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Abstract Although males with fragile X syndrome (FXS)

are frequently described as demonstrating autism symp-

tomatology, there is much debate regarding whether the

behavioral symptoms representing the core domains of

autism are the result of the same or different underlying

neurological/psychological mechanisms. The present study

used a cross-sectional developmental trajectories approach

to compare the profiles of autism symptomatology relative

to chronological age (CA), nonverbal IQ, and expressive

vocabulary ability between individuals with FXS and in-

dividuals with nonsyndromic ASD. Results suggest that the

onset of autism symptoms and their developmental trajec-

tories in males with FXS differ in important ways as a

function of CA, nonverbal cognitive ability, and expressive

vocabulary relative to males with nonsyndromic ASD.

Theoretical and clinical implications are discussed.

Keywords Fragile X syndrome � Autism spectrum

disorder � Behavioral phenotype � Nonverbal cognition �
Expressive vocabulary � Developmental trajectory

Introduction

Much has been learned since Kanner’s initial description

(1943) of what is now termed autism spectrum disorder

(ASD). Nevertheless, Kanner’s characterization of the

central features of ASD is still fundamental to a diagnosis.

Currently, ASD is considered a lifelong developmental

disorder and affects an estimated 1 in 68 children in the

United States (CDC 2014). Although there is considerable

variation in its presentation, ASD is defined by a core

impairment in social communication accompanied by the

presence of repetitive and stereotyped behaviors (American

Psychiatric Association 2013). Despite being behaviorally

defined, ASD is now known to be a highly heritable,

multifactorial condition (Ronald and Hoekstra 2011), re-

sulting from an interaction among various genetic suscep-

tibilities and environmental risks (Persico and Bourgeron

2006; Hertz-Picciotto et al. 2006; Schmidt et al. 2011).

Fragile X syndrome (FXS), the leading inherited cause

of intellectual disability, results from an expansion of the

CGG sequence of nucleotides within the FMR1 gene on the

X chromosome to more than 200 repeats (Oostra and

Willemson 2003). Individuals with FXS (particularly

males) are at high risk for presenting with symptoms of

ASD. The risk of comorbid FXS and ASD is higher than

that associated with any other known ASD risk factor, with

as many as 60 % of males with FXS displaying symptoms

that, when utilizing gold standard diagnostic instruments,

warrant a comorbid diagnosis of ASD (Clifford et al. 2007;

Harris et al. 2008). Furthermore, more than 90 % of males

with FXS are reported to display at least some behavioral

symptoms typically associated with an ASD (Bailey et al.

2000; Feinstein and Reiss 1998). Nevertheless, this muta-

tion accounts for only a small percentage (2–6 %) of all

cases of ASD (e.g., Cohen et al. 2005).
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Knowing that an individual with FXS has an ASD di-

agnosis or displays behaviors characteristic of ASD, how-

ever, tells us little about the developmental implications of

these symptoms. Observable behaviors reflect a complex

and continuous interplay among and across different do-

mains and levels of analysis. Thus, one cannot assume that

commonalities observed in two conditions reflect the same

neuropsychological underpinnings, origins, effects, or de-

velopmental course. Conversely, similar neuropsycho-

logical underpinnings may have different behavioral

endpoints as a function of how other syndrome-specific

characteristics predispose a given individual to process

incoming sensory information and/or interact with his/her

environment. Thus, we must begin to decipher the paths by

which behavioral symptoms of ASD emerge in FXS and

determine how these developmental trajectories compare to

those observed for individuals with nonsyndromic ASD

(i.e., cases of ASD for which a single genetic etiology has

been ruled out). In addition to having important implica-

tions for theory, understanding the developmental paths to

and from symptoms of ASD across the two disorders is

vital to determining the extent to which similar treatment

approaches, both pharmacological and behavioral, may be

useful for both conditions. In the present study, we used a

cross-sectional developmental trajectories approach (Tho-

mas et al. 2009) to test for differences in the relations

between severity of ASD symptomatology and important

developmental benchmarks (i.e., chronological age, non-

verbal cognition, and expressive vocabulary ability) be-

tween boys with FXS and boys with nonsyndromic ASD.

These data can contribute insights into similarities and

differences in the developmental paths to and/or from ASD

symptomatology in the two conditions and provide an

embarkation point for longitudinal examinations of the

same trajectories.

ASD Symptomatology in Fragile X Syndrome

In 2001, Rogers et al. identified two subgroups of children

with FXS, those with ASD and those without ASD, for

whom scores on the ASD instruments were comparable to

children with general developmental delays. Although re-

searchers have been describing the high rates of comorbid

FXS and ASD for several decades (e.g., Brown et al. 1982),

there is still much that we do not understand about ASD in

FXS. ASD symptoms (e.g., gaze avoidance, perseverative

speech, hyperarousal, and stereotyped behaviors) are fre-

quently observed in individuals with FXS (Bailey et al.

2000; Feinstein and Reiss 1998), even in those who do not

meet criteria for an ASD diagnosis. For example, Thurman

et al. (2015) reported that, of nine children with FXS who

did not meet criteria for a comorbid diagnosis of ASD,

seven met ASD criteria on one of the two diagnostic

measures (ADOS or ADI-R). Thus, it is important to

characterize ASD symptomatology in all individuals with

FXS in addition to understanding if subgroups exist within

FXS.

Data emerging from direct comparisons between indi-

viduals with FXS and those with nonsyndromic ASD have

also added to the debate surrounding whether the ASD

symptoms reflect the same neurodevelopmental mechan-

isms in FXS as they do in nonsyndromic ASD. To begin,

there is a growing body of data indicating that individuals

with FXS ? ASD (i.e., comorbid FXS and ASD) demon-

strate more significant cognitive impairments than do in-

dividuals with nonsyndromic ASD (Dissanayake et al.

2009; McDuffie et al. 2014; Rogers et al. 2001; Wolff et al.

2012). In addition, there is evidence to suggest that, on

average, ASD symptoms are less severe in individuals with

FXS ? ASD than in those with nonsyndromic ASD. In-

terestingly, more between-group differences seem to be

observed in the social affective domain than in the re-

stricted and repetitive behavior domain (e.g., Dissanayake

et al. 2009; Hall et al. 2010; McDuffie et al. 2014; Wolff

et al. 2012), indicating that individuals with comorbid FXS

and ASD may suffer from less severe impairments in social

reciprocity relative to individuals with nonsyndromic ASD.

In fact, between-group differences in the social affective

domain, have been observed both when controlling for

between-group differences in IQ and when controlling for

between-group differences in overall severity of ASD

symptomatology, but with individuals with FXS demon-

strating more limited cognitive ability (Dissanayake et al.

2009; McDuffie et al. 2014; Wolff et al. 2012).

We have yet to determine what these between-group

differences ‘mean’ in terms of the emergence of ASD

symptomatology in FXS and in nonsyndromic ASD.

Heterogeneity in developmental outcomes are driven by

ongoing interactions between different domains of func-

tioning, the social environment, and an individual’s adap-

tation to his/her environment (e.g., Fidler et al. 2011;

Karmiloff-Smith 1998). Thus, ASD symptoms in FXS and

nonsyndromic ASD may not reflect the same neurodevel-

opmental mechanisms, particularly given the fact that there

are clear phenotypic differences between the two

conditions.

