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Abstract

Fragile X syndrome (FXS) is the leading genetic cause of autism, accounting for approximately
5% of autism cases with as many as 50% of individuals with FXS meeting DSM-IV-TR criteria
for autistic disorder. Both FXS and idiopathic autism (IA) are attributed to genetic causes;
however, FXS is an identified single gene disorder whereas autism is a complex disorder with
multiple potential causes, some of which have been identified. Studies in 1A have focused on the
prospective longitudinal examination of infant siblings of children with autism as a target group
due to their high risk of developing the disorder. We propose that this same model be applied to
the study of infants with FXS. There is a lack of research focusing on the early development of
autism within FXS and debate in the literature regarding how to best conceptualise this co-
morbidity or whether it should be considered a co-morbid condition at all. Studying the emergence
and stability of autism in infants with FXS has multiple benefits such as clarifying the underlying
mechanisms of the development of autism in FXS and solidifying similarities and differences
between co-morbid FXS with autism and IA. Infant research in both 1A and FXS are discussed as
well as conclusions and implications for practice and future research.
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Introduction

Fragile X syndrome (FXS) is the leading known genetic cause of autism, accounting for
approximately 5% of autism cases (Hagerman et al. 2008). In individuals with the full
mutation, approximately 30-50% meet full DSM-1V-TR criteria for autism with 60-74%
meeting criteria for an autism spectrum disorder (Kaufmann et al. 2004; Clifford et al. 2007;
Hall et al. 2008; Harris et al. 2008; Bailey et al. 2009). Additionally, over 90% of
individuals with FXS display some form of atypical behaviour characteristic of autism
including social interaction (e.g. avoidant eye contact, social withdrawal, social anxiety) and
repetitive and stereotyped behaviours (Hernandez et al. 2009).

Both FXS and idiopathic autism (IA; not FXS-related) are attributed to genetic causes
(Muhle et al. 2004); however, FXS is an identified single gene disorder whereas autism is a
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complex disorder with multiple potential causes, some of which have been identified
(Kelleher & Bear 2008; Darnell et al. 2011). Studies in 1A have focused on the prospective
longitudinal examination of infant siblings of children with autism as a target group due to
their high risk of developing the disorder (13.6-28%; Landa et al. 2007; Stone et al. 2008;
Ozonoff et al. 2011). We propose that this same model be applied to the study of infants
with FXS as they, too, are at increased risk for the development of autism. Studying the
emergence and stability of autism in infants with FXS has multiple benefits such as
clarifying the underlying mechanisms of the development of autism in FXS and solidifying
similarities and differences between co-morbid FXS and autism and IA. Infant research in
both IA and FXS are discussed as well as conclusions and implications for practice and
future research.

Autistic disorder is the most debilitating subgroup of a larger category known as pervasive
developmental disorders (PDD; American Psychiatric Association 2000) characterised by
impairments in social interaction and verbal and non-verbal communication, and restricted,
repetitive and stereotypic patterns of behaviour, interests and activities. Although there is
considerable variability in individual symptoms, core deficits in social communication and
restricted and repetitive behaviours are hallmarks of the disorder (Tager-Flusherg 2010).
Genetic studies of autism suggest that the majority of autism cases may be explained by a
large number of variable genetic risk factors, each conferring a small risk. Thus, autism
likely requires multiple risk genes that interact with each other and the environment (Tager-
Flusberg 2010).

Autism is estimated to affect approximately 1 in 110 (1 in 70 males) individuals, and the
lifetime cost per capita in the USA is approximately $3.2 million (Ganz 2007; Rice 2009). It
is a disorder that affects families from a range of backgrounds and ethnicities. Autism is
typically not diagnosed until three years of age, with an average age of diagnosis of 5.7
years, despite the ability to reliably diagnose at 2 years of age (Shattuck et al. 2009).

Research on behavioural intervention and neuro-plasticity suggests that amelioration of
symptoms or even prevention of the disorder is plausible given the detection and treatment
of infants before the full syndrome develops (Dawson 2008).

