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Abbreviations: 
FXS – fragile X syndrome 
ASD – autism spectrum disorder 
DSM – Diagnostic and Statistical Manual of Mental Disorders 
FMR1 gene – fragile X mental retardation 1 gene 
FMRP – fragile X mental retardation protein 
ID – intellectual disability 
 
Introduction  
Families are often confused by the relationship between fragile X syndrome (FXS) and autism. It 
is not uncommon for a child to initially be diagnosed with autism and later to receive an 
additional diagnosis of FXS. This document attempts to bring clarity to how the autism 
spectrum disorder diagnosis and FXS can overlap, and where they do not. Understanding this 
distinction can be particularly helpful when deciding upon the most appropriate medical, 
therapeutic, counseling and education interventions, and will increase the potential for both 
short-term and long-term improvements. 
 
What is the definition of autism spectrum disorder? 
Autism spectrum disorder (ASD) is a developmental disorder characterized by a selective 
impairment in social interaction. Symptoms of ASD appear in early childhood. It is a lifelong 
disorder, although symptoms change over time. People with ASD have differences in how they 
understand and react to people and social situations, which result from differences in how their 
brains process socially-relevant information. For a person to meet diagnostic criteria for ASD, 
impairment in important areas of functioning cannot be clearly attributed to limited 
communication skills or overall impairment in intellectual function (e.g., intellectual disability). 
At this time, there is no medical test, such as a blood test or brain scan that can diagnose ASD.  

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

According to the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) 
(American Psychological Association, 2013), ASD is characterized by impairments in social 
communication and social interaction and the presence of restricted, repetitive behaviors.  
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Social communication and social interaction symptoms involve: 

• Deficits in socio-emotional reciprocity (e.g., having a conversation, sharing interests and 
emotions) 

• Deficits in nonverbal communication used for social interaction (e.g., lack of or 
inconsistent eye contact, facial expressions, and/or gestures) 

• Deficits in 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 
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 intellectual impairment and with or without accompanying language 
impairment. 
 
What is known about the causes of ASD? 
ASD is a complex condition with a common set of behavioral symptoms, but with varied and yet 
incompletely understood underlying risk factors and biological mechanisms. ASD is a lifelong 
neurobehavioral condition that both impacts and is impacted by a person’s development. 
Although people with ASD share core features of social interaction and other behavioral 
deficits, 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, 
intellectual disability, or mental health diagnoses (e.g., ADHD, depression). 

 
There is a strong genetic component to ASD. For example, siblings of children with ASD have a 
higher risk of having ASD: almost 20% of younger siblings of a child with ASD will receive a 
diagnosis of ASD themselves (Ozonoff et al., 2011). This is much higher compared to the general 
population risk of 1-2% (CDC, 2012). About 15% of children with ASD have also been identified 
as having a genetic disorder, such as fragile X syndrome, tuberous sclerosis, Down syndrome or  
other chromosomal abnormalities, copy number variants, and single gene mutations 
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[Kaufmann et al., 2008]. It is expected that as genetic testing becomes more sensitive the 
percentage of individuals with a genetic cause of ASD will increase further, however, non-
genetic factors also have been found to play a role.   

 
What is known about the relationship between fragile X syndrome and ASD? 
Fragile X syndrome (FXS) is the most common known single gene disorder associated with ASD, 
accounting for about 2-3% of all cases of ASD [Muhle et al., 2004; Schaefer&Mendelsohn, 
2008]. FXS is caused by a 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 can be diagnosed by a 
DNA blood test, unlike ASD which is  a behaviorally-defined diagnosis. The behavioral 
characteristics of FXS, although quite variable, can include many features of ASD, such as 
deficits in social interaction and communication (e.g., poor eye contact, problems with peer 
relationships, social withdrawal) (Budimirovic & Kaufmann, 2011), repetitive motor 
movements, need for sameness, and self-injurious behavior (e.g., hand biting) (Hagerman, 
2002). Many individuals diagnosed with FXS meet criteria for a diagnosis of ASD. Direct research 
on FXS and ASD has suggested that 18 to 67% of males and 20% of females with FXS meet 
criteria for ASD [Kaufmann et al., 2004; Budimirovic et al., 2006]. Findings from the FXCRC 
Database through 2011 suggest that 38% overall, and 42% of males and 23% of females, with 
FXS, are diagnosed with ASD by a provider at their FXCRC Clinic.  
 
Why are autistic features common in FXS? 
Our current knowledge about ASD indicates that it is a developmental brain disorder, beginning 
shortly after birth or even earlier. It's most characteristic feature is the presence of abnormal 
patterns of neural “wiring” or connectivity. Because multiple genetic and environmental factors 
have been linked to ASD, there are probably multiple ways in which neural connectivity and 
other processes can be disrupted, leading to a diagnosis of ASD. It is likely that ASD is frequently 
present in FXS because the lack of FMRP in FXS adds to the risk of developing abnormal wiring 
and related brain abnormalities. In other words, a person with FXS may need fewer “other 
genetic or environmental ASD risk factors” to develop ASD. 
 
