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Abstract

No studies to date have prospectively examined early autism spectrum disorder (ASD) markers in
infants with fragile X syndrome (FXS), who are at elevated risk for ASD. This paper describes the
developmental profiles of eight infants with FXS from 9 to 24 months of age. Four meet
diagnostic criteria for ASD at 24 months of age, and four do not. Trends in these case studies
suggest that early social-communicative deficits differentiate infants with and without later ASD
diagnoses in ways that are similar to later-born siblings of children with ASD. Repetitive
behaviors and cognitive and adaptive impairments are present in all FXS infants throughout
development, suggesting that these deficits reflect the general FXS phenotype and not ASD in
FXS specifically.
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social-
communicative deficits and repetitive and stereotyped behaviors (DSM-5; American
Psychiatric Association, 2013). The prevalence of ASD is quite high, with 1 in 68 children
diagnosed (CDC, 2014). Given evidence of the impact of early intervention to optimize
outcomes, efforts have increasingly focused on identification of ASD markers in the first
two years of life, in order to confer eligibility for services and also to target treatment on
specific developmental impairments (Jones, Gliga, Bedford, Charman, & Johnson, 2014).
One approach to identifying early markers of ASD is through the study of infants at elevated
genetic risk for ASD, including infants who have an older sibling with ASD and infants with
a genetic syndrome associated with ASD such as fragile X syndrome (FXS). Prospectively
studying these infants enables researchers to elucidate the timing and nature of the earliest
symptoms of ASD as well as other markers of genetic liability to ASD. The majority of this
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research has focused on infants with an older sibling diagnosed with ASD, with only a
handful of studies on other high-risk groups.

ASD Symptoms in High-Risk Infants with Non-Syndromic ASD

Later-born siblings of children with ASD are at 20 times higher risk to be diagnosed with
ASD themselves (Ozonoff et al., 2011). To date, few reliable behavioral indicators of ASD
have been consistently documented in infant siblings younger than 12 months, with most
work reporting typical development for the first 6 months and subtle behavioral differences
manifesting by the first birthday (for review, see Jones et al., 2014; Zwaigenbaum, Bryson,
& Garon, 2013). Potential markers identified in the first 12 months include a decline in eye
fixation, reduced social gaze, disrupted attention to social stimuli, enhanced visual search
abilities, and increased atypical vocalizations (Chawarska, Macari, & Shic, 2013; Gliga,
Bedford, Charman, Johnson, & Team, 2015; Jones et al., 2016; Jones & Klin, 2013).
Specific temperament profiles, including reduced Positive Affect, increased Negative Affect,
and difficulty regulating attention, have also been reported (Clifford et al., 2013; Filliter et
al., 2015; Zwaigenbaum et al., 2005).

The predictive validity of distinguishable markers of ASD increases between 12 and 24
months of age, with atypical eye gaze, reduced response to joint attention, lack of response
to name, and aberrant visual attention emerging as primary social-communicative indicators
(Bedford et al., 2012; Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008;
Gammer et al., 2015; Sacrey, Bryson, & Zwaigenbaum, 2013). Elevated rates of repetitive
play behaviors and motor movements also emerge as distinguishing features during the
second year of life (Christensen et al., 2010; Damiano, Nahmias, Hogan-Brown, & Stone,
2013). Additionally, an early temperament profile marked by high Negative Affect, low
Positive Affect, and poor Effortful Control has been noted to distinguish those who meet
criteria for ASD (Brian et al., 2008; Bryson et al., 2007; Clifford et al., 2013; Filliter et al.,
2015; Garon et al., 2016).

Not surprisingly, there is significant heterogeneity in the developmental trajectories of
behavioral markers of ASD in the first two years of life. Evidence suggests that increased
severity of ASD at 24 months of age is associated with earlier emergence of atypical
development (Estes et al., 2015). Specifically, poor motor abilities and reduced visual
reception skills at 6 months of age and impairments in cognitive and adaptive function at 12
months distinguished a subgroup of high-risk infant siblings diagnosed with ASD with
severe impairments at 24 months. On the other hand, those diagnosed with ASD with mild
to moderate severity at 24 months did not demonstrate delays at 6 or 12 months of age.

In sum, prospective studies of high-risk infant siblings have provided invaluable insight into
how ASD symptoms emerge and develop in the first years of life. However, this work has
been almost completely restricted to studies of infant siblings of children with ASD, with an
absence of etiologically distinct groups such as those at elevated risk of ASD due to a known
genetic disorder. Given that identifiable genetic disorders account for 10% of children with
ASD (Cohen, Pichard, & Tordjman, 2005), inclusion of genetic disorder cohorts will be
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useful to parse out the heterogeneity of ASD as well as to identify the generalizability of
ASD markers.

ASD Symptoms in Infants with Fragile X Syndrome

Fragile X syndrome (FXS) is the leading known genetic cause of ASD, accounting for 2—6%
of ASD cases (Cohen et al., 2005). Furthermore, up to 75% of children with FXS meet
diagnostic criteria for ASD (Budimirovic et al., 2006; Harris et al., 2008; Kaufmann et al.,
2004; Rogers, Wehner, & Hagerman, 2001). Fragile X syndrome is a monogenic disorder
caused by a cytosine-guanine-guanine (CGG) repeat expansion on the Fragile X Mental
Retardation-1 (FMRI) gene on the X chromosome. The disorder occurs in approximately 1
in 3,600 males and 1 in 2,700 females and is the most common inherited cause of
intellectual disability (Coffee et al., 2009; Fernandez-Carvajal et al., 2009; Kidd et al.,
2014). The co-occurrence of ASD in FXS is associated with debilitating effects, so efforts to
understand the nature of ASD in FXS are of critical importance (Bailey, Hatton, Skinner, &
Mesibov, 2001; Kaufmann et al., 2004; Rogers et al., 2001).

