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Abstract

Persons with fragile X syndrome (FXS) with cooccurring autism spectrum disorder (ASD) are 

at risk for poorer educational, medical, employment, and independent living outcomes. Thus, 

the identification of ASD in those with FXS is fundamental to ensuring access to appropriate 

supports to achieve good quality of life. Yet, optimal diagnostic methods and the exact rate of 

ASD comorbidity remains controversial, and description of ASD identification in the community 

in FXS has been limited. This study characterized ASD in a sample of 49 male youth with 

FXS across multiple diagnostic sources: parent-reported community diagnoses, classification 

derived from ADOS-2 and ADI-R thresholds, and clinical best-estimate classifications from 

an expert multidisciplinary team. High concordance was found between ADOS-2/ADI-R and 

clinical best estimate classifications, with both methods supporting ASD in ~75% of male 

youth with FXS. In contrast, 31% had a community diagnosis. Findings supported gross under-

identification of ASD in male youth with FXS in community settings; 60% of those who met 

clinical best estimate criteria for ASD had not received a diagnosis in the community. Moreover, 

community diagnoses were poorly aligned with the presence of ASD symptoms as perceived by 

parents and professionals and, unlike clinical best estimate diagnoses, were not associated with 

cognitive, behavioral, or language features. Findings highlight under-identification of ASD in 

community settings as a significant barrier to service access for male youth with FXS. Clinical 

recommendations should emphasize the benefits of seeking a professional ASD evaluation for 

children with FXS who are noted to display key ASD symptoms.
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Fragile X syndrome (FXS) is caused by an expanded CGG sequence on the Fragile X 
Messenger Ribonucleoprotein 1 (FMR1) gene that results in a reduction or absence of 

an essential protein for brain development and function, FMRP (Crawford et al., 2001). 

Reduced FMRP is the cause of intellectual disability in FXS, which occurs in the majority 

of males with the syndrome (females with FXS, who benefit from the neuroprotective 

effects of the second X chromosome, are less likely to have IQs within the range of 

intellectual disability; Abbeduto et al., 2021). Reduced FMRP is also thought to underlie 

the high likelihood that persons with FXS will develop ASD, with reported ASD rates 

ranging from 25-75% (Bailey et al., 1998; Clifford et al., 2007; Garcia-Nonell et al., 2008; 

Harris et al., 2008; Hatton et al., 2006; Klusek et al., 2014b). In fact, recent research 

has highlighted the major role of FMRP in controlling the translational regulation of the 

products of a multitude of other genes, which include one-third to one-half of candidate 

ASD susceptibility genes (Darnell et al., 2011; Iossifov et al., 2012; Li et al., 2020; Waltes et 

al., 2014). However, despite widespread agreement that FXS is associated with an increased 

likelihood of cooccurring ASD, the diagnosis of ASD in persons with FXS has represented a 

source of great controversy.

Differential diagnosis of ASD within the context of FXS is clinically complex because of 

the inherent difficulty in teasing apart overlapping symptoms of ASD, intellectual disability, 

anxiety, and attention problems that characterize the FXS phenotype (Abbeduto et al., 2014). 

There has also been significant controversy surrounding the validity of the ASD diagnosis 

within the context of FXS (Abbeduto et al., 2014; Hall et al., 2010). For example, it has 

been argued that ASD traits in FXS can be accounted for, in part, by intellectual disability 

or social anxiety aspects of the FXS phenotype (Budimirovic et al., 2006; Hall et al., 2010), 

and therefore reflect the continuum of FXS-associated behavior rather than “true” ASD. 

Yet, others have contended that cooccurring ASD is an entity that is distinct from the FXS 

phenotype and arises from mechanistic pathways that are shared with non-syndromic forms 

of ASD (Belmonte & Bourgeron, 2006; Rogers et al., 2001).

Also complicating ASD identification in FXS are issues related to the measurement of 

ASD characteristics that have resulted in wide variation in the estimated rate that ASD 

occurs within males with FXS. Early studies relying on the Childhood Autism Rating 

Scale (CARS; Schopler et al., 1988) reported rates of ASD in males with FXS of around 

25% (Bailey et al., 1998; Hatton et al., 2006). Later studies using the Autism Diagnostic 

Observation Schedule (ADOS; Lord et al., 2000) or the Autism Diagnostic Interview- 

Revised (ADI-R; Lord et al., 1994) have suggested rates closer to 50-75% (Clifford et 

al., 2007; Garcia-Nonell et al., 2008; Harris et al., 2008; Klusek et al., 2014b). However, 

reliance on cut-off scores of standardized autism diagnostic assessments has limitations, as 

these tools show reduced accuracy when applied to persons with intellectual disability or 

emotional/behavioral problems (Havdahl et al., 2016; Risi et al., 2006).
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Some studies have attempted to circumvent these diagnostic challenges by using the criteria 

outlined by the Diagnostic and Statistical Manual of Mental Disorders (DSM) to classify 

ASD. These methods suggest rates of ASD comorbidity in boys with FXS of 28-51%. 

A limitation of these latter studies is their reliance on retrospective endorsement of DSM 

criteria from medical records or parent-report questionnaire data (Fielding-Gebhardt et al., 

2021; Kaufmann et al., 2017; Wheeler et al., 2015), which may also have led to failure 

to capture clinically important nuances in symptom presentation. Importantly, none of the 

above approaches to diagnosing ASD in persons with FXS incorporate expert clinical 

judgment or apply rule-out criteria as specified in the DSM-5 to confirm that symptoms 

are not better accounted for by intellectual disability (American Psychiatric Association, 

2013).

In the scientific investigation of nonsyndromic ASD, clinical best-estimate (CBE) 

procedures have long been accepted as the diagnostic gold-standard (Charman & Baird, 

2002; Lord, Petkova, et al., 2012). CBE diagnostic determination of ASD involves the 

integration of the results from standardized ASD diagnostic instruments along with expert 

clinical opinion and often with expertise from multiple disciplines represented. The 

judgment of experienced clinicians has been consistently shown to increase the accuracy 

of ASD diagnoses (Klin et al., 2000; Le Couteur et al., 2008; Lord et al., 2006), and expert 

clinical opinion is particularly essential when clinical presentations are complex, such as 

when intellectual disability must be considered as a competing diagnosis (Thurm et al., 

2019). Yet, the CBE diagnostic approach has rarely been adopted in FXS research. In the 

only report of this type, CBE diagnostic procedures yielded a rate of ASD cooccurrence of 

73% in a sample of 37 preschool boys with FXS (Roberts et al., 2020).

