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ABSTRACT: Autism, like intellectual disability, represents the
severe end of a continuous distribution of developmental impair-
ments that occur in nature, that are highly inherited, and that are
orthogonally related to other parameters of development. A para-
digm shift in understanding the core social abnormality of autism
as a quantitative trait rather than as a categorically defined
condition has key implications for diagnostic classification, the
measurement of change over time, the search for underlying
genetic and neurobiologic mechanisms, and public health efforts
to identify and support affected children. Here, a recent body of
research in genetics and epidemiology is presented to examine a
dimensional reconceptualization of autistic social impairment—as
manifested in clinical autistic syndromes, the broader autism
phenotype, and normal variation in the general population. It
illustrates how traditional categorical approaches to diagnosis
may lead to misclassification of subjects (especially girls and
mildly affected boys in multiple-incidence autism families), which
can be particularly damaging to biological studies and proposes
continued efforts to derive a standardized quantitative system by
which to characterize this family of conditions. (Pediatr Res 69:
55R–62R, 2011)

Research in child development over the past several de-
cades has revealed that clinical neuropsychiatric syn-

dromes often represent the severe end of continuous distribu-
tions of core competencies and/or deficiencies that occur in
nature. This concept was seminally applied to child psycho-
pathology by Achenbach and colleagues (1) who developed
and validated an empirically based dimensional system of
measurement; the implementation of that system in studies
involving hundreds of thousands of children has revolution-
ized the way in which disorders of behavior and development
are understood. Although on the surface, the difference be-
tween categorical (“all-or-nothing”) and dimensional classifi-
cation systems may appear trivial, a paradigm shift between
the two can have profound implications for the exploration
of neural mechanisms underlying behavior, the enhancement
of statistical power in biological research, the monitoring of
effects of intervention, and helping parents understand (and
accept) the nature of a psychiatric condition in a child. In
recent years, the conceptualization of autistic syndromes as

part of a continuum of social variation in nature has garnered
considerable attention in science.

The fact that a variety of rare single-gene disorders now
account for some 10–15% of autistic syndromes (at the time
of this writing) might seem to reinforce a categorical concept
of autism; that the “autisms” actually represent a collection of
such discrete disorders of social cognition (2). Just as is true
for intellectual disability, however, the identification of such
discrete syndromes of deficiency does not necessarily contra-
dict the notion of a continuum, rather that the continuum as a
whole (the “bell curve” for the example of intelligence) may
be comprised, in part, of an array of clusters, each engendered
by its own cause—independent, partially overlapping, or fully
overlapping with the underlying causes of other clusters—and
varying in range of severity. In addition, a discrete genetic
cause may result in varying phenotypic expression (variable
penetrance has been directly observed for specific structural
chromosomal variations associated with autism) (3), presum-
ably on the basis of the manner in which that discrete genetic
cause interacts with other attributes of the genotype or life
experience of the individual. Alternatively, quantitative vari-
ation in an inherited trait may arise from the additive or
interactive effects of multiple genetic influences of modest
effect—whether rare or common, inherited, or de novo—as
well as environmental influences, the totality of which relate
to severity in a stochastic fashion.

For the 85% of autism cases in which specific molecular or
structural genetic variations are not yet appreciable, it remains
unknown whether such multigenic influences are at play;
however, it has become increasingly clear that in some 25% of
families affected by autism, multiple family members are
affected by clinical or subclinical autistic traits; and that within
this subset of families, the distribution of autistic traits and
symptoms appears highly quantitative, in a way that makes it
extremely difficult to establish a clear demarcation between
those affected versus unaffected (4,5).

Multigenic mechanisms of causation have been identified
for other complex conditions (diabetes, obesity, hypertension)
and specific diseases (discussed below), in which common
susceptibility alleles of relatively minor effect exert joint or
interactive effects on the condition of interest, and some of the
features of these medical conditions bear striking similarities
to what is observed in autism spectrum conditions. For exam-
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ple, the short-segment variety of Hirschsprung’s Disease—a
disorder of neuronal migration to the large intestine—affects
boys five times more commonly than girls and exhibits both
sporadic and familial patterns of intergenerational transmis-
sion. In the familial form of the disease, length of the gut that
is affected (a straightforward quantitative index measured in
centimeters) is associated with the number of recessive sus-
ceptibility alleles possessed by the patient and is predictive of
sibling recurrence risk (6,7). This multifactorial genetic mech-
anism contrasts with the rarer and more severe long-segment
Hirschsprung’s Disease, which follows a dominant pattern of
autosomal transmission of single gene mutations of major
effect. In schizophrenia, a neurodevelopmental disorder in
which the normal process of synaptic pruning in adolescence
is believed to be dramatically accelerated (in contrast to the
disruption in synapse formation that is believed to occur in
autism), sporadic cases have been associated with an elevated
occurrence of de novo copy number variations (CNVs), some
of which are the same as those observed in excess among
individuals affected by sporadic autism (8).

