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Context: The presence of autistic-like traits in relatives
of individuals with autism spectrum disorder (ASD)
is well recognized, but, to our knowledge, the emer-
gence of these traits early in development has not been
studied.

Objective: To prospectively investigate the emergence
of autistic-like traits in unaffected (no ASD diagnosis) in-
fant siblings of probands diagnosed as having ASD.

Design: Two groups of children unaffected with ASD
were assessed prospectively—siblings of probands diag-
nosed as having ASD (high risk [HR]) and control sub-
jects with no family history of ASD (low risk [LR]). Scores
on a measure of autistic-like traits at 12 months of age
were used in a cluster analysis of the entire sample.

Setting: A prospective study of infant siblings of pro-
bands with ASD from 3 diagnostic centers in Canada.

Participants: The study included 170 HR and 90 LR
children, none of whom was diagnosed as having ASD
at age 3 years.

Main Outcome Measures: The Autism Observation
Scale for Infants was used to measure autistic-like traits

and derive clusters at 12 months of age. Clusters were
compared on ASD symptoms, cognitive abilities, and so-
cial-emotional difficulties at age 3 years.

Results: Two clusters were identified. Cluster 1 (n=37;
14.2% of total sample) had significantly higher levels of
autistic-like traits compared with cluster 2. Within clus-
ter 1, 33 children came from the siblings (19.4% of HR
group) and only 4 came from the control subjects (4.5%
of LR group). At age 3 years, children from cluster 1 had
more social-communication impairment (effect
size�0.70; P� .001), lower cognitive abilities (effect
size=−0.59; P� .005), and more internalizing problems
(effect size=0.55; P=.01). Compared with control sub-
jects, HR siblings had a relative risk of 4.3 (95% CI,1.6-
11.9) for membership in cluster 1.

Conclusions: Study findings suggest the emergence of
autistic-like traits resembling a broader autism pheno-
type by 12 months of age in approximately 19% of HR
siblings who did not meet ASD diagnostic criteria at age
3 years.
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T HERE IS NOW SUBSTANTIAL

evidence that autism and
the related autism spec-
trum disorders (ASDs) ag-
gregate within families and

that the mechanism of that familial aggre-
gation is likely influenced by both ge-
netic and shared environmental fac-
tors.1-5 Given this high recurrence risk for
ASD within families, investigators have
turned their attention to the examination
of autistic-like traits and/or characteris-
tics evident in relatives of probands with
ASD who themselves do not meet criteria
for an ASD diagnosis. This effort has been
accelerated by recent twin studies dem-
onstrating that the variation in autistic-
like traits in the general population shares
genetic variance with those at the ex-

treme end of the distribution (ie, those who
receive a diagnosis of ASD).6 Family stud-
ies have provided evidence that relatives
of individuals diagnosed as having ASD
demonstrate mild symptoms of ASD but
without clinically significant impair-
ment.7-11 These milder manifestations of
ASD have been termed the broader au-
tism phenotype (BAP) and are believed to
be associated with social, communica-
tion, and cognitive deficits; restricted, rigid
behavior patterns; and certain personal-
ity characteristics and psychiatric difficul-
ties.7-18

Most studies of the BAP focus on par-
ents of children with ASD, although there
is a growing literature examining traits re-
lated to the BAP in siblings of probands
with ASD.12,19-22 For example, Constan-
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tino et al23 reported that roughly 20% of siblings from
families with more than 1 case of ASD showed elevated
scores on the Social Responsiveness Scale, a measure of
social impairment. This was not found in families with
a single affected child. These traits were surprisingly com-
mon in female siblings, narrowing the sex ratio from that
usually seen in ASD. Although informative in many ways,
previous studies may be limited by participation bias be-
cause they were conducted in the context of genetic re-
search. In such studies, families with more autistic-like
traits in parents or siblings might tend to enroll more com-
monly than families without such characteristics. In ad-
dition to ascertainment bias, previous studies may also
be limited by measurement issues. In studies that rely on
retrospective or cross-sectional data from a parent, the
rater may be especially attuned to, and therefore report
more, autistic-like traits in a sibling after receiving the
diagnosis of ASD for the proband. Alternatively, a par-
ent may deny traits in a second child to experience a sense
of reassurance about that child’s development. In either
situation, this bias may not occur in control subjects, lead-
ing to differential misclassification10 and a bias in the es-
timation of sibling risk.5 Furthermore, retrospective re-
ports do not easily address the possibility that a child may
have exhibited aspects of ASD in infancy but then lost
those symptoms/traits with development. For example,
individuals who exhibit the BAP as adolescents or adults
may in fact have had more severe symptoms in early child-
hood, meeting criteria for ASD earlier but subsequently
experiencing a resolution or reduction of symptoms ow-
ing either to development or intervention.