Considering the challenges associated with identifying ASD in persons with FXS within 

the context of a specialized research setting, it is not surprising that ASD identification 

within community settings also presents with complications. Indeed, research suggests that 

ASD in FXS is significantly under-identified in community settings. Klusek et al. (2014b) 

applied ADOS and ADI-R thresholds to determine the ASD status of 51 boys with FXS 

aged 6-17 years. Of the boys who exceeded diagnostic thresholds for ASD as part of the 

research protocol, 67% had not been previously identified as having ASD in the community, 

per their caregiver’s report. In other words, over two-thirds of ASD cases in the boys 

with FXS in that sample have been missed in clinical/educational settings. Klusek et al. 

also found that the likelihood of community ASD identification was not linked to the 

child’s cognitive or language skills or socioeconomic factors such as household income or 

maternal education level. However, boys with greater executive deficits were more likely to 

be identified with ASD in the community, suggesting that executive difficulties may prompt 

health professionals to suspect ASD. The Klusek et al. report did not explore additional 

factors that could explain low rates of community diagnoses, such as whether the boys 

with FXS had ever been evaluated for ASD, or caregiver beliefs about the nature of ASD 

symptoms in FXS that might influence the likelihood of seeking out a diagnosis.

This striking mismatch in the translation of ASD diagnoses into community settings, 

documented by the Klusek et al. (2014b) study, is notable because a specific ASD diagnosis 

is often required to access high-intensity and specialized intervention services in community 
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and educational settings (Barton et al., 2016; Callaghan & Sylvester, 2019; Dimian et al., 

2021; Shea et al., 2021). ASD cooccurrence in FXS is associated with poorer cognitive, 

language, academic, and daily living skills. Therefore, those with FXS and cooccurring 

ASD are highly likely to need more intensive treatment than their non-ASD counterparts 

to achieve successful community employment, independent living, and good quality of life 

(Klusek et al., 2014a; Lewis et al., 2006; Raspa et al., 2018; Roberts et al., 2007; Roberts et 

al., 2005). Additionally, persons with FXS and cooccurring ASD are at heightened risk for 

specific medical problems that may require additional monitoring or specialized care, such 

as seizures, sleep disorders, and attention problems (Garcia-Nonell et al., 2008; Kaufmann 

et al., 2017; Talisa et al., 2014). Consequently, understanding patterns and challenges to 

community identification of ASD in persons with FXS is critical to ensuring access to 

necessary educational and medical services.

In the present study, we sought to address variability in the rate of ASD cooccurrence in 

males with FXS across three diagnostic sources: CBE, ADOS-2 and ADI-R thresholds, and 

parent-reported community diagnoses. In an attempt to achieve more reliable estimates of 

ASD cooccurrence, we focused on an older sample of adolescent and young adult males, 

given evidence to support fluctuating symptoms during childhood and relative stability of 

ASD symptoms during adulthood in FXS (Hartley et al., 2015; Hatton et al., 2006; Lee et 

al., 2016). We also sought to identify the factors related to community identification of ASD, 

including associations with the cognitive, language, anxiety, and attention/hyperactivity 

deficits, that are common in persons with FXS and might result in behavioral manifestations 

that increase the likelihood for referral for community evaluation. Because parents are the 

primary advocates (and gatekeepers) for receiving diagnostic and therapeutic services for 

their children, we also surveyed parental views on ASD comorbidity in FXS as a previously 

unexplored but potentially central factor that may influence the receipt of an ASD diagnosis 

in the community. ASD interferes with social, academic, and occupational outcomes for 

individuals with FXS, and its identification has major implications for access to treatment 

and community services. Our research aims were as follows:

1. Determine the rate and concordance of ASD in adolescent and young adult males 

with FXS, as indicated by three diagnostic methods: (1) CBE, (2) combined 

thresholds of the ADOS-2 and ADI-R, and (3) ASD diagnoses obtained in 

the community. We hypothesized that CBE and ADOS-2/ADI-R diagnostic 
methods would yield higher rates of ASD than community diagnostic rates. We 
anticipated high concordance between CBE and ADOS-2/ADI-R classification, 
and low concordance between these methods and community diagnoses.

2. Identify cognitive, language, and behavioral characteristics that predict ASD 

classification across diagnostic sources. We hypothesized that lower IQ, lower 
vocabulary, and increased inattention/hyperactivity and anxiety symptoms would 
be associated with higher likelihood of ASD per CBE and ADOS-2/ADI-R 
diagnostic methods. Consistent with Klusek et al. (2014b), who found that 
executive and behavioral/emotional difficulties were associated with increased 
likelihood of community ASD diagnosis, we hypothesized that the related 
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constructs of inattention/hyperactivity and anxiety, but not IQ or language skills, 
would be associated with community diagnoses.

3. Describe parental views and other factors related to the diagnosis of comorbid 

ASD in males with FXS in community settings. We anticipated poor alignment 
between community diagnosis and the presence of ASD symptoms per 
parental report, the identification of ASD characteristics by health/educational 
professionals, and parental belief that their son meets criteria for ASD.

Methods

Participants

Participants were 49 males with FXS aged 15-24 years (M =18.85) who were recruited from 

a larger multi-site study of language development in adolescents and young adults with FXS 

(Abbeduto et al., 2019). We focused on males because they show higher rates of ASD than 

females with FXS (Klusek et al., 2014b). Inclusion criteria for the larger project required 

that the participant with FXS: (a) had the FMR1 full mutation as confirmed via review of 

genetic testing report; (b) was aged 15-22 years at study entry; (c) resided with biological 

mother at study entry; (d) used speech as the primary means of communication, with regular 

use of phrase speech per parent report; (e) displayed no uncorrected sensory of physical 

impairments that would prevent participation in assessments according to the parent; and 

(f) was a native speaker of English. The presence of the FMR1 full mutation (>200 CGG 

repeats on 5’UTR FMR1) was also confirmed via molecular genetic testing conducted 

through the larger study. All participants enrolled in the larger study who had available 

ASD diagnostic data were included in the present paper. Recruitment for the study was 

conducted nationally, with enrollment and testing occurring at one of two university sites 

(University of South Carolina, MIND Institute at University California-Davis). Recruitment 

sources included social media, word of mouth, advertisements through the National Fragile 

X Foundation, and the Research Registries of the Carolina Institute for Developmental 

Disabilities at the University of North Carolina at Chapel Hill and the UC Davis Mind 

Institute IDDRC Clinical Translational Core. Demographic variables are presented in Table 

1.