Early identification of idiopathic autism

Two waves of research on the early features of 1A exist. The initial wave consists of
retrospective parent reports and home video analysis that have identified behaviours that
distinguish children with autism from their non-autistic peers during the first year of life.
The second wave of research consists of prospective, longitudinal studies following high-
risk infants from the first year of life through early childhood in order to examine their
development over time. One of the most prominently studied high risk autism group is
infants with older siblings with a clinical diagnosis of autism. Prospective research designs
offer several strengths such as early assessment of participants, longitudinal monitoring of
behaviour, limited reliance on recall, and the ability to elicit and measure certain behaviours
under standardised conditions (Zwaigenbaum et al. 2005).
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In a prospective, longitudinal study of 65 high-risk infant siblings, Zwaigenbaum et al.
(2005) found that high-risk infant siblings who later met diagnostic criteria for autism were
reported on parent ratings of temperament to have more frequent and intense distress
reactions at 12 months of age as well as longer durations of orienting to objects; and at 24
months of age rated as having less attention shifting, less inhibitory control, and less positive
anticipation and affective responses than a control group. Additionally, infants' ability to
disengage attention at 12 months on a visual orienting task predicted autism classification at
24 months of age.

Similarly, Garon et al. (2009) followed 138 high-risk infant sibs from 6-12 until 36 months
of age to further establish an association between early behavioural characteristics and
autism. The researchers found two factors that best discriminated between high-risk infant
sibs who did and did not meet criteria for autism and low-risk controls: Behavioural
Approach and Effortful Emotion Regulation. In predicting autism status at 36 months,
Garon et al. (2009) found that both temperament factors significantly predicted membership
for all three groups (high-risk infant sibs with autism, high-risk infant sibs without autism,
and low-risk controls) with Behavioural Approach significantly distinguishing between
high-risk infant sibs with autism and high-risk infant sibs without autism. When comparing
high-risk infant sibs with autism to low-risk controls, Effortful Emotion Regulation was
most significant, indicating both factors had relevance to understanding the emergence of
autism.

Bryson et al. (2007) described nine infants who met diagnostic criteria for autism by the age
of 36 months. Six cases were distinguished by marked behavioural changes very early in
development, which continued and/or were more evident by 18 months of age. Between 6
and 12 months of age, participants became more difficult to engage socially and an increase
in visual fixation on objects was notable, in addition to increased repetitive and atypical
motor behaviours. There was a trend towards greater irritability, less tolerance of intrusions,
increased negative affect/proneness to distress, difficulties with self-regulation, and
difficulties with being comforted or settled by others between 6 and 12 months of age.

Collectively, these studies indicate that particular patterns of behaviour and reactivity
emerge in infancy and may predict IA in early childhood. Although group differences at 6
months of age do not appear to be predictive of autism status, group differences as early as
12 months of age are predictive of later outcomes, indicating the potential benefit of
intervention at this time. Relatively few studies have been conducted examining early
behaviour and later outcomes in children with disabilities, and studies in autism are
increasing. Examining the emergence of autism over time is critical to elucidate the stability
of behaviours and indicators for later development of both 1A and autism in FXS.

Early identification in fragile X syndrome

Fragile X syndrome is the leading cause of inherited intellectual disability affecting
approximately 1 in 3600 individuals across gender, race and ethnicity (Hagerman et al.
2009). The syndrome results from repetition in the CGG trinucleotide sequence at Xq27.3
on the long arm of the X chromosome which alters function of the FMR1 gene responsible
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for production of fragile X mental retardation protein (FMRP). FMRP is vital for normal
brain functioning in all persons including adequate learning and memory. The reduction of
FMRP is assumed to be the cause of various outcomes associated with FXS such as
intellectual disability, autistic behaviour, social problems and anxiety (Weiler et al. 1997,
Bailey et al. 2001b).

Diagnosis of FXS is based on molecular genetic testing of the FMR1 gene. Six to 45 CGG
repeats are considered normal, 45-54 repeats is considered the ‘gray zone’, while 55-200
repeats represents the FMR1 premutation. Greater than 200 CGG repeats is considered the
full mutation in which there is hypermethylation of the FMR1 gene, which reduces FMRP
production and results in physical, cognitive and behavioural aspects of FXS. Individuals
with the full mutation may have complete methylation of the FMR1 gene or partial
methylation referred to as ‘mosaicism’. Both premutation and full mutation carriers can
exhibit signs of FXS with individuals with the FMR1 premutation showing more psychiatric
characteristics such as depression and anxiety, and fewer cognitive deficits (Franke et al.
1996).

