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Introduction

Families, and in some cases professionals, are often not clear about the
relationship between fragile X syndrome (FXS) and autism spectrum disorder
(ASD). It is not uncommon for a child to initially be diagnosed with FXS and later
to receive an additional diagnosis of ASD or vice versa. This document attempts
to bring clarity to how the ASD diagnosis and FXS can overlap, and where they
do not. Understanding this distinction can be particularly helpful for genetic
counseling and when deciding upon the most appropriate medical, therapeutic,
educational, and behavioral interventions that will increase the potential for both
short-term and long-term improvements. At the end of this document, readers
will find general treatment recommendations based on the current expert
consensus and evidence-based publications in the field of ASD in FXS.

What is autism spectrum disorder?

ASD is a neurodevelopmental disorder characterized by social communication
challenges and the presence of restricted and repetitive behaviors. ASD
symptoms usually appear in early childhood and change over time and with
development.

The diagnosis of ASD is based on observations and assessments of behavior

by an experienced clinician, where clinical judgment is informed by the use of
standardized diagnostic instruments (Lord et al., 2006; Risi et al,, 2006) and where
there is a focus on core social communication and interaction and restricted and
repetitive behavior symptoms. The gold standard for clinical diagnosis of ASD in
FXS involves the use of the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5: American Psychiatric Association, 2013) or the International
Classification of Diseases, 11th Edition (ICD-11).

In earlier DSM-based guidelines (DSM-1V), ASD was represented by three different
diagnoses: autistic disorder; Asperger syndrome; and pervasive developmental
disorder, not otherwise specified (PDD-NOS). These three diagnoses were
combined into the one diagnosis of ASD under the DSM-5. The term, “spectrum,”
in ASD means that people can be affected in different ways, and symptoms can
range from having mild to severe impacts on a person’s functioning.

The symptoms of ASD do not result solely from limited communication skills or
intellectual disability (ID), though both may be present. Instead, ASD represents a
difficulty in using communication and intellectual abilities for social interaction.

ASD involves a number of behaviors, as described in the bullet points below.
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Social communication and social interaction symptoms in ASD include
challenges with:
Social-emotional reciprocity (e.g., having a conversation, sharing interests
and emotions).
Nonverbal communication used for social interaction (e.g., differences in
use of eye contact, facial expressions and/or gestures).
Developing and understanding social relationships (e.g., friendships,
understanding rules for social behavior).

Restricted, repetitive behaviors include:
Stereotyped or repetitive motor movements (e.g., hand flapping), use of
objects (e.g., spinning or lining up toys) and/or speech (using repetitive and/
or unusual words or phrases).
Insistence on sameness and/or ritualized patterns of behavior (e.g., extreme
distress at small changes, difficulties with transitions, needing to follow the
same schedule or sequence of completing activities).
Unusual or overly intense interests (e.g., interest in an unusual object or
topic, intense interest in a narrow area).
Hyper- or hypo-reactivity to sensory input (e.g., negative reactions to certain
textures or sounds; excessive smelling, peering at, or touching of objects).

When diagnosing ASD, the clinician should state whether it is associated
with a known medical, genetic, or environmental factor. They should also
specify whether ASD is with or without accompanying ID and with or without
accompanying language delays.

What is known about the cause of ASD?

ASD is a complex condition with a common set of behavioral symptoms, but
with varied, yet not well understood, underlying risk factors and biological
mechanisms. Although people with ASD share core features of social interaction
challenges and restricted, repetitive behaviors, these symptoms can vary widely
in form and severity. Further complicating the picture, many individuals with
ASD have co-occurring conditions, such as language disorders, ID, or mental
health diagnoses (e.g., ADHD, anxiety). Among the Causes and Risk Factors noted

by both the U.S. Centers for Disease Control (CDC) and the National Institutes of
Health (NIH):

Research has identified around 100 high-confidence risk genes (lossifov et
al,, 2014, Yuen et al,, 2017), but many are yet to be discovered
(Feliciano et al., 2019).
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Children who have a sibling with ASD are at a higher risk of also having ASD
(Ozonoff et al., 2011).

Individuals with certain genetic or chromosomal conditions, such as FXS,
can have a greater chance of having ASDof eye contact, facial expressions
and/or gestures).

It is expected that as genetic testing becomes more sensitive, the percentage of
individuals with an identified genetic cause of ASD will increase further (Feliciano et al,
2019). However, at this time, there is no medical test, such as a blood test or brain scan
that can diagnose ASD.

