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Abstract

The present study extends our previous work on characterizing the autistic behavior profile of boys
with fragile X syndrome (FXS) who meet Diagnostic and Statistical Manual for Mental Disorders,
4t Edition criteria for autism spectrum disorder (ASD) into a longitudinal evaluation of ASD in FXS
(FXS+ASD). Specifically, we aimed to determine the stability of the diagnosis and profile of ASD
in FXS over time. Through regression models, we also evaluated which autistic and social behaviors
and skills were correlates of diagnosis and autistic behavior severity (i.e., Autism Diagnostic
Interview-Revised total scores). Finally, we assessed the evolution of cognitive parameters in FXS
+ASD. A population of 56 boys (30—-88 months at baseline) with FXS was evaluated using measures
of autistic, social, and cognitive behaviors and skills at three yearly evaluations. We found that the
diagnosis of ASD in FXS was relatively stable over time. Further emphasizing this stability, we found
aset of behaviors and skills, particularly those related to peer relationships and adaptive socialization,
that differentiated FXS+ASD from the rest of the FXS cohort (FXS+None) and contributed to autistic
severity at all time points. Nevertheless, the general improvement in autistic behavior observed in
FXS+ASD coupled with the concurrent worsening in FXS+None resulted in less differentiation
between the groups over time. Surprisingly, FXS+ASD IQ scores were stable while FXS+None non-
verbal 1Q scores declined. Our findings indicate that ASD is a distinctive subphenotype in FXS
characterized by deficits in complex social interaction, with similarities to ASD in the general
population.
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INTRODUCTION

Fragile X syndrome (FXS) is the most common cause of inherited mental retardation [Cohen
et al., 2005], affecting approximately 1:4,000 males and 1:6,000 females [Sherman, 2002].
FXS is associated with an unstable expansion of a CGG trinucleotide repeat within the 5’-
untranslated region of the FMR1 gene, located in the X chromosome [Kaufmann and Reiss,
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1999]. According to the number of CGG repeats [Maddalena et al., 2001], alleles are classified
as normal (5-40 repeats), intermediate or gray zone (~45-54 repeats), premutation (~55-200
repeats), or full mutation (>200 repeats), the latter corresponding to the clinical diagnosis of
FXS [Hagerman et al., in press]. A mixed pattern of full mutation and premutation alleles is
termed size mosaicism [Rousseau et al. 1994; Kaufmann et al, 1999], and it is also included
under the FXS label. Full mutation leads to hypermethylation of the FMR1 gene which, in turn,
results in the silencing of the gene, expressed phenotypically in males by cognitive impairment
and behavioral abnormalities [Hagerman et al., in press]. Premutation alleles are associated
with milder cognitive impairment than full mutation alleles [Hagerman et al., 1994; Merenstein
et al., 1996; Kaufmann and Reiss, 1999; Kaufmann et al., 1999], and better adaptive skills
development [Cohen at al., 1996]. FXS affects both males and females; however, males, with
only one X chromosome, are typically more severely impaired.

Autism (Aut) is one of the most severe behavioral abnormalities observed in FXS [Hagerman
etal., 1986; Baumgardner et al., 1995; Cohen, 1995; Bailey et al., 1998; Kaufmann and Reiss,
1999; Bailey et al., 2001; Hagerman, 2002; Kau et al., 2004; Kaufmann et al., 2004; Hatton et
al., 2006; Clifford et al., 2007; Hall et al., 2008], with prevalence rates ranging from 15-47%
[Hagermanetal., 1986; Bregman et al., 1987; Dykens and VVolkmar, 1997; Feinstein and Reiss,
1998; Bailey et al., 1998; Bailey et al., 2001; Rogers et al., 2001] and from 25-52% in males
in more recent studies [Kaufmann et al., 2004; Philofsky et al., 2004; Hatton et al., 2006;
Clifford et al., 2007; Garcia-Nonell et al., 2008; Hall et al., 2008], depending on the criteria
and methods used for diagnosis. Importantly, up to 90% of males with FXS display some form
of atypical behavior characteristic of Aut. This includes atypical social interaction (e.qg.,
avoidant eye contact, social withdrawal, social anxiety) as well as repetitive or stereotyped
behaviors (e.g., perseveration, hand flapping, self-injury) [Merenstein et al., 1996; Bailey et
al., 1998; Hatton et al., 1999; Hagerman, 2002; Kau et al., 2004; Kaufmann et al., 2004;
Budimirovic et al., 2006; Hall et al., 2008]. Since Rogers et al. [2001] described the distinctive
profile of very young boys with FXS and Aut (FXS+Aut) and its striking global similarities to
that of boys with idiopathic Aut, specifically in terms of performance on the Autism Diagnostic
Interview-Revised (ADI-R) [Lord et al., 1994] and the Autism Diagnostic Observation
Schedule-Generic (ADOS-G) [Lord et al., 1999], several cross-sectional studies have
concentrated on the differentiation and characterization of the FXS+Aut subphenotype. In
addition to confirming the general resemblance between FXS+Aut and idiopathic Aut [Kau et
al., 2004], we also demonstrated that the diagnosis of autism spectrum disorder [ASD,
including both the Aut and the milder Pervasive Developmental Disorder-Not Otherwise
Specified (PDD) diagnoses] in boys with FXS reflects an impairment in complex social
interaction rather than in the nonverbal social behaviors typically described in FXS (e.g., eye
gaze avoidance). We also found that boys with both FXS and ASD (FXS+ASD) display overall
greater impairment in cognition and adaptive behavior and more severe aberrant behavior than
FXS boys without ASD (FXS+None) [Kau et al., 2004; Kaufmann et al., 2004] and that, in
line with this, delayed socialization skills and severity of social withdrawal are primary
determinants of ASD status [Kaufmann et al., 2004; Budimirovic et al., 2006].