Characteristic physical features of FXS include an elongated face, large ears, prominent jaw,
macro-cephaly, macroorchidism, flat feet, a narrow high-arched palate and hyperextensible
joints (Hagerman 1999). Although these are prominent physical features later in
development, they are often not obvious at birth and during early infancy (Hagerman 1999).
The first sign of FXS is typically late attainment of developmental milestones; however,
these developmental delays are difficult to differentiate from other developmental
disabilities (Maes et al. 2000). General delays include deficits in motor skills, increased
initial social avoidance, and decreased social withdrawal compared with age and 1Q matched
controls (Kau et al. 2000). Motor skills tend to be the least delayed while communication
and cognitive skills are the most delayed (Roberts et al. 2001a). Recent studies have also
found deficits in visual attention and visual processing in infants with FXS (Farzin et al.
2008, 2011).

Although the average age of first concern (12 months), confirmation of developmental delay
(19 months) and start of early intervention services for individuals with FXS (19 months)
have decreased since 2001, the average age of diagnosis for FXS remains relatively stable at
38 months of age, an average of over 2 years after first concern (Bailey et al. 2009). Bailey
et al. (2009) conducted a national survey which found that 22% of parents of children with
FXS were informed that their child was developing normally upon first presenting concerns
(12 months) to a healthcare professional. Only 14% of parents were referred to a specialist
and, of those, 9% received a diagnosis other than FXS, and 4% were referred for FXS
testing (Bailey et al. 2009). Thus, early identification of FXS is clearly challenging from
multiple dimensions.

A characteristic cognitive profile is emerging in individuals with FXS. The majority of
males exhibit cognitive deficits in the moderate to severe range, with stronger verbal than
visual-spatial abilities (Bailey et al. 2004). Atypical early development of attention has also
been well documented (Cornish et al. 2007; Scerif et al. 2007; Sullivan et al. 2007; Ornstein
et al. 2008). These cognitive deficits can be mediated by the level of FMRP expression, so
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that males with higher FMRP expression may exhibit higher cognitive abilities than males
with little to no FMRP expression (Hagerman 1999; Tassone et al. 1999). Several studies
have demonstrated that the 1Q of individuals with FXS declines over time; yet, consensus is
that the decline in scores is primarily due to suboptimal growth rather than a true decline or
loss of skills (Fisch et al. 2002; Skinner et al. 2004). Individuals with FXS display a relative
strength in self-help and daily living skills and a deficit in socialisation and communication
adaptive skills (Hatton et al. 2003). Of note, autistic behaviour is associated with lower
scores on measures of adaptive behaviour (Hatton et al. 2003).

FXS and autism

Autism is one of the most severe behaviour abnormalities observed in FXS. As noted above,
30-50% of individuals with the full mutation meet full DSM-IV-TR criteria for autism with
60-74% meeting criteria for an autism spectrum disorder (Bailey et al. 2000; Kaufmann et
al. 2004; Philofsky et al. 2004; Clifford et al. 2007; Hall et al. 2008; Harris et al. 2008). Co-
morbid FXS and autism is indicative of worse developmental outcomes (Bailey et al. 2000,
2001a; Rogers et al. 2001; Kau et al. 2004), leading to overall greater impairment in
cognition and adaptive behaviour skills and more severe aberrant behaviour than FXS
without autism. Recent work with larger longitudinal samples that span a broad age range
suggest that autistic behaviours increase slowly but significantly over time (Hatton et al.
2006) as do associated social avoidance behaviours (Roberts et al. 2007).

Causal mechanisms of autism in fragile X syndrome

The underlying mechanism of autism in FXS is unknown; however, there are multiple
hypotheses including social anxiety and neuropsychological processing, which encompasses
executive functioning and theory of mind. The primary hypothesis is that FMR1 gene
dysfunction leads to reduced FMRP resulting in atypical brain development in regions
associated with autistic behaviour. Indeed, evidence has recently emerged indicating that
brain regions associated with social cognition (Hoeft et al. 2011) and emotion processing
(Hazlett et al. 2009) are dissociable in preschool males with FXS compared with typical
controls; however, differences between preschool boys with FXS and those with IA were in
the opposite direction, suggesting different pathogenic mechanisms for these two disorders
that share a common set of behaviours (Hazlett et al. 2009; Hoeft et al. 2011). Likewise,
findings suggest no brain differences between those with FXS and autism compared with
those with FXS without autism (Hazlett et al. 2009; Hoeft et al. 2011).