Quantitative Variation in Autistic Symptomatology in
Affected Families

Numerous studies, using various methods of measurement,
have documented the aggregation of autistic syndromes,
symptoms, or traits in the close relatives of children with
autism. Such observations of familial aggregation have ranged
from a full diagnosis of autistic disorder [for which siblings of
children with autism have a relative risk of 20 or higher (9)],
to milder autistic syndromes [Asperger syndrome, pervasive
developmental disorder-not otherwise specified (PDD-NOS)]
(10), to subclinical behavioral features of the autistic syn-
drome (4,5,11–13), to the “broader autism phenotype,” includ-
ing personality traits that are akin to autistic symptoms (14–
19), and to developmental impairments or delays that more
specifically involve language (15,16,18,19).

Lauritsen et al. (9) additionally observed that the siblings of
children with Asperger Syndrome in the Danish National
Register had a 13 times higher than general population risk for
the development of full-blown autism, which constitutes some
of the strongest evidence to date that the two disorders share
common underlying genetic susceptibility factors. Studies that
have carefully differentiated simplex autism (single family
member affected, also referred to as sporadic autism) from
multiplex autism (two or more family members affected, also
referred to as familial autism) have suggested that familial
aggregation of subclinical autistic traits may occur only in
multiplex autism (2,5,14) (Fig. 1), providing further evidence
for differentiation of mechanisms of genetic transmission for
sporadic versus familial forms of the disorder.

In a recent large-scale study (n � 1235 families) of the
siblings of children affected by autism spectrum disorder
(ASD) (4), 10% were clinically affected, but an additional
16% were nondiagnosed siblings who nevertheless exhibited
substantial elevations in social and/or communicative impair-
ment occurring in these family members with a frequency
approximately one order of magnitude more commonly than
observed in the general population. Furthermore, when “re-

currence” in this sample was operationalized using quantita-
tive indices standardized by gender rather than absolute cate-
gorical definitions of case status, the typically cited 3:1 sex
ratio of males to females narrowed to 3:2. In essence, girls in
families affected by autism were twice as likely to fall above
a first percentile cutoff for females than they were to acquire
a clinical diagnosis, and over 10 times more likely to exceed
the first percentile for autistic social impairment than girls in
the general population.

Thus what is observed among clinically and subclinically
affected individuals in families affected by autism is a very
wide, and in essence, continuous distribution of autistic symp-
toms and traits (4,5) comprising the so-called autism spectrum
(as depicted for boys in multiple-incidence families in Fig. 1).
The question of how quantitative variation among clinically
affected individuals relates to the variation observed for au-
tistic-like traits in the general population (i.e. generally less
severe variations in social communication that are measurable
using the same methods as used in the studies above) remains
another open and important question. Given the fact that even
very subtle levels of autistic symptomatology have been
shown to aggregate in some of the family members of children
affected by ASD, it is possible that variation in the general
population is influenced by the same sets of genetic and
environmental factors that influence autism itself (this is dis-
cussed in further detail below). We have recently shown that
when parents (4) and classroom teachers (5) rate the severity
of ASD-diagnosed versus undiagnosed populations, the point
of greatest differentiation of the respective distributions occurs
at a point that is at approximately 1.5 standard deviations
above the general population mean (thus not at an extreme
tail), suggesting that there is substantial overlap between the
general population distribution and the continuum of affecta-
tion that encompasses clinically diagnosed patients.

