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Abstract

Objective: To review the current knowledge on neurobiological aspects of autism and pervasive developmental
disorders, as well as to provide pediatricians with up to date information on diagnosis and treatment of autism.

Sources of data: Review of MEDLINE and Internet.

Summary of the findings:  Autism is the 3rd developmental disorder, with an incidence of 40 to 130/100,000
individuals. Diagnosis is based on clinical findings, following DSM IV criteria. Neuroimaging, investigation of fetal
neurological status, and genetic investigation contribute towards a better understanding of the neurobiology of
autism.

Conclusion: Pediatricians are the first health professional to come in contact with patients with autism. Thus,
they should be able to diagnose and to coordinate the multidisciplinary treatment of these patients.
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Definition

The term autism was first used by Bleuler in 1911 to
designate loss of contact with reality, which caused great
difficulty in or incapacity of communication.1

Kanner, in 1943, used the same term to describe 11
children who shared quite an original behavior. He
suggested that autism was an innate inability to establish
affective and interpersonal contact and believed that it
constituted an extremely rare syndrome, which was
more frequent2 than expected, due to the small number
of diagnosed cases. In 1944, Asperger described cases
with some characteristics that were similar to autism,

which included difficulty in social communication in
children with normal intelligence.3

Autism is not a single entity, but a complex
developmental disorder that is behaviorally defined,
with multiple etiologies, and varying levels of severity.3

The phenotypic presentation of autism may be influenced
by associated factors that do not necessarily belong to
the major characteristics that define this disorder.
Cognitive skill is an important factor to be considered.4-9

Behavioral symptoms that define autism include
qualitative deficit in social interactions and in
communication, repetitive and stereotyped behaviors
and a limited repertoire of interests and activities.1 The
variation in levels of social and communication skills and
behavioral patterns that occur in autistic patients is now
more appropriately termed pervasive developmental
disorders (PDD).10

Based on Kanner�s description, numerous studies
involving the epidemiology, classification and identification
of autism have significantly contributed to the elucidation
of biological aspects of PDD.3-7,10-12
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Difficulties in social interaction in PDD may be
characterized by withdrawal or improper social behavior;
poor eye contact; difficulty in participating in group
activities; blunting of affect, or inappropriate demonstration
of emotions; lack of social or emotional empathy. As these
individuals reach adulthood, social withdrawal is reduced,
but poor social skills and difficulty making friends still
persist.

Adolescents and adults with autism misinterpret how
they are perceived by others, and autistic adults, even
with appropriate cognitive skills, tend to alienate
themselves.

Communication disorders occur in varying degrees,
compromising both verbal and nonverbal ability to share
information with others. Some children do not develop
communication skills, whereas others show immature
language characterized by jargon, echolalia, pronoun
reversal, abnormal prosody, monotonous intonation, etc.
Those with appropriate capacity to express themselves
may be unable to start or maintain a conversation.
Language and communication disorders persist in
adulthood, and a significant number of autistic patients
remain nonverbal. Those who acquire verbal skills may
have persistent difficulty in establishing a conversation,
such as lack of reciprocity, difficulty in understanding
language subtleties, jokes or sarcasm, as well as problems
with interpreting body language and facial expressions.

Repetitive and stereotyped behaviors, characteristic
of autism, include reluctance to changes, insistence on
certain routines, excessive attachment to objects,
fascination with spinning objects (e.g.: wheels or
propellers). Although some children seem to play, they are
more concerned about aligning or handling toys than using
them for a symbolic purpose. Motor and verbal stereotypies
such as swinging, clapping repeatedly, walking in circles
or repeating certain words, sentences or songs also are
frequent among autistic individuals. Autistic adults show
improved adaptation to changes, but limited interests
persist, and those with appropriate cognitive skills tend to
concentrate their interests in restricted topics, such as
train/airplane timetables, maps or historical facts, which
rule their lives.

In the absence of a biological marker, the diagnosis of
autism and the determination of its �borders� is still a
somewhat arbitrary clinical decision. If the current criteria
for autism are used, we will see that autism is not actually
a rare disorder. Depending on the inclusion criteria, the
prevalence of autism ranges from 40 to 130 per
100,000,12,13 ranking third among developmental
disorders, outranking congenital malformations and Down�s
syndrome. Recent studies suggest that the prevalence of
PPD may be of two to five per 1,000,14  which led to a
speculation about an �epidemic� of PPD. It is unclear
whether the prevalence of PPD has really increased; it is
very likely that the increase in the number of diagnosed
individuals is due to the better identification of these
disorders in less severely affected children and to

differences between DSM-III and DSM-IVR diagnostic
criteria15 (Table 1).

* Adapted from Kurtzke.15

† CNS = central nervous system.

