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Abstract

This is a condensed literature review of current etiological and treatment findings in autism.
Numerous studies examining autistic individuals for a biological marker have been performed with
renewed interest over the past several years. Biochemical studies have revealed excessive amounts of
serotonin, dopamine and opiods in many autistics. Reductions in self-injurious behaviors, aggres-
siveness, hyperactivity and stereotypies in patients on medications targeting these specific receptor
sites have been documented. Though genetic studies indicate a significant contribution to the
transmission of autism, the final common etiological pathway remains unknown.

The term autism was first coined by Bleuler who defined the symptomatology of
schizophrenia in the early 1900’s, as “divorce from reality (1).” In 1943, Leo Kanner
borrowed this term to describe 11 children with puzzling but similar characteristics
present since their third birthday, labeling the common syndrome “infantile autism.”
The salient characteristics of these children include severe language deviations
characterized by echolalia and pronoun reversal, repetitive, stereotypic behaviors and
inability to relate to people but with strong attachments to objects (2). Kanner’s
accurate description of this newly discovered syndrome has for the most part stood
the test of time with few modifications, and in the DSM III-R bears the name Autistic
Disorder (3). However, his speculations regarding other aspects of the condition and
possible predisposing factors have been proven largely incorrect. Still a mystery is the
nature of the underlying pathologic process of this severely debilitating syndrome,
with infrequent concurrence among investigators as to various hypotheses. More
questions have been raised due to inconsistent findings in neuropathological and
biochemical studies which suggest multiple subtypes of this disorder.

In the past 30 years, research has focused on improving classification of autistic
disorder by considering a multiplicity of epidemiological factors. Most researchers
attempt to elucidate a common denominator leading to “the [autism] triad” of
impaired social, communicative and behavioral skills. Several of these findings have
been surprisingly consistent, including a 3-4:1 male to female ratio (4), 70-80%
occurrence of mental retardation, primarily in the moderate to severe range, with
performance IQ almost invariably greater than verbal IQ (3,5,6), more severe
morbidity of female autistic individuals compared to males with autistic disorder (7),
and a much greater number of minor physical anomalies compared to normals (8,9).
These findings have prompted many unanswered questions, but as in the infancy
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stages of all newly discovered and classified syndromes or disorders, they may aid in
the quest for determining a common etiology.

One may ask, “Why express so much concern and exert so much effort in what
may be an untreatable and probably irreversible disorder?” First, to give a proper
perspective on the magnitude of autistic disorder we should examine its relative
prevalence. According to several studies worldwide, autistic disorder occurs at an
approximate rate of 4 per 10,000 of the population ages 8 to 12 without discrimina-
tion for race or socioeconomic standing (10). For every 25 individuals with schizophre-
nia or mental retardation there is one individual suffering globally with autistic
disorder. Second, due to the pervasive developmental deviations and delays as well as
peaks and valleys in various skills, specialized classroom settings serving very few
students with much individual attention are necessary for many years. The cost
involved in this training process is very high, prohibiting entrance to many autistic
children due to lack of funding. Third, of the 15-20% of autistic individuals who
eventually become gainfully employed, there remains the lack of social “know how”
and empathy necessary for reciprocal friendships (11). As Leo Kanner has said,
“While the schizophrenic tries to solve his problems by stepping out of the world of
which he has been a part and with which he has been in touch, [autistic] children
gradually compromise by extending cautious feelers into a world in which they have
been total strangers from the beginning (2).”

Where should one begin the quest for an explanation of the pathologic process
leading to this disorder? The answer to this question will vary considerably as
evidenced by the number of possible causes that have been studied. Hypotheses range
from the now largely dismissed psychodynamic and analytic to the more quantitative
and “hard” variables. The psychodynamic hypotheses suggest that parents of autistic
children are often intellectual, socially reserved and emotionally distant, leading to
psychosocial deprivation (12). Psychobiological and psychophysiological studies in-
clude examination of possible congenital causes, genetic abnormalities, neuropatho-
logical findings at autopsy, imaging studies (CT, MRI, PEG, etc.), imbalances in
neurotransmitters and abnormalities found in electrophysiological studies (EEG and
BAER). Several intriguing findings have been obtained with some degree of consen-
sus. However, due to small populations studied, lack of good technique in some
studies, and biases influencing test results, the validity and reliability of many studies
are less than desirable. Therefore, in this discussion, more questions will be raised
than answered regarding the etiology of this disorder.