The Factor Structure of Quantitative Autistic Traits

A key aspect of quantitative variation in autistic symptom-
atology involves the questions of whether (or to what extent)
the three components of the autistic syndrome (social deficits,
communicative deficits, and stereotypic behavior/restricted
interests) represent independent symptom clusters (i.e. each

Figure 1. Distribution of teacher-report SRS scores (raw scores on x axis,
corresponding T scores across the top of the figure) for male siblings of
children with autism in single-incidence (s) and multiple-incidence (f)
families.
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with its own quantitative or qualitative architecture), or rather
co-vary (“travel” together) in nature. In this review, we focus
on autistic social impairment as a core feature of autistic syn-
dromes but recognize that when language impairments and ste-
reotypic behaviors occur independently from autism, they may
exhibit distributions and patterns of aggregation that diverge from
the pattern described here for autistic social impairment. Here, we
summarize briefly what is understood about the associations
between the three-symptom domains of the autism triad to best
contextualize the implications of a quantitative architecture for
autistic social impairment.

Although some large-scale general population studies have
suggested that the inherited influences on the three domains of
symptoms are substantially (20) or partially (21) independent
of one another, a caveat is that such studies can be confounded
by measurement methods that do not ascertain autistic symp-
toms and traits with enough specificity. For example, if chil-
dren with common nonautism-related disorders [such as spe-
cific language impairment (SLI) or conduct disorder] are
contributing to elevations in “autistic trait” scores ascertained
in large populations, it can lead to overestimates of the extent
to which separate lines of inheritance are responsible for the
symptoms, because many of these syndromes are likely to
have their own causal mechanisms independent from autism.

In contrast, factor, cluster, and latent class analyses of
autistic symptoms in family studies have revealed substantial
overlap in the three-criterion domains for autism delineated in
the Diagnostic and Statistical Manual of Mental Disorders 4th
edition (DSM-IV). For example, Spiker et al. (22) studied
sibling pairs affected by autism and found that empirically
derived clusters of symptoms within families differed not by
specific symptom sets, but by the degree of impairment that
existed (mild, moderate, or severe) across all three DSM-IV
criterion domains for autism. Their findings were most con-
sistent with a model of autistic symptomatology arising from
a single, heritable, continuously distributed deficit, which
might influence dysfunction in all three-symptom domains.

Similarly, Sung et al. (12) examined features of the broader
autism phenotype in the relatives of autistic probands and
found evidence for the primary aggregation of highly heritable
social deficits that explained variation in symptomatology
across other domains of the autistic syndrome. Constantino et
al. (23–25) applied factor, cluster, and latent class analysis to
diagnostic interview and quantitative trait data [using the
Social Responsiveness Scale (SRS)] from children represent-
ing the entire range of autistic social impairment, from mini-
mally affected to severe, and consistently observed a unitary
factor structure across data sources and methods of analysis,
reinforcing the syndromic nature of autistic impairment. A recent
principal components factor analysis of an accumulated Wash-
ington University sample of 1799 boys from 1799 separate
families, including over 300 clinically affected by autism, yields
the factor structure depicted in the scree plot in Figure 3, indi-
cating that a primary factor accounts for greater than 30% of the
variance, with all other possible factors contributing only minor
components of variance. It is important to note that in this
observation and in previous studies, the symptoms which load

most strongly onto the principal factor represent all three of the
DSM-IV criterion domains for autism.

Subsequent to the original reports summarized above,
Gotham et al. (26) and Lord et al. (27) factor analyzed data
from thousands of structured diagnostic observations of chil-
dren with autism and concluded that the symptoms encom-
passing social deficiency and communicative deficiency com-
prised a single empirically derived factor. Even at face value,
a review of typical autistic traits reveals aspects of overlap
across symptom domains that provide insight into key unify-
ing constructs. The tendency for the social ability of individ-
uals with ASD to be compromised by an over-focus on details
“missing the forest for the trees” is highly reminiscent of the
preoccupation with detail that characterizes young affected
children’s unusual (stereotypic) play with toys and older
children’s restriction in range of interests. It has been hypoth-
esized that an underlying deficit in the assignment of salience
(28) and the consequent absorption with details could underlie
the social, stereotypic/behavioral, and even the communica-
tive deficits (e.g. sentence comprehension compromised in the
context of preserved decoding of individual words) of the
autistic syndrome.