Table 1 - Prevalence of neurological disorders (per 100,000)*

Epilepsy 650

Brain paralysis 250

Dementia 250

Parkinson�s Disease 200

Autism 130

Congenital malformation CNS� 70

Down syndrome 50

Diagnosis

The current criteria used to diagnose autism are those
described in the Diagnostic and Statistical of the American
Psychiatric Association (DSM)10 (Table 2).

These criteria have improved with time. Up to 1980,
autism was not considered to be a different entity from
schizophrenia. In 1987, the DSM-III-R established
diagnostic criteria for development-related disorders, with
two diagnoses being established under the name of
pervasive (or global) developmental disorder: (1) autism;
and (2) pervasive (or global) developmental disorder, not
otherwise specified (PPD-NOS). In practice, (PPD) or
autism spectrum disorders (ASD) have been used as
diagnostic categories in individuals with poor social
interaction, communication/language difficulties and
repetitive behaviors. The DSM-IV criteria for autism have
a high level of specificity and sensitivity in different age
groups and between individuals with distinct language and
cognitive skills.16

Nonetheless, it is necessary to identify subgroups of
autistic individuals for practical purposes and research.
The subdivisions established by the DSM-IV, under the
general name of PPD, are an attempt to meet the scientific
needs of research and to allow the development of
services that fulfill the needs of individuals with autism and
related disorders17 (Tables 3, 4 and 5).

Although it is now easier to understand each of the
PPD using the DSM-IV criteria, whether autism and
Asperger�s syndrome are different clinical entities or
variations of the same disorder; and whether the
disintegrative disorder is a valid diagnostic entity, are
issues that have not been solved yet.17 On top of that,
the inclusion of Rett�s syndrome in the general category
of PPD should be interpreted only as the observation
that girls with this syndrome have a behavior similar to
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that of autistic girls. The principal aim of the criteria
proposed for the diagnosis of autism and related disorders
is to minimize the discrepancies between researchers
and clinicians with regard to the definition of these
disorders at the behavioral (typology) or biological
(etiology) level (Table 6).

Table 2 - Diagnostic criteria for autistic disorder (DSM-IV, 1994)

A. At least six items from the 12 following criteria, with two from
(1), and at least one from (2) and (3):

1) Qualitative impairment in social interaction, as manifested
by:

a. marked impairment in the use of multiple nonverbal
behaviors

b. failure to develop peer relationships appropriate to
developmental level

c. a lack of spontaneous seeking to share enjoyment, interests,
or achievements with other people

d. lack of social or emotional reciprocity

2) Qualitative impairments in communication, as manifested
by:

a. delay in, or total lack of, the development of spoken
language (not accompanied by an attempt to compensate
through alternative modes of communication such as gesture
or mime)

b. in individuals with adequate speech, marked impairment in
the ability to initiate or sustain a conversation with others

c. stereotyped and repetitive use of language or idiosyncratic
language

d. lack of varied, spontaneous make-believe play or social
imitative play appropriate to developmental level

3) Restricted, repetitive, and stereotyped patterns of behavior,
interests, and activities:

a. encompassing preoccupation with one or more stereotyped
and restricted patterns of interest that is abnormal either in
intensity or focus

b. apparently inflexible adherence to specific, nonfunctional
routines or rituals

c. stereotyped and repetitive motor mannerisms
d. persistent preoccupation with parts of objects

B. Delays or abnormal functioning in at least one of the following
areas, with onset prior to age 3 years.

C. The disturbance is not better accounted for by Rett�s disorder
or childhood disintegrative disorder.

Autism

Rett�s syndrome

Childhood disintegrative disorder

Nonspecific pervasive developmental disorder

Asperger�s syndrome

Table 3 - DSM-IV subgroups for pervasive developmental
disorders

Table 4 -  Diagnostic criteria for Asperger�s syndrome

A. Qualitative impairment in social interaction, as manifested by
at least two of the following:

1) marked impairments in the use of multiple nonverbal
behaviors such as eye-to-eye gaze, facial expression, body
posture, and gestures to regulate social interaction

2) failure to develop peer relationships appropriate to
developmental level

3) a lack of spontaneous seeking to share enjoyment, interest
or achievements with other people, (e.g.. by a lack of
showing, bringing, or pointing out objects of interest to
other people)

4) lack of social or emotional reciprocity

B. Restricted repetitive & stereotyped patterns of behavior,
interests and activities, as manifested by:

1) encompassing preoccupation with one or more stereotyped
and restricted patterns of interest that is abnormal either in
intensity or focus

2) apparently inflexible adherence to specific, nonfunctional
routines or rituals

3) stereotyped and repetitive motor mannerisms
4) persistent preoccupation with parts of objects

C. The disturbance causes clinically significant impairments in
social, occupational, or other important areas of functioning

D. There is no clinically significant general delay in language (E.G.
single words used by age 2 years, communicative phrases used
by age 3 years)

E. There is no clinically significant delay in cognitive development
or in the development of age-appropriate self help skills,
adaptive behavior (other than in social interaction) and curiosity
about the environment in childhood.