Developmental Characteristics Associated with ASD

Symptomatology in FXS

Chronological age, cognitive ability, and expressive vo-

cabulary ability are three factors that have been considered

in the literature as relating to the presence and development

of ASD symptomatology. Findings from several research

studies have revealed a robust negative relation between

ASD symptomatology and IQ in males with FXS, such that
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lower IQ scores are associated with increased severity of

ASD on a number of different measures (McDuffie et al.

2010; Hall et al. 2010; Loesch et al. 2007; Bailey et al.

1998; Bailey et al. 2001).

Additionally, there has been some research examining the

relation between ASD symptomatology and chronological

age. In a longitudinal study, Hatton et al. (2006) found a small

but significant increase in symptom severity with age when

examining data from the Childhood Autism Rating Scale

(CARS; Schopler et al. 1988) in a sample of 116 childrenwith

FXS ranging from1 to 14 years in age; however, themean age

of the participants at the initial visit was\5 years, which

limits our understanding of what is happening during the

school-age period.When comparing lifetime and current item

scores from the ADI-R for a group of individuals with FXS

only,McDuffie et al. (2010) found significant improvement in

ASD symptomatology with age, after controlling for non-

verbal IQ, for some items in the Reciprocal Social Interaction

and Communication domains. Additionally, for participants

with comorbid FXS ?ASD, these authors found significant

improvements with age for numerous items in all threeADI-R

domains. Dissanayake et al. (2009), utilizing cross-sectional

data, also found that chronological age was significantly and

negatively related to ADOS Communication domain scores

for adolescent participants with comorbid FXS and ASD.

Taken together, these finding suggest that many symptoms of

ASD decline during the childhood and adolescent period for

children with FXS regardless of ASD diagnostic status.

Finally, there has been some research examining the

relation between ASD symptomatology and expressive

vocabulary ability in FXS. Kover and Abbeduto (2010)

compared the language abilities of adolescent males with

FXS without ASD to adolescent males with FXS and co-

morbid ASD matched on chronological age, nonverbal IQ,

and nonverbal mental age. The authors observed differ-

ences between the two groups in intelligibility, but failed to

document between-group differences in lexical diversity

(number of words used). Similarly, McDuffie et al. (2010)

found that, after controlling for chronological age and

nonverbal IQ, there were no significant differences be-

tween males with FXS only and males with FXS and co-

morbid ASD on expressive vocabulary. Furthermore, when

examining ASD symptomatology as a continuous metric,

ASD severity score did not contribute to prediction of

expressive vocabulary over and above the effects of

chronological age and nonverbal IQ. Although these stud-

ies failed to observe a relation between ASD symptoma-

tology and expressive vocabulary, this may reflect their

reliance on overall ASD symptomatology rather than on

the separate domains of autism symptoms. To date, no

studies have examined the relation between expressive

vocabulary and social affective and restricted repetitive

ASD symptomatology separately.

Although progress has been made in understanding the

similarities and differences between the behavioral phe-

notypes of FXS and nonsyndromic ASD, much remains to

be understood. Most studies conducted have utilized

within-group comparisons of individuals with FXS. The

few studies that have utilized between-group comparisons

have focused on item-level comparisons between the two

conditions. Information regarding whether the factors at-

tributable to and/or emerging from these symptoms are

similar across these two conditions would provide insight

into whether the same treatment approaches targeting ASD

symptomatology are appropriate in FXS and in nonsyn-

dromic ASD. To begin to address this goal, it is important

to directly compare putative predictors (e.g., age, cogni-

tion, and language) of ASD symptomatology for indi-

viduals with FXS and individuals with nonsyndromic ASD

in order to characterize the emergence of ASD symptoms.

The Current Study

The purpose of the present study was to characterize pro-

files of the severity of ASD symptomatology relative to

chronological age, nonverbal cognition, and expressive

vocabulary in boys with FXS with a direct comparison to

boys with nonsyndromic ASD as a point of reference. In

contrast to the traditional group comparisons reviewed

above, the present study used the cross-sectional develop-

mental trajectories approach endorsed by Thomas et al.

(2009). Rather than focusing on the characterization of

static phenotypes, this approach utilizes cross-sectional

data to focus on understanding developmental relationships

by highlighting change in a domain of interest relative to

other important developmental benchmarks. In contrast to

testing differences in cross-sectional group means, group

differences are evaluated in terms of intercepts and rates of

development and predictors of intercept and rate. This

cross-sectional analysis approach can provide important

information about the nature of development. In addition, it

can be used to provide the impetus for the future design of

prospective longitudinal studies addressing the emergence

of phenotypes and exploring how categories of behaviors

compare across neurodevelopmental disorders. This tech-

nique has been beneficial in defining multiple aspects of

behavioral phenotypes (e.g., Kover et al. 2013), but has not

yet been used as a method of understanding whether the

presence of ASD symptomatology relative to other im-

portant aspects of functioning in FXS (i.e., chronological

age, nonverbal cognition, and expressive vocabulary) is

similar to that observed in nonsyndromic ASD. The current

study utilized quantitative measures of severity of ASD

symptomatology—social-affective symptoms and restrict-

ed, repetitive behavior symptoms—as the outcome vari-

ables and addressed the following research questions:
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1. Relative to chronological age, nonverbal cognition,

and expressive vocabulary, do the developmental

trajectories of the severity of ASD symptoms in the

social affective domain differ (in terms of intercept or

slope) between boys with FXS and boys with nonsyn-

dromic ASD?

2. Relative to chronological age, nonverbal cognition,

and expressive vocabulary, do the developmental

trajectories of the severity of ASD symptoms in the

restricted and repetitive behavior domain differ (in

terms of intercept or slope) between boys with FXS

and boys with nonsyndromic ASD?

Methods

Participants

Participants were boys with FXS and boys with nonsyndromic

ASD who were drawn from a larger longitudinal study on the

social-affective bases of word learning in FXS and nonsyn-

dromic ASD. Boys were recruited nationally at one of two

university sites (University of California, Davis and University

of Wisconsin, Madison). Only data from the initial visit (Time

1) were included in the present project. Inclusion in this larger

project required all participants to meet the following criteria

according to parent report: (a) native English speakers; (b) able

to comply with simple instructions (e.g., ‘‘Give me the ball’’);

(c) speech was the primary means of communication;

(d) produced approximately ten different words spontaneously

within the prior month; (e) no sensory or physical impairments

that would limit participation in project activities; and (f) lived

at home with biological mother who is a fluent English

speaker. In addition, participants were tested by project staff

and found to have a pure tone, air conduction threshold of

30 dBHL or better in each ear (averaged across 500, 1000, and

2000 Hz). Approval for the study was obtained from the re-

spective university Institutional Review Boards, and informed

consent, was obtained.

Participants with FXS were required to provide

documentation of a diagnosis of the FMR1 full mutation

(i.e., [200 CGG repeats, with or without mosaicism).

Participants with nonsyndromic ASD (1) entered the study

with an existing community diagnosis of ASD; (2) had

parent-provided documentation of prior genetic testing

ruling out FXS; and (3) had other possible syndromic

causes of ASD (e.g., Rett’s syndrome, tuberous sclerosis)

ruled out via dysmorphology and neurological examina-

tions conducted by a project physician at the initial visit.