The baby siblings research paradigm has generated new
knowledge about the early signs and symptoms of ASD
and may be able to address many of these methodologic
issues.24 In this high-risk research design, families of chil-
dren with a confirmed diagnosis of ASD (ie, probands)
are enrolled soon after the delivery of a new baby. That
child (ie, the baby sibling) is followed longitudinally with
regular evaluations of social-emotional reciprocity, com-
munication and play, and cognitive skills. Siblings who
are subsequently diagnosed as having ASD (usually by
36 months of age) can be compared with high-risk un-
affected siblings and a low-risk comparison group (con-
trol subjects) to identify the nature and developmental
course of the earliest signs of autism using measures in-
dependent of a parent.25 The combination of prospec-
tive data collection and a blinded objective assessment
provides an important justification for the use of this de-
sign to study autistic-like traits in unaffected siblings of
children with ASD.

In general, baby sibling studies have demonstrated that
the onset of autism-specific symptoms is usually evi-
dent after 6 months of age, up to which point siblings
who later develop ASD are either largely indistinguish-
able from control subjects or exhibit nonspecific delays
(eg, in motor control).26,27 Cardinal symptoms of ASD (eg,
reduced social communication) emerge by 12 to 18
months.28 For example, our group reported that several
behavioral markers at 12 months (as assessed using the
Autism Observation Scale for Infants [AOSI]29) were pre-
dictive of subsequent ASD classification in a cohort of
65 high-risk infants. These markers included atypical/

reduced eye contact, social smiling, orienting to name,
social interest, and reactivity, as well as the presence of
atypical sensory oriented behaviors such as intense vi-
sual inspection of play materials. Total scores were
strongly predictive of ASD.30 Bryson et al26 reported the
detailed case histories of the first 9 children diagnosed
as having ASD from within our high-risk cohort. Al-
though there was substantial clinical heterogeneity among
this group, the emergence of atypical social-
communicative and play behaviors around the first birth-
day was a consistent finding.26 Similar behavioral differ-
ences as identified on the AOSI have been independently
observed at 12 to 14 months in high-risk infants subse-
quently diagnosed as having ASD in other longitudinal
cohorts.22,28 Another important finding has been that the
recurrence risk for ASD in these high-risk cohorts has
been higher than anticipated, approximately 19% rather
than the 5% to 9% reported in older studies that used ret-
rospective designs.31 This may reflect in part a broader
conception of the term ASD because most early studies
only counted the more narrowly defined autism (as de-
fined by earlier versions of the DSM).

The baby siblings design provides an ideal opportunity
to study the emergence of autistic-like traits in unaffected
siblings of probands with ASD. Here, using prospective data,
the emergence of such traits in baby siblings who do not
go on to develop full-blown ASD by age 3 years can be stud-
ied. In a cross-sectional study, Stone et al21 reported that
younger siblings of children with ASD (mean age=16
months) demonstrated lower scores across measures of so-
cial-communicative development and cognitive function-
ing, as well as higher scores on autistic symptoms relative
to control subjects. According to Stone et al,21 the weaker
performance of the ASD sibling group may represent early-
emerging features of the BAP, highlighting the impor-
tance of developmental surveillance for younger siblings.
However, to our knowledge, no study has evaluated
prospectively the emergence of autistic-like traits in in-
fant siblings focusing specifically on those who do not de-
velop ASD. It is possible that the group referred to by Stone
et al21 as displaying a weaker performance is largely ac-
counted for by those who develop the disorder.

Our study used a high-risk versus control subject de-
sign to investigate prospectively the occurrence of autistic-
like traits among high-risk (HR) unaffected baby sib-
lings (ie, those not diagnosed as having ASD at age 3 years)
and a low-risk (LR) control group of children with no
family history of ASD. Our main hypothesis was that, as
early as 12 months, elevated levels of autistic-like traits
would be more prevalent among HR siblings than LR con-
trol subjects. Furthermore, we hypothesized that these
elevated autistic-like traits (identified in a subgroup of
HR siblings) at 12 months would be associated with ASD-
related outcomes at age 3 years (ie, 24 months later).

METHODS

STUDY PARTICIPANTS

Participants were recruited from a prospective study of early
development in ASD from 3 multidisciplinary autism diagnos-
tic and treatment centers in Canada, including McMaster Chil-
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dren’s Hospital in Hamilton, The Hospital for Sick Children in
Toronto, and the IWK Health Centre in Halifax, as well as from
clinicians in the surrounding regions. The study was ap-
proved by the research ethics boards at the 3 participating cen-
ters, and all parents gave written informed consent for their chil-
dren to participate. A total of 222 HR infants (younger siblings
of children with a confirmed diagnosis of ASD) and 91 LR in-
fants (no family history of ASD) were followed up to age 3 years.
All participants were born at 36 to 42 weeks’ gestation, had a
birth weight greater than 2500 g, and had no identifiable ge-
netic or neurologic disorders.