F. Criteria are not met for another specific Pervasive Developmental
Disorder or Schizophrenia

Table 5 -  Diagnostic criteria for Childhood Disintegrative Disorder

A. Apparently normal development for at least the first 2 years
after birth as manifested by the presence of age-appropriate
verbal and nonverbal communication, social relationships,
play, and adaptive behavior

B. Clinically significant loss of previously acquired skills (before
age 10 years) in at least two of the following areas:
1) expressive or receptive language
2) social skills or adaptive behavior
3) bowel or bladder control
4) play
5) motor skills

C. Abnormalities of functioning in at least two of the following
areas:
1) qualitative impairment in social interaction (e.g., impairment

in nonverbal behaviors, failure to develop peer relationships,
lack of social or emotional reciprocity)

2) communication (e.g., delay o language development, inability
to initiate or sustain a conversation, stereotyped, repetitive
and idiosyncratic use of language, lack of varied and
spontaneous play)

3) restricted, repetitive, and stereotyped patterns of behavior,
interests, and activities, including motor stereotypes and
mannerisms

D. The disturbance is not better accounted for by another specific
Pervasive Developmental Disorder or by Schizophrenia.

Autism and pervasive developmental disorders � Gadia CA et alii



S86  Jornal de Pediatria - Vol. 80, No.2(Suppl), 2004

interesting.  The prevalence of TE in autistic individuals
is of 1-4% (significantly higher than that of the fragile
X syndrome and autism), while 25% of TE patients are
autistic and 40-50% meet the criteria for PDD. This
association is probably due to abnormal organization of
the brain related to TE genes - TSC1 on chromosome
9q34 and TSC2 on 16p13.3 and/or to complications of
TE, such as mental retardation and severe epilepsy in
the first year of life (West syndrome).19

Even when autistic disorders are properly diagnosed
using appropriate diagnostic criteria, the symptomatic
profile varies considerably, depending on the underlying
etiology.20 The diagnosis of autism requires a careful
clinical assessment: language and neuropsychological
evaluation, in addition to additional exams (e.g.:
chromosome studies including DNA for fragile X syndrome
and neuroimaging or neurophysiological studies, whenever
necessary), may be useful in specific cases to identify
more homogeneous subgroups, according to the behavioral
phenotype and etiology. This will allow us to understand
the pathophysiology of these disorders and to establish
more specific interventions and prognoses.

The screening of autistic individuals requires a
multidisciplinary team and the use of objective scales.
Structured techniques should be used to assess children�s
social behavior (joint attention, eye contact, facial
expression, and affect) and their capacity to imitate.
The Childhood Autism Rating Scale (CARS)21 is one of
the most commonly used scales, consisting of a structured
15-item questionnaire (applicable in 30-45 minutes)
answered by the parents or surrogates of an autistic
child older than two years. A seven-point score is used
for each of the 15 items, which allows the classification
of autism into mild/moderate or severe.

The Vineland adaptive behavior scale is also commonly
used.  It is used to measure social development in a
healthy population, which may be compared to that of
autistic individuals.22

The two most  comprehens ive batter ies of
psychological tests used for the diagnosis of autism,
especially in research, are the autism diagnostic
observation schedule (ADOS) and autism diagnostic
interview (ADI). Together, they represent a complete
structured interview and an observation method for the
objective assessment of social skills, communication
skills, and behavior of autistic individuals, ranging from
speechless children to adults who are able to
communicate relatively well.23-25 Its use became a
standard in research studies on autism in the 1990s. A
recent study investigated specific deficits in �social
communication� in ASD children using ADOS, and three
factors were identified: joint attention, affective
rec iproc i ty,  and mind theory.26 These three
communication domains are central to social growth in
typical children, and if not properly developed, they are
responsible for basic deficits in the spectrum of social
communication disorders.

Congenital/Acquired Genetic/Metabolic

Measles Chromosomal abnormalities
(Fragile X etc.)