Studies examining the role of FMRP have conflicting results. Bailey et al. (2000) found that
the level of FMRP did not correlate with the presence or absence of autism, suggesting that
autism within FXS may be related to genetic or environmental factors that could be additive
to the FMR1 mutation; however, Hatton et al. (2006), using an expanded sample, found that
FMRP did correlate with the level of autistic behaviour. In other studies, no relationship
between autistic behaviour and FMRP was found after controlling for 1Q (Hessl et al. 2001,
Loesch et al. 2007; Harris et al. 2008). Autistic behaviour in FXS has also been attributed to
hyperarousal secondary to reduced FMRP (Cohen 1995), and evidence has emerged
supporting this relationship (Roberts et al. 2001b, 2009; Hall et al. 2008). Whether

J Intellect Disabil Res. Author manuscript; available in PMC 2014 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

McCary and Roberts

Page 6

hyperarousal is a mediating factor regarding the presence of autism in FXS is not yet fully
understood.

Garcia-Nonell et al. (2008) hypothesised that there is an additive effect beyond FMRP that
relates to autism and that individuals with FXS and a secondary medical or genetic
syndrome are at increased risk for autism. Using retrospective analysis and chart review,
these researchers found that there were twice as many participants with medical conditions
in the co-morbid FXS and autism group versus those with FXS alone, and this difference
was statistically significant. When including individuals with only seizures as a secondary
condition there were still twice as many participants in the co-morbid group, but this was not
statistically significant (Garcia-Nonell et al. 2008). These findings indicate that there may be
an additive function to FMRP that leads to autistic behaviours. These behaviours could be
due to general damage affecting the brain or to a secondary gene dysregulation. Berry-
Kravis et al. (2010) confirm these results in demonstrating that autism is significantly
associated with seizures that occur in individuals with FXS and this relationship impacts
cognitive and behavioural function. Additionally, a similar pattern has been reported in the
FMR1 premutation (Chonchaiya et al. 2011). Clearly, the presence of autism in FXS is
related to additional effects beyond FMRP, including other genetic and environmental
effects that are independent of, or interact with, the FXS genotype and phenotype (Harris et
al. 2008).

Debates regarding autism in fragile X syndrome

While clear consensus exists regarding the shared phenomenology between FXS and IA, a
number of debates regarding diagnostic and treatment issues exist. Two of the primary
debates in FXS centre around questions of whether autism in FXS represents a continuum,
with only those most severely affected meeting criteria for autism, and whether autism in
FXS is the same or different than 1A. Some investigators have recently questioned the
current diagnostic approach of applying criteria for a behavioural disorder, autism, to a
clearly defined neurogenetic disorder, FXS. These arguments hold that when diagnostic
criteria for autism are met by individuals with FXS, they are often met in different ways than
IA (Hall et al. 2010), and that it is a “‘category mistake’ to diagnose children with FXS with
autism given the distinction between diagnosing autism in a known genetic disorder (i.e.
FXS) versus doing so when the aetiology is unknown (i.e. A). Likewise, Harris (2011)
proposes a focus on brain-behaviour relationships targeting advancement of behavioural
phenotyping in neurogenetic disorders precluding application of DSM-IV diagnostic
behavioural criteria to identified disorders such as FXS. He proposes that FXS is a neural
model and phenocopy of autism and should not be considered a genetic model for autism.

