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EW disorders seem more confusing than au-
tism. Common stereotypes — of a severely
withdrawn, mute child with ceaselessly repeti-

tive activities and an averted gaze or a freakish-look-
ing, inept, mathematical prodigy — do not accu-
rately reflect the broad spectrum of autism. Far from
being emotionally ill but otherwise normal, persons
with autism are now considered to have one of a
group of developmental disorders of brain function
that have such a broad range of behavioral conse-
quences and severity that they are referred to, collec-
tively, as pervasive developmental disorder (often
called PDD) in the fourth edition of the 

 

Diagnostic
and Statistical Manual of Mental Disorders

 

 (DSM-
IV)

 

1

 

 (Table 1). Within the spectrum of pervasive de-
velopmental disorder, the narrower term “autistic
disorder” is used to refer to classic autism (Table 2).
In this review I will use the terms “autism” and “au-
tistic” broadly to refer to the entire range of behav-
ioral abnormalities that characterize this group of
disorders.

Autism may be manifest in infancy as impaired at-
tachment, but it is more often identified in toddlers,
mostly boys, from 18 to 30 months of age, in whom
parents or pediatricians note an absence or delay of
speech development and a lack of normal interest in
others or a regression of early speech and sociabili-
ty.

 

6

 

 Autistic traits persist into adulthood, but the
outcomes of the disorder vary from little speech and
poor daily living skills throughout life

 

7

 

 to the achieve-
ment of college degrees and independent function-
ing.

 

2,8

 

 Adults with autism may pass as being merely
odd or reclusive, or they may be given a diagnosis of
obsessive–compulsive disorder, schizoid personality,

F

 

simple schizophrenia, affective disorder, mental re-
tardation, or brain damage.

 

SYMPTOMS OF AUTISM

 

Behavior

 

The main symptoms of autism

 

9-11

 

 are deficits in so-
ciability, reciprocal verbal and nonverbal communica-
tion, and the range of the child’s interests and activi-
ties. Contrary to popular view, children with autism
may be affectionate, but on their terms and without
the expected joy and reciprocity. Parents of such tod-
dlers may describe them as independent rather than
aloof and may be proud of their supposed self-suffi-
ciency. The inordinate shyness, fearfulness, anxiety, or
lability of mood of the child with autism may be re-
placed by detachment or depression in adolescence.
Unprovoked aggressiveness, if not dealt with early,
may become a major problem and lead to a need for
heavy medication or institutionalization.

 

Communication

 

Although the lack of a drive to communicate or
the withholding of speech has a role in all silent
children, young children with autism have actual
language disorders as well

 

11-14

 

 (Table 3). Compre-
hension and the communicative use of speech and
gesture are always deficient, at least in young children
with autism. A compromised ability to decode the
rapid acoustic stimuli that characterize speech re-
sults in the most devastating language disorder in
autism: verbal auditory agnosia or word deafness.

 

15

 

Children with verbal auditory agnosia understand
little or no language; they therefore fail to acquire
speech and may remain nonverbal. 

Less severely affected children, with a mixed recep-
tive–expressive disorder, have better comprehension
than expression, which consists of impoverished,
poorly articulated, agrammatical, and sparse speech.
Other children with autism who speak late may pro-
gress rapidly from silence or jargon to fluent, clear,
well-formed sentences,

 

14

 

 but their speech may be lit-
eral, repetitive, and noncommunicative and is often
marked by striking echolalia or “overlearned scripts.”
Some of these children speak nonstop to no one in
particular in a high-pitched, singsong, or poorly mod-
ulated voice and perseverate on favorite topics.

 

Play

 

Young children with autism do not know how to
play. They may manipulate or line up toys without
apparent awareness of what the toys represent, and
they do not engage in pretend play, which, in nor-
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mal children, starts before the age of two. The ob-
servation of what a preschool child does with repre-
sentational toys is a sensitive and efficient way to
detect autistic traits.

 

16

 

Attention and Activities

 

Some children with autism have unusually long
attention spans during self-initiated activity,

 

17

 

 al-
though they are virtually incapable of focusing on a

joint endeavor with another person.

 

18

 

 They often
have temper tantrums if someone tries to make them
switch activities or if a ritual behavior is interrupted.
An inability to concentrate, together with intrusive
stereotypies such as hand flapping, may prevent chil-
dren from engaging in meaningful activity or social
interaction. A decreased need for sleep and frequent
awakenings during the night are particularly trou-
blesome for parents and care givers.

 

*The definitions are adapted from DSM-IV.
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Autistic disorder (classic autism) involves severe qualitative deficits in all three of the following 
behavioral domains:

Social interaction;
Language, communication, and play; and
Deficits manifested as stereotypies, perseveration, and a narrow range of interests and activities.

Asperger’s syndrome

 

2

 

 is the disorder in nonretarded, often clumsy children without speech delay
who have deficient sociability and a narrow range of interests.