At the initial project visit, both the Autism Diagnostic

Observation Schedule (ADOS; Lord et al. 1999) and the

Autism Diagnostic Interview-Revised (ADI-R; Rutter et al.

2003) were administered to both groups of participants.

ASD status was determined using the caseness criteria

proposed by Risi and colleagues (Risi et al. 2006). That is,

a research diagnosis of ASD was assigned to a participant

if he received an ADOS calibrated severity score of at least

4 and met one of the following benchmarks on the ADI-R:

(1) met the autism cutoff for the ADI-R Social Reciprocity

Domain and either the Communication or Repetitive Be-

havior domains; (2) came within one point of the cutoffs

for both Social Reciprocity and Communication Domains;

or (3) met the autism cutoff on either the Social Re-

ciprocity or Communication domains and came within two

points of the cut-off on the other domain. Thus, the Risi

caseness criteria were used to verify group membership for

participants with ASD and to assign a research classifica-

tion of ASD to participants with FXS. Project staff who

administered both the ADOS and the ADI-R were gradu-

ate-level professionals who had completed research re-

liability training.

Participant Selection for the Current Study

The participant samples for the present study overlap with

those of [McDuffie et al. (2012, 2014), Oakes et al. (2014);

Thurman et al. (2014, 2015), and Benjamin et al. (2015)],

although the focus of the analyses and the primary measures

used was different across these reports. Consideration for in-

clusion in the present study required participants with FXS or

nonsyndromic ASD to have complete data from the ADOS,

which resulted in the exclusion of three boys with FXS. In

addition, inclusion for the present study required participants

to have a nonverbal IQ scoreB85, as this cutoff is inclusive of

essentially all males with FXS (Hessl et al. 2009), resulting in

the exclusion of three children with FXS (2 IQ data not

available, 1 IQ score[85) and 16 childrenwith nonsyndromic

ASD (all due to IQ scores[85). These inclusionary and ex-

clusionary criteria resulted in the final participant samples of

53 boys with FXS and 39 boys with nonsyndromic ASD

ranging in age from 4 to 11 years. For participants with FXS,

the racial/ethnic composition of the sample was 83 % Cau-

casian, 8 %Hispanic, 4 %Asian, 2 %African-American, and

3 % Native American. For the participants with nonsyn-

dromic ASD, the racial/ethnic composition of the sample was

70 % Caucasian, 10 % Hispanic, 10 % African-American,

8 % Asian, and 2 % Native American.

Descriptive between-group analyses were conducted on

the developmental benchmarks of chronological age, non-

verbal IQ, and expressive vocabulary ability to provide

information regarding the comparability of participants in

the two groups. Independent samples t-tests indicated that

the FXS and nonsyndromic ASD samples were comparable

on chronological age (p = .56, d = .12, sratio
2 = 1.09). As
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expected, based on previous findings within the literature,

participants with FXS had lower nonverbal IQ scores than

did participants with nonsyndromic ASD (p = .050,

d = .42, sratio
2 = 1.00). Significant differences were not

observed between the two groups on expressive vocabulary

standard scores (p = .26, d = .25, sratio
2 = .46).

Subsamples

For the primary analyses, we were interested in determin-

ing if findings would remain unchanged after participants

with FXS who did not meet criteria for an ASD were ex-

cluded. For this reason, boys with FXS were identified as

having met research criteria for ASD utilizing the same

procedures used to verify ASD diagnosis in participants

with nonsyndromic ASD. It was determined that 41 of the

53 boys in the FXS sample could be classified as also

meeting criteria for an ASD (hereafter, the FXS ? ASD

group). It is important to note that of the 12 children who

were not classified as meeting research criteria for an ASD,

only 2 meet criteria on neither the ADOS nor the ADI-R.

The remaining 10 children were not classified as

FXS ? ASD for the following reasons: 4 met criteria on

the ADOS but were missing ADI-R data, 2 children met

criteria on the ADOS but did not meet criteria on the ADI-

R, and 4 children met criteria on the ADI-R but did not

meet criteria on the ADOS. The descriptive analyses

comparing developmental benchmarks for participants with

nonsyndromic ASD to those classified with FXS ? ASD

revealed the same pattern of findings as was observed for

the full FXS sample. The chronological ages of the boys

with FXS ? ASD and the boys with nonsyndromic ASD

were comparable (p = .54, d = .13, sratio
2 = 1.14), but

boys with FXS ? ASD were observed, as expected, to

have significantly lower nonverbal IQ scores than the boys

with nonsyndromic ASD (p = .009, d = .59, sratio
2 = .96).

Once again, significant differences were not observed be-

tween the two groups on expressive vocabulary standard

scores (p = .61, d = .12, sratio
2 = .45).

Finally, we sought to understand if similar patterns of

findings would also be observed when participants classi-

fied with FXS ? ASD and participants with nonsyndromic

ASD were matched on overall severity of ASD symp-

tomatology. To achieve this goal, a subsample (n = 21 per

group) of participants was selected from the FXS ? ASD

and the nonsyndromic ASD groups, utilizing the sampling

procedures outlined by Mervis and John (2008), to create

groups of males with FXS ? ASD and males with non-

syndromic ASD matched on overall severity of ASD

symptomatology (hereafter referred to as the ASD severity-

matched subsamples). The descriptive analyses comparing

developmental benchmarks demonstrated similar pattern of

findings as reported previously. The chronological ages

were not observed to differ significantly in the ASD

severity-matched samples (p = .38, d = .28, sratio
2 = 1.15).

The boys with FXS ? ASD in the ASD severity-matched

sample were still observed to have significantly lower

nonverbal IQ scores than the boys with nonsyndromic ASD

(p\ .001, d = 1.28, sratio
2 = 1.18). Mean scores for ex-

pressive vocabulary ability were not observed to differ for

the ASD severity-matched subsamples (p = .62, d = .16,

sratio
2 = .27); however, differences were observed in the

variance of these scores. Descriptive statistics for the par-

ticipant samples are presented in Table 1.

Assessment Measures

The Leiter International Performance Scale: Revised

The Leiter International Performance Scale—Revised

(Leiter-R; Roid and Miller 1997) is a nonverbally admin-

istered standardized assessment of nonverbal intelligence.

The subtests comprising the Brief IQ were administered;

namely, Figure Ground, Form Completion, Sequential

Order, and Repeated Patterns. The Brief IQ standard score

from the Leiter-R was utilized in the present study. The

mean IQ for the Leiter-R standardization sample is 100,

with a standard deviation of 15.

Autism Diagnostic Observation Schedule

The ADOS (Lord et al. 1999) is a semi-structured play-

based interaction in which a trained examiner creates

specific interactive contexts to observe the participant’s

reciprocal social interaction skills and repetitive behaviors.

One of four ADOS modules is administered based upon the

participant’s expressive language level. In the current

project, participants received ADOS modules 1, 2, or 3.

The Social Affect Calibrated Severity Scores (SA-CSS)

and the Restricted and Repetitive Behavior Calibrated

Severity Scores (RRB-CSS), which allow comparisons

across different modules, provided by Hus et al. (2014),

were utilized.

