
A Prospective Study of the Emergence of Early Behavioral Signs
of Autism

Dr. Sally Ozonoff, Ph.D.,
University of California–Davis

Dr. Ana-Maria Iosif, Ph.D.,
University of California–Davis

Ms. Fam Baguio, B.S.,
University of California–Davis

Dr. Ian C. Cook, Ph.D.,
University of California–Davis

Ms. Monique Moore Hill, M.S.,
University of California–Davis

Dr. Ted Hutman, Ph.D.,
University of California–Los Angeles

Dr. Sally J. Rogers, Ph.D.,
University of California–Davis

Dr. Agata Rozga, Ph.D.,
University of California–Los Angeles

Ms. Sarabjit Sangha, B.S.,
University of California–Davis

Dr. Marian Sigman, Ph.D.,
University of California–Los Angeles

Dr. Mary Beth Steinfeld, M.D., and
University of California–Davis

Dr. Gregory S. Young, Ph.D.
University of California–Davis

Abstract
Objective—To examine prospectively the emergence of behavioral signs of autism in the first
years of life in infants at low and high risk for autism.

Method—A prospective longitudinal design was used to compare 25 infants later diagnosed with
an autism spectrum disorder (ASD) with 25 gender-matched low-risk children later determined to
have typical development. Participants were evaluated at 6, 12, 18, 24, and 36 months of age.
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Frequencies of gaze to faces, social smiles, and directed vocalizations were coded from video and
rated by examiners.

Results—The frequency of gaze to faces, shared smiles, and vocalizations to others were highly
comparable between groups at 6 months of age, but significantly declining trajectories over time
were apparent in the group later diagnosed with ASD. Group differences were significant by 12
months of age on most variables. Although repeated evaluation documented loss of skills in most
infants with ASD, most parents did not report a regression in their child’s development.

Conclusions—These results suggest that behavioral signs of autism are not present at birth, as
once suggested by Kanner, but emerge over time through a process of diminishment of key social
communication behaviors. More children may present with a regressive course than previously
thought, but parent report methods do not capture this phenomenon well. Implications for onset
classification systems and clinical screening are also discussed.
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This study examined when and how behavioral signs of autism spectrum disorders (ASD)
emerge in the first years of life. Most previous investigations of this topic have been
retrospective, relying on parent report of earlier development or analysis of home videotape
of infants later diagnosed with ASD. The existing literature suggests that behavioral signs of
autism emerge in two different patterns, an early onset and a regressive course.
Retrospective studies have demonstrated that children with early-onset ASD differ from age-
matched children with delayed and typical development in orienting to name, gaze to faces,
joint attention, and affect sharing.1–6 Differences are most evident in the second year of life7

but some studies have detected signs of ASD before the first birthday.1,5,8 This early onset
pattern is thought to occur in the majority of individuals with ASD.

In the regressive pattern of onset, children appear to be developing typically for a year or
longer, but then lose communication and social skills that they had previously acquired.
Retrospective studies using both parent report and home videotape analysis have
documented losses in a wide range of social communicative behaviors.9–12 Regression is
most often reported between the first and second birthdays, with mean ages across samples
ranging from 16 to 20 months.9,11,13–15 The prevalence of regression varies across studies
and is dependent upon both sampling methods and definitions of regression. Two large
population-based studies found regression in 15.6%13 and 27% of samples.16

Recently, the adequacy of a dichotomous classification of onset has been questioned,17

based on emerging results from studies that provide evidence of other onset patterns. Some
parents report that their child displayed neither early signs of autism nor regression, a
phenomenon that has been called developmental plateau17,18 or stagnation.19 Other studies
have found evidence of both early signs of ASD and regression simultaneously present in
the retrospective histories of children with ASD.9,11,12,20

Questions about when and how behavioral signs of autism emerge may better be answered
through prospective, rather than retrospective, studies. Prospective investigations are a
powerful method of studying onset, because they reduce errors due to parental recall and
biases introduced by selective home videotaping by sampling behaviors directly.7 In
addition, they provide the opportunity to test specific hypotheses through experimental
methods. In the past decade, several research groups have prospectively studied infants at
elevated risk for ASD because they have one or more siblings with the condition. These
infant sibling studies reliably find differences in the second year of life in the same social

Ozonoff et al. Page 2

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2010 August 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



communicative domains as retrospective studies.21–25 However, few group differences
predictive of ASD outcomes have been found before the first birthday in prospective studies.
21,22,24,25 Bryson et al,26 in a consecutive case series of infant siblings followed
prospectively from 6 months of age, describe several children whose symptoms were not
present at their 6-month (and, for some, 12-month) visits, but emerged slowly during the
second year of life. None of the children who developed autism displayed marked
limitations in social reciprocity at 6 months. All nine infants were described as interested in
social interactions and responsive to others, demonstrating sustained eye contact and social
smiles. Thus, prospective studies suggest that social behavior may be grossly intact in the
first 6 to 9 months of life in infants who are later diagnosed with autism.