“Pervasive developmental disorder not otherwise specified” is the disorder in children with autistic
behavior who do not fulfill the criteria for any of the other disorders on the spectrum.

Disintegrative disorder (Heller’s syndrome)

 

3,4

 

 is the disorder in previously completely normal
children who undergo a massive regression between the ages of  2 and 10 years, resulting in severe 
acquired autism, usually with loss of cognitive skills. By definition, it does not occur in the 
context of a degenerative disease of the brain or schizophrenia.

Rett’s disorder

 

5

 

 is a specific disorder limited to girls with acquired microcephaly, infantile regression, 
lack of hand use, striking stereotypic hand movements, severe retardation, and other neurologic 
problems.

*The criteria are adapted from DSM-IV.
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A total of six or more manifestations from 1, 2, and 3 below:
1. Qualitative impairment of social interaction (at least two manifestations)

a. Marked impairment in the use of multiple types of nonverbal behavior such as eye-to-eye 
gaze, facial expression, body postures, and gestures to regulate social interactions;

b. Failure to develop peer relationships appropriate to developmental level;
c. Lack of spontaneous seeking to share enjoyment, interests, or achievements with other 

people (e.g., by lack of showing, bringing, or pointing out objects of interest); and
d. Lack of social or emotional reciprocity.

2. Qualitative impairment of communication (at least one manifestation)
a. Delay in, or lack of, development of spoken language (not accompanied by an attempt to 

compensate through alternative modes of communication such as gestures 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; and
d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to 

developmental level.
3. Restrictive and stereotyped patterns of behavior, interests, and activities (at least one behavioral 

manifestation)
a. Encompassing preoccupation with one or more restricted, repetitive, and stereotyped 

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 (e.g., hand or finger flapping or twisting, or 

complex whole-body movements); and
d. Persistent preoccupation with parts of objects.

Delays or abnormal functioning, with onset before the age of 3 years, in at least one of the following 
areas:

Social interaction;
Language as used in social communication; and 
Symbolic or imaginative play.

A determination that Rett’s disorder or childhood disintegrative disorder does not account better for 
the observed symptoms.
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Cognition

 

Approximately 75 percent of persons with autism
are mentally retarded

 

9-11

 

; their cognitive level is sig-
nificantly associated with the severity of their autistic
symptoms.

 

19

 

 Preschool IQ tests do not predict out-
come reliably, because some children in effective
treatment programs improve significantly. The re-
sults of neuropsychological testing typically reveal an
uneven cognitive profile, with nonverbal skills gen-
erally superior to verbal skills (except in Asperger’s
syndrome, in which the reverse pattern may exist).

 

20

 

Poor insight into what others are thinking persists
throughout life. Creativity is usually limited. A small
minority of persons with autism have surprisingly
good musical, mathematical, or visual–spatial abili-
ties, despite profound deficits in other domains.

 

21,22

 

In cases in which these abilities are astounding, pa-
tients with autism may be called savants (formerly
idiot savants).

 

Sensorimotor Symptoms

 

The neurologic substrate of autistic deficits is
unknown. In young children, common findings in-
clude increased joint laxity and hypotonia, clumsiness,
apraxia, and toe walking.

 

9,11,23,24

 

 Motor stereotypies
are often striking and, besides hand flapping, may
include pacing, spinning, running in circles, twirling
a string, tearing paper, drumming, and flipping light
switches, as well as oral stereotypies like humming or
incessant questioning. Self-injurious behavior such
as biting, head banging, and gouging may be an ex-
tremely severe form of stereotypy, which current
theory attributes to increased levels of endorphins.

 

25

 

In relatively well-functioning adults, childhood ste-
reotypies often persist in an unobtrusive miniatur-
ized form, such as finger rubbing, that may pass un-
noticed.

Children with autism may react paradoxically to
particular sensory stimuli, being sometimes hyper-
sensitive and sometimes oblivious to certain sounds,
tactile stimuli, or pain. They may sniff their food and
have an intense dislike of certain tastes or textures.
Visual perception is usually superior to auditory per-
ception. Such children may cover their ears and stare
with fascination at some visual displays and have an
outstanding rote visual or auditory memory.

 

EPILEPSY AND AUTISTIC REGRESSION

 

By adulthood, about a third of persons with au-
tism will have had at least two unprovoked epileptic
seizures.

 

26,27

 

 Autism may follow infantile spasms

 

28

 

and Lennox–Gastaut syndrome, two malignant forms
of epilepsy in early childhood, but all types of sei-
zure may occur in autism. The probability of epilep-
sy increases throughout childhood with a peak in
adolescence,

 

7,24

 

 and it is linked to mental retardation
and motor deficits.

About a third of parents of children with autism
report regression of their child’s language, social,
and play skills, most often before the age of two, fol-
lowed by a prolonged plateau and eventual improve-
ment, but not full recovery.