Toxoplasmosis Tuberous sclerosis

Citomegalovirus Neurofibramatosis

Moebius syndrome Leber�s congenital amaurosis

Hypomelanosis of Ito Phenylketonuria

Dandy-Walker syndrome Histidinemia

Cornelia de Lange syndrome Ceroid lypofuscinosis

Soto syndrome Coeliac disease

Goldenhar syndrome Disorder of purine
metabolism

Williams syndrome Adrenoleukodystrophy

Microcephalia Duchenne muscular
distrophy

Hydrocephalia Angelman syndrome

Joubert Syndrome

Encephalitis/Meningitis

West syndrome

Lead intoxication

Cerebellum�s meduloblastoma

surgery

Table 6 - Pathologies potentially associated to autism

The discovery of the gene responsible for 80% of
cases of Rett�s syndrome (MECP2),18 with all the possible
consequences on the study of neurobiological processes
and on the identification of basic mechanisms of
neurodevelopmental disorders, reinforces the idea that
it is important to establish homogeneous subgroups.
The diagnosis of an associated medical or neurological
condition in an autistic individual defines the clinical
symptoms at the neurobiological level, but does not rule
out the diagnosis of autism, which is defined at the
behavioral level. An example would be that of a person
with behaviors that meet the criteria for the diagnosis of
autism and has a chromosome analysis that shows
fragile X syndrome. In this case, behavioral symptoms
would be consistent with the diagnosis of autism (with
all implications in terms of management and prognosis)
and the biological cause for this behavioral syndrome
would be the fragile X syndrome (with all consequences
in genetic and prognostic terms). It is still unclear
whether the new criteria established by the DSM-IV for
PDD will manage to achieve this goal.

The different diseases associated with PDD support
the hypothesis that behavioral symptoms that define
this complex of symptoms may be secondary to a wide
variety of brain insults. The heterogeneity of these
disorders may be due to distinct etiologies or to a
combination of factors, such as etiology, genetic
susceptibility, and environmental factors. The association
between autism and tuberous sclerosis (TE) is particularly
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Neuropathology and neuroimaging

Currently, the neuropathology of autism is based on
Bauman & Kemper,27-29 who obtained consistent
neuropathological findings in the limbic system and in
cerebellar circuits of eleven brains investigated so far.
The cells of the limbic system (hippocampus, amygdala,
mamillary bodies, cingulate gyrus and septal nuclei) are
small in size, but large in number per unit of volume
(increased cell density) compared to controls. This led
to the hypothesis of a delay in the maturational
development of limbic system circuits. The investigated
cerebellums revealed a low number of Purkinje cells,
especially in the posterolateral neocerebellum and in
the adjacent archicerebellar cortex (posterior and inferior
portions of the cerebellum). The inferior olivary nucleus
in the investigated brains did not show expected
retrograde neuronal loss (secondary to the loss of
Purkinje cells). This suggests that abnormal findings in
the brains of autistic individuals occurred at around 30
weeks� gestation, before the connection between the
olive and Purkinje cells was established.

Recent studies suggest  that  min ico lumnar
organization of the brain is abnormal in autistic
individuals. Minicolumns are very thin radial structures
(30-60µ) that represent the lowest level of vertical
cortical organization. In autistic individuals, a larger
number of minicolumns, smaller and less compact than
expected, has been described. These findings suggest
that abnormalities in the proliferation of neuronal
precursor cells or changes in the minicolumnar
architecture due to diverse causes may be related to the
neuropathology of autism and of other developmental
disorders.29-31

Neuroimaging studies in autistic individuals yielded
different results as expected, given the clinical
heterogeneity of ASD. Cortical abnormalities include
enlarged volume of left lateral ventricle or of both
ventricles, cortical malformations such as polymicrogyria,
schizencephaly and macrogyria.30-33 None of these
findings is consistent with or specific to autism. Abnormal
findings in the posterior fossa structures described in
autistic patients include hypoplasia of lobules VI and VII
of the cerebellar vermis and brainstem hypoplasia.34-36

Abnormal cerebellar findings were not properly
reproduced and some researchers believe they may be
related to technical and methodological factors.37,38

Courchesne et al. performed a meta-analysis including
data from various laboratories and suggested a bimodal
distribution of the measures of cerebellar vermis in
investigated autistic patients. They found two subgroups,
one with hypoplasia and another one with hyperplasia of
lobules VI and VII of the vermis. Over 80% of the
patients belonged to the group with hypoplasia. Besides
inter-group differences, both groups were significantly
different from controls.39,40

There is some clear discrepancy between neuro-
pathological and neuroimaging studies in autism.