These observations provide a new framework for under-
standing quantitative variation in autistic symptomatology and
challenge the three-criterion taxonomy for differentiating spe-
cific PDDs in DSM-IV, by raising the possibility that each of
the common disorders (Autistic Disorder, Asperger Syn-
drome, PDD-NOS) lie along a continuous distribution of
impairment with a more parsimonious underlying factor struc-
ture. In such a reconceptualization, variation in autistic sever-
ity interacts with variation in other domains of development
(general cognition, temperament, proneness to anxiety) to
produce specific profiles of individual adaptation. For exam-
ple, Asperger Syndrome, which is described in DSM-IV as a
separate disorder (defined as autistic impairment without sub-
stantive language delay and generally characterized by aver-
age to above average intellectual functioning), might be
viewed as an autistic syndrome that is compensated by a level
of intellectual functioning that is adequate to sustain normal
language development, even in the presence of a level of
social impairment that is otherwise typically associated with
language impairment. In that sense, it is the preservation of a
relatively high level of general cognition—not the existence of
a separate disorder—that uncouples the usual association be-
tween social and communicative impairment observed in au-
tistic syndromes.

Molecular genetic studies are now just beginning to add to
our knowledge of the factoral structure of autistic syndromes.
Although many disparate mutations have been associated with
the same triad of symptoms observed in autism, quantitative
trail loci (QTL) analyses have indicated that common autism
susceptibility alleles may preferentially confer risk among
specific subsets of autistic patients, for example those with
versus without severe language delays (29). It has also been
observed that a given large chromosomal rearrangement or
allelic variation associated with autism (i.e. one that occurs
more common in ASD than in the general population) might
have highly variable phenotypic expression, as observed for
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16p11 deletions which are found in patients with autism,
patients with mental retardation without autism, and in rela-
tively typically developing individuals within autism-affected
families (3). Recognizing that a wide range of quantitative
autistic traits may be present in the siblings of children with
autism, it is possible to explore whether the association be-
tween phenotype and underlying genetic or neurobiologic
mechanisms might be more appreciable when considering
quantitative autistic trait information from all siblings in af-
fected families rather than restricting analysis to the transmis-
sion of categorical disease states. Molecular genetic analyses
using quantitative trait information from all children of par-
ticipating families (not just the fully affected subjects) have
indicated that specific linkage signals in two independent
multiplex family registries were substantially enhanced when
adopting this approach (30,31).

Finally, it is well recognized that some syndromes of SLI
are inherited independently from autism, however, as dis-
cussed above, several studies have reported that language
disorders (15,16,18,19), which can often be accompanied by
distinct autistic qualities (pronoun reversal, socially inappro-
priate phrases), or by mild-to-moderate levels of social defi-
ciency, also aggregate in the unaffected siblings of autistic
probands (4). Thus, although the relationships between the
symptom domains of the autism triad remain a subject of
active investigation, there is accumulating evidence that they
represent correlated behavioral manifestations of an underly-
ing quantitative neurodevelopmental impairment. Ultimately,
developmental, molecular genetic, and neuroimaging studies
are poised to make major contributions to our understanding
of how (and in what combinations) the various clinical man-
ifestations of autism arise, and this in turn will inform strat-
egies for intervention for specific subgroups. It is highly
conceivable that the severity distribution that constitutes the
ASDs is fully continuous with the distribution of subclinical
autistic symptomatology that is appreciable in the general
population (as reviewed below). It has recently been demon-
strated for autism (32) and for other complex diseases such
as hypertension (33) that variation within the normal phe-
notypic range can be caused by variation in the same genes
that are responsible for clinical disease states. From an
evolutionary standpoint, it is possible that inherited factors
that are actually adaptive when phenotypic expression is
mild (as may well be the case for autistic traits) may be
highly preserved in the population and result in clinical
disease states only when severely expressed or in interac-
tion with other genetic or environmental factors.

Quantitative Variation in Autistic Symptomatology in
the General Population

Several large general population studies involving symptom
counts and/or quantitative ratings of the severity of autistic
social impairment, using disparate measurement methods
(34–36) have consistently shown that the distribution of au-
tistic symptoms in epidemiologic samples is continuous; this
is shown for social responsiveness scale (SRS) total scores in
a general population twin sample in the histogram in Figure 2.

The SRS is a quantitative measure that was designed for use
in public health settings and large research samples. The items
of the SRS are focused on the ascertainment of core deficien-
cies that characterize autism spectrum conditions, and there-
fore it elicits severity ratings for impairment in reciprocal
social behavior, social communication, and abnormalities in
the domain of stereotypic behavior/restricted interests. Be-
cause the SRS exhibits a unitary factor structure, total scores
are used as an index of autistic severity. A limitation of the
scale by design is that impairments in language ascertained by
the SRS are limited to social communication deficits to avoid
confounds with specific language impairment (SLI) and def-
icits in general cognition.