Few studies have examined the longitudinal evolution of Aut in FXS. Bailey and colleagues
[Bailey et al., 1998; Hatton et al., 1999; Bailey et al., 2000; Bailey et al., 2001; Hatton et al.,
2003; Hatton et al., 2006] have significantly contributed to our current understanding of autistic
behavior in FXS. Hatton et al. [2006] examined Childhood Autism Rating Scale (CARS) scores
[Schopler et al., 1988] in children with FXS over time. They found that the CARS-based
classification of Aut (e.g., not autistic, autistic) was stable and that CARS total scores increased
(i.e., worsened) slowly, but significantly, over time. However, strong conclusions could not
be drawn because CARS only classifies individuals into categories of autistic behavior severity,
not diagnostic categories in line with the Diagnostic and Statistical Manual of Mental
Disorders, 41 Edition (DSM-1V) [American Psychiatric Association, 1994] criteria. Moreover,
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the study did not report changes over time separately for the autistic and not autistic subgroups.
Sabaratnam et al. [2003] reported on a 10-year follow-up study assessing the autistic-like
behavior profile in older males with FXS (mean age at baseline 35.8 + 18.8 years). They found
that autistic-like behavior, as measured by the Brief Disability Assessment Schedule (B-DAS)
[Holmes et al., 1982] and the Handicaps, Behaviour and Skills Schedule (HBS) [Wing,
1980], were stable over time in FXS [Sabaratnam et al. 2003]. This finding must be taken with
caution, as well, since the B-DAS and HBS are not primary measures of autistic behavior and
none of the subjects met DSM, 3" Edition Revised [American Psychiatric Association,
1987] criteria for autism at any evaluation. Further, the age range was considerably wide, from
6-76 years.

The present investigation is a continuation of our previous work on characterizing the autistic
and general social behavior profiles in boys with FXS+ASD [Kau et al., 2004; Kaufmann et
al., 2004; Budimirovic et al., 2006] and intends to analyze the phenomenon of ASD in FXS
over time. Based on our hypotheses that FXS+ASD is a distinctive subphenotype of FXS and
that the core elements of ASD in FXS will be present over time, our first goal was to determine
the longitudinal changes in the diagnosis and severity of ASD in FXS, as determined by DSM-
IV and ADI-R criteria. Our second goal was to examine whether the deficits in complex social
interaction we described [Kaufmann et al., 2004], as well as the social behavior determinants
of ASD diagnosis [Budimirovic et al., 2006], were stable over time. To our knowledge, this is
the first study to evaluate diagnosis and features of ASD in FXS in DSM-IV-classified subjects
over time. In a cohort of FXS boys, between 30-88 months at baseline, assessed yearly over
a three-year period, we attempted to answer the following specific questions:

1. Is the diagnosis and severity of ASD in FXS stable over time?

2. Istheautistic behavior profile of ASD in FXS consistent over time and what behaviors
are correlates of severity and diagnosis?

3. What is the relationship between social skills and other abnormal social behaviors
and autistic behavior and diagnosis over time?

4. Whatisthe longitudinal progression of cognitive parameters, namely 1Q and language
skills, in boys with FXS+ASD?

MATERIALS AND METHODS

Subjects

The present study includes a total of 56 boys with FXS (mean age at baseline 56.6 + 13.7
months, mean full-scale 1Q at baseline 55.9 + 17.0) both with (FXS+ASD) and without (FXS
+None) ASD, recruited as part of a longitudinal study of autistic and social behaviors and
cognitive skills in young males with FXS at the Kennedy Krieger Institute (Baltimore, MD).
Diagnosis of FXS was determined by standard Southern blotting techniques [Rousseau et al.,
1991], complemented by clinical examination. 14 (25%) of the subjects evaluated at baseline
(T1) exhibited allele size mosaicism for the FMR1 mutation (combination of full mutation and
premutation) and 1 subject (~2%) was mosaic for methylation (mixture of completely and
partially methylated full mutation alleles) [Maddalena et al., 2001]. The remaining 41 subjects
(~73%) had typical full mutation. The distribution of the mutations was relatively equal across
diagnostic groups, which were based upon DSM-IV criteria and confirmed by the ADI-R.
Eighteen (~44%) of the 41 full mutation subjects and six (40%) of the 15 mosaic subjects, or
approximately 43% of the entire cohort, met criteria for ASD diagnosis at T1. Due to the
approximate equal distribution of the two patterns of FMR1 mutation across the FXS+None
and FXS+ASD groups, it was not necessary to divide the cohort according to mutation type.
The ASD category encompassed 10 subjects (~18%) diagnosed with the milder PDD and 14
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subjects (25%) diagnosed with Aut. Based upon the developmental and cognitive profiles, no
subject met DSM-IV criteria for the diagnosis of Asperger syndrome. The ethnic composition
of the sample at T1 was predominantly white (~95%), with approximately 3% Hispanic and
2% Black. The majority of the families were middle class and ~35% were of low socioeconomic
class. A substantial proportion of the mothers of the FXS subjects had premutation; however,
mean parental (primarily maternal) 1Q scores at T1 were within the normal range (105.77 +
15.1). Of the 56 subjects recruited at T1, 44 (~79%) returned for a one-year follow up (T2),
and 34 (~61%) returned for a two-year follow up (T3). One subject returned at T3 but not at
T2. The average number of assessments per subject was 2.4. A summary of the distribution
and characteristics of the subjects in this study is shown in Table I. This study was approved
by the Johns Hopkins Medical Institutions’ Institutional Review Board and written informed
consent was obtained from all parents or legal guardians of the subjects after the procedures
were fully explained.

Instrumentation

Autistic Behavior—The diagnosis of ASD was established by DSM-IV criteria [American
Psychiatric Association, 1994] and confirmed by the ADI-R [Lord et al., 1994], which was
administered at each time point to assess autistic features in our FXS cohort. The ADI-R is a
highly standardized semi-structured interview conducted with the child’s caregiver in order to
obtain detailed descriptions of behavioral symptoms associated with the criteria required for a
DSM-IV diagnosis of ASD. The ADI-R relies on descriptions of behaviors that demonstrate
developmental deviance rather than developmental delay, and higher scores indicate greater
impairment. This assessment provides a total score as well as separate scores in three distinct
areas, or domains: Reciprocal Social Interaction (Recs), Communication (Comm), and
Repetitive Behaviors and Stereotyped Patterns (Reps). Each domain has a threshold score, with
that number and any number higher signifying meeting criteria for the DSM-IV diagnosis of
Aut in that domain: the Recs threshold is 11, the Comm threshold is 9 for “verbal” subjects or
8 for “non-verbal” subjects, and the Reps threshold is 3. There is no threshold for total score;
rather, a diagnosis of Aut is given, according to DSM-IV and ADI-R criteria, if the participant
meets the cut-off score for each of the three domains and the developmental deviance occurred
before 3 years of age. A diagnosis of PDD is given if the participant meets the cut-off criteria
for Recs (i.e., the core domain) and one of the other two domains. In order to fully appreciate
the range of abnormal behaviors, as reported [Kaufmann et al., 2004], scores of 3 (indicating
the highest level of abnormal behavior) on individual ADI-R items were not converted to scores
of 2, as ADI-R scoring protocol suggests for diagnostic purposes. This approach, however, did
not affect the diagnosis for any of the subjects at any time point, yet provided the widest
spectrum of scores for analytical purposes. The ADI-R was administered to the participant’s
caregiver by two trained interviewers, who were blind to group membership. At each
assessment, “current” functioning was evaluated rather than “most abnormal” or “ever”
behavior. Reliability of total scores across items for the three domains was established between
the psychologist trainer and the two interviewers. Reliability intraclass correlation coefficients
ranged between 0.88 and 0.94.