Neuropathological studies showed that the most
remarkable anatomical abnormalities are observed in
the posterior and inferior portions of cerebellar
hemispheres and involve cell loss. This cell loss has been
observed throughout the cerebellum, affecting the vermis
evenly. However, neuroimaging studies showed that
volume loss was concentrated on lobules VI and VII.
Therefore, the vermis may become the best in vivo
indicative sign that cerebellum as a whole is abnormal
in autistic individuals, and this emphasis of neuroimaging
studies on lobules I-IV and VI-VII may simply represent
the ease and reliability with which these structures can
be measured.41 Other studies used the above data to
show that the level of hypoplasia may correlate with
slower attention responses to visual stimuli, when a
spatial paradigm of attention is used, in children with
cerebellar hypoplasia and autism. This is consistent with
the literature that suggests that cerebellum plays a key
role in autism and in an array of other disorders that
involve higher cognitive functions.42

Recent data show that memory deficits, and procedural
learning deficits are important in autism and could be
related to cerebellar dysfunction.43

Several morphometric analyses using magnetic
resonance have been published, showing the relation
between head circumference, brain volume, and
autism.44,45

The head size in autistic individuals tends to be similar
to that of healthy children at birth.50,51 Nevertheless,
between the ages of two and four years, 90% of autistic
children have a brain volume that is larger than the
average for same-aged children, and 37% have
macrocephaly.46

Neuroimaging studies suggest an abnormal brain
development pattern in autistic patients, with an
accelerated growth in the first years of life followed by
deceleration in some brain regions, whereas growth
arrest is noted in other areas.

A study with a group of autistic individuals aged
between 8 and 46 years, compared with a control group,
revealed increased brain volume in autistic children
aged from 8 to 12 years, but no increase in those older
than 12 years.47 Courchesne et al. reported that 90% of
autistic boys aged between two and four years had a
larger volume of cerebral and cerebellar white matter
and of gray matter compared to controls, but this was
not observed among older autistic children.48 Larger
brain volume in very young autistic children seems to
follow an anteroposterior gradient: frontal lobes show a
larger volume, while occipital lobes have a smaller
increase in volume.49,50

Recent studies have used functional magnetic
resonance (fMRI) to investigate areas of social processing
in autism. Usually, during fMRI, there is a marked
activation of the fusiform gyrus (facial fusiform area) in
response to pictures of faces, which is remarkably
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reduced in autistic individuals, who tend to activate
other regions (frontal, occipital). Hypoactivation of the
facial fusiform area is not reliant on age or IQ, but seems
to be related to the level of social deficit and may be
used as a biological marker that could be replicated in
autistic patients. This area of research on autism
reinforces the idea of a social circuit involving the
fusiform gyrus  (recognition of faces), amygdala
(meaning assignment/emotional �value� of what is seen),
superior and medial temporal gyri (distinction of facial
expressions), as well as mesial prefrontal cortex,
hypothalamus and pulvinar.51-54

Neurochemistry

The elevation of serotonin levels in platelets is the
most consistent finding in autistic patients. It has been
suggested that the elevation of serotonin levels in
autistic patients may be heterogeneous, with a subgroup
where there is an increase in 5-HT uptake and another
subgroup with a decrease in 5-HT2 receptor binding.55

Only recently, possible relations between serotonin,
neurodevelopment and autism have been explored. A
too early serotonin depletion in rat fetuses leads to
permanent reduction in the number of neurons in adult
rats.56 On the other hand, persistently high levels of
serotonin could indicate a deficit in synaptic release in
brains of autistic individuals and may contribute to the
increase in the number of cortical minicolumns.57

Chugani et al. reported a series of studies using PET
scan with alpha-methyl-tryptophan. A study showed
abnormal serotonin synthesis in dentate-thalamo-cortical
tracts of male autistic individuals.58 Moreover, the period
of elevated serotonin synthesis in the brain of typical
children up to the age of five years (synthesis capacity
200% greater than in adults) does not seem to occur in
autistic children. In the latter, the capacity of serotonin
synthesis gradually increases between the ages of two and
11 years, resulting in values that are 1.5 times greater
than those observed in typical adults.59,60

Electrophysiology

Abnormal EEGs are obtained in 13% to 83% of
autistic children.61 The varying percentage rates between
these studies may probably be explained by the different
criteria used for the clinical diagnosis of autism, by
associated diseases, and by different evaluation methods
and distinct ways of interpreting results. Long EEG
recordings are significantly more likely to identify
abnormal findings than routine exams, at least in children
with ASD and with a history of regression. Twenty-
three-hour Video-EEGs, in children with ASD and
regression, but without a history of seizures, showed
epileptiform activities in 46% of these children.62,63

Magnetoelectroencephalography in children with ASD
and regression (and suspected of having seizures)

revealed epileptiform activity in 82% of investigated
children.64 The high incidence of seizures and epileptiform
activities in children with ASD is particularly interesting
owing to findings about the role of amygdala in autism,
since it is a highly epileptogenic region.

