Current Pediatric Reviews, 2007, 3, 61-68 61

Fragile X Syndrome and Autism: Common Developmental Pathways?

Kim Cornish"*, Jeremy Turk® and Andrew Levitas’

'Child Laboratory for Research and Education in Developmental Disorders, Depts. of Neurology & Neurosurgery &
Educational Psychology, McGill University, Montréal, Canada

’Division of Clinical Developmental Sciences, St. George's, University of London, Cranmer Terrace, London, UK

’Division of Prevention and Treatment of Developmental Disorders, Department of Psychiatry, UMDNJ/SOM,
Stratford, NJ, USA

Abstract: Identifying atypical trajectories that distinguish children with differing developmental disorders from each
other and from typically developing children is a potentially powerful tool for early ascertainment and treatment of
syndrome specific proficiencies and deficiencies. The past decade has seen unparalleled advances in the fields of
molecular genetics, pediatrics, developmental cognitive neuroscience and brain imaging. Collaboratively, these advances
have facilitated our understanding of how genes can impact upon early development, through the identification of specific
patterns of cognitive and behavior processing and the deficits in these domains that are typical to a specific developmental
disorder. These advances have also made early diagnoses possible for many developmental disorders, including those for
which genetic etiology has yet to be determined, such as is the case for most individuals with autism, or disorders such as
fragile X syndrome that result from the silencing of a single gene. This early identification necessitates thorough
investigation of the impact of a condition across the lifespan beginning in early childhood when interventions are most
likely to have significant benefit. This is especially relevant for disorders that at first glance appear to share overlapping
behavioral and clinical symptomology. In the case of autism and fragile X syndrome, commonalties in social and
communication profiles are now well documented in early childhood. However, to what degree symptom overlap implies
common developmental pathways or etiologies remains unclear. The focus of this review will be to critically evaluate
whether so called ‘commonalities’ in phenotypic outcomes actually reflect very different developmental pathways that
diverge over developmental time and across syndromes. More detailed knowledge of these profiles will facilitate early
timing of tailored interventions that will promote optimal development resulting in significant educational, clinical, and
adaptive benefits across a child’s lifespan.

Keywords: Fragile X syndrome, autism, behavioral phenotypes, atypical developmental pathways, language, social
interaction.

INTRODUCTION atypical populations. Collaboratively, this research has made
three important contributions to date: 1) that general
developmental delay needs to be differentiated from
syndrome specific ‘signatures’ that represent distinct pheno-
typic outcomes; 2) that similar behavioral outcomes or
symptom overlap across different conditions does not
necessarily imply common cognitive mechanisms or
etiologies; and, 3) that awareness of the early physical,
cognitive and behavioral characteristics that distinguish
different neurodevelopmental disorders can promote more
timely and accurate diagnosis and management that can
impact at both the clinical and educational levels across
developmental time. Furthermore, with these new advances
comes the need to transfer this knowledge into a more
meaningful context that that can help prepare affected
families and professionals to respond to behavioral and
cognitive challenges that are specific to their child’s
condition.

The past decade has seen unparalleled advances in the
application of molecular genetic methods to the study of
developmental disorders, including disorders with and with-
out mental retardation. These advances include higher reso-
lution conventional G-banded cytogenetics, the application
of molecular cytogenetics in the form of Fluorescent in-Situ
Hybridisation (FISH) technology, and molecular genetic
analysis for specific single gene disorders, such as Fragile X
syndrome. Alongside this development there has been a sub-
stantial growth in the number of pediatric studies attempting
to link genomic changes (deletion, reduplication or silencing
of genes) to behavioral end-states and brain function, in
essence to link genotype to phenotype. The rapid growth in
neuroimaging techniques, notably structural and functional
imaging, including magnetic resonance, evoked related
potentials, and single photon emission computed tomo-
graphy, have provided a unique opportunity to further
delineate the brain-behavior relationship in both typical and The focus of this review is to demonstrate the importance

of these contributions towards our understanding of two
neurodevelopmental syndromes that are extensively docu-
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autism. We will first describe the genetic and clinical con-
siderations and then proceed to reflect on the co-occurrences
and commonalities between the two disorders across the
domains of social behavior and cognition (theory of mind),
language and adaptive functioning. Finally, we will outline
the proposed critical differences, in a child presented to a
pediatric clinic with autistic-like symptoms, the phenotypic
end-states that warrant a careful and thorough examination for
fragile X syndrome.

