
The growing number of families a≠ected by autism has intens-
ified the scientific search for answers. In the last five years, new
technology and funding (much of it from family foundations)
have made it possible to address the most pressing questions of
causality on a large scale. Harvard researchers from a wide range
of disciplines—including genetics, genomics, neurology, cogni-
tive science, developmental medicine, and bioinformatics—have
joined a collaborative e≠ort to identify the biological roots of
autistic disorders and to develop better methods of detection
and treatment. Their e≠orts promise to yield significant findings
in the very near future. But the inherent heterogeneity of autism
suggests that a full accounting will likely take longer and may re-
quire investigators to look for clues in unexpected places. 

“An Extreme Aloneness”
In 1943, the Austrian-born psychiatrist Leo Kanner provided a
startling picture of 11 children trapped in their own worlds. The

children—all patients at Johns Hopkins Hospital in Baltimore—
had previously been labeled “emotionally disturbed” or “intellec-
tually impaired.” Kanner noticed that they shared a number of
distinct behavioral and cognitive features: they all had di∞culty
relating to other people, delayed or unusual language, superior
rote memories, and an obsession with sameness and repetition.
He described their condition as an inborn disorder of social at-
tachment, which he called “infantile autism.” “There is from the
start,” he wrote, “an extreme autistic aloneness that, whenever
possible, disregards, ignores, or shuts out anything that comes to
the child from the outside.” 

At the time of Kanner’s discovery, mainstream psychiatry was
in the thrall of Freudian theory, which attributed most childhood
disorders to family environment rather than biology. Autism
came to be viewed as an extreme and rare condition—the result
of profound emotional (and specifically, maternal) neglect. For
most of the latter half of the twentieth century, clinicians used

During the past few decades, most scientific research into
the causes of autism has been focused on the structural wiring of
the brain and on the genes that control it. Evidence of chronic
sickness or general physical discomfort in autistic children has
largely been viewed as coincidental to the primary brain disorder
or, in some instances, mistaken for the syndrome’s behavioral
symptoms. But in recent years, as the number of cases has contin-
ued to rise (while the genetic pathways have remained elusive),
several clinicians and researchers have begun to ask whether dis-
turbances in children’s broader bodily systems may be influencing,
or even causing, the disruption in their brains. 

Associate professor of neurology and pediatric clinician Mar-
garet Bauman has been on a crusade to ensure that children with
autism-spectrum disorders receive adequate medical care. As the
director of LADDERS (Learning and Developmental Disabilities
Evaluation and Rehabilitation Services)—a multidisciplinary re-
search clinic a∞liated with Massachusetts General Hospital
(MGH)—she spearheaded a new model for diagnosing and treat-
ing the host of physiological problems that often accompany autis-
tic disorders. The LADDERS sta≠ includes experts in gastroen-
terology, sleep disorders, and neuromuscular and metabolic
disorders, as well as in psychopharmacology, neurology, and devel-
opmental pediatrics. (In 2005, Bauman cofounded the Autism
Treatment Network, a national nonprofit organization of six clini-
cal programs around the country that collaborate to promote cur-
rent best practices in the diagnosis and treatment of autism-spec-
trum disorders.) 

“Many kids with autism have gastrointestinal problems that
may a≠ect their behavior,” Bauman explains. “But because these
kids are often nonverbal or hypoverbal, they have trouble convey-
ing their discomfort or localizing their pain.” Children with in-
tense gastritis or colitis may bang their heads or move their bodies
in strange ways in reaction to physical distress. “It turns out that
when you treat the medical problem, in many cases the aggressive
and self-injurious behaviors abate,” she says. Bauman has also
found that a subset of children on the spectrum who do not re-
spond to standard autism therapies have a disorder involving their

mitochondria (the cellular structures that convert nutrients into
energy). These kids tend to walk late, have very little energy, and
undergo periodic regressions in which they lose muscle control,
attentiveness, and language. Bauman was surprised to find that a
complex vitamin treatment helped improve the condition of a
number of such children, enabling them to benefit from behavioral
therapies.

