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ABSTRACT

Autism spectrum disorders (ASD) are common neurodevelopmental disorders that occur
along a broad continuum of severity with impairmentsin social interactions,
communication, and behaviour. Thisreview highlights recent advancesin autism
research that shed light on the causes of the disorder and that have implications for
clinical practice. It focuses on 1) therising prevalence of ASD with attention to recent
epidemiological studies, 2) important genetic discoveries that may affect clinical
evaluation of children with ASD, 3) active areas of research in cognitive neuroscience
that seek to explain the underlying mechanisms of a complex disorder, and 4) important
studies on clinical populations with implications for screening and early identification of
infants and toddlers with ASD.
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INTRODUCTION

Over the last decade, interest in autism spectrum disorders (ASD) has exploded in both
research and public spheres. Prominent parent-led advocacy groups have successfully
influenced public awareness of and interest in autism, at the same time that they have
advanced public and private funding in autism research. What was once thought of asa
rare, severe disorder caused by psychodynamic interactions is now recognised to be a
common neurodevelopmental disorder, which occurs along a broad continuum of
severity. Neuropathological abnormalities have been identified that can be traced back to
events during foetal development, [1] and atypical behaviour and development are
evident well before diagnosis during the toddler or early childhood years. [2] Autismis
not thought to be a single disorder, but rather many different disorders described by a
broad behavioural phenotype that isafina common pathway of atypical
neurodevelopment. [3]

Despite the intense research focus on ASD in recent years, the underlying aetiologies
remain obscure in most cases. Theincreasing prevalence of the disorders, in addition to
the belief that early identification and treatment can improve outcomes for many affected
children, impart a sense of urgency to the field, making it a fertile ground for research
across many disciplines. Thisurgency also affects clinicians, who are asked to recognize
the earliest signs of autism and to follow growing numbers of children with ASD in their
practices. [4-6] With arich and growing body of research in ASD, many of the basic
science discoveries have shed light on the underlying neurobehavioral mechanisms
(including neural circuitry and neurotransmitters that differ in individuals with ASD),
linking them to genetic aetiologies and clinical presentation. Most research findings,
however, are currently years away from having direct clinical applications. This review
highlights some recent advances in autism research that are likely to influence clinical
care, including diagnosis, evaluation, and treatment in the future.

CLINICAL CHARACTERISTICS

All individuals affected by ASD share a common triad of impairment in social
interactions, impaired and atypical verbal and non-verbal communication, and repetitive
and usual behaviour or play. [7, 8] Symptoms range from severe and unmistakable to
subtle signs of social-communicative dysfunction. Significant impairmentsin the social
aspects of communication and social reciprocity are what distinguish ASD from other
developmental disorders. Autism in its most severe form was first described by Leo
Kanner in 1943. His patients displayed severe language impairment, social isolation,
ingstence on sameness, and motor stereotypies. [9] Hans Asperger described what is
now his eponymous disorder in 1944, but his publication was not translated and
disseminated in the English language literature until the early 1990's.[10] Asperger's
patients resembled Kanner's, though they had stronger cognitive and language abilities.
DSM-1V TR uses the umbrellaterm of Pervasive Developmental Disorders (PDDs),
encompassing five disorders: Autistic Disorder, Asperger's Disorder, Pervasive
Developmental Disorder-Not Otherwise Specified (PDD-NOS), Rett's Disorder, and
Childhood Disintegrative Disorder. The term Autism Spectrum Disorders does not
appear in DSM or ICD but is now widely accepted in both research and lay literature.
Usually the term refers to the DSM diagnoses of Autistic Disorder, Asperger's Disorder,
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and PDD-NOS. In clinical practice, however, the labels of ASD, autism and PDD are
often used interchangeably. In thisreview we will follow the same convention.

The concept of the autism spectrum is useful clinically because of the dramatic variation
in symptomology both within and between each diagnostic category, ranging from
relatively mild to very severe symptoms in each of the three areas of impairment.
Autistic Disorder isthe most severe form of the disorder; many affected individuals are
non-verbal or have significant cognitive impairment, and many have severe motor
stereotypies and disruptive behaviours. Studies have shown wide variation in rates of
mental retardation, with older studies, using earlier diagnostic criteria, showing most
individuals with ASD having 1Q's less than 70. Broader variation has been shown in
more recent studies. Several have demonstrated that fewer than half of affected
individuals had significant cognitive impairment when cases of PDD-NOS and
Asperger's Disorder were included. [11-13] With the broadening of the concept of the
autism spectrum and increasing prevalence of ASD, more individuals with milder
symptoms of autism and less cognitive impairment have been identified. Population-
based studies using current diagnostic criteriawill be necessary to resolve this question.
"High functioning" individuals meet DSM criteria for Autistic Disorder; however, they
do not have significant cognitive impairment, at least when assessed on measures that do
not have significant language demands, and they may function with minimal supports or
show giftednessin one or more areas.[14] Asperger's Disorder is often referred to as "a
mild form of autism," which underestimates the negative impact of the disorder on many
affected individuals. Those with Asperger's Disorder have, by definition, average or
above average cognitive abilities and acquire language by the preschool years; they may
have advanced language and interests that are atypical in subject and/or intensity of
focus. PDD-NOS isadiagnosis of exclusion, referring to asignificant level of
impairment on functioning with sub-threshold symptomology or atypical presentation.