Using this measurement method quantitative variations
measured throughout the course of childhood and adolescence
have exhibited an extraordinary level of preservation of inter-
individual differences (intraclass coefficients on the order of
0.80) over years of time (37), demonstrating a level of stability
that is similar to that observed in clinical autistic syndromes.
On the basis of the distribution depicted in Figure 2, it appears
highly arbitrary where distinctions would be drawn between
the designations of affected versus unaffected status, and ASD
can be viewed as the extreme end of a normative distribution
for reciprocal social behavior (and its associated traits) that
occurs in nature. The average child with a current designation
of PDD-NOS scores at about the 99th percentile of the
severity distribution for males. As is depicted in Figure 3, the
female distribution is shifted toward the nonpathological end
across the entire distribution; this results in sex ratios being
exaggerated when extreme cutoffs using nonstandardized
scores are implemented as criteria for diagnosis, which is the
case for all traditional autism diagnostic methods. Females
who score at the 99th percentile for their standardized distri-
bution are only half as likely as males to acquire a clinical
diagnosis of ASD using current community standards for
diagnosis (4), and this may explain a substantial share of what
is universally observed as a 3:1 sex ratio for categorical ASD
diagnoses.

To ascertain whether gender-specific genetic effects account
for the nonpathological shift in the distribution for females
compared with males, opposite sex dizygotic twins have been
studied (34). Opposite-sex twin pairs represent a gender-

Figure 2. Reciprocal social behavior in the general population: distribution of
score for reciprocal social deficits, parent-report SRS: males (f); females (�).
Adapted from Constantino JN and Todd RD Arch Gen Psychiatry 60:524–530
Copyright© 2003 American Medical Association, with permission.
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comparison condition within the classic twin design, in which
common environmental influences can be modeled and con-
trolled for. The results of structural equation modeling applied
to the data in Figure 2 indicated that the genes influencing
autistic traits appeared to be the same for males and females in
the general population. Lower prevalence (and severity) of
autistic traits in females was found not to be a function of
sex-linked genetic influences, rather a possible result of in-
creased sensitivity to environmental influences (in females),
which operate to reduce the phenotypic expression of genetic
susceptibility factors and promote social competency (34).
This is highly consistent with findings on sibling recurrence in
clinically affected families (4): given similar levels of genetic
susceptibility, girls appear relatively protected (compared with
boys) from severe phenotypic expression of this liability.

It is important to note that variation in the general
population is highly heritable, at the same level of genetic
influence that autism itself is believed to be inherited
(34,35,38). This appears to be true throughout the distribu-
tion, i.e. both for social competency and social deficiency.
This does not necessarily imply that social competency and
social deficiency are controlled by the same genetic factors,
but that possibility exists, and could conceivably be ex-
plored in very large epidemiologic twin samples (n on the
order of 10,000 pairs) in which the numbers of clinically
affected subjects are large enough to estimate whether
genetic influences on a) quantitative trait scores and b)
categorical designations of affectation status (at a clinical
level cutoff) are determined by the same set of genetic
influences—as of this writing, no such analysis has ever
been published.

What is known about genetic influences on “subthreshold”
autistic traits is that they overlap at least partially with those
that influence some forms of autism: they preferentially ag-
gregate in the unaffected family members of many children
with ASD (4,5,11), particularly those for whom other mem-
bers of the family are also fully affected by ASD (so-called
multiple-incidence or “multiplex” ASD). Recently, St.

Pourcain et al. (32) showed that a common variation in genetic
variant on 5p14.1 (rs4307059), a replicated susceptibility
allele for ASD, is also associated with social communication
spectrum phenotypes in the general population. Notably, the
association in the general population was explained neither by
single-trait associations nor by overall behavioral adjustment
problems but by a joint effect of multiple subthreshold social,
communicative, and cognitive impairments—this is highly
consistent with findings supporting a unitary factor structure
for the autistic syndrome, discussed above.