The diagnosis of ASD in FXS is complex and controversial, with some evidence that ASD is
qualitatively and mechanistically similar across FXS and idiopathic ASD (iASD; ASD
without an identified cause) (Yu & Berry-Kravis, 2014). On the other hand, data also
indicate unique behavioral and neurobiological mechanisms, suggesting that ASD features
in FXS are distinct from those in iASD and represent part of the FXS phenotype and not a
separate disorder (Budimirovic et al., 2006; Hall, Lightbody, Hirt, Rezvani, & Reiss, 2010;
Thurman, McDuffie, Kover, Hagerman, & Abbeduto, 2015). Thus, consensus has not been
reached on the nature of ASD in FXS as it is not yet clear whether overlapping features in
iASD and FXS represent true shared phenotypes or are simply features that look similar but
stem from divergent underlying etiology. Cross-syndrome studies of early ASD markers can
provide much-needed insight into the heterogeneity of ASD and can contribute to refinement
of the FXS phenotype.

To date, only a handful of studies have focused on infants with FXS, and most have targeted
features not specific to ASD. Results indicate that developmental scores in male infants with
FXS aged 6 to 28 months were dissociated from those of typically developing and high-risk
infant siblings of children with ASD as early as 6 months of age, with a trajectory of
decreasing standard scores that was not observed in either comparison group (Roberts,
MccCary, Shinkareva, & Bailey, 2016). Greater impairments in the Visual Reception and Fine
Motor domains on the Mullen Scales of Early Learning (MSEL; Mullen, 1995) were
particularly salient in discriminating infants with FXS from high-risk siblings.
Approximately 68% of the infants with FXS were accurately discriminated from the high-
risk siblings based on Mullen profiles indicating the presence of both shared and distinct
features across these groups of infants.

Temperament and regulation profiles have also been studied in infants with FXS. Results
suggest that Negative Affect predicts anxiety, but not ASD, symptoms in infants and
preschool males with FXS (Tonnsen et al., 2013). These findings are especially interesting in
contrast to findings in studies of children with iASD, in which Negative and Positive Affect,
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as well as poor Effortful Control, are robust predictors of ASD symptomatology later in
development (Clifford et al., 2013; Filliter et al., 2015; Garon et al., 2016). Attentional
control is another potential ASD marker, and infants with FXS have been reported to display
impaired attention shifting, which was associated with elevated severity of ASD features
(Roberts et al., 2012). These attentional differences were associated with shallower heart rate
decelerations during attention, suggesting immature physiological regulation and less
efficient physiological coupling. A separate study also documented that physiological
regulation, indexed by vagal tone, was associated with ASD symptomatology in infants and
toddlers with FXS, with a non-linear relationship observed between heart rate and ASD
symptoms (Roberts, Tonnsen, Robinson, & Shinkareva, 2012).

In the only study to date aimed at identifying ASD-specific features in infants with FXS,
Roberts, Tonnsen, et al. (2016) reported that 53% of 12-month-old infants with FXS fell in
the “at risk” range on the Autism Observation Scale for Infants (AOSI; Bryson et al., 2008),
a screening measure for infants at risk for ASD, suggesting that many infants with FXS
exhibit early behavioral markers of ASD. The prevalence of infants with FXS exhibiting
ASD features was higher than age-matched high-risk infant siblings of children with ASD
and low-risk typical controls, of whom 17% and 6% were identified as “at risk” respectively.
The AOSI scores at 12 months were moderately related to scores on the Autism Diagnostic
Observation Schedule (ADOS-2; Lord, Rutter, et al., 2012) at 24 months (r=.43) in those
with FXS. Increased sensory behaviors and insistence on sameness, as well as decreased
babbling, eye contact, and social referencing differentiated infants with FXS from high-risk
infant siblings. However, atypicalities in motor behavior and motor control were the most
striking behaviors exhibited by the FXS group, with more than 80% of infants with FXS
exhibiting elevated rates of these atypical behaviors contrasted to less than 20% of high-risk
infant siblings. Thus, early motor atypicalities may be salient behavioral markers of ASD in
infants with FXS or may be distinctive features of the phenotype of FXS more generally.

In sum, though small in number, group design studies have begun to identify the early
markers associated with ASD in FXS across a variety of domains. However, additional work
is required before the nature and trajectory of ASD in FXS is better understood. Increased
precision in the identification of ASD markers in FXS has important implications for
addressing the phenotypic heterogeneity of ASD and its presentation in distinct ASD
subtypes. Furthermore, because ASD is associated with poorer outcomes in FXS (Bailey et
al., 2001; Kaufmann et al., 2004; Rogers et al., 2001), an understanding of early ASD
markers in FXS could facilitate early identification of children. This early identification
would, in turn, enable early intervention for ASD symptoms in infants with FXS, providing
valuable opportunities to optimize outcomes and improve quality of life in children with
FXS and their families.

The objective of this paper is to identify behaviors that might predict later ASD diagnoses in
infants with FXS. Here, we present detailed case reviews of eight children with FXS in their
first two years of life, focusing primarily on the early emergence of ASD symptoms and
other related domains, such as language, cognitive and adaptive abilities, and temperament.
Thus, this paper complements existing group design studies by offering detailed and
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nuanced descriptions of emergent behavior across multiple domains on an individual person-
centered level as modeled in a parallel case study report for iIASD (Bryson et al., 2007).

Methods

Participants

Cases included eight infants with a confirmed diagnosis of FXS (six males, two females)
who were participants in an ongoing longitudinal study of ASD symptoms in infants with
FXS. We included the first eight participants who were assessed from 9 months of age (or
younger) through 24 months with a clinical best estimate diagnosis at 24 months. The first
three males and first female diagnosed with ASD (FXS-ASD) and the first three males and
first female not diagnosed with ASD (FXS-O) were included. Participants were recruited
through collaboration with ongoing studies on FXS as well as notices posted on FXS
listservs and the [BLINDED] Research Registry (https://[BLINDED]). The presence of FXS
was confirmed through the review of previous genetics reports provided by the parents of the
participants. All study procedures were approved by the [BLINDED] Institutional Review
Board and informed consent was obtained from all parents prior to the assessment of their
infants.

