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Abstract

Retrospective studies indicate 2 major classes of autism spectrum disorder (ASD) onset: early and
later, after a period of relatively healthy development. This prospective, longitudinal study
examined social, language, and motor trajectories in 235 children with and without a sibling with
autism, ages 6-36 months. Children were grouped as: ASD identified by 14 months, ASD
identified after 14 months, and no ASD. Despite groups’ initial similar developmental level at 6
months, ASD groups exhibited atypical trajectories thereafter. Impairment from 14 to 24 months
was greater in the Early-ASD than the Later-ASD group, but comparable at 36 months.
Developmental plateau and regression occurred in some children with ASD, regardless of timing
of ASD diagnosis. Findings indicate a preclinical phase of varying duration for ASD.

Autism spectrum disorders (ASD) are a group of neurodevelopmental disorders
distinguished by impairment in social reciprocity and communication, along with repetitive
and stereotyped patterns of behavior and interests (DSM-I1V-TR; American Psychiatric
Association, 2000). Autism was originally defined as a congenital disorder (Kanner, 1943)
and there are indications that the neurobiological origins or predisposing causes of ASD are
present prenatally (Bauman & Kemper, 2003; Pardo & Eberhart, 2007). However, little is
known about the onset and early behavioral developmental trajectory of children with ASD.
Defining patterns of developmental trajectory within and across different developmental
systems in ASD is important for advancing theories of neurobiology and plasticity in ASD
(Pardo & Eberhart, 2007), developing screening tools and guidelines, and detecting ASD
early for access to early intervention. In the absence of medical tests or treatments for ASD,
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early behaviorally based interventions are the best means to improve outcomes (Harris &
Handelman, 2000; Landa, Holman, O’Neill, & Stuart, 2011; Rogers & Vismara, 2008). This
prospective, longitudinal study compares developmental characteristics and trajectories of
children with early versus later manifestation of ASD, and compares those groups to
children without ASD from 6 through 36 months of age.

A commonly held notion is that children with ASD fall into one of two major symptom
onset patterns. One pattern involves an early course of rather typical development or mild
delays followed by a loss of language or social skills (or both) paired with the emergence of
ASD-related atypical behaviors (e.g., repetitive and stereotyped behaviors and interests;
Wilson, Djukic, Shinnar, Dharmani, & Rapin, 2003). The other involves early onset of
impairment and signs of ASD without regression (Luyster et al., 2005). There is mixed
evidence regarding the prognostic implication of regression. Some reports indicate that
regression is associated with worse outcomes (Kalb, Law, Landa, & Law, 2010; Luyster et
al., 2005), whereas others report no differences in outcomes for children with ASD with or
without regression (Werner & Dawson, 2005; Werner, Dawson, Munson, & Osterling,
2005).

Two primary approaches have been taken to understand the emergence of abnormal
development in children with ASD: retrospective and prospective. Retrospective studies are
principally based on information from medical record reviews, parent recall, or systematic
observational coding of home videotapes taken during the 1st or 2nd year of life and prior to
the diagnosis of ASD. Retrospective studies have generated conflicting information about
the developmental status of children with ASD prior to the onset of regression, which
generally occurs between 18 and 24 months (Davidovitch, Glick, Holtzman, Tirosh, & Safir,
2000; Luyster et al., 2005). Werner and Dawson (2005) reported that, at 12 months,
development of complex babbling and first words was accelerated in children with
regressive autism compared to typical development, and social development was
comparable to that of 12-month-olds with typical development. In contrast, Luyster et al.
(2005) reported that the age of first words was later in children with regressive autism than
in those with typical development. Although the core deficits of ASD have been considered
to involve social functioning (Pelphrey & Carter, 2008), retrospective studies indicate that
children with ASD exhibit disruption in other developmental domains in the 1st year of life,
including motor, attention, and temperament (Baranek, 1999; Maestro, Casella, Milone,
Muratori, & Palacio-Espasa, 1999; Werner et al., 2005). To investigate the nature and timing
of the emergence of ASD, prospective, longitudinal studies would be optimal.