There is evidence, based on gene studies and studies of proteins in neural cells, that FMRP plays 
a role in ASD. FMRP, which is absent or deficient in FXS, normally turns off protein synthesis 
(the process of proteins being made) in the neural dendrites.  When certain receptors (such as 
GABA, AMPA, and mGluR) 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. 
Many proteins that have similar jobs as FMRP and also interact with FMRP, have been found to 
be associated with ASD [De Rubeis and Bagni, 2011; Darnell et al., 2011]. In addition, many of 
the proteins regulated by FMRP have been found to be associated with ASD [Iossifov et al., 
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2012; Ascano et al., 2012]. Thus, deficits in FMRP seem to be linked to dysfunction in brain 
pathways and connections that lead to behavioral symptoms of ASD. 
It may be helpful to think of ASD as a “cloud” (see Figure 1), which represents a final common 
diagnostic category representative of abnormal patterns of brain wiring resulting from a 
combination of multiple diverse genetic and other etiologies.  Some etiologies may be unknown 
or multifactorial – that is, dependent on a number of factors together. 
 

  

Figure 1: ASD represented by a combination of multiple diverse genetic and other etiologies 

The cloud contains a common set of behavioral characteristics that are core features of ASD: 
social communication and interaction deficits and restricted and repetitive patterns of 
behaviors. Within the cloud, there are spots with specific symptom patterns. For example, 
individuals with ASD and high levels of insistence on sameness may represent one spot in the 
cloud. Similarly, individuals with FXS who meet criteria for the current definition of ASD 
represent a spot in the cloud where an individual may meet criteria for ASD with higher social 
anxiety, intellectual disabilities, hyperarousal, repetitive behaviors and other FXS-related 
differences (Hall et al., 2010).  
 
However, not all individuals with FXS meet criteria for the diagnosis of ASD. FXS is not a kind of 
ASD but a genetic disorder with its own set of symptoms, and with several behavioral 
symptoms seen in ASD. The image of a cloud suggests that the borders of ASD are diffuse, and 
so sometimes, whether or not someone should get a diagnosis of ASD is unclear. The level of 
overlap between the FXS behavioral phenotype (symptoms) and ASD determines whether a 
person with FXS makes it into the cloud of ASD. Some individuals may have enough ASD 
features to be near the cloud, but not at the threshold needed for an ASD diagnosis. Those with 
FXS who are in the ASD cloud likely have genetic factors besides FMRP deficiency that pushed 
them toward meeting ASD criteria. Intellectual Disability (ID) is also a feature of FXS that is 
nearly uniform for males with FXS, but not for females. ID may be common in ASD but is not 
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necessary or sufficient for ASD, nor for FXS (see Figure 2 - the Venn diagram is used for 
schematic purposes showing the set relationships but is not designed to be proportional).   
 

  

Figure 2: Venn diagram displaying set relationships between FXS, ID, and ASD (size of 
overlaps only approximate).  

What are some similarities and differences between the behavioral phenotype of FXS and the 
behavioral criteria for ASD?  Neurological and behavioral characteristics common to both the 
FXS behavioral phenotype and ASD include: 

• Social interaction deficits including problems accurately reading and responding to 
social situations 

• Communication/language deficits; in FXS involving a wide range of language and speech 
aspects, while ASD mainly involving non-verbal communication and language pragmatics 
(use of language in social situations) 

• Poor eye contact  
• Repetitive uses of objects and repetitive motor movements 
• Intellectual disability in nearly all males and some  females with FXS and a high 

proportion of those with ASD 
• Unusual reactions to sensory input, including hyper-sensitivity (e.g., tactile 

defensiveness) and hypo-sensitivity (e.g., high tolerance for pain, 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 problems (e.g., handwriting deficits, atypical walking patterns) 
• Difficulties with attention, activity level, emotional behavior, and mood, often leading to 

additional diagnoses (e.g., ADHD, anxiety, mood disorder) 
• Other problematic behaviors(e.g., aggression, noncompliance, self-injury) 
• Sleep problems 
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While similar behavioral characteristics or symptoms may be present in individuals with ASD 
and individuals with FXS who meet criteria for ASD, clinicians working with individuals with FXS 
who meet diagnostic criteria for ASD observe distinct differences - e.g. lack of social initiative 
alone does not necessarily imply the absence of social awareness or social interest. For most 
individuals with FXS, social initiation deficits reflect intellectual disabilities and general or social 
anxiety. In contrast, social initiation deficits in ASD, including individuals with FXS who meet 
criteria for ASD, more often originate from reduced interest in and motivation for social 
interaction or failure to attend to social information that might promote appropriate 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 deficits may be substantially different. Individuals with FXS 
typically avoid eye contact directly (Watson et al., 2008; Hall et al, 2009); looking away from 
people may help in coping with emotional discomfort that is driven by underlying social 
anxiety (Budimirovic & Kaufmann, 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. This is because they do not recognize social cues such as eye 
gaze as a source of information or interaction or are unable to respond to such cues. Brain 
imaging studies support this distinction [Hoeft et al., 2011; Hazlett et al., 2012]. 