Measures

Developmental level—The Mullen Scales of Early Learning (MSEL; Mullen, 1995) was
administered at the 9-, 12-, and 24-month assessments for an index of general cognitive
abilities. The MSEL is for children from birth to 68 months of age, and it includes five
subscales: Gross Motor, Visual Reception, Fine Motor, Receptive Language, and Expressive
Language. An Early Learning Composite (ELC) score is derived from all subscales except
Gross Motor. Internal reliability is .75 to .83 for subscales, and .91 for the ELC (Mullen,
1995).

Adaptive behavior—The Vineland Adaptive Behavior Scales - Second Edition (VABS-II;
Sparrow, Cicchetti, & Balla, 2005) measured adaptive functioning at 9, 12, and 24 months.
The VABS-II is a semi-structured interview for individuals from birth through 90 years of
age across four domains: Communication, Daily Living Skills, Socialization, and Motor
Skills with an Adaptive Behavior Composite (ABC). Internal and test-retest reliability are .
81 to .90 for subscales, and .94 to .97 for the ABC (Sparrow, Balla, & Cicchetti, 1984).

Temperament—Temperament was assessed at 9 and 12 months of age using the Infant
Behavior Questionnaire — Revised (IBQ-R; Gartstein & Rothbart, 2003) and at 24 months of
age using the Early Childhood Behavior Questionnaire (ECBQ; Putnam, Gartstein, &
Rothbart, 2006). Both measures are well-validated parent-report questionnaires, with the
IBQ-R targeting infants aged 3 to 12 months and the ECBQ designed for infants aged 18 to
36 months. Internal reliability for the IBQ-R subscales is good (as > .70) (Parade &
Leerkes, 2008) with internal consistency for ECBQ ranging from .60 to .89 (Putnam et al.,
2006).
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Three factor scores were calculated for the IBQ-R and the ECBQ to reflect the primary
temperament domains: Surgency, Negative Affect, and Effortful Control (Putnam, Rothbart,
& Gartstein, 2008). The Surgency factor includes subscales such as Activity Level, Positive
Anticipation, High-Intensity Pleasure, and Sociability. The Negative Affect factor includes
Fear, Frustration/Distress, and Sadness. The Effortful Control factor takes into account
subscales such as Attention, Cuddliness, Soothability, and Inhibitory Control. To compare
temperament in FXS to typically-developing (TD) infants, 25 typically-developing, low-risk
controls matched in age and sex were drawn from the larger longitudinal study.

ASD symptoms in infants—At the 9- and 12-month assessments, the Autism
Observation Scale for Infants (AOSI; Bryson et al., 2008) was used to measure early ASD
symptoms and behaviors. The AOSI is a semi-structured play observation designed to
identify signs of ASD in infants between the ages of 6 and 18 months. There is a Total Score
ranging from 0-50 across 16 items and a Total Marker Score ranging from 0-16. A Total
Score of 9 or higher and a Total Marker score of 7 or higher are indicators of elevated ASD
risk (Bryson et al., 2008; Zwaigenbaum et al., 2005). The AOSI has test-retest reliability of .
61 for Total Score and .68 for Total Marker Score (Bryson et al., 2008), and strong
sensitivity (84%) and specificity (98%) for ASD at 12 months (Zwaigenbaum et al., 2005).
For the larger longitudinal study, item-level inter-rater agreement (81%) was checked for
20% of administrations.

ASD symptoms at 24 months—The Autism Diagnostic Observation Schedule-2
Toddler Module (ADOS-2; Lord, Rutter, et al., 2012) was administered at 24 months to
quantify ASD symptomatology and to assist in clinical best estimate ASD diagnoses. The
ADOS-2 is a semi-structured, standardized assessment of communication, social interaction,
play, and restricted/repetitive behaviors. The sensitivity of the ADOS-2 ranges from .83 to .
91, and the specificity ranges from .86 to .94 (Lord, Rutter, et al., 2012). For the larger
longitudinal study, inter-rater item-level agreement was evaluated for 20% of administrations
for all items (84%) and diagnostic algorithm items (82%).

Parents provided written informed consent. All available time points are presented, with
missing data due to incomplete parent forms or missed assessments resulting from
scheduling conflicts. Participants were assessed in their homes at 9 and 24 months of age
and were assessed in the laboratory at [BLINDED] at 12 months of age. The AOSI and
ADOS-2 were administered and scored by research reliable project staff consisting primarily
of doctoral students, postdoctoral fellows, and Ph.D.-level investigators. A clinical best
estimate (CBE) diagnosis of ASD, adapted from standard procedures (Lord, Petkova, Hus,
& etal.,, 2012; Lord et al., 2006), was determined based on a review of data collected at the
24-month visit. These diagnoses were determined by a multidisciplinary team that included
a licensed psychologist and licensed speech-language pathologist who were both research
reliable on the ADQOS-2. Diagnostic certainty estimates were determined for each case, and
are included in the case summaries.
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Case Summaries

Below, summaries are provided for each child at each assessment visit. Cases 1-4 represent
children diagnosed with ASD (FXS-ASD) while cases 5-8 represent children not diagnosed
with ASD (FXS-O) at the 24-month assessment. Three males and one female are included
for each group. Throughout the case descriptions, acronyms are used to identify the source
of the information provided (e.g., Mullen, AOSI). The key for this shorthand is in Table 1.
Scores for each measure at each assessment are listed in Tables 2 and 3.

Case 1: FXS-ASD Male

Nine months—Overall developmental functioning and motor skills are average (M,V);
visual tracking of objects and partial object permanence are present (M); expressive
language marked by sounds of pleasure (e.g., laughing) and vowel sounds (M); responsive to
the examiner’s voice (M). Surgency and Effortful Control are consistent with TD
comparisons but Negative Affect is slightly elevated (T). Social interaction is atypical (e.g.
limited eye contact, absence of pleasure in interaction with examiner, delayed response to
social smile; AO); motor imitation and social babbling are absent (AO); inconsistent
response to name and trouble modulating attention to stimuli (AO); atypical motor or
sensory behaviors not observed (AO).