Measures

ASD Diagnostic Sources

ADOS-2 and ADI-R Thresholds.: The Autism Diagnostic Observation Schedule-Second 

Edition (ADOS-2; Lord et al., 2012) and Autism Diagnostic Interview-Revised (ADI-

R; Lord, Rutter, & Le Couteur, 1994) were administered by graduate or doctoral-

level professionals who had achieved research reliability standards. The ADOS-2 is 

a semi-structured observational measure in which a trained examiner observes social 

communication skills, play, and restricted and repetitive behaviors exhibited during a semi-

structured interaction with the participant. A diagnostic algorithm provides standardized 

cut-off scores to if determine diagnostic thresholds for ASD are exceeded. The ADI-R is 

a diagnostic caregiver interview that evaluates the presence of language, communication, 

social, and restricted/repetitive/stereotyped behaviors consistent with ASD. The diagnostic 
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algorithm is based on symptoms exhibited during early childhood and participants must 

meet thresholds across social interaction, communication, restricted/repetitive/stereotyped 

behavior symptoms domains, as well as exhibit symptom onset before three years of 

age. Inter-rater reliability was evaluated on 10% of randomly selected administrations. All 

examiners across both sites assessed the videotaped administration and consensus codes 

were achieved through group discussion. The mean percent agreement of each individual 

examiner relative to the consensus averaged at 80% across ADOS-2 items and 91% across 

ADI-R items. ADOS-2 module was determined as specified in the administration manual, 

with Module 1 (n=2), Module 2 (n=27), and Module 3 (n=20) represented in the sample.

The Risi et al. (2006) caseness criteria was used to combine diagnostic information from the 

ADOS-2 and ADI-R as this method maximizes sensitivity and specificity when combining 

threshold scores from these diagnostic assessments in samples with intellectual disability, 

consistent with prior studies (e.g., Abbeduto et al., 2019; McDuffie et al., 2015; Roberts 

et al., 2018). Participants were considered to have exceeded thresholds for ASD if they 

met cut-offs on the ADOS-2 and one of the following conditions on the ADI-R: (1) met 

cut-offs for the social reciprocity domain and either the communication or the repetitive 

behavior domains, (2) scored within one point of the cut-offs for the social reciprocity 

and communication domains, or (3) met the cut-off for either the social reciprocity or 

communication domains and scored within two points of the cut-off for the repetitive 

behavior domain.

Clinical Best Estimate (CBE).: CBE diagnoses of ASD were established, following 

procedures adapted from Lord, Petkova, et al. (2012) and Lord et al. (2006). CBE diagnoses 

were determined by a multidisciplinary team that included a licensed psychologist, a 

licensed speech-language pathologist, and at least one other graduate or Ph.D.-level 

examiner involved in data collection. Procedures were led by the licensed psychologist 

(K.H.), who is a certified trainer for the ADOS-2. All CBE team members, in addition 

to being well-versed in FXS from a clinical/research perspective, had extensive training 

in differential ASD diagnosis and had established research reliability on the ADOS-2 

and ADI-R. Diagnostic procedures involved review of videotaped behavioral samples, 

scores from standardized cognitive, language, psychiatric, behavioral assessments, and 

ASD assessments collected at the study visit, including the ADOS-2 and ADI-R. CBE 

diagnostic outcomes considered were “ASD”, “non-ASD developmental delay”, and “no 

developmental concerns”. ASD was not diagnosed if symptoms were better accounted for by 

intellectual ability or other psychiatric disorders. Diagnostic certainty estimates, reflecting 

the CBE team’s consensus on their certainty in the assigned CBE diagnostic classification, 

expressed on a percentage scale (with 100% being completely certain), were recorded for 

each case. If certainty dipped below 40% the case was referred to an independent clinical 

psychologist with specific expertise in ASD diagnostics, including trainer qualification for 

both the ADOS-2 and ADI-R (Dr. Somer Bishop) for additional review, and CBE diagnosis 

was determined through group consensus. Only one case required such referral; diagnostic 

certainty for the other 48 cases was at 40-59% for 10% of the sample, 60-79% for 29%, and 

80-100% for 59%.
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Community ASD Diagnoses.: We developed the Community ASD Diagnosis 

Questionnaire to obtain information about ASD diagnoses received in the community. 

Questionnaires were administered by a trained examiner and completed by the participants’ 

mothers during the study visit. The presence of a community ASD diagnosis was determined 

with the following item: “Does your son currently have an ASD diagnosis (including 

educational diagnoses)?”, with response options of “yes” and “no”. Participants who 

responded “yes” were provided with an open field to write-in the age of diagnosis. The term 

“ASD” was defined at the top of the questionnaire with the following statement “***Autism 
Spectrum Disorder (ASD), includes: autism, autism spectrum, pervasive developmental 

disorder-not otherwise specified (PDD-NOS), and Asperger’s syndrome”. The administering 

examiner monitored caregiver comprehension and provided clarification as needed. The 

questionnaire also included questions about ASD diagnostic evaluations and parental beliefs 

about their son’s ASD diagnostic status. Qualitative data were also gathered via an open text 

field following the item “In your opinion, do you believe that your son has ASD? Why or 

why not?” to allow for parents to provide written commentary. Questionnaire items can be 

viewed in Table 2.

Cognitive, Language, and Behavioral Characteristics

Nonverbal IQ.: The Brief IQ scale of the Leiter International Performance Scale-Revised 

(Leiter-R; Roid & Miller, 1997) provided an index of nonverbal intelligence. Given that all 

participants had intellectual disability, Growth Scale Values (GSV) scores were used in the 

analysis. These equal-interval Rasch-model scores are derived from raw scores to provide an 

estimate of absolute level of ability rather than ability relative to same-age individuals and 

thus are less subject to floor effects than standard scores and, unlike raw scores, have the 

advantage of interval scaling (Roid & Miller, 1997). Additionally, GSV scores are derived 

from the same normative samples as are the standard scores.

Vocabulary.: The Peabody Picture Vocabulary Test-4 (PPVT-4; Dunn & Dunn, 2007), and 

the Expressive Vocabulary Test-2 (EVT-2; Williams, 2007) indexed receptive and expressive 

vocabulary, respectively. GSV scores were used in analysis.

Inattention/hyperactivity.: The Attention Problems subscale of the Child Behavior 

Checklist (CBCL; Achenbach & Rescorla, 2001) measured inattention and hyperactivity 

symptoms. The Attention Problems scale of this caregiver-report form measures consists 

of 10 items evaluating symptoms of ADHD such as inattention, impulsivity, and difficulty 

concentrating. The 6-18-year-old form of the CBCL was used for all participants, given 

that the items of the adult from were deemed inappropriate for the developmental level of 

the sample. Because some participants were older than the CBCL norming sample, raw 

scores were used in analysis; raw scores have a possible range of 0-20, with higher scores 

indicating increased symptoms.

Anxiety.: The General Anxiety subscale of the Anxiety Depression and Mood Scale 

(ADAMS; Esbensen et al., 2003) was administered. This 28-item caregiver report measure 

is specifically normed for populations with intellectual disability. The General Anxiety 

subscale consists of 7 items related to worry and nervousness that are rated on a 4-point 

Klusek et al. Page 7

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Likert scale corresponding to the severity of symptoms. Raw scores are tallied yielding a 

total score with a possible range of 0-28.