In contrast to these views, a number of investigators report findings indicating highly similar
profiles between individuals with FXS and autism versus 1A and apply categorical or
dimensional ratings of autism in FXS (Bailey et al. 2004; Kau et al. 2004; Kaufmann et al.
2004; Lewis et al. 2006). Rogers et al. (2001) found that children with FXS fell into two
distinct groups based on autism symptomology using the ADOS, ADI-R and DSM-1V. One
group of children with FXS met criteria for autism and was indistinguishable from a
matched group of children with 1A, and the second group of children with FXS did not meet
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criteria for autism and were highly similar to a matched group with other developmental
delays. In a more recent study Hoeft et al. (2011) examined brain—-behaviour profiles in
young boys with IA and FXS broken into groups with and without autism. They reported
greater problem behaviours in 1A compared with FXS as a whole group with similar levels
of repetitive behaviour and 1Q. In comparisons of 1A to FXS with autism, scores were not
different in social and communication on the ADOS, communication on the ADI-R,
repetitive behaviour and 1Q; however, ADI measures of social function on the ADI-R were
more impaired in 1A than FXS with autism. Of interest, imaging results indicated brain
differences between groups with IA resembling controls more closely than groups with FXS
with and without autism (Hoeft et al. 2011). Clearly, brain—behaviour relationships in 1A
and FXS are complex, and there is insufficient evidence to resolve these debates at this time.

One of the primary limitations to this work that hampers advancement of these debates is the
limited number of studies including samples of FXS with and without autism to controls
with IA. In the study by Hall et al. (2010), their intent was to determine whether the
classification of autism in FXS is appropriate. However, they only included a FXS sample
and relied on reference sample norms to provide comparisons to individuals with autism
which limited some of their core findings. Another limitation to this debate is the paucity of
study taking developmental factors into consideration (Harris 2011). Clearly, there is a need
for specificity of both behaviour and underlying mechanisms to inform the debate regarding
whether autism in FXS is the same as idiopathic autism and whether these distinctions
should be made solely at the behavioural level or include aetiology as an exclusionary
factor. We believe these discussions can be informed through research comparing infants at
risk for 1A and those with FXS who later do and do not develop autism. Debates regarding
diagnostic specification have treatment implications in that standard treatments for autism
may not be ideal for individuals with FXS and autism if there are different underlying
mechanisms accounting for the behavioural expression (Hall et al. 2010).

Early indicators of autism in fragile X syndrome

Similar to IA, studies of children with FXS in the first year of life have recently begun to
emerge, and few longitudinal studies of behaviour in FXS during the first five years of life
have been published. Cross-sectional studies are inconsistent with regard to continuity and
change in the profile of problem behaviour in FXS. Some suggest age related changes with
behaviour problems described as subtle or absent during the infant and toddler years yet
emerging and intensifying in early childhood (Hatton et al. 1999; Hepburn & Rogers 2001;
Bailey et al. 2001a; Hatton & Roberts 2004; Baranek et al. 2008). Recently, Brock & Hatton
(2010) distinguished four parent-questionnaire items that, when used as a screening
instrument for autism, exhibited adequate sensitivity (82%) and specificity (79%) regarding
the severity of autistic behaviour. The four items of interest addressed social avoidance,
response to joint attention, stereotyped object use and social withdrawal (Brock & Hatton
2010).

In a study of development in young boys with FXS, Roberts et al. (2009) followed 55 boys
with FXS between the ages of 8 and 48 months. Results indicated that the boys' rate of
development was significantly lower than chronological age expectations, an expected
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finding based on what we know about cognitive development in FXS. Of interest, no
slowing in the rate of development was found as reported in other studies (Fisch et al. 2002;
Skinner et al. 2004). Autistic behaviour was negatively associated with development and,
importantly, developmental delays were evident as early as 9 months of age, consistent with
work in |A (Stone et al. 2007; Brian et al. 2008).

In a study utilising retrospective video analysis, Baranek et al. (2005) examined sensory-
motor patterns in a cross-sectional study of infants with FXS (n = 11) in order to distinguish
them from infants with autism (n = 11), other developmental delays (n = 10) and typically
developing infants (n = 11) at 9-12 months of age. Results indicated a pattern of sensory-
motor features such as repetitive leg movements, posturing and repetitive use of objects was
associated with FXS and indicated similarities with the developmental delay group. Two
features that best discriminated FXS from autism were reduced level of object play skills
and reduced amount of repetitive play skills. FMRP correlated with looking at the camera
and object play. In a follow-up longitudinal study of sensory-processing in infants with 13
males with FXS (Baranek et al. 2008), results indicated that sensory processing problems
(both hyper- and hyporesponsiveness) were evident very early in development. An
unexpected shift from sensory hyporesponsivity in early infancy to hyper-responsivity in
toddlerhood and preschool was evident highlighting the need to conduct in-depth studies of
infants with FXS and not presume a downward age extension of the phenotype is valid.