The original severity scores generated by Hus et al.

(2014) for the Restricted and Repetitive Behaviors domain

had a range of 1–7 (hereafter referred to as RRB-CSSRe-

duced), unlike the severity scores for the Social Affective

domain, which ranged from 1 to 10. Due to concerns that

differing ranges across the two domains would cause

confusion when interpreting the meaning of severity

scores, Hus and colleagues transformed the RRB-

CSSReduced scale to the 10-point range observed on the

SA-CSS, but with severity scores of 2, 3, and 4 not possible

to obtain (i.e., RRB-CSS scores included 1, 5-10). Within a

parametric analysis, however, methodological concerns

2820 J Autism Dev Disord (2015) 45:2816–2832
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arise when utilizing a dependent variable in which multiple

scores are not obtainable. The focus of the present study

was on examining the trajectories of calibrated severity

scores within each domain as a function of child charac-

teristics, and not on the direct comparison of severity

scores between domains; thus, the current study utilized

the RRB-CSSReduced scale (i.e. the original, untransformed

calibrated severity score for the Restricted and Repetitive

Behaviors domain) that ranged from 1 to 7. As such, the

severity scores of 2–7 from the RRB-CSSReduced scale

correspond to the severity scores of 5–10 from the RRB-

CSS scale described by Hus and colleagues.

Expressive Vocabulary Test, Second Edition

The Expressive Vocabulary Test, Second Edition (EVT-2;

Williams 2007) is an individually administered measure of

expressive vocabulary. During this assessment, the par-

ticipant is instructed to provide a label or synonym for each

color picture on the page of an easel book. The mean for

standard scores on the EVT-2 is 100, with a standard de-

viation of 15.

Analysis Plan

Preliminary analyses were conducted to assess average

group differences in the SA-CSS and RRB-CSSReduced and

to provide information regarding the correlations between

the ADOS severity scores and chronological age, nonver-

bal IQ, and expressive vocabulary ability. Cross-sectional

developmental trajectories were then calculated using the

procedures outlined by Thomas et al. (2009), for both SA-

CSS and RRB-CSSReduced relative to chronological age,

nonverbal IQ standard score, and expressive vocabulary

standard score. This approach is similar to an ANOVA;

however, instead of testing the differences between cross-

sectional group means, differences are evaluated between

the intercept and slope of the lines used to depict the de-

velopmental trajectory of each group. Main effects of

group (FXS vs. nonsyndromic ASD), main effects of the

three continuous predictors (i.e., chronological age, non-

verbal IQ, or expressive vocabulary), and the interactions

between group and slope were of interest in the current

study. In the case of significant findings, follow-up ana-

lyses, using one-tailed tests, were conducted to determine

if the same pattern of findings was obtained when only the

participants with FXS who met research criteria for an

ASD diagnosis (FXS ? ASD) were included in the ana-

lyses. Finally, follow-up analyses, using one-tailed tests,

were also conducted to determine if the same pattern of

findings were obtained when participants with

FXS ? ASD and participants with nonsyndromic ASD

were matched on overall severity of ASD symptomatologyT
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The data from these analyses are considered exploratory

because of the small sample size as nearly half of the

FXS ? ASD and nonsyndromic ASD samples had to be

excluded to achieve this match.

Results

Preliminary Analyses

Preliminary comparisons of ASD severity domain scores

between the two groups demonstrated that the participants

with FXS earned significantly lower ADOS severity scores

for both the SA-CSS (t(90) = 4.29, p\ .001, d = .92) and

RRB-CSSReduced (t(90) = 4.29, p = .002, d = .69) than

did the participants with nonsyndromic ASD. In addition,

for both the SA-CSS (t(78) = 3.65, p\ .001, d = .82) and

RRB-CSSReduced (t(78) = 2.51, p = .01, d = .56), these

between-group differences remained even after including

only participants classified as FXS ? ASD. No differences

were observed in the social affective (t(40) = -.09,

p = .93, d = .03) or the restricted and repetitive behavior

(t(40) = -.38, p = .70, d = .13) severity scores in the

ASD severity-matched subsamples. Finally, results of

correlational analyses between the SA-CSS and RRB-

CSSReduced and putative developmental predictors are

presented in Tables 2 and 3.

Cross-Sectional Developmental Trajectories: Social

Affect

Using ADOS calibrated severity scores, severity of social

affective symptoms was evaluated relative to chronological

age by examining the trajectory intercept at the lowest age

of overlap between the groups (i.e., 4 years of age) and

within-group trajectory slopes. The intercept of the SA-

CSS trajectory was significantly lower for boys with FXS,

indicating less impairment on average, than for boys with

nonsyndromic ASD, F(1, 88) = 7.40, p = .008, partial

g2 = .08. For rate of change over time, neither the average

relationship between SA-CSS and chronological age, F(1,

88) = 3.14, p = .08, partial g2 = .03, nor the interaction

between group and chronological age, F(1, 88) = 2.66,

p = .11, partial g2 = .029, was significant. As seen in

Table 4 and Fig. 1, level of impairment in the Social Af-

fective domain did not change with chronological age for

boys with nonsyndromic ASD. For boys with FXS, how-

ever, there was a nonsignificant trend for social affective

symptoms to worsen with chronological age. Follow-up

analyses, including only boys with comorbid FXS ? ASD

yielded the same pattern of findings; that is, the intercept of

the SA-CSS trajectory was lower for boys with

FXS ? ASD than for boys with nonsyndromic ASD, F(1,

80) = 4.44, p = .02, partial g2 = .06, one tailed. Analyses

including the ASD severity-matched subsamples did not

indicate a significant effect of intercept of the SA-CSS

trajectory, F(1, 42) = 1.11, p = .30, partial g2 = .03, one

tailed. Intercept and slope data for follow-up analyses are

presented in Table 4.

Severity of social affective symptoms was evaluated

against nonverbal cognitive ability in terms of intercept at

the lowest point of overlap between the groups (i.e., Leiter-

R SS of 36, the lowest possible standard score) and in terms

of within-group slopes. The intercept of the SA-CSS tra-

jectory did not differ significantly between the two groups,

F(1, 88) = 1.87, p = .18, partial g2 = .021. The relation-

ship between SA-CSS and nonverbal cognition was ob-

served to be moderately negative on average, F(1,

88) = 5.52, p = .02, partial g2 = .06; however, this rela-

tionship differed between participants with FXS and those

with nonsyndromic ASD, yielding a significant difference

across the two diagnostic groups in the relation between

social affective symptoms and nonverbal cognition, F(1,

88) = 6.57, p = .01, partial g2 = .07. For boys with FXS,

SA-CSSs decreased as nonverbal cognitive ability in-

creased. For boys with nonsyndromic ASD, SA-CSSs re-

mained relatively stable across the full range of nonverbal

IQ standard scores. This difference in slopes can be seen in

Fig. 2 and Table 4. Follow-up analyses including only

boys with FXS ? ASD again yielded a significant

Table 2 Correlation

coefficients between

chronological age (CA),

nonverbal IQ (NVIQ), and

expressive vocabulary standard

scores and ADOS domain

severity scores for males with

nonsyndromic ASD as a

function of matching sample

ADAMS subscale CA Leiter-R NVIQ SS EVT-2 SS

Social affective severity score

Full sample FXS (n = 53) r = .32* r = -.44* r = -.04

FXS ? ASD (n = 41) r = .27 r = -.31* r = .07

ASD-severity matched sample FXS ? ASD (n = 21) r = .37 r = -.38 r = -.05

Restricted and repetitive behavior severity

Full sample FXS (n = 53) r = .02 r = -.38* r = -.40*

FXS ? ASD (n = 41) r = -.05 r = -.32* r = -.43*

ASD-severity matched sample FXS ? ASD (n = 21) r = .04 r = -.22 r = -.45*

* p\ .05
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difference in the relation between SA-CSS and nonverbal