The ADOS-G was also administered to a proportion (~39%) of our FXS cohort at T1, but the
ASD diagnoses and autistic behavior profiles yielded by this assessment were not consistent
with the DSM-IV/ADI-R diagnoses (the latter in complete agreement). As reported in autism
of unknown cause [Tomanik et al., 2007], when there is a discrepancy between ADI-R and
ADOS-G diagnoses, the Vineland Adaptive Behavior Scales is a valid tool for settling this
disagreement. An analysis comparing adaptive behavior in True ASD (i.e., DSM-1VV/ADI-R
and ADOS-G diagnoses agree) and False ASD (i.e., DSM-V/ADI-R yields a negative ASD
diagnosis while ADOS-G yields a positive diagnosis) showed that, as expected, the True ASD
group (n=12) had significantly lower Socialization and Composite mean scores than the False
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ASD group (n=9), further supporting the “true” and “false” nature of the diagnoses. The high
false positivity rate of the ADOS-G is further illustrated by the fact that, at T1, the ADOS-G
diagnosed 21 (~95%) out of the 22 subjects who were administered the measure with ASD.
For all these reasons, we feel we were justified in excluding data from the ADOS-G in our
analyses. Nonetheless, we considered it important to mention our ADOS-G testing to illustrate
the comprehensive nature of the autistic behavior assessments used in this study. In future
studies, we will attempt to identify the factors that determined the high false positivity rate of
the ADOS-G.

Cognitive function—The Stanford Binet, 41" Edition (SB-1V) [Thorndike et al., 1986] or
the Bayley Scales of Infant Development, 2"d Edition, Mental Scales (BSID-11) [Bayley,
1993] were administered at each time point to assess the cognitive abilities of the subjects. The
SB-1V was used for all subjects who were able to establish a true basal [i.e., 3 consecutive
correct items; 34 subjects (~61%) at T1, 32 subjects (~73%) at T2, and 28 subjects (~85%) at
T3]. The remaining subjects, 22 (~39%) at T1, 12 (~27%) at T2, and 5 (~15%) at T3, were
evaluated by the BSID-II in order to obtain the Mental Developmental Index (MDI). If the
child’s chronological age was greater than 42 months, a BSID-I1-estimated 1Q was calculated
by dividing the mental age-equivalent by the chronological age and multiplying the ratio by
100 (i.e., DQ). These scores, including the test composite scores from the SB-1V, the MDI,
and the BSID-I1-estimated 1Q, all of which represent levels of overall cognitive abilities, were
labeled as “full-scale 1Q” (FSIQ) for data analysis purposes. Non-verbal (NVIQ) and verbal
(VIQ) 1Q scores were also calculated according to Sattler [1988].

Adaptive behavior—Adaptive behavior was assessed using the Vineland Adaptive
Behavior Scales, Survey Form, Interview Edition (VABS) [Sparrow et al., 1984]. The VABS,
a semi-structured interview with the parent, provides a general assessment of developmentally
adaptive behavior in a variety of areas, and is appropriate for infancy through 18-year-old age
groups. The VABS yields standard and age-equivalent scores on global function (i.e., Adaptive
Behavior Composite) and on four individual domains: Communication skills, Daily Living
skills, Socialization skills, and Motor skills. Lower scores indicate greater impairment.
Standard scores were used for our analyses.

Language skills—Language skills were assessed using the Preschool Language Scale, 3™
Edition (PLS-3) [Zimmerman et al., 1992] or the Clinical Evaluation of Language
Fundamentals, 3" Edition (CELF-3) [Semel et al., 1995]. The PLS-3 is a standardized measure
used to evaluate the semantics and language structure of children from birth through age 6.
Like many children with FXS, a majority of our sample demonstrated limited verbalization.
Therefore, since the PLS-3 is designed primarily for pre-verbal children and both the Auditory
Comprehension and Expressive Communication subscales require limited verbalization, the
assessment was well suited for our sample. The Auditory Comprehension and Expressive
Communication subscales yield both raw and standardized scores.

The CELF-3 is a similar measure of language skills that can be applied to older populations,
aged 6 to 21 years, and includes Receptive Language and Expressive Language subscales. For
data analysis purposes, the Receptive Language subscale of the CELF-3 and the Auditory
Comprehension subscale of the PLS-3 were labeled as “receptive language”, while the
Expressive subscales of the two language assessments were grouped into one “expressive
language” label. Children who were above age 6 were administered the CELF-3, while children
up to 6 years of age were administered the PLS-3. A few subjects above 6 years of age, 2 (~4%)
atT1, 2 (~5%) at T2, and 13 (~38%) at T3, were too low functioning to score on the CELF-3
and were instead administered the PLS-3; however, these subjects were too old for the
conversion of subscale raw scores to standardized scores, and, because standardized scores
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were used in our analysis of language skills, were excluded from our analyses of language
skills.