Roberts et al. (2011) examined the relationship of visual attention to autistic behaviour in
infants with FXS as atypical visual attention is shown to be a robust indicator of autism in
IA (Zwaigenbaum et al. 2005). In their sample of 13 infants with full mutation FXS and 10
typically developing controls, Roberts et al. (2011) found that infants with FXS displayed a
flat trajectory from 9 to 18 months of age, in contrast to the expected normative changes
(Bornstein 1998; Courage et al. 2006). Additionally, infants with FXS had increased heart
rate consistent with reported patterns of systematic hyper-arousal (Roberts et al. 2001b; Hall
et al. 2008). At 12 and 18 months of age, increased look duration was associated with
increased severity of autistic behaviour, and blunted change in latency to disengage attention
between 9 and 12 months of age also related to increased autistic behaviours similar to
findings in 1A (Zwaigenbaum et al. 2005) indicating there may be core features that are
shared in both populations.

Roberts et al. (2012) examined the relationship between the severity of autistic behaviour
and physiological arousal in 31 males with FXS, aged 8 to 40 months. Cross-sectional
analyses indicated autistic behaviour was associated with cardiovascular indicators of
hyperarousal. However, an age-related shift in arousal was evident with elevated autistic
behaviour associated with lower heart rate at younger ages and elevated heart rate at older
ages. Results suggest a relationship between physiological arousal and autistic behaviour
that emerges and is unstable within the first year of life, lending evidence that observed
behavioural characteristics may be rooted in abnormal physiological regulation associated
with abnormal brain development secondary to FMR1 dysfunction.

Tonnsen et al. (in press) prospectively compared early indicators of anxiety and autistic
behaviour in infants with FXS over time. In a sample of 26 boys with full mutation FXS,

J Intellect Disabil Res. Author manuscript; available in PMC 2014 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

McCary and Roberts

Page 9

results indicated that temperament constructs of fear and soothability were related to anxiety
outcomes and the change over time of sadness was also related to anxiety outcomes.
However, temperament measures did not relate to autistic behaviour in this sample.
Preliminary analyses with a behavioural measure of facial fear indicate a potential
relationship with autistic behaviour with decreased facial fear being associated with
increased autistic behaviour.

Summary and conclusions

Fragile X syndrome is the most common known genetic cause of autism, and the co-
morbidity of autism in FXS is extremely high (Hagerman et al. 2008). Individuals with both
autism and FXS experience greater impairments in social interactions and communication
and delays in adaptive and cognitive development (Bailey et al. 2000, 2001a; Rogers €t al.
2001; Kau et al. 2004; Hernandez et al. 2009). It remains unclear, however, whether co-
morbid FXS and autism is a distinct phenotype of FXS or a continuum of features and how
the mechanisms underlying autism in FXS are shared or distinct from IA (Rogers et al.
2001; Bailey et al. 2004; Kau et al. 2004; Kaufmann et al. 2004; Hall et al. 2010; Harris
2011). The effects of co-morbid autism and FXS are deleterious, so the need to measure risk
factors well and early is of great importance. Given this, FXS is proposed as an ideal
population to study early indicators of autism due to the high-risk status and genetic
relevance to the field of IA. Studies of early indicators of autism in FXS may aid in the
earlier identification of children with FXS and the provision of necessary services. To date,
little research has been conducted involving the direct comparison with individuals with
autism, FXS, and autism and FXS (Bailey et al. 2004). Thus, understanding early indicators
of autism in children with FXS is a pertinent area of study.

Although the literature on the co-morbidity of FXS and autism is extensive, few published
studies have examined early indicators of autism in an infant sample longitudinally. In fact,
studies examining early indicators as a basis for understanding later behavioural problems
have only recently begun (Shanahan et al. 2008; Roberts et al. 2011). Studying emerging
characteristics in FXS is critical for understanding if early features in infants with FXS are
associated with later autistic behaviours as reported in IA. To date, studies that have been
conducted lend evidence to the fact that indicators of autism exist as early as 12 months of
age in males with FXS, and replicate findings in A that implicate difficulties with
disengagement of attention and shifts in behaviour between 6 and 12 months of age in the
later development of autism (Zwaigenbaum et al. 2005; Baranek et al. 2008; Roberts et al.
2011).

