among in-
dividuals with premutations and full mutations. Referral to
agenetic counselor or geneticist is recommended, as these
professionals can provide support with an emphasis on
anticipatory guidance for families throughout the life
cycle—from newborn screening, pediatric evaluations,
and reproductive counseling to evaluations of individuals
for FXTAS and fragile X—associated primary ovarian
insufficiency.

CLINICAL MANAGEMENT,
PSYCHOTHERAPY, AND PSYCHOPHARMACOLOGY

On the basis of emerging understanding of these condi-
tions and the limited literature to date, it is likely that
premutation carriers, even those without FXTAS or fragile
X—associated primary ovarian insufficiency, are at greater
risk for psychiatric illness. Caution is advised against at-
tributing psychiatric symptoms in carriers of the pre-
mutation as nonspecific consequences of the stress of
raising a child with FXS. Psychiatric symptomsin carriers
also may be a neuropsychiatric consequence of the pre-
mutation condition itself. Because of the risk of eventual
FXTAS in some carriers of the premutation, baseline cog-
nitive status should be assessed with a standardized cogni-
tiveinstrument (e.g., the MM SE) and consideration should
be given to formal neuropsychological testing of these pa-
tientsif cognitive function is of concern.

Women with the premutation experiencing fragile
X—associated primary ovarian insufficiency might need
to mourn the premature loss of reproductive capacity.
If these women have given birth to children diagnosed
with FXS, they may benefit from psychotherapy ap-
proaches to deal with the sense of guilt and responsibility
associated with having been the carrier of a genetic dis-
order. While not formally studied, women with fragile
X—associated primary ovarian insufficiency may be at risk
for menopause-associated onset and/or exacerbation of
psychiatric symptoms.

Newly identified carriers who are identified as part
of a pedigree analysis generated following the clinical
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assessment of an FXS-affected child may experience guilt
at being the “source” of the genetically mediated illness
that afflicts their family member. Relatively common sce-
narios in which this may happen include the mother of a
newly diagnosed child with FXS (herself a carrier), in
which case obvious concern for the child and the burdens
of raising an impaired child are compounded by guilt at
having transmitted the genetic disorder. Similarly, a
newly diagnosed elder who is the grandparent of a child
with FXSin such a pedigree may have a significant psy-
chological burden. Beyond generational guilt at having
introduced fragile X to descendants, the older patient may
simultaneously need to confront his or her own illness
characterized by cognitive decline and progressing motor
impairment. Supportive psychotherapy models focusing
on gentle confrontation of distortions and a supportive
and/or cognitive-behavioral approach may be of benefit.
Couples and family psychotherapy models may aso be
considered due the “family” nature of genetic illness.

There are anumber of treatments that help both tremor
and balance problems in addition to parkinsonian symp-
toms.® Treatment of hypertension is essential because it
can worsen white matter disease and cause further cardio-
vascular problems.® Identification of hypothyroidism is
also essential because, if left untreated, it can exacerbate
psychiatric symptoms, especially anxiety and depression,
which are also common in carriers'®® and may be associ-
ated with cognitive dysfunction.

The psychopharmacologic treatment of premutation-
associated psychiatric conditions is not specific to these
conditions and borrows from conventional psychophar-
macologic interventions for various psychiatric disorders.
For FXTAS-associated mood, anxiety, and psychotic dis-
orders, conventiona psychopharmacologic interventions
should be considered.

Antidepressants are often used for mood disorders in
these patients, and, when prescribing selective serotonin
reuptake inhibitors, the physician should take into ac-
count the drug-drug interactions common with paroxe-
tine, fluoxetine, and fluvoxamine, since many of these
patients will be receiving other systemic medications.
The use of serotonin-norepinephrine reuptake inhibitor
agents, such as venlafaxine and duloxetine and the other
dual-action agent mirtazapine (which are largely devoid
of drug-drug interaction problems), may be useful. Tricy-
clic antidepressants and monoamine oxidase inhibitors
should generally be avoided, as the side effects of these
agents (especially the orthostatic hypotension) may be
problematic in older patients with neurologic illness.