Problem/aberrant behavior—Problem/aberrant behaviors were assessed using the Child
Behavior Checklist (CBCL) [Achenbach, 1991, 1992] and the Aberrant Behavior Checklist-
Community (ABC-C) [Aman and Singh, 1986]. The CBCL is a widely used parent/teacher
report for assessing behavioral and emotional problems in children. Either the 2—3 years version
[Achenbach, 1992] or the 4-18 years version [Achenbach, 1991] was used. There are six
subscales in the 2—3 years version and eight subscales in the 4-18 years version. These
subscales are primarily grouped into Internalizing or Externalizing domains. Separate Sleep
and Somatic problems subscales and Social, Thought, and Attention problems subscales are
also part of the 2—3 years and 4-18 years versions, respectively. T scores are generated for each
individual syndrome subscale and for both the Internalizing and Externalizing behavior domain
composites. A total T score, combining all subscales, is also calculated. This study focused
primarily on CBCL measures related to the previously described social behavior determinants
of FXS+ASD, a series of parameters of adaptive and problem/aberrant behavior linked to
autistic features in FXS [Kau et al., 2004; Kaufmann et al., 2004], which are mainly included
in the Withdrawn (CBCLw) subscale [Budimirovic et al., 2006].

The ABC-C is another parent report measure, which assesses the prevalence of inappropriate
and maladaptive behaviors in individuals between 3 and 18 years with developmental
disabilities. It is composed of five subscales: Irritability, Lethargy/Social Withdrawal
(ABCsw), Stereotypic Behaviors, Hyperactivity, and Inappropriate Speech. Like the CBCL,
higher ABC-C scores indicate greater impairment. The ABC-C only yields raw scores for each
subscale. As for the CBCL, we focused on ABC measures previously found to be related to
FXS+ASD, specifically those in the ABCsw subscale [Budimirovic et al., 2006].

Study Design and Data Analysis

Based on their T1 DSM-IV/ADI-R diagnoses, for analytical purposes, subjects were divided
into two groups (e.g., FXS+ASD vs. FXS+None). The rationale for an ASD versus None
comparison includes the conceptualization of PDD as a milder form of Aut, which we have
previously demonstrated [Kaufmann et al., 2004], particularly when defined as a condition
with core impairment in social interaction, and the need for a larger statistical sample with a
wider range of impairments for our regression analyses. Furthermore, ASD has become an
umbrella term accepted in the field that encompasses the diagnoses of Aut and PDD. Subjects
were also divided into three groups (e.g., FXS+Aut vs. FXS+PDD vs. FXS+None) only for
analyzing diagnostic trends over time. The latter were investigated by contingency tables
employing the McNemar Test and Chi-Squared Test for Trend [Maxwell, 1961] for the FXS
+None/FXS+ASD analysis and by the Stuart-Maxwell Test for the FXS+None/FXS+PDD/
FXS+Aut analysis. These tests mainly evaluated whether there were significant differences in
diagnostic stability between the diagnostic groups.

Since the behavioral profile of FXS+ASD not only refers to a particular pattern of autistic
behaviors (e.g., ADI-R profile) but also to a specific set of delays or impairments in
communication and socialization skills, we examined the evolution of other cognitive and
behavioral parameters, such as the VABS, CBCL, and ABC-C. Moreover, in addition to
providing a more complete picture of ASD in FXS, these parameters contribute a DSM-
independent behavioral framework for understanding the meaning of ASD in FXS. Several
statistical approaches were used for data analysis, as reported in our previous studies on the
subject [Kau etal., 2004; Kaufmann et al., 2004; Budimirovic et al., 2006]. Differences between
the FXS+ASD and FXS+None cohorts on most measures of autistic behavior, skills, and
aberrant behaviors were determined by non-parametric tests because of the relatively small
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sample size and lack of significant age differences between the FXS+ASD and FXS+None
groups requiring an analysis of covariance (ANCOVA)-like approach. Relationships between
ADI-R total scores (i.e., autistic behavior severity), as well as diagnostic categories (i.e., ASD
classification), and measures of autistic behaviors, aberrant behaviors, and skills were
investigated through various linear regression models, including multivariate, stepwise, and
logistic regressions. Changes over time in the abovementioned assessments within the FXS
+ASD and FXS+None groups were analyzed using repeated measures analyses of variance
(ANOVA) and confirmed with longitudinal regression models, using generalized estimating
equations (GEE) models to predict the longitudinal courses of our FXS+ASD and FXS+None
subcohorts as reported [Kraut et al., 2004]. GEE allowed us to assess the mean response at
each time point as if the outcome measures were handled as cross-sectional data, but also
allowed us to estimate more accurate standard errors and confidence intervals around these
means that take into account the correlations of measured responses within subject. For all the
regression analyses, F values > 3.96-4.00 corresponding to P values < 0.05 were considered
significant. Corrections for multiple comparisons, by the Bonferroni method, were conducted
where appropriate.

Prevalence and Stability of ASD Diagnosis in FXS

Contingency table analyses were performed to determine diagnostic stability over time. The
prevalence of ASD was approximately equal at T1 and T2 and lowest at T3 (Table I). The
McNemar Test revealed no significant shift in diagnoses between any time point,
demonstrating that the stability of the FXS+ASD and FXS+None diagnoses were not
significantly different from one another and that the diagnoses changed at relatively similar
rates over time. Quantitatively, we found that more subjects remained within the diagnostic
category of ASD from T1 to T2 than from T2 to T3 or T1 to T3 (~82% vs. 60% and ~57%,
respectively). Despite the drop in agreement in the latter two time points, we found that the
Chi-Squared Test for Trend [Maxwell, 1961] was not significant. Across all time points, there
was an average agreement in ASD diagnosis of ~68% (Table I1).

Three-group diagnoses (i.e., FXS+None, FXS+PDD, and FXS+Aut) analyses were used to
quantify the stability of the specific ASD diagnoses and to determine whether improvement or
worsening within the ASD was gradual (e.g., change from FXS+PDD to FXS+None) or swift
(e.g., change from FXS+Aut to FXS+None). We observed about equal prevalence of Aut at
each time point (Table ). As expected, the diagnosis of PDD was found to be unstable, with
average agreement across time points of only ~21%. The diagnosis of Aut demonstrated
relative stability, with average agreement over time of ~59%. Despite these quantitative
differences in stability between FXS+Aut and FXS+PDD, there were not significant
differences in their stability between any time point according to the Stuart-Maxwell Test.
Although some improvement was observed within the FXS+Aut group, ~78% of subjects
remained within the autism spectrum across time points (i.e., either retained the Aut diagnosis
or improved only slightly to PDD) (Table 1), emphasizing the stability of ASD within the FXS
population.