CLINICAL BEST ESTIMATE DIAGNOSIS

At 3 years of age, an independent evaluation of each partici-
pant was conducted by an expert clinician blind to assess-
ments from previous study visits. Autism spectrum disorder di-
agnoses were assigned using DSM-IV-TR criteria, based on the
best judgment of the clinician (all with at least 10 years of di-
agnostic experience), taking into account current information
from the Autism Diagnostic Interview–Revised (ADI-R) and Au-
tism Diagnostic Observation Schedule (ADOS) and concur-
rent assessment of cognitive, language, and adaptive skills. The
3-year ADOS was completed blind to both prior visits and risk
status for every participant. Parents were asked not to reveal
prior diagnoses in the younger sibling or whether they had a
child with ASD. In most cases, the ADI-R was also completed
by the clinician responsible for the blind 3-year assessment, al-
though in some cases, the ADI-R was completed by an expe-
rienced research assistant who was not blind to the child’s risk
status. Even in those cases, the clinician reviewed the ADI-R
blind to prior visits and risk status when establishing a best-
estimate clinical diagnosis. Some children with a clinical best
estimate (CBE) diagnosis of ASD had subthreshold algorithm
scores on the ADI-R or ADOS but met DSM-IV-TR criteria based
on expert review of all available data. This approach is consis-
tent with current best practice, informed by a solid evidence
base indicating that both a structured diagnostic interview (such
as the ADI-R) and interactive assessment (such as the ADOS)
are essential to ASD diagnoses, but neither, on their own or in
combination, are an adequate proxy for clinical judgment, par-
ticularly in this age group.32,33

For the purposes of this study, we excluded the 52 HR chil-
dren and 1 LR child who were diagnosed as having ASD at age 3
years (based on the ADI-R; ADOS; and expert clinical assess-
ment using DSM-IV-TR, blind to prior study assessments).
Thus, the study sample consisted of 170 children from the HR
siblings group (84 males; 49.4%) and 90 from the LR control
group (45 males; 50%) for a total of 260 children, none of
whom were diagnosed as having ASD at 3 years based on CBE
(eTable, http://www.jamapsych.com).

ASSESSMENT INSTRUMENTS

ASD Symptoms/Traits

The AOSI29 is a semistructured direct observational measure
developed within the context of our longitudinal study to iden-
tify behavioral markers of autism in infancy. Standardized ac-
tivities are used to allow the examiner to observe and system-
atically rate the occurrence/nonoccurrence as well as the quality
or severity of behaviors deemed to be informative of the earli-
est emergence of ASD. The assessment is designed to take 15
to 20 minutes, although administration times vary depending
on the infant’s ability to engage with the examiner, as well as
his or her temperament, state, and developmental level. Be-
haviors are rated on a scale from 0 to 2 or 3, where 0 implies

typical function and higher values indicate increasing devia-
tion. Behavioral markers rated on the AOSI include visual track-
ing and attentional disengagement, coordination of eye gaze
and action, imitation, affective responses, early social-
communicative behaviors, behavioral reactivity, and sensory
motor development. Ratings on the 16 items are summed to
generate a total score. Further details on AOSI items and scor-
ing are available from Bryson et al.29 The AOSI has excellent
interrater reliability at 12 and 18 months (0.94 for total score),
good test-retest reliability at 12 months (0.61 for total score),29

and good predictive validity at 12 and 18 months for its origi-
nal 16 items.30 One of the coauthors of this article (L.Z.) is co-
first author on a study involving a different sample investigating
the relationship between AOSI scores and ASD outcomes. In the
context of that study, a random sample of 54 AOSI assessments
were further assessed through video coding by examiners blind
to the risk status of participants to assess for rater bias. There
were no differences between blind and unblind AOSI total scores,
regardless of risk status (A. M. Estes, written communication,
May 2012). In our current study, the total AOSI score was used
as an indicator of autistic-like traits in the cluster analysis.

The ADOS34 uses standardized activities and presses to elicit
communication, social interaction, imaginative use of play ma-
terials, and repetitive behaviors, allowing the examiner to ob-
serve the occurrence/nonoccurrence and severity of behaviors
important to the diagnosis of ASD. Subscale scores for com-
munication and social domains are based on a subset of items
previously identified to best discriminate autism/ASD from other
developmental disabilities, and they are summed to generate
an overall diagnostic algorithm score. The ADOS consists of 4
modules, each of which is appropriate for individuals with dif-
fering language levels. A calibrated total severity metric that
accounts for differences in age and module was used in our
study.35

The ADI-R36 is an investigator-directed interview used to
elicit information about social development; verbal and non-
verbal communication skills; and repetitive, stereotyped inter-
ests and behaviors required to make a diagnosis of autism. The
questions were designed to distinguish qualitative impair-
ments from developmental delays, identify behaviors that would
be considered deviant at any age, and examine current and most
abnormal behaviors for those strongly influenced by matura-
tional age. The ADI-R discriminates well between autism/ASD
and other forms of developmental disability, and inter-rater re-
liability is excellent. For this study, we used domain scores for
social impairment; communication skills; and repetitive, ste-
reotyped interests and behaviors.