 

6,24

 

 Some 10 percent of
children given a diagnosis of autism are later found
to have a paroxysmal electroencephalographic (EEG)
pattern of the type seen in acquired epileptic aphasia
(Landau–Kleffner syndrome), or electrical status ep-
ilepticus during slow-wave sleep

 

29

 

 (Table 4). This
EEG pattern may be associated with the late, severe
regression known as disintegrative disorder, which
has a particularly poor prognosis.

 

3,4

 

 No one knows
how often subclinical epilepsy is associated with au-
tistic regression, because very few toddlers come to
medical attention at the time of the regression, which
occurs so early as to appear to be only a developmen-
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Phonology (speech sounds) Impaired reception and expression in children with the mixed receptive–expressive 
syndrome and, especially, with severe verbal auditory agnosia (word deafness) in 
which phonologic decoding may be so compromised as to preclude speech com-
prehension and verbal expression

Prosody (rhythm and melody of 
speech)

In children with speech: singsong or rising intonation, high-pitched voice, or monot-
onous, “robotic” speech

Syntax (grammar and word order) Impaired reception and expression in children with the mixed receptive–expressive 
syndrome and with less severe verbal auditory agnosia

Semantics (vocabulary and mean-
ing of language)

Impaired reception and expression in all children with autism — e.g., impaired com-
prehension of questions, open-ended questions, and nonliteral language such as 
irony, sarcasm, and jokes; word-retrieval problems and unusual, pedantic word 
choices; echolalia; difficulty formulating coherent discourse; narrow range of topics

Pragmatics (communicative and 
conversational use of language)

Impaired reception and expression in all persons with autism — e.g., impaired inter-
pretation of tone of voice, body posture, and facial expression; gaze avoidance; fail-
ure to answer; speaking to no one in particular; failure to initiate, pursue, or ter-
minate conversations; difficulty with taking turns; poor maintenance of topic; 
perseveration and ceaseless questioning
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tal fluctuation of no clinical significance. There is an
urgent need to study infants at the time of the re-
gression, since the administration of anticonvulsants
or steroid hormones might be able to arrest the re-
gression and the associated seizures or subclinical
epilepsy.

 

PREVALENCE

 

Autism was once thought to be very rare. Studies in
several countries that sought to identify children with
autism through a canvass of hospitals, clinics, physi-
cians, special schools, and other institutions found a
prevalence of about 4 children with autism per
10,000 children in the general population.

 

9,30

 

 The
advent of explicit behavioral criteria in DSM-IV

 

1

 

 and
the 

 

International Classification of Diseases

 

31

 

 has re-
sulted in the identification of many less severely af-
fected children and adults; early estimates of preva-
lence were therefore probably too low. A complete
survey of 21,610 Japanese children, followed from
birth to three years of age, found 1.3 children with
autistic disorder per 1000 and another 0.7 per 1000
with autistic traits.

 

32

 

 A questionnaire survey of all
20,800 children 6 to 14 years of age in Nova Scotia
found a prevalence of 1 per 1000.

 

33

 

 These figures are
similar to the prevalence of 1 to 2 per 1000 found
among children 3 to 17 years of age in southern Swe-
den (in addition to approximately 3 per 1000 school-
age children who have Asperger’s syndrome).

 

9

 

 Autis-
tic features were found in a much higher proportion
of mentally retarded children (20 percent).

 

9

 

 These
more recent, higher estimates suggest that in the
United States there are at least 58,000, and perhaps

as many as 115,000, children with autism among the
57.6 million children 1 to 15 years of age. There are
no reliable figures on the prevalence of autism
among adults.

 

CAUSES

 

Autism has many defined biologic causes, none
of them unique to autism.

 

9,10,34

 

 Some prenatal fac-
tors include intrauterine rubella; tuberous sclerosis;
disorders such as Cornelia de Lange’s syndrome;
chromosomal abnormalities, such as fragile X, An-
gelman’s syndrome, and even, occasionally, Down’s
syndrome; as well as brain abnormalities such as
hydrocephalus. Perinatal difficulties have little caus-
ative role in autism.

 

35

 

 Frequently cited postnatal
conditions associated with autism are untreated
phenylketonuria, infantile spasms, herpes simplex
encephalitis, and very rarely, a focal brain lesion such
as a neoplasm or some other rare disease or syn-
drome.

 

36

 

 Estimates of the proportion of all cases of
autism associated with or attributable to these vari-
ous factors depend on diagnostic criteria, the extent
of medical evaluation, and the definition of risk fac-
tors. These estimates vary from about 10 percent

 

37

 

to over 30 percent.