Bauman does not suggest that such biomedical interventions
will cure autism, but she believes that researchers need to pay
close attention to the pattern of physiological problems that at-
tend the autistic syndromes of a significant portion of children.
“We haven’t been looking at other organ systems and how they re-
late to this disorder,” she says. “It’s possible that we’ve been doing
genotyping on apples and oranges.” 

Assistant professor of neurology Martha Herbert, a pediatric
neurologist at MGH, couldn’t agree more. Herbert has been at the
forefront of an e≠ort to alter the prevailing paradigm of autism re-
search. As a resident in neurology in the early 1990s, she spent two
years studying the preserved brain samples of 93 autistic individu-
als, hoping to find a correlation between specific structural abnor-
malities and autistic behaviors. What she found instead, she ex-
plains, were “abnormally large brains with more than average
white matter [the tissue through which messages pass between
di≠erent areas of gray matter in the brain, where the nerve cell
bodies are located]. I began to think that this is not a localized brain
disorder but a generalized disorder that a≠ects the brain. It requires
a di≠erent way of thinking.” 

Herbert found evidence that a subgroup of children with autism
experience a sudden increase in brain size a year or so after birth.
The areas that enlarge are those where the myelin sheath—the
fatty electrical insulator of the brain cells—forms post- rather
than prenatally. The question of whether some children are born
“normal” and then “regress” into autism between the ages of one
and two has been at the center of the controversy over the poten-
tial role of mercury and vaccines in causing autism. Although Her-
bert steers clear of this debate, her findings suggest that postnatal
damage may contribute to the onset of autistic conditions in a
considerable number of cases.

Herbert believes that such tissue changes in autistic brains
could be signs of inflammation or oxidative stress, potentially im-
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the diagnosis only in cases where no
other label was possible. As Margaret
Bauman, associate professor of neurol-
ogy and director of the Learning and
Developmental Disabilities Evaluation
and Rehabilitation Services (LAD-
DERS) in Wellesley, recalls: “The ma-
jority of the cases we see today would
not have been labeled autistic when I was a resident in pediatrics
[in the late 1960s]. The autistic kid was a kid who sat in the cor-
ner, rocking back and forth, and made no eye contact. The rest
were labeled ‘mentally retarded’ or ‘childhood schizophrenia.’” 

It wasn’t until the early 1980s that a new understanding of
autism began to emerge. The catalyst was an article published by
British autism expert Lorna Wing that described a little-known
syndrome called Asperger’s Disorder. Hans Asperger was an
Austrian-born pediatrician who studied children in a psychiatric

hospital in Leipzig, Germany, in the late 1930s—the same time
that Kanner was conducting his research in Baltimore. Asperger
documented a condition in boys that he termed “autistic psy-
chopathy,” characterized by “a lack of empathy, little ability to
form friendships, one-sided conversation, intense absorption in a
special interest, and clumsy movements.” His patients di≠ered
from Kanner’s in that they did not exhibit developmental delays
in language or cognition (Asperger in fact referred to them as
“little professors”), yet they shared key impairments in social in-
teraction, reciprocal communication, and imagination (i.e.,
repetitive behaviors and interests). Wing’s 1981 paper brought
Asperger’s findings to the attention of the English-speaking
world and showed how the core features of autism could occur
in a wide range of people, some severely mentally retarded and
others highly intelligent. 

In the ensuing years, the predominant view of autism as a dis-
crete psychoemotional condition gave way to the idea of a con-
tinuum of biologically based autistic syndromes, requiring
greater diagnostic specificity. By 1994, the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) listed detailed criteria for five
“pervasive developmental disorders” (PDDs), including As-
perger’s, that comprised the “autism spectrum.”*

The increased awareness of autism’s related conditions and
their symptoms corresponded to a steep rise in diagnoses in the
early 1990s. Many parents became convinced that the escalating
numbers of cases stemmed from exposure to thimerosal, a mer-
cury-based preservative used in childhood vaccines. Another the-
ory linked the measles/mumps/rubella (MMR) vaccine, in partic-
ular, to the onset of autistic symptoms. Numerous epidemiological
studies have failed to substantiate these claims, and in 2004 the In-
stitute of Medicine of the National Academies found no causal re-
lationship between either mercury or MMR vaccine and autism.