Cognitive Skills and Abilities

The Mullen Scales of Early Learning37 consists of 4 scales: vi-
sual reception, receptive language, expressive language, and fine
motor (a fifth gross motor scale is only administered with chil-
dren younger than 30 months). An Early Learning Composite
can be calculated based on scores from these 4 scales for chil-
dren aged 0 to 69 months. Inter-rater and test-retest reliability
are excellent.

Emotional and Behavioral Symptoms

The Infant-Toddler Social-Emotional Assessment (ITSEA)38 is
a parent-report instrument, with subscales covering attach-
ment status, task mastery, emotion regulation, and coping be-
haviors. The acceptability, internal consistency, test-retest re-
liability, and validity of the ITSEA are excellent, as assessed in
a diverse sample of 214 parents of typically developing chil-
dren between the ages of 12 and 36 months. The ITSEA scales
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correlate well with laboratory measures of emotional regula-
tion. Domain scores of externalizing behavior, internalizing be-
havior, dysregulation, and competence were used in our study
to index variables previously found to be associated with ASD-
related symptoms in very young children.39

DATA ANALYSIS

To explore the distribution of autistic-like traits, mean total
scores from the AOSI at age 12 months were compared on 3
subsamples of interest: (1) HR siblings with a diagnosis of ASD
at age 3 years (HR ASD; n=52); (2) HR siblings without a di-
agnosis of ASD at age 3 years (HR non-ASD; n=170); and (3)
LR control subjects without a diagnosis of ASD (LR non-ASD;
n=90). Figure 1 depicts 2 findings: (1) the distribution of au-
tistic-like traits appeared to lie on a continuum/gradient of se-
verity across these 3 subsamples (HR ASD�HR non-ASD�LR
non-ASD; all differences were statistically significant; P� .01)
and (2) there was notable heterogeneity of autistic-like traits
within the 3 subsamples, and the subsample distributions ap-
peared to overlap.

Next, to better understand the observed heterogeneity of au-
tistic-like traits in the non-ASD population (the focus of our
study), mean total scores from the AOSI at age 12 months were
used in cluster analysis (K means) to test for the existence of a
distinct subgroup of children with elevated scores. Our pri-
mary hypothesis was that this group would contain more HR
siblings (of probands with ASD) than LR control subjects and
be associated with more ASD-like outcomes at 36 months. This
method used the technique of Euclidean distance to the mean
of the cluster and an algorithm to minimize within-cluster vari-
ance and maximize variability between clusters in an analysis
of variance–like fashion. Specifically, analysis of variance F tests
were conducted to examine differences between clusters on each
variable used in the analysis; the magnitude of the F value was
used to evaluate how well the variable discriminated between
clusters. Cluster centers shifted with each iteration. The pro-
cess continued until cluster means did not shift more than a
given cutoff value or the iteration limit was reached.40

A 2-cluster solution was specified to test our hypothesis that
the sample consisted of 2 distinct groups/clusters: those with
high and those with low levels of autistic-like traits as mea-
sured by high and low total AOSI scores. As a second step, each
participant was assigned to 1 of the 2 clusters based on prob-
ability scores. Cross tabulation with �2 test was used to de-
scribe the count of individuals from the 2 clusters within the
HR sibling and LR control groups and to see whether there was
differential distribution of HR siblings and LR control sub-
jects in the 2 clusters. The relative risk for cluster membership
was calculated for the HR and LR groups.

Finally, t tests were used to compare cluster mean scores
on independently determined (1) ASD symptoms (indexed by
the ADOS severity metric and ADI-R domain scores); (2) cog-
nitive ability (indexed by the Mullen Early Learning Compos-
ite); and (3) emotional and behavioral symptoms (indexed by
the ITSEA domain scores) 24 months later at 3 years of age.
Bonferroni correction for multiple comparisons was applied sepa-
rately within the ASD symptoms domain (P� .01) and the emo-
tional and behavioral domain (P� .01). Effect size (ES) was cal-
culated for cluster mean differences on these variables using
the formula41: ES = (mean [cluster1] – mean [cluster 2]) /
standard deviation (SD) (cluster 2).

RESULTS

Two distinct clusters with statistically significantly dif-
ferent scores on the AOSI at 12 months were derived.

Cluster 1 (51.4% male) had more autistic-like traits, with
a total mean AOSI score of 10 (SD=3.0) and consisted
of 37 children (14.2% of total sample). Cluster 2 (49.3%
male) had a total mean AOSI score of 2 (SD=2.0) and
consisted of 223 children (85.8% of total sample). The
relative proportion of HR and LR infants differed be-
tween the 2 clusters (�2

1=10.8; P� .01). Within the HR
group, 33 of 170 children were assigned to cluster 1
(19.4%) and 137 to cluster 2; only 4 of 90 (4.5%) of the
LR group were assigned to cluster 1. Compared with LR
infants, HR infants had a relative risk of 4.3 (95% CI, 1.6-
11.9) for membership in cluster 1. There was no differ-
ence in the distribution of sex across clusters (P� .05).

