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Fragile X Syndrome: Assessment
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Fragile X syndrome (FraX) is the most common known cause of
inherited mental impairment. FMRI gene mutations, the cause of FraX,
lead to reduced expression of FMRI protein (FMRP) and an increased
risk for a particular profile of cognitive, behavioral, and emotional dysfunc-
tion. Because of the similarity of these features to important (idiopathic)
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
diagnoses, the study of individuals with FraX provides a unique window
of understanding into important disorders such as autism, social phobia,
cognitive disability, and depression. The study of FraX also is a portal to
the realization of innovative interdisciplinary research that spans multiple
clinical and basic scientific domains [1]. Such research provides new insights
into understanding how genetic and environmental factors contribute to
complex variations in typical and atypical human behavior [1,2].

Genetics

FraX occurs in approximately 1 in every 4000 live births. The syndrome
arises from the disruption in expression of the fragile X mental retardation
gene 1 (FMRI), most commonly caused by amplification of a CGG repeat in
the 5’ untranslated region. Physical manifestations associated with the syn-
drome include macroorchidism, long face, large ears, prominent jaw, and
mild features of connective tissue dysplasia, such as joint hyperextensibility,
soft skin, and mitral valve prolapse. External physical features are not
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always reliable indicators of the presence of the condition, however, partic-
ularly in prepubertal children and women.

In 1991, Verkerk and colleagues [3] reported that a single gene on the X
chromosome, FMRI, was associated with the symptoms of FraX. Subse-
quently, it was determined that persons with FraX showed dramatically in-
creased numbers of triplet CGG repeats in the 5’ untranslated region of the
first exon of FMRI on the long arm of the X chromosome (locus Xq27.3).
FraX is one of several disorders caused by a dynamic gene mutation result-
ing in instability and subsequent expansion of trinucleotide repeats through
generations. In normal alleles, the CGG repeats vary from 6 to 50, whereas
expansions of approximately 50 to 200 repeats are associated with the “pre-
mutation” form of the gene seen in carrier women and men. Larger expan-
sions of more than 200 (up to several thousand) CGG repeats are considered
“full mutations’ and typically are associated with excessive methylation of
cytosines in the FMRI promoter region. This modification extinguishes
transcription of the FMRI gene into mRNA, stopping translation of the
fragile X mental retardation protein (FMRP) (Fig. 1).

Cognition and behavior

Studies from our laboratory and others indicate that the most common
problem behaviors observed in FraX consist of attentional dysfunction
and hyperactivity, hyperarousal, disturbance in language/communication,
and social anxiety (see Ref. [1] for a recent review). In boys, problematic be-
haviors often take the form of social deficits with peers, qualitative abnor-
malities in communication, unusual responses to sensory stimuli,
stereotypic behavior, self-injurious behavior (SIB), aggression, social avoid-
ance, gaze aversion, inattention, impulsivity and hyperactivity. Girls with
FraX also seem to exhibit high rates of emotional disturbance and maladap-
tive behaviors, including problems with depression, social anxiety,
and withdrawal and attention deficit [4-10]. Adolescents and women with
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Fig. 1. FMRI1 gene variations in FraX. Methylation of the gene in the full mutation leads to
a significant reduction in FMRP levels.
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the FraX full mutation are at high risk for major depression as well as anx-
iety and manifest abnormalities in social interaction and communication
[11-16].

Individuals with FraX also are predisposed to manifesting a particular
profile of intellectual strengths and weaknesses. This profile is similar in
quality for both genders, although girls/women typically function at
a much higher overall intellectual level and manifest less severe deficits
than do boys/men. The characteristic cognitive profile includes weaknesses
in attentional/executive function, visual memory and perception, mental
manipulation of visual-spatial relationships among objects, visual-motor
coordination, processing of arithmetical stimuli, and theory of mind and rel-
ative strengths in verbal-based skills.

Until recently, our understanding of cognitive and behavioral develop-
ment in individuals with FraX was based primarily on cross-sectional stud-
ies [17-19] or a small number of longitudinal investigations that were limited
by small sample size, broad age range, widely varying time intervals between
assessments, or retrospective design [20-23]. These early studies suggested
that, with respect to same aged peers, individuals with FraX showed
a slowed developmental trajectory, a phenomenon believed to contribute
to the observation of declining standardized 1Q and adaptive behavior
scores in affected individuals.