EPIDEMIOLOGY

Recent epidemiological studies from the United States and Great Britain point to
dramatically increased rates of ASD. In the 1970's and 1980's, reported prevalence was
around 5/10,000.[15, 16] Since the mid-1990's, rates of ASD have risen steadily. Large
epidemiological studiesin 2003 demonstrated a prevalence of 1/166-1/250 in alarge US
metropolitan area.[17] A more recent study from 14 different US states showed
variability based on geography, race, and source of diagnostic information, with an
overall prevalence of 1/152.[11] Another recent study from the UK, which included
direct assessment of many of the individuals in the sample, reported a higher rate of about
1in 100.[18] In these studies, the more extensive the clinical information available (for
example, direct assessment of subjects as opposed to educational and/or medical record
abstraction), the higher the prevalence of autism identified.

Thus, even these high rates may be underestimates of the true prevalence of ASD in the
21st century. It isclear that much of the dramatic increase in prevalenceis dueto
broadening of diagnostic criteria over time with the adoption of the concept of the autism
"spectrum™ and the new category of Asperger's Disorder in the early 1990's, which
includes individuals with relatively subtle symptoms who would have been given
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different developmental or psychiatric diagnosesin the past.[19] In addition, some
studies suggest that diagnostic substitution from mental retardation or learning disabilities
to autism in educational administrative data sets contribute to the increase.[20] Itis
possible increasing prevalence reflects, in part, a true increase in the incidence of autism.
Such an increase could not be easily explained by genetic causes alone, which should not
change over such a short timeframe. To explain this rapid increase, Baron-Cohen has
theorized that individuals with high functioning autism and Asperger's Disorder may
demonstrate characteristics of an "extreme male brain,” with an over-developed
systemising approach to the world. According to Baron-Cohen, these individuals (like
many typical men) tend to gravitate towards rules-based vocations and avocations. He
proposes that this leads to assortative mating of smilarly inclined systemisers, which
could explain high rates of autistic traitsand ASD among individuals in highly technical
and systemized field, such as computers or engineering, and their children.[21]

Many hypotheses of environmental aetiologies of autism are fuelled by the increasing
prevalence and awareness of ASD. To date, large epidemiological studies have not
supported a causal link between autism and some of the most well publicized
controversies about aetiologies of ASD, such asthe MMR vaccine or thimerosal. [22-24]
Debatesin this area of study continue to rage and are a source of much distrust between
the lay and research communities. Recent studies focusing on different types of
environmental factors (for example, paternal age) expand our conception beyond
traditional toxins to broader elements of the prenatal environment that may influence
expression of susceptibility genes.[25] Thetechnical challenges of performing
epidemiological studies on environmental influences of neurodevelopment are legion, but
large scale studies investigating the role of the environment in the aetiology of ASD are
in development in the US, through the Centers for Disease Control and Prevention (CDC)
and the National Institutes of Health and in Denmark, through a collaborative program
with the CDC. Because of tremendous heterogeneity of the disordersincluded in the
autism spectrum, it is likely that research will ultimately uncover a variety of
environmental factors interacting with a number of genesin different ways that contribute
in part to the increase in prevalence, rather than a single environmental culprit.

While epidemiologic studies content with avast number of potential environmental
influences that may be causal in ASD, laboratory researchers attempt to identify the basis
of ASD in controlled settings. In recent years there has been a surge in research in the
areas of genetics and cognitive neuroscience. Investigators search for causal links
between genes, their molecular functions, and the neural pathways that appear to be
disrupted in ASD, manifesting asits distinctive behavioural phenotype.

GENETICS

Despite uncertainty regarding specific aetiology in most affected individuals, the genetic
underpinnings of autism are indisputable. Studies of monozygotic and dizygotic twins
show that autism is highly heritable.[26] Family studies demonstrate that el ements of a
broader autism phenotype are common, so that first and second degree relatives of
affected individuals may display elements of the required triad of symptoms (such as
language delay or social phobia) without meeting full criteria for one of the ASD.[27-29]
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Conversely, many cases are sporadic. There are thought to be many genes associated
with autism, and it is likely that most affected individuals carry several genesthat
predispose them to the disorder. What gene-gene, gene-environment, or epigenetic
interactions cause one child to develop the disorder and another to be spared is not well
understood. Published studies regarding routine clinical genetic testing recommended for
individuals with ASD that reflect recent advancesin the field are now emerging in the
United States, [30,31] although consensus guidelinesin the US and UK have been limited
to endorsements of high resolution chromosomes and Fragile X testing.[32-34]

Currently, clinical practice of genetic testing for ASD beyond karyotype and Fragile X in
both the US and the UK is not consistent and is influenced by available resources and
cost. Some authors have advocated atiered approach to genetics evaluation for
idiopathic ASD, with high resolution chromosomes and Fragile X in all cases; if results
are unrevealing, further evaluation is recommended.[35] It isimportant for physicians
who send genetic testing to have familiarity with the interpretation of results, or to have
accessto clinical geneticistswho can aid in interpretation.

