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abstract
Early identification of autism spectrum disorder (ASD) is essential to
ensure that children can access specialized evidence-based interven-
tions that can help to optimize long-term outcomes. Early identification
also helps shorten the stressful “diagnostic odyssey” that many
families experience before diagnosis. There have been important
advances in research into the early development of ASDs, incorpo-
rating prospective designs and new technologies aimed at more pre-
cisely delineating the early emergence of ASD. Thus, an updated
review of the state of the science of early identification of ASD was
needed to inform best practice. These issues were the focus of a mul-
tidisciplinary panel of clinical practitioners and researchers who
completed a literature review and reached consensus on current
evidence addressing the question “What are the earliest signs and
symptoms of ASD in children aged #24 months that can be used for
early identification?” Summary statements address current knowl-
edge on early signs of ASD, potential contributions and limitations
of prospective research with high-risk infants, and priorities for pro-
moting the incorporation of this knowledge into clinical practice and
future research. Pediatrics 2015;136:S10–S40
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Despite efforts to increase awareness
of early signs of autism spectrum
disorder (ASD) and promote early
screening,1 as well as some evidence
of recent trends toward diagnosing
younger children (as reviewed by
Daniels and Mandell2), several large-
scale epidemiologic studies suggest
that the mean age of diagnosis in
the United States remains at ∼4 to
5 years.3–5 Given that parents of chil-
dren with ASD generally report initial
concerns before the child is aged 18 to
24 months, considerable opportunity
exists to shorten the stressful “di-
agnostic odyssey” that many families
experience,6 maximize opportunities
for children with ASD to benefit from
early intensive interventions, and fur-
ther develop evidence-based interventions
for this age group.7

For many years, much of what was
known about the early signs of ASDwas
informed by parents’ descriptions of
their initial concerns,8–10 as well as
analyses of early home videos.11–13

Rich insights from these data (com-
plemented by experimental work that
helped delineate key foundational pro-
cesses impaired in ASD, such as af-
fect sharing and joint attention14,15)
helped to inform the development of
ASD-screening tools and surveillance
efforts by community health pro-
fessionals.16 Over the past decade,
important advances in research have
been made into the early development
of ASD, incorporating prospective re-
search designs17 and new technologies
aimed at more precisely delineating
the early emergence of ASD.18,19 Ad-
vances have also been made in identi-
fying potential biomarkers (eg, genetic,
neuroimaging), although there are
important clinical and ethical consid-
erations regarding their potential ap-
plication.20

These issues were the focus of an in-
ternational, multidisciplinary panel of
clinical practitioners and researchers

with expertise in ASD and develop-
mental disabilities that was con-
vened inMarina del Rey, California, in
October 2010. Aworking group (detailed
in the Methods section) completed
a literature review that informed the
recommendations by the panel at
the meeting; these recommendations
were further refined by an updated
review that was completed in December
2013. The panel reached consensus
on the following key question: “What
are the earliest signs and symp-
toms of ASD in children aged #24
months that can be used for early
identification?”

METHODS

The Early Identification working group
comprised Drs Stone, Yirmiya (co-
chairs), Chawarska, Estes, Hansen,
McPartland, and Natowicz. The work-
ing group co-chairs and panel co-
chairs (Drs Zwaigenbaum and Bauman)
conducted a literature search on
PubMed to identify relevant articles on
early features of ASD. The PubMed
searchwas conducted onJune 30, 2010,
and used the search terms (“child de-
velopmental disorders, pervasive” or
“autistic disorder/” or autism [tw] or
autistic [tw]) and (“early detection”
or “early diagnosis”), with the age
filter “infant, birth–23 months” and lim-
ited to English-language papers. This
search yielded 341 references, which
were reviewed by Drs Zwaigenbaum
and Bauman, who selected articles
that focused on studies examining the
relationship between early behavioral
or biological markers in the first 24
months of life and ASD diagnosis. The
search results were complemented by
additional publications identified by
working group members. Hence, al-
though the search strategy was com-
prehensive, selection of articles was
not systematic, which is an important
limitation. A scoping approach, with
some discretion by the multidisciplin-

ary expert working group, was used
instead to select articles of highest
relevance and methodologic quality.