Mean comparisons (t tests) showed that, at age 3 years,
children in cluster 1 (identified at 12 months) had sig-
nificantly higher scores (ie, more autistic-like behav-
iors) than children in cluster 2 on measures of social
(ES=0.86) and communication (ES=0.72) impairment,
as indexed by the corresponding ADI-R domains
(P� .001). Children in cluster 1 also had lower cogni-
tive levels, as indexed by the Mullen Scales of Early Learn-
ing–Early Learning Composite (ES=−0.59; P� .005).
Children in cluster 1 scored higher on the internalizing
problems domain of the ITSEA (ES=0.55; P=.01). Fi-
nally, children in the 2 clusters did not differ signifi-
cantly on the ADOS severity metric, although the effect
was in the expected direction, with cluster 1 trending to-
ward higher scores (ES=0.35; P=.06) (Table).

COMMENT

Using prospective data, our study examined the pres-
ence of autistic-like traits at age 12 months among HR
siblings (of probands with ASD) who did not go on to
receive a diagnosis of ASD by age 3 years in comparison
with LR control infants. A cluster/subgroup of children
had elevated levels of autistic-like traits at 12 months but
did not meet CBE criteria for an ASD diagnosis at 36
months. This cluster comprised approximately 19% of
the HR unaffected siblings, or 15% of the entire HR group

0

14.00

10.00

12.00

8.00

6.00

4.00

2.00

AO
SI

 T
ot

al
 M

ea
n 

Sc
or

e 
at

 1
2 

m
o

HR ASD (n = 52) HR Non-ASD (n = 170) LR Non-ASD (n = 90)

Figure 1. Total mean Autism Observation Scale for Infants (AOSI) scores
with standard deviation bars at 12 months of age for high-risk (HR) siblings
with a diagnosis of autism spectrum disorder (ASD) at age 3 years,
HR non-ASD siblings at age 3 years, and low-risk (LR) non-ASD groups.
All differences between groups are statistically significant (P� .01 for all).
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(ie, including those receiving the ASD diagnosis by CBE
at age 3 years). Cluster 1 comprised primarily HR sib-
lings of probands with ASD (33 of 37, or 89%) and in-
cluded only 4 children from the LR control subjects. Com-
pared with the rest of the children at age 3 years (ie, 24
months later), children within this cluster had, on aver-
age, more social and communication challenges, lower
levels of cognitive functioning, and more internalizing
problems.

Post hoc analysis showed that cluster differences on
levels of autistic-like traits were also evident at age 6
months (cluster 1: mean (SD), 8.48 (5.37) vs cluster 2:
mean (SD), 5.24 (2.92); ES = 1.11; P � .001). However,
available AOSI data at age 6 months was limited to only
23 of 37 children from cluster 1 and 177 of 223 children
from cluster 2.

Study findings suggest that autistic-like traits emerge very
early (by 12 months), although children in cluster 1 ulti-
mately experienced different outcomes than those HR sib-
lings who were subsequently (ie, at age 3 years) diag-
nosed as having ASD. However, it is important to note that,
with currently available data, we cannot yet confirm that
these are the same children who present with the BAP at
later ages (at least, as it is currently understood). For ex-
ample, rigidity, pragmatic language deficits, and circum-
scribed interests are a prominent part of the BAP but are
not relevant traits to be measured at 12 months. More-
over, we cannot say that some of these siblings will not even-
tually (ie, say at age 5 years) be diagnosed as having ASD.
However, it would be reasonable to suggest that children
within cluster 1 present with features that could reflect the
earliest manifestations of a BAP; whether this phenotype
is the same (qualitatively and/or quantitatively) as the one
defined in older populations remains an empirical ques-
tion. Our continuing follow-up investigation of this sample
will address these critical issues.

The question then that arises is whether HR unaf-
fected siblings from cluster 1 (n = 33; used in our study)
and HR affected/diagnosed siblings (n = 52; not used in
our study) started (at 12 months of age) with similar or
different levels of autistic-like traits. As depicted in
Figure 2, post hoc analysis showed that at 12 months
of age, the AOSI scores for the 2 groups were signifi-
cantly different (unaffected siblings from cluster 1: mean
[SD] = 9.7 [2.5] vs siblings with an ASD diagnosis: mean
[SD] = 7.6 [5.1]; P � .01; ES = 0.46). We believe this find-
ing (higher score in the unaffected siblings) is owing to
a statistical artifact (ie, the cluster analysis applied only
to unaffected siblings data derives a subgroup with ex-
treme scores). Nevertheless, the finding that both HR chil-
dren diagnosed as having ASD at 3 years and a subgroup
not diagnosed as having ASD have elevated symptom
scores at 12 months relative to control subjects raises in-
teresting questions about what factors might influence
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Figure 2. Total mean Autism Observation Scale for Infants (AOSI) scores with
standard deviation bars at 12 months of age for high-risk (HR) autism spectrum
disorder (ASD), cluster 1, and cluster 2 groups. The HR ASD group scores are
shown for descriptive purposes so that the cluster analysis results can be
placed within the distribution/context of autistic-like traits in all HR siblings. All
differences between groups are statistically significant (P � .01 for all).