 
Characteristics that have been found to differ between the FXS behavioral phenotype and ASD 
include:  

• The frequency of intellectual disability is higher in FXS than ASD. Most males and about 
a third of females with FXS have intellectual disability, while only about 40% of 
individuals with ASD have intellectual disability. 

• Motor coordination deficits are worse in FXS than ASD 
• Individuals with ASD are more likely to show worse receptive language than expressive 

language, while individuals with FXS tend to show the opposite pattern.   
• Interest in socializing is higher in FXS in general than ASD (although limited by anxiety 

and avoidance) 
• Imitation skills are better in FXS than ASD when level of intellectual impairment is 

controlled 
 
What are the differences between individuals with FXS who do not meet criteria for ASD and 
those who do meet criteria? 
 
Outlined above were descriptions of behaviors in common and different between the FXS 
behavioral phenotype and ASD. Compared to individuals with FXS who do not meet criteria for 
ASD, characteristics of individuals with FXS who meet criteria for ASD include: 

• Less developed language skills, particularly receptive skills 
• Lower non-verbal cognition and IQ scores 
• Lower adaptive skills 
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• More severe overall behavioral problems than individuals with FXS.  
• Reduced interest in and motivation for social interaction or a failure to attend to social 

information that might promote appropriate social behavior. 
 

Consequently, from educational and vocational viewpoints, individuals with FXS who meet 
criteria for ASD face similar but more severe challenges than children with FXS. 
 
What are some recommendations for treatment of FXS who meet criteria for ASD? 
Challenging behaviors seen in a higher proportion of children with FXS who meet criteria for 
ASD than those who don’t, such as attention problems, hyperactivity and impulsivity, anxiety, 
and aggressive and self-injurious behaviors, can significantly impact an individual’s academic 
and adaptive functioning, limiting their participation in the community. In addition to 
behavioral therapy, the mainstay of treatment, medication can sometimes be helpful to 
support therapeutic services (e.g., speech-language, occupational, and educational) and to 
allow a child to learn in the least restrictive environment. 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. 
 
For children with FXS, irrespective of whether they meet criteria for ASD, interventions that 
target communication and socialization skills are appropriate; however, for those who meet 
criteria for ASD, more intensive speech/language therapy, with emphasis on group sessions, 
behavioral therapy, and augmentative technology are often indicated. Young children 
diagnosed with FXS who meet criteria for ASD should have intensive therapeutic intervention 
through Early Intervention programs. Because of their relatively lower cognitive level, 
educational strategies for children 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 in an 
individualized manner. That approach will help to better customize these educational, 
behavioral and other strategies to the needs of each individual. 

 
What are areas for further research regarding the relationship between FXS and ASD? 
Further studies are needed to refine our understanding of the molecular and cellular 
differences and similarities between individuals with FXS who do and do not meet criteria for 
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ASD and other genetic types of ASD. In addition, we need further studies to understand the role 
of interacting genetic abnormalities and environmental factors in determining whether an 
individual with FXS meets criteria for ASD. Studies of educational, behavioral and non-
pharmacological therapeutic interventions (e.g. Applied Behavior Analysis) are also needed to 
generate evidence on which to base recommendations, including the similarities and 
differences between recommendations for patients with FXS who meet or do not meet criteria 
for ASD, and idiopathic ASD. Lastly, clinical trials of both standard pharmaceutical medications 
and new treatments targeted to underlying brain mechanisms are needed to explore whether 
individuals with FXS who meet or do not meet criteria for ASD respond differently to treatment.  
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SUPPLEMENT 
 
What are the key differences in criteria used to define autism in the DSM-IV and DSM-5? 