The diagnosis of ASD is an increasingly common indication for aclinical genetics
evaluation, depending on clinical setting and resources. Genetic evaluations can be
especially useful in cases of "syndromic" ASD; that is, cases in which there are
dysmorphisms, neurocutaneous findings, significant cognitive impairment, abnormal
neurologic examination or seizures. In clinical practice, many individuals with
"idiopathic" autism, who lack the comorbidities listed above, are less likely to be referred
for more complete genetic evaluation. Newer, longitudinal studies of infant siblings of
children with ASD indicate that recurrence risksin families (at least in this specific sub-
population) may be even higher than reported in older twin studies, with up to 20% of
baby siblings meeting criteriafor ASD at age two or three in one published study.[36] If
these higher rates are replicated, having more than one affected family member, evenin
"idiopathic" autism, may also be a strong indication for clinical genetic evaluation.

Though currently ASD is diagnosed on the basis of behavioural phenotype, the
importance of a genetic evaluation may be realized with the diagnosis of a specific
chromosomal disorder, single gene disorder, or genetic syndrome associated with ASD.

A genetic diagnosis may result in better anticipatory guidance, more precise genetic
counselling with more accurate recurrence risks, and the possibility of future prenatal
diagnosis, if desired. A recent study in a knockout mouse model of Fragile X showing
improvement in clinical symptoms with reduction of a glutamate receptor expression
(mGIuURb) pointsto a future in which pharmacological treatment may target products of
gene expression in neurodevelopmental disorders, including ASD.[37] Asmore
informative genetic testing becomes widely available, more extensive testing will likely
become the standard of care at the time of an ASD diagnosis and will take on alarger role
in evaluation. Indeed, failure to diagnosis Fragile X in atimely manner, for example
before the birth of a second affected child, may be considered negligence (“loss of chance
doctrine”) with associated liability.

A clinical genetics evaluation attempts to identify a known disorder by a complete
dysmorphology assessment and Wood's lamp exam. Metabolic testing may be
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appropriate if symptoms associated with an inborn error of metabolism are present (for
example, clinical decompensation with illness or regression of motor or cognitive skills),
but such testing is not routinely recommended. Neuroimaging may also be helpful when
there are abnormal findings on neurologic exam or a history suspicious for seizures.
Targeted genetic testing may be available if a specific diagnosisis suspected because of
physical or behavioural characteristics (for example, Angelman syndrome,
Neurofibromatosis type 1, Smith-Lemli-Opitz syndrome, Smith-Magenis syndrome,
Sotos syndrome, Tuberous Sclerosis). Even in children without obvious dysmorphisms,
visible cytogenetic abnormalities may be present in up to 5% of individualswith ASD, so
high resolution chromosome analysis is now a standard recommendation.[38] Fragile X
DNA analysis should be part of the evaluation of all individuals with ASD, whether or
not they have cognitive impairment and/or physical stigmata of Fragile X, as reported
rates approximate 3%.[39]

Recent publications have established the utility of identifying cryptic chromosomal
deletions/duplications by whole genome microarray analysis in both clinical and research
ASD populations. [40-43] Single nucleotide polymorphism (SNP) microarray analysisis
awhole genome approach to identifying cryptic chromosomal copy number changes
(deletions or duplications at the level of a single nucleotide). Increased sensitivity in
detection of these copy number changes is demonstrated using these techniquesin
comparison to the earlier targeted arrays. Whole genome microarray analysis not only
identifies microdel etionsg/microduplications and subtelomeric deletions/duplications
known to be associated with ASD, but also identifies such alterations in genomic areas
containing genes not previously implicated in the aetiology of ASD. This new, powerful
approach can be clinically useful for genetic counselling, especially in evaluation of
"syndromic" autism, and it may uncover additional genes responsible for the ASD
phenotype.

Specific focus on the chromosome 15q11-g13 region is warranted as the maternally
inherited duplication has been described in approximately 1% of individuals with
ASD.[44] Individuals with this duplication have the behavioural phenotype of ASD in
addition to increased incidence of seizure disorder, hypotonia, and moderate to severe
mental retardation with associated absent or delayed speech. The MECP2 gene, which
causes most cases of Rett syndrome, islikely the etiologic factor in a small number of
cases of ASD. Sequencing and deletion/duplication analysis of the MECP2 geneis often
requested in those females with atypical Rett phenotype. Several additional X-linked
genes (i.e., ARX, STK9, Neuroligin-3 and 4) as well as autosomal genes (for example,
PTEN for those with pronounced macrocephaly) are also clinically available and may be
indicated in those ASD patients with a previous unrevealing evaluation.

In addition to the specific genes noted above, genome wide linkage and association
studies have implicated multiple loci associated with an ASD phenotype.[45] Whole
genome microarrays and candidate gene testing will likely identify a host of new genes
associated with the ASD phenotype. Clinical testing for these genesis anticipated in the
future, adding to the ever-expanding list of specific genetic testing for ASD. It is hoped
that as genetic understanding of ASD continues to advance, the underlying mechanisms
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of the disorder will be uncovered, leading to earlier diagnosis and more effective
treatments.

COGNITIVE NEUROSCIENCE

In the same way that numerous genes and areas of the genome have been implicated in
autism, differences in diverse areas of the brain have been found to be associated with
autism. Neuroanatomical studies have demonstrated differences in volumes of different
regions, including cortical lobes.[46,47] white matter,[48,49] corpus callosum,[50] and
amygdalg[51] and variationsin neurotransmitters, including serotonin[52] and
GABA.[53] Recent studies suggest that these neurobiological differences need to be
considered within a developmental perspective.[54-56] Research using functional brain
imaging methodsis of particular interest currently, because of its ability to elucidate
underlying mechanisms of impairmentsin social communication and cognition that are
characteristic of ASD. Despite wide variation in ASD phenotypes, specific brain regions
and neural circuits have been repeatedly implicated in functional imaging studies.