How does one explain the overwhelming evidence that autistic disorder tends to
select for males 3 and 4 times as often as for females? Also puzzling is a finding that
autistic females tend to be more frequently and more severely mentally retarded
than affected males. Chromosomal studies have been performed on many autistic
subjects in attempts to answer this question as well as to verify a common genetic
pathway. A pooled monozygotic (MZ) concordance rate of 64% and dyzygotic (DZ)
concordance rate of 9% was obtained from three studies incorporating 45 MZ pairs
and 36 DZ pairs. These concordance rates relative to the sibling recurrence rate of
3%, strongly indicate a genetic predisposition with a significant environmental
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influence on the development of autism (13). Chromosomal studies have identified
deletions, additions, mutations and translocations universally present in numerous
other disorders; however, this has not been the case thus far in studies of autistm.
Many previously documented chromosomal abnormalities, each with associated
clinical findings, e.g., Trisomy-21 (Down’s syndrome), fragile X syndrome, XYY
syndrome, and XXX syndrome, have been associated with autistic disorder to varying
degrees (12). Suggested hypotheses to explain the male overrepresentation in autism
have included a multifactorial-polygenic model with different thresholds for males
and females, as well as a model where greater etiological heterogeneity exists among
male autistic individuals than female autistic individuals. The first hypothesis has
been tested, but with equivocal results. The latter hypothesis offers more promise. As
studies have shown, approximately 5-12% of autistic individuals have fragile X which
occurs much more frequently in males than females (14). Utilizing the Hardy-
Weinberg equilibrium and assuming a population prevalence of 3.75/10,000 for
autistic males, the expected frequency of affected females is the square of this
number of 1.4 X 10~7. The observed prevalence in females of approximately 1.25 X
10~*is 1,000 times greater than this expected value, thereby nullifying the hypothesis
that autism is a strictly X-linked disorder (13). Prenatal and perinatal insults, which
occur more frequently in males, may contribute to some cases of autism, especially in
the presence of a genetic predisposition (13). Further studies with emphasis on
female autistic individuals and their relatives, as well as studies carefully comparing
fragile X patients with autism to those without autism, using linkage studies or
chromosomal banding patterns, may provide a clue to the etiology of autism.
Neurological abnormalities have been reported in 30-75% of autistic individuals
in several studies. Typical abnormalities found in this population include hypotonia
or hypertonia, clumsiness, choreiform movements, pathologic reflexes, myotonic
jerking, drooling, abnormal posture and gait, dystonic posturing of hands or fingers,
tremor, ankle clonus, pathologic reflexes, emotional facial paralysis and strabismus
(11). Minor physical abnormalities are found much more frequently in autistic
children than in their siblings or in age-, sex-, and IQ-matched controls (8). Autistic
children with higher numbers of anomalies tend to have lower IQ’s, more frequent
hospitalizations and less psychiatric and substance abuse family histories compared
to autistic children with fewer physical anomalies (9). One study indicated that
approximately 25% of autistic children possess five or more minor physical anomalies,
whereas only 3% of “normal” children and 20% of “hyperkinetic” children exhibited
five or more minor physical anomalies (8). Girls with multiple minor physical
anomalies tend to exhibit inhibited behavior and social clumsiness rather than
hyperactivity and aggression typically found in boys with similar numbers of anoma-
lies. These neurological signs suggest dysfunction in the basal ganglia, particularly in
the neostriatum, as well as closely related structures of the mesial aspect of the
frontal lobe or limbic system (15). Some researchers propose that autism results from
“injury or dysfunction in bilateral CNS structures including the mesolimbic cortex
located in the mesial frontal and temporal lobes, the neostriatum, and the anterior
and medial nuclei of the thalamus (15). Therefore, one would hope to uncover
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pathological findings in these three areas of the brain in order to document these
clinical findings.

Due to the apparent normal longevity of autistics, systematic autopsy studies of
neuropathology are lacking. Autopsies of four patients with autism revealed signifi-
cant Purkinje cell loss in the cerebella of all four patients (16). Also, a single autopsy
of a 29-year-old autistic man in another study revealed major cellular and structural
changes in the hippocampus, amygdala and cerebellum, including Purkinje cell loss
(17). However, other autopsies of a handful of autistic individuals have been
completely unremarkable for neuropathological changes on detailed examination
(18). Therefore, viewing the vast spectrum of deviant neurological functioning and
the inconsistent findings on autopsy (with the exception of cerebellar Purkinje cell
loss and nonspecific ventricular enlargement), we either need to modify our histolog-
ical techniques for improved resolution or to postulate that the defect lies within the
more evasive neurochemical substrates of the brain.