The question also arises whether inherited influences on
quantitative autistic traits are the same as or different from
those influences involved in other dimensional domains of
psychopathology. Twin designs are capable of answering
such questions about genetic overlap, as long as the various
traits of interest are all measured in the subjects in a given
genetically informative sample. A series of studies in the
general population have indicated that a) scores for inter-
nalizing behavior and externalizing behavior explained
only a minority of the variance in quantitative autistic trait
scores (39); b) there is moderate phenotypic and/or genetic
overlap between attention problem syndromes and quanti-
tative autistic traits (34); c) elevation in quantitative autistic
trait scores may exacerbate co-occurring psychopathologic
syndromes (25); and d) youths with severe mood or anxiety
disorders exhibit substantially higher autistic trait scores
than healthy controls (40) and the level of impairment
incurred by these and other variations in personality and
behavior may be predicted in part by co-occurrence of
subclinical autistic symptomatology (41). Recently, Lich-
tenstein et al. (42) analyzed data from one of the largest
twin studies ever to ascertain data on symptoms of neuro-
developmental impairment in children (n � 10,895 twin
pairs). It revealed that although �80% of the variation in
liability for ASDs was due to genetic effects, a large share
of that genetic variance was shared, respectively, with
Attention-Deficit Hyperactivity Disorder (ADHD), devel-
opmental coordination disorder, tic disorders and learning
disorder, when respective bivariate analyses were applied
to the data. Similarly, in a sample of 674 young adult
Australian twins, Reiersen et al. (43) reported significant
overlap of additive genetic influences for self-reported
autistic traits and ADHD symptoms. Taken together these
findings suggest that the inherited liabilities that predispose
to ADHD and other neurodevelopmental conditions may
exacerbate or contribute to the development of autistic
syndromes.

The Clinical Ascertainment of Autistic Severity

A variety of established and emerging rating scales for
social impairment in autism are capable of reliably quantify-
ing its severity—these include checklists or questionnaires of
current functioning completed by adult-informants (usually
parents, teachers, or both) who have observed a child routinely
in his/her naturalistic social contexts, assessments of develop-
mental history as provided by parents, and direct observations
of current social communicative behavior in response to struc-

Figure 3. Scree plot of principal components analysis of SRS sample of 1799
boys from 1799 separate families, representing the full range of variation in
autistic severity from unaffected to severely affected by clinical autistic
syndromes.
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tured or semistructured social prompts. Each domain of ob-
servation can provide a unique and valuable vantage point for
assessing the severity of autistic social impairment (as well as
its relationship to other domains of development and psycho-
pathology) in a given child.

There are many ways in which multi-informant character-
ization of a developing child can help avoid misclassification
that would otherwise arise from single-informant or single-
context assessment (44). Young children with milder forms of
ASD who might be rapidly identified by an experienced day
care teacher could go unrecognized if observed exclusively at
home, because young parents are often inexperienced with
respect to normative trajectories of social development. More-
over, such children can be reasonably competent in one-on-
one social interactions with caring adults who can support and
scaffold their interpersonal behavior, but have a great deal of
difficulty in less structured social contexts in the company of
larger numbers of close-aged peers. This extends into child-
hood and adolescence as well—there are many children who
respond reasonably appropriately to a clinician-examiner in
the context of a structured diagnostic assessment but may be
observed by teachers to display floridly inappropriate social
behavior when in an unstructured context at school (lunch,
gym, recess, and bathroom breaks between classes). For these
reasons, it is important to acquire information from multiple
sources [ideally direct clinical observation, parent-report, and
teacher-report, refer Constantino et al. (24)] in the clinical
evaluation of social impairment in a child suspected of having
an ASD.

Endophenotypes and Quantitative Mapping of
Childhood Development

In addition, a quantitative conceptualization of autism mo-
tivates the search for endophenotypes, which are inherited,
quantitative phenotypic components of a syndrome. Endophe-
notypes, if they exist for autism, should be appreciable in

some or many of the unaffected family members of clinically
affected individuals and might more closely map to specific
genetic, neurobiologic, or psychologic factors that contribute
to (but are not by themselves sufficient to cause) the pheno-
typic expression of the syndrome itself. Endophenotypes are
not the same as associated symptoms of a condition (e.g.
self-injurious behavior in Lesch-Nyan syndrome), rather core
components of the syndrome that appear in subclinical forms
in unaffected relatives. Subclinical autistic traits exhibiting a
unitary factor structure (as described earlier in this review)
appear to constitute a social endophenotype for males in
multiple-incidence (multiplex) autistic families, and the search
for more precise endophenotypic components of the autistic
syndrome (e.g. electrophysiologic, neuroimaging, or develop-
mental trajectory markers) is under way.