Atypical eye gaze has long been recognised as a clinical hallmark of ASD. It isunclear,
however, whether it isaprimary cause or aresult of the social impairments or anxiety in
autism.[57-58] Sophigticated eye tracking technology has been utilised alone and in
conjunction with functional imaging techniques to investigate what brain areas are
activated in individuals with autism, their siblings, and other unaffected individuals when
different social stimuli are presented.[59-60] Most subjects in these studies are high
functioning because of the need to have subjects cooperate with lying still in an enclosed
MRI machine. The generalisability of the results of the studies to more cognitively
impaired individualsis not clear. Different investigators have used a variety of
paradigms involving presentation of photos of faces with different emotions and with a
variety of physical distortions. Several investigators have shown that individuals with
autism spend less time looking at eyes, and more time looking at mouths or other objects
that are presented.[61,62] Other studies have demonstrated hypoactivation of the
fusiform gyrus and superior temporal sulcus, brain regions implicated in face and gaze
processing in unaffected individuals, however, the degree of activation isdirectly related
to the time spent looking at the eyes.[59] Interestingly, unaffected siblings of individuals
with ASD may show an intermediate level of activation of these circuits, between those
with autism and unaffected individuals.[60] This may have implications for the clinical
evaluations of unaffected siblings, who can show subtle atypical behaviours without
achieving the threshold for diagnosis of ASD. Differencesin emotional processing have
also been suggested, with variation in size and activation of the amygdala when affected
individuals are presented with pictures of faces demonstrating different types and degrees
of emotion.[59,60,63]

A characteristic of the social cognition of people with autism isimpairment in Theory of
Mind (ToM), or the ability to understand others' intentions or mental states.[64]
Differencesin processing of faces or eye gaze are likely associated with difficultiesin
social perception or the ability to "read" others emotions by looking at their faces.
Recent studies in the neural circuitry of what is called the Mirror Neuron System (MNS),
has implications for the development of ToM in autism, and presents an intriguing
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hypothesis for a neuronal basis of the core deficits of ASD.[65,66] Mirror neurons were
first described in 1996[67] when primate researchers noted that the same motor neurons
fired in macague monkeys whether they carried out a specific action or observed another
monkey or human do the same action. During imitative learning, the same neurons were
activated. Even more remarkable, the same neurons activated when the monkey saw
another start to do the action, though the action itself was shielded. Thisimplies that the
neurons fired based on the monkey's understanding of the goal of an action or of the
intention to do an action. This has been hypothesised to be the neural basis for
understanding more complex intentions, or mental states, of others.[68] Functional
imaging studies have shown analogous results in humans,[69] and differences have been
shown in activation of the human MNS in autistic and unaffected individuals.[65]
Whether differences in facial and gaze processing, in conjunction with differencesin
mirror neurons, can explain core deficitsin social mirroring, social learning, and
difficulties in understanding others mental states or intentions has not yet been clearly
demonstrated; however, thisis an area of active study.

CLINICAL STUDIES: INFANT SIBLINGSAND HEAD CIRCUMFERENCE

A new and exciting area of study in recent years involves prospective, longitudinal
studies of infant siblings of children with ASD, which are currently in processin several
centres around the world.[2] Other studies investigating early indicators of ASD have
relied on retrospective parental report or home videotapes in the first year of life,
presenting methodological limitations.[70] Because of the increased risk of having
another child diagnosed with autism in families with one affected child, cohorts of infant
siblings offer the potential for in-depth, prospective study of affected children very early
in development that is not feasible in studies of the general population. Most of these
studies compare groups of siblings of children with autism to groups of siblings of
typically developing children. Assessments focus on development and behavioural
markers from the age of six monthsto at least 36 months, when the diagnosis of an ASD
isstable. Thisresearch promisesto uncover the earliest signs and symptoms of autism,
with important implications for the devel opment of screening tools, diagnosis, and
treatment.

In these studies, a number of developmental and behavioural markers have been found to
be associated with later diagnosis of autism. These findings expand upon those of earlier
retrospective studies. In general, most infant sibling studies find few significant
differences before the age of 12 monthsin language or cognition, though several identify
subtle differencesin social engagement.[71,72] Consistent findingsin avariety of
studies include the core deficits of ASD, with some intriguing behavioural differences
between siblings later diagnosed with autism and those who do not meet criteria for
diagnosis. In general, siblings at 12 months who are later diagnosed with ASD show
delaysin receptive and expressive language (including babbling), gestures, initiation of
and response to joint attention, pointing, showing, imitation, response to name, visual
attention to objects, social responsiveness, and temperamental characteristics. [2]