What is known about the relationship between FXS

and ASD?

FXS is the most common single gene disorder associated with ASD, accounting for
about 1-6% of all cases of ASD [Muhle et al, 2004; Schaefer & Mendelsohn, 2008]. FXS is
caused by an expansion of a CGG repeat sequence to >200 repeats (full mutation) in
the promoter region of the FMR1 gene, which results in a loss of its encoded protein, the
Fragile X Mental Retardation Protein (FMRP) [Hagerman et al, 2009]. FXS is diagnosed
by a DNA blood test, unlike ASD, which is a purely behaviorally defined diagnosis. The
behavioral characteristics of FXS, although quite variable, can include many features

of ASD, such as difficulties with social interaction and communication (e.g. poor eye
contact, problems with peer relationships, social withdrawal) (Budimirovic & Kaufmann,
201), repetitive movements (eg., hand flapping), need for sameness, and self-injurious
behavior (eg., hand biting) (Hagerman, 2002). Thus, careful discernment and a clinical
evaluation are needed to understand whether ASD is present in an individual with FXS.

Many individuals diagnosed with FXS meet criteria for a diagnosis of ASD, with the
estimated prevalence of ASD in FXS being approximately 50% for males and 20% for
females (Bailey et al. 2008; Clifford et al, 2007; Kaufmann et al, 2017). However, recent
research (Wheeler et al, 2015) indicates that, while a majority of males and females with
FXS have restricted and repetitive behaviors common to ASD, far fewer meet criteria for
the social commmunication and interaction problems associated with ASD. Receiving a
diagnosis of FXS and ASD can be appropriate, but the relationship between FXS and
ASD and the characteristics of ASD seen in FXS are still an evolving science and the
diagnosis of ASD in FXS continues to be studied by clinicians and researchers working
with people with FXS.

Why are autistic features found in FXS?

Our current knowledge about ASD indicates that it is a developmental brain
disorder, beginning shortly after birth or even earlier. Its most characteristic
feature is the presence of abnormal patterns of neural “wiring” or connectivity.
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Because multiple genetic and environmental factors have been linked to ASD
[Fernandez and Scherer, 2017], there are probably multiple ways in which neural
connectivity and other processes can be disrupted, leading to ASD (Lord et al,,
2020). There is evidence, based on studies of genes and proteins in neural cells,
that FMRP plays a role in the processes that lead to ASD. FMRP, which is absent
or deficient in FXS, normally turns off protein synthesis (the process of proteins
being made) at the level of connections between neurons (dendrites). When
certain receptors (such as mMGIuR, dopamine D2, and muscarinic cholinergic) are
activated, this releases the FMRP brake and allows proteins to be made. In this
way, FMRP regulates the levels of many proteins important at brain connections.
Also, many proteins that have similar functions to FMRP, and also interact with
FMRP, have been found to be associated with ASD [De Rubeis & Bagni, 2017,
Darnell et al,, 2011]. In addition, many of the proteins regulated by FMRP have
been found to be associated with ASD [lossifov et al., 2012; Ascano et al,, 2012].
Thus, deficits in FMRP seem to be linked to abnormal wiring and related brain
abnormalities that lead to behavioral symptoms of ASD.

It may be helpful to think of ASD as a “cloud” (see Figure 1 below), where multiple
diverse genetic and other causes lead to atypical brain wiring that results in a
final common diagnostic category. Some causes may stem from a single genetic
change, some causes may require a number of factors to interact together (i.e,
multifactorial), and some causes may be unknown. Although the causes can vary,
the end result is the set of behaviors known as ASD.

Fragile X Syndrome  Unknown

Environmental Factors Multifactorial

Other Genetic Factors

Figure 1. Multiple causes and contributors result in ASD.

Individuals with FXS who meet criteria for the current definition of ASD represent an area
inthe ASD “cloud” where an individual may meet for ASD criteria due to reduced social
interactions with others, reduced interest in social interaction, and increased repetitive
behaviors in addition to the common characteristics associated with FXS, such as social
anxiety, intellectual disability, and sensory hyperreactivity (Hall et al, 2010). However, not all
individuals with FXS meet criteria for the diagnosis of ASD.
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FXSis not a kind of ASD; rather, it is a genetic disorder with its own set of symptoms,
many of which overlap with behavioral symptoms seen in ASD. When enough
overlapping symptoms are present and severe enough to impact functioning, the
person with FXS could also meet criteria for a diagnosis of ASD. Some individuals with
FXS may have enough ASD features to be near the ASD cloud, but not at the threshold
needed for an ASD diagnosis, and those with FXS who are in the ASD cloud likely have
genetic factors besides FMRP deficiency that contribute to the development of ASD.