Studies including auditory evoked potentials or middle-
latency auditory-evoked response did not show consistent
findings in autistic patients without mental retardation.65

Klin66 reviewed the literature on ASD and autism and
found quite contradictory results, with some studies showing
prolongation, others showing reduction and some showing
no abnormality in central conduction latency. Hearing
problems may coexist with autism and this has to be taken
into account clinically and in evoked potential studies.67

Abnormal findings in endogenous or event-related
potentials have been reported and suggest abnormal
cortical processing.68,69

Genetics

Genetic studies have demonstrated an increased risk
of autism recurrence of approximately 3 % to 8% in
families with one autistic child.75,76 The concordance for
the diagnosis of autism in monozygous twins is of at least
60%, if strict criteria for autism (DSM-IV) are used, and
of 71% for ASD and of 92% for a broader spectrum of
language/social interaction disorders.70,71

Whole genome analysis has revealed strongly positive
signs of correlation on chromosomes 2, 7, 1 and 17,
especially on 2q and 7q, and to a lesser extent, on
chromosomes 1, 9, 13,15, 19, 22 and X.72-74 The �link�
between chromosomes 2 and 7 and autism is particularly
robust when only autistic patients with severe language
disabilities are studied.

The International Molecular Genetic Study of Autism
Consortium, in 1998, found evidence of susceptibility on
the long arm of chromosome 7 (7q31), in a region
previously associated with a severe familial language
disability, but only in the subgroup of 56 families from
the United Kingdom.75 Other studies found little evidence
of this susceptibility.77,78 The gene responsible for this
severe language disorder was identified as a putative
transcription factor (FOXP2).79 Another gene located on
chromosome 7 with possible association with autism
and the gene that encodes reelin (RELN). This
extracellular protein guides neuronal migration during
brain development, especially of the cerebral cortex,
cerebellum, hippocampus and brainstem.80,81

Ingram et al. showed that there is statistical
significance in the frequency of allelic variations of
HOXA1 in a population of autistic patients comparatively
to two groups of non-autistic patients.82 HOXA1 and
HOXB1 are critical for the development of caudal
medullary structures of the fetus and are only expressed
on the third week after conception, when the neural tube
is being formed, and seem to be particularly involved in
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the formation of the superior olivary nucleus and of the
facial and abducens nuclei. This study suggests a role
for HOXA1 in the susceptibility for autism and implies a
relation between the earliest phase of brainstem
development in the etiology of ASD. Despite the great
interest aroused by original studies, the data on a
possible association between autism, reelin and HOXA1
have been inconsistent.83-85

Several studies have described a possible association
between autism and cytogenetic duplications of the
proximal arm of chromosome 15.86-90 In this region, we
also have the deletions responsible for Prader-Willi and
Angelman�s syndromes. A high association between
autism and Angelman�s syndrome91 has been reported.
However, none of the autistic children with inverse
duplication of 15q11-q13 had clinical characteristics of
Angelman�s or Prader-Willi syndromes. An association
has been described with 15q11-q13 in a large group of
autistic individuals92 and genetic polymorphism involving
chromosome 15, with a marker in a GABAa receptor
subunit.93 Nevertheless, among four collaborative
studies, only the French study confirmed this finding.

A relation between preferential transmission of alleles
of genetic markers of two serotonin transporter genes and
autism has been suggested.94 These findings, however,
were not replicated in a later study.95

The relation between genetic factors in the expression
of an autism spectrum disorder and the role of non-
genetic events in determining the severity of these
disorders needs to be further investigated.96 Autism is
a complex genetic disorder and, based on low scores
obtained from genome collaborative studies, it has been
suggested that approximately 5 to 100 loci may be
involved in the susceptibility for ASD. Although multiple
chromosomes have been implicated in autism, no
definitive answer has been found.97-99

Therapeutic interventions

The treatment of autistic patients requires a
multidisciplinary approach. Basic treatment consists of
behavioral changes, educational or work programs, and
speech therapy. It is crucial to work with psychologists
or educators who are experienced in functional behavioral
analysis and in behavioral change techniques. In addition
to social and cognitive deficits, behavioral disorders are
of enormous concern since they represent the difficulties
that most frequently interfere with children�s integration
into their families and school, and with adolescents� and
adults� integration into the community. In children,
these disorders include hyperactivity, inattention,
aggressiveness, and self-injurious behaviors. Behavioral
disorders persist in a significant number of adolescents
and adults and aggressiveness and self-injurious
behaviors may increase during adolescence. Abnormal
responses to sensory stimuli, such as loud sounds,
tactile hypersensitivity, fascination with some visual

stimuli and high tolerance of pain, also contribute to
behavioral disorders in autistic patients. Mood and
affective disorders are common. These disorders may
be characterized by laughing or crying fits for no
apparent reason, unawareness of danger or, excessive
fear, generalized anxiety, fits of anger, self-injurious
behavior or absent or reduced emotional reactions.100

Abnormal movements are common in autistic
individuals and include stereotypies (repeated hand
movements, repetitive swinging of the body or complex
body movements), as well as abnormal posture and a
wide variety of other involuntary movements.101

Stereotypies persist in a significant number of autistic
adults (even in high-functioning ones), but sometimes
become �miniaturized.�102.