Fragile X Syndrome and Autism - Genetic and Clinical
Considerations

Fragile X syndrome. FXS is the world’s most common
identifiable hereditary cause of developmental delay
affecting 1 in 4000 male and 1 in 8000 females [1-4]. The
syndrome is caused by a defect in the fragile X mental
retardation 1 gene (FMR1), located near the end of the long
arm of the X chromosome. The FMRI gene carries a CGG
trinucleotide repeat expansion in the 5’ untranslated region.
In males it is almost always associated with mental
retardation. In unaffected individuals there are between 7~60
repeats, with 30 repeats found on the most common allele. In
clinically affected individuals the CGG repeat region
expands to over 200 repeats resulting in gene shutdown the
loss of the encoded protein, FMRP. Alleles with between
55~200 repeats are called “pre-mutations” (carrier-status)
and generate some FMRP. The frequency of the fragile X
pre-mutation in the general population is estimated at 1 in
250 females [5] and 1 in 813 males [6] and has generally
been associated with normal intellectual and cognitive
functioning (but see recent studies by Aziz et al. [7] and
Cornish et al. [8]). However, these pre-mutations are un-
stable when transmitted from carrier mother to offspring,
with associated risk of giving rise to the FXS phenotype
should amplification of the premutation to the full mutation
range occur [9]. FMRP has been found to be involved in
transcription regulation of other, so far unidentified genes
[10,11]. It contains DNA sequences known to be relevant to
facilitation of nucleus-cytoplasm transfer of messenger
RNA, and endoplasmic reticulum messenger RNA binding.
Lower than normal or absent FMRP might be affecting other
gene’s functioning, potentially giving rise to secondary gene
effects so far unknown, but at a genetic level it is now well
established that the FMR1 is the only gene involved in the
pathogenesis of FXS and that the loss of FMRP and the
subsequent impact of that loss on early brain development
causes FXS [12] by acting on other genes that modify the
exact outcome. The extent to which these discoveries explain
the phenotypic outcomes in FXS, most notable at the
cognitive and behavioral levels, are beginning to be revealed.

The clinical features that can characterize the syndrome
include an elongated face, large prominent ears and
forehead, and in males, post-pubertal macroorchidism [13].
Also present frequently are macrognathia (large jaw),
conductive and sensorineural hearing loss, and visual
impairments including refractory errors, strabismus (squint)
and amblyopia (lazy eye) [14]. More subtle features can
include narrow inter-eye distance, a highly arched palate of
the mouth, and hyperextensible metacarpophalangeal joints.
However, the wide variability in manifestation in both males
and females makes a diagnosis based on physical features
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alone almost impossible. It is precisely because of their
“normal” appearance that many affected children are not
identified as having FXS until relatively late in their
development. Undoubtedly the most defining feature,
especially in boys with the condition, is mental retardation
and the resulting behavioral phenotype, most notably the
autistic-like features that can accompany the syndrome from
very early in development. While such features should
prompt FXS DNA testing, they are also shared by many
other causes of autism spectrum disorders and cannot be the
sole basis for the diagnosis