As an example of the way in which two candidate endo-
phenotypes might interact to confer susceptibility to autistic
social impairment, Reiersen et al. (45) analyzed data on
inattention and motor coordination deficits (separately inher-
ited domains of quantitative neurodevelopmental deficiency)
in �800 children in the general population and showed that
their co-occurrence is associated with the development of
autistic social impairment, as shown in Figure 4. These asso-
ciations are reminiscent of a syndrome of “Deficits in Atten-
tion, Motor Coordination, and Perception” (DAMP) that has
been observed and previously described in the child psychi-
atric literature (46).

The current list of proposed candidate endophenotypes for
autism is long, but the series of investigations required to
establish them as true endophenotypes (through studies con-
firming heritability, patterns of familial aggregation, trait-like
stability, and specific association with autism) is long as well.
Endophenotypic candidates being actively pursued in autism
research at the time of this writing include head circumference
trajectory in infancy (47), laterality (handedness), electro-
physiologic and brain activation responses to socially relevant
auditory and visual stimuli, sensory dysfunction, EEG and
event-related potential abnormality, newly discovered neuro-
imaging phenotypes (48,49), an array of neuropsychologic
deficits (theory of mind, self-other representation, social mo-
tivation, capacity for shared intentionality, abnormalities in
visual social engagement), a variety of language endopheno-
types (prosodic deficits, sentence comprehension abnormali-
ties, timing of developmental milestones such as age of first
word or first phrase), motor coordination problems, involun-
tary/repetitive motor movements, insistence on sameness, per-
severation, and inattention. Each of these might be uniquely
influenced by specific brain networks that could become tar-
gets of preventive or therapeutic interventions.

Finally, it is important to consider the implications of the
interaction between a) quantitative distributions of deficiency
in reciprocal social behavior (accompanied by relative defi-
ciency in communication and the presence of stereotypic
behaviors and/or restricted interests as occurs in the autistic
syndrome); and b) quantitative variation in general cognition,
which is an independent developmental construct that can be
differentiated from autistic social impairment within the nor-
mal distribution of intelligent quotient (IQ) in the population,

Figure 4. Percentage of subjects with clinically significant autistic traits,
stratified by presence or absence of DSM-IV ADHD and by endorsement of
Child Behavior Checklist (CBCL) motor problem items. n � 851. Number of
subjects in each group is shown above each bar. DAMP, deficits in attention,
motor control, and perception. Reprinted from Reiersen AM et al. J Am Acad
Child Adolesc Psychiatry 47:662–672; Copyright© 2008 Elsevier, Ltd., with
permission.
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especially when using current measurement methods. Even if
largely uncorrelated within the general population, clinical
syndromes of deficiency in any developmental domain can
exert expectable consequences on other developmental do-
mains, and many cases of ASD are complicated by co-
occurring intellectual deficiency. Autism can occur in the
context of low IQ, high IQ, or anything in between, and it is
often difficult to know whether syndromes of combined social
and cognitive impairment represent a cognitive disorder with
secondary social impairment, the reverse, or some combina-
tion of two independent conditions.

Related to this is the confusion that can arise in clinically
disentangling such deficits in young children with develop-
mental delay. An example is the extremely common clinical
scenario of the toddler who presents with language delay; it
is perplexing (yet potentially relevant to the choice of
intervention strategy) to determine whether that delay is
most attributable to a primary cognitive deficit, an autistic
syndrome, an SLI, or some combination of dimensional
variants of these conditions. A goal for the next decade is
to map quantitative variation in social competency to quan-
titative variation in other fundamental (orthogonal) do-
mains of childhood development.

If each neurodevelopmental domain is fundamentally quan-
titative in nature, it will ultimately require established maps of
the expectable relations between the variables (analogous to
the height versus weight norms used in pediatric practice) to
accurately ascertain their relative contributions in a given case
of developmental delay (50). We eagerly await a next gener-
ation of developmental-epidemiologic studies (some of which
are currently under way) that will map the ways in which
quantitative variations in fundamental domains of develop-
ment (especially cognition, capacity for reciprocal social be-
havior, language, emotional regulation, sensorimotor function
and interpersonal experience) interact with one another over the
course of development from infancy to adulthood. It is possible
that such studies will pave the way for a new system of charac-
terizing all syndromes of developmental delay, along measurable
quantitative axes, each of which might allow more precise asso-
ciations with contributing biological mechanisms (37).
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