Twelve months—Overall developmental functioning and motor are average with
expressive language somewhat low (M, V); no words or word approximations spoken
(M,V); sounds and gestures used to get attention (V); parallel play has begun to emerge, but
consistent interest in other children not clear (V). Surgency, Negative Affect, and Effortful
Control are now lower than typical controls (T). Eye contact, response to social smile, and
interest in interactions with the examiner are limited (AQ); motor imitation is present as is
reciprocal social babbling (AO); abnormal reactivity to environmental stimuli, fleeting
attention, and excessive interest in particular objects and activities (AO); atypical sensory
and motor behaviors are evident (AO).

Twenty-four months—Development is now significantly delayed across all domains (M);
combination of jargon/words and gestures is present; however, only a few single words have
developed (M); parents report use of 75 communicative signs (V); comprehension of one-
step instructions is present (M,V). Surgency is now quite low, while Negative Affect and
Effortful Control scores are closer to typical controls (T). Demonstrates interest in other
children but cooperative play is inconsistent (V); eye contact is atypical (AD);
communicative strategies not well integrated (AD); some evidence of giving and showing
(AD); sensory interests, stereotyped behaviors, hand posturing, and complex body
mannerisms are observed (AD). Clinical best estimate diagnosis of ASD with Global
Developmental Delay (Certainty Estimate: 60-80%).

Case 2: FXS-ASD Male

Nine months—Overall developmental functioning and motor in the low average range
(M,V); object permanence not mastered (M); however, visual tracking of objects present
(M); vocalizations limited to babbling, but no two-syllable strings used (M); not consistently
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responding to familiar names or words (M); some interest in same-aged peers (V); will
respond to social interaction but does not initiate (V). Surgency exceeds typical level with
elevated Negative Affect as well (T). Social interaction limited with poor eye contact (AO);
atypical motor or sensory behaviors not present (AO); motor imitation absent and
vocalizations not reciprocal in nature (AO); eye contact reduced and response to name
variable (AO, M).

Twelve months—Development significantly delayed across all domains (M); object
permanence absent (M); two-syllable sounds observed, but frequency reduced (M,V);
interested in other children with inconsistent parallel play (V). Surgency close to age
expectations, as is Negative Affect with Effortful Control slightly low (T). Eye contact
remains limited and reciprocal vocalizations not observed (AO); response to name and motor
imitation present (AO); atypical sensory and motor behaviors remain absent (AO).

Twenty-four months—Significant delays in all domains (M); follows one-step
instructions consistently, but comprehension of two-step instructions not mastered (M,V);
uses fewer than 10 words consistently (M,V). Fewer Surgency-related behaviors than
expected, but Negative Affect and Effortful Control are nearer to age expectations (T).
Cooperative play is emerging, but limited to siblings (V); eye contact reduced and poorly
modulated (AD); directed facial expressions limited to infrequent smiles; rarely integrates
communicative strategies (AD); does not show for social purposes, with giving behaviors
used primarily to request (AD); play is repetitive and immature (AD); atypical sensory
behaviors include visual peering (AD); atypical hand and finger mannerisms present (AD).
Clinical best estimate diagnosis of ASD with Global Developmental Delay (Certainty
Estimate: 60-80%).

Case 3: FXS-ASD Male

Nine months—~Pervasive and significant developmental delays evident (M); single-
syllable vocalizations present (M); responsive to parent’s voice, but will not orient to
peripheral sounds (M); does not use adaptive strategies to get others’ attention (V); tracks
objects, however, no object permanence (M); eye contact is limited (AO,V); social
responsiveness is below age expectations, no response to name and absence of social
anticipation (AQO); atypical sensory and motor behaviors are not present (AO).

Twelve months—~Pervasive and significant developmental delays evident (M); plays with
sounds, but reduplicative babbling is not observed (M,AQO); orients toward environmental
sounds (M) but response to name is inconsistent (M,AO); attempts to gain others’ attention
but not consistently (V); does not share affection with family members (V); does not reach
to others or respond to their reaches to be held (V); parallel play not developed (V).
Surgency and Negative Affect scores slightly elevated (T). Motor imitation absent (AO); eye
contact atypical (AO); inconsistent interest in the examiner observed (AO); atypical motor
behaviors and excessive interests in objects are present (AO).

Twenty-four months—Pervasive and significant developmental delays (M); vocalizations
absent (M,V,AD); does not demonstrate interest in same aged-peers but engages in some

J Autism Dev Disord. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hogan et al.

Page 9

parallel play (V). Surgency scores are quite low; yet, Negative Affect is close to age
expectations (T); modulation of eye contact is inconsistent (AD); does not integrate
communicative strategies (AD); giving and showing behaviors extremely limited (AD);
social overtures employed solely to seek comfort (AD); no functional play or motor
imitation (AD); definite sensory interests, stereotyped behaviors, hand posturing, and
complex body mannerisms (AD). Clinical best estimate diagnosis of ASD with Global
Developmental Delay (Certainty Estimate: 80-100%).

Case 4: FXS-ASD Female

Nine months—Development is in the low average range (M); partial object permanence is
observed (M), visual tracking is present (M,AO), expressive language consists of babbling
with vowel and consonant sounds, however sounds of pleasure not reported (V);
responsiveness to familiar words and own name limited (M, V). Surgency and Effortful
Control scores are slightly lower than age expectations, but Negative Affect appears normal
(T). Eye contact is sustained (AO); inconsistent social responsiveness (e.g. interest and
pleasure only in response to games with a physical component, social smile absent) (AO);
shows some affection (V); atypical sensory and motor behaviors are not observed (AO).

Twelve months—No data available.