Autism. Autism is a complex and severe neurodevelop-
mental disorder that has intrigued clinicians and scientists for
decades. The disorder represents the prototypical pervasive
developmental disorder (PDD), characterized by a “triad of
impairments” that includes a severe disruption of social
cognitive function, and impaired social interaction and
communicative skills, coupled with unusually restricted and
repetitive stereotyped patterns of behaviors and interests
with an onset in the first 3 years of life [15]. Recent epide-
miological studies indicate that the rate of autism is much
higher than previously thought, with approximately 30 to 60
cases per 10,000 [16]. A dimensional approach to autism
includes classification based upon cognitive measures or
verbal ability, with lower functioning individuals tending to
have an IQ in the lower range (<70) and demonstrating more
severe symptomatology. Individuals with autism with 1Qs in
the normal to superior range are classified as higher
functioning and tend to have fewer or less severe autistic
symptoms [17]. However, their functional impairments in
terms of daily living, self-care and social interactional skills
may still be marked.

A large number of studies confirm that autism has an
important and substantial genetic component (for a review,
see Rutter 2000 [18]). For example, there is a predominance
in males compared to females (sex ratio M/F: 3-4 ~ 8 /1
[19]), and twin studies show concordance rates of 36 to 91%
for monozygotic twins and 1 to 23% for dizygotic twins.
Siblings of autistic children have a higher than expected rate
of language delay [20], and parents of children with autism
have been found as a group to differ from matched com-
parison group parents on a number of psychological criteria
including executive function skills, reading measures, speech
and pragmatic language deficits, friendship difficulties and
being more rigid, aloof, hypersensitive to criticism and
anxious [21,22]. Studies of extended families also support a
strong genetic component to aetiology [23]. Thus at the
genetic level, converging evidence indicates that autism is a
very strongly heritable condition (heritability >90%) al-
though the biological mechanisms are not well understood.

Fragile X Syndrome and Autism: Converging and
Diverging Cognitive and Behavioral Pathways?

There are currently very few single gene studies for
which there is a certainty of the involvement of autism; FXS
is one of those disorders. Almost all affected children, and
especially boys, will display autistic-like characteristics that
may mimic typical autism such as language delay, echolalia,
and perseverative speech alongside poor eye contact, poor
social interactions and stereotypic movements [24-28]. Al-
though still controversial, a plethora of recent studies using a
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variety of “gold standard” diagnostic measures including the
Autism Diagnostic Observation Schedule (ADOS-G [29]),
and the Autism Diagnostic Interview-Revised (ADI-R [30])
indicate a percentage of between 20-35% of FXS individuals
will fulfill criteria for a clinical diagnosis of autism (see
Hagerman for a review [31] and Rogers ef al. [32]). One
argument is that the prevalence of autism in FXS may simply
be an artifact of general cognitive delay that is inherent in
many mental retardation disorders. There is some merit in
this argument notably that having both autism and FXS
would impact on development more severely than having
autism or fragile X alone. Indeed, studies do suggest that a
dual diagnosis is a significant predictor of developmental
status with such children functioning at a much lower level
[27, 33-38]. However, the pattern of these findings alongside
other longitudinal and cross sectional studies demonstrate
that children diagnosed with FXS, with and without autism,
and children diagnosed with autism alone differ in subtle but
fundamental and clinically important ways across
developmental time and across behavioral and cognitive
domains. A comprehensive review of the existing literature
will be provided alongside a discussion of possible causal
mechanisms that might account for why so-called
commonalities in the behavioral-cognitive phenotype of FXS
and autism do not imply similar etiology. We will conclude
with some suggestions for clinical and educational
interventions that target specific syndrome ‘signatures’ and
trajectories.