Profiles of Autistic Behavior Over Time in FXS

We previously defined a distinctive profile of deficits in autistic behaviors, as measured by the
ADI-R, in boys with FXS and ASD. This pattern mainly involved behaviors within the Recs
domain of the ADI-R, which represented deficits in complex social interactions [Kaufmann et
al., 2004]. In order to assess the stability of this profile of autistic behavior in FXS, we first

determined which behaviors were significantly more impaired in FXS+ASD subjects than in
FXS+None subjects at each time point and were thus able to distinguish the FXS+ASD group
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from the rest of the FXS cohort. Through various regression models (logistic, stepwise, and
standard multivariate), we then determined which behaviors were correlated to ASD diagnosis/
status (i.e., classification) and/or ADI-R scores (i.e., severity) at each time point. In our 2004
cross-sectional study [Kaufmann et al., 2004], the foundation on which the current longitudinal
study is based, we presented stepwise regression models which demonstrated that the Recs
domain was the most significant ADI-R determinant of autistic behavior severity. In the present
study, we performed similar analyses at each time point to assess if this trend continued over
time, and also to serve as a means of comparison to the 2004 publication (T1 of the current
study). These regressions are presented in Table I11. In addition, parallel standard multivariate
regressions yielded the same results as the stepwise regressions. Since Recs is the core domain
of the ADI-R, and its impairment is necessary for the diagnosis of ASD, we expected Recs to
continue to be the most important factor in the distinction of ASD within FXS. We found that
the FXS+ASD group averaged significantly higher scores (i.e., greater impairment) than the
FXS+None group on all ADI-R domains at both T1 and T2; however, Recs was the only domain
that continued to be significantly higher in the FXS+ASD group at T3 and was thus the only
domain to differentiate FXS+ASD at all time points. Further, Recs was the most significant
correlate of both ASD diagnosis and autistic behavior severity at each time point (Table I11).
Within the Recs domain, significant impairments in subdomains Recs-2 and Recs-4,
representing Failure to develop peer relationships and Lack of socioemotional reciprocity,
respectively, which reproduced our initially reported pattern [Kaufmann et al., 2004], were
maintained in FXS+ASD subjects over time, but only Recs-2 consistently influenced Recs and
ADI-R total scores at all three time points (Table I11). Recs-2 also predicted ASD diagnosis
significantly at T1 and T2 and at trend level at T3.

Since impairments in both the Comm and the Reps domains are not necessarily required for
ASD diagnosis, we expected scores on these domains to differentiate the FXS+ASD group to
a lesser extent than Recs. Again, although FXS+ASD subjects showed significantly greater
impairment than FXS+None subjects in all ADI-R domains at T1 and T2, the groups did not
have significantly different mean scores on Comm or Reps at T3. The Comm domain, however,
was a significant correlate of autistic behavior severity at all time points (Table 1) but only
predicted ASD classification at T3. Although Comm did not differentiate the groups at T3,
mean scores on the non-verbal communication (CommNV) domain, comprised of subdomains
Comm-1 and Comm-4, representing Lack of, or delay in, spoken language and failure to
compensate through gesture and Lack of varied spontaneous make-believe or social imitative
play, respectively, were trend-level higher in the FXS+ASD group at T3 and significantly
higher at both T1 and T2 when compared to mean scores of the FXS+None group. Within
CommNV, FXS+ASD subjects showed significantly greater deficits in Comm-1 at T1 and T2
but not at T3, while significant impairments were maintained in Comm-4 at all time points. At
T1and T2, Comm-1 had more influence than Comm-4 on both Comm and ADI-R total scores
as well as ASD diagnosis, but at T3 Comm-4 became the major correlate of both ADI-R scores
(Table I11) and ASD diagnosis. Verbal communication (CommV), comprised of subdomains
Comm-2 and Comm-3, was excluded from our analyses since this domain and its subdomains
were only applicable to a relatively small subset of “verbal” FXS subjects.

Reps did not contribute to severity of autistic behavior at any time point (Table I11), but did
predict ASD status at T1 and T2. Of the subdomains, Reps-3 and Reps-4, representing
Stereotyped and repetitive motor mannerisms and Preoccupations with parts of objects,
respectively, were significantly more impaired in FXS+ASD subjects than in FXS+None
subjects at both T1 and T2, but none of the four subdomains could differentiate the two groups
at T3. Reps-1, representing Preoccupation or circumscribed pattern of interest, contributed to
Reps scores at all time points but only influenced ADI-R total scores at T2. Reps-4, on the
other hand, contributed to ADI-R total scores at all time points but only influenced Reps scores
at T2 (Table I11). No Reps subdomain consistently predicted ASD diagnosis.
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Altogether, we found the autistic behavior profiles in FXS to be almost identical at T1 and T2,
but different at T3, with less distinction of the FXS+ASD group from the rest of the FXS cohort.
In order to ascertain what underlies this difference and how the autistic behavior profile changes
over time, repeated measures ANOVAs were performed on measures of the ADI-R and then
confirmed by longitudinal regression models (GEE). We found a clear difference in the nature
of the change of autistic behavior over time between the groups, by which FXS+ASD subjects
generally improved (i.e., decreased scores) while FXS+None subjects generally worsened (i.e.,
increased scores). Within the FXS+ASD subcohort, all domains improved, particularly
CommNYV and Recs, which showed significant and trend level improvement, respectively. At
the subdomain level, Recs-4 and Comm-1 improved significantly over time. Within the FXS
+None subcohort, all domains worsened, particularly Recs, which showed significant
worsening. Recs-2 was the only subdomain to significantly worsen over time. Neither the FXS
+ASD subjects nor the FXS+None subjects showed any significant changes over time in Reps
or any of its subdomains. Figure 1 depicts the changes in Recs over time.