Twenty-four months—Global and significant developmental delays are present (M); less
than seven words, and no evidence of the combination of words and gestures (M); names for
caregivers and familiar members are not used (V); does not point to request or express
interest (\V); comprehension of simple commands absent (M); cooperative play with peers
not yet developed (V). Lower Effortful Control and lower Surgency than typical controls, but
Negative Affect not different (T). Social behaviors limited and eye contact not well
modulated (AD); integration of communication is absent (AD); giving and showing
behaviors extremely limited (AD); social overtures are primarily to seek help or get comfort
(AD); functional play is limited and underdeveloped (AD); definite sensory interests (e.g.
licking, visual peering) and repetitive interests (e.g. repetitive play with objects) (AD).
Clinical best estimate diagnosis of ASD with Global Developmental Delay (Certainty
Estimate: 80-100%).

Case 5: FXS-O Male

Nine months—GIlobal developmental delays present (M); visually tracks objects, however
does not disengage attention or shift gaze between objects (M); expressive language is
average with vocalizations and reduplicative babbling present, however, babbling is
infrequent and not yet meaningful or socially reciprocal (M,V,AQ); response to social games
has emerged, but not consistent (V). Surgency slightly lower than typical controls, as is
Negative Affect, but Effortful Control is higher (T). Some evidence of initiation of social
interaction (V); eye contact is fleeting (AQO); social smile is inconsistent (AO); social
anticipatory response and motor imitation have not yet developed (AQ); no atypical sensory
or motor behaviors are observed (AO).
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Twelve months—Global and significant developmental delays remain (M); object
permanence has developed (M); reduplicative babbling is present (M); sometimes uses
vocalizations to get others’ attention (V); attends to words and names (M); interested in
peers, with early interactive play emerging (V). Surgency and Negative Affect continue to be
slightly lower than age expectations, and Effortful Control now lower as well (T). Eye
contact consistent and sustained (AQ); age appropriate social reciprocity and motor imitation
present (AO); social babbling absent with minimal vocalizations (AO); no atypical sensory
or motor behaviors present (AO).

Twenty-Four Months—Global and significant developmental delays (M); receptive and
expressive language remain delayed; single words have developed, and gesture/word
combinations (e.g. “bye-bye” + wave) are present (M, AD); understands simple verbal input
(M); one-step instructions are followed (V); one-word requests used to get needs met (V).
Surgency remains slightly below age expectations, but Negative Affect and Effortful Control
scores are similar to typical controls (T). Social skills a relative strength, and appropriate eye
contact, direction of facial expressions, and response to name (AD); some sensory and
repetitive behaviors observed (e.g. licking of objects, repetitively throwing) (AD); no
atypical hand, finger, or body movements (AD); overactivity, mild aggression, and anxiety
observed (AD). Clinical best estimate diagnosis of Global Developmental Delay (Certainty
Estimate: 60-80%).

Case 6: FXS-O Male

Nine months—Overall developmental functioning significantly delayed (M); expressive
language average with vocalizations and reduplicative babbling observed (M); receptive
language less developed, with no evidence of attention to words (M); shows interest in same-
aged peers (V); Surgency at age expectations, Negative Affect slightly below that of TD
controls, and Effortful Control is elevated relative to controls (T). Social interaction is
inconsistent with social smile absent to examiner but present with parents, as well as fleeting
social enjoyment and interest (AO,V); atypical motor behaviors (i.e. flapping) observed
(AO); however atypical sensory behaviors not noted (AO).

Twelve months—Global and significant developmental delays are present (M); attention
to words and names (including own name) is present (M); fine motor skills include a partial
pincer grasp and coordination of two hands together (M); gross motor skills within normal
limits (M). Surgency and Effortful Control near age expectations, and Negative Affect lower
than typical controls (T). Eye contact consistent and sustained (AQO); social interaction is
inconsistent with delayed social smile, and inconsistent social interest and shared affect
(AO); motor imitation present (AO); social babbling absent with minimal vocalizations
(AO); no atypical sensory behaviors (AO); exhibits atypical motor behaviors, but not
repetitive interests (AO).

Twenty Four Months—Global and significant developmental delays across all domains
(M); beginning to follow one-step directions (M,V); engages in cooperative play with peers
(\V); able to share concern for others through actions (V). Effortful Control, Negative Affect
and Surgency are similar to same-aged TD controls (T). Social skills remain a relative

J Autism Dev Disord. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hogan et al.

Page 11

strength with appropriate eye contact and direction of facial expressions (AD); response to
name limited to parent (AD); social behaviors of requesting, showing, and giving are
observed and used with integrated communication (AD); engages in repetitive behaviors
(e.g. throwing toys) (AD); no atypical sensory interests noted (AD); brief finger flicking
observed (AD); mild overactivity noted (AD). Clinical best estimate diagnosis of Global
Developmental Delay (Certainty Estimate: 80-100%).

Case 7: FXS-O Male

Nine months—Overall developmental functioning is in the low average range (M);
visually tracks objects (M); expressive language average with vocalizations and babbling
observed (M); uses sounds and gestures to get caregivers’ attention (V); receptive language
is average, evidenced by attention to words and names (M); engages in parallel play with
peers (V). Surgency is slightly lower than typical controls, and Negative Affect and Effortful
Control are slightly elevated (T). Social interaction inconsistent, with typical eye contact and
social smiling but absent social babbling and erratic social interest (AQ); atypical motor
behaviors, such as whole body rocking, observed (AO); no atypical sensory or repetitive
behaviors (AO).

Twelve months—Global and significant developmental delays across all domains (M);
vocalizations limited to single-sound babbles (M); attention to words and familiar names is
present (M); limited interest in same-aged children (V). Surgency and Negative Affect
somewhat lower than typical controls, but Effortful Control is at expected level (T). Eye
contact consistent and sustained (AO); social interest and shared affect inconsistent (AO);
age-appropriate motor imitation (AQ); social babbling absent with minimal vocalizations
(AO); no atypical sensory behaviors (AO); engages in repetitive motor behaviors (AO).