Prospective, longitudinal studies of ASD from infancy provide a potent means of defining
patterns of development in infants later diagnosed with ASD, avoiding confounds such as
recall bias. To date, five published prospective studies have provided longitudinal data prior
to the third birthday in children with and without ASD (Landa & Garrett-Mayer, 2006;
Landa, Holman, & Garrett-Mayer, 2007; Ozonoff et al., 2010; Sullivan et al., 2007,
Zwaigenbaum et al., 2005). These studies indicate that development in motor, cognitive
(Landa & Garrett-Mayer, 2006), language (Landa & Garrett-Mayer, 2006; Ozonoff et al.,
2010), and social (Ozonoff et al., 2010; Zwaigenbaum et al., 2005) domains appear to be
grossly intact at 6 months of age, followed by a slowing in development that is observable
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on objective developmental measures around the first birthday (Landa & Garrett-Mayer,
2006; Ozonoff et al., 2010; but see Flanagan, Landa, Bhat, & Bauman, 2012, documenting
abnormal postural control at age 6 months). By preschool age, children with ASD often
exhibit motor delays (reviewed by Bhat, Landa, & Galloway, 2011). Further insight into
onset patterns was provided by Landa et al. (2007) who distinguished two ASD major onset
groups: (&) ASD manifestation around the time of the first birthday and (b) ASD
manifestation later, but still prior to the 3rd birthday. In the present study, we further
investigate trajectories and short-term outcomes of early and later ASD manifesting groups
with increased sample sizes and contemporaneous assessments of language, social, motor,
and cognitive functioning in the first 3 years of life. In doing so, we address questions
pertaining to the timing of departure from typical development within and across
developmental systems, pattern of altered trajectory (e.g., slowing, plateauing, and skill
loss), and short-term prognosis.

Study of the developmental trajectory of multiple systems (motor, cognitive, social, and
language) in the first 3 years of life in children with and without ASD could shed light on
the susceptibility of the developing brain to the impact of genetic, epigenetic, and
environmental factors in children with ASD. For typical development to unfold, active
processes of neuronal synaptic plasticity, involving addition and pruning of synapses and
alterations in strength or efficacy of synapses, and connectivity must be established
(Huttenlocher, 1979; Johnston et al., 2009; Knudsen, 2004). The timing of ASD
manifestation may provide information about the preparedness of developmental brain
mechanisms to support the demands of such active neuronal processes. Disruptions of
normal synaptic plasticity mechanisms by either genetic or environmental influences (or
both) may perturb brain readiness for the coupling of neurobiological processes with other
mechanisms of adaptation and learning that will have implications for susceptibility to
regression, comprehensiveness, or severity of impairment, and for prognosis.

We compared trajectories of three groups of children studied prospectively: (a) those
without ASD, (b) those with early (by 14 months), and (c) later ASD classification. We
hypothesized that children with later ASD classification would be protected by greater brain
maturity during an age of active processes of neuronal synaptic plasticity and exhibit less
severe and global developmental disruption, with better short-term prognosis, across the first
3 years of life than children with very early manifestation of ASD. Similarly, we
hypothesized that language regression would occur less often in children with later-
manifesting ASD than in those with early-manifesting ASD. Furthermore, we hypothesized
that, on measures not used in the ASD classification process, the early-manifesting ASD
group would exhibit less matured social and communication development compared to the
later-manifesting ASD and non-ASD groups by 14 months. Finally, we hypothesized that
children with later classification of ASD would manifest a preclinical phase of the disorder
characterized by mild and focal differences from the non-ASD group by 14 months of age.
Specifically, we anticipated that the later-manifesting ASD group would lag behind the non-
ASD group in communication development by 14 months.
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This study was approved by the Johns Hopkins Institutional Review Board before data
collection; all families gave written informed consent for their child’s participation.

Participants included infant siblings of children with autism (sibs-A; n = 204; 119 boys) and
infants with no family history of autism (low risk for ASD; n = 31; 19 boys). The sibs-A
group included 21 minority and 179 Caucasian children; 4 children’s ethnicities were
unknown. The low-risk group included 1 minority and 26 Caucasian children; 4 children’s
ethnicities were unknown. Fifty-one percent of the sample was included in different analyses
by Landa et al. (2007). The present study builds on that study by extending the age range of
observation from 14-24 months to 6-36 months, and by including additional measures of
language and motor functioning. Details about recruitment sources and diagnosis of
probands with autism through which younger siblings were ascertained are provided in
Landa et al. (2007).

Exclusion criteria were as follows: family’s first language being other than English
(language measures are normed on English speakers), low birth weight (< 1500 g), severe
birth trauma, head injury, prenatal illicit drug or excessive alcohol exposure, and severe
birth defects.

Participants were tested at 6, 14, 18, 24, 30, and 36 months of age. Table 1 shows the
numbers of participants tested at each age. Sample sizes at 6, 18, and 30 months of age are
smaller by design because funding for data collection at these ages was not available until
later in the study. At all other ages, follow-up rates were high. Confirmatory outcome ASD
classification was made at 30 (n = 7) or 36 months for all participants because diagnosis at
this age is reliable (Chawarska, Klin, Paul, & Volkmar, 2007). One child was diagnosed at 4
years due to missing the 36-month visit. All children in this sample had an outcome
assessment and confirmatory diagnostic classification of ASD or non-ASD (see below).