Results from these studies push the lower age limits of diagnosis, presenting new
challenges for clinical diagnosisin very young children for whom the nature of
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appropriate and effective treatment isnot clear. Once thought to be difficult to diagnose
before the age of four or five years, the diagnosis of autism at age two has been shown to
be stable over time and isa goal for age of diagnosisin order to maximise potential for
early treatment. Unfortunately, there continues to be significant lag between the time that
parents report concern about their child's development and when the child is actually
diagnosed with an ASD. A recent epidemiological report from the United States showed
the mean age of diagnosis to be between the age of four and five years. [11] This may be
due, in part, to inclusion of children with milder symptoms of ASD and Asperger's
Disorder who are more difficult to diagnose before school age because of relatively
subtle symptoms. Because of the efficacy of early intensive treatment for many children
and continued late identification of ASD overall, the development of sensitive and
specific screening tools in the first years of lifeiscritical. Tools under development
target children as young as 12 months. [73] Results from studies of infant siblings should
shape the development of screeners and inform the diagnosis of autism in the youngest
children. For example, in one recent study, three-fourths of 12-month olds who failed to
respond to their names had devel opmental delays at 24 months, many of whom met
criteriafor ASD.[74] In the absence of genetic or other bio-markers of autism, diagnosis
will continue to rely on behavioural observations and clinical judgment including
research findings such as this which can be easily trandlated to the clinical setting to
inform clinical assessment.

One potential low-tech and accessible biological marker for autism is head circumference
or trgjectories in head growth the first two years of life. Numerous studies have shown
differences in head circumference in children with ASD compared to unaffected
individuals.[75] Initial studiesfocused on macrocephaly in a subset of young children
with ASD between the ages of two to five years, followed by return to average head
circumference by adolescent or adult years. [76] These children had normal or small
head size at birth. No oneregion of the brain isimplicated in this enlargement, though it
has been hypothesised that synaptic proliferation which characterises early
neurodevelopment may not be balanced by the normal check of synaptic pruning. Others
have suggested that variation in myelination may be involved.[77] More recent studies
have shifted focus from brain size to rate of brain growth. In alarge study, arapid and
unexplained acceleration of brain growth has been demonstrated during the first year of
lifethat isfollowed by arelative deceleration after the first year of life.[78] There have
been conflicting results about the level of functioning of children who showed this brain
growth pattern. The fact that the accel eration occurred before clinical symptoms were
noted has clinical relevance, as monitoring of rate of head growth may serveto identify
children at higher risk of developing ASD before clinical presentation. At thistime,
accelerated head growth or macrocephaly alone cannot be used to identify toddlers at risk
for autism. It may be one of several risk factorsthat, in combination with other concerns
such as family history or lack of response to name at 12 months of life, should signal
increased vulnerability ASD, prompting closer developmental monitoring in the clinic
setting or earlier referral for specialist evaluation.[77]

CONCLUDING REMARKS
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With growing interest in ASD by researchers and clinicians over the last decade, thereis
optimism that the field is on the cusp of making great advances. The broad phenotypic
variation in the disorder complicates research design, clinical diagnosis, and treatment.
The answer to the fundamental question of what causes autism remains shrouded in
mystery in most cases, much to the dismay of many families affected by the disorder.
Solutions to this complex problem and clear biomarkers of the disorder are unlikely to be
revealed quickly or easily. Epidemiological studies describe alarming increasesin
prevalence without clear precipitants. Dramatic advances in molecular genetics and
genomics uncover candidate regions that may e ucidate fundamental mechanismsto be
explored by cognitive neuroscientists. Far from bench research, meticulous studies of
infant siblings of children with ASD reveal the earliest, subtlest signs that development
has gone awry and will result in autism. Despite their limitations, research advances
promiseto inform clinical care, optimizing our ability to diagnosis and treat ASD
appropriately, thus enabling all individuals with ASD to realise their full potential.

Caronnaet d 11


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

ACKNOWLEDGEMENT: We thank Lee Wilson Brannon for her assistance in
preparation of this manuscript.

COMPETING INTEREST: None of the authors have any competing interests to the
text.

FUNDING/SUPPORT: Thiswork was funded through grants from Maternal and Child
Health Bureau T77MC00016 (Dr Caronna); the Irving B Harris Foundation (Dr
Caronna); the Autism Consortium (Drs Caronna and Milunsky); National Institutes of
Health U19DC03610, U54MH66398, R21DC08637 (Dr Tager-Flusberg) and Autism
Speaks (Dr Tager-Flusberg).

Caronnaet d 12


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

REFERENCES

1 Bauman M, Kemper T. Neuroanatomic observations of the brain in autism: areview
and future directions. International Journal of Developmental Neuroscience 2005;23;
183-187.

2 YirmiyaN, Ozonoff S. The very early autism phenotype. Journal of Autism and
Developmental Disorders 2007;37;1-11.

3 Volkmar F, Chawarska K, Klin A. Autism in infancy and early childhood.
Annual Review of Psychology 2005;56;315-336.

4 Plauche Johnson C, Myers SM, AAP Council on Children with Disabilities.
Identification and Evaluation of Children with Autism Spectrum Disorders. Pediatrics
2007; 120; 1183-1215.

5 Charman T, Baird G. Practicioner review: Diagnosis of autism spectrum disorder in 2-
and 3- year old children. Journal of Child Psychology & Psychiatry & Allied Disciplines
2002;43:289-305.

6 Baird G, CassH, SlonimsV. Diagnosis of autism. BMJ 2003; 327:494-7.

7 American Psychiatric Association. Diagnostic and statistical manual of mental
disorders, fourth edition, text revision. Washington, DC: American Psychiatric
Association, 2000.