Social Behavior and Cognition. Difficulties in social
behavior have been well documented independently in both
autism [39-41] and FXS [28,42-44]. Specifically, and at first
glance, a number of similarities in the social profile emerge:

Reciprocal relationships especially in social situations
(eye gaze avoidance, initiating interactions) are significantly
impaired across both syndromes in comparison to the typical
trajectory (autism [45, 46]; FXS [27, 47, 48]). The ability to
perceive where another person is looking is a key component
in social adapting behaviors and interactions with others.
Gaze direction informs about locations of potential interest
or danger in the environment, and the readiness of the
individual to communicate socially. In children with autism,
there is now well documented evidence of a unique style of
processing gaze that differentiates them from other syn-
drome groups. For example, the visual preference for direct
gaze over averted or closed eyes is already present in typical
newborns [49-51], but has not been found among children
with autism [46]. Later in life, an advantage in attentional
orienting in response to eye gaze as compared to non-social
cues (arrows) is seen among typically developing children
but not children with autism [52]. These atypicalities in
following eye gaze were further supported by findings that
when viewing naturalistic social situations depicted in a
movie setting, individuals with autism demonstrated atypical
patterns of social visual pursuit characterized by a reduced
focus on eyes and increased focus on mouths, bodies, and
objects [45]. This lack of social gaze may be attributed to a
lack of attention, or to distractibility, or lack of interest in
interacting with others, or perhaps in dysfunctional pro-
cessing of social information. They find no intrinsic im-
portance of eye contact with other persons vs. gazing at
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anything else in the room, but no specific aversion to direct
eye contact either.

Although comparatively less research has examined eye
gaze avoidance in children with FXS, lack of eye gaze does
not appear to be motivated by a lack of understanding of the
social situation or a desire to communicate, as is typically
the case in autism. The majority of FXS children, although
tending to avoid social interactions, will offer what is now
classically termed the ‘fragile X handshake’, whereby an
initial wish to communicate socially, with a ‘handshake’, a
socially acceptable remark or even brief initial eye contact, is
coupled with active and even persistent gaze avoidance. Sub-
sequent interactions with familiar persons may be marked by
the same active gaze avoidance despite the growing relation-
ship. The gaze avoidance persists even when attempts are
made to extinguish it; it may, in fact, increase in intensity. A
famous photograph shows two brothers with FXS shaking
hands, each with head averted to avoid eye contact [53].

Furthermore, in comparison to children with autism who
struggle to maintain dyadic relationships, children with FXS
tend to display relatively good social and communicative
relationships, especially with parents. For example, Cohen
and colleagues [54] have shown that FXS males compared to
males with autism alone are sensitive to social gaze initiation
by their parents but found eye contact aversive. In contrast,
autistic males were insensitive to parent-initiated social gaze,
and did not find eye contact aversive. However, both
syndrome groups avoided eye contact with strangers. Intri-
guingly, age-related changes in responsive eye gaze app-
eared to be specific to autism alone and associated with
greater communication ability. This was not the case for
FXS males. Unfortunately, no studies to date have compared
eye gaze behavior in children with a dual diagnosis of
FXS+autism compared to children with FXS alone or autism
alone; although one can speculate that a dual diagnosis will
confer greater social impairment and interaction.

Thus, at first glance, although eye gaze avoidant behavior
appears to unite FXS and autism, at a deeper level it serves
very different purposes and are likely due to very different
mechanisms underlying the disorders. In the case of FXS,
hyperarousal, hypersensitivity and heightened levels of
social anxiety are recognized as early prominent behavioral
features and are present in affected children with and without
autism, male and female [36,55-58]. Children with FXS may
very quickly become overwhelmed by the demands created
by social involvement, novel or unexpected situations and
changes, even by the common transitions of daily life such
as moving from one task to the next in a classroom
environment. Generalized anxiety and/or panic disorder may
occur [59], and in some rare cases even post-traumatic stress
disorder [60]. In sum, although sociable and communicative,
FXS children will tend to avert their eyes (so as to minimize
social interactions or to avoid the sensory stimulation of eye
contact) and avoid interactions. Thus, males and females
with FXS will exhibit autistic-like eye gaze avoidance, but it
is active rather than passive, and indeed in the presence of
good understanding of social greeting behavior, symptomatic
of their hyperarousal and social anxiety rather than an
inherent lack of understanding of the social situation. In
contrast, children with autism appear to have a more
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generalized social deficit that impacts across all social situ-
ations and interactions.