Imaging studies and electrophysiological studies have yielded interesting but
inconsistent findings. Computed tomographic (CT) scan studies have demonstrated
ventricular enlargement and cerebellar atrophy in approximately 25% of autistic
individuals studied (19). Magnetic resonance imaging (MRI) studies have yielded
various findings ranging from hypoplasia of cerebellar vermal lobules VI and VIl in 14
of 18 patients in one study (20), to small brain stem size (primarily the pons), and
widening of the fourth ventricle in at least two other studies (21). Electroencephalo-
graphic (EEG) studies of autistic children suggest that approximately 50% of these
individuals have abnormalities. These abnormalities do not appear to be specific, as
focal spike, diffuse spike, slow wave and slow dysrhythmic patterns involving both
hemispheres have been documented (22). Unusually low-voltage EEG’s have been
suggestive of chronic hyperarousal, but these findings have not always been repli-
cated. Epilepsy, which tends to correlate with more severe disease, occurs in approxi-
mately 30% of autistic individuals in adolescence and early adult life compared with
5-14% experiencing seizures prior to puberty (23).

Biochemical studies in autistics have focused on the indoleamines (serotonin),
catecholamines (norepinephrine and dopamine) and endorphins. A well-established
finding among several studies is that approximately one-third of autistic individuals
have a hyperserotoninemia (24). Blood serotonin levels are significantly higher in
autistic children who remain ill compared to those who demonstrate improvement in
their symptomatology (25). However, blood serotonin levels do not accurately reflect
CNS levels, and increased blood serotonin levels are also found in other childhood
psychiatric illnesses. Serotonin blood levels reflect both free and platelet levels of
serotonin. Increases in platelet uptake of serotonin may be related to increases in
serotonin uptake systems. Clomipramine, which blocks this uptake, has helped some
autistics (26). Primarily poor results have been obtained from studies evaluating the
effectiveness of fenfluramine, a potent serotonin-depleting agent, but it continues to
be used as a research tool (26). Therefore, the role of serotonin in the pathogenesis or
as a consequent factor involved in autism remains inconclusive at this time.

Autistic children as a whole have been reported not to differ from other groups
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in cerebral spinal fluid (CSF) levels of homovanillic acid (HVA), the principal
dopamine metabolite. However, autistic children with greater locomotor activity and
more severe stereotypies tended to have higher CSF levels of HVA (27). In this latter
group, neuroleptics, which are dopamine-receptor blocking agents, typically produce
significant reduction in hyperactivity, stereotypies, aggression and self-injury as well
as enhancing compliance and receptiveness to special education (28). To the con-
trary, dopamine agonists such as stimulants often cause a worsening of pre-existing
stereotypies, aggression and sometimes hyperactivity in autistic children (24). It
appears from these data that the dopaminergic system may play an integral role in
autistic motor behavior.

Other related biochemical studies have been somewhat less rewarding. Several
studies which have examined noradrenergic activity in autistic children list findings
from elevation of plasma norepinephrine to reduced plasma 3-methoxy-4-hydroxy-
phenylglycol, the principal brain metabolite of norepinephrine (29,30). Raised endor-
phin fraction II levels were found in a study of 29 autistics, correlating to decreased
pain sensitivity (31). Autistic children with the highest opioid blood levels exhibit the
most pain insensitivity and self-injurious behavior (32). Naltrexone, a potent opiate
antagonist, has in at least two studies shown reduction in stereotyped, self-injurious
and aggressive behaviors while enhancing social behaviors (32,33). Other studies
examining blood adenosine triphosphate and CSF creatine phosphokinase in autistic
children have been performed, but overall findings from most of these studies are far
from clear and merit further exploration (34,35).

Autism is a behaviorally defined syndrome with multiple etiologies that has been
extensively studied and redefined since Leo Kanner’s initial description in 1943.
Though his depiction of the autistic child’s peculiar mannerisms has been minimally
modified through the years, his original assumptions regarding etiology have mostly
been disproven. Consistent findings among affected individuals are an increased
prevalence among males, a significant genetic contribution, an overrepresentation of
neurological abnormalities and physical anomalies, cerebellar Purkinje cell loss and
ventricular enlargement in some, and hyperserotoninemia in one-third. Treatment
with high potency neuroleptics, serotonin uptake blockers, and opiate antagonists
has shown improvement in some behaviors, but with significant patient variability.
Further research is definitely warranted in the quest for the underlying pathologic
process of this devastating disorder, with hopes of improved treatment and possible
cure.
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