The Mullen Scales of Early Learning (Mullen, 1995) provided measures of motor and
language functioning. The Communication and Symbolic Behavior Scales Developmental
Profile (Wetherby & Prizant, 2002) provided measures of two social functions that are
related to diagnostic criteria for ASD (initiation of joint attention [IJA], shared positive
affect) and a measure of communication that enabled us to document change over time in
children who may have expressive language delays (diversity of consonants produced
communicatively in nonlinguistic vocalizations and spoken words). We selected these
variables a priori to determine which ones distinguish the groups because we wished to
understand the timing of derailment of different developmental systems, and to understand
which, if any, developmental systems remain unimpaired in the early stages of development
of ASD. We did not attempt data reduction (e.g., factor analysis) because preliminary
analyses revealed that the selected measures did not contribute to common variation to

Child Dev. Author manuscript; available in PMC 2014 July 21.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Landa et al.

Page 5

similar degrees at different ages. Furthermore, composite scores would have limited the
interpretability of the findings.

The Mullen Scales of Early Learning (Mullen, 1995; given at all ages) is a standardized
developmental test for children age 3—-69 months that was normed on a national sample.
Raw scores from three scales served as dependent variables: Fine Motor, Receptive
Language, and Expressive Language. A fourth scale from the Mullen, Visual Reception,
assesses visual processing, visual spatial, and memory skills, and was used to adjust for non-
verbal cognitive level. All four Mullen scales contribute to the Early Learning Composite
(ELC), a norm-referenced, standardized score analogous to a developmental quotient (M =
100, SD = 15). The mean ELC for each of the groups, at each age, is presented as a
descriptive variable in Table 1. Internal consistency over time was high for each Mullen
scale (all Cronbach’s as >.74).

The Communication and Symbolic Behavior Scales Developmental Profile (CSBS DP;
Wetherby & Prizant, 2002; given 14-24 months) evaluates communicative, social-affective,
and symbolic abilities. Children are presented with play-based communication temptations
and a standardized set of toys for use in a free play session. Dependent variables coded from
videotapes were as follows: (a) inventory of consonants used in communicative vocal or
verbal utterances (hereafter, consonant inventory) and frequency of (b) 1JA and (c) shared
positive affect (smiling paired with eye contact). Internal consistency over time was
moderate for CSBS DP scores because this measure was administered at fewer visits
(Cronbach’s a > .50). Interrater reliability was calculated for 20% of the coded videotapes.
The absolute intraclass correlation coefficient was .886.

Diagnostic Classification Procedures

The Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi,
1999) is a play-based assessment with standardized administration and scoring schema
without age norms (given at every age from 14 through 36 months). It provides systematic
probes for autism symptoms in social interaction, communication, play, and stereotyped
behaviors and repetitive interests. Higher scores represent greater levels of autism
symptomatology. Module 1 (minimal to no language; given to all 14- and 18-month-olds
and most 24-month-olds) or 2 (nonechoed phrase speech) was given. The ADOS provides
algorithm criteria for classification of “ASD” or “autism.” As the ADOS was not designed
for children younger than 18 months of age, its use at 14 months was experimental. ADOS
scores were used in conjunction with clinical judgment to classify children with ASD.
Meeting algorithm criteria for ASD or autism did not automatically result in an ASD
diagnosis. ADOS scores for each group are displayed in Table 1. The ADOS was
administered by clinical research staff who had achieved and maintained research reliability
(= 80% interrater reliability).

Children with a confirmed outcome diagnosis of ASD were divided into two groups based
on the age at which they first received a clinical impression of ASD by master’s or doctoral
level clinical research examiners having extensive experience with autism and with testing
infants and toddlers. Most were licensed clinicians who also provided assessments of young
children in a clinical setting. Clinical impressions of ASD versus non-ASD were assigned
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from age 14 months onward. In the absence of published guidelines for diagnosing ASD at
14 months, we followed DSMVI-IV criteria for Autism and Pervasive Developmental
Disorder-Not Otherwise Specified (DSM-IV-TR; American Psychiatric Association, 2000)
as closely as possible. Some DSV-IV-TR criteria were not applicable at 14 months (e.g.,
reciprocal friendships), so diagnostic impressions were based on impairments in social
interaction and consideration of the presence of stereotyped behaviors and repetitive
interests. Clinical judgment is a valid basis on which to determine diagnostic classification
(Klin, Lang, Cicchetti, & Volkmar, 2000). The proportion of sibs-A with ASD (23%) is
aligned with ASD recurrence rates in infant siblings of children with ASD as reported by the
Autism Speaks Baby Sibs Research Consortium (Ozonoff et al., 2011). Children were
categorized into one of the three groups: early identified ASD (Early-ASD), later identified
ASD (Later-ASD), and a Non-ASD group.