 

9,34

 

Evidence that genetics is an important, but not
exclusive, cause of so-called primary autism (i.e., au-
tism with no associated neurologic condition) in-
cludes a 3 to 8 percent risk of recurrence in families
with one affected child. Other evidence is provided
by the existence,

 

38,39

 

 especially among families with
children with Asperger’s syndrome, of an affected
parent. In studies of twins, there is a concordance of
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Autistic regression

 

6

 

 
Peak age: 18 to 24 months
Duration: regression lasts weeks, months, 

or several years; recovery is virtually always 
incomplete

Sudden or insidious regression (or prolonged plateau) in the development of language, so-
ciability, play, and often cognition, in some cases with fluctuations, usually followed by 
improvement but not full recovery. Infrequently associated with clinical seizures. Preva-
lence of contemporaneous subclinical epileptiform EEG activity unknown; later preva-
lence is on the order of 10 to 20 percent.

Disintegrative disorder

 

3,4

 

 
Peak age: 2

 

1

 

⁄

 

2

 

 to 3 years (range, 2 to 10
[perhaps later])

Duration: regression persists for weeks, 
months, or years; recovery is usually incom-
plete, with severe permanent sequelae

Insidious or sudden severe autistic regression (in language, behavior, motor skills, and usu-
ally cognition) after entirely normal early development, including the ability to speak 
communicatively in sentences. Associated in some cases with seizures or an epileptiform 
EEG, including electrical status epilepticus in slow-wave sleep. Cause almost certainly het-
erogeneous.

Acquired epileptic aphasia (Landau–Kleffner 
syndrome)

 

29

 

 
Peak age: 5 to 7 years (range, 1 to 10)
Duration: weeks, months, or several years for 

seizures and EEG abnormalities; variable 
for language deficit

Regression in language development, associated with clinical seizures or a frankly epilepti-
form EEG enhanced in sleep, in a child with previously entirely normal language. Usually 
affects language comprehension, often to the point of verbal auditory agnosia, with re-
sultant severely impaired expression. Rarely, affects expression selectively. Seizures re-
spond to anticonvulsants; language deficit may or may not respond and be permanent.

Electrical status epilepticus during slow-wave 
sleep (or continuous spikes and waves 
during slow-wave sleep)

 

29

 

 
Peak age: 4 to 5 years (range, up to 12)
Duration: weeks, months, or years

EEG diagnosis with or without clinical seizures; often but not invariably associated with se-
vere autistic regression affecting language, behavior, and cognition, amounting to disin-
tegrative disorder. Recovery rarely complete; deficits often permanent.
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over 90 percent for the diagnosis, if not the severity,
of autism among monozygotic twins, and a con-
cordance of 5 to 10 percent among same-sex dizy-
gotic twins.

 

40

 

 A strong concordance, with different
levels of phenotypic severity, suggests that the ex-
pression of one or more genes interacts with nonge-
netic factors. DeLong

 

41

 

 has reported a familial link-
age of autism to affective disorders and Comings and
Comings

 

42

 

 a link to Tourette’s syndrome. Thus far, no
specific gene for autism has been identified, although
a possible link to the serotonin-transporter gene has
recently been suggested.

 

43

 

 

 

THE NEUROLOGIC BASIS OF AUTISM

 

The existence of a large literature describing a wide
variety of neural abnormalities in autism has led to
much speculation about the disease.

 

9,10,44-46

 

 Howev-
er, neither a coherent anatomical or pathophysio-
logic theory of autism nor a biologic diagnostic test
has yet been developed.

Neuropathological studies of fewer than 35 brains
of patients with autism are available; none were done
with state-of-the-art methods.

 

44

 

 Preliminary findings
from these studies include a paucity of Purkinje cells
and granular cells in parts of the cerebellar cortex
and smaller than normal, more tightly packed cells
in some cerebellar nuclei and limbic structures, in-
cluding the amygdala and hippocampus, suggesting
prenatal dysgenesis. On average, the studied brains
tend to be large.

Routine imaging of the brain is usually unreveal-
ing in primary autism. Various morphometric stud-
ies have found hypoplasia of parts of the cerebellar
vermis, thinness of the brain stem and the posterior
corpus callosum, and mild widening of the parietal
sulci and ventricles in some, but by no means all,
brains.

 

47-50

 

 Single-photon-emission computed tomog-
raphy and positron-emission tomography have not
yet revealed a coherent pattern of functional defi-
cits,

 

51

 

 although bitemporal hypometabolism may be
present in autism after infantile spasms.

 

28

 

EEGs are helpful when they reveal frankly epilep-
tiform activity. Brain-stem auditory evoked poten-
tials are normal in the absence of hearing loss or dif-
fuse brain damage.

 

52

 

 Evidence of delays in the early
negative components of auditory event-related po-
tentials and abnormalities in late components asso-
ciated with word classification supports the idea that
there is aberrant processing of auditory language
skills in autism.

 

15,53

 

Guided in part by empirical neuropharmacologic
studies, neurochemical research on autism has focused
on neurotransmitters and neuromodulators

 

10,54

 

: first,
the mesolimbic dopamine system; then, endogenous
opioid systems and oxytocin; and, in current re-
search, serotonin, examined because of an identified
link between autism and affective disorders

 

41

 

 and the
discovery of some favorable behavioral effects of se-

rotonergic drugs.25,44 As in other neurologic evi-
dence, there are a large variety of reported abnor-
malities but no unifying theory or explanation.