 
The recent fifth edition of the Diagnostic and Statistical Manual (DSM-5; APA, 2013) went into 
effect in May 2013, and with it came significant revisions to the diagnosis of ASD. The DSM-IV 
(APA, 1994) made distinctions between autistic disorder, pervasive developmental disorder-not 
otherwise specified (PDD-NOS), and Asperger syndrome. One of the more significant changes to 
the DSM-5 was the combining of these separate, categorical diagnoses into one diagnosis: 
autism spectrum disorder (ASD). The DSM-5 definition of ASD identifies a smaller number of 
key deficits in social communication and interaction that are expected to be present in all 
individuals with ASD regardless of age or developmental level, but that can be shown in many 
different ways. In addition, DSM-5 restricted the range of language and communication 
impairments associated with ASD to those used for social interaction. The DSM-5 now includes 
“specifiers” regarding whether the individual’s ASD is accompanied by intellectual impairment 
and/or language impairment. It also includes severity levels reflecting the level of support 
needed. 
 
While controversial, the changes in DSM-5 do not represent a stark departure from current 
practice. In 1991, Happé and Frith proposed the term “autism spectrum disorders” based on 
concerns that the umbrella category of Pervasive Developmental Disorder (PDD) lacked clearly-
specified deficits, and research suggested that individuals did not fit cleanly into one of three 
possible diagnoses. Most research to identify distinctive features of autistic disorder, Asperger 
syndrome, and PDD-NOS failed to find any reliable differences once IQ or language was 
controlled. Distinctions among these diagnoses were inconsistent over time and variable across 
clinicians (e.g., Frith, 2004; Howlin, 2003; Lord et al., 2011; Macintosh & Dissanayake, 2004; 
Ozonoff, South, & Miller, 2000; Prior et al., 1998; Snow & Lecavalier, 2011). Furthermore, the 
diagnoses did not necessarily predict more positive or negative child outcomes (Ozonoff et al., 
2000; Szatmari et al., 2009; Szatmari, Bryson, Boyle, Streiner, &Duku, 2003) and thus were 
uninformative for treatment planning. Indeed, while the term was not adopted in the DSM-IV, 
“autism spectrum disorder” became commonly used (Williams et al., 2008). 
 
Another significant change is the reorganization of symptoms and symptom clusters. Whereas 
the DSM-IV presented triad of symptoms in social interaction, communication, and restricted 
and repetitive patterns of behavior, the DSM-5 represents ASD symptoms across two domains: 
social communication and interaction and restricted, repetitive behaviors. The DSM-5 adds a 
new restricted, repetitive behavior symptom of unusual responses to sensory input. Other 
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repetitive behaviors from DSM-IV have been reorganized or consolidated in the DSM-5. For 
example, the stereotyped speech symptom from DSM-IV has been consolidated with repetitive 
motor movements and use of objects into a single symptom criterion. The DSM-IV autistic 
disorder criterion of a delay or complete lack of development in expressive language has been 
removed, because research has shown this feature is neither unique to nor universal in 
individuals with ASD (Hartley & Sikora, 2009; Matson & Neal, 2010). The DSM-IV criterion of 
limitation in or lack of development of imaginative play has been narrowed to deficits in sharing 
imaginative play with others.  
 
In the DSM-IV, there was a more complicated algorithm necessitating a certain threshold 
number of qualitative impairments in social interaction, and in communication, and repetitive 
behaviors, with the threshold number differing between the categories. Under the DSM-5, 
children must meet all three social communication criteria and two of the four repetitive 
behavior criteria in order to receive a diagnosis. However, criteria can be met based on earlier 
history even if the individual is no longer showing a particular symptom or behavior. These 
changes were made to improve diagnostic accuracy and reduce number of individuals who are 
misdiagnosed with ASD. 
 
While Asperger syndrome was incorporated into the umbrella ASD definition in DSM-5, a new 
diagnosis, social (pragmatic) communication disorder (SCD), was created to reassign many 
individuals that were previously lumped into the PDD classification in DSM-IV. Individuals with 
the DSM-IV label of Asperger syndrome are now captured by the specifiers of ASD “without 
intellectual impairment” and “without language impairment” in DSM-5 (Baron-Cohen, 2013). 
SCD is characterized by a persistent difficulty with verbal and nonverbal communication for 
social purposes that cannot be explained by low cognitive ability, and which leads to 
impairments in the ability to effectively communicate, participate socially, maintain social 
relationships, or otherwise perform academically or occupationally (APA, 2013). ASD must be 
ruled out before SCD can be diagnosed. 
 
Finally, the DSM-IV required presence of symptoms before age 3 years. Recognizing that some 
children may not show clear symptoms until social expectations exceed their capacities, the 
DSM-5 requires that symptoms must be present early in life but no longer uses age 3 as a 
benchmark. The symptoms of ASD also must result in impairment in social, occupational, 
and/or other important areas of functioning, with the caveat that individuals may be able to 
reduce or mask some symptoms through intervention, compensation, or environmental 
supports. Although specific symptom criteria can be documented by history, ASD symptoms 
should remain sufficient to cause current impairment (APA, 2013).  
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