Members of the working group re-
viewed the articles and evaluated their
methodologic quality. In the absence of
a standard evaluative tool for such
research (eg, Grading of Recom-
mendations Assessment, Development
and Evaluation,21 which was used to
evaluate the quality of evidence of
clinical intervention trials), assess-
ment of evidence quality focused on
study design (retrospective versus
prospective), measurement (eg, use of
validated measures for both risk fac-
tors and diagnostic outcomes), and
whether diagnostic outcomes were
measured blinded to risk factor status.
The working group also took into
consideration whether findings were
replicated across independent lab-
oratories. Panel recommendations
were based on this evaluative frame-
work. During the conference, the
working group offered draft recom-
mendations for discussion, modifica-
tion, and ratification by all attendees.
Electronic voting was used to express
opinions and guide consensus building.
Amodified nominal group techniquewas
used to review the recommendations,
with consensus reached by$1 round of
voting. The consensus statements and
discussion were summarized as draft
proceedings of the conference, which
were subsequently edited by all partic-
ipants. Some of the statements provided
here are intended to summarize the
state of the literature, whereas others
are in the form of recommendations for
research needed to fill important gaps
oraimed at addressing issues critical for
clinical practice.

To ensure that the final article reflected
recent literature, thesearchwasupdated
by using the same strategy to add
articles published to December 31,
2013; this search yielded an additional
202 references. Evidence tables and text
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references were updated with findings
from prospective studies on early be-
havioral or biological markers. The
working group reviewed and approved
the final wording of the summary and
recommendations.

SUMMARY STATEMENTS

Statement 1: Evidence indicates
substantial heterogeneity in the
presentation and natural history of
clinical features associated with
ASDs. This heterogeneity has
ramifications for the interpretation
of research literature as well as
for clinical practice.

There is heterogeneity not only in
the etiology, neurobiology, onset, and
course of core clinical ASD symptoms
but also in the rates and levels of
cognitive and language development,
adaptive functioning, and co-morbidity
with other disorders. Given the tre-
mendous clinical diversity evident
among subjects with ASD across the
life span, it is not surprising to find
that early manifestations and de-
velopmental course vary as well. Some
children with ASDs are described as
having behavioral differences (eg, in
reactivity and social orienting) from the
earliest months of life, whereas others
presentwith speechdelay in the second
year, and still others are described as
becoming withdrawn and losing skills
after a period of relatively typical de-
velopment into the second year of life.22–24

There is also heterogeneity at an etio-
logic level, with hundreds of suscepti-
bility genes25 and potentially a wide
range of environmental and/or epige-
netic factors26–28 implicated in ASD
causation. The variability in behavioral
profiles, developmental course, and
underlying etiologic factors must be
taken into account when synthesizing
findings across studies. There are
also methodologic differences that
may affect comparability across stud-
ies (eg, prospective versus retrospec-

tive designs, measurement strategies,
ages at which early signs and out-
comes are examined).

Statement 2: There is evidence that
reduced levels of social attention
and social communication, as well
as increased repetitive behavior
with objects, are early markers of
ASD between 12 and 24 months of
age. Additional potential markers
include abnormal body movements
and temperament dysregulation.

ASD is not commonly diagnosed until
3 to 4 years of age.29 However, many
parents express concerns to their pe-
diatrician by the time their child is
aged 18 months.30,31 In addition to
parent reports, potential early mark-
ers have been identified according to
retrospective analyses of home videos
and prospective longitudinal studies of
infants in the general population, as
well as assessment of high-risk infants
and toddlers who have an older sibling
with ASD.

Studies directed toward the identifica-
tion of early clinical diagnosticmarkers
of ASD have examined atypicalities in
the core domains of social communi-
cation and social interaction, as well as
the presence of repetitive behaviors.
There is strong evidence (ie, replication
in multiple samples by independent
groups) to support impairments in
social attention and social communi-
cation as potential markers of ASD
between the ages of 12 and 24 months
(Table 1)32–56 as well as evidence for
atypical object use during this same
age period.57,58

When concern about any of these
behaviors is conveyed by parents or
observed by other care professionals
(eg, a health care provider such as
community physician or nurse, de-
velopmental service provider, or early
childhood educator), it is recommended
that the child be referred for further
autism screening and, as appropriate,

for a more comprehensive developmen-
tal and diagnostic evaluation.