cognition for FXS and nonsyndromic ASD, F(1,

80) = 2.82, p = .048, partial g2 = .036. Analyses

including the ASD severity-matched subsamples did not

yield a significant difference in the relations between SA-

CSS and nonverbal cognition, F(1, 42) = 1.76, p = .096,

Table 3 Correlation coefficients between chronological age (CA), nonverbal IQ (NVIQ), and expressive vocabulary standard scores and ADOS

domain severity scores for males with nonsyndromic ASD as a function of matching sample

ADAMS subscale CA Leiter-R NVIQ SS EVT-2 SS

Social affective severity score

Nonsyndromic ASD (n = 39) r = .02 r = .03 r = .06

ASD-severity matched sample nonsyndromic ASD (n = 21) r = .02 r = .05 r = .13

Restricted and repetitive behavior severity

Nonsyndromic ASD (n = 39) r = .26 r = -.30 r = .00

ASD-severity matched sample nonsyndromic ASD (n = 21) r = .29 r = .08 r = .33

Table 4 Intercept and slope of linear developmental trajectories predicting social affective severity score based on putative developmental

predictors as function of sample

ADAMS subscale CA Leiter NVIQ SS EVT SS

Fragile X samples

Full sample FXS (n = 53) m = .38 (SE = .14)

b = 4.67, r2 = .11

m = -.07 (SE = .02)

b = 10.15, r2 = .19

m = -.006 (SE = .02)

b = 6.33, r2 = .002

FXS ? ASD (n = 41) m = .27 (SE = .15)

b = 5.32, r2 = .07

m = -.05 (SE = .02)

b = 8.95, r2 = .10

m = .009 (SE = .02)

b = 5.69, r2 = .005

ASD-severity matched sample FXS ? ASD (n = 21) m = .34 (SE = .21)

b = 4.89, r2 = .13

m = -.05 (SE = .03)

b = 10.16, r2 = .14

m = -.006 (SE = .03)

b = 7.83, r2 = .002

Nonsyndromic ASD samples

Nonsyndromic ASD (n = 39) m = .02 (SE = .22)

b = 7.77, r2\ .001

m = .003 (SE = .03)

b = 7.62, r2\ .001

m = .004 (SE = .02)

b = 7.61, r2\ .003

ASD-severity matched sample nonsyndromic ASD (n = 21) m = .01 (SE = .30)

b = 7.23, r2\ .001

m = .008 (SE = .05)

b = 6.78, r2 = .003

m = .01 (SE = .04)

b = 6.75, r2 = .02

Fig. 1 Trajectory of social

affect calibrated severity score

relative to chronological age for

boys with FXS and boys with

nonsyndromic ASD
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partial g2 = .044); however, an increase in effect size was

observed relative to that observed for the boys with

FXS ? ASD. Intercept and slope results for follow-up

analyses are presented in Table 4.

Finally, severity of social affective symptoms was

evaluated against expressive vocabulary in terms of the

intercept at the lowest point of overlap between the groups

(i.e. EVT-2 SS of 20, the lowest possible standard score)

and in terms of within-group slopes. The intercept of the

SA-CSS trajectories did not differ between the two groups,

F(1, 88) = .66, p = .418, partial g2 = .008, the relation-

ship between SA-CSS and expressive vocabulary was not

significant, F(1,88) = .003, p = .96, partial g2\ .001, and

no difference was observed between the two groups in the

relationship between SA-CSS and expressive vocabulary,

F(1,88) = .171, p = .68, partial g2 = .002. These data are

shown in Fig. 3 and Table 4.

Cross-Sectional Developmental Trajectories:

Restricted and Repetitive Behaviors

Analyses were then conducted to evaluate the presence of

between-group differences in the relation between severity

of restricted and repetitive behavior symptoms and the

developmental benchmarks of interest (chronological age,

nonverbal cognition, expressive vocabulary). To begin,

severity of restricted and repetitive behavior symptoms was

evaluated relative to age by examining the trajectory in-

tercept and within-group trajectory slopes between RRB-

CSSReduced and chronological age. The intercept of the

RRB-CSSReduced trajectories did not differ between groups,

F(1, 88) = .03, p = .86, partial g2\ .001. In addition, the

relation between RRB-CSSReduced and chronological age

was not significant, F(1, 88) = 1.60, p = .21, partial

g2 = .02, and no between-group difference was observed

in this relationship, F(1, 88) = 1.10, p = .30, partial

g2 = .012 (see Fig. 4 and Table 5).

Next, the severity of restricted and repetitive behavior

symptoms was evaluated relative to nonverbal cognition.

The intercept of the RRB-CSSReduced trajectories did not

differ between the two groups, F(1, 88) = .10, p = .75,

partial g2 = .001. The relation between RRB-CSSReduced
and nonverbal cognition was significant and negative, F(1,

88) = 11.33, p = .001, partial g2 = .114, but did not differ

significantly between the two groups, F(1, 88) = .38,

p = .54, partial g2 = .004. As seen in Fig. 5 (see also

Table 5), RRB-CSSReduced decreases as nonverbal IQ in-

creases for both participants with FXS and participants

with nonsyndromic ASD. Follow-up analyses replicated

the finding of a negative relationship between nonverbal

cognition and RRB-CSSReduced when the FXS sample was

restricted to only FXS ? ASD, F(1, 80) = 8.15, p = .006,

partial g2 = .097, one-tailed. For the ASD severity-mat-

ched subsamples, the relation between did not indicate a

significant relation between nonverbal cognition and RRB-

CSSReduced, F(1, 42) = .24, p = .31, partial g2 = .006)

and a decrease in effect size relative to that observed for

the boys with FXS ? ASD. Intercept and slope results for

follow-up analyses are presented in Table 5.