8 World Health Organization. The ICD-10 classification of mental and behavioural
disorders-tenth revision. Geneva :World Health Organization, 1993.

9 Kanner L. Autistic disturbances of affective contact. Nervous Child 1943;2;217-250.

10 Asperger H. *Autistic psychopathy’ in childhood. In U Frith (Ed.), Autism and
Asperger syndrome. Cambridge: Cambridge University Press, 1991.

11 Autism and Developmental Disabilities Monitoring Network Surveillance Y ear 2002
Investigators; Centers for Disease Control and Prevention. Prevalence of Autism
Spectrum Disorders--Autism and Developmental Disabilities Monitoring Network, 14
Sites, United States, 2002. MMWR Surveillance Summaries 2007; 56: 12-28.

12 Chakrabarti S, Fombonne E. Pervasive devel opmental disordersin preschool children:
confirmation of high prevalence. American Journal of Psychiatry 2005; 162: 1133-41.

13 Newschaffer CJ, Croen LA, Daniels J, Giardli E, Grether JK, Levy SE, et a. The

Epidemiology of Autism Spectrum Disorders. Annual Review of Public Health
2007;28:235-58.

Caronnaet d 13


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

14 Howlin P. Outcome in high-fuctioning adults with autism with and without early
language delays; implications for differentiation between autism and Asperger syndrome.
Journal of Autism & Developmental Disorders 2003; 33:3-13.

15 Wing L. The definition and prevalence of autism: A review. European Child and
Adolescent Psychiatry 1993;2;61-74.

16 Wing L and Gould J. Severe impairments of social interactions and associated
abnormalitiesin children: Epidemiology and classification. Journal of Autism and
Developmental Disorders 1979;9;11-29.

17 Yeargin-Allsopp M, Rice C, Karapurkar T, Doernberg N, Boyle C, Murphy C.
Prevalence of autismin aU.S. metropolitan area. JAMA 2003; 289;49-55.

18 Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D et a. Prevalence
of disorders of the autism spectrum in a population cohort of children in South Thames:
The Special Needs and Autism Project (SNAP). The Lancet 2006;368;210-215.

19 Fombonne E. Epidemiological studies of pervasive developmental disorders. In
Volkmar FR, Paul R, Klin A, Cohen D (Eds.). Handbook of autism and pervasive
developmental disorders, Volume One. (Third Edition). New York: Wiley, 2005.

20 Shattuck PT. The contribution of diagnostic subgtitution to the growing administrative
prevalence of autism in US special education. Pediatrics 2006;117;1028-1037.

21 Baron-Cohen S. Two new theories of autism: hyper-systemising and assortative
mating. Archives of Diseasein Childhood 2006;91:8-15.

22 Hviid A, Stellfield M, Wonhlfahrt J, Melbye M. Association between Thimerosal-
containing vaccine and autism. JAMA 2003;290;1763-1766.

23 Taylor B. Vaccines and the changing epidemiology of autism. Child Care, Health and
Development 2006;32;511-519.

24 Uchiyama T, Kurosawa M, Inaba’Y. MMR-vaccine and regression in autism spectrum
disorders: Negative results presented from Japan. Journal of Autism and Developmental
Disorders 2007;37;210-217.

25 Reichenberg A, Gross R, Weiser M, Bresnahan M, Silverman J, Harlap Set al.
Advancing paternal age and autism. Archives of General Psychiatry 2006;63;1026-1032.

26 Rutter M. (2005). Genetic influences and autism. In Volkmar FR, Paul R, Klin A,

Cohen D (Eds.). Handbook of autism and pervasive developmental disorders, Volume
One. (Third Edition). New York: Wiley, 2005.

Caronnaet a 14


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

27 Pickles A, Starr E, Kazak S, Bolton P, Papanikolau K, Bailey A. et al. Variable
expression of the autism broader phenotype: Findings from extended pedigrees. Journal
of Child Psychology and Psychiatry 2000;41;491-502.

28 Murphy M, Bolton PF, Pickles A, Fombonne E, Piven J, Rutter M. Personality traits
of the relatives of autistic probands. Psychological Medicine 2000;30:1411-24.

29 Fombonne E, Bolton P, Prior J, Jordan H, Rutter M. A family study of autism;
cognitive patterns and levels in parent and siblings. Journal of Child Psychology &
Psychiatry & Allied Disciplines 1997;38: 667-83.

30 Herman GE, Henninger N, Ratliff-Schaub K, Pastore M, Fitzgerald S, McBride KL.
Genetic testing in autism: how much is enough? Genetics in Medicine 2007; 9; 268-274.

31 Schaefer GB, Lutz RE. Diagnostic yield in the clinical genetic evaluation of autism
spectrum disorders. Genetics in Medicine 2006;8;549-556.

32 Filipek PA, Accardo PJ, Ashwal S, Baranek GT, Cook EH Jr, Dawson G et al.
Practice parameter: screening and diagnosis of autism: report of the Quality Standards
Subcommittee of the American Academy of Neurology and the Child Neurology Society.
Neurology 2000;55;468-479.

33 Dover CJ, Le Couteur Ann. How to diagnose autism. Archives of Diseasein
Childhood 2007; 92:540-5.

34 Cass H, Sekaran D, Baird G. Medical investigation of children with autistic spectrum
disorders. Child: care, health, and development 2006;32:521-33.