Procedures

Data were gathered using direct assessments and parent-completed interviews and 

questionnaires that were conducted as part of a larger, two-day research protocol that 

consisted of standardized and experimental assessments of language, cognition, and 

behavior. Assessments took place in a research laboratory setting at the respective university 

site in which the participant was enrolled. Assessments were administered in a standardized 

order, with the ADOS-2 completed on the morning of the second day. ADI-R interviews 

were completed with the participants’ mothers, who accompanied them on the research 

visit. Questionnaires were mailed to families and completed by the participants’ mothers 

generally in the two weeks prior to the study visit. Data for the present study were drawn 

from the first annual time point of the larger longitudinal study, with the exception of the 

Community ASD Diagnosis Questionnaire, which reflected a refinement to the protocol 

and was added at Time 2. Notably, no participants received a diagnosis of ASD from a 

community provider in the time elapsed between Time 1 and Time 2. All procedures were 

performed in accordance with the ethical standards of the Declaration of Helsinki and its 

later amendments and were approved by the Institutional Review Boards of the respective 

university sites. Informed consent was obtained from all participants or their legal guardian 

as appropriate.

Analytic Strategy

First, descriptive statistics were computed for the study variables; see Table 3. Descriptive 

statistics were focused on the rates of ASD across the three primary diagnostic indicators 

(e.g., ADOS-2/ADI-R thresholds, CBE, and community diagnoses). Concordance was 

examined descriptively with percent agreement, and with Cohen’s kappa (κ; Cohen, 1960), a 

measure of nominal scale agreement commonly used as a measure of classification accuracy 

(Kwiecien et al., 2011). Because high concordance was observed across the CBE and 

ADOS-2/ADI-R diagnoses as described in Results, the remaining analyses focused only on 

CBE and community diagnoses in order to reduce the number of statistical comparisons. 

A series of binary logistic regression models examined IQ, receptive and expressive 

vocabulary, attention/hyperactivity, and anxiety as predictors of CBE and community 

diagnoses. Separate logistic models were estimated across predictors due to the degree 

of collinearity between the independent variables. Odds ratios (ORs) were calculated to 

describe the association between the predictor variable and the likelihood of ASD diagnosis; 

an OR equal to 1 indicates no association between the predictor and likelihood of an ASD 

diagnosis while ORs higher than 1 indicate higher odds associated with the predictor and 

ORs lower than 1 indicate lower odds. Finally, parental views and other factors related to 

the diagnosis of ASD in community settings were examined. Responses on the Community 

ASD Diagnosis Questionnaire were examined descriptively within the full sample and 

within the sample stratified by CBE and community ASD diagnostic outcomes. Open field 

responses on the questionnaire were analyzed using standard qualitative thematic analyses 

(Frankel et al., 2014; Patton, 2002).
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Results

Rates of ASD across Diagnostic Methods

According to the combined ADOS-2/ADI-R thresholds, 73% (n=36) of the sample met 

criteria for ASD. Similarly, 76% (n=37) met criteria for ASD per CBE diagnostic 

procedures. In contrast, only 31% (n=17) of the sample had received a diagnosis of ASD in 

the community.

Concordance across Diagnostic Sources

Concordance between CBE and ADOS-2/ADI-R Classification.—High 

concordance was observed across ADOS-2/ADI-R thresholds and the CBE diagnostic 

outcome, with Cohen’s kappa calculated at κ = 0.84 (95% CI 0.64, 1.00), which is 

consistent with “almost perfect” levels of agreement (Cohen, 1960). Percent agreement 

was 94%. Diagnostic outcome differed for only three participants. Two of these participants 

exceeded the Risi et al. (2006) caseness criteria for combined ADOS-2/ADI-R thresholds 

but obtained a CBE diagnosis of “non-ASD developmental delay”. CBE diagnostic certainty 

was at 20-39% for one of these participants (this individual had received an ADOS-2 

calibrated severity score of 4 and exceeded ADI-R cut-offs for all domains) and at 60-79% 

for the other participant, who had received an ADOS-2 calibrated severity score of 7 and 

exceeded all ADI-R cut-offs. The third participant was negative for ASD per the ADOS-2/

ADI-R (ADOS-2 calibrated severity score of 3; missed the ADI-R Communication domain 

cut-off of 8 with a score of 3 but exceeded cut-offs in all other domains). This participant 

received a CBE diagnosis of “ASD” with 80-100% certainty.

Concordance between Community, CBE, and ADOS-2/ADI-R Classification—
Concordance between community diagnoses and CBE classification was consistent with 

“none to slight” agreement, κ = 0.16 (95% CI −0.03, 0.35), with percent agreement near 

chance-level at 53%. Similarly, concordance between the ADOS-2/ADI-R classifications 

and community diagnoses was at κ = 0.14 (95% CI −0.05, 0.32), with percent agreement 

at 51%. Discordance was most often due to the lack of a community diagnosis despite 

CBE diagnostic classification of ASD; of the 36 youth who received a CBE diagnosis of 

ASD, 21 (58%) had not been identified as having a diagnosis of ASD in the community. In 

contrast, only two participants (4%) had received a community diagnosis but did not meet 

CBE criteria (see Figure 1).

Cognitive, Language, and Behavioral Predictors of ASD Diagnoses

Predictors of CBE ASD Classification.—Logistic regression identified several 

predictors of CBE classification of ASD, including lower nonverbal IQ (OR = 0.89; p= 

.016) such that the odds of having a CBE ASD classification decreased by 11% with each 

unit increase in nonverbal IQ. Expressive vocabulary (OR = 0.88; p = .003) and receptive 

vocabulary (OR = 0.93; p = .005) were also significant predictors; the odds of having a CBE 

ASD classification decreased by 12% with each unit increase in expressive language, and by 

7% with each unit increase in receptive language. Symptoms of inattention/hyperactivity and 

anxiety were not predictive of CBE categorization (see Table 4).
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Predictors of Community ASD Diagnosis—As shown in Table 4, none of the 

examined cognitive, language, or behavioral characteristics were significant predictors of 

community ASD diagnoses.

Parental Views and Other Factors Related to Community ASD Diagnoses

Table 2 summarizes the responses on the Community ASD Diagnosis Questionnaire. The 

average age of community ASD diagnosis was 7 years. Although only 35% of participants 

with FXS were reported to have a current ASD diagnosis, 69% of parents felt that their son 

showed signs of ASD and 61% had been told by professionals that their son exhibited signs 

of ASD. Parental beliefs about their son’s ASD status had near-chance alignment with the 

CBE ASD diagnostic classification; of those with a positive CBE diagnosis, 53% of parents 

believed their son had ASD and 47% did not.