Finally, severity of restricted and repetitive behavior

symptoms was evaluated against expressive vocabulary

ability in terms of intercept at the lowest point of overlap

between the groups (i.e., EVT-2 standard score of 20) and

in terms of within-group slopes. The intercept of the

RRB-CSSReduced trajectories did not significantly differ

between the two groups, F(1, 88) = 1.76, p = .19, partial

g2 = .02. The relation between RRB-CSSReduced and ex-

pressive vocabulary ability was observed to be moderately

negative on average, F(1, 88) = 5.68, p = .02, partial

g2 = .063; however, this relationship differed for par-

ticipants with FXS and participants with nonsyndromic

ASD, yielding a significant interaction, F(1, 88) = 11.69,

p = .02, partial g2 = .063. As seen in Fig. 6 (see also

Table 5), RRB-CSSReduced decreased as expressive

Fig. 2 Trajectory of social

affect calibrated severity score

relative to nonverbal cognitive

ability for boys with FXS and

boys with nonsyndromic ASD
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Fig. 3 Trajectory of social

affect calibrated severity score

relative to expressive

vocabulary ability for boys with

FXS and boys with

nonsyndromic ASD

Fig. 4 Trajectory of restrictive

and repetitive behavior

calibrated severity score relative

to chronological age for boys

with FXS and boys with

nonsyndromic ASD

Table 5 Intercept and slope of linear developmental trajectories predicting restricted and repetitive behavior severity score based on putative

developmental predictors as function of sample

CA Leiter-R NVIQ SS EVT-2 SS

Fragile X samples

Full sample FXS (n = 53) m = .02 (SE = .11)

b = 4.26, r2\ .001

m = -.04 (SE = .01)

b = 6.83, r2 = .15

m = -.04 (SE = .01)

b = 6.77, r2 = .16

FXS ? ASD (n = 41) m = -.04 (SE = .11)

b = 4.68, r2 = .003

m = -.04 (SE = .02)

b = 6.54, r2 = .11

m = -.04 (SE = .01)

b = 6.96, r2 = .18

ASD-severity matched sample

FXS ? ASD (n = 21)

m = .04 (SE = .19)

b = 4.76, r2 = .002

m = -.03 (SE = .03)

b = 6.66, r2 = .05

m = -.06 (SE = .03)

b = 8.69, r2 = .20

Nonsyndromic ASD samples

Nonsyndromic ASD (n = 39) m = .19 (SE = .17)

b = 4.74, r2 = .07

m = -.03 (SE = .02)

b = 7.27, r2 = .09

m = 0 (SE = .02)

b = 5.36, r2\ .001

ASD-severity matched sample

nonsyndromic ASD (n = 21)

m = .04 (SE = .28)

b = 4.76, r2 = .09

m = .01 (SE = .04)

b = 4.17, r2 = .007

m = .01 (SE = .03)

b = 3.68, r2 = .11
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vocabulary ability increased for boys with FXS; however,

RRB-CSSReduced remained stable for boys with nonsyn-

dromic ASD. Follow-up analyses, including only boys

with FXS ? ASD, yielded the same pattern of findings:

the relation between RRB-CSSReduced and expressive vo-

cabulary was moderately negative, F(1, 76) = 5.37,

p = .01, partial g2 = .069, qualified by a significant in-

teraction between diagnosis and expressive vocabulary,

F(1, 88) = 5.37, p = .01, partial g2 = .063. For the ASD

severity-matched subsamples, the relation between RRB-

CSSReduced and expressive vocabulary ability was not

significant, F(1, 42) = 1.93, p = .086, partial g2 = .051);

however, there was a significant interaction between di-

agnosis and expressive vocabulary, F(1, 42) = 6.97,

p = .005, partial g2 = .16), with an increase in effect size

relative to that observed for the boys with FXS ? ASD.

Intercept and slope results for follow-up analyses are

presented in Table 5.

Discussion

Despite the research that has focused on ASD symptoma-

tology in FXS, we do not fully understand the implications

of the behavioral features of ASD in FXS. To begin to

address this issue, the present study used a direct between-

group comparison to evaluate the relative contributions of

three important developmental factors (e.g., chronological

age, nonverbal cognition, and expressive vocabulary) that

could potentially impact the emergence and course of ASD

symptoms in school-age males with FXS and compared

these patterns to those observed in males with nonsyn-

dromic ASD.

Social Affective Symptoms

Results from the present study suggest that the onset of

ASD symptoms and their developmental trajectories in

Fig. 5 Trajectory of restrictive

and repetitive behavior

calibrated severity score relative

to nonverbal cognitive ability

for boys with FXS and boys

with nonsyndromic ASD

Fig. 6 Trajectory of restrictive

and repetitive behavior

calibrated severity score relative

to expressive vocabulary ability

for boys with FXS and boys

with nonsyndromic ASD
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males with FXS differ as a function of chronological age,

nonverbal cognitive ability, and expressive vocabulary

relative to males with nonsyndromic ASD. With regard to

the social affective symptoms associated with ASD, we

found that at 4 years of age, social affective symptoms of

ASD were significantly less severe in males with FXS than

in males with nonsyndromic ASD. This finding could be

attributed to the fact that some boys with FXS did not meet

criteria for a comorbid diagnosis of ASD, despite dis-

playing some symptoms of ASD. However, even when

restricting the analysis to only participants with FXS who

met criteria for a classification of ASD, the between-group

difference in severity of social affective symptoms re-

mained significant.

In addition, our results revealed that the severity of so-

cial affective impairment did not change with chrono-

logical age for males with nonsyndromic ASD. Although

not reaching significance within the trajectory analyses,

there was a trend for symptom severity in the Social Af-

fective domain to worsen with age for males with FXS.

This trend was further supported with the significant cor-

relation between age and severity of social affective

symptoms observed in the correlational analyses. This

finding, which might emerge as significant in a trajectory

study with a larger sample size, is consistent with previous

findings by Hall et al. (2010), but is discrepant from the

findings reported by McDuffie et al. (2010), who found that

symptoms of ASD lessened with age in a within group

comparison. The findings of McDuffie et al. (2010), how-

ever, were based on data obtained from retrospective parent

report in response to queries about current and past be-

haviors, which has methodological limitations, including

the risk of telescoping (Hus et al. 2011). In contrast, the

current data were derived from direct, examiner-imple-

mented observational samples of behavior. The discrep-

ancy between the current study and McDuffie et al. could

also be related to the age range of the participants (i.e.,

children in the present study were younger than those in

McDuffie et al.). Unlike the other comparisons made be-

tween FXS and nonsyndromic ASD within the present

study, there were no between-group differences at 4 years

of age for the severity-matched subsamples (i.e., indi-

viduals with FXS ? ASD and individuals with nonsyn-

dromic ASD who were matched on overall severity of

ASD). It is important to note, however, that achieving a

severity match in the current study required the selection of

more severely affected individuals with FXS ? ASD and

less affected individuals with ASD, thereby reducing the

variability in within-group severity scores as well as the

resultant sample sizes.

In terms of nonverbal cognitive ability, no differences

were observed between males with FXS and males with

nonsyndromic ASD in severity of social affective

symptoms at the lowest bound of the nonverbal IQ distri-

bution (i.e., a standard score of 36). However, a significant

between-group difference was observed in the trajectory of

change between severity of social affective symptoms and

nonverbal IQ. In males with nonsyndromic ASD, severity

of social affective symptoms remained stable across the

range of nonverbal IQ scores. In contrast, severity of social

affective symptoms significantly decreased as nonverbal IQ

increased in males with FXS. These findings continued to

be significant when only the participants with FXS who

met research criteria for a comorbid diagnosis of ASD were

included in the analyses. When comparing the ASD

severity-matched subsamples, however, the significant be-

tween- group differences in the relation between severity of

social affective symptoms and nonverbal IQ failed to reach

significance. That being said, the effect size obtained in this

latter comparison was larger than that obtained in the

comparison including all children classified with

FXS ? ASD. Further support for this finding is observed

when examining the correlational analyses for the severity

matched groups. In particular, the correlation between

nonverbal IQ and the severity of social affective symptoms

was higher for the FXS ? ASD participants (r = -.38)

than for the severity matched participants with nonsyn-

dromic ASD (r = .05). Therefore, it appears that the same

patterns of findings are observed in both the diagnostic-

matched and severity-matched samples, and that the latter

analysis did not have enough power to reach significance

because nearly half of the participants were excluded from

these samples to achieve a satisfactory severity match.