More recently, data from large prospective longitudinal investigations of
preschool and school-age children with FraX have begun to appear [24-29].
Results from these studies have begun to elucidate the progression of cogni-
tive function, academic skills, and adaptive and autistic behaviors in chil-
dren with FraX ranging in age from 12 months to 14 years. Overall,
results from these studies support the hypothesis that children with FraX
are not losing skills over time, but rather have difficulty maintaining a devel-
opmental trajectory similar to age-matched peers [29]. These studies also
have begun to clarify the effects of FMRP levels and autistic behavior on
cognitive, academic, and adaptive behavioral development [27-29]. Overall,
the presence of autistic behavior is related to poorer outcome. Developmen-
tal strengths in young children with FraX occur in domains related to gen-
eral knowledge and daily living skills, whereas weaknesses are observed in
socialization, communication, and visual-spatial processing.

Although increasing numbers of studies are emerging regarding develop-
ment in young children with FraX, prospective, longitudinal and even cross-
sectional data addressing issues of development in later adolescence and
early adulthood are extremely limited. To the best of our knowledge, only
two studies incorporating longitudinal design components have included
subjects whose age extends into late adolescence or early adulthood. In
one study, autistic and psychiatric symptoms were found to be stable over
time in 18 boys/men aged 6 to 76 years with FraX; however, this study
used nonconventional assessment instruments and retrospective chart re-
view for some aspects of the investigation and did not include measures
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of cognitive ability [30]. In a second, multicenter study, the trajectory of
adaptive behavior was examined in a broad age range of children, adoles-
cents, and adults with FraX by aggregation of already collected Vineland
data across several sites. Strengths in daily living skills were observed in sev-
eral age groups, whereas weaknesses were observed for the communication
domain [31].

Other investigations of FraX examining adolescence and adulthood have
been cross-sectional in nature. Two recent studies examining language abil-
ities [32,33] showed that individuals with a diagnosis of FraX and autism
have a lower overall nonverbal I1Q and do not perform as well on receptive
language or theory of mind tasks compared with individuals with FraX
without autism. The results of these investigations also suggest that cogni-
tive impairments observed in childhood continue into adolescence and
young adulthood [33].

Brain structure and function

Brain imaging studies establish an unambiguous link between FraX and
abnormalities of brain morphology. Two recent comprehensive reviews of
these findings are available and include a description of linkages among mea-
sures of anatomy, cognition, behavior, and FMRP [1,34]. In the context of
overall normal brain size in individuals with FraX, disproportionate volume
increases are seen in the caudate nucleus, whereas decreases are observed in
the superior temporal gyrus, amygdala, and cerebellar vermis. These neuro-
anatomic variations in FraX are robust, particularly those observed in the
caudate, and can be linked to variation in measures of FMRI expression,
age, cognition, and behavior. Further, results from diffusion tensor imaging
show reduced fractional anisotropy within prefrontal-caudate and parietal
pathways in FraX. Abnormalities in white matter connectivity, putatively
related to FMRP’s function in regulating axonal pathfinding [35], may fur-
ther disrupt the integrity of critical neurofunctional networks involved in ex-
ecutive function and visual-spatial processing in FraX.

Identifiable associations among measures of FMRP, neuroanatomy, cog-
nition, and behavior in FraX suggest that the morphologic findings de-
scribed above are clinically meaningful. For example, cerebellar vermis
size (reduced in FraX) is positively correlated with measures of 1Q and
FMRP and negatively correlated with severity of autistic behavior [10,36].
Caudate nucleus volume (increased in FraX) is negatively correlated with
measures of 1Q and FMRP [37]. Thus, an increasing degree of aberrant
brain morphology is associated with lower IQ and FMRP and higher levels
of behavioral dysfunction. In contrast, larger caudate size is associated with
higher 1Q for controls [37]. This suggests that increases in caudate volume in
individuals with FraX reflect aberrant neuronal organization.