Forty-one percent of the sample had never been formally evaluated for ASD in a community 

setting. Of those who had never been evaluated, 75% (15/20) exhibited sufficient ASD 

symptoms to meet diagnostic criteria for ASD per the CBE procedures. The majority 

(65%) of families who participated in an ASD evaluation believed that the clinician who 

conducted their son’s ASD evaluation had adequate knowledge about FXS to make an 

accurate diagnosis, 21% did not have this belief, and 14% were unsure. The majority of 

parents believed that knowledge about their son’s ASD status would be helpful in making 

educational (71%) or medical decisions (57%). Forty-seven percent of parents believed that 

their son would benefit from services that were tailored towards individuals with ASD, 

whereas 20% did not believe that their son would benefit and 33% were unsure. Thirty-six 

percent of parents reported that their son was receiving services designed for individuals 

with ASD (9% were unsure and 55% reported that their son does not receive this type of 

service). Youth who were reported to receive ASD therapies were only slightly more likely 

to be identified as having ASD in the community (56% had a community ASD diagnosis 

and 43% did not).

Qualitative Analysis of Parental Views on ASD Cooccurrence in FXS

Qualitative analysis of the open-ended response option following the item “In your opinion, 

do you believe that your son has ASD? Why or why not?” was conducted to better 

understand parental views on ASD diagnoses within the context of FXS. As we were 

particularly interested in the low rates of community diagnoses relative to CBE diagnoses, 

we focused on the written commentary provided by the parents whose sons met CBE 

criteria for ASD but did not have a community diagnosis. Of the 21 parents whose 

sons met these criteria, a total of 12 mothers provided such commentary. Using standard 

qualitative thematic analyses (Frankel et al., 2014; Patton, 2002), we evaluated responses 

to identify common themes and then categorized responses across the common themes that 

emerged. A second team member then conferred on the categorization to confirm thematic 

content and/or establish inter-rater agreement (Frankel et al., 2014; Patton, 2002). Three 

prominent themes emerged; the three themes were equally represented with about one-third 

of responses reflecting each of the themes. The first theme reflected the belief that social 

interest/motivation precludes an ASD diagnosis (e.g., “Too social”; “Very social and wants 
to engage with others”). The second theme reflected an attribution of features to FXS rather 
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than ASD and was observed in one-third of the responses analyzed (e.g., “Symptoms are 
typical of FXS”; “Socially behind, great difficulty with eye contact. Could just be from 
the fragile X”; “Chief symptom is MR [intellectual disability]”). The third theme reflected 

uncertainty about whether their son may have comorbid ASD; this theme was observed in 

one-third of the responses (e.g., “All the symptoms of ASD as well as FXS”; “Not sure. He 
has autistic tendencies”; “Become[s] overstimulated with visual/auditory stimuli, similar to 
ASD”).

Discussion

Persons with FXS who also meet criteria for ASD are at heightened risk for poor outcomes. 

The detection and diagnosis of ASD in this group is necessary to ensure access to 

specialized treatment and community services. Yet, the diagnosis of ASD in persons with 

FXS has represented a source of great controversy, with wide variation in the estimated rates 

of ASD comorbidity and limited understanding of diagnostic practices in the community 

settings. In this study, we set out to describe the rate of ASD in adolescent and young adult 

males with FXS across multiple diagnostic sources, and to describe predictors and parental 

views surrounding ASD diagnoses that may inform barriers to identification. Findings 

supported high concordance between the ADOS-2/ADI-R and CBE ASD classifications, 

with both diagnostic methods supporting rates of ASD comorbidity of about 75% in male 

youth with FXS. In contrast, only 31% of the sample had received a diagnosis of ASD 

in the community, and there was limited concordance between community diagnoses and 

those determined through the research protocol. A parental survey revealed community ASD 

diagnoses that were poorly aligned with presence of ASD symptoms as perceived by parents 

and health/educational professionals, and parental beliefs about their son’s ASD status. In 

contrast to CBE ASD classification, receipt of a community diagnosis was not predicted by 

cognition, language, inattention/hyperactivity, or anxiety. Findings inform ASD diagnostic 

practices for male youth with FXS and highlight under-identification of ASD in community 

settings as a potentially significant barrier to service access for this group.

Clinical Best Estimate Diagnostic Classification of ASD

Our findings support cooccurring ASD in about three-fourths of male adolescents and 

young adults with FXS. This study helps address controversies concerning the “validity” of 

ASD in FXS, which partially stem from concerns about the accuracy of standardized ASD 

diagnostic tools when applied within the complex clinical presentation of FXS (Abbeduto 

et al., 2014). Our estimates are derived from rigorous CBE diagnostic classification 

procedures, which involve the consensus of a multidisciplinary team of expert ASD 

clinicians informed by standardized diagnostic, cognitive, and behavioral testing. Although 

CBE diagnostic procedures are accepted as the gold standard in studies of nonsyndromic 

ASD, they have been rarely applied to FXS and thus this study provides a more precise 

estimate of the expected rates of ASD comorbidity in male youth with FXS.

We observed very high concordance between CBE diagnostic classification and the 

ADOS-2/ADI-R, with Cohen’s kappa statistic supporting high levels of agreement between 

these two methods. CBE diagnostic procedures included review of all available test data, 
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including ADOS-2 and ADI-R scores, so in some respects the high concordance is expected. 

However, the present data on concordance reflect novel empirical data that informs an 

ongoing debate regarding the validity of standardized ASD tools when used in intellectual 

and developmental disability populations (e.g., Abbeduto et al., 2014; Thurm et al., 2019). 

This high concordance indicates that the ADOS-2 and ADI-R are highly effective tools 

in characterizing features and severity of ASD in male youth with FXS, at least when 

applied within those of adolescent/young adult age who exhibit characteristics similar to 

those of the present sample (e.g., have phrase speech). It is important to note, however, that 

while standardized tools provide valuable information a comprehensive clinical diagnostic 

approach is always a requirement for diagnosis. Additionally, these standardized tools may 

prove to be less accurate in capturing both presence and severity of ASD features in FXS 

in characteristically different groups, such as younger, minimally verbal, or female children 

with FXS. This has been demonstrated in an existing study which yielded 82% agreement 

between CBE and ADOS-2 cutoff scores alone (Roberts et al., 2020) versus 94% agreement 

in the current project. In the Roberts et al. (2020) study, 61% were diagnosed with ASD 

using CBE which would have been inflated to 78% if only score cutoffs had been used. 