Finally, when examining severity of social affective

symptoms as a function of expressive vocabulary, no be-

tween-group differences were detected at the lowest bound

of the expressive vocabulary distribution or in the trajec-

tory of change in severity of social affective symptoms. For

both groups of participants, therefore, severity of social

affective symptoms remained stable across the full range of

expressive vocabulary ability scores.

Taken together, these findings suggest that differences

may exist in the factors associated with the severity of

social affective symptoms of ASD in FXS and in nonsyn-

dromic ASD. The severity score from the ADOS was

specifically calibrated to reduce the influences of age and

developmental level, thereby providing a ‘‘purer’’ measure

of core symptoms of ASD. Our data indicate that this score

seems to function as intended for the children with non-

syndromic ASD, with severity of social affective symp-

tomatology relatively uninfluenced by age, nonverbal

cognitive ability, and expressive vocabulary ability. How-

ever, this does not appear to be true for children with FXS.

Specifically, cognitive impairments continue to be a sig-

nificant predictor of the severity of social affective symp-

toms of ASD in FXS, not only when considering all
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children with FXS but also when considering children

classified as having comorbid FXS ? ASD. Furthermore,

the relation between nonverbal cognitive ability and

severity of social affective symptoms appears to be stron-

ger in children with comorbid FXS ? ASD than in chil-

dren with nonsyndromic ASD even when the two groups

are matched on overall severity of ASD symptomatology.

Our findings additionally demonstrate a worsening in

the severity of social affective symptoms of ASD with age

in males with FXS, but not in nonsyndromic ASD. If

replicated, this would not be surprising given that non-

verbal IQ declines in males with FXS causing them to fall

further behind their chronological age peers over time

(Kover et al. 2013). This relationship was also observed in

the full sample of males with FXS included in the present

study (data available upon request). We propose that de-

clining IQ would likely lead to increasing difficulties in

adequately responding to the demands of social interac-

tions as a child ages, resulting in more impairments in

behaviors that constitute the Social Affective domain of the

ADOS.

Restricted and Repetitive Behaviors

When considering severity of restricted and repetitive be-

haviors, our results indicate that the intercepts in this domain

did not differ as a function of chronological age between the

groups of participants, with minimal change with chrono-

logical age for either group. Similarly, no between-group

differences were observed in the severity of symptoms of

restricted and repetitive behaviors at the lowest bound of the

nonverbal IQ distribution (IQ = 36). In addition, the

severity of restricted and repetitive behaviors decreased as

nonverbal IQ increased for both groups. Other researchers

have observed an inverse relation between nonverbal IQ and

restricted and repetitive behaviors in children with ASD

(e.g., Bishop et al. 2006). School-age children with higher

nonverbal IQs may have a greater range of interests and

activities and, therefore, may be more likely to engage in

productive rather than repetitive behaviors relative to chil-

dren with lower levels of cognitive ability (Bishop et al.

2006). Our data provide additional support for this premise

and reveal that a similar pattern is observed for males with

FXS. It is important to note, however, that previous research

suggests that the relationship between nonverbal cognition

and restricted and repetitive behaviors may vary as function

of the type of repetitive behavior being considered (e.g.,

insistence on sameness vs. restricted interests; Bishop et al.

2006; Oakes et al. 2014). In the current study, we considered

domain level scores and did not consider the impact of in-

dividual categories of repetitive behaviors.

When we compared the relation between severity of

symptoms of restricted and repetitive behaviors and

expressive vocabulary, differences were observed between

the participants with FXS and the participants with non-

syndromic ASD. Although no differences were observed at

the lowest bound of the distribution for expressive vo-

cabulary (a standard score of 20), between-group differ-

ences in the slopes of the trajectories of symptom severity

did emerge. For participants with FXS, severity of re-

stricted and repetitive behaviors decreased as expressive

vocabulary standard scores increased. In contrast, the

severity of restricted and repetitive behaviors symptoms

was stable across the full range of expressive vocabulary

standard scores for participants with ASD. This finding was

replicated not only when analyses were restricted to indi-

viduals classified as having comorbid FXS ? ASD but also

in comparisons of severity-matched children. Once again,

it would appear that calibration of a metric that reduces the

influence of developmental factors was successful for in-

dividuals with nonsyndromic ASD but not those with

FXS ? ASD.

Across all of the analyses of the present study, symp-

toms of ASD appeared to be relatively stable and did not

tend to covary with other domains of development in in-

dividuals with nonsyndromic ASD. In the standardization

sample for ADOS severity scores (Hus et al. 2014), verbal

ability accounted for\10 % of the variance in calibrated

severity scores for the Social Affective domain and verbal

and nonverbal ability accounted for\5 % of the variance

in calibrated severity scores for the Restricted and Repe-

titive Behaviors domain (Hus et al. 2014). Therefore, our

findings of limited associations between domain severity

scores and developmental correlates provides additional

evidence that Hus et al. (2014) were successful in limiting

the influence of developmental characteristics for par-

ticipants with ASD. Recent cross-sectional research ex-

amining the developmental trajectories of ASD

symptomatology in two large cohorts of preschool and

school-age children with nonsyndromic ASD has addi-

tionally revealed that approximately 80 % of children

demonstrated stable severity scores across time, being

classified as having either persistently high or persistently

moderate levels of impairment (Gotham et al. 2012; Ven-

ker et al. 2014). Results of the current study, while ex-

amining a much smaller sample, also suggest that ASD

symptoms may not change significantly as age increases

for children with nonsyndromic ASD.

In contrast, our findings revealed that severity of social

affective symptoms and restricted and repetitive behaviors

covaried with other domains of functioning in males with

FXS, indicating that the calibration of severity scores for

children with nonsyndromic ASD was not generalizable to

this more homogeneous group of children with a single

identified genetic etiology. Interestingly, as discussed by

Venker et al. (2014), existing research examining the
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developmental trajectories of overall ASD severity scores

for children with nonsyndromic ASD suggests that these

trajectories are less stable across time in children present-

ing with mild to moderate levels of ASD severity and more

stable in children presenting with moderate to high levels

of ASD severity. Results from the present study are

relatively consistent with this interpretation. Males with

FXS in the current study demonstrated significantly lower

(i.e., less impaired) social affective severity scores than did

males with nonsyndromic ASD, even when only par-

ticipants with FXS who met research standards for a co-

morbid diagnosis of ASD were included in the sample. Our

findings also indicated that males with FXS demonstrated

significantly lower restricted and repetitive behavior

severity scores than did males with nonsyndromic ASD,

even when only the participants with comorbid

FXS ?ASD were included in the analysis. In contrast to

social affective symptom severity, the severity of restricted

and repetitive behaviors did not appear to change with

chronological age in either participant group; however the

between-group difference in symptom severity was smaller

for the Restricted and Repetitive Behavior domain than for

the Social Affective domain. Although preliminary, our

data suggest the presence of between-group differences in

the influence of nonverbal cognitive ability on severity of

social affective symptoms and in the influence of expres-

sive vocabulary ability on severity of restricted and repe-

titive behaviors even when children are matched on overall

severity of ASD symptomatology.