Twenty-four months—Global and significant developmental delays across all domains
except gross motor (M); uses caregivers’ names, and initiates one word requests (V); follows
one-step instructions, though inconsistently (V); social skills include appropriate eye contact
and direction of facial expressions (AD); shows interest in peers and engages in early
friendship-seeking behaviors (V); displays clear desire to please others (V). Effortful
Control, Surgency, and Negative Affect are similar to typical controls (T). Age-appropriate
social behaviors of requesting and showing (AD); repetitive behaviors (e.g., hand and finger
posturing) present (AD); no atypical sensory interests (AD). Clinical best estimate diagnosis
of Global Developmental Delay (Certainty Estimate: 80-100%).

Case 8: FXS-O Female

Nine months—Overall developmental functioning is average (M); vocalizations not yet
consistently directed (AO); receptive language is average with attention to words and names
present (M); shows understanding of the word “no” (M,V); uses sounds and gestures to get
others’ attention (V); shows interest in same-aged peers and engages in parallel play (V).
Surgency is below age expectations, as is Negative Affect, but Effortful Control scores are
similar to typical controls (T). Age-appropriate social skills noted, including eye contact,
social interest, and social anticipation (AQ); atypical sensory or motor behaviors not
observed (AO).
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Twelve months—Overall developmental functioning is average (M); expressive language
comprised of approximately five single words as well as jargon and gesture combinations
(M); names of caregivers consistently used (V); distal pointing is used (V); receptive
language marked by object identification and comprehension of simple commands (M).
Effortful Control, Surgency, and Negative Affect are similar to TD controls (T). Social skills
include typical social interest and shared affect, reciprocal social smiling, social anticipation,
and sustained eye contact (AO); no atypical sensory or motor behaviors or repetitive
interests observed (AQ).

Twenty-four months—Global development is in average range, but expressive language
skills above average with 3—-4 word sentences and at least 100 recognizable words (M,V);
able to match objects and sort by size and shape (M); follows one-step and “if-then”
instructions consistently (V); appropriate eye contact and direction of facial expressions
(AD); plays cooperatively with peers (V). Surgency and Negative Affect consistent with
typical controls, with Effortful Control slightly elevated (T); requesting and giving observed,
but showing inconsistent (AD); no sensory interests, though some subtle hand flapping
exhibited (AD). Clinical best estimate diagnosis of No Clinical Features. (Certainty
Estimate: 80-100%).

Though the primary objective of this case series paper was to qualitatively examine patterns
of development in infants with FXS who do and do not later receive a comorbid diagnosis of
ASD, statistical analyses were utilized to provide quantitative evidence of the qualitative
profiles observed. Because of the extremely small sample size (7= 4) in each outcome
group, results should be interpreted with caution and effect size estimates should be the
primary focus.

Independent samples #tests were employed to explore the visual trends observed in the
AQSI scores. Results from these analyses can be found in Table 4. To determine whether
proportions of children that exceeded the “risk” cutoff differed between the FXS-ASD and
FXS-O children, Fisher’s exact tests were run. At nine months, 100% (/7= 4) of the FXS-
ASD cases and 75% (n = 3) of the FXS-O cases exceeded the Total Score Cutoff, a
difference that is not significant, p=.50. Similarly, groups did not differ in the proportion of
children exceeding the Total Marker Cutoff, p= .21 (FXS-ASD: 100%; n = 4; FXS-O: 50%;
n=2). At 12 months of age, 100% (7= 3) of FXS-ASD cases and 25% (/7= 1) of FXS-O
cases exceeded the Total Score Cutoff, a marginal difference, p=.11. Similarly, 100% (n=
3) of FXS-ASD cases and 25% (/7= 1) of FXS-O cases exceeded the Total Marker Cutoff at
12 months, p=.11. Results from independent samples #tests comparing ADOS severity
scores between the groups at 24 months can be found in Table 4.

To compare trajectories of change in temperament factors over time, change scores were
calculated for each factor, defined as the score at 24 months minus the score at 9 months.
Independent samples #tests were employed to investigate group differences in change in
each factor. Temperament factor scores were also compared at each timepoint using
independent samples £tests. (See Table 4).
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Trajectories of change in developmental level over time were examined by quantifying
change in scores on the MSEL over time. Raw score totals were calculated by summing the
Visual Reception, Fine Motor, Receptive Language, and Expressive Language raw scores at
each timepoint. Change was defined as raw score total at 24 months minus raw score total at
9 months. Independent samples #tests were used to examine group differences in change.
Table 4 depicts these results.

To compare trajectories of change in adaptive skills over time, VABS-11 raw score totals
were calculated by summing the Communication, Daily Living, Socialization, and Motor
raw scores at each timepoint. Change was defined as raw score total at 24 months minus raw
score total at 9 months. Independent samples £tests were used to examine group differences
in change in adaptive skills. Results are outlined in Table 4.

Discussion

Fragile X syndrome is the leading known genetic cause of ASD, with up to 75% of children
meeting diagnostic criteria for ASD (Budimirovic et al., 2006; Harris et al., 2008; Rogers et
al., 2001). As such, efforts to identify the early features of ASD in FXS have great utility for
refining the infant phenotype in FXS, directing treatment efforts in FXS, and characterizing
the latent heterogeneity in ASD. The aim of this paper is to describe the emergence of ASD
in FXS using a case study approach, contrasting infants with FXS who meet diagnostic
criteria for ASD at 24 months of age to those who do not. Overall, we report that specific
features of ASD, along with accompanying developmental and temperament profiles, are
apparent within the first year of life in infants with FXS who receive a clinical best estimate
diagnosis of ASD at 24 months of age. However, many early markers of ASD risk are subtle
or absent at 9 and 12 months of age, with complex and dynamic interactions among
variables for outcomes associated with and without ASD.