The samples across these studies and this current one are fairly different with the Roberts 

study focused on preschool-aged boys and girls without a minimal language level while the 

current study includes only males of late adolescent and early adult age who have at least 

phrase speech; age, sex, and language/cognitive level are all factors known to influence the 

accuracy of standardized ASD diagnostic tools (Lord, Rutter, et al., 2012; Rea et al., 2022) .

ASD is Under-identified in Community Settings

In contrast to the 75% rate of ASD per CBE diagnostic classifications, only 31% of the 

sample had been identified as having ASD in the community. Concordance between CBE 

and community diagnosis was very poor. Sixty percent of those who received a CBE 

diagnosis were not identified in the community, indicating significant under-identification 

of ASD in youth with FXS. Notably, in an independent sample of adolescents and young 

adults, the present study closely replicates Klusek et al. (2014)’s earlier report focused on 

school-aged of boys with FXS that documented similarly low rates of ASD community 

diagnoses (26%). Focus on an older cohort in the present study rules out the possibility 

that the low rate of community diagnosis in prior reports is due to the inclusion of younger 

children who had not yet been identified in the community. Considering that 41% of parents 

reported that their son had never been formally evaluated for ASD in the community, our 

data suggest failure to refer children with FXS for ASD diagnostics may be a contributing 

factor. In the majority of cases, ASD evaluation had not taken place despite the presence of 

significant ASD symptoms; 75% of those who had never been evaluated exhibited sufficient 

symptoms for a CBE classification of ASD.

Implications of Missed ASD Diagnosis for Service Access and Tailoring of Therapeutic 
Services

The failure to clinically identify ASD in persons with FXS represents a major barrier to 

meeting the service needs of this population. A diagnosis is often a prerequisite for service 

eligibility, and there can be clear benefits of establishing a comorbid diagnosis of ASD in 

persons with FXS. For example, all 50 US states have passed laws requiring commercial 
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insurance plans to cover certain evidence-based treatments for those with ASD, which may 

include services such as physical therapy, occupational therapy, speech therapy, and Applied 

Behavior Analysis (ABA) therapy (Choi et al., 2020); these “autism mandates” only ensure 

coverage for those with an ASD diagnosis. In addition, many states have enacted Medicaid 

waivers to expand service coverage for those with ASD, including the expansion of services 

for adults (Shea et al., 2021). Without a diagnosis, persons with FXS and cooccurring ASD 

are unable to access these benefits.

Beyond implications for service access, professionals also rely on diagnostic information to 

tailor the type and intensity of therapeutic services. Behavioral intervention techniques that 

are effective for those with nonsyndromic ASD, such as ABA, also appear to be successful 

at targeting behavioral difficulties in those with FXS, including aggression (Moskowitz et 

al., 2011; Wheeler et al., 2016), problem behavior (Hall et al., 2022; Kurtz et al., 2015; 

Monlux et al., 2019), and specific social skills such as eye contact (Gannon et al., 2018; 

Hall et al., 2009). At the same time, however, many of these services, including ABA, are 

provided at very low rates to individuals with FXS (Kaufmann et al., 2017). There is also 

emerging evidence that children with FXS may benefit from Naturalistic Developmental-

Behavioral Interventions (NDBIs), originally developed to target the specific developmental 

challenges seen in children with nonsyndromic ASD (Vismara et al., 2019). Failure to 

diagnose concomitant ASD will limit access to high-intensity and specialized intervention 

services that are tailored toward the profile of ASD (Barton et al., 2016; Callaghan & 

Sylvester, 2019; Dimian et al., 2021; Shea et al., 2021). At the same time, however, it 

is important to recognize that there may be important differences between the support 

and treatment needs of individuals with FXS and cooccurring ASD relative to those with 

nonsyndromic ASD (Abbeduto et al., 2014), and there is a need for further research to guide 

treatment. Nonetheless, the identification of cooccurring ASD is a critical starting point for 

the development of an appropriately individualized treatment plan.

Why is ASD Missed in FXS?

What factors, then, led to some youth being identified in the community and others being 

missed? Our data did not reveal any specific skill deficits, behavioral markers, or parental 

views that were clearly associated with an increased likelihood of community identification. 

Specifically, community diagnoses were not associated with the degree of intellectual 

impairment, the level of vocabulary delay, anxiety symptoms, or inattention/hyperactivity 

problems. Similarly, parental survey results showed a puzzling lack of alignment between 

receipt of a community ASD diagnosis and factors that would be expected to promote 

identification, such as parental report that their son exhibits ASD symptoms, parental 

belief that their son has ASD, and parental report health/educational professionals have 

told them that their son exhibits ASD symptoms. For example, among families whose 

sons were unidentified in the community, 57% of parents thought their son showed ASD 

symptoms, 27% believed that their son had ASD, and nearly one-half (47%) had been told 

by professionals that their son showed symptoms of ASD.

Our qualitative analysis sheds light on potential contributors to missed diagnoses, by 

exploring the views held by families whose son lacked a community diagnosis despite 
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meeting CBE criteria for ASD. One theme that emerged included attributing ASD symptoms 

to FXS rather than considering them as part of a distinct cooccurring condition. This 

theme reflects diagnostic overshadowing, which occurs when a salient primary diagnosis 

interferes with the clinical recognition of other health conditions, resulting in the failure 

to diagnose and treat concomitant disorders (Reiss et al., 1982). People with intellectual 

disability (Mason & Scior, 2004; White et al., 1995) and neurogenetic syndromes (Minnes 

& Steiner, 2009; Reilly et al., 2015) are particularly likely to face diagnostic overshadowing 

bias, resulting in unmet health needs. For example, clinicians working with persons with 

FXS may overlook ASD symptoms or attribute them to intellectual disability rather than 

considering these features as a distinct condition. Given the relatively low incidence of 

FXS, families may experience difficulty in locating clinical providers who are sufficiently 

knowledgeable about the phenotypic and developmental presentation of FXS and thus able 

to discern cooccurring ASD symptoms. Indeed, a substantial minority of parents surveyed 

(35%) had doubts about whether their diagnosing clinician had adequate knowledge about 

FXS to make an accurate ASD diagnosis. In future research, a direct survey of practitioners 

may further our understanding of the potential role of diagnostic overshadowing in ASD 

diagnostics in FXS.

Another theme associated with missed ASD diagnosis was the belief that social interest/

motivation precludes an ASD diagnosis. Although this viewpoint is common in the FXS 

field (e.g., Fragile X Clinical & Research Consortium, 2020), it is not universally accepted 

and its application to differential diagnosis is not black-and-white. Social profiles of ASD 

characterized by social approach that is active but unusual in its one-sided, odd, naïve, 

or inappropriate quality (i.e., “active-but-odd”), have been recognized since the earliest 

characterizations of ASD (Wing & Gould, 1979) and are captured in the diagnostic criteria 

for ASD (American Psychiatric Association, 2013). The final theme that emerged from 

parental responses was uncertainty.