The Early-ASD group (n = 28; 22 boys, 6 girls) received a diagnostic impression of ASD at
14 months and confirmatory diagnostic classification of ASD at outcome. ADOS criteria for
ASD or autism were met at both points. As we did not generate clinical impressions of ASD
at 6 months of age, 14 months was the earliest that a diagnostic impression of ASD was
possible in this study. Concern was expressed by 42.8% and 70.4% of the Early-ASD
children’s parents at 6 and 14 months, respectively. Twelve children (43%) in this group
entered intervention by 18 months; the mean total intervention hours received between 6 and
18 months of age was 33.

The Later-ASD group (n = 26; 22 baoys, 4 girls) did not have a diagnostic impression of
ASD until after 14 months (the next earliest age of possible ASD classification was 18
months). Concern was expressed by 29.4% and 65.4% of the Later-ASD children’s parents
at 6 and 14 months of age, respectively. All received clinical impressions of mild to
moderate non-ASD delay at 14 months. Three (12%) of these children entered into
intervention prior to 18 months, and the mean total intervention hours received between 6
and 18 months of age was 8.

The Non-ASD group (n = 181; 94 boys, 87 girls) did not meet outcome criteria for ASD. We
combined children without ASD who were low-risk controls or sibs-A because these groups
did not differ systematically from each other on any variable at any age. Concern was
expressed by 30% and 55.9% of the Non-ASD children’s parents at 6 and 14 months of age,
respectively. Eighteen of the children in the Non-ASD group had clinically significant
language or fine motor delays (or both) at 36 months based on Mullen nationally normed
standardized test scores of at least 1.5 SD below the Mullen test mean.

Differences between the three diagnostic groups were examined for all dependent variables.
Generalized estimating equations (GEE) were fit to the data to describe group-specific
trajectories and identify differences between diagnostic groups at each age and in their
growth over time (Zeger & Liang, 1986). GEE accounts for correlated outcomes that arise
from repeated measures of the same children over time and are valid for data missing
completely at random. Not accounting for correlations among outcomes can lead to biased
standard errors, which affect inferences in regular regression (Diggle, Heagerty, Liang, &
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Zeger, 2002). These analyses were replicated using random effects models that better
accommodate data that are missing at random conditional on covariates in the model and
results were similar. Because some random effects models did not converge, we report
findings from GEE models.

For each dependent variable, a flexible GEE model was fit including indicator variables for
each time point, main effects for groups (Non-ASD, Early-ASD, and Later-ASD), and
interactions between the time and group variables, allowing the growth between each time
point to differ for each group. Models were adjusted for nonverbal cognitive functioning
(Mullen Visual Reception raw score) and hours spent in any type of treatment. This allowed
us to control for effects of nonverbal cognitive delay on communication and social behavior,
and also to control for benefits that intervention may be having on functioning in all areas
examined herein. All GEE analyses were specified with an exchangeable correlation
structure and an identity link function after reviewing autocorrelation plots. Inferences did
not change when unstructured or autoregressive correlation matrices were specified instead.
Residual plots and other graphical and numerical tools were used to assess linearity and
other model assumptions.

Coefficient estimates and standard errors from these models were used to compare the
growth and levels of each measure between groups using Stata Version 1.0 (StataCorp,
2007). To be conservative and to partially account for multiple comparisons, a two-sided a
level of .01 was used as a cutoff for statistical significance, and trends toward significance
were indicated for p values between .011 and .05.

Results of the GEE analyses comparing the groups at specific points in time, summarized in
Table 2, are presented in raw coefficients, representing differences between diagnostic
groups on the scale of the original tests, and standardized coefficients, representing
diagnostic group differences in standard deviation units. Results of GEE trajectory analyses
for the dependent measures from the Mullen and CSBS DP, showing group differences in
growth over time, are illustrated in Figure 1. A figure is used, rather than a table, for ease
and efficiency of summarizing the data that result from the numerous age intervals
examined.