Table. Cluster Comparison on the ADOS, ADI-R, MSEL, and ITSEA Scores at Age 3 Years

Outcome Measure

Mean (SD)

ESc P Valued
Cluster 1
(n = 37)a

Cluster 2
(n = 223)b

ADOS Severity Metric 2.62 (1.86) 2.06 (1.62) 0.35 .06
ADI-R

Social domain score 3.76 (3.56) 1.86 (2.20) 0.86 �.001
Communication domain score 3.22 (3.33) 1.66 (2.17) 0.72 �.001
Behaviors domain score 1.24 (1.42) 0.84 (1.44) 0.28 .11

MSEL-ELC score 105.27 (20.50) 115.37 (17.15) −0.59 �.005
ITSEA

Externalizing domain score 0.41 (0.29) 0.42 (0.26) −0.04 .83
Internalizing domain score 0.49 (0.28) 0.38 (0.20) 0.55 .01
Dysregulation domain score 0.48 (0.30) 0.43 (0.25) 0.20 .32
Competence domain score 1.50 (0.34) 1.59 (0.27) −0.33 .18

Abbreviations: ADI-R, Autism Diagnostic Interview–Revised; ADOS, Autism Diagnostic Observation Schedule; ELC, Early Learning Composite; ES, effect size;
ITSEA, Infant-Toddler Social-Emotional Assessment; MSEL, Mullen Scales of Early Learning.

aCluster 1 (n = 37) included 33 high-risk siblings and 4 low-risk control subjects.
bCluster 2 (n = 223) included 137 high-risk siblings and 86 low-risk control subjects.
cEffect size = (mean [cluster 1] – mean [cluster 2]) / SD (cluster 2).
dP value cutoff set at .01 based on a Bonferroni correction for multiple testing (significant values are in bold).
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variation in subsequent trajectories and outcomes among
the combined group of 12-month-old symptomatic HR
siblings.

Our study has methodologic strengths that enhance
the validity of the results compared with previous stud-
ies that retrospectively assessed the BAP in unaffected sib-
lings recruited largely through genetic studies. We had
the advantage of following up these siblings prospec-
tively and using a reliable and valid observer-based as-
sessment of autistic-like traits designed for infants, the
AOSI. The assignment to clusters was based on informa-
tion gathered prior to outcome assessments at age 3 years
(which were blind to 12-month data), and we used a data-
driven approach to assign children into clusters rather
than using AOSI scores arbitrarily to divide the sample.

This study also has limitations that need to be taken
into account. Most importantly, the assessors adminis-
tering and scoring the AOSI at 12 months were on oc-
casion not blind to HR sibling or LR control status. For
example, some parents lacking a child care arrange-
ment brought the affected older child to the appoint-
ment. In addition, the sample sizes of the clusters (es-
pecially cluster 1) were small. The fact that the ASD
diagnosis at age 3 years was based on the CBE proce-
dure means that some HR siblings (especially from in clus-
ter 1) might in fact have had true ASD at age 3 years but
may have been missed by the CBE. A descriptive analy-
sis showed that of the 33 children in cluster 1, 4 met the
ADI-R cutoff for ASD and 10 met the ADOS cutoff for
ASD at age 3 years; however, none of these children met
both ADI-R and ADOS criteria for ASD.

Although the cluster difference on the ADOS sever-
ity score (at 36 months) was not statistically significant
(P = .06), the ES (0.35) was in the expected direction.
Several measurement issues may have influenced this re-
sult. One possible explanation is that because the ADOS
severity metric used in our analyses reflects a combined
score from all ASD symptom domains, it cannot distin-
guish children from cluster 1 who had elevated severity
only on social-communication symptoms but not repeti-
tive behaviors (Table). An alternative explanation is that
some children from cluster 1 had more severe autism
symptoms during infancy, but that those symptoms may
have resolved by the time these children were 3 years of
age. One final explanation for the lack of statistically sig-
nificant cluster differences on the ADOS severity metric
could be that the variability of the severity metric is (by
definition) reduced in unaffected children (the metric was
developed such that non-ASD scores range from 1-3,
whereas ASD scores range from 4-10).

Despite the limitations just noted, results from our
study, if replicated, could have important clinical and re-
search implications. First, the results imply that genetic
liability in these families is more normally distributed than
restricted only to those with the disorder. Even children
who do not go on to develop ASD could potentially ben-
efit from surveillance and early intervention should there
be impairment. Second, genetic, epigenetic, and envi-
ronmental studies of these children might help us un-
derstand the mechanisms leading to variation in famil-
ial aggregation of ASD and related traits. Third, it will
be important to follow these siblings to see whether they

develop other forms of psychopathology (such as inter-
nalizing disorders), and/or whether persistent social and
communication difficulties, despite being subthreshold
for an ASD diagnosis, affect functional outcomes or qual-
ity of life.