Recommendations to Improve Identification of ASD in FXS

In many ways, the views expressed by parents whose sons had a missed community ASD 

diagnosis mirrored the key controversies in the fragile X field regarding the nature of ASD 

in FXS (Abbeduto et al., 2014; Hall et al., 2010). This suggests a need for clearer messaging 

from the FXS clinical/research community to ensure that internal debate about the nature of 

ASD symptoms within the context of FXS does not overshadow clear communication of the 

practical benefits of seeking professional ASD evaluation when it is indicated. Indeed, given 

the complexity of differential ASD diagnosis within FXS, a comprehensive professional 

ASD evaluation should be viewed as a vital tool for understanding a child’s symptom profile 

and arriving at an accurate diagnosis that will inform services. The fact that 40% of the 

youth in our sample had never been evaluated for ASD in a community setting suggests 

that professional ASD evaluation has either not been recommended by the youth’s clinical/

educational care team, or that families did not to proceed with the evaluation if it was 

recommended. Clarifying fragile X practice guidelines to highlight the potential therapeutic 

and service advantages associated with ASD co-diagnosis will provide needed guidance for 

practitioners and families who are noting ASD symptoms but are unsure whether pursuing a 

formal evaluation would be beneficial.
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Strengths, Limitations, and Directions

A notable strength of this study is our multifaceted and rigorous characterization of ASD. 

Our use of CBE diagnostic procedures increases confidence in the accuracy of ASD 

characterization. These procedures have rarely been applied in FXS research, given that they 

are very time-intensive and require involvement of an expert multidisciplinary diagnostic 

team, as well as access to extensive cognitive, behavioral, and diagnostic testing. Our battery 

of standardized ASD diagnostic assessments was also comprehensive, gleaning information 

from both the ADOS-2 and ADI-R. Finally, a novel aspect of this study is the inclusion 

of information on community ASD diagnoses, which provides another source of diagnostic 

information while also allowing us to begin to describe how ASD comorbidity in FXS 

is being handled community settings. We did not verify diagnostic information provided 

by parents with review of medical or educational records, which may be perceived as a 

weakness. However, parents’ reports on their son’s diagnostic status arguably hold enhanced 

clinical significance relative to record review (regardless of what is stated in a medical or 

educational record, a parent unaware that their child has been identified as having ASD is 

unlikely to advocate for ASD-related services for their child).

Another strength is our sample of 49 participants with FXS which is relatively large for the 

field. Our focus on an older sample of adolescents and young adults may have yielded more 

reliable estimates given the relative stability of ASD symptoms during adulthood in FXS 

(Hartley et al., 2015) and the fact we would expect community diagnoses to occur earlier in 

childhood. It is notable that our inclusion criteria required the ability to use phrase speech, as 

was a requirement for the larger language-focused study. Thus, while detected ASD rate of 

75% may seem remarkably high, this figure may actually be an underestimate as it does not 

account for potentially heightened rates of ASD that may be observed in minimally verbal 

persons.

Our sample size was more limited for the qualitative analyses that focused only on the subset 

of youth who met CBE criteria but did not have a community diagnosis. While this subgroup 

consisted of 21 participants, only 12 parents chose to provide commentary in response to 

the open field inquiring about their beliefs about their son’s ASD status. The small sample 

may have limited our ability to achieve thematic saturation, and we also cannot rule out 

the possibility that the parents who chose to provide commentary held different or stronger 

views than those who chose not to comment. Thus, while the qualitative analyses provide 

insight into family views and experiences that can help inform the patterns observed in our 

primary analyses, they should be viewed as preliminary as they may not capture the full 

range of parental views.

Our sample was also predominately White, which may limit generalization of findings to 

people of color. And, while a range of incomes and education levels were represented 

in the sample, the socioeconomic and educational characteristics of participating families 

were perhaps higher than the general population average; thus, inclusion of better-resourced 

families could have inflated the rates of community ASD diagnosis (note, however, that 

Klusek et al., 2014, tested this hypothesis and found no relationship between community 

ASD identification in FXS and either income or maternal education level). The challenges 

to engaging people from economically disadvantaged and historically marginalized racial 
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groups in research are well-documented and FXS recruitment poses particular challenges 

given reliance on parent organization and specialty clinics that have majority White 

participation (Kidd et al., 2017). Use of evidence-based strategies to reduce barriers to 

research participation may improve representation of historically disadvantaged groups 

in future research, such as the use of personalized community-based and linguistically 

appropriate recruitment, employment of culturally matched research personnel, offering 

childcare and adequate remuneration, cultivating personal relationships, and use of research 

to help families and communities (Austin-Wells et al., 2006; Chechi et al., 2014; George 

et al., 2014; Johnson et al., 2009), in addition to the development of linguistically and 

culturally appropriate measures for non-English speakers (e.g., del Hoyo Soriano et al., 

2021). Finally, future studies would benefit from focus on younger children and females to 

determine if similar patterns hold.

Conclusion

This study documents high rates of ASD cooccurrence in male youth with FXS at 

~75%, with estimates supported by both CBE diagnostic procedures and ADOS-2/ADI-R 

thresholds and high concordance between the two classification methods. We also detected 

evidence of substantial under-identification of ASD in youth with FXS in community 

settings. Sixty percent of youth who exhibited sufficient ASD symptoms for a CBE 

diagnosis of ASD had not been identified in the community. The failure to clinically 

identify ASD in persons with FXS in the community may contribute to difficulties accessing 

services and unmet health needs for this group. Our findings underscore the need for 

clearer messaging from the FXS clinical/research community on the benefits of seeking 

professional ASD evaluation for those with FXS who have been noted to display ASD 

symptoms.
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Figure 1. 
Concordance across CBE and Community ASD Diagnoses.

Note.Percentages reflect the number of participants falling within each category out of 

the full sample. Concordance with ADOS-2/ADI-R rates are not depicted given the strong 

agreement between the CBE and ADOS-2/ADI-R diagnostic methods.
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Table 1.

Demographic Characteristics

Characteristic %

Maternal Education

 High school graduate 12%

 Some college 22%

 Associates degree 12%

 Bachelor’s degree 21%

 Some graduate work 12%

 Graduate degree 21%

Race

 White 89%

 Black 7%

 Asian 2%

 Not reported 2%

Income

 $<40,000 23%

 $40 – 79,000 23%

 $>80,000 54%
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Table 2.