The present prospective investigation examined the timing and course of onset of behavioral
signs of autism in an infant sibling sample. Two prospective methods were used to examine
symptom emergence: precise coding of the frequency of specific social communication
behaviors exhibited during the session and examiner ratings of the frequency of infant social
engagement. We also collected a traditional retrospective measure of symptom emergence
using parent report, permitting us to examine how prospective and retrospective methods of
data collection corresponded in terms of determining onset.

METHOD
Participants

The sample reported in this paper was drawn from a larger longitudinal study of infant
siblings of children with ASD (High-Risk group) or typical development (Low-Risk group),
recruited at two sites (UC Davis, n = 33; UCLA, n = 17). The sole inclusion criterion for the
High-Risk group was status as a younger sibling of a child with ASD. Diagnosis of the
affected older sibling was confirmed by meeting ASD criteria on both the Autism
Diagnostic Observation Schedule (ADOS)27 and the Social Communication Questionnaire
(SCQ).28 Of the 25 infants with ASD outcomes, 19 had older siblings with Autistic
Disorder, 3 had older siblings with PDDNOS, and 3 were from the Low Risk group and did
not have an older sibling with ASD. Exclusion criteria for the High-Risk group included
birth before 36 weeks of gestation and a known genetic disorder (e.g., Fragile X syndrome)
in the older affected sibling. The primary inclusion criteron for the Low-Risk group was
status as a younger sibling of a child (or children) with typical development. Low-risk status
of all older siblings was confirmed by an intake screening questionnaire and scores below
the ASD range on the SCQ. Exclusion criteria for the Low-Risk group were birth before 36
weeks of gestation, developmental, learning, or medical conditions in any older sibling, and
ASD in first-, second-, or third-degree relatives.

At the final study visit at 36 months of age, participants were classified into one of two
outcome groups, using the following definitions developed by the Baby Siblings Research
Consortium, a network of researchers studying very young children at risk for ASD.29

ASD outcome criteria were values above the ASD cutoff of the ADOS and meeting DSM-
IV-TR criteria for Autistic Disorder or PDD-NOS according to expert clinician.

Typical development outcome criteria were as follows: Mullen Early Learning Composite
score >78 and no more than one Mullen subtest ≤1.5 SD below mean and no Mullen subtest
≤2 SD below mean and two or more points below ASD cutoff of ADOS and does not meet
DSM-IV-TR criteria for Autistic Disorder, PDD-NOS, or any other developmental delay
according to expert clinician.
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In this paper, we report on all infants at both sites who met criteria for an ASD outcome, as
defined above, at 36 months of age (n = 25). They are compared to 25 infants who met
criteria for Typical Development (TD) at 36 months, randomly selected from the Low-Risk
group after matching the gender ratio to the ASD outcome group. Because of missing visits
and/or unusable video, 6-month data was available for n = 28, 12-month data for n = 35, 18-
month data for n = 41, 24-month data for n = 34, and 36-month data for n = 41. Table 1
contains descriptive characteristics of the two groups at the 36-month outcome visit.

Measures
Two types of measures were included, those used to characterize the sample and/or
determine outcome and those used to track emergence of behavioral signs of autism.

Measures Used for Sample Characterization and Outcome Determination
Autism Diagnostic Observation Schedule—Autism Diagnostic Observation
Schedule27 is a semistructured standardized interaction and observation that measures
symptoms of autism. It has two empirically derived cutoffs, one for ASD, and one for
Autistic Disorder. Psychometric studies report high inter-rater reliability and agreement in
diagnostic classification (autism vs. nonspectrum) for individuals aged 24 months and older.
The ADOS was used to confirm older sibling diagnosis and to determine infant outcome at
36 months of age.