Despite the high prevalence of FraX as a heritable genetic disorder, de-
tailed postmortem studies of humans are rare. Early studies pointed to
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morphologic abnormalities of cortical dendritic processes [38], a finding sim-
ilar to that reported in the FMRI knockout mouse [39,40]. More recent
postmortem studies of four human brains revealed inconsistent results,
with one study of two brothers with FraX reporting only mild ventricular
enlargement [41]. Observations reported in the second study of two unre-
lated men with FraX included cellular abnormalities of the cerebellum
and hippocampus, in addition to dilated lateral ventricles [42]. Quantitative
histologic analyses of samples from areas shown to be morphologically
abnormal in imaging studies, such as the caudate nucleus, amygdala, and
superior temporal gyrus (STG), have not been performed.

Our understanding of the functional neuroanatomy of FraX has in-
creased substantially in the last several years. Consistent with the cognitive
and behavioral manifestations associated with FraX, functional MRI stud-
ies found aberrant neural patterns associated with tasks that assess visual—
spatial and declarative memory [43-45], arithmetic reasoning [46], cognitive
interference [47], response inhibition [48—50] (note that Ref. [48] examined
response inhibition and set-shifting conditions together), gaze and face pro-
cessing [51], and emotion processing. A synthesis of these fMRI results
strongly support the hypothesis that the following key brain systems are
particularly impaired in FraX: the fronto-striatal network underlying exec-
utive function and the STG and limbic system underlying gaze and emotion
processing, with hyperactivation of the insula reflecting hyperarousal [52].

Pharmacologic interventions

Few medication trials have been conducted to specifically target cognitive
and behavioral problems in FraX. Early case reports indicating that concen-
tration span and attention problems in FraX could be alleviated by admin-
istration of high doses of folic acid [53,54] were not proved in double-blind
placebo-controlled trials [55-58]. Antidepressant and stimulant medication
seem to be the most frequently prescribed classes of drug administered to
children and adults with FraX [59]. In the only double-blind placebo-
controlled cross-over trial of stimulant medication conducted to date, 15
children with FraX (13 boys, 2 girls), aged 3 to 11 years, received methyl-
phenidate (0.3 mg/kg twice daily) or dextroamphetamine (0.2 mg/kg daily)
for 1 week [60]. Ten of the 15 children were judged to be clinical responders
on methylphenidate; however, improvements could not be demonstrated for
most of the outcome measures, with only teacher ratings indicating im-
provement in sociability and attention. In a single-case study of a 6-year-
old boy with FraX, behavior problems seemed to improve during treatment
with the tricyclic antidepressant medication imipramine, but worsened when
the child was administered methylphenidate [61]. Large doses of the B-
blocker propranolol administered to a 32-year old man with FraX indicated
some improvement in aggression and stereotypic behavior [62]. Finally,
L-acetylcarnitine, administered at dosages of 50 mg/kg twice daily, also
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was reported to be effective in reducing behavior problems in boys with
FraX [63]. The low numbers of subjects treated in these studies indicate
that larger double-blinded trials should be conducted before these medica-
tions can be evaluated judiciously.

More recent pharmacologic interventions have begun to target neuro-
chemical and synaptic deficits specifically generated by the absence of
FMRP. An excellent example of this new generation of study is the recent
trial of the ampakine (AMPA) compound CX516, a medication that poten-
tiates AMPA receptors in the brain [64]. These receptors play an important
role in synaptic transmission; recent studies in the FMR1 knock-out mouse
indicated that AMPA receptors are reduced significantly in number and ac-
tivity. In a randomized, double-blind placebo-controlled trial, 24 adults with
FraX (17 men and 7 women, aged 18 to 49 years) received 600 mg daily
of CX516 for 1 week, and then the dosage was increased to 900 mg daily
for 3 weeks. Side effects were minimal, although three individuals experi-
enced an allergic rash to the compound and one subject did not complete
the trial because of a severe rash. Although no clear improvement in cogni-
tive or behavioral measures could be demonstrated, nine individuals who
were treated with CX516 in combination with risperidone showed some im-
provement, suggesting that cotreatment with antipsychotics may be benefi-
cial in some cases.