Parental Responses on the Community ASD Diagnosis Questionnaire

Question Response

Full 
Sample

Sample Stratified by CBE 
ASD Diagnosis

Sample Stratified by 
Community ASD Diagnosis

Negative Positive Negative Positive

n (%) n (%) n (%) n (%) n (%)

1. Have health/educational professionals ever 
told you that your son shows symptoms of 

ASD?a

Yes 30 (61%) 7 (14%) 23 (47%) 14 (29%) 16 (33%)

No 19 (39%) 6 (12%) 13 (27%) 18 (37%) 1 (2%)

2. In your opinion, do you feel that your son 
shows symptoms of ASD?

Yes 34 (69%) 7 (14%) 27 (55%) 18 (37%) 16 (33%)

No 15 (31%) 6 (12%) 9 (18%) 14 (29%) 1 (2%)

3. Does your son currently have an ASD 

diagnosis?b
Yes 17 (35%) 2 (4%) 15 (31%) 0 (0%) 17 (35%)

No 32 (65%) 11 (23%) 21 (43%) 32 (65%) 0 (0%)

4. In your opinion, do you believe that your 
son has ASD?

Yes 22 (45%) 3 (6%) 19 (39%) 6 (12%) 16 (33%)

No 27 (55%) 10 (20%) 17 (35%) 26 (53%) 1 (2%)

5. Has your son ever been formally evaluated 
for ASD, either recently or when he was 
younger?

Yes 29 (59%) 8 (16%) 21 (43%) 14 (29%) 15 (31%)

No 20 (41%) 5 (10%) 15 (31%) 18 (37%) 2 (4%)

6. In what type of setting was your son’s 
ASD evaluation conducted?

Educational 9 (20%) 1 (2%) 8 (18%) 3 (7%) 6 (13%)

Clinical or 
medical

16 (35%) 4 (9%) 12 (27%) 7 (16%) 9 (20%)

Research 5 (11%) 3 (7%) 2 (4%) 4 (9%) 1 (2%)

FXS specialty 
clinic

12 (27%) 4 (9%) 8 (18%) 7 (15%) 5 (11%)

ASD specialty 
clinic

3 (7%) 2 (4%) 1 (2%) 0 (0%) 3 (7%)

7. Do you feel that the clinician(s) who 
conducted your son’s ASD evaluation 
had adequate knowledge about fragile X 
syndrome to make an accurate diagnosis?

Yes 19 (65%) 4 (14%) 15 (51%) 9 (31%) 10 (35%)

No 6 (21%) 2 (7%) 4 (14%) 3 (10%) 3 (10%)

I don’t know 4 (14%) 2 (7%) 2 (7%) 2 (7%) 2 (7%)

8. Do you feel that knowing whether or not 
your son has ASD is helpful when making 
medical decisions?

Yes 24 (57%) 6 (14%) 18 (43%) 11 (26%) 13 (31%)

No 18 (43%) 6 (14%) 12 (29%) 15 (36%) 3 (7%)

9. Do you feel that knowing whether or not 
your son has ASD is helpful when making 
educational decisions?

Yes 29 (71%) 6 (15%) 23 (56%) 15 (37%) 14 (34%)

No 12 (29%) 5 (12%) 7 (17%) 11 (27%) 1 (2%)

10. Do you feel that you have adequate 
knowledge about how ASD co-occurs with 
FXS to make informed medical/educational 
decisions about your son’s care?

Yes 38 (90%) 11 (26%) 27 (65%) 23 (55%) 15 (36%)

No 4 (10%) 1 (2%) 3 (7%) 3 (7%) 1 (2%)

11. Does your son receive therapies/services 
that are designed for individuals with ASD 
(such as ABA therapy or participating in an 
autism-support classroom)?

Yes 16 (36%) 2 (5%) 14 (32%) 7 (16%) 9 (20%)

No 24 (55%) 8 (18%) 16 (35%) 19 (43%) 5 (11%)

I don’t know 4 (9%) 2 (5%) 2 (5%) 2 (5%) 2 (5%)
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Question Response

Full 
Sample

Sample Stratified by CBE 
ASD Diagnosis

Sample Stratified by 
Community ASD Diagnosis

Negative Positive Negative Positive

n (%) n (%) n (%) n (%) n (%)

12. Do you feel that your son would benefit 
from services that are tailored towards 
individuals with ASD?

Yes 23 (47%) 3 (6%) 20 (41%) 9 (18%) 14 (29%)

No 10 (20%) 4 (8%) 6 (12%) 9 (18%) 1 (2%)

I don’t know 16 (33%) 6 (12%) 10 (20%) 14 (29%) 2 (4%)

Note.

a
ASD was defined in the questionnaire header, prior to the first item, with the following statement: “***Autism Spectrum Disorder (ASD), 

includes: autism, autism spectrum, pervasive developmental disorder-not otherwise specified (PDD-NOS), and Asperger’s syndrome”.

b
Parents who responded “yes” were provided with an open field to write in the age of diagnosis in years.
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Table 3.

Descriptive Characteristics

Characteristic M (SD), Range

Leiter-R, Brief IQ Standard score 38.65 (4.56), 36–56

Leiter-R, GSV score 461.91 (11.99), 420–479

EVT-2, GSV score 152.13 (12.31), 120 – 177

EVT-2, Standard score 58.74 (13.89), 21 – 84

PPVT-4, GSV score 148.79 (24.40), 94 – 195

PPVT-4, Standard score 48.68 (18.22), 20 – 93

CBCL Attention Problems subscale, raw score 7.17 (3.38), 1–15

ADAMS Anxiety subscale, raw score 5.59 (3.30), 0–14

Note. ADAMS = Anxiety Depression and Mood Scale; CBCL = Child Behavior Checklist; EVT-2 = Expressive Vocabulary Test-2; GSV= growth 
scale value; Leiter-R = Leiter International Performance Scale-Revised; PPVT-4 = Peabody Picture Vocabulary Test-4.
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Table 4.

Logistic Regression Results Examining Predictors of CBE and Community ASD Diagnoses

Clinical Best Estimate Community ASD Diagnosis

B (SE) OR (95% CI) B (SE) OR (95% CI)

IQ −0.12 (0.05)* 0.89 (0.80 – 0.98) −0.01(0.02) 0.99 (0.94 – 1.04)

Expressive Language −0.13 (0.05)** 0.88 (0.80 – 0.96) −0.02 (0.03) 0.98 (0.94 – 1.03)

Receptive Language −0.07 (0.02)** 0.93 (0.89 – 0.98) −0.01 (0.02) 0.99 (0.97 – 1.02)

Inattention/Hyperactivity 0.01 (0.10) 1.01 (0.83 – 1.23) 0.03 (0.09) 1.03 (0.86 – 1.23)

Anxiety 0.07 (0.10) 1.07 (0.87 – 1.31) −0.01 (0.09) 0.99 (0.83 – 1.19)

*
p<.050

**
p<.010
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