Intellectual disability is an important variable in considering whether ASD in present
within FXS. ID, a feature of FXS in most males, is common in ASD but is not necessary
for a diagnosis of ASD, nor for FXS with ASD. However, severe D is often difficult to
differentiate from ASD, as it, too, includes challenges in social development and
communication, and repetitive and self-stimulatory behaviors are often present.

The DSM-5 requires consideration of overall intellectual level in determining an

ASD diagnosis. If a child's social comnmunication delays are in line with their overall
developmental level, then a diagnosis of ASD is not warranted. In other words, social
challenges must exceed those expected based on a person'’s overall developmental
level. Figure 2 is a Venn diagram is used to illustrate the relationship between ASD and
FXS but it is not designed to be proportional.

Figure 2: Venn diagram displaying set relationships between FXS, ID and ASD
(size of overlaps only approximate).
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Similarities and Differences
Neurological and behavioral characteristics common to both FXS and ASD include:

Social interaction problems, including being able to accurately read and respond to
social situations.
Communication/language delays.

- In FXS involving a wide range of language and speech aspects

- in ASD mainly involving non-verbal communication and language

pragmatics (use of language in social situations).

Poor eye contact (though this often improves in FXS as the person gets to the know
the other person).
Repetitive use of objects and repetitive movements.
Intellectual disability in most males and some females with FXS and a high
proportion of those with ASD.
Unusual reactions to sensory input, including hyper-sensitivity (eg, tactile
defensiveness) and hypo-sensitivity (e.g., high tolerance for pain, seeking sensory
iNnput such as visual fascination with moving objects or lights), the latter more
common in ASD.
An area of strength in visual memory.
Seizures in a higher proportion than the general population.
Motor coordination difficulties (e.g. challenges with handwriting, atypical
walking patterns).
Difficulties with attention, activity level, emotional-behavioral regulation and mood,
often leading to additional diagnoses.
Other behavioral issues (e.g., aggression, noncompliance, self-injury).
Sleep problems.

While both ASD and FXS (without ASD) involve social challenges, clinicians working with
individuals with FXS observe distinct differences in that lack of social initiations alone do
not necessarily imply the absence of social awareness or social interest in individuals with
FXS. For most individuals with FXS, lack of social initiation often reflects language delays,
intellectual disabilities and general or social anxiety. In contrast, lack of social initiation

in ASD, including individuals with FXS who meet criteria for ASD, are defined based on
reduced interest in social interaction or a failure to attend to social information that might
promote social behavior.

A similar trend is found for eye contact. Although poor eye contact is characteristic of both

FXS and ASD, the nature of eye contact may be substantially different. Individuals with
FXS typically avoid eye contact directly (Watson et al, 2008; Hall et al, 2009), and looking
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away from people may help in coping with emotional discomfort that is driven by
underlying social anxiety (Budimirovic & Kaufrmann, 2011). While social anxiety might also
play a role in some individuals with ASD, including those with FXS who meet criteria for
ASD, other individuals with ASD make little eye contact for other reasons, such as a lack
of recognition that eye gaze is a source of social information or interaction [Hoeft et al,
2011, Hazlett et al., 2012].

Characteristics that have been found to differ between FXS and ASD include:
Individuals with ASD typically have higher levels of motor coordination.
Individuals with ASD are more likely to show higher expressive language skills
relative to receptive language (Ellis Weismer et al, 2010), while individuals with FXS
tend to show higher receptive language skills relative to expressive (Abbeduto
et al, 2007).

In general, interest in socializing is higher in FXS than ASD, though anxiety and
language delays can be limiting factors (Niu et al, 2017, Ellis et al,, 2020).

Social awareness is typically better in FXS than ASD.

Motor imitation skills are typically better in FXS than ASD (Macedoni-Luksic et al,,
2009; Marschik et al,, 2014).

Sequential processing is typically harder for individuals with FXS than ASD.
(Hodapp et al. 1992, 1993).