The fact that the overall risk for ASD and these milder
autistic-like traits now reaches almost 40% (based on a
study by Zwaigenbaum et al42 and our study) with an equal
sex ratio has implications for our understanding of the
genetic architecture of the disorder. It appears as if roughly
40% of infant siblings of autistic probands have autistic-
like traits at 12 months. Traits persisted in half of the group
who received a diagnosis of ASD at age 3 years. In the
other half, those traits attenuated to some extent so that
at age 3 years, mild ASD-like traits, lower cognitive scores,
and more internalizing symptoms were seen relative to
LR control subjects, but these individuals fell below the
diagnostic threshold for ASD. One unanswered ques-
tion is, “Why do autistic-like traits persist in one group
and attenuate in the other?” This question will require
further research and provides a focus on studying po-
tential modifying mechanisms that might explain the vari-
able expressivity between the cluster 1 siblings and the
ASD probands. These modifying factors might provide
an opportunity for intervention in all children at risk for
ASD and autistic-like traits. This study supports previ-
ous recommendations of continuous monitoring of all
HR siblings of probands with ASD.
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tenstein P. Autism spectrum disorders and autistic like traits: similar etiology in
the extreme end and the normal variation. Arch Gen Psychiatry. 2012;69(1):
46-52.

7. Bolton P, Macdonald H, Pickles A, Rios P, Goode S, Crowson M, Bailey A, Rutter
M. A case-control family history study of autism. J Child Psychol Psychiatry. 1994;
35(5):877-900.

8. Piven J, Palmer P, Jacobi D, Childress D, Arndt S. Broader autism phenotype:
evidence from a family history study of multiple-incidence autism families. Am
J Psychiatry. 1997;154(2):185-190.

9. Piven J. The broad autism phenotype: a complementary strategy for molecular
genetic studies of autism. Am J Med Genet. 2001;105(1):34-35.

10. Szatmari P, MacLean JE, Jones MB, Bryson SE, Zwaigenbaum L, Bartolucci G,
Mahoney WJ, Tuff L. The familial aggregation of the lesser variant in biological
and nonbiological relatives of PDD probands: a family history study. J Child Psy-
chol Psychiatry. 2000;41(5):579-586.

11. Szatmari P, Mérette C, Emond C, Zwaigenbaum L, Jones MB, Maziade M, Roy
MA, Palmour R. Decomposing the autism phenotype into familial dimensions.
Am J Med Genet B Neuropsychiatr Genet. 2008;147B(1):3-9.

12. Constantino JN, Lajonchere C, Lutz M, Gray T, Abbacchi A, McKenna K, Singh
D, Todd RD. Autistic social impairment in the siblings of children with pervasive
developmental disorders. Am J Psychiatry. 2006;163(2):294-296.

13. Landa R, Piven J, Wzorek MM, Gayle JO, Chase GA, Folstein SE. Social lan-
guage use in parents of autistic individuals. Psychol Med. 1992;22(1):245-
254.

14. Piven J, Wzorek M, Landa R, Lainhart J, Bolton P, Chase GA, Folstein S. Per-
sonality characteristics of the parents of autistic individuals. Psychol Med. 1994;
24(3):783-795.

15. Wolff S, Narayan S, Moyes B. Personality characteristics of parents of autistic
children: a controlled study. J Child Psychol Psychiatry. 1988;29(2):143-153.

16. Murphy M, Bolton PF, Pickles A, Fombonne E, Piven J, Rutter M. Personality
traits of the relatives of autistic probands. Psychol Med. 2000;30(6):1411-
1424.

17. Skuse DH, Mandy WP, Scourfield J. Measuring autistic traits: heritability, reliability
and validity of the Social and Communication Disorders Checklist. Br J Psychiatry.
2005;187(6):568-572.

18. Yirmiya N, Shaked M. Psychiatric disorders in parents of children with autism: a
meta-analysis. J Child Psychol Psychiatry. 2005;46(1):69-83.

19. Cassel TD, Messinger DS, Ibanez LV, Haltigan JD, Acosta SI, Buchman AC.
Early social and emotional communication in the infant siblings of children with
autism spectrum disorders: an examination of the broad phenotype. J Autism
Dev Disord. 2007;37(1):122-132.

20. Goldberg MC, Mostofsky SH, Cutting LE, Mahone EM, Astor BC, Denckla MB,
Landa RJ. Subtle executive impairment in children with autism and children with
ADHD. J Autism Dev Disord. 2005;35(3):279-293.

21. Stone WL, McMahon CR, Yoder PJ, Walden TA. Early social-communicative and
cognitive development of younger siblings of children with autism spectrum
disorders. Arch Pediatr Adolesc Med. 2007;161(4):384-390.

22. Landa RJ, Holman KC, Garrett-Mayer E. Social and communication develop-

ment in toddlers with early and later diagnosis of autism spectrum disorders.
Arch Gen Psychiatry. 2007;64(7):853-864.

23. Constantino JN, Zhang Y, Frazier T, Abbacchi AM, Law P. Sibling recurrence and
the genetic epidemiology of autism. Am J Psychiatry. 2010;167(11):1349-
1356.