In adolescents and adults, the possibility that
abnormal movements may result from the use of
neuroleptics should be considered. A study showed that
typical stereotypies observed in autistic patients cannot
be certainly distinguished from dyskinesis.103 This finding
draws attention to the importance of characterizing and
quantifying abnormal movements before prescribing
medications.

Seizures occur in 16% to 35% of autistic children.
The variation in prevalence is due to the differences
between the studied populations as to associated
diseases. The major risk factors for epilepsy are severe
mental retardation and combination of severe mental
retardation with motor deficit (in this case, 40% of the
children had epilepsy).104 If cognitive and motor deficits
are ruled out, the only factor associated with an increased
risk for epilepsy in autistic children is the type of
language disability. Any type of seizure may occur in
autistic children. The association between autism and
infantile spasm (West syndrome) is an interesting finding.
Various studies have suggested a bimodal distribution
of the risk of epilepsy in autistic children: a peak
incidence in the first year of life and another one in
adolescence.105-107 This second peak in adolescence,
which reaches its maximum between the ages of 17 and
18 years, gradually decreases after this age and seems
to be associated with the severity of cognitive deficit.108

The management of seizures in autistic patients is not
different from that used in non-autistic individuals, but
the risk of seizures should be considered when selecting
the drugs to treat behavioral disorders.

A considerable number of autistic patients have sleep-
related problems, but there is a paucity of studies on sleep
disorders in autistic individuals. A recent study with non-
autistic children who suffer from other developmental
disorders suggested a narrow and quantifiable relationship
between changes in sleep architecture and the results of
neuropsychological tests that evaluate attention,
concentration, psychomotor speed, and higher cognitive
functions.109 The association between sleep disorders and
behavioral and cognitive symptoms of autism needs to be
further investigated.
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Pharmacotherapy

The use of drugs to treat autism is still recent.
Neuroleptics, especially haloperidol, have been widely
used to treat behavioral disorders in autistic patients.
However, possible side effects restrict their use in chronic
disorders, such as autism. Haloperidol has proved to
remarkably reduce aggressiveness, stereotypies and self-
injurious behaviors in autistic individuals.110-112 Atypical
antipsychotics seem to have positive effects on target
symptoms, such as irritability, aggressiveness, and
hyperactivity in ASD patients. In a controlled multicenter
study, which was regarded as a pioneering study due to
the number of autistic patients (101) and to the selection
of well-defined target symptoms, a group specifically
formed to investigate the use of psychotropic drugs in
pediatrics (Research Unit in Pediatric Psychopharmacology
or RUPP), showed a clear improvement in aggressiveness
and irritability in patients treated with risperidone (0.5 to
3.5 mg/day). The number of stereotypies also decreased
significantly.113 Side effects, sedation and weight gain
were relatively mild. Unpublished data with a four-month
follow-up, including patients that responded to risperidone
and those who did not respond to placebo, suggest that
medication was maintained during this time period.

Uncontrolled studies with quite a small number of
patients using olanzapine, quetiapine and ziprasidone
suggest that these atypical antipsychotics might have
similar effects to that of risperidone.114-116 Possibly
significant side effects, such as elevation of prolactin
and triglyceride (risperidone, quetiapine and olanzapine)
levels, a greater risk for type 2 diabetes (olanzapine and
possibly other atypical antipsychotics), and long QT
syndrome (ziprasidone) require that these patients be
carefully monitored.117-119

Clomipramine (tricyclic antidepressant and nonselective
serotonin reuptake blocker) proved to be efficient in the
treatment of obsessive-compulsive behavior and, more
recently, in obsessive-compulsive symptoms, in the
minimization of stereotypies and self-injurious behavior in
autistic patients. The risk of cardiac arrhythmias, among
others, has restricted its use.120,121

Selective serotonin reuptake inhibitors, such as
fluoxetine, fluvoxamine, paroxetine, sertraline and
citalopram have been used in autistic individuals in an
attempt to reduce obsessive behaviors, rituals and
stereotypies with variable efficacy, being usually well
tolerated.122 Two controlled studies with adult autistic
patients (one with fluoxetine and one with fluvoxamine)
showed improvement of repetitive behaviors, compared
to placebo.123 Akathisia or �excessive activation� seems
to be a relatively frequent dose-dependent side effect.

Drugs with glutamate modulating effects have been
considered for autistic patients. A controlled study using
amantidine in 39 autistic patients between 5 and 15
years suggests a positive effect on irritability and
hyperactivity, but the sample size might have been
extremely small.124 Lamotrigine, even at high serum

levels, did not show significant differences comparatively
to placebo.125

No data are available that support the use of naltrexone
to reduce self-injurious behaviors.