Social Communication Questionnaire—The Social Communication Questionnaire28

parent report questionnaire is composed of 40 yes/no questions about behaviors
characteristic of autism. Previous studies have shown good to excellent internal consistency
reliability and discriminative validity of the SCQ across a wide age range.28,30 It was used
to verify diagnosis of the older sibling.

Mullen Scales of Early Learning—The Mullen Scales of Early Learning (MSEL)31 is a
standardized developmental test for children birth to 68 months. Four subscales were
administered: Fine Motor, Visual Reception, Expressive Language, and Receptive
Language. An overall score, the Early Learning Composite, is also obtained. The Mullen
subscales have excellent internal consistency (median 0.91) and test-retest reliability
(median 0.84). This test was used to measure cognitive functioning at each visit and help
determine outcome status at 36 months. Ongoing administration and scoring fidelity
procedures were implemented to insure that there were minimal cross-examiner and cross-
site differences.

Measures Used to Track Behavioral Symptom Emergence
Social Communication Behavior Codes—Six social communicative behaviors were
coded, adapted from a coding system developed by Werner and Dawson:12 gaze to faces,
gaze to objects, smiles, nonverbal vocalizations, single word verbalizations, and phrase
verbalizations (Table 2). DVD recordings were coded in real time using Noldus: The
Observer 5.0 behavioral observation software with a time resolution of 0.5 seconds. Data
were coded initially in duration to permit the derivation of additional second-order variables
(discussed below), but then converted to frequency counts (e.g., all durations >0.5 seconds
equal one occurrence).

Coding of all data from both sites was undertaken at UC Davis. Coders were initially trained
to 90% agreement on all codes. In all, 15% of data were then double-coded to maintain
ongoing reliability. Intraclass correlation coefficients (ICC) were in the good to excellent
range for all codes: nonverbal vocalizations 0.93, verbalizations–words 0.77, verbalizations–
phrases 0.72, gaze to face 0.95, gaze to objects 0.98, and smiles 0.96. Nonverbal
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vocalizations, word verbalizations, and phrase verbalizations were combined into one
“vocalizations” variable because their individual frequencies were low at most ages.

Two second-order variables, social smiles and directed vocalizations, were then derived by
examining the co-occurrence of individual codes. Co-occurrence was defined when the
duration of events overlapped in time course by at least 0.5 second. Social smiles were
defined as the co-occurrence of gaze to face and smiles, while directed vocalizations were
defined as the co-occurrence of gaze to face and vocalizations. The ICC for social smile
frequency was 0.98 and for directed vocalization frequency was 0.99.

The primary dependent variables analyzed were gaze to faces, social smiles, and directed
vocalizations. Also of theoretical interest was gaze to objects, but there were no group
differences in the duration of this variable at any time point, so it was not considered further
in the models.

Behavior was coded during the Mullen Visual Reception (VR) subtest of each visit. This
context for coding social communication behavior was selected because 1) it was assessed at
each visit, 2) the tasks involved objects as well as an interactive partner, thus providing the
opportunity to examine gaze to both people and objects, and 3) it used objects that are
generally attractive to young children with autism, thus assuring cooperation and attention.
Gaze, affect, and vocalizations that occurred during the first five VR items administered to
the child were coded, along with the item score (pass/fail).

Examiner Ratings of Social Engagement—At the end of the session, examiners rated
three behaviors using a three-point scale (1 = rare, 2 = occasional, 3 = frequent): 1)
frequency of eye contact, 2) frequency of shared affect, and 3) overall social responsiveness.
These three scores were summed to create a social engagement composite score (range, 3 to
9).

Autism Diagnostic Interview–Revised (ADI-R).32—The ADI-R is a structured,
standardized parent interview developed to assess the presence and severity of symptoms of
autism. Only the questions that pertain to onset (items 1 through 28) were used in the current
study. All ADI-R raters were trained to research reliability by the instrument’s developers or
authorized trainers.

Procedure
This study was conducted under the approval of both sites’ IRBs. Infants were assessed at 6,
12, 18, 24, and 36 months of age by examiners unaware of the child’s group membership.