Within the field, there is ongoing debate regarding how

similar males with FXS and males with nonsyndromic

ASD actually are at the level of individual behaviors and

what these symptoms of ASD mean in FXS (e.g., Hall et al.

2010; Budimirovic and Kaufmann 2011). Collectively,

there is growing evidence that although similarities do

exist, there are important differences between these two

conditions in the behavioral manifestations of ASD

symptomatology and their behavioral correlates (e.g.,

McDuffie et al. 2014; Wolff et al. 2012).

Although we have focused on differences between FXS

and nonsyndromic ASD, it is important to acknowledge

that there are also many commonalities even at the level of

individual symptoms (Abbeduto et al. 2014). This is to be

expected given that symptoms associated with ASD are

distributed as a continuum across the population and sim-

ply rise to a threshold of atypicality in individuals who then

meet the cut-offs established for ASD diagnosis. Addi-

tionally, common biological substrates are known to exist

across the two disorders. For example, levels of FMRP, a

protein product which controls the translation of ap-

proximately 30 % of the genes implicated ASD (Iossifov

et al. 2012), have been observed to be lower in the brains of

individuals with nonsyndromic ASD as compared to

controls (Fatemi and Folsom 2011). Thus, there are po-

tential commonalities between FXS and nonsyndromic

ASD even at the molecular level.

Limitations and Future Directions

The findings of the current study suggest that understand-

ing predictors and trajectories of development has the po-

tential to make especially relevant contributions to our

theoretical and clinical understanding of the phenotypes of

both FXS and nonsyndromic ASD. However, this line of

research is still in its infancy. To begin, it is vital that

prospective longitudinal data be collected to confirm be-

tween-group differences in the developmental trajectories

of ASD symptomatology observed using cross sectional

approaches. The present project examined a small number

of predictors likely to influence or moderate the presence of

ASD symptomatology. There certainly are other important

characteristics (e.g., child and environmental) that may

also differentially contribute to the emergence of ASD

symptomatology across time. An additional limitation of

the present study is that research staff was not blind to

participant diagnostic group membership. Although blind-

ing of these experienced testers would be difficult to

achieve given these tester’s familiarity with the physical

and behavioral features of FXS and/or the behavioral fea-

tures of ASD, a study in which clinicians who administered

the ADOS and ADI-R were blind to diagnosis or in which

clinical expertise was used to confirm ASD status would

provide valuable information to support our understanding

of ASD in FXS. In such a study, information could be

gathered regarding clinical disagreements with the goal of

revealing important insights into clinically meaningful

differences between the two disorders.

The current study, as well as much of the evidence di-

rectly comparing children with FXS to those with non-

syndromic ASD, has utilized the ADOS and ADI-R, two

measures designed to identify individuals with nonsyn-

dromic ASD with high specificity. Although we acknowl-

edge that these measures are considered to be the ‘gold

standard’ tools for use in ASD diagnostic evaluations, they

are but one piece of a larger picture. From a clinical

standpoint there are a number of additional differences that

become apparent when comparing children with FXS and

children with nonsyndromic ASD. What is less apparent is

what these differences mean and if they change how we

interpret the behaviors that appear to be similar across the

two conditions.

In the field of neurodevelopmental disorders, it is not

bothersome to acknowledge that important differences can

exist across syndromes despite the fact that they are all

characterized by the presence of intellectual disability. It

may be that ASD symptomatology should be considered
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similarly. From this perspective, an ASD diagnosis in FXS

would merely provide an indication that problems exist in

the core features of ASD that negatively impacts children’s

day to day functioning. Furthermore, this acknowledge-

ment that both individuals with FXS and individuals with

nonsyndromic ASD can share a diagnosis of ASD would

not negate the possibility of condition-specific phenotypic

differences in the individual behaviors that are summed to

create this overall diagnosis, much as differences in cog-

nitive profiles are observed in intellectual disability con-

ditions (e.g., FXS and Down syndrome). Thus, in order to

answer the questions of what needs to be done to improve

children’s functioning and whether there are phenotypic

differences in the profiles of behaviors relating to an ASD

diagnosis, broader measures that allow for a more thorough

characterization of social affective skills and repetitive

behavior symptoms will need to be utilized.

Alternatively, it may be the case that the behaviors

displayed by children with FXS that are captured by ‘‘gold

standard’’ measures are actually better explained by an-

other comorbid condition. This determination becomes

particularly problematic in the case of FXS due to the in-

creased risk for numerous co-occurring conditions (e.g.,

intellectual disability, attentional difficulties, anxiety) that

one would expect to impact the behaviors we are observing

when we consider an ASD diagnosis. Thus, disentangling

this complicated clinical presentation would require studies

elucidating the roles of each of these factors in the devel-

opment of the FXS behavioral phenotype. Although this

could also be said for nonsyndromic ASD, there is evi-

dence to suggest the severity of these co-occurring non-

ASD features is more severe in FXS than they are in

nonsyndromic ASD (Thurman et al. 2014).

Conclusion

The current study suggests differences in at least three

child characteristics that may moderate the expression of

the severity of ASD symptoms in school-aged boys with

FXS relative to those with nonsyndromic ASD. These be-

tween-group differences suggest that there are between-

syndrome differences in developmental pathways to and/or

from these symptoms. The picture that emerges thus far not

only informs our understanding of the FXS phenotype, but

also provides important insights into ASD more generally.

More specifically, this line of investigation suggests that

the use of diagnostic categories potentially masks mean-

ingful differences that could be revealed if a continuous

metric of ASD symptomology were utilized or when in-

dividual behavioral symptoms were considered. Indeed,

this is particularly apparent when a wide variety of be-

havioral features must be summarized using a metric that

results in a categorical-ordinal classification, as is the case

for the ADOS and the ADI-R. In addition, it is important to

remember that commonalities in observable behaviors re-

flect, in essence, the developmental outcomes of a complex

interplay of genetic, developmental, and environmental

factors. We, therefore, cannot assume that the paths by

which these behavioral symptoms have emerged are the

same in any two children. This is particularly apparent in

the present study as FXS likely represents a more

straightforward correspondence between genes and be-

havior than does a multifactorial disorder like nonsyn-

dromic ASD. Finally, it is our contention that a focus on

elucidating differences in symptomatology and in identi-

fying the developmental mechanisms underlying these

behavioral symptoms has the potential to make especially

important contributions to both theory and clinical practice.

Psychopharmacological and behavioral interventions that

target the underlying or core symptoms of a given disorder

are currently under development. The efficacy of newly

developed intervention approaches will depend on the

goodness of fit between the components of the intervention

and the neurocognitive mechanisms that a given interven-

tion is designed to ameliorate. Moving our knowledge base

forward, both in FXS and in nonsyndromic ASD, will

likely require a focus on understanding how individual

behaviors and/or constellations of behaviors change across

time and on identifying the underlying factors that influ-

ence developmental changes in these behaviors.
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