Social Behavior Profile Over Time in FXS Boys with ASD

We have characterized a specific group of communication and social behavior impairments
that are closely associated with autistic behavior proper in FXS boys. This profile in FXS+ASD
includes several measures of skills and problem/aberrant behavior, such as the VABS, ABC-
C, and CBCL, and reflects a core deficit in socialization skills, as opposed to a primary
impairment in communication skills [Kau et al., 2004; Kaufmann et al., 2004], associated with
social withdrawal [Budimirovic et al., 2006]. In the current study, we found that although
adaptive socialization (VABSsoc) mean scores were significantly lower (i.e., more impaired)
in the FXS+ASD subcohort than in the FXS+None subcohort at T1 and T2, there was no
significant difference in scores between the groups at T3. In contrast, mean scores on adaptive
communication (VABScom) remained significantly more impaired in FXS+ASD subjects at
all time points. Despite finding the ABC-C Lethargy/Social Withdrawal (ABCsw) subscale to
be more informative of ASD status than the CBCL Withdrawn (CBCLw) subscale
[Budimirovic et al., 2006], our results showed that CBCLw was the only other measure that
was able to differentiate the FXS+ASD group from the rest of the cohort at all time points. The
FXS+ASD group had significantly greater impairment (i.e., higher scores) on ABCsw and the
ABC-C Stereotypic Behaviors (ABCstereo) subscale than the FXS+None group at T1 and T2,
but not at T3.

In parallel to our longitudinal findings on the autistic behavior profile mentioned above, the
social behavior profile in our FXS cohort was nearly identical at T1 and T2 but again differed
at T3, with much less distinction between groups. Analyses were performed to determine the
longitudinal progression of these social behavior determinants of FXS+ASD; we found that
the FXS+ASD group remained relatively stable over time, showing significant worsening in
only one parameter, VABScom, which showed markedly declining scores (p<0.0001). In
contrast, FXS+None subjects worsened over time, demonstrating significant score declines in
VABScom and particularly in VABSsoc. This group also showed worsening (i.e., increase) in
ABCsw scores.

In our 2004 cross-sectional investigation [Kaufmann et al., 2004], from which the current
longitudinal investigation extends, we used an integrated stepwise regression model
incorporating social behaviors and skills, specifically measures of communication (receptive
language, expressive language and VABScom) and socialization (VABSsoc), and showed that
VABSsoc was the most significant correlate of autistic behavior severity and of ASD diagnosis.
We also identified, among aberrant behaviors, that social withdrawal behaviors were the most
informative of ASD diagnosis. When compared with the other four ABC-C subscales and other
CBCL subscales with high scores, ABCsw and CBCLw, respectively, were the only significant
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correlates of ASD diagnosis, and ABCsw was found to be the stronger correlate of the two.
However, when ABCsw was paired with VABSsoc, VABSsoc was shown to be the more
important predictor of ASD status [Budimirovic et al., 2006]. In the present study, similar
stepwise regression models were repeated at all time points to evaluate if socialization skills
continued to be more influential than both communication skills and social withdrawal, again
as a means of comparison to our previous publication (T1 of the present study). These
regression models are presented in Table IV. Parallel standard multivariate regressions were
also performed, and, as was the case in the regression analysis of the ADI-R, yielded the same
results as the stepwise regressions. We found that, indeed, VABSsoc remained the most
important correlate of ADI-R total scores at all time points. VABSsoc also predicted ASD
diagnosis at T1 and T2; however, it had no influence at T3. No other measures influenced ADI-
R total scores or ASD diagnosis at more than one time point.

Evolution of Cognitive Skills in Boys with FXS+ASD

Analyses were also performed in order to explore the evolution of cognitive parameters in FXS
+ASD, namely 1Q and language skills. To be certain the BSID-11-based IQ estimates were not
skewing our results, a separate analysis was performed including only subjects who were
administered the SB-1V. The findings were strikingly similar to the combined SB-1V/BSID-II
analysis, particularly in terms of the longitudinal progression of 1Q, and so we report the results
from the combined SB-1V/BSID-II cohort. As expected, FXS+ASD subjects had significantly
lower (i.e., more impaired) full-scale 1Q (FSIQ) than FXS+None subjects at T1 and T2.
However, while the FXS+None group showed a markedly significant decline (p<0.0001) in
FSIQ scores over time, the FXS+ASD group was surprisingly stable, which led to a lack of
significant difference in FSIQ between the two groups at T3. Upon further analysis, we found
that this drop in FSIQ within the FXS+None cohort was due to worsening in non-verbal 1Q
(NVI1Q) scores, which markedly declined (p<0.0001) over time. Similar to FSIQ, NVIQ in the
FXS+ASD group was stable, and FXS+ASD subjects had significantly greater deficitsin NVIQ
than FXS+None subjects at T1 and T2 but notat T3 (Fig 2). Verbal 1Q (V1Q) also differentiated
between groups at T1 and T2 but not at T3; however, no significant changes over time were
observed in either group. Although both FSIQ and NVIQ standard scores decreased over time
in the FXS+None group, raw scores either remained stable or increased slightly. Similarly, raw
scores for VABScom and VABSsoc did not decrease in the FXS+None group. This suggests
FXS+None subjects are not losing skills, but rather developing at a much slower rate than
normal children. Consistent with the pattern seen in the autistic and social behavior profiles,
the 1Q profiles at T1 and T2 were nearly identical but different from T3, at which point there
were no significant differences in any measure of 1Q.

In regards to language skills, we found receptive language distinguished the FXS+ASD group
from the rest of the FXS cohort at all time points, with significantly lower mean scores (i.e.,
greater impairment) in the FXS+ASD subcohort. Over time, receptive language worsened
significantly and similarly within both groups, and therefore the significant deficit in the FXS
+ASD group was maintained. There was no significant difference in expressive language
between the groups at T1, but because the FXS+ASD group’s scores declined significantly
and the FXS+None group showed slight (non-significant) improvement over time, expressive
language was able to differentiate the groups at T2 and T3, with significantly greater
impairment in the FXS+ASD group. Again, the decline in standard scores did not represent a
loss of skills, as the raw scores either remained stable or increased slightly over time, but rather
slow development. An interesting note is that expressive language was always more impaired
than receptive language within the FXS+None cohort, which is a characteristic of FXS that
has been reported by other studies [Philofsky et al., 2004; Lewis et al., 2006] and our results
now suggest to be a stable pattern over time.
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DISCUSSION