Data Analysis
A Generalized Estimating Equations (GEE)33 approach was used to analyze developmental
trajectories for dependent variables that were not normally distributed (e.g., coded social
communication behaviors, examiner ratings of social engagement, and proportion of Mullen
Visual Reception items failed). Random-effects regression models34 were used for
dependent variables that were normally distributed (e.g., raw scores on Mullen subscales).
Both methods take into account the correlated structure of the data due to repeated
assessments over time and allow for missing observations. The goals of the statistical
models were to estimate patterns of change in the outcome variables over the course of the
study and to test whether outcome diagnosis was related to either initial level of or rate of
change in the dependent variables. Preliminary analyses suggested that there may be a
quadratic trend over time in some of the variables, especially in the ASD group. Thus, for
each of the variables, we first fitted a model with a main effect for diagnosis, both linear and
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quadratic effects of time (measured in months, from the 6-month visit) and interactions
between the linear and quadratic effects of time and diagnosis. After fitting this initial
model, we examined the terms in the model and removed those that did not add significantly
to the model. A variable was considered to be a significant predictor in the model if its
significance level exceeded .05. All analyses were implemented using PROC GENMOD and
MIXED in SAS Version 9.2.

RESULTS
Social Communication Behavior Codes

Since the behaviors were frequency counts, normal distribution was not applicable. Poisson
and negative binomial distributions are commonly used to represent the distributions of
count data. The mean and variance in a Poisson model are equal, and when this assumption
is violated (a phenomenon called overdispersion), a negative binomial distribution is used
instead. In models for count data, log of the mean (rather than the mean) is modeled as a
linear combination of predictors. Because behaviors were coded over different time intervals
for each child and each visit, the value of task duration (in minutes) was log transformed and
entered into the model as an offset. This resulted in a rate parameterization, in which the
outcomes of interest were the number of coded behaviors per minute and the regression
coefficients represented the linear effect of the predictor variables on the log of the rate of
behaviors. Because evidence of overdispersion was found in our data, the negative binomial
distribution was used to model the number of behaviors in the GEE analyses. Separate
models were fit for each of the three primary social communication codes: gaze to faces,
social smiles, and directed vocalizations.

Table 3 summarizes the results of the GEEs for the three coded behaviors. The two groups
behaved similarly at 6 months: none of the three codes differed between the groups and
effect sizes were in the small range. Over time, the TD group had a significant increase in
social smiles and directed vocalizations, while maintaining the same level of gaze to faces.
In the ASD group, in contrast, all three behaviors dramatically decreased over time. Figure 1
displays the estimated trajectories for the three behaviors, showing comparable values at 6
months, group differences becoming significant by 12 months for gaze to faces and directed
vocalizations, and by 18 months for social smiles. These group differences persisted and
widened over time.

The GEE estimates of within-cluster correlations were modest (ranging from 0.06 for
directed vocalizations to 0.29 for gaze to faces). Thus, most of the variation was within child
(e.g., over time) and not within group. Box-and-whisker plots displaying the distribution of
the behaviors for each group over time and showing the average values and degree of
variability within and between groups can be found in Figure S1.

Mullen Scales of Early Learning
Three analyses were conducted using scores from the Mullen scales. First, we tested whether
differences in level of cognitive functioning between the two groups explained some of the
group differences in social communication behaviors. We added the Mullen Early Learning
Composite score as a time varying covariate into the GEE models predicting social
communication behaviors. This variable was not significant, indicating that differences in
cognitive ability between the groups over time could not explain the declines in social
communication observed in the ASD group.

Next, we examined whether there were group differences in performance on the individual
Mullen Visual Reception items administered during the segment of the session when social
communication coding occurred. Cochran-Armitage trend tests were performed to
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investigate whether the groups differed in the item sets administered to them. At the 18 and
36 month visits, higher numbered (more difficult) items were more likely to be administered
to the TD group (both p values < .001), but not at the 6-, 12-, and 24-month visits.
Performance on the five coded items was treated as binary (pass/fail) and analyzed using
GEEs for binomial data. This approach modeled the log-odds of failing an item. Terms for
diagnosis, time, and their interaction were included, to test whether the proportion of failures
at baseline and the rate of change in failures over time were different between the two
groups. There were no significant group differences in either the proportion of failures at
baseline or their progression over time. Thus, the group differences in social communication
behavior coded during the VR subtest do not appear to be due to lower rates of successful
performance in the ASD group.