COURSE AND PROGNOSIS

Autism tends to improve, in some cases substan-
tially, as children start to acquire language and learn
to use it to communicate needs and to influence
other people. If behavior deteriorates in adoles-
cence,7,9 it may reflect the effects of hormonal chang-
es, the difficulty of meeting greater behavioral de-
mands in an increasingly complex social milieu, or
perhaps depression. Although most patients with
autism will remain dependent to some degree as
adults,7 those with adequate social skills may find a
specialized niche that enables them to become self-
supporting. As a greater number of mildly affected
people are identified,2,55 we may find that the pro-
portion of those who achieve independence has been
underestimated. Social skills rarely improve enough,
however, to permit successful marriage, although
mildly affected persons with autism occasionally do
marry and have children.38

DIAGNOSIS

Correct diagnosis depends on an accurate devel-
opmental history focused on types of behavior typi-
cal of autism and on the evaluation of current func-
tional skills. Cognitive and behavioral evaluation
should include an assessment of sociability (an inter-
est in persons rather than objects and the ability to
engage joyfully in an activity initiated by someone
else and, in young children, in imaginative play with
representational toys), language (comprehension, pro-
duction and conversational use of speech, and voice
quality), and the patient’s choice of activities (in-
cluding the presence of stereotypic and pointless ac-
tivities). The use of the DSM-IV1 and any of the
several autism-specific diagnostic inventories56-58 sub-
stantially increases diagnostic reliability.

In the absence of evidence of a specific underlying
medical disorder, investigations such as batteries of
metabolic tests produce little helpful information.
Routine chromosome studies also provide little use-
ful data, but they are reasonable to undertake if the
parents of the patient are a young couple who want
further children. Probably less than 5 percent of
children with autistic traits have fragile X or any of
the other, rarer chromosomal abnormalities.9 

Children with autism typically have normal, or
somewhat large, head circumferences.11,49,59 Clinical
imaging studies are not very useful unless the neu-
rologic examination suggests a possible structural le-
sion. EEGs are indicated for children in whom epi-
lepsy is suspected, but it should be kept in mind that
nonepileptic staring spells are much more common
than absence seizures. A prolonged sleep EEG that
includes study of stage III and IV sleep is recom-
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mended for children without seizures who have re-
gressed or who have fluctuating deficits and for
mute or poorly intelligible children who may have
verbal auditory agnosia.6,24 The value of administer-
ing valproate or corticosteroids to a child without
seizures who has regressed and has a frankly epilep-
tiform EEG is uncertain.

INTERVENTION

No drug or other treatment cures autism, and
many patients do not require medication. However,
psychotropic drugs that target specific symptoms
may help substantially (Table 5). The effectiveness of
methylphenidate in improving attention capacity
can be assessed rapidly because of the very short
half-life of the drug. With other psychotropic agents,
an initial small dose of a single agent should be
given; the dosage should be increased sufficiently
slowly to gauge effectiveness before any switching of
drugs. Serotonergic antidepressants are often pre-
scribed to control stereotypies, perseveration, and
mood swings, but controlled trials of these drugs in
autism are needed. In view of the potential need for
their long-term use, especially to control aggres-
sion, medications must not have sedative effects or
produce irreversible side effects such as tardive dys-
kinesia.

The most important intervention in autism is ear-
ly and intensive remedial education that addresses
both behavioral and communication disorders.60 The

effective approaches use a highly structured environ-
ment with intensive individual instruction and a high
teacher-to-student ratio.10,61,62 Occupational and phys-
ical therapy should address specific deficits. Parents
need specific instruction in how to deal with tan-
trums and destructive behavior and in useful tech-
niques for keeping their children organized and oc-
cupied so as to minimize detrimental effects on the
family.

Parents require ongoing counseling and support.
They must understand that they are not responsible
for their child’s condition. Desperate parents may
need explicit counseling about the questionable val-
ue of unconventional, and often expensive, dietary,
medical, and other therapies that, despite being with-
out proved efficacy, are widely used.61 Parents must
be given information about appropriate schools, res-
pite facilities, parent groups, and other community-
based support systems. Adolescents and adults often
require assistance in securing meaningful work and
living arrangements in group homes when their fam-
ilies are no longer able to provide shelter. Patients
capable of living independently may need help in
finding an appropriate and supportive school and
job. One hopes that in the future only a minority of
adults with autism will live out empty lives in insti-
tutions.

Supported by a Program Project grant (NS 20489) from the National
Institute of Neurological Disorders and Stroke.