An open-label pilot study of the antiglucocorticoid medication mifepris-
tone (RU-486) was conducted recently in our laboratory. Glucocorticoid
type II (GR-II) receptors are reduced significantly in hippocampal neurons
in the FMR1 knockout mouse. In addition, boys/men with FraX have ele-
vated levels of cortisol, suggesting that some of the behavioral features ob-
served in FraX (eg, hyperarousal, hyperactivity) may result from
dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis [34,65]. At
high dosages (600 mg daily), mifepristone actively blocks GR-II receptors
in the prefrontal cortex, causing a rapid increase in circulating cortisol by
blocking the feedback loop of the HPA axis. We speculated that mifepris-
tone could help to “reset” the normal rhythm of the HPA axis, and, thereby,
cause improvements in behavioral functioning associated with HPA axis
dysfunction. In an open-label trial, we administered 600 mg daily of mife-
pristone to eight boys and men with FraX aged 12 to 21 years. Outcome
measures included the Aberrant Behavior Checklist, which parents filled
out at baseline, day 7, day 14, and 2 weeks following discontinuation of
the medication. Four participants developed a mild to moderate skin
rash, and, as a precautionary measure, we recommended that they discon-
tinue the medication before the scheduled 14 days (one participant on day
2 and three participants on day 10). Of the seven participants who com-
pleted at least 10 days of the trial, behavior problems improved in two par-
ticipants (as evidenced by decreasing total scores on the Aberrant Behavior
Checklist for child 2 and child 4; Fig. 2); however, behavior problems
seemed to worsen in one participant (child 5). Therefore, it is unclear at
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Fig. 2. Scores obtained on the Aberrant Behavior Checklist for seven children (numbered 1-7)
at baseline, day 7 of mifepristone, day 14 of mifepristone, and 14 days following discontinuation
of mifepristone. Children who discontinued the mediation after day 10 are indicated by an
asterisk.

this time whether mifepristone may be clinically useful for children with
FraX. We plan to titrate the medication in a double-blind trial of mifepris-
tone in a larger group of participants.

In summary, medication trials to specifically target symptoms of FraX
are extremely limited. Although mild reduction of symptoms can be ob-
tained in individuals with FraX who are treated with antidepressants or
stimulants, there is a pressing need for new, more effective, disease-specific
treatments in young children with this condition.

Behavioral interventions

A large body of literature has emerged documenting the influence of en-
vironmental factors on behavior disorders shown by individuals with devel-
opmental disabilities [66—69]. These studies showed that many behavior
disorders (eg, aggression, self-injury, and stereotypic behaviors) are influ-
enced by antecedent and consequent social-environmental events. These en-
vironmental events include antecedent task or social demands, contingent
removal of task or social demands, low levels of antecedent attention, con-
tingent presentation of attention, changes in routines, and low levels of sen-
sory stimulation. Manipulation of these environmental events can
dramatically reduce the occurrence of these problem behaviors [70-72]. In
a large sample of 152 individuals with developmental disabilities who
showed self-injurious behavior (SIB), for example, Iwata and colleagues
[68] found that in 64% of cases, problem behaviors were maintained by
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social-environmental reinforcement contingencies (eg, removal of task de-
mands, delivery of attention); in an additional 25% of cases, SIB was
evoked by antecedent nonsocial environmental events (eg, low levels of en-
vironmental stimulation). Treatments that were matched to the function of
the behavior disorder (eg, ignoring behaviors that were maintained by atten-
tion, not allowing the child to escape from social or task demands, or pro-
viding alternate forms of sensory stimulation for those behaviors
maintained by sensory stimulation) were highly successful.

In a postal survey of 55 boys with FraX, aged 1 to 12 years, parents re-
ported that 58% of the children had shown SIB at some point during their
lifetime [73] and that SIB was most likely to occur following changes in rou-
tine (87%), the presentation of difficult commands (65%), or difficult tasks
(61%) or to gain adult attention (3%). In our laboratory, we systematically
manipulated levels of antecedent social and task demands in 114 children
with FraX (74 boys and 40 girls) to determine the specific conditions under
which problem behaviors in FraX were more likely to occur [74]. By com-
paring levels of problem behaviors observed during a face-to-face interview,
silent reading, oral reading, and a singing task, we showed that problem be-
haviors were significantly more likely to occur in the interview and singing
conditions and were significantly less likely to occur in the silent and oral
reading conditions. Therefore, in children with FraX, it seems that behavior
problems are maintained predominantly by social escape. Systematic expo-
sure to social interaction (escape extinction) combined with social skills
training may be an effective treatment for problem behaviors in FraX [74].