Early marker: reduced levels of social
attention and social communication

Social attention and social communi-
cation behaviors indicative of ASD in-
clude decreased response to one’s
name being called (ie, “orienting to
name”), reduced visual attention to
socially meaningful stimuli, and less
frequent use of joint attention and
communicative gestures.

Reducedorienting toname is frequently
identified by parents of children with
ASD as 1 of their earliest concerns,8,59

and it has been identified in several
prospective studies of at-risk infants
as a robust early marker of the di-
agnosis.32,38,42,45 There is some evidence
to suggest that decreased orienting to
name can differentiate children with
a later ASD diagnosis not only from
typically developing children but also
from children with other developmental
delays/disabilities.42,60

Toddlers with ASD also exhibit a re-
duced tendency to visually examine
sociallymeaningful stimuli. Eye-tracking
technology provides a unique opportu-
nity to understand visual attention in
ASD and can accurately measure point
of gaze with ,1 degree of error.
Studies of toddlers with ASD report
reduced monitoring of social scenes
even with an explicit dyadic cue (ages
13–25 months)61 and a preference for
visually examining geometric shapes
rather than images of children (ages
14–42 months).40

Attention in ASD is often abnormal not
just in terms of what toddlers with ASD
prefer to look at but also how they at-
tend to their world. “Joint attention”
refers to the development of specific
skills that enable sharing attention
with others through pointing, showing,
and coordinating looks between objects
and people; joint attention skills are as-
sociated with language acquisition.47
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Some studies have reported group dif-
ferences in both responding to joint
attention (RJA) and initiating joint at-
tention (IJA) between infants who re-
ceive a later diagnosis of ASD and
children who are not diagnosed. RJA,
also called attention following, is in-
dicated by the child’s shifting of at-
tention in response to a cue, such as
someone’s gaze, head turn, point, or
attention-directing utterance. Lower
levels of RJA have been reported in
childrenwith ASD as early as 14 months
in 2 prospective studies41,43 but not in
a third.35 In 1 study,41 group differ-
ences in RJA between high-risk siblings
with a later ASD diagnosis and high-
risk siblings with later outcomes of
broader autism phenotype or non–
broader autism phenotype became
apparent at 24 months of age.

IJA behaviors, or directing attention,
refer to a child’s integration of gestures,
gaze shifts, utterances, and other cues
to initiate a shared experience of
objects or events with others. As early
as age 14 months, IJA behaviors have
been found to be impaired in children
with ASD35 and younger siblings of
children with ASD47 compared with
typically developing children. Reduced
IJA (at 18 months) also distinguishes
younger siblings who subsequently
develop ASD from those who do not,62

as does a slower growth trajectory
of IJA-related communication from
age 15 months.43 Other studies have
assessed the use of gestures more
generally. During the second year of
life, a lower frequency of gesture use
differentiated children with ASD from
typically developing children35,63 and
from children with other developmen-
tal disorders.33,39

Early marker: repetitive behavior with
objects

As early as 12 months of age, infants
witha laterdiagnosisof ASDwere found
to exhibit atypical use of objects, such

as the spinning, lining up, rotating, and
especially visual exploration of objects,
compared with infants with a later di-
agnosis of other developmental or
language delays or no developmental
concerns.57 These findings are con-
sistent with other reports of repeti-
tive behaviors associated with object
use42,58,64 and prolonged visual fixation
on objects32 or repetitive geometric
shapes40 in infants who subsequently
develop ASD. In 2 samples, such re-
petitive behaviors correlated with
subsequent diagnostic outcomes and
other ASD symptoms.57,58,64

Potential early marker: atypical body
movements and motor development

Evidence in this domain is less well
established, but research suggests that
atypicalities in body movements, which
can encompass repetitive actions or
posturing of the body, arms, hands, or
fingers (including hand flapping, finger
flicking, and atypical arm and foot
movements during walking), may
emerge as important early markers.
Whether these atypical behaviors are
noted to emerge early or late during
the second year of life seems to vary
depending on the design of the study.