ASD Symptoms and Diagnoses

Using the AOSI, a screening measure of ASD, we observed elevated rates exceeding the “at
risk” cutoff in all four infants with FXS-ASD at both 9 and 12 months of age. However, at 9
months of age, three of the four infants in the FXS-O group were also above the total score
cutoff, though only one of these infants had an elevated score at 12 months (see Figure 1).
Thus, while the majority of infants with FXS had elevated scores at 9 months of age (seven
out of eight), those who later received a diagnosis of ASD maintained elevated scores on the
AQSI through 12 months of age. Results from quantitative analyses support our qualitative
findings, in that groups differed marginally on the Total Score and significantly on the
Marker Score at 12 months, but not 9 months. This indicates that in FXS infants, the AOSI
may be more sensitive at 12 months of age than at 9 months of age, which aligns with
findings in high-risk siblings of children with ASD indicating increased specificity with age
(Gammer et al., 2015). Also, these case profiles suggest that the AOSI may have better
specificity with true positive cases than with false positive cases, which is consistent with
our group-level findings in infants with FXS [BLINDED].

In terms of the core features of ASD, deficits in social communication appear to be the most
striking and earliest emerging ASD marker in this sample. By nine months of age, infants
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with FXS-ASD have clear social-affective deficits including reduced eye contact, limited
social interest, lack of social smiling, and no social babbling. While the infants in the FXS-O
group are not exhibiting age-appropriate social behaviors, they demonstrate clear strengths
(e.g., sustained eye contact). Furthermore, their behavior is characterized more by
inconsistencies as opposed to a discrete absence of social behaviors. Thus, children with
FXS-O may be better described as having de/ayed social development, whereas children
with FXS-ASD may be described as having aberrant social development. These distinctions
are confirmed by contrasting the ADOS-2 Social Affect severity scores, with clear patterns
distinguishing the groups (Figure 2). Statistical analyses also suggest that groups differed
significantly on the Social Affect severity score (Table 4).

Early repetitive motor mannerisms, such as hand flapping and body rocking, may not be
specific to early features of ASD in FXS as these were actually present in a greater number
of the FXS-0O infants than the FXS-ASD infants. Instead, it may be later-emerging sensory
interests and repetitive play behaviors that differentiate those with ASD and those without. It
is possible that atypical motor behaviors are simply a feature of FXS itself, and not uniquely
related to ASD in this population (Thurman et al., 2015). These distinctions are confirmed
by the ADOS-2 profiles at 24 months, which illustrate that all eight children exhibited some
form of repetitive or restricted behavior (Figure 3). Alternatively, motor abnormalities in
FXS could represent complex relationships, with lower order and repetitive motor
movements (e.g., body rocking, hand flapping) present in FXS independent of ASD and
higher order motor and repetitive features representing a unique marker for ASD in FXS.
These relationships may differ qualitatively from those with idiopathic (non-FXS) ASD or
may reflect developmental factors (Oakes, Thurman, McDuffie, Bullard, Hagerman, &
Abbeduto, 2016; Wolff, Bodfish, Hazlett, Lightbody, Reiss, & Piven, 2012). This is
supported by evidence from our group that atypical motor behavior and poor motor control
(e.g., hand flapping, body rocking, finger posturing) were present in 80% of 12-month-old
infants with FXS, a rate that was elevated in contrast to just 20% of high-risk siblings of
children with ASD [BLINDED].

Developmental and Adaptive Skills

Males in both groups showed developmental and adaptive trajectories consistent with
previous FXS group reports (Roberts et al., 2016), demonstrating delays by nine months of
age that became more pronounced over time (see Figure 4). Surprisingly, adaptive skills
were quite inconsistent in the FXS-O group with varying trajectories over time (see Figure
5). The female in the FXS-O group displayed developmental and adaptive skills that were in
the average range consistently across age. This aligns with reports that a subset of females
with the full mutation have average cognitive skills, while the majority have subtle to
pronounced delays (Bailey, Sideris, Roberts, & Hatton, 2008; Hunter et al., 2014). In
contrast, and surprisingly, the FXS-ASD group demonstrated greater variability in
developmental skills, with three of the infants (two males, one female) displaying composite
scores in the average range at nine months of age, which is somewhat atypical (Roberts et
al., 2016). However, all three of these infants displayed fairly marked declines in their
developmental trajectories that emerged by 12 or 24 months of age. As was observed in the
FXS-O group, adaptive skills also showed a great deal of variability in the FXS-ASD
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children, both male and female. Results from quantitative analyses suggest that groups did
not differ on developmental or adaptive scales at any timepoint, and that no group
differences in change in scores over time emerged (Table 4).

Our findings are quite consistent with profiles reported for high-risk infant siblings of
children with ASD, which are characterized by decreasing developmental scores from 6 to
24 months of age as a marker for ASD, with those having the steepest decline of scores at
risk for the most severe ASD outcomes (Estes et al., 2015; Gammer et al., 2015). Our results
extend the work in idiopathic (non-FXS) ASD by suggesting that these trends may also exist
in a low-functioning etiologically-specific condition. However, the severity and consistency
of the developmental delays appear more appreciable in our FXS sample, as would be
expected given that intellectual disability is one of the most common outcomes in FXS,
especially in males.

Temperament

Temperament profiles suggest that subtle differences may exist between those children who
receive an ASD diagnosis, and those who do not, particularly for males. The most salient
temperament profile differences were related to Surgency, the factor that indexes social
approach behaviors, reactions to exciting activities, and physical activity. Males with FXS-
ASD tended to score higher on this factor at nine months of age with steady declines across
age and lower scores than controls and the FXS-O group by 24 months. In contrast,
Surgency scores for males without ASD and both females stay relatively stable across
development (see Table 3). Statistical analyses confirmed that groups demonstrated a
marginally different trajectory in Surgency scores over time (Table 4). A similar, but subtler,
pattern was noted for the Negative Affect factor scores. Males with FXS-ASD exhibited
decreasing scores over time, starting off slightly higher than the FXS-O males and both
females. Most FXS-O boys and both females exhibited relatively stable Negative Affect
scores across development. Interestingly, by 24 months of age, all children had similar levels
of parent-reported Negative Affect. Results from independent samples t-tests provide
support of this qualitative pattern, with the FXS-ASD demonstrating a significantly larger
decrease in Negative Affect scores from 9 to 24 months (see Table 4). Subtle differences
appear present on the Effortful Control factor with a slight shift from elevated to more
normalized scores observed for three of the males from the FXS-O group, in contrast to the
males with FXS-ASD, who showed stable scores that aligned with the typical controls, and a
consistently lower score for the female with FXS-ASD.