For anxiety disorders, clinicians should use antide-
pressants and buspirone, rather than benzodiazepines, due
to the risks of tolerance with chronic use and the well-
known difficulties in using benzodiazepines in patients
with risk for cognitiveimpairment or balance and postural
problems. For psychotic disorders, atypical antipsy-
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chotics should be used cautiously because of the possibil-
ity of medication-induced movement disorders. If anti-
psychotics are necessary, quetiapine isagood first choice
because it is associated with less risk of extrapyramidal
side effects.

Empirical treatment of FXTAS dementiawith off-label
use of cholinesterase inhibitors and/or memantine appears
warranted in selected cases, with regular close monitoring
of cognitive status with a standardized cognitive assess-
ment instrument such as the MMSE.*"“° Avoidance of
benzodiazepines and anticholinergic psychopharmaco-
logic agents is also indicated in dementia cases to pre-
serve vulnerable cognition and to minimize the risk of
episodes of delirium. Further research into the newly
identified molecular physiologic mechanisms of involve-
ment in FXTAS will likely lead to targeted treatments in
the future.”

CONCLUSIONS

From apsychiatric perspective, fragile X premutation—
associated conditions are a group of illnesses at high
risk for psychiatric comorbidity. The premutation carriers
without clinical FXTAS appear to have an increased risk
of mood and anxiety disorders, and males in particular
may have an increased risk for disorders characterized
by social avoidance (schizotypal personality disorder,
avoidant personality disorder, and social phobia). Psy-
chiatrists must be cautious not to solely attribute psychiat-
ric distress in premutation carriers to the stress of raising
an impaired child (although this may clearly be profound)
but should conceptualize the psychiatric symptoms of
these patients as a primary manifestation of the neu-
ropsychiatric vulnerability represented by the carrier/
premutation state. However, clinicians need to remain
cautious and recall that a patient’'s psychiatric disorder
could be mistakenly attributed to the premutation when it
isin fact related to something else, such as other life cir-
cumstances/stresses or a predisposition to a psychiatric
disorder that was inherited in another way. This may be
the case when a psychiatrically symptomatic member of a
fragile X pedigreeisfound to not have the premutation or
full mutation on genetic testing.

At the present time, it isimpossible to predict with cer-
titude which premutation carriers will develop FXTAS;
furthermore, within the cohort of established FXTAS
cases, it is not presently possible to predict which patient
isat risk for FXTA S-associated mood, anxiety, psychotic,
or cognitive disorders. There is a role for genetic testing
and counseling to establish the genetic pedigree aswell as
to ascertain the number of CGG repeats, which may ulti-
mately have prognostic significance. As with routine
dementia workups, early use of MRI is highly recom-
mended; cases with the characteristic middle cerebellar
peduncle sign appear to be most specific for FXTAS. At
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the very least, FXTAS dementia needs to be on the dif-
ferential diagnosis of dementia in certain clinical con-
texts, such as dementia with a movement disorder or de-
mentia with a family history of intellectual disability/
autism/other childhood developmental disorders. In con-
cert with genetic testing of the proband, a pedigree analy-
sis of available family members and genetic counseling
for this “multigenerational family neuropsychiatric ill-
ness’ needs to be made routine.

In a broader sense, wider clinician appreciation of
fragile X—associated conditions as molecularly based psy-
chiatric illness may serve as a useful model for conceptu-
alization of psychiatric illness and may eventually lead to
consideration of a genetic basis for other molecular ill-
nesses that may present primarily with psychopathol ogy.

Drug names: buspirone (BuSpar and others), duloxetine (Cymbalta),
fluoxetine (Prozac and others), fluvoxamine (Luvox and others),
memantine (Namenda), mirtazapine (Remeron and others),
paroxetine (Paxil, Pexeva, and others), quetiapine (Seroquel),
venlafaxine (Effexor and others).
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