Prospective studies in children with
a later diagnosis of ASD have shown a
higher frequencyand longerdurationof
repetitive stereotyped movements58,64

compared with typically developing
or “unaffected” children, respectively.
Similar findings have been reported in
other prospective studies32,42,54,65 as
well as in retrospective studies.39,52,53

In contrast, 1 retrospective video study
of children with autistic disorder found
no differences from typically devel-
oping children in rates of movement
abnormalities.55

There is a growing interest as to
whether atypicalities in developmental
motor patterns may appear very early
and possibly predate social and com-
munication markers. General delays in

gross and/or fine motor skills have
been reported in high-risk infants,49,66

and more recent research has sug-
gested very early emerging abnormal-
ities in motor control. For example, in
a preliminary study of 40 high-risk in-
fant siblings, Flanagan et al67 reported
that head lag at 6 months was pre-
dictive of a subsequent diagnosis of
ASD at 30 to 36 months. In a related
study,68 motor delays at 6 months were
predictive of social communication
delays across the high-risk cohort.
Bolton et al69 reported that fine motor
behaviors were among a larger set of
parent-report items on a general de-
velopmental screening tool that was
informative for risk of ASD at 6 months
of age. Although these studies suggest
that, in some cases, delayed or atypical
motor patterns may be predictive of
ASD, definitive markers are not yet
available. Certainly, children with atyp-
ical motor development should be
closely monitored and followed up, not
only for ASD but also for other de-
velopmental disorders. Further stud-
ies of the association between infant
motor development and ASD risk are
warranted.

Potential early marker:
temperamental profile

It has been reported that by 24 months
of age, temperament profiles can dis-
tinguish high-risk siblings with a later
diagnosis of ASD from high-risk siblings
who do not receive an ASD diagnosis
and siblings without a family history of
ASD.34 One profile is characterized by
lower sensitivity to social reward cues.
A second profile, marked by negative
affect and difficulty in controlling at-
tention and behavior, can differentiate
siblings diagnosed later with ASD from
infants with no family history of ASD
(low-risk infants). Two smaller case
series by the same group identified
temperamental differences in children
with ASD as early as age 6 months.32,45
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Clifford et al70 reported on the pres-
ence of reduced positive affect and
increased perceptual sensitivity at
7 months of age, as well as a pervasive
pattern of emotional dysregulation
and reduced attentional flexibility
(consistent with findings from Garon
et al34), features that were predictive
of ASD within a cohort of 54 high-risk
infants. Measures of temperament
have not yet been reported by other
groups investigating infants at risk
for autism, suggesting that these
observations need further study. In
addition, temperamental features in
low-risk populations have not been
investigated as a potential risk marker
for ASD.

Statement 3: Reliable behavioral
markers for ASD in children aged
,12 months have not yet been
consistently identified.

Many factors limit investigations into
the earliest age at which markers for
ASD can be identified, including: (1) the
presence of considerable individual
differences and variability in cogni-
tive and social development in young
infants; (2) the use of study designs that
limit conclusions about whether dif-
ferences are predictive of an ASD di-
agnosis and/or are specific to ASD; (3)
the possibility that behavioral symp-
toms used in diagnosis are associated
with neuronal circuitry that develops
after 12 months of age; and (4) the
possibility that early, prodromal symp-
toms at the time of ASD diagnosis may
differ from behaviors observed and
measured later in development.

Table 2 summarizes studies in
which emerging markers over the
first 12 months of life were as-
sessed.22,32,38,45,46,48,49,71–78 Some re-
searchers reported no behavioral
differences at the age of 6 months in
social communication behaviors22 or in
language or motor development49,66

between infants who were later di-

agnosed with ASD and those with
a later diagnosis of typical develop-
ment. Other studies, which have also
included outcome measures, suggest
that there may be differences during
the age range of 6 to 12 months in
social attention (social gaze or ori-
enting to name being called),32,74

atypical sensory behaviors,32 repetitive
or otherwise atypical motor behaviors,
and nonverbal communication (differ-
ences in gesture use).77 Addition-
al similar studies during the first
6 months of life have suggested dif-
ferences in responding to social stim-
uli72 and “at least some suggestion of”
more difficult temperaments, char-
acterized by marked irritability, in-
tolerance to intrusions, and being
prone to distress/negative affect.32

Jones and Klin18 recently completed
a landmark study that incorporated
eye-tracking technology to assess a
high-risk sibling sample. They re-
ported that infants later diagnosed
with ASD exhibited diminished orient-
ing to the eye region of the face over
time, specifically from 2 to 6 months of
age. Cross-sectional group differences
emerged later in the first year. How-
ever, these differences in orienting of
visual attention, as measured by using
the eye tracker, did not have straight-
forward behavioral correlates that
were detected by either clinicians or
parents.