Understanding the beliefs and intentions of others (theory
of mind) in order to explain behavior has been extensively
studied in autism and it is widely accepted that children with
autism have a pervasive deficit in theory of mind ability [61,
62]. It is further speculated and that these deficits may
underlie the social and communicative deficits that char-
acterize the syndrome. In contrast, it is only recently that
research has focused on identifying the extent of any such
impairment in FXS [63, 64]. In their recent study, Cornish et
al. reported that over 50% of children with FXS without
autism were able to pass a ‘first-order’ false belief task (the
ability to understand that others can hold false beliefs about
the world and that their behaviour can be predicted on the
basis of these false beliefs rather than on the bases of what is
actually true) compared to only a reported third of children
with autism [61, 65]. Furthermore, performance on a task
that required the ability to understand one’s own mental
states- in which one must distinguish between the perception
of an object (its appearance) and actual knowledge of it (its
real identity) showed a similar profile with FXS children
relatively unimpaired compared to the percentage typically
reported in autism [66]. A closer look at the error patterns
also revealed quite distinct syndrome-specific ‘signatures’
that appear to reflect different cognitive mechanisms and
strategies [63].

In summary, although both syndromes display theory of
mind deficits, they clearly differ both quantitatively and
qualitative in nature. Children with autism show a profound
impairment that is not present in children with FXS who
demonstrate impairment commensurate with cognitive delay,
as seen in other developmental disorders that do not have a
specific autism link such as children with Down syndrome.

In brief, the social/developmental contrasts between FXS
and autism can be summarized as in Table 1.

Cornishet al.

Speech and Language. Delays in expressive language
development, poor social use of language, and unusual
speech patterns such as echolalia and dysfluences have been
well established in children with autism [67-71] and in
children with FXS [72-76]. However, comparatively few
studies have compared language performance across both
groups in the same study. Those that have report important
differences in the language profiles that may help to
differentiate FXS from autism.

Speech and conversational language. Studies by
Sudhalter and colleagues [77-79] and others [28,80] have
identified FXS specific weaknesses, most notably in affected
males during conversational interactions and include tan-
gential language, perseverative language, repetitive speech,
and a tendency towards delayed echolalia. Tangential errors
include off-topic questions, responses or comments that do
not logically follow the preceding conversational thread;
perseverative errors include the reintroduction of favorite
topics over and over, even in the presence of conflicting
conversational demands; and repetitive speech errors include
repetition of sounds, words or phrases within an utterance or
conversational turn. In all three categories, males with FXS
produced significantly more errors than age matched
children with autism (and children with other forms of
mental retardation). This suggests that these forms of
atypical language production are not the consequence of
cognitive delay or of undiagnosed autism.

A possible explanation for the cause of these atypical
language productions may lie in a greater increase in arousal
levels in FXS males compared to autistic males. Studies have
consistently demonstrated that FXS is associated with
heightened anxiety which, once triggered, may take some
considerable time to abate [35, 55-57, 81]. Indeed, we have
argued elsewhere in this review that other aspects of the FXS
signature, namely eye gaze avoidance is also likely to result
from a specific anxiety deficit compared to autism that may
reflect a more generalized social deficit. Thus it is very
possible that the atypical language profile results from the

Table 1. Typical Social/Developmental Functioning in Fragile X Syndrome & Autism

Fragile X Syndrome

Autism

Social anxiety

Social indifference

Gaze aversion

Gaze indifference

Self-injury usually in form of hand biting in response to anxiety &
excitement

Self injury variable in topography & causation

Delayed imitative & symbolic play

Permanently distorted imitative & symbolic play

Hand flapping in response to anxiety & excitement extremely common

Stereotypical & manneristic behaviours highly variable in topography &
causation

Language impairments characteristically comprise delayed echolalia with
repetitive, rapid & cluttered speech