*Data are from Cohen and Volkmar.10

TABLE 5. MEDICATIONS USED IN PATIENTS WITH AUTISM.*

TYPE OF DRUG EXAMPLES INDICATIONS PRINCIPAL UNDESIRABLE EFFECTS

Stimulants Methylphenidate, pemoline Attention deficit–hyperactivity Irritability, aggressiveness, stereotypies, tics, 
sleeplessness; in rare cases, hepatotoxicity 
of pemoline

Noradrenergic agents (beta-
blockers and a2 agonists)

Propranolol, clonidine (e.g., 
patch)

Explosive behavior, aggressiveness Depression, nightmares, sleepiness, hypoten-
sion, dry mouth

Serotonin-reuptake inhibitors 
and agonists, antidepressants

Fluoxetine, clomipramine, ser-
traline, fluvoxamine

Perseveration, obsessions, rigidity, ag-
gressiveness, depression

Dry mouth, sleep disturbances, constipation, 
agitation, restlessness

Dopamine-receptor blockers Haloperidol, thioridazine, 
chlorpromazine, pimozide

Aggressiveness, destructiveness, self-
injury

Sedation, affective blunting, dystonia, parkin-
sonism, tardive and withdrawal dyskinesias

Anxiolytics Buspirone Anxiety Sedation, restlessness (rarely), gastrointestinal 
symptoms 

Opioid antagonists Naltrexone Self-injury, stereotypy Long-term effects unknown

Mood stabilizers Lithium, valproate, carbamaze-
pine

Mood lability, aggressiveness Tremor, weakness, need to monitor blood 
levels

Anticonvulsants Valproate, carbamazepine, la-
motrigine, vigabatrin

Epilepsy; possibly autistic regression 
with epileptiform EEG (including 
electrical status epilepticus in slow-
wave sleep) without clinical seizures

Drowsiness, ataxia, rashes; hyperphagia and 
tremor with valproate

Hormones 
Sleep aids Melatonin Sleep disturbances Long-term effects unknown
Glucocorticoids Corticotropin, prednisone Possibly autistic regression with epi-

leptiform EEG (including electrical 
status epilepticus in slow-wave 
sleep) without clinical seizures

Obesity, hypertension, infections, psychosis
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REFERENCES

1. Diagnostic and statistical manual of mental disorders. 4th ed. Washing-
ton, D.C.: American Psychiatric Association, 1994.
2. Frith U, ed. Autism and Asperger syndrome. Cambridge, England: 
Cambridge University Press, 1991.
3. Kurita H, Kita M, Miyake Y. A comparative study of development and 
symptoms among disintegrative psychosis and infantile autism with and 
without speech loss. J Autism Dev Disord 1992;22:175-88.
4. Volkmar FR, Cohen DJ. Disintegrative disorder or “late onset” autism. 
J Child Psychol Psychiatry 1989;30:717-24.
5. Hagberg B, ed. Rett syndrome — clinical & biological aspects. London: 
Mac Keith Press, 1993.
6. Tuchman RF, Rapin I. Regression in pervasive developmental disorders: 
seizures and epileptiform electroencephalogram correlates. Pediatrics 1997;
99:560-6.
7. Ballaban-Gil K, Rapin I, Tuchman RF, Shinnar S. Longitudinal exami-
nation of the behavioral, language, and social changes in a population of 
adolescents and young adults with autistic disorder. Pediatr Neurol 1996;
15:217-23.
8. Grandin T. Thinking in pictures: and other reports from my life with 
autism. New York: Doubleday, 1995.
9. Gillberg C, Coleman M. The biology of the autistic syndromes. 2nd ed. 
London: Mac Keith Press, 1992.
10. Cohen DJ, Volkmar FR, eds. Autism and pervasive developmental 
disorders: a handbook. New York: John Wiley, 1997.
11. Rapin I, ed. Preschool children with inadequate communication: 
developmental language disorders, autism, low IQ. No. 139 of Clinics in 
developmental medicine. London: Mac Keith Press, 1996.
12. Dunn M, Rapin I. Communication in autistic children. In: Accardo 
PJ, Shapiro BK, Capute AJ, eds. Behavior belongs in the brain: neurobe-
havioral syndromes. Timonium, Md.: York Press, 1997:97-111.
13. Konstantareas MM, Beichtman JH. Comorbidity of autistic disorder 
and specific developmental language disorder: existing evidence and some 
promising future directions. In: Beichtman JH, Cohen NJ, Konstantareas 
MM, Tannock R, eds. Language, learning, and behavior disorders: devel-
opmental, biological, and clinical perspectives. Cambridge, England: Cam-
bridge University Press, 1996:178-96.
14. Tager-Flusberg H. Dissociations in form and function in the acquisi-
tion of language by autistic children. In: Tager-Flusberg H, ed. Constraints 
on language acquisition: studies of atypical children. Hillsdale, N.J.: 
Lawrence Erlbaum, 1994:175-94.
15. Klein SK, Kurtzberg D, Brattson A, et al. Electrophysiologic manifes-
tations of impaired temporal lobe auditory processing in verbal auditory 
agnosia. Brain Lang 1995;51:383-405.
16. Wainwright L, Fein D. Play. In: Rapin I, ed. Preschool children with 
inadequate communication: developmental language disorder, autism, low 
IQ. No. 139 of Clinics in developmental medicine. London: Mac Keith 
Press, 1996:173-89.
17. Kinsbourne M. Overfocusing: an apparent subtype of attention deficit-
hyperactivity disorder. In: Amir N, Rapin I, Branski D, eds. Pediatric neu-
rology: behavior and cognition of the child with brain dysfunction. Basel, 
Switzerland: Karger, 1991:18-35.
18. Mundy P, Sigman M, Kasari C. The theory of mind and joint-atten-
tion deficits in autism. In: Baron-Cohen S, Tager-Flusberg H, Cohen DJ, 
eds. Understanding other minds: perspectives from autism. Oxford, Eng-
land: Oxford University Press, 1993:181-203.
19. Waterhouse L, Morris R, Allen DA, et al. Diagnosis and classification 
in autism. J Autism Dev Disord 1996;26:59-86.
20. Klin A, Volkmar FR, Sparrow SS, Cicchetti DV, Rourke BP. Validity 
and neuropsychological characterization of Asperger syndrome: conver-
gence with nonverbal learning disabilities syndrome. J Child Psychol Psy-
chiatry 1995;36:1127-40.
21. Obler LK, Fein D, eds. The exceptional brain: neuropsychology of tal-
ent and special abilities. New York: Guilford Press, 1988.
22. Treffert DA. Extraordinary people: understanding “idiot savants.” 
New York: Harper & Row, 1989.
23. Bauman ML. Motor dysfunction in autism. In: Joseph AB, Young RR, 
eds. Movement disorders in neurology and neuropsychiatry. Boston: Black-
well Scientific, 1992:658-61.
24. Tuchman RF, Rapin I, Shinnar S. Autistic and dysphasic children. Pe-
diatrics 1991;88:1211-5.
25. Chamberlain RS, Herman BH. A novel biochemical model linking 
dysfunctions in brain melatonin, proopiomelanocortin peptides, and sero-
tonin in autism. Biol Psychiatry 1990;28:773-93.
26. Volkmar FR, Nelson DS. Seizure disorders in autism. J Am Acad Child 
Adolesc Psychiatry 1995;29:127-9.