Diagnosis and treatment implications

There are significant diagnostic and treatment implications to this work. Given the elevated
level of autism diagnoses in FXS, it is critical that we have a clear understanding of these
early behavioural indicators to guide diagnostic and treatment efforts. This is particularly
relevant given evidence that the infant FXS phenotype may differ from that describing
older-aged children and adults (Baranek et al. 2008; Roberts et al. 2011). Traditional
approaches to autism diagnosis are inadequate for identifying children early, as gold
standard diagnostic tools have rarely been applied to children under the age of two
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(Zwaigenbaum et al. 2005). A focus on early discrete indicators, such as activity, anger or
attention, versus meeting a cut-off score may be more informative for the identification of
autism in those at high risk for the disorder as the primary barrier to diagnosis is a lack of
understanding of the early phenotypes (Brock & Hatton 2010). Routine developmental
screening for all children may be the best strategy to detect delays in infants with both FXS
and autism. Additionally, for individuals with FXS, a differential autism diagnosis may be
helpful to provide prognostic information and guide treatment efforts (Roberts et al. 2009).

Not only can behavioural treatments for autistic behaviours potentially remediate phenotypic
features in FXS, but pharmacological treatments for FXS may be beneficial for the subgroup
that demonstrates autistic behaviours, which may lead to decreased cases of autism in this
population (Berry-Kravis et al. 2011). Studies have indicated many similarities in GABA
and glutamate dysregulation, which can be reversed with targeted pharmacological
treatments (Fatemi & Folsom 2011). Additionally, studies examining the effects of lithium
and anticonvulsant medication lend promise to the idea that these medications may also
prevent autistic like behaviours by treating the underlying cause of such behaviours (Garcia-
Nonell et al. 2008). FMRP dys-function is not unique to FXS and reduced FMRP found in
adults with autism suggests that targeted pharmacological treatments for FXS may be
beneficial to remediate symptoms of autism, particularly mGIuR inhibitors and lithium
(Fatemi & Folsom 2011).

Future research

Because of the importance of early identification of risk markers for the development of
autism both in 1A and FXS, future research is necessary to help solidify and replicate
findings of these early risk markers. Having comparison groups of both typically developing
infants as well as those at high-risk for A will add information regarding the sensitivity and
specificity of early indicators, both behavioural and physiological. Inclusion of comparison
groups will also contribute to our understanding of differences in the developmental
trajectories of these indicators. Using DSM-IV-TR-based diagnostic measures of autism is
also of critical importance in order to differentiate clinical subgroups.

Larger and more representative samples are necessary to increase the generalisability of
findings. However, recruiting infants within the first year of life is challenging, considering
the average age of diagnosis of FXS is 38 months (Bailey et al. 2009). Additionally,
retaining participants over a period of years is difficult and costly. Future research should
incorporate more experimental measures eliciting expression of behaviour markers such as
activity and attention. A more systematic and experimental approach for measuring these
constructs may elucidate relationships with autism missed by the use of parent ratings alone.

Benefits of the study of autism in fragile X syndrome

There are several benefits to studying the early emergence of both IA and autism within
FXS. The latent heterogeneity of A is often under investigated, and clarifying the early
mechanisms and solidifying similarities and differences between these two populations is of
utmost importance. Understanding early indicators of autism may lead to earlier provision of
services and potentially amelioration of symptoms (Dawson 2008). Existing evidence
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suggests that 6-12 months is a critical developmental period, and further study of early
development can help determine the validity of such findings.

Within FXS, earlier diagnosis of both FXS and autism is important for intervention and
family planning. There are fundamental differences between these groups that may exist at
early ages and studying early development in FXS can help elucidate underlying
mechanisms of autistic behaviours and contribute to discussion of how the phenotypic
expression of autism in FXS is shared or distinct from IA. If the phenotypic expression is
similar in FXS as in |A, then targeted treatment and outcomes could be similar in both
groups. Importantly, examining change over time is critical as evidence suggests the
phenotype in infancy is not simply a downward extension of that in early childhood
(Baranek et al. 2008; Shanahan et al. 2008) and important age-related factors have emerged
during the infant-toddler developmental period (Roberts et al. 2012).
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