Studies of younger siblings of children
with ASD without a known diagnostic
outcome have reported either no dif-
ferences in specific social behaviors48

or differences in visual fixation73;
orienting to nonsocial versus social
stimuli76; and prespeech vocalizations.78

However, the predictive validity of
these differences cannot be inter-
preted in the absence of outcome
data.

To summarize, no definitive behavioral
or diagnostic markers for ASD have
yet been identified in infants aged

,12 months. Replication of findings
across research groups is needed.
Nevertheless, caregivers are encour-
aged to be mindful of early devel-
opmental milestones (in social and
emotional development, as well as
motor, language, and problem-solving
skills) and to raise questions if they
have concerns that developmental
goals are not being met.79

Statement 4: Developmental
trajectories may also serve as risk
indicators of ASD.

The term “trajectory” encompasses the
degree, rate, and direction of changes
in the behaviors and/or developmental
milestones being studied. An assess-
ment of the time course of specific
behaviors and patterns of development
may be more sensitive than single-
point, or “snapshot,” measures. Spe-
cifically, there is evidence that both
early development (eg, language, non-
verbal cognition) and social commu-
nication behaviors may follow atypical
trajectories in children with ASD
ascertained from high-risk infant sib-
ling cohorts.

Atypical trajectory of early language
and nonverbal development in ASD

Scores on standardized measures of
early development reflect the slowing in
acquisition of new skills over the first
2 years of life. Prospective studies have
reported atypical trajectories of early
verbal and nonverbal skills, with rela-
tively typical development during the
first year followed by declining stan-
dard scores corresponding with slow-
ing of the acquisition of new skills
during the second year of life. In a
consecutive case series,32 7 of 9 high-
risk infants with a later diagnosis of
ASD had average cognitive scores at
the age of 12 months based on either
the Bayley Scales of Infant Development
or the Mullen Scales of Early Learning
(MSEL). However, over the next 12 to
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24months, 4 of these 7 subjects (all boys)
exhibited dramatic declines in IQ into
the severe impairment range. In a sec-
ond study comparing 50 infants aged
6 to 36 months who received a later
diagnosis of ASD or typical develop-
ment,22 MSEL scores increased over
time for all, but starting at 12months of
age, the ASD group exhibited slower
nonverbal cognitive/language growth.
Similarly, Landa and Garrett-Mayer49

reported that 24 children with ASD,
ascertained from a group of 87 high-
risk infants, demonstrated reduced
language and motor skills by age 14
months and reduced skills in all areas
at age 24 months on the MSEL, com-
pared with high-risk siblings who were
developing typically. More recently,
Landa et al66,80 have provided evidence
that declining trajectories in language
and nonverbal cognitive skills (as
indexed by using the MSEL) in high-risk
infants are strongly associated with
a later diagnosis of ASD. Although
there may be uncertainty with regard
to what is being measured by “cog-
nitive” assessments at young ages,
the measurement equivalence of
verbal and nonverbal indices over the
first few years of life (ie, whether
measures are tapping the same de-
velopmental constructs at different
ages), and the extent to which social
and attentional abilities may be con-
tributing to children’s performance,
the findings of declining trajectories
on standardized measures may nev-
ertheless provide important predictive
information.

Atypical trajectory of early social
communication skills in ASD

The atypical trajectory of early social
communication skills in ASD include
decreased social gaze, social smiles,
and vocalizations between 6 and 12 to
18months of age. Ozonoff et al22 reported
on the emergence of social behavioral
signs in 25 high-risk siblings with a

later diagnosis of ASD and 25 low-risk
children matched according to gender
and later determined to have typical
development. There were no group
differences at age 6 months, but a de-
clining trajectory of specific behaviors
over the next 12 months was noted in
the high-risk group. Group differences
in gaze to faces and directed vocal-
izations were significant by age
12 months and in social smiling by
18 months; these findings persisted
through to 36 months. Similarly, in
a cohort of 125 high-risk infants, re-
duced social smiling, eye contact, so-
cial interest, affect, and response
to name at 12 months (but not at
6 months) were predictive of diagnostic
outcomes at 24 months.45 Declining
trajectories of social communicative
behaviors associated with subse-
quent ASD diagnoses have also been
reported in another cohort of 204
high-risk infants.80 Yoder et al43 also
reported declining rates of joint at-
tention behaviors in high-risk infants
subsequently diagnosed with ASD.
As previously noted, Jones and Klin18

reported that a decline in the relative
amount of time that high-risk infants
aged 2 to 6 months spent orienting to
the eyes versus mouth of a highly
engaging adult shown on video was
predictive of ASD.