27. Olsson I, Steffenburg S, Gillberg C. Epilepsy in autism and autisticlike 
conditions: a population-based study. Arch Neurol 1988;45:666-8.
28. Chugani HT, Da Silva E, Chugani DC. Infantile spasms. III. Prognos-
tic implications of bitemporal hypometabolism on positron emission to-
mography. Ann Neurol 1996;39:643-9.
29. Beaumanoir A, Bureau M, Deonna T, Mira L, Tassinari CA, eds. Con-
tinuous spikes and waves during slow sleep, electrical status epilepticus dur-
ing slow sleep: acquired epileptic aphasia and related conditions. London: 
John Libbey, 1995.
30. Ritvo ER, Freeman BJ, Pingree C, et al. The UCLA-University of 
Utah epidemiologic survey of autism: prevalence. Am J Psychiatry 1989;
146:194-9.
31. Mental disorders: glossary and guide to their classification in accord-
ance with the tenth revision of the International Classification of Diseases. 
Geneva: World Health Organization, 1993.
32. Sugiyama T, Takei Y, Abe T. The prevalence of autism in Nagoya, Ja-
pan. In: Naruse H, Ornitz EM, eds. Neurobiology of infantile autism. Am-
sterdam: Excerpta Medica, 1992:181-4.
33. Bryson SE, Clark BS, Smith IM. First report of a Canadian epidemio-
logical study of autistic syndromes. J Child Psychol Psychiatry 1988;29:
433-45.
34. Gillberg C, Coleman M. Autism and medical disorders: a review of the 
literature. Dev Med Child Neurol 1996;38:191-202.
35. Nelson KB. Prenatal and perinatal factors in the etiology of autism. 
Pediatrics 1991;87:761-6.
36. Ritvo ER, Mason-Brothers A, Freeman BJ, et al. The UCLA-Univer-
sity of Utah epidemiologic survey of autism: the etiologic role of rare dis-
eases. Am J Psychiatry 1990;147:1614-21.
37. Rutter M, Bailey A, Bolton P, Le Couteur A. Autism and known med-
ical conditions: myth and substance. J Child Psychol Psychiatry 1994;35:
311-22.
38. Spiker D, Lotspeich L, Kraemer HC, et al. Genetics of autism: char-
acteristics of affected and unaffected children from 37 multiplex families. 
Am J Med Genet 1994;54:27-35.
39. Ritvo ER, Jorde LB, Mason-Brothers A, et al. The UCLA-University 
of Utah epidemiologic survey of autism: recurrence risk estimates and ge-
netic counseling. Am J Psychiatry 1989;146:1032-6.
40. Bailey A, Le Couteur A, Gottesman I, et al. Autism as a strongly 
genetic disorder: evidence from a British twin study. Psychol Med 1995;
25:63-77.
41. DeLong R. Children with autistic spectrum disorder and a family his-
tory of affective disorder. Dev Med Child Neurol 1994;36:674-87.
42. Comings DE, Comings BG. Clinical and genetic relationships be-
tween autism-pervasive developmental disorder and Tourette syndrome: a 
study of 19 cases. Am J Med Genet 1991;39:180-91.
43. Cook EH Jr, Courchesne R, Lord C, et al. Evidence of linkage be-
tween the serotonin transporter and autistic disorder. Mol Psychiatry 1997;
2:247-50.
44. Bauman ML, Kemper TL, eds. The neurobiology of autism. Balti-
more: Johns Hopkins University Press, 1994.
45. Waterhouse L, Fein D, Modahl C. Neurofunctional mechanisms in au-
tism. Psychol Rev 1996;103:457-89.
46. DeLong GR. Autism, amnesia, hippocampus, and learning. Neurosci 
Biobehav Rev 1992;16:63-70.
47. Courchesne E, Yeung-Courchesne R, Press GA, Hesselink JR, Jernigan 
TL. Hypoplasia of cerebellar vermal lobules VI and VII in autism. N Engl 
J Med 1988;318:1349-54.
48. Filipek PA. Quantitative magnetic resonance imaging in autism: the 
cerebellar vermis. Curr Opin Neurol 1995;8:134-8.
49. Piven J, Arndt S, Bailey J, Havercamp S, Andreasen NC, Palmer P. 
An MRI study of brain size in autism. Am J Psychiatry 1995;152:
1145-9.
50. Minshew NJ, Dombrowski SM. In vivo neuroanatomy of autism: neu-
roimaging studies. In: Bauman ML, Kemper TL, eds. The neurobiology of 
autism. Baltimore: Johns Hopkins University Press, 1994:66-85.
51. Horwitz B, Rumsey JM. Positron emission tomography: implications 
for cerebral dysfunction in autism. In: Bauman ML, Kemper TL, eds. The 
neurobiology of autism. Baltimore: Johns Hopkins University Press, 1994:
102-18.
52. Klin A. Auditory brainstem responses in autism: brainstem dysfunction 
or peripheral hearing loss? J Autism Dev Disord 1993;23:15-35.
53. Dunn M. Neurophysiologic observations in autism and implications 
for neurologic dysfunction. In: Bauman ML, Kemper TL, eds. The neuro-
biology of autism. Baltimore: Johns Hopkins University Press, 1994:45-65.
54. Anderson GM. Studies on the neurochemistry of autism. In: Bauman 
ML, Kemper TL, eds. The neurobiology of autism. Baltimore: Johns Hop-
kins University Press, 1994:227-42.
55. Lord C, Venter A. Outcome and follow-up studies of high-functioning 
autistic individuals. In: Schopler E, Mesibov GB, eds. High-functioning in-
dividuals with autism. New York: Plenum Press, 1992:187-99.