Characteristics of individuals with FXS with ASD
Outlined above were descriptions of behaviors that are commmon and different between
FXS and ASD. Compared to individuals with FXS who do not meet criteria for ASD, those
who do meet ASD criteria present with more severe cognitive and behavioral problems
that include:
Less developed language skills, particularly receptive skills (Abbeduto et al, 2007,
McDuffie et al, 2012).
Often non-verbal or minimally verbal (McDuffie et al, 2012).
Lower IQ scores (Niu et al, 2017; Kaufmann et al, 2004; Budimirovic et al,, 2006,
2020).
Lower adaptive skills (Kaufmann et al, 2004; Budimirovic et al,, 2006).
More severe overall behavioral problems: attention problems, hyperactivity and
impulsivity, anxiety (particularly after childhood), irritability/aggression/agitation/
self-injury, hypersensitivity to stimuli, and obsessive compulsive/oerseverative
behavior (Budimirovic et al, 2006; Eckert et al, 2019; Kaufmann et al, 2017).
Sleep problems, particularly after childhood (Kaufmann et al, 2017).
Seizures (Berry-Kravis et al, 2017, Kaufmann et al,, 2017).
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It is interesting to Note that the above list contains characteristics that are not core
features of ASD. Rather, they reflect coonmon comorbidities and/or greater developmental
impairment. It is important to note that many of these characteristics are seen in
individuals with FXS with significant ID, who do not have ASD. Therefore, the diagnosis

of ASD can be difficult to make in these individuals with FXS and significant ID. So, when
making the ASD diagnosis in FXS, consideration must be given to the cognitive level of the
individual to ensure that ASD symptoms (social commmunication challenges and repetitive
behaviors) are more impaired than expected based on overall developmental level. Future
studies are needed to improve methods for diagnosis of ASD in those with 1D (Kidd et al,
2020). Using data from the FORWARD project (A CDC-funded, multi-year, natural history
study involving multiple Fragile X clinics), revised questionnaires for the diagnosis of ASD
that are more appropriate for FXS have been developed (Kidd et al, 2020), and further work
is needed to refine ASD diagnostic measures for use in individuals with FXS.

From the educational, vocational and adaptive functioning viewpoints, individuals with
FXS with ASD face similar but more severe challenges than those with FXS without ASD.
Individuals with FXS with ASD have a higher frequency of use of medications for behavioral
management (Kaufmann et al,, 2017, Erickson et al, 2019), as well as higher likelihood of
having very delayed toilet training, seizures, and sleep problems (Berry-Kravis et al,, 2019;
Kaufmann et al,, 2017). Failure to accurately identify ASD in FXS has multiple implications
including that developmental and neurobehavioral co-morbidities associated with ASD in
FXS may not be recognized, leading to failure to enact preventive strategies. An inadequate
diagnosis may also prevent the implementation of interventions and educational
strategies shown to have benefit in ASD, such as applied behavior analysis (ABA). More
precise delineation of ASD behaviors exhibited by an individual with FXS could also assist

in developing targeted interventions (Kaufmann et al, 2017). Therefore, accurate and

early diagnosis and prompt referral of children with FXS and ASD to receive appropriate
therapies and supports is essential to make an early and positive impact on outcomes.

What are the treatment and intervention recommendations for
individuals with FXS who also meet criteria for ASD?

Many books, articles and websites exist that provide treatment recornmendations for
individuals with ASD who do not also have a diagnosis of FXS. Similarly, there are books,
articles and welbsites regarding treatments for FXS, albeit fewer than that for ASD. The
challenge exists when it comes to knowing which treatments are most appropriate for
those with FXS and ASD and how to modify, if necessary, treatments so that they reflect
the individual's dual diagnosis.

For children with FXS, irrespective of whether they meet criteria for ASD, interventions

that target commmunication and socialization skills are appropriate; however, for those who
meet criteria for ASD, more intensive speech/language therapy, with emphasis on group
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sessions, behavioral therapy and augmentative technology, may be indicated to
improve communication skills. (Kaufmann et al,, 2017)

Young children diagnosed with FXS who meet criteria for ASD should have intensive
therapeutic services through early intervention programs. Because of their relatively
lower cognitive level, educational strategies for children (and many adolescents and
adults) with FXS who meet criteria for ASD may need to include as much focus on daily
living skills as on academics. The crucial point for teachers, therapists and others involved
in the support of individuals with FXS, irrespective of whether or not they meet criteria
for ASD, is to utilize existing knowledge about behavior and learning styles to better
customize teaching and therapy strategies to the needs of the individual.