Finally, we examined trajectories of performance on the four Mullen subscales. Separate
random-effects models were fit for raw scores on the Mullen Visual Reception, Fine Motor,
Receptive Language, and Expressive Language sub-scales. Figure 2 displays the estimated
trajectories for the Expressive Language subtest. Mirroring the results of the social
communication code analyses, the groups demonstrated comparable values at 6 months,
with group differences becoming significant by 12 months, and continuing to widen over
time. Unlike the social communication trajectories, both groups demonstrated an increasing
trend over time, but children in the ASD group had a significantly slower rate of change than
those in the TD group. Similar trajectories were seen on the other three Mullen subscales,
with similar group performance at 6 months and then group differences becoming
significant either by 12 months (Receptive Language) or 18 months (Visual Reception and
Fine Motor) (Table S1 and Figure S2).

Examiner Ratings of Social Behavior
GEE models for negative binomial data described previously were fitted to the examiner
ratings of social engagement. The range of the composite social engagement rating was 3 to
9 (with higher scores indicating better social engagement); this was recoded to 0 to 6 for the
purposes of the GEE models. Figure 1 also displays the estimated trajectories for the two
groups, converted back to the original scale. As with the individual social communication
behaviors, there were no group differences in the 6-month examiner ratings; however,
whereas the TD group showed a significant trend to increase social engagement over time,
reaching close to the maximum score of 9 (estimate 8.82, SE = 0.09) by 36 months, the
children in the ASD group had a strong decline in social engagement over the same time
period, with the mean 36-month rating less than “occasional” on the composite social
engagement score (estimate = 5.59, SE = 0.37).

Spearman rank correlation coefficients were computed to examine the relationship between
the social communication behaviors coded during the session and the social engagement
ratings made by the examiner (Table 4). Starting with the 18-month visit, the rates of both
gaze to faces and social smiles were strongly and positively related to examiner ratings of
these behaviors.

Prospective Classification of Onset vs. Retrospective Parent Report of Onset
The ADI-R was used to collect parent recall of symptom onset and possible regression. It
was administered to parents when the participant was 36 months of age. Regression was
considered to be present by parent report if a response of yes was given to either question 11
regarding language loss (meeting the standard ADI-R criteria of at least five words used
spontaneously, meaningfully, and communicatively for at least three months before being
lost for at least 3 months) or question 25 regarding diminishment of social engagement
behaviors. The ADI-R was missing for 2 of the 25 participants with ASD. Of the remaining
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23, three were reported by parents to have experienced typical development followed by a
regression, one was reported to have shown both early signs of autism and a later regression,
eight were reported by parents to display neither early signs nor a regression (e.g.,
developmental plateau), and 11 were reported to show clear signs of autism before the first
birthday and no regression (e.g., early onset type). Of the four children reported to lose
skills, parents of three noted regression in the social domain alone (eye contact, interest in
people, social engagement), whereas one reported losses of both social (response to name,
social interest) and communication (loss of 20 words, gestures, language comprehension)
behaviors.

To examine the correspondence between parent report and prospectively collected data, we
were also interested in how many ASD participants demonstrated declining trajectories
similar to those depicted for the entire group in Figure 1. To accomplish this, first we
computed 95% confidence intervals for the change from one visit to the next for gaze to
faces for the TD sample. This variable was selected because we believe it is most sensitive
to emerging signs of autism, as well as central to the definition of the second-older variables
of social smiles and directed vocalizations. Then we counted how many of the participants
with ASD outcomes displayed declines in social communication behaviors that were greater
than the 95% confidence interval for visit-to-visit change in the TD group. This analysis
found that 86.4% of infants in the ASD group (19 of 22 with sufficient data at multiple time
points) showed declines in social communication that were outside the expected TD change.
All four children whose parents reported a regression on the ADI-R showed declines of this
magnitude, along with 15 additional ASD children whose parents had not reported skill loss
on the ADI-R.

DISCUSSION
This study examined several key social communication behaviors in a group of infants who
later developed autism and a typically developing, low-risk comparison sample. The primary
findings were that there were no group differences at 6 months of age, but that over the next
12 months, most of the infants who were later diagnosed with ASD demonstrated declining
trajectories of social communication behavior and loss of skills. These results were
consistent across both exact coded frequencies of behavior and examiner frequency ratings
of social engagement. The second important finding was that these changes in social
communication development documented through repeated evaluations provided a very
different picture of symptom onset than did parents’ retrospective report. Most parents
(83%) did not report any loss of skills during this period. These findings lead us to two
major conclusions. First, the behavioral symptoms of ASD appear to emerge over time,
beginning in the second half of the first year of life and continuing to develop for several
years. Second, our most widely used and recommended practice for gathering information
about symptom onset, parent-provided developmental history, does not provide a valid
assessment of the slow decline in social communication that can be observed prospectively.