Thus, the monitoring of development
over time may prove important in
assessing ASD risk, consistent with the
American Academy of Pediatrics’ rec-
ommendations for systematic surveil-
lance during well-child visits.79

Statement 5: Caution should be
exercised in drawing conclusions
about early risk markers of ASD
from studies that do not include
individual-level outcome data.

Studies comparing behavior profiles
across high- and low-risk groups can
contribute to our understanding of
early emerging features as well as the

extent of the broader ASD phenotype
(milder constellation of behavioral,
cognitive, and other developmental
characteristics that present in some
relatives of individuals with ASD).
However, group-level correlations do
not always reflect individual-level cor-
relations. Although some high-risk
siblings will go on to receive a diagno-
sis of ASD, otherswill be diagnosedwith
other disorders, and most will not.
Therefore, prevalence of an early be-
havioral marker in a group known to
have elevated ASD risk should not be
taken as evidence that the marker
predicts risk at the individual level
without knowing the outcome status of
individuals.

Statement 6: Caution should be
exercised in generalizing findings
from studies of high-risk infants.

Even when individual-level data on risk
markers and ASD outcomes are avail-
able in high-risk samples and markers
predictive of ASD are reported, such
findings might not generalize to the
general population. High-risk sibling
cohortsareunique in that theiroutcome
risk is many times greater than other
populations. In light of this finding and
the accepted substantive involvement of
genetic susceptibility factors in ASD
etiology, it is plausible to suspect that
unique risk mechanisms could be
operating in this group. For example,
initial reports suggested that abnor-
malities in DNA copy number varia-
tion in children with ASD were more
common in simplex families than
in multiplex families.81 More recent
array- and exome-based studies result-
ing from more advanced sequencing
methods have not confirmed a higher
overall burden of genetic variants in
simplex families, although these stud-
ies continue to highlight the tremen-
dous genetic diversity among and
within families.82,83 Variations in ge-
netic mechanisms and the brain
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networks to which theymapmight also
correlate with variation in early be-
havior profiles,83 thus potentially
limiting the extent to which risk
markers seen in high-risk cohorts
apply to other samples. Although it is
premature to assume that findings
from high-risk groups do not gener-
alize more broadly, until more is known
about underlying causal mechanisms
and their relationship to phenotypic
profiles, ample caution should be
exercised.

Statement 7: Research about early
markers of ASD should include
diverse high- and low-risk samples.

Studies that examine cohorts at higher
risk for ASD extending beyond infant
sibling cohorts may offer some addi-
tional advantages in ASD research.
First, these groups (eg, infants born
prematurely or infants born to older
parents)might be easier to assemble
in large sample sizes. Moreover, such
cohorts will also prove useful for
assessing the generalizability of early
risk marker profiles because they will
have a mix of genetic susceptibility
factors different from high-risk sib-
ling cohorts yet still have elevated
outcome rates comparedwith general
population samples. Follow-up stud-
ies involving these cohorts may also
create opportunities to studywhether
early behavioral markers for ASD are
ASD-specific or also predict other de-
velopmental endpoints that occur (eg,
intellectual disabilities). This point is
particularly critical because in the
absence of such comparison groups,
we cannot conclude that behavioral
markers associated with later di-
agnosis in high-risk infant sibling
samples would be specific to ASDs
in community samples that include
the full spectrum of developmental
and mental health disorders of early
onset.

Statement 8: Future efforts should
aim to identify: (1) early markers
that can be measured in routine
clinical practice, involving direct
observation and parental report;
(2) early biological processes
measurable concurrently with, or
before, overt behavioral markers;
and (3) combined approaches.