The use of intensive behavioral interventions such as ABA (applied behavioral

analysis), commmon in treatment plans for ASD, have been little studied for use in FXS
with and without ASD. From the limited research that has taken place, the use of such
interventions, whether by trained behavioral professionals and/or through
parent-mediated programming (where the professional guides the parents in providing
the intervention), may have value for FXS with ASD, but larger and longer studies are
needed to better understand treatment outcomes and effectiveness. Importantly, new
findings from analysis of behavioral interventions in ASD suggest that developmental
and more naturalistic, relationship-based approaches should be considered when
selecting ABA interventions in a multidisciplinary setting (Hyman et al,, 2020; Sandlbank
et al, 2020). Parents and providers of services should keep in mind that ABA is not

one thing - it encompasses positive reinforcement, antecedent strategies, functional
communication training and task analysis. Further, these elements are not exclusive

to ABA intervention. Positive Behavioral Interventions are used in educational and
therapeutic approaches as a part of a multitiered intervention model that has been
suggested as a framework for educational and therapeutic intervention in FXS
(https./fragilexorgp-content/uploads/2018/10/Educational-Guideines-for-Fragile-X-
Syndrome-General.pdf).

The overall intervention approach, including if and when ABA is warranted such

as in FXS with ASD, as well as how it may need to be modified or adapted, should

be determined through a collaborative multidisciplinary team approach. Further,
consistent with best practice for those with FXS and ASD, ABA should not be offered
alone, but as part of a team approach that includes an occupational therapist, speech
and language therapist as well as a behaviorist. Related “Treatment Recommendation”
documents on behavior, education and sensory integration can be found at https/
fragilexorg/our-research/nfxftreatment-guidelines/
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It is important to note that behavioral interventions are increasingly being implemented
via telehealth because many children in need of these interventions cannot travel to a
clinic for treatment (Unholz-Bowden et al, 2020). Combined with a nationwide shortage
of trained behavioral intervention professionals, online, parent-mediated sessions may
be necessary, but require a lot of input from families. Recent studies [Gannon et al,, 2018;
Monlux et al., 2019;

Simacek et al, 2017] have found support for an established behavior analytic intervention
called functional communication training (FCT), which has been provided via

telehealth (Simacek et al,, 2017), as a framework for expanding access to treatments

for challenging behaviors in children with FXS. However, the behavioral features and
sensory hyper-reactivity common to FXS (and FXS with ASD) may require adaptations
and modifications to traditional ABA approaches. More information can e found in

the document, "Adapting Autism Interventions for Fragile X Syndrome” [Scharfenaker &
Stackhouse] (Available on the NFXF welbsite.)

In addition to behavioral therapy and other special education services, therapeutic
services, and medication may need to be considered to support therapeutic services

and to allow a child to learn in the least restrictive environment. Studies have shown

that the use of antipsychotics is more prevalent in those with FXS and ASD likely due to
the common clinical experience of better effectiveness of antipsychotics for symptom
combinations of anxiety and aggression/irritability often seen in those with FXS and

ASD (Kaufmann et al, 2017; Eckert et al, 2019). Because of the prominence of ADHD
symptoms, in general, children with FXS may be more likely to respond to treatment

with stimulant medication than those with ASD; however, caution should be taken as
individuals with FXS in general and those with FXS who meet criteria for ASD in particular,
may experience worsening symptoms of perseverative, anxious, or irritable behaviors, as is
often seen in those with ASD. (The authors strongly recommend becoming familiar with
the NFXF treatment recommendations on the use of medications in FXS))

Closing

Up to half of the people with FXS will also have a behavioral diagnosis of ASD, and it can
be useful to get the dual diagnosis early as it may impact treatment and intervention.
It is important to note that, while many people with FXS with ASD will have increased
challenges, they may also have the positive attributes of those with FXS without ASD

including having a good sense of humor, a desire to engage with others and to be helpful.

It is important to use those strengths to further their academic and life skills. Regardless
of ASD status, evaluations and treatment plans work best when they are individualized to
an individual's specific needs and profile of strengths and weaknesses.
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The Fragile X Clinical & Research Consortium was founded in 2006 and exists to
Improve the delivery of clinical services to families impacted by any Fragile X-associated
Disorder and to develop a research infrastructure for advancing the development and
implementation of new and improved treatments. Please contact the National Fragile X
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