The comparability of social behavior at 6 months of age in the ASD and TD groups
replicates findings from other prospective studies.25,26,35 The lack of group differentiation
at this age does not appear to result from low power, as the group means were very similar
and effect sizes were very small. Most convincingly, the effects were in the opposite
direction as predicted, with the ASD outcome group demonstrating (nonsignificantly) better
social communication behavior at 6 months than the TD outcome group on all variables.
After 6 months, the ASD group shows a rapid decline in eye contact, social smiling, and
examiner-rated social responsiveness. Group differences were significant by 12 months in
gaze to faces and social smiling and by 18 months on all other variables. Similar declining
trajectories in the onset of autism symptoms have also been reported by others.35
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Some have suggested that the decrease in social interest in this time period is related, at least
in part, to an overly focused attention to objects or difficulty with attentional switches from
objects to people.36 However, our data did not support this hypothesis; we found no group
differences in looking at objects at any age and duration of looks to objects did not increase
over time in the ASD group. Thus, the decline in looking at faces and social smiling could
not be accounted for by an increase in interest in objects. Similarly, neither group
differences in cognitive functioning, slowing of cognitive growth between 12 and 36 months
in the ASD group, nor less successful performance on the Mullen VR subscale (which
provided the context for coding) could explain the decrease in social communication
behavior over time in the ASD group.

Collectively, the present investigation and recent prospective studies suggest that signs of
autism emerge over the first year or so of life in many children with ASD, rather than being
present from close to birth, as once suggested by Kanner.37 Although there are likely cases
in which behavioral signs are indeed evident at or before 6 months of age, this pattern may
be less common than originally thought.

Interestingly, cognitive and language skills, as measured by the Mullen, did not demonstrate
the same declining trajectory in the ASD group as social communication skills. Mullen raw
scores increased over time in both groups, but showed significantly slower growth in the
ASD group starting at 12 months. This suggests that developmental loss of skills may occur
specifically in the social communicative domain, rather than generally across all
developmental domains. One implication of this finding is that the Mullen and other
standardized developmental tests will not be good prospective measures for tracking
regression, as they appear to be less sensitive to the kinds of behaviors that decline as autism
emerges.

The results of the current prospective study suggest that the traditionally defined categories
of early onset and regressive autism do not portray accurately how symptoms emerge, nor
does the newer-onset category involving a developmental plateau. In the present study,
specific social communicative behaviors clearly decreased rather than failing to progress.
Losses were particularly dramatic between 6 and 18 months. This suggests that ASD onset
marked by loss of social communication behaviors occurs much more often than has been
recognized using parent report methods. However, rather than the rapid and marked losses
typically reported in previous studies of regression onset, the declines that could be detected
through specific probes of social development every 6 months were relatively subtle and
gradual, were often preceded by earlier parental concerns, and were often followed by
failures to progress in other areas.38 This may have made the losses difficult for families to
identify, as demonstrated by the low rate of parental reports of regression on a standardized
measure, the ADI-R, administered at 36 months. It might be expected that parents who have
already experienced the developmental course of autism onset in an older child would be
more sensitive to these signs than the general population, underscoring how difficult it will
be for most parents to report about skill loss. For this reason, it is critical to explore other
methods of detecting the earliest signs of autism.

In the present study, a second method of measuring social communication development was
examiner ratings, which were conducted at the end of every visit, blind to the group
assignment of the participant. We found that these global ratings of the frequency of social
communication behaviors were highly correlated with coded rates of the same behaviors,
validating both approaches to measurement. Although it is not practical to code behavior
frequencies during medical office visits, these results suggest that it may be possible to
develop measures that can be rated by physicians or nursing staff during well-child visits
that capture “snapshots” of an infant’s current social repertoire. If such measures are found
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to be valid reflections of infant sociability, then they could be added to developmental
monitoring exams and serially rated over time to identify infants at higher risk for ASD and
in need of further specialized evaluation.