Later-ASD Versus Early-ASD Groups

First we present data related to our hypothesis that, in the first 3 years of life, children with
very early manifestation of ASD would have earlier and more global developmental
disruption (beyond social impairment of ASD) on measures not used for ASD classification
than children with later ASD manifestation. At 6 months, development within the Early- and
Later-ASD groups was comparable with each other and with the Non-ASD group (ps > .1;
Table 2). By 14 months, the Early-ASD group exhibited significantly lower expressive
language (p < .001) and shared positive affect scores than the Later-ASD group (p < .001).
By 18 months, the Early-ASD group exhibited greater delays in receptive (p < .001) and
expressive language development (p = .001) compared to the Later-ASD group. At 24
months, the gap between the Early- and Later-ASD groups had closed, and no differences
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from the Later-ASD group were detected at subsequent ages. These findings indicate that
the Early-ASD group was indeed manifesting earlier developmental disruption, particularly
affecting language and social functioning, than the Later-ASD group, but was not more
severely affected at 30 or 36 months.

Comparison of the ASD groups’ trajectories (slope of change) from 6 to 36 months revealed
a trend for slower growth in expressive language between 6 and 14 months in the Early-
ASD compared to the Later-ASD group (p = .02; Figure 1).

Early-ASD Versus Non-ASD Groups

The Early-ASD and Non-ASD groups exhibited comparable development at 6 months (ps
> 1), but the Early-ASD group diverged from Non-ASD development by 14 months in all
aspects of development measured here (ps < .01; see Table 2) except for fine motor
functioning as measured by the Mullen. With the exception of age 30 months (where there
were fewer children with ASD tested and thus lower statistical power), these differences
were sustained through 36 months (ps < .01). At 36 months, fine motor functioning in the
Early-ASD group had fallen significantly below that of the Non-ASD group. This reveals a
nontransient difference from non-ASD development within the Early-ASD group that was
evident by 14 months.

GEE analyses comparing average growth trajectories of the Early-ASD and Non-ASD
groups from 6 to 36 months revealed significant differences in language, motor, and
cognitive domains (ps < .01; see Figure 1). Between 14 and 24 months, the Non-ASD group
exhibited surges in expressive and receptive language development of magnitudes not
observed in the Early-ASD group (ps < .002 for change in language scores from 14 to 24
months in the Non-ASD group and for differences between groups’ trajectories). An atypical
plateau in receptive language development was observed in the Early-ASD group between
14 and 18 months and in expressive language development between 30 and 36 months. The
Early-ASD group’s attenuated rate of growth, per the observed trajectories, was initially
most noteworthy in receptive language development. During one age interval only, receptive
language raw score slopes in the Early-ASD and Non-ASD groups did not differ (p = .42)
when, from 18 to 24 months, the Early-ASD group was resuming gain in receptive language
development after a plateau. The difference between the Early-ASD and Non-ASD groups’
social communication (IJA) growth patterns between 14 and 24 months was significant (p
=.001), with the Early-ASD group’s rate of growth being significantly slower.

Later-ASD and Non-ASD Groups

The Later-ASD group scored within 1 SD of the Mullen nationally normed mean for all
scales at every age except 36 months. However, from 14 to 36 months, Mullen raw scores
gradually departed from typical development in the Later-ASD group. At age 14 months, the
Later-ASD group’s scores were significantly lower than the Non-ASD group’s for fine
motor (p = .008) and consonant inventory (p = .005) variables. At 24 and 36 months, the
Later-ASD group performed below the Non-ASD group on all variables examined (ps < .01)
except fine motor functioning at 24 months.
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GEE analyses comparing average growth trajectories of the Later-ASD and Non-ASD
groups from 6 to 36 months revealed abnormal trajectories in the ASD group, with variation
in the timing of altered development across developmental domains. The Later-ASD group’s
average rate of growth in receptive and expressive language development slowed relative to
the Non-ASD group from 14 to 24 months (ps < .001). In social development, the Later-
ASD group’s development of 1JA slowed relative to the Non-ASD group between 18 and 24
months (p = .005), characterized by a plateau, visible in Figure 1.

These findings support the hypothesis that the Later-ASD group’s development, particularly
language development, would show signs of alteration by 14 months of age. Although not
classified as having ASD at 14 months, the Later-ASD group did show reduced frequency of
social communicative initiation at that age, an early sign of ASD.

Diminishing Language Skills

We hypothesized that developmental regression would occur less often in the Later-ASD
than the Early-ASD group. Examination of percent of children in each group losing raw
score points on both the Mullen Receptive and Expressive Language scales revealed that this
occurred in eight (29%), five (19%), and four (2%) children in the Early-ASD, Later-ASD,
and Non-ASD groups, respectively (Fisher exact test p = .02). Among these children, loss of
Receptive Language scale raw score points persisted across two or more age intervals in
four and two children from the Early- and Later-ASD groups, respectively. For expressive
language, persistent loss across two consecutive age intervals occurred in two children each
from the Early- and Later-ASD groups. Four of the five children in the Non-ASD group who
exhibited decreasing raw scores on the Mullen language scales were sibs-A, and four had
language or social impairment (or both) at 36 months.