35 Schaefer GB and Mendelsohn NJ. Genetics evaluation for the etiologic diagnosis of
autism spectrum disorders. Geneticsin Medicine 2008;10:4-12.

36 Landa RJ, Holman KC, Garrett-Mayer E. Social and communication development in
toddlers with early and later diagnosis of autism spectrum disorders. Archives of General
Psychiatry 2007; 64: 853-64.

37 Dolen G, Osterwell E, Shankaranauayana Rao BS, Smith GB, Auerbach BD, Chattarji
S, et a. Correction of Fragile X Syndrome Mice. Neuron 2007; 56: 955-62.

38 Xu J, Zwaigenbaum L, Szatmari P, Scherer SW. Molecular cytogenetics of autism.
Current Genomics 2004; 5:347-364.

39 Kidinen M, RantalaH, Timonen E, LinnaSL, Moilanen |I. Associated medical

disorders and disabilities in children with autistic disorder: a population-based study.
Autism 2004, 8: 49-60.

Caronnaet d 15


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

40 Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin C, Walsh T, et al. Strong
association of de novo copy humber mutations with autism. Science 2007;316;445-449.

41 Jacquemont ML, Sanlaville D, Redon R, Raoul O, Cormier-DaireV, Lyonnet S, et al.
Array-based comparative genomic hybridization identifies high frequency of cryptic
chromosomal rearrangements in patients with syndromic autism spectrum disorders.
Journal of Medical Genetics 2006; 43: 843-9.

42 Weiss LA, Shen Y, Korn JM, Arking DE, Miller DT, Fossdal R et al. Association
between Microdeletion and Microduplication at 16p11.2 and Autism. New England
Journal of Medicine 2007 10.1056/NEJM 0a075974. (accessed 1/22/2008)

43 Autism Genome Project Consortium, Szatmari P, Paterson AD, Zwaitgenbaum L,
Roberts W, Brian Jet al. Mapping autism risk loci using genetic linkage and
chromosomal rearrangements. Nature Genetics 2007; 39: 319-28.

44 Cook EJ, Lindgren V, Leventhal BL, Courchesne R, Lincoln A, Shulman C et al.
Autism or atypical autism in maternally but not paternally derived proximal 15q
duplication. American Journal of Human Genetics 1997; 60:928-34

45 Freitag CM. The genetics of autistic disorders and its clinical relevance: areview of
the literature. Molecular Psychiatry 2007;12;2-22

46 Carper RA, Maoses P, Tigue ZD, Courchesne E. Cerebral lobes in autism: Early
hyperplasia and abnormal age effects. Neuroimage 2002;16;1038-1051.

47 Piven J, Arndt S, Bailey J, Andreasen N. Regional brain enlargement in autism: A
magnetic resonance imaging study. Journal of the American Academy of Child and
Adolescent Psychiatry 1996;35;530-536.

48 Herbert MR, Ziegler DA., Makris N. Filipek PA, Kemper TL, Normandin JJ, et al.
Localization of white matter volume increase in autism and developmental language
disorder. Annals of Neurology 2004;55;530-540.

49 McAlonan GM, Cheung V, Cheung C, Suckling J, Lam GY, Tai KS, et al. Mapping
the brain in autism. A voxel-based MRI study of volumetric differences and
intercorrelationsin autism. Brain 2005: 128: 268-76.

50 Chung MK, Dalton KM, Alexander AL, Davidson RJ. Less white matter
concentration in autism: 2d voxel-based morphometry. Neuroimage 2004;23;242-251.

51 Schumann, CM, Hamstra J, Goodlin-Jones BL, Lotspeich LJ, Kwon H, Buonocore
MH, et al. The amygdalais enlarged in children but not adolescents with autism; the
hippocampusisenlarged at all ages. Journal of Neuroscience 2004;24;6392-6401.

Caronnaet d 16


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

52 Anderson GM. Serotonin in autism. In Bauman ML, Kemper TL (Eds)., The
neurobiology of autism, second edition. Baltimore, MD: Johns Hopkins University
Press, 2005.

53 Blatt G. GABAergic cerebellar system in autism: A neuropathological and
developmental perspective. International Review of Neurobiology 2005;71;167-178.

54 Brambilla P, Hardan A, di Nemi SU, Perez J, Soares JC, Barale F. Brain anatomy and
development in autism: Review of structural MRI studies. Brain Research Bulletin
2003; 61;557-569.

55 Nacewicz B, Dalton K, Johnstone T, Long M, McAuliff E, Oakes T et al. Amygdala
volume and nonverbal social impairment in adolescent and adults males with autism.
Archives of General Psychiatry 2006;63;1417-1428.

56 Toal F, Murphy DG, Murphy KC. Autistic-spectrum disorders: lessons from
neuroimaging. British Journal of Psychiatry 2005; 187: 395-7.

57 Sasson N. The development of face processing in autism. _Journal of Autism and
Developmental Disorders 2006;36;381-94.

58 Leekam SR, Hunnisett E, Moore C. Targets and cues: gaze-following in children with
autism. Journal of Child Psychology & Psychiatry and Allied Disciplines 1998; 39: 951-
62.