But even though it is not possible to get an accurate count of
real cases prior to the early 1990s, there is a growing sense among
researchers and clinicians that the real incidence of autism is on
the rise and that environmental triggers likely play a role. The
potential factors range from chemicals in food and cosmetics to

plicating environmental factors. (Oxidative stress refers to an
imbalance between the rate of oxidative damage to cells and
the rate of cell repair.) “Perhaps the brain is caught ‘in the
crossfire’ of whole-body changes related to environmental
stress,” she says. She has not proposed any particular toxin
exposure as a cause of autism; rather she underscores the
need to expand the investigative lens beyond the genes-brain-
behavior model in order to look for broader problems in phys-
iological functioning. “We need more study of environmen-
tally responsive metabolic and signaling pathways,” she
explains, “since these will guide us both to where to look for
relevant genes and also where to look for treatment targets.” 

Herbert’s ideas are not universally accepted by neuroge-
neticists; but among many in the mainstream of autism re-
search there is growing support for a more biological ap-
proach to diagnosis. Susan Santangelo, associate professor of
psychiatry at Harvard Medical School and an associate pro-
fessor in epidemiology at Harvard School of Public Health,
who also serves as director of statistical genetics and genetic
epidemiology in the psychiatric and neurodevelopmental ge-
netics unit at MGH, argues that researchers need to begin to
look for more precise measures to identify and sort individu-
als with autism disorders.

Santangelo, an executive committee member of the Boston
Autism Consortium (which links more than 50 local re-
searchers who tackle di≠erent aspects of the disease cycle
and share results), suggests that tests such as an EEG (elec-
troencephalogram, which measures electrical activity in the
brain), an ERP (event-related potential, which records brain
activity during specific tasks), or a measure of blood plasma
levels for certain metabolites could provide investigators with
markers that they could correlate to a given set of behavioral
traits, thus helping to distinguish patients’ functions on a va-
riety of levels. “If we can start to map the genes for something
more biological,” Santangelo explains, “something closer to
the genetic action, then maybe we’ll have more success than
[we’ve had] trying to map the genes for a very heterogeneous
psychiatric classification that may bear absolutely no relation
to underlying pathophysiology. We need to cast a wide net
and then tunnel deep into some of these measures.”

Wing’s paper showed how the core 

features of autism could occur in a wide

range of people, some severely mentally

retarded and others highly intelligent.

*The pervasive developmental disorders (PDDs) comprising the autism spec-
trum share core deficits in social interaction, language, and range of interests
or behaviors. They di≠er in degree of severity, number of areas of impairment,
pattern of onset, and rate of prevalence. Autistic disorder (the most common) is
four times more common among males than females and generally involves
mental retardation. Rett’s disorder, a rare condition that occurs only in females,
usually involves severe mental retardation. Childhood disintegrative disorder
(CDD), involving a precipitous loss of abilities after at least two years of nor-
mal development, appears rarely, and more often among males. Asperger’s disor-
der, diagnosed five times more frequently in males than females, involves pro-
nounced social deficits but no significant cognitive or language acquisition
impediments. Pervasive developmental disorder not otherwise specified (PDD NOS), a
“subthreshold category,” applies to cases in which some criteria for autistic
disorder are present and the onset of symptoms doesn’t fit other PDD diag-
noses. For details, visit www.nimh.nih.gov/health/topics/autism-spectrum-
disorders-pervasive-developmental-disorders/index.shtml, posted by the Na-
tional Institute of Mental Health.