Discussion

In the largest prospective, longitudinal study of children with early and later diagnosis of
ASD compared with children without ASD to date, we examined language and motor
development from 6 to 36 months of age, and social development from 14 to 24 months, the
time during which ASD regression usually occurs (Luyster et al., 2005). As hypothesized,
children with earlier ASD classification exhibited earlier and more widespread
developmental disruption than children with later ASD classification, but this distinction
between the two ASD groups vanished by age 24 months. Also as hypothesized, a
preclinical phase preceded the manifestation of ASD symptoms in the Later-ASD diagnosis
group, affecting communication development by 14 months of age. Although not part of the
diagnostic criteria for ASD, fine motor development was also less mature in the Later-ASD
than in the Non-ASD group by 14 months. Atypical trajectories were observed in the ASD
groups.

These findings replicate and extend Landa et al.’s (2007) findings in a much larger sample,
and across a broader range of developmental functioning. Our findings confirm the presence
of generally intact development at 6 months of age, also documented by Ozonoff and
colleagues (Ozonoff et al., 2010; Young, Merin, Rogers, & Ozonoff, 2009). The period of
early, reasonably healthy, behavioral development is followed by progressive divergence
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from typical development continuing throughout the first 3 years of life. This period of
developmental divergence is particularly robust between 14 and 24 months, and particularly
affects language and social development.

In the Early-ASD group, rapid developmental deceleration was observed between 6 and 14
months, with evident delays across all measured developmental domains by 36 months. In
the Later-ASD group, a preclinical phase of the disorder was characterized by less mature
motor and speech development compared to the Non-ASD group. Gradual developmental
deceleration was observed, and by 36 months, the Later-ASD and Non-ASD groups differed
on all variables examined herein.

Commonalities between the ASD groups include: grossly typical development at 6 months,
increasing divergence from the Non-ASD group beginning by 14 months that was detected
in multiple developmental systems, plateauing in one or more aspects of communication
development, reduction in frequency of shared positive affect by 24 months, and comparable
level of impairment by 24 months (which could possibly be related to the higher intensity of
early intervention received by the Early-ASD group). Of interest is the presence of fine
motor delay by 14 months in the Later-ASD group, and by 36 months in the Early-ASD
group. Although not a diagnostic indicator of autism, motor delays were also noted at age 3
months in younger siblings of children with autism who later exhibited communication and
motor delays (Bhat, Galloway, & Landa, in press), at 6 months in younger siblings of
children with autism who were later diagnosed with ASD (Bryson et al., 2007; Flanagan et
al., 2012), in 18-month-olds at risk for autism (Brian et al., 2008), and in older children and
adults with autism, even in the absence of comorbid intellectual disabilities (Bhat et al.,
2011). More research is needed to understand the persistence of early motor delays into later
childhood and beyond, and the degree to which poor motor performance on standardized
measures is related to impaired language comprehension and imitation in older children with
ASD. Bhat et al. (2011) provide a more complete discussion of these issues. Differences in
the ASD groups primarily involved less pronounced developmental deceleration.

On average, all three groups showed gain in raw score over time on the Mullen scales.
However, the ASD groups’ developmental trajectories for all variables were significantly
slower than those of the Non-ASD group. Only the Non-ASD group exhibited a large
growth spurt in receptive and expressive language development in the 2nd year of life. The
presence of a spurt in vocabulary development has been documented in children with typical
development (e.g., Goldfield & Reznick, 1990). The absence of this spurt in the ASD groups
is atypical.

The ASD groups’ divergence from non-ASD development supports the notion of ASD as a
progressive disorder, with development failing to advance at the expected pace and gradual
appearance of atypical behavioral features. Some aspects of development, particularly
involving symbolic and social communication appeared to be arrested in the ASD groups in
the 2nd year of life. This early disruption in symbolic development may be a forerunner of
the abnormal abstract representation abilities observed in adults with ASD, even those
without intellectual disability (Minshew, Siegel, Goldstein, & Weldy, 1994). Decreases in
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social-emotional engagement were noted between 18 and 24 months in both ASD groups.
Decreases in Mullen Receptive and Expressive Language scale raw scores occurred within
some children with ASD, regardless of whether they were in the Early- or Later-ASD group.
Such decreases were rare in the Non-ASD group, occurring mainly in sibs-A with other
delays. Parents of the children meeting our criteria for language regression had denied the
occurrence of this phenomenon on the Autism Diagnostic Interview—Revised (Lord, Rutter,
& Le-Couteur, 1994) regression probes, possibly because the changes in their children were
gradual rather than abrupt. The atypical trajectories observed in both ASD groups included
developmental deceleration, plateauing, and regression, reflecting a continuum of
developmental derailment.