Markers measurable in routine
clinical practice

Many measures currently used in early
identification research involve video
coding of discrete behaviors, eye track-
ing, and/or the development of study-
specific cutoffs that are of limited
utility for present-day clinical prac-
tice. Efforts should be directed to-
ward the development and validation
of easy-to-administer, reliable tools
for measuring potential behavioral
markers within the context of routine
clinical assessments; examples in-
clude coding smiling during cognitive
assessment22 or the assessment of
head lag at 6 months,67 especially in
high-risk infants. Methods should be
developed for gathering information
from caregivers and from direct ob-
servation and interaction with the
child, and for integrating these
sources of information to inform
clinical judgment. In a recent study,
2 prospective measures of emerging
symptoms of ASD were found to cor-
relate highly: (1) frequency of specific
social behaviors as coded from video-
tape; and (2) independent examiner
ratings of the frequency of social en-
gagement behaviors in a different set-
ting.22 This type of study design may
accelerate the development of mea-
sures that would be valid as well as
more easily integrated into everyday
practice.

Early neurobiological processes

Progress has also been made in
studying and integrating biological
data, such as brain volume and func-

tional imaging (eg, from electrophysi-
ological measurements) indices, with
behavioral measures of ASD. For ex-
ample, enlarged brain volumes in-
cluding both gray and white matter
have been reported in MRI studies of
toddlers with ASD.37,84–89 Enlargement
has been noted in the frontal and
temporal lobes37,90 and in specific
subcortical structures, such as the
amygdala.36,91 Enlargement has been
observed in children as young as age
12 months andmay be accompanied by
an increase in extra-axial fluid.87 Head
circumference, which is a crude proxy
for brain size, is generally consistent
with brain enlargement in ASD,84 al-
though a recent review has raised
questions as to whether ASD-related
increases in head circumference have
been largely driven by comparisonwith
outdated population-based norms.92 As
such, MRI is the gold standard for
indexing structural brain develop-
ment in ASD.

In some MRI studies, brain overgrowth
was found to correlate with behavioral
markers at later ages. For example,
amygdala sizewas correlatedwith joint
attention ability measured at age
4 years36 and with severity of social
and communicative impairments mea-
sured at age 5 years.91 In another re-
cent study,93 aberrant development of
white matter pathways was found be-
tween 6 and 24 months of age in high-
risk infants symptomatic for ASD at
24 months. Atypical neural responses,
as indexed by event-related potentials,
at age 6 to 10 months to viewing
faces (specifically, the contrast between
viewing faces whose eye gaze was di-
rected toward, versus away from, the
infant) have also been reported to re-
late to risk of ASD among high-risk
infants.19 Using functional MRI during
natural sleep, a new study showed that
the superior temporal gyrus (known to
be involved in language processing)
was less activated in toddlers with
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ASD relative to typically developing
peers while listening to a simple bed-
time story. Notably, these toddlers with
ASD were referred from the community
rather than being identified from
a high-risk sibling sample.94 Another
functional MRI study, also with ASD
toddlers from the general population,
found reduced correlation between the
right and left hemispheres in brain
regions key for language and social
processing.95 Moreover, the levels of
abnormal interhemispheric correla-
tion could be used to distinguish tod-
dlers with ASD from control subjects at
an individual level, with a sensitivity of
72% and a specificity of 84%. These
reports encourage the search for
neurologic biomarkers or others that
may reflect underlying pathologic pro-
cesses in ASD and possibly precede
and/or predict behavioral changes.

Cumulative risk indices

Researchers have not found a single
behavioral sign or a single develop-

mental trajectory that is predictive of
all diagnoses of ASD. Given the het-
erogeneity of ASD expression, it is
unlikely that a single behavior will be
found universally across all children
or will serve as the defining marker
for a later emerging ASD. Future re-
search may improve ASD risk pre-
diction by examining combinations of
symptomatic abnormalities (both in
a cross-sectional manner and over
time) that constitute cumulative risk
indices.96 Moreover, such a risk-
profiling approach could incorporate
both behavioral and biological mark-
ers24 and thus offer the possibility of
more reliable identification of infants
at very high risk who could benefit
from early intervention and/or pre-
ventive approaches to mitigate symp-
tom development. It is also essential
that future studies report individual-
level data and adopt more consistent
measures of relevant constructs to
allow for accurate estimates of sen-
sitivity and specificity of precise risk

markers, aswell asmeta-analysis across
studies.
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