The New England Journal of Medicine 
Downloaded from nejm.org at BOWDOIN COLLEGE LIBRARY on December 14, 2014. For personal use only. No other uses without permission. 

 Copyright © 1997 Massachusetts Medical Society. All rights reserved. 



104 � July 10, 1997

The New England Journal  of  Medicine

56. Schopler E, Reichier RJ, Renner BR. The Childhood Autism Rating 
Scale (CARS) for diagnostic screening and classification in autism. New 
York: Irvington, 1986.
57. Krug DA, Arick JR, Almond PJ. Autism screening instrument for 
educational planning: examiner’s manual. Seattle: ASIEP Education, 
1980.
58. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-
revised: a revised version of a diagnostic interview for caregivers of individ-
uals with possible pervasive developmental disorders. J Autism Dev Disord 
1994;24:659-85.
59. Woodhouse W, Bailey A, Rutter M, Bolton P, Baird G, Le Couteur A. 

Head circumference in autism and other pervasive developmental disor-
ders. J Child Psychol Psychiatry 1996;37:665-71.
60. Rogers SJ, Lewis H. An effective day treatment model for young chil-
dren with pervasive developmental disorders. J Am Acad Child Adolesc 
Psychiatry 1989;28:207-14.
61. McEachin JJ, Smith T, Lovaas OI. Long-term outcome for children 
with autism who received early intensive behavioral treatment. Am J Ment 
Retard 1993;97:359-72.
62. Mesibov GB, Schopler E, Hearsey KA. Structured teaching. In: Schop-
ler E, Mesibov GB, eds. Behavioral issues in autism. New York: Plenum, 
1994:195-207.

The New England Journal of Medicine 
Downloaded from nejm.org at BOWDOIN COLLEGE LIBRARY on December 14, 2014. For personal use only. No other uses without permission. 

 Copyright © 1997 Massachusetts Medical Society. All rights reserved. 