The timing of the ASD-related alteration in development reported here occurs “after
neurogenesis, neuronal migration, and maturation” (Zoghbi, 2003, p. 827), suggesting that
ASD “might affect synaptic maturation, connectivity, or stabilization” (Zoghbi, 2003, p.
827). The first clear in vivo anatomic manifestations of abnormal brain development in ASD
appear at around 7 months, prior to the appearance of overtly abnormal behavioral patterns
(Schumann et al., 2010; Webb et al., 2010). Abnormal brain growth has been documented in
children with ASD, beginning after 6 months of age (Courchesne, Carper, & Akshoomoff,
2003) and before the second birthday (Hazlett et al., 2011; Schumann et al., 2010),
suggesting abnormal proliferation or death of neurons, dendrites, or neuroglia (DiCicco-
Bloom et al., 2006; Herbert, 2011; Pardo, 2008; Schumann et al., 2010). Abnormality in
neural connectivity also occurs during this time (Muller et al., 2011), likely contributing to
the ASD behavioral phenotype. It is possible that children with ASD display rather typical
development (preclinical or prodromal phase) until the time at which healthy behavioral
development becomes dependent on long-range (e.g., fronto-posterior) connectivity. Such
long-range connectivity is abnormal in ASD (Damarla et al., 2010; Jou et al., 2011). The
atypical trajectories observed in our ASD groups are temporally aligned with these abnormal
neurobiological processes.

We did not find full support for our prediction that early-manifesting ASD would be
associated with less optimal short-term prognosis, based on the notion that early symptom
expression may reflect more substantial abnormalities in developmental synaptic plasticity.
Although the Early-ASD group had a higher percentage of children with cognitive
impairment, and showed greater impairment compared to the Later-ASD group on at least
some measures through 18 months, no statistically significant differences were detected
between the ASD groups at 36 months of age.

There are numerous possible explanations for the different patterns of ASD onset in the two
ASD groups studied here. Perhaps children with later manifestation of ASD have greater
vulnerability to environmental influences (Pardo & Eberhart, 2007). Perhaps children with
earlier ASD manifestation would have remained more severely affected, with more guarded
short-term prognosis compared to those with later manifestation of ASD, but early exposure
to intervention was protective and thwarted the cascading effects of early atypical
developmental processes in the Early-ASD group. More longitudinal research is needed in
which children with early and later manifestation of ASD are followed from infancy into
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later childhood to determine whether differences in longer term outcomes exist. More
research on the long-term effects of early intervention is also needed.

Clinical Implications

Our findings indicate that ASD symptoms may appear as early as the first birthday, even in
the absence of cognitive delay. About half of children with ASD in this study had a
protracted period of about 2 years in which quantitative aspects of development were within
normal limits as measured on standardized tests, but during which time development
decelerated, subtle differences from typical development were detectable (e.g., reduced
language comprehension, sparse inventory of speech sounds used communicatively; Paul,
Fuerst, Ramsay, Chawarska, & Klin, 2011), typical forms of social engagement (1JA, shared
positive affect) diminished in frequency, and autism symptoms emerged. These findings
indicate that not all children with ASD may be detected at the same age. Indeed, the earliest
signs of developmental disruption during the ASD preclinical phase are likely to be
nonspecific to ASD, such as communication or motor delay. Implications for screening
practices are as follows. First, a general developmental screener should be administered to
all children at well visits by the time of the first birthday, with screening at regular intervals
through the preschool years. This practice may increase early detection of motor, babbling,
and communication delays that may be associated with preclinical ASD or that are
associated with non-ASD delays. Scores from such a screener should be archived, allowing
health professionals to document developmental deceleration or qualitative divergence from
typical development, as is the practice with physical measures such as head circumference.
Any sign of atypical developmental trajectory should result in referral for further
developmental assessment. The addition of an ASD-specific screener should be standard of
care in pediatric practices by 18 months of age, with repetition of the screening through the
preschool years so that later-manifesting ASD may be identified. Given the known high risk
for infant siblings of children with autism to develop autism and milder impairments (Landa
etal., 2007; Landa et al., 2012; Ozonoff et al., 2011), and the general absence of clear
symptomatology in mid-infancy, a public health approach to developmental stimulation via
parent education is recommended.