These initial findings from our study represent somewhat stark contrasts to temperament
profiles reported for high-risk infants of children with ASD who are later diagnosed with
ASD. Reduced Surgency at 7 and 14 months, reduced Effortful Control at 14 and 24 months,
and increased Negative Affect across the second year of life have been identified as traits
that distinguished high-risk infant siblings from typical controls (Clifford et al., 2013). Low
Behavioral Approach (Garon et al., 2009) and low Positive Affect (Zwaigenbaum et al.,
2005) have also been reported as associated with elevated risk for ASD. Thus, non-FXS
high-risk infants appear to display a temperament profile characterized by a general blunting
of reactivity and regulation with increased Negative Affect. In contrast, infants with FXS
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later diagnosed with ASD display initial elevated reactivity and approach at nine months and
decreasing Negative Affect over time, and previous work suggests that this profile may be
more closely associated with anxiety as opposed to ASD (Tonnsen et al., 2013).

Limitations and Future Directions

This is the first qualitative case series paper to examine developmental trajectories in infants
with FXS with and without later ASD diagnoses. Similar work has been published in other
high-risk cohorts, including later-born siblings of children with ASD (Bryson et al., 2006).
The present study examines early development through a unique lens and serves as an
important complement to group-design studies by providing detailed case summaries and
drawing conclusions based on qualitative patterns observed across cases. Thus, this series of
case studies provides insight that is not possible to glean from group-design studies and also
sheds light on preliminary patterns that may be examined in larger samples in future group-
design studies. However, there are some limitations inherent in the case study approach,
particularly the very small sample size, which limits the conclusions that can be drawn from
the data presented and also prohibits generalization to other infants with FXS. Additionally,
due to the scope of the longitudinal infant study which focused on the emergence of autism
features at 9, 12 and 24 months of age, it was not possible to examine long-term ASD
outcomes or diagnostic stability in this case series. In fact, little work has focused on this
important topic, and much remains to be understood regarding the early presentation and
stability of ASD in FXS. Work out of our lab has recently begun to examine the longitudinal
trajectories of ASD features and diagnoses to determine what factors contribute to the
stability, or lack thereof, from infancy into the preschool years. We hypothesize that, similar
to high-risk infant sibling findings, subgroups will emerge, with some infants showing early-
emerging and enduring ASD features, others displaying few ASD features across early
development, and yet another cohort that presents with unstable ASD feature presentation.
This work is important to refine the infant phenotype in FXS and to contribute to the debate
regarding the shared and unique ASD features and trajectories in FXS contrasted to
idiopathic non-syndromic ASD.

Summary and Implications

Utilizing a prospective case study approach to highlight individual differences across
multiple measures this study demonstrated that early indicators of ASD apppear early as a
rather ubiquitous feature in infants with FXS at 9 months of age. By 12 months of age,
however, elevated ASD features appear to remain primarily for those who are later
diagnosed with ASD. Social-communication deficits and elevated Surgency may represent
the earliest presentation of ASD features in FXS, with steep declines in developmental
scores across age as another potential marker. The early presentation of social-
communication deficits and declining developmental trajectories is consistent with other
high-risk infants who are later diagnosed with ASD (e.g. infant siblings of children with
ASD), while differences with elevated Surgency in early infancy and reductions in Surgency
and Negative Affect across age may be unique to infants with ASD associated with FXS.
Follow-up studies with larger samples to confirm these initial findings are underway.
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Findings from this study provide partial support for shared behavioral trajectories in infants
with FXS to those with idiopathic (non-syndromic) ASD. This is important as it suggests
that early markers of ASD that have been found useful for early detection in idiopathic ASD
may also apply to infants with FXS. Likewise, if the behavioral profiles of ASD are shared
across ASD associated with FXS and non-syndromic causes, then treatments reported as
beneficial in non-syndromic ASD could be recommended for ASD associated with FXS.
This is particularly important given the challenges of large scale randomized clinical trials in
infants with FXS associated with the relatively low prevelance. In fact, no behavioral
treatment studies have been published with infants and toddlers with FXS to date. One
cautionary note is that similar behavioral profiles do not necessarily reflect shared
mechanistic underpinings, so future work should include both behavioral and mechanistic
features to derive a firmer conclusion regarding etiology and treatment.
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AOSI Total Score at 9 and 12 months. Infants who received a diagnosis of ASD at 24
months (FXS-ASD) are indicated by solid lines, and infants who did not receive a diagnosis
of ASD (FXS-0) are indicated by dashed lines. Males are represented in black and females

in gray.
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ADOS-2 Social Affect Severity Scores at 24 Months. Males are represented in black and

females in gray.
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ADOS-2 Restricted and Repetitive Behaviors Severity Scores at 24 Months. Males are

represented in black and females in gray.
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Mullen ELC Composite Scores by Age in Months. Infants who received a diagnosis of ASD
at 24 months (FXS-ASD) are indicated by solid lines, and infants who did not receive a
diagnosis of ASD (FXS-0) are indicated by dashed lines. Males are represented in black and

females in gray.
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Vineland ABC Composite Scores by Age in Months. Infants who received a diagnosis of

ASD at 24 months (FXS-ASD) are indicated by solid lines, and infants who did not receive a
diagnosis of ASD (FXS-0) are indicated by dashed lines. Males are represented in black and
females in gray.
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Table 1

Shorthand Used in Case Summaries to Identify the Source of Information

Shorthand  Name of Measure

M Mullen Scales of Early Learning (MSEL)

\Y Vineland Adaptive Behavior Scales (VABS)

T Infant Behavior Questionnaire — Revised (IBQ-R) or Early Childhood Behavior Questionnaire (ECBQ)
AO Autism Observation Scale for Infants (AOSI)

AD Autism Diagnostic Observation Schedule (ADOS)
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