To target eye contact aversion in FraX, we recently piloted a behavioral
shaping technique to increase eye contact duration [75]. To aid the shaping
process, we used a percentile reinforcement schedule, a method that allows
the therapist to carefully track the student’s performance and progress. Six
boys with FraX, aged 8 to 17 years, underwent the training in two 1-hour
sessions. Three of the children required the implementation of an overcor-
rection procedure (ie, maintaining the child’s head in an upright position)
to augment the shaping process and eliminate the appearance of problem
behaviors. Results showed that even in time-limited, 1-hour sessions, eye
contact duration improved significantly in four of the six boys without con-
comitant increases in hyperarousal or behavioral problems. These data sug-
gest that eye contact aversion, although often believed to be unamenable to
change in FraX, can be improved significantly using basic behavioral shap-
ing techniques. We did not set out to resolve this problem in the children
permanently, only to show that treatment was possible. Further studies
are needed to determine whether these gains can be generalized and
maintained.

Thus far, interventions for individuals with FraX have not been targeted
to FraX-specific skill deficits, and to date, behavioral interventions have
been conducted using heterogeneous strategies, without outcome data to
support their efficacy. In the behavior analytic literature, several behavioral
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techniques were shown to help children with developmental disabilities im-
prove social and educational skills. These included modeling, coaching,
physical guidance, shaping, chaining, fading, matching-to-sample, and er-
rorless learning techniques [76]. Surprisingly, we know of no published stud-
ies that have used these techniques to teach children with FraX. In our
laboratory, we recently demonstrated the feasibility of teaching basic
math and geography concepts to children with FraX using matching-to-
sample and errorless learning techniques [77]. Five children (four boys
and one girl) were taught to match decimals to fractions and states to cap-
itals using a computerized training program. The children received hundreds
of training trials conducted over 1 to 2 days in time-limited sessions on the
computer. Results indicated that three of the five children successfully dem-
onstrated knowledge of the geography relations at posttest, and four of the
children successfully learned the math relations. These results suggest that
some children with FraX may benefit from intensive behavioral training
programs similar to those conducted for children with autism [78-80)].

Summary

Many avenues of research on FraX have flourished over the past 25
years. For example, knowledge of the molecular genetic basis of FraX has
grown at a rapid pace, and animal models have been created that promise
to bring new insight into the effects of FMRP on brain development [81].
Much new information about the neurobehavioral phenotype and develop-
mental trajectory of young children with FraX also has been reported.

Although it is clear that mutations of the FM RI gene increase the risk for
neuropsychiatric dysfunction, there remains a relative lack of knowledge of
how specific neural factors mediate this risk. Information of this nature is
vital to understanding the neural basis of brain dysfunction in FraX as
well as being required for the judicious design and testing of new disease-
specific treatments. Finally, most treatment trials in FraX have been symp-
tom-based or derived from other disorders as opposed to being informed by
FraX-specific research data.

Over the past decade, clinical neuroscience research increasingly has be-
gun to interrogate and merge multiple levels of scientific inquiry. A partic-
ularly good example is ‘“imaging genomics,” where data derived from
assessment of genotype, neural systems, and phenotype are combined to bet-
ter understand variation in human behavior [82]. Investigators also are in-
creasingly undertaking the study of more homogenous groups in an
attempt to map fundamental molecular events to specific changes in brain
structure and function, and, ultimately, to cognitive-behavioral outcome.
Examples include velo-cardio-facial syndrome [83], Williams syndrome
[84], and Turner syndrome [85]. Behavioral neurogenetic research provides
a glimpse of the future of neuropsychiatric, and more broadly, clinical neu-
roscience investigation—where the complex interplay between genetic risk
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and environment can be appreciated, described, and elucidated more fully.
Thus, although the information gained in this area will have specific benefit
to persons with FraX, it also will have broader relevance to understanding
how genetic-neurobiologic pathways and environmental factors modify the
risk for cognitive, emotional, and behavioral dysfunction.
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