Language impairments highly variable, usually affecting comprehension
more than expressive language

Good understanding of facial expression

Lack of understanding of facial expression

Theory of mind may be distorted but is not absent

Absent theory of mind

Characteristically friendly & sociable, albeit often shy & socially anxious
with primarily communicatory & stereotypic “autistic-like” disturbances

“Aloof”, “passive”, “active & odd” or “overpedantic & pseudomature” with
primarily social & symbolic “autistic-like” disturbances
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hyperarousal that social interactions cause in males and to a
lesser extent females with FXS [82], resulting in speech that
is rushed and consequently characterized by more per-
severation and praxis errors [77]. This raises the possibility
that reduction of anxiety would improve the speech of
children with FXS; in fact, in clinical experience parents and
teachers of children with FXS treated for Panic Disorder and
Generalized Anxiety Disorder may report increase in spon-
taneous and accurate responsive speech.

Receptive language. Although few studies have explicitly
focused on comparisons of expressive and receptive
language performance across FXS and autism, three recent
studies highlight the potential clinical significance in
recognizing syndrome specific profiles across the sub-
domains of language. Comparing performance in children
with a dual diagnosis of FXS+autism and children with FXS
alone and children with autism alone, Philofsky ef al. [83]
report a relative strength in receptive language compared to
expressive language for children with FXS without autism.
This pattern was not replicated in children with FXS+autism
whose performance was much lower than children with FXS
alone but similar to that of children with idiopathic autism.
They speculate that low receptive language may be a marker
for autism symptoms in young children with FXS. A similar
receptive advantage compared to other language skills was
also recently reported in an adolescent sample with FXS [72]
suggesting that performance remains at a developmentally
appropriate level across childhood into adolescence. In
contrast, autism is strongly associated with significant rece-
ptive delays relative to other skills [84-86] suggestive of a
specific ‘signature’ language deficit that may serve to
differentiate, at a cognitive level, FXS from autism.

Adaptive behavior. Adaptive behaviors refer to goal
directed behavior that is both functional and developmental
and made in response to an environmental challenge. A
growing body of literature has emerged to describe the
nature of adaptive functioning in children with FXS
compared to children with autism and those children with a
dual diagnosis (FXS+autism). Although all three groups
perform at a level much lower than typically developing
children, recent research findings highlight important
profiles of strengths and difficulties across the various
domains of adaptive abilities that point to potential
syndrome-specific signatures. Focusing first on overall
adaptive functioning, there is a converging evidence to
suggest that autistic status in children with FXS is associated
with children with poorer adaptive behavior outcomes
compared to children with FXS or autism alone [35,37,
42,87]. Furthermore, when adaptive functioning is teased
into its component parts, children with FXS without autism
appear to display a relative strength in daily living skills with
weakest performance on social and motor skills [37, 88, 89].
In contrast, children with both FXS+autism display a similar
developmental profile to children with autism [87] and tend
to score highest on the motor domain and lowest on the
communication and social domains [37]. Hatton and
colleagues also provide some of the first evidence to date
that suggests that differences in rates of development of
adaptive functions may differentiate children with FXS+
autism and children with FXS alone with the former
diagnosis associated with slower rates of development.
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Thus, the pattern of findings outlined above demonstrate
an increasing understanding of how differences in the
childhood end-states both across and within the domains of
social, language and adaptive functioning may help to
differentiate children with autism from children with FXS
and from children with a dual diagnosis of FXS and autism.
Recognizing these unique ‘signature phenotypes’ is a first
step towards providing accurate diagnosis that will facilitate
syndrome-specific treatments and interventions. However,
surprisingly few studies have addressed the issue of whether
levels of functioning change with increasing age, albeit
progressing at a slower pace compared to typical developing
children, or whether functioning levels actually decrease
with increasing age, or even remain static across develop-
mental time. Although published studies have consistently
observed a decline in cognitive abilities from middle-late
childhood onwards [90-93] in FXS, an increasing number of
more recent studies have challenged this assumption. For
example, both Abbeduto et al. [72] and Cornish and Wilding
[94] found that in terms of language functioning, adolescents
and young adults with FXS alone continued to increase in
performance at the same rate as developmental aged matched
typical individuals. Hatton et al. [37] also found that children
with FXS alone have faster rates of development on adaptive
functions than children with a dual diagnosis of FXS+autism
who demonstrate a much slower rate of development, but
who nonetheless continue to develop with age. Therefore, it
is possible that absolute level of performance is affected by
the developmental disorder, be it FXS or autism, but the
development is at a normal rate for their level of functioning.
Future research using a prospective longitudinal design to
chart developmental pathways from childhood into early
adulthood will be needed to further define the rate of age-
related changes in fragile X and autism both across and
within cognitive and adaptive domains.