24. Zwaigenbaum L, Bryson S, Lord C, Rogers S, Carter A, Carver L, Chawarska K,
Constantino J, Dawson G, Dobkins K, Fein D, Iverson J, Klin A, Landa R, Mess-
inger D, Ozonoff S, Sigman M, Stone W, Tager-Flusberg H, Yirmiya N.
Clinical assessment and management of toddlers with suspected autism spec-
trum disorder: insights from studies of high-risk infants. Pediatrics. 2009;123
(5):1383-1391.

25. Zwaigenbaum L, Thurm A, Stone W, Baranek G, Bryson S, Iverson J, Kau A, Klin
A, Lord C, Landa R, Rogers S, Sigman M. Studying the emergence of autism
spectrum disorders in high-risk infants: methodological and practical issues. J Au-
tism Dev Disord. 2007;37(3):466-480.

26. Bryson SE, Zwaigenbaum L, Brian J, Roberts W, Szatmari P, Rombough V,
McDermott C. A prospective case series of high-risk infants who developed autism.
J Autism Dev Disord. 2007;37(1):12-24.

27. Flanagan JE, Landa R, Bhat A, Bauman M. Head lag in infants at risk for autism:
a preliminary study. Am J Occup Ther. In press.

28. Ozonoff S, Iosif AM, Baguio F, Cook IC, Hill MM, Hutman T, Rogers SJ, Rozga
A, Sangha S, Sigman M, Steinfeld MB, Young GS. A prospective study of the
emergence of early behavioral signs of autism. J Am Acad Child Adolesc Psychiatry.
2010;49(3):256-266, e1-e2.

29. Bryson SE, Zwaigenbaum L, McDermott C, Rombough V, Brian J. The Autism
Observation Scale for Infants: scale development and reliability data. J Autism
Dev Disord. 2008;38(4):731-738.

30. Zwaigenbaum L, Bryson S, Rogers T, Roberts W, Brian J, Szatmari P. Behav-
ioral manifestations of autism in the first year of life. Int J Dev Neurosci. 2005;
23(2-3):143-152.

31. Ozonoff S, Young GS, Carter A, Messinger D, Yirmiya N, Zwaigenbaum L, Bry-
son S, Carver LJ, Constantino JN, Dobkins K, Hutman T, Iverson JM, Landa R,
Rogers SJ, Sigman M, Stone WL. Recurrence risk for autism spectrum disor-
ders: a Baby Siblings Research Consortium study. Pediatrics. 2011;128(3):
e488-e495.

32. Baird G, Douglas HR, Murphy MS. Recognising and diagnosing autism in chil-
dren and young people: summary of NICE guidance. BMJ. 2011;343:d6360.

33. Kim SH, Lord C. Combining information from multiple sources for the diagnosis
of autism spectrum disorders for toddlers and young preschoolers from 12 to
47 months of age. J Child Psychol Psychiatry. 2012;53(2):143-151.

34. Lord C, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, Pickles A,
Rutter M. The Autism Diagnostic Observation Schedule-Generic: a standard mea-
sure of social and communication deficits associated with the spectrum of autism.
J Autism Dev Disord. 2000;30(3):205-223.

35. Gotham K, Pickles A, Lord C. Standardizing ADOS scores for a measure of se-
verity in autism spectrum disorders. J Autism Dev Disord. 2009;39(5):693-
705.

36. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised
version of a diagnostic interview for caregivers of individuals with possible per-
vasive developmental disorders. J Autism Dev Disord. 1994;24(5):659-685.

37. Mullen E. Mullen Scales of Early Learning. Circle Pines, Minnesota: American
Guidance Service; 1995.

38. Carter A, Briggs-Gowan M. Manual of the Infant-Toddler Social-Emotional
Assessment. New Haven, Connecticut: Yale University; 2000.

39. Georgiades S, Szatmari P, Duku E, Zwaigenbaum L, Bryson S, Roberts W, Fom-
bonne E, Mirenda P, Smith I, Vaillancourt T, Volden J, Waddell C, Thompson A;
Pathways in ASD Study Team. Phenotypic overlap between core diagnostic fea-
tures and emotional/behavioral problems in preschool children with autism spec-
trum disorder. J Autism Dev Disord. 2011;41(10):1321-1329.

40. Tabachnick B, Fidell L. Experimental Designs Using ANOVA. Belmont, Califor-
nia: Brooks/Cole Publishing; 2007.

41. Glass GV. Primary, secondary, and meta-analysis of research. Educ Res. 1976;
5(10):3-8.

42. Zwaigenbaum L, Bryson SE, Szatmari P, Brian J, Smith IM, Roberts W, Vaillan-
court T, Roncadin C. Sex Differences in Children with Autism Spectrum Disor-
der Identified Within a High-Risk Infant Cohort [published online March 28, 2012].
J Autism Dev Disord. .

JAMA PSYCHIATRY/ VOL 70 (NO. 1), JAN 2013 WWW.JAMAPSYCH.COM
48

©2013 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of British Columbia User  on 07/25/2016