The present study builds upon the findings of our previous investigations that characterized
the autistic and related social behavior profiles of boys with FXS who meet DSM-IV criteria
for ASD [Kau et al., 2004; Kaufmann et al., 2004; Budimirovic et al., 2006], by extending into
a longitudinal evaluation of ASD in FXS. Our results demonstrated that ASD, and in particular
Adt, is a stable diagnosis, with approximately 70% diagnostic agreement over time. FXS+ASD
also seems to be a distinct FXS subphenotype, since, for the most part, the same profile of
autistic behaviors and other abnormalities in social behaviors contributed to either
differentiation between the FXS+ASD and FXS+None groups or autistic behavior severity
over the three-year period: relatively greater impairment in complex social interactions,
predominantly peer relationships; deficits in socially-relevant communication, mainly make-
believe or social imitative play; severity of social withdrawal; and delays in adaptive
communication and receptive language skills. In addition, in terms of skills, delay in adaptive
socialization was the most consistent correlate of autistic behavior severity. Despite this overall
stability, autistic behavior scores decreased in FXS+ASD boys across time points, which, in
conjunction with the worsening of autistic behaviors and social withdrawal in FXS+None boys,
led to less differentiation between the two subcohorts at the last time point (T3) than at baseline
(T1) and the midpoint of assessment (T2). Scores on several cognitive parameters changed
over time within the FXS+None group but were mainly stable in FXS+ASD, contributing to
less group distinction at T3. Prominent among these parameters were adaptive socialization
and non-verbal 1Q. Although some social behaviors improved in the FXS+ASD group (e.g.,
socioemotional reciprocity), acquisition of communication skills did not progress at a steady
rate, leading to a decrease in receptive and expressive language skills over time. Consequently,
the last two parameters differentiated FXS+ASD from FXS+None at T3. The finding that the
two groups, FXS+ASD and FXS+None, have clearly different developmental trajectories
further supports the conclusion of FXS+ASD as a unique entity in FXS.

At present, FXS is one of the main genetic causes of ASD [Muhle et al., 2004; Schaefer et al.,
2008]. The controversy about the meaning of meeting DSM-IV criteria for an individual with
a well-delineated genetic disorder, such as FXS, will probably remain well beyond the time
when current diagnostic guidelines are replaced in 2012 [Kaufmann et al., 2008]. Therefore,
in-depth characterizations of FXS+ASD are needed in order to develop adequate diagnostic
and therapeutic strategies for this substantial subset of mainly male FXS subjects [Hagerman
et al., in press]. Stability of a diagnostic label is an important criterion for its validity. In
longitudinal studies of idiopathic Aut utilizing the ADI-R, among other measures, stability of
Aut diagnosis over time was reported to be between 67-80% [Charman et al., 2005; Moss et
al., 2008; Kleinman et al., 2008]. However, no studies, to our knowledge, have examined
whether the DSM-1V classification of ASD is a stable diagnosis in the FXS population. Our
data indicate that, in FXS boys aged approximately 3-8 years, the diagnosis of ASD is relatively
stable. Approximately 80% of boys with FXS+Aut remained within the ASD spectrum, with
about 60% maintaining the Aut diagnosis. This contrasts with the approximate 20% diagnostic
agreement over time for PDD. Between T1 and T3, 30% of boys with FXS+Aut improved out
of the ASD category while the proportion in boys with FXS+PDD was 75%. On the other hand,
20% of boys with FXS+None worsened into the ASD category. These figures reflect the
relative improvement in autistic behavior over time in FXS+ASD and the opposite in FXS
+None, which led to a slight decrease in the overall proportion of FXS+ASD subjects during
the three-year observation period (43% at T1 vs. 35% at T3). The marked stability of the Aut
diagnostic label in this study further supports its consideration as a distinctive entity within the
FXS phenotype. Conversely, the instability of the PDD diagnosis probably represents the
influence of communication and other deficits in young children that can mimic mild autistic
impairment. To some extent, the situation in FXS is not substantially different from that in the
general population, in which young children receive the PDD diagnosis early but are found to
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be out of the spectrum later in life [Turner and Stone, 2007; Kleinman et al., 2008]. Considering
the trend towards improvement in a variety of abnormal behaviors but stagnation in the
acquisition of language skills in our FXS+ASD group, a longer follow up is needed in order
to fully appreciate the significance of ASD diagnosis in males with FXS.

One of the main outcomes of our previous research on ASD in FXS was the demonstration of
a distinctive profile of autistic behavior in FXS+ASD [Kaufmann et al., 2004], as well as the
identification of other social behaviors, both social skills and aberrant behaviors, that are major
correlates of ASD in FXS [Kau et al., 2004; Budimirovic et al., 2006]. The present investigation
demonstrated that the profile of relatively more prominent deficits in peer relationships and
socioemotional reciprocity in FXS+ASD [Kaufmann et al., 2004] is indeed a core feature, since
it was found to be the main correlate of autistic behavior severity and a distinguishing factor
for ASD status at all time points. Only impairment in socioemotional reciprocity was not a
determinant of ADI-R total scores or of ASD status at the last observation, because of a relative
improvement in scores of FXS+ASD boys in this area. Contrary to some assumptions about
the FXS neurobehavioral phenotype [Baumgartner et al., 1995; Hagerman, 2002], basic
nonverbal social behaviors (e.g., eye gaze avoidance) and stereotypic and repetitive behaviors
do not have major influence on diagnosis or severity of autistic behavior. Other than social
interaction, only deficits in communication, as measured by the ADI-R, contributed to autistic
severity over time. Examination of skills confirmed that only adaptive socialization, and not
communication skills, consistently influenced severity of autistic behavior at all time points,
and ASD status, as we reported earlier [Kaufmann et al., 2004; Budimirovic et al., 2006], at
the first two time points but not at T3. Social withdrawal was a parameter that distinguished
FXS+ASD from FXS+None over time, but not a determinant of ASD status per se. Similarly,
adaptive communication and receptive language skills longitudinally differentiated the FXS
+ASD group but were not determinants of ASD status.