Buspirone, 5HT receptor agonist, may have a positive
effect by reducing anxiety and, in a second moment,
reducing stereotyped or self-injurious behaviors.126

Clonidine seems to be useful in the treatment of
hyperactivity, impulsivity, and aggressive behavior,
although very few studies have been conducted to confirm
this clinical impression.127

It has been reported that pyridoxine (vitamin B6) and
magnesium may increase the state of alertness and
minimize self-injurious behaviors. Most of these studies
had methodological problems and their results have not
been confirmed by controlled studies.128,129

In 1998, Horvath et al.130 described �improvement of
social and language skills� after the intravenous
administration of secretin (a peptide hormone with 27
amino acids) in three autistic patients with gastrointestinal
symptoms (secretin is used as part of an endoscopic
diagnostic test). Since then, a large number of autistic
children have received this �treatment.� Subsequently,
thirteen controlled and randomized studies were carried
out with more than 550 patients. Eleven of these studies
(±520 patients) did not show significant differences
between secretin-treated patients and the control group
as to basic symptoms of autism or to abnormal behavior.

Children with autism spectrum disorders, speech
regression (auditory verbal agnosia) and abnormal
epileptiform activities on EEG, with no history of seizures,
have been described as having autistic epileptiform
regression (AER). Treatments such as those used in
patients with Landau-Kleffner syndrome were tested in a
limited number of studies with children in this ASD
subgroup. Four of these studies described cases in which
valproic acid was used in children with ASD without history
of seizures, but with epileptiform activities on EEG.131,132

Another study describes the use of steroids in an autistic
child with auditory verbal agnosia and regression, but with
normal EEG findings.133 In the literature, there are many
abstracts and case reports about the use of valproic acid
and steroids in children with AER, but controlled studies
are still necessary. A small number of studies in children
with autistic regression and epilepsy (clinical history of
seizures) has suggested the possible use of epilepsy
surgery techniques with positive results.134,135 In these
cases, children suffered from intractable epilepsy and this
was the indication for surgical treatment. In a postoperative
study, there was improved seizure control but no
improvement in autistic symptoms.136 On the other hand,
Lewine et al.137 described improvement in behavior and
language in 12 out of 18 children with ASD, speech
regression, abnormal multifocal epileptiform activities
and possible subclinical seizures (blank stare, repetitive
blinking, etc), but with no clinical history of seizures after
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multiple subpial transections. The results of this study are
controversial and show the necessity of controlled studies
in order to avoid inappropriate and irreversible
interventions. If we consider that the indication of surgical
treatment to treat behavioral symptoms in children with
Landau-Kleffner syndrome is still controversial and has to
be validated,138 its use in children with ASD is currently
unacceptable.

Prognosis

In 1978, Lotter139 reviewed articles on autism until the
mid-1970s. Eight studies from the United Kingdom, three
from the USA, and one from Belgium were analyzed. The
conclusion of these studies is that the prognosis of autism
is variable and often tends to be poor, with 66% of
individuals suffering from severe disabilities with no social
improvement or unable to lead an independent life.
Gillberg & Steffenburg140 obtained similar results in a
population-based study. In general, the prognosis of
autism is variable and probably relies on the severity of
underlying etiologies.105 Studies that have followed autistic
children up to adulthood revealed that the prognosis is
related to their skills, which is shown in cognitive and
language tests. Approximately 5 to 10% of the studied
children became independent adults (1% to 2% with
normal cognitive and language tests) and around 25%
made a considerable progress, showing some degree of
independence. The remaining 65% to 70% still have quite
significant deficits and require extensive care.141,142 A
study performed in Japan143 suggested that the prognosis
of individuals with autism could be improving: 54 of 197
(27.4%) autistic adults had attained a reasonable social
improvement (they were employed and living independently
or almost independently). The reasons for this better
result included the fact that these individuals received
early and intensive intervention; that this study included
high-functioning individuals; and that the good economic
situation of Japan favored jog openings.

Early intervention programs can make an enormous
difference and result in significant and long-lasting gains.
It is reasonable to suppose that individuals with autism
and other associated diseases, such as tuberous sclerosis,
will have a different prognosis from those without severe
disorders associated, but this has not been clearly
demonstrated. It is common knowledge that better and
more widely available educational and community services
will be able to change the long-term prognosis of autistic
patients.143,144

Autism is a complex disorder that affects social and
cognitive development and as such gives us the opportunity
to understand and identify the neuronal systems that
determine social interaction and communication. The
spectrum of clinical presentation and symptoms suggests
neurobiological heterogeneity. The identification of specific
subgroups of individuals within the autism spectrum is
essential for improved understanding of its neurobiological
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