The present findings suggest that existing definitions of onset patterns will need to undergo
further development. One possibility is that we need to expand the number of categories
used to describe onset. For example, perhaps there are four rather than two categories of
onset, including groups characterized by developmental plateaus and by mixed features of
early symptoms plus later regression, as we have suggested elsewhere.17 The prospective
data acquired in the present investigation suggest another possibility, however. We
hypothesize that symptom emergence may better be considered dimensionally, as a
continuum characterized by the amount and timing of regression. In this conceptualization,
at one end of the continuum lie children who display loss of social interest so early that the
regression is difficult to see and symptoms appear to have always been present. At the other
end of the continuum lie children who experience losses of social interest and
communication skills so late that the regression appears quite dramatic. Supporting the idea
that there may not be two different processes of symptom onset, but rather one dimension,
several recent studies have found few differences in later developmental, functional, and
adaptive outcomes between children with traditionally defined early onset and regressive
autism.18,39 Resolution of opposing viewpoints regarding onset (e.g., multiple categories v.
a dimensional view that emphasizes timing) is urgently needed for etiologic studies, which
have been hindered already by the tremendous heterogeneity of the autism phenotype.

Limitations of the present investigation include the relatively small sample size and the
coding of behavior during only one segment of a longer visit. Future studies with more
participants, longer sampling of behavior, and examination of cross-task consistency in
behavior are necessary. Nonetheless, since the present results are consistent with other
prospective infant studies,25,26,35 we believe that they have significant clinical implications
for early autism screening, diagnosis, and intervention. Universal screening has been
recommended by the American Academy of Pediatrics (AAP) twice by the second birthday,
and many are hoping that identification may be possible even earlier.40 This study suggests
that identification of autism by the first birthday may not be possible in the majority of
affected children. Therefore, the AAP recommendation for screening at both 18 and 24
months is essential and may even need to be supplemented by screens after age 2 years, as
many children will be missed at earlier time points. Finally, we urge professionals to refer to
intervention any infant or toddler who displays a sustained reduction in social responsivity
over time. Given the gradual course of symptom emergence and the paucity of diagnostic
tools for infants and toddlers with suspected autism, the diagnostic process can be quite
protracted and intervention may be needlessly delayed.
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FIGURE 1.
Estimated Trajectories for Coded Social Communication Behaviors and Examiner Ratings
of Social Engagement. ASD = autism spectrum disorders; TD = typically developing
children.
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FIGURE 2.
Estimated Trajectory for Mullen Expressive Language Raw Scores. ASD = autism spectrum
disorders; TD = typically developing children.
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TABLE 1

Group Characteristics at 36 Months of Age

ASD (n = 25) Typical Development (n = 25)

Gender

 Female 6 (24%) 5 (20%)

 Male 19 (76%) 20 (80%)

Racial or ethnic minoritya 9 (41%) 6 (24%)

Recruitment group

 High-risk 22 (88%) 0 (0%)

 Low-risk 3 (12%) 25 (100%)

Mean Visual Reception T Score (SD) 40.7 (21.0) 64.1 (11.0)

Mean Early Learning Composite (SD) 74.5 (24.1) 112.8 (12.0)

Mean ADOS Communication + Social Algorithm Score 13.4 (3.3) 1.4 (1.3)

Note: ADOS = Autism Diagnostic Observation Schedule; ASD = autism spectrum disorder.

a
Missing for three subjects in ASD group.
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TABLE 2

Individual Social Communicative Behaviors Coded

Code Description

Gaze to Face Infant’s gaze is directed toward the face of the examiner

Gaze to Objects Infant’s gaze is directed toward an object that the examiner is presenting to the child or to another object visible in
the frame.

Smile Infant displays smile (at least one corner of mouth must be clearly upturned) and/or laughs.

Nonverbal Vocalizations Infant vocalizes using a non-word sound (sighs, coos, whines, cries, open vowels [aaah, oooh], consonant-vowel
combinations [bababa])

Word Verbalizations Infant vocalizes using a distinct word or word approximation.

Phrase Verbalizations Infant vocalizes using a two or more word combination.
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TABLE 4

Spearman Correlation Coefficients between Social Engagement Ratings and Social Communication Behavior
Codes

Gaze to Faces (rate) Social Smiles (rate)

6 Mo 0.34 0.25

12 Mo 0.22 0.45*

18 Mo 0.49** 0.55**

24 Mo 0.59** 0.55**

36 Mo 0.64*** 0.66***

*
p < .05,

**
p < .01,

***
p < .001
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