59 Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher MA, Goldsmith,
HH et a. Gaze fixation and the neural circuitry of face processing in autism. Nature
Neuroscience 2005;8;519-526.

60 Dalton KM, Nacewicz B, Alexander A, Davidson RJ. Gaze-fixation, brain activation,
and amygdala volume in unaffected siblings of individuals with autism. Biological
Psychiatry 2007;61;512-520.

61 Klin A., Jones W, Schultz R, Volkmar F, Cohen, D. Visual fixation patterns during
viewing of naturalistic social situations as predictors of social competence in individuals
with autism. Archives of General Psychiatry, 2002;59;809-816.

62 Pelphrey K, Sasson N, Reznick S, Paul G, Goldman B, Piven J. Visual scanning of
facesin autism. Journal of Autism and Developmental Disorders 2002;32;249-261.

63 Ashwin C, Baron-Cohen S, Wheelwright S, O'Riordan M, Bullmore ET. Differential
activation of the amygdala and the 'social brain' during fearful face-processing in
Asperger Syndrome. Neuropsychologia 2007; 45: 2-14.

64 Baron-Cohen, S. Mindblindness: An Essay on Autism and Theory of Mind.
Cambridge: MIT Press, 1997.

Caronnaet d 17


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

65 Dapretto M, Davies M, Pfeirfer J, Scott A, Sigman M, Bookheimer S, lacoboni M.
Understanding emotions in others: Mirror neuron dysfunction in children with autism
spectrum disorders. Nature Neuroscience 2006;9;28-30.

66 Oberman L, Ramachandran V. The simulating social mind: The role of the mirror
neuron system and simulation in the social and communicative deficits of autism
spectrum disorders. Psychological Bulletin 2007;133;310-327.

67 Gallese V, Fadiga L, Fogassi L, Rizzolatti, G. Action recognition in the premotor
cortex. Brain 1996;119;593-6009.

68 Gallese V, Keysers C, Rizzolatti G. A unifying view of the basis of social cognition.
Trends in Cognitive Sciences 2004;8;396-403.

69 lacoboni M, Woods R, Brass M, Bekkering H, Mazziotta J, Rizzolatti G. Cortical
mechanisms of human imitation. Science 1999;286;2526-2528.

70 Zwaigenbaum L, Thurm A, Stone W, Baranek G, Bryson S, lverson J et al. Studying
the emergence of autism spectrum disorders in high-risk infants: Methodological and
practical issues. Journal of Autism and Developmental Disorders 2007;37;466-480.

71 Bryson S, Zwaigenbaum L, Brian J, Roberts W, Szatmari P, Rombough V et al. A
prospective case series of high-risk infants who developed autism. Journal of Autism and
Developmental Disorders 2007;37;12-24.

72 YirmiyaN, Gamlid I, Pilowsky T, Feldman R, Baron-Cohen S, Sigman M. The
development of siblings of children with autism at 4 and 14 months: Social engagement,
communication, and cognition. Journal of Child Psychology and Psychiatry
2006;47;511-523.

73 Watson L, Baranek G, CraisE, Reznick S, Dykstra J, Perryman T. The First Year
Inventory: Retrospective parent responses to a questionnaire designed to identify one-
year-olds at risk for autism. Journal of Autism and Developmental Disorders 2007;
37;49-61.

74 Nadig AS, Ozonoff S, Young GS, Rozga A, Sigman M, Rogers SJ. A prospective
study of response to namein infants at risk for autism. Archives of Pediatrics and
Adolescent Medicine 2007; 161:378-83.

75 Lainhart J, Bigler E, Bocian M, Coon H, Dinh E, Dawson G et a. Head circumference
and height in autism: A study by the Collaborative Program of Excellencein Autism.
American Journal of Medical Genetics Part A 2006;140;2257-2274.

76 Aylward E, Minshew N, Field K, Sparks B, Singh N. Effects of age on brain volume
and head circumference in autism. Neurology 2002;59;175-183.

Caronnaet d 18


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

77 Nelson K, Nelson P. Size of head and brain in autism: Clues to underlying biologic
mechanisms? In Bauman ML , Kemper TL (Eds)., The neurobiology of autism. Second
Edition.Baltimore, MD: Johns Hopkins University Press, 2005 .

78 Courchesne E, Carper R, Akshoomoff N. Evidence of brain overgrowth in the first
year of lifein autism. JAMA 2003; 290;337-344.

77 Elder LM, Dawson G, Toth K, Fein D, Munson J. Head Circumference as an Early
Predictor of Autism Spectrum in Y ounger Siblings of Children with Autism Spectrum
Disorder. Journal of Autism and Developmental Disorders 2007 10.1007/s10803-007-
0495-9. (accessed 1/21/2008)

Caronnaet d 19


http://adc.bmj.com/
http://group.bmj.com

Downloaded from http://adc.bmj.com/ on May 17, 2016 - Published by group.bmj.com

Autism: Clinical and research fontiers
ADC

Elizabeth B Caronna, Jeff M Milunsky and Helen Tager-Flusberg

Arch Dis Child published online February 27, 2008

Updated information and services can be found at:
http://adc.bmj.com/content/early/2008/02/27/adc.2006.115337

These include:

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://adc.bmj.com/content/early/2008/02/27/adc.2006.115337
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://adc.bmj.com/
http://group.bmj.com