The patterns of slowing, plateauing, and decline in development noted in our participants
with ASD occurred within the timeframe when parents report first concerns about children
with ASD (Howlin & Moore, 1997). The subtlety of early ASD signs and a gradual shift
from typical developmental trajectory, particularly in children with later manifestation of
ASD, may not be detected by ASD screeners or by health professionals in a brief office
visit. Thus, parents’ expression of concern about their toddler’s development or behavior
requires careful consideration, with referral for Stage 1l screening or developmental
assessment if concerns persist for any length of time. Also, public awareness efforts focused
on early detection of developmental delays and ASD, such as the Centers for Disease
Control (2010) Learn the Signs, Act Early campaign, should be widely promoted to acquaint
the public with developmental milestones and signs of delay that extend beyond the
common benchmarks of healthy development involving walking and talking. This will
increase recognition of early signs of ASD, such as infrequent initiation of social
communication and engagement, reduced frequency and quality of affective reciprocity,
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poor eye contact, socially engaged imitation of others, and diminished responsiveness to
social others’ cues (e.g., response to name, gestural, and gaze cues within response to joint
attention bids).

In addition, more sensitive measures of early social and communication development are
needed; these measures should offer semistructured opportunities for child initiation,
particularly of social engagement, and provide for rating the presence of positive symptoms
(e.g., echolalia and qualitatively atypical social and communicative behavior). Standardized
measures of quantitative behavior, such as the Mullen, are not likely to be sensitive to ASD-
related abnormality in communicative reciprocity and reduced social communicative
initiative in toddlers. In the absence of such measures, parents and primary health care
providers may implement simple probes for shared attention, shared emotion, playful
reciprocal engagement (as in imitation games), language comprehension, and
communicative initiation that should be conducted beginning at the first birthday (for
examples and guidelines, see Landa, 2011a). A new ASD screening tool (Landa, 2011b) that
provides parents with video examples of early typical and ASD development involving
social, communication, play, and behavior is being validated and may be available for
widespread use in the near future. Tools such as this will help parents develop a keener eye
for qualitative differences between early typical and ASD-related developmental features,
empowering them to more aptly discern when they should seek a professional’s opinion
about their child’s display of ASD indicators. Our finding that multiple aspects of
development are disrupted in ASD indicates that a single behavioral difference from typical
development, particularly if it is transient in nature, is not likely to be a red flag for ASD.
However, as our findings highlight, ASD may occur in the absence of intellectual delay, so
delays in major milestones like walking, play, or babbling should not be required for
concerns about ASD to exist. Early detection of ASD is vital, as early intervention improves
language and cognitive outcomes (Dawson et al., 2010; Landa et al., 2011) and core social
deficits of ASD (Landa et al., 2011).

There are several limitations to be recognized. First, our findings may not generalize to the
population at large, as most participants with ASD were at high genetic risk for ASD and
most were Caucasian. It is possible that children with a family history of autism may have
different phenotypes than children with ASD who have denovo genetic variations (Gauthier,
2009; Sebat et al., 2007). In addition, more research is needed with larger ASD samples and
using more sensitive measures of development (Bhat, Galloway, & Landa, 2010; lverson &
Wozniak, 2007; Pierce, Conant, Hazin, Stoner, & Desmond, 2011) to explore patterns of
early and later identification of ASD, and establish early behavioral and biological ASD
markers. With larger prospectively obtained longitudinal samples of children with early- and
later-manifesting ASD, more fine-grained analyses may be conducted to determine whether
there are additional defining features within or across these groups of children. This is
necessary because our data show increasing heterogeneity within the Early- and Later-ASD
groups with age as indicated by increasing standard deviations associated with mean test
results. Heterogeneity within children with ASD has been documented (Charman et al.,
2005). With larger sample sizes, differences between the Early- and Later-ASD groups may
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become apparent at 36 months of age. Future studies on ASD onset patterns should carefully
document early intervention experiences, which may affect outcomes and prognosis.
Another limitation is the possibility that change in certain variables is related to change in
other variables over time in certain diagnostic groups. We had insufficient sample size to
reliably correlate change in all the variables using sound psychometric approaches.
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Trajectories between 6 and 36 months for Mullen Fine Motor, Receptive Language, and
Expressive Language scale raw scores, and between 14 and 24 months for frequency of
shared positive affect and initiation of joint attention, and consonant inventory coded from

the behavior sampled elicited using the CSBS DP.

Note. Dashed lines: Non-ASD group; solid lines: Early-ASD group; dash-dotted lines:
Later-ASD group. CSBS DP = Communication and Symbolic Behavior Scales

Developmental Profile.
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