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ABSTRACT

BACKGROUND: Tuberous sclerosis complex (TSC) is a genetic disorder with high prevalence of associated autism spec-
trum disorder (ASD). Our primary objectives were to determine early predictors of autism risk to identify children with
TSC in most need of early interventions. The Autism Observation Scale for Infants (AOSI) was evaluated as a measure of
ASD-associated behaviors in infants with TSC at age 12 months and its ability to predict ASD at 24 months. METHODS:
Children ages 0 to 36 months with TSC were enrolled in the TSC Autism Center of Excellence Research Network
(TACERN), a multicenter, prospective observational study to identify biomarkers of ASD. The AOSI was adminis-
tered at age 12 months and the Autism Diagnostic Observation Schedule-2 (ADOS-2) and Autism Diagnostic Interview-
Revised (ADI-R) at 24 months. Developmental functioning was assessed using the Mullen Scales of Early Learning.
Children were classified as ASD or non-ASD according to the ADOS-2. RESULTS: Analysis included 79 children who
had been administered the AOSI at 12 months and ADOS-2 and ADI-R at 24 months. The ASD group had a mean
AOSI total score at 12 months significantly higher than the non-ASD group (11.8 ± 7.4 vs 6.3 ± 4.7; P < 0.001). An
AOSI total score cutoff of 13 provided a specificity of 0.89 to detect ASD with the ADOS-2. AOSI total score at 12
months was similarly associated with exceeding cutoff scores on the ADI-R. CONCLUSIONS: The AOSI is a useful clin-
ical tool in determining which infants with TSC are at increased risk for developing ASD.
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Introduction

Idiopathic autism spectrum disorder (ASD) affects 1% to
2% of the general population without a clear understand-
ing of the underlying causes, which presents a major barrier
to identifying at-risk infants and developing effective treat-
ments to prevent or alter progression. ASD is typically
diagnosed at an average age of four years.1 However, pa-
rental concern has been shown to emerge during the child’s
first two years of life with language and communication
problems most commonly reported.2,3 In children who
screened positive on the Modified Checklist for Autism in
Toddlers (M-CHAT, M-CHAT-R) between 18 and 24 months,
93.4% of parents first reported developmental concerns at
a mean age of 13.77 months.4 These same children were sub-
sequently diagnosed by clinical assessment with ASD or
developmental delay 94.4% of the time. Additional studies
have demonstrated a high correlation between parental
concern and clinical assessments.5,6 Despite recognizing con-
cerns regarding ASD-specific behaviors, parents and clinicians
often fail to recognize ASD as the diagnosis. This failure high-
lights the importance of the clinician’s responsibility to
validate parental concerns and perform timely objective as-
sessments to make an appropriate diagnosis of ASD. The
earlier this can be accomplished enables appropriate inter-
ventions and treatment strategies to be initiated when they
offer the greatest potential for change.

Validated, formal assessment tools to identify ASD risk
in infants are limited. The Autism Observation Scale for
Infants (AOSI) was originally designed as a research tool to
evaluate autism-specific behaviors in infants at elevated
risk for developing ASD. The AOSI is a semi-structured as-
sessment designed for infants ages six to 18 months, with
18 individual items meant to evaluate different areas of
concern seen in children with ASD, including sensory and
motor behaviors, attention, visual tracking, and social emo-
tional behaviors.7 Scores for each item are evaluator-
judged and range from 0 to 3, with higher numbers indi-
cating elevated ASD risk behaviors. Reliability of the AOSI
was tested in high-risk infant siblings (had older siblings
with ASD) at ages six, 12, and 18 months. Inter-rater relia-
bility for individual items and total score were good to
excellent, particularly at 12 months and beyond, and test-
retest reliability at 12 months was acceptable.7 Another
study of infant siblings found that using both the AOSI at 18
months and Autism Diagnostic Observation Schedule (ADOS)
at 36 months provided complementary information when
making the diagnosis of ASD at age three years.8 More re-
cently, the AOSI was used clinically to evaluate early
symptoms of ASD in high-risk infant siblings to determine
the predictive ability of the AOSI to differentiate between
high- and low-risk populations, as well as between those high-
risk individuals who would eventually be diagnosed with
ASD.9 Comparing the AOSI at seven and 14 months and ADOS
at 24 and 36 months, Gammer et al. found that children

who were diagnosed with ASD scored significantly higher
on the AOSI at 14 months than those who were not diag-
nosed with ASD even when accounting for developmental
level.9 Collectively, these results indicate that the AOSI may
be useful to differentiate concerning features for ASD in
high-risk infants, but understanding how coexistent devel-
opmental delays impact AOSI scoring for ASD-risk behaviors
at younger ages and how those scores may be predictive of
later diagnosis of ASD requires additional investigation.

Currently, no single factor has been identified as a
consistent predictor of ASD; but single-gene disorders
with a high prevalence of ASD, such as tuberous sclerosis
complex (TSC), provide us with opportunities to investi-
gate the underlying biology and identify potential treatments.
TSC is a genetic disorder that affects multiple organ systems
and is present in approximately 1 in 6000 individuals.10

Retrospective and small pilot prospective studies have
identified specific areas of cognitive impairment and autism
spectrum behaviors in up to 50% of individuals with TSC.11-14

A longitudinal cohort study compared differences between
children with ASD with TSC to children with idiopathic
ASD and found that syndromic ASD was similar to non-
syndromic ASD in terms of their cognitive, behavioral, and
social profiles.15 Evaluation of the AOSI as an objective
assessment tool to identify early ASD-associated behaviors
in infants with TSC has been shown in a small prospective
longitudinal cohort of infants,13 but using the AOSI to
predict later ASD risk in this population has not been
previously reported. In 2012, we established the TSC Autism
Center of Excellence Research Network (TACERN), a large
multicenter, prospective observational study to identify
clinical, structural, and electrophysiological biomarkers pre-
dictive of ASD with the overall goal to establish an
infrastructure for early detection of ASD and set the stage
for future drug trials in patients with TSC who are at high
risk for ASD. Our primary objectives are to determine the
earliest age at which autism risk behaviors can be de-
tected in order to identify those children in most need of
accessing autism-specific interventions. Here we analyze
the suitability of using the AOSI as an objective measure of
ASD-associated behaviors in infants with TSC at 12 months
of age and the ability of the AOSI to predict meeting ASD
criteria on the ADOS-2 at 24 months of age.

Materials and Methods

Subject recruitment

Children ages 0 to 36 months with TSC were enrolled into TACERN
(clinical trials.gov, NCT 01780441) at one of five sites across the United
States (Cincinnati Children’s Hospital Medical Center, Boston Chil-
dren’s Hospital, University of Alabama at Birmingham, University of
California at Los Angeles, and McGovern Medical School at the Univer-
sity of Texas Health Science Center at Houston). Institutional Review Board
approval was obtained at each of the five sites, and informed consent
was acquired from all participating families before enrollment.
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