SUMMARY

In this review we sought to examine the extent to which
behavioral overlaps in two syndromes for which there is
some shared genetic variance- autism and FXS, imply
common developmental pathways or ‘signatures’. We have
demonstrated that such a simplistic association cannot be
validated given the converging evidence that significant
differences, some more subtle than others, underlie these
syndromes. Focusing explicitly on the domains of social,
language and adaptive functioning we demonstrate quite
distinct pathways between children with FXS alone and
children with autism alone. In contrast, children with a dual
diagnosis of FXS and autism display greater functional and
cognitive impairments and a poorer prognosis than children
with FXS alone. At the clinical level, early diagnosis is
critical for a range of important reasons [95]. These include
the right of the individual and family to know the cause and
nature of the child’s developmental, emotional and be-
havioral difficulties, relief from uncertainty, facilitation of
grief resolution, focusing on the future, genetic counseling,
access to information on likely strengths and needs, early
instigation of appropriate interventions, and potential for
linking with appropriate family and educational support
networks. It is essential to be alert to the possibility of both
FXS and autistic spectrum disorder in any child with
developmental difficulties and, having diagnosed one, to
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Table 2. Some Management Hints Relevant to Children with FXS More Than to Children with Autism

. Intellectual functioning is likely to be in the mild to moderate mental retardation range

. There is usually a clinically significant verbal-performance skill discrepancy with verbal skills exceeding non-verbal ones
. Social awareness and social understanding may be good

. However, rates and levels of social anxiety are usually high, and act as a trigger and drive for challenging behaviors

. Usually good understanding of facial expressions and emotions

. Gaze aversion rather than gaze indifference

. Often marked inattentiveness, restlessness, fidgetiness, distractibility and impulsive tendencies [96]

consider whether or not the other is also present. Greater
knowledge of the signature behaviors especially of the
differences between active and passive gaze avoidance, and
aloofness vs. friendliness compromised by social anxiety can
increase the index of suspicion, as well as being crucial in
terms of how the child is to be managed subsequently.

To conclude, identifying impairments that distinguish
children with differing developmental disorders from each
other is a potentially powerful tool for early identification
and treatment of syndrome specific strengths and difficulties,
although the subtle differences between autism of unknown
etiology and that associated with FXS may be as yet
insufficient grounds for any course of action other than
obtaining FXS DNA testing on all children who present with
a pervasive developmental disorder, especially in light of the
still unsettled question of secondary gene effects. In this
review we emphasize the need for early identification of
etiological diagnoses such as FXS, and clinical-phenomeno-
logical diagnoses such as autism, in order to institute
effective, timely and individualized multi-modal inter-
vention, support and ameliorative therapeutic care packages
aimed at maximizing each individuals potential and mini-
mizing their handicaps and challenges to family, educators,
and community. Some management hints relevant to
children with fragile X syndrome more than to children with
autism are listed in Table 2.
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