These data support the conclusions of two of our previous studies [Kaufmann et al., 2004;
Budimirovic et al., 2006], that FXS+ASD is characterized by a primary impairment in
socialization skills and deficits in communication skills are a secondary component, as well as
that severe social withdrawal is an important but not obligatory attribute. Data on adaptive
socialization in idiopathic ASD and in FXS highlight the importance of this parameter in
understanding and diagnosing FXS+ASD [Kraijer, 2000; Fisch et al., 2002; Fenton et al.,
2003; Hatton et al., 2003; Budimirovic et al., 2006]. While our current findings on the
longitudinal ADI-R profiles are consistent with studies of autistic behavior in idiopathic ASD,
which report significant improvement in scores in ADI-R’s Recs and Comm domains and less
drastic, or lack of, change in ADI-R’s Reps domain [Piven et al., 1996; Fecteau et al., 2003;
Seltzer et al., 2003; Charman et al., 2005; Shattuck et al., 2007; Moss et al., 2008], to our
knowledge, no other study on ADI-R profiles in FXS equivalent to the present one has been
published to date. Therefore, the significance of our findings in FXS for ASD of other causes
is still unknown. Nevertheless, our longitudinal data in conjunction with the few cross-sectional
studies of FXS+ASD [Rogers et al., 2001; Kau et al., 2004], examining a variety of cognitive
and behavioral parameters, support the notion of FXS+ASD as a distinctive subphenotype in
FXS that shares many features with idiopathic ASD.

A secondary set of findings in this study involved the evolution of cognitive parameters in boys
with FXS. Fisch and colleagues [2002] demonstrated that in children with FXS+None or
idiopathic Aut, declines in 1Q scores were observed during the younger years in both groups,
but as children aged, the idiopathic Aut group attained a plateau while the FXS+None group
continued to decline. Importantly, however, the authors point out the decline in scores was not
representative of loss of skills, but rather of slow development. This is in line with our current
findings of marked declines in FSIQ standard scores over time, particularly in NVIQ, in our
FXS+None subcohort, reflective of delayed development as raw scores either improved
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slightly or remained stable. In contrast, the FXS+ASD group remained cognitively stable. This
unexpected profile contributed to the diminished cognitive and behavioral distinction between
the FXS+ASD and FXS+None groups at T3. The findings in the FXS+ASD group are in limited
agreement with the literature on idiopathic ASD, which indicates that the initial relative greater
delay in VIQ (vs. NVIQ) tends to disappear by adolescence [Werner et al., 2005]. In our FXS
+ASD sample, both VIQ and NVIQ tended to remain stable and, if anything, verbal skills
appeared to be more impaired in late childhood. Since the mean ages in our cohort were about
5-7 years from T1 to T3, perhaps declines in 1Q within the FXS+ASD subcohort occurred
prior to enrollment in our study and at a younger age than in FXS boys without ASD, who may
reach a plateau at an age outside the present study’s range. Wright-Talamante and colleagues
[1996] also studied longitudinal changes in 1Q in FXS children. After comparing FXS boys
with full methylation with those with either allele size or methylation mosaic patterns, they
concluded that mosaic subjects, with a higher mean 1Q, may be at greater risk for decline since
their initial cognitive abilities were higher than the full mutation subjects. These findings are
in correspondence with our findings of 1Q score decline in our higher functioning FXS+None
subcohort. However, in the Wright-Talamante et al. study the mean baseline age of the full
mutation group was well above the mean baseline age of our cohort, while the mean baseline
age of the mosaic subjects was in the middle of our cohort’s age range. Therefore, further
longitudinal studies of younger and older populations with different behavioral profiles will
be needed to better understand 1Q changes in FXS over time.

Similar to Philofsky et al. [2004], we found receptive language was a relative strength in our
FXS+None subcohort, showing higher scores than in expressive language at all time points.
Receptive and expressive language scores were almost identical in our FXS+ASD subcohort
at each time point, strengthening the already established thought that early deficits in receptive
language are an early warning sign for ASD [Philofsky et al., 2004], although language skills
did not influence autistic behavior severity or ASD status.

The present study is, to our knowledge, the first attempt at evaluating ASD in FXS over time
using DSM-IV criteria. A recent investigation [Hatton et al., 2006] of autistic behavior in FXS
applying the Childhood Autism Rating Scale (CARS) found a slight, but significant, increase
in CARS scores over time. However, this report did not differentiate autistic and non-autistic
groups; therefore, the results may be concordant with the increase in ADI-R scores in our FXS
+None group. No other investigation has addressed the ASD phenomenon in FXS children
from a longitudinal perspective. In spite of the strength of our analytical approach and the use
of DSM-1V criteria, we recognize our study presented several limitations. Our sample size and
diagnostic composition of the ASD cohort (i.e., low N for PDD and Aut by T3) were limiting
factors. The use of two different measures of cognitive function, and the incorporation of an
1Q-like DQ ratio for a subset of subjects, as well as two measures of language skills, were other
limitations inherent to the study of young children with lower cognitive function. A direct
measure of non-verbal communication should also be incorporated in future studies, since
many children in this population are non-verbal and deficits in communication were shown to
have some influence on autistic behavior severity and ASD classification. Based on our results,
interventions targeting the behaviors and skills found to remain impaired or delayed over time
in the FXS+ASD subcohort, such as peer relationships and adaptive socialization, could be a
more effective strategy in the treatment of children with FXS and ASD. Further, our data show
there is general improvement in autistic behavior in FXS+ASD subjects over time and perhaps
with intervention this improvement could be further enhanced. Similarly, early intervention in
skills that worsened over time in FXS+None subjects, such as NVIQ and behaviors related to
peer relationships, may prove useful to help prevent this decline. The strength of our data
indicates FXS+ASD is clearly a distinctive and significant entity, with implications for ASD
in general, which warrants further research efforts using behavioral and other approaches (e.g.,
neuroimaging). Of concern is the wide range of prevalence rates of Aut in FXS due to several
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different methods and measures employed by the various research groups, which can be
misleading. We stress the caution that must be exercised when using the ADOS-G for primary
or confirmatory diagnosis of ASD in children with FXS due to its susceptibility for false
positives. The high prevalence of social anxiety in the FXS population [Budimirovic et al.,
2006; Sullivan et al., 2007; Hagerman et al., in press] may be a contributing factor to these
false positives; however, this issue has not been formally studied. Therefore, we suggest a
standard method for diagnosing ASD in FXS that adheres to DSM-IV criteria using both the
ADI-R and the ADOS-G, and, if necessary, the utilization of the VABS to settle diagnostic
disagreements between the two assessments, as reported [Tomanik etal., 2007]. Although ADI-
R items were included in our analyses, due to the length and complexity of this paper, we chose
to exclude these results. However, examination of impairment in specific behaviors (e.g.,
“play” behaviors) in FXS+ASD and their contributions to ASD status is an important aspect
that should be investigated further.
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