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My name is Robert Shepard, MD. | am a family practice physician. | practiced in Helena
Montana for almost 26 years. | mention this at the outset, to put some context on my
comments on this bill to the committee. During that time, | worked with dozens of families
with a wide range of problems that had few or no good treatments. |learned and witnessed
the struggles that people have with these problems. | always felt it was my duty and job as a
physician to guide people through a difficult medical system. Our medical system has great
treatments for some diseases and, unfortunately, some bogus and expensive therapies for
others. |tried to help patients find the former and avoid the latter. Five years ago, | quit
medical practice and began working for New West Heath Services as the medical director. Itis
in that capacity that | am here today. In this time, | have tried to bring a simple approach to
what we do. If it works, we cover it. Itis in everyone’s interest and less expensive in the long
run to use effective therapies. If it doesn’t work, we don’t cover it. Nothing is more expensive
than ineffective therapies.

This bill has a little of both. But before | comment on those parts, | would like to make an
observation. What this bill does is specify specific treatments for a specific condition, or group
of conditions. This effectively puts the legislature in the position of making a determination of
the best and most effective treatments for these conditions. It also means the legislature takes
on the responsibility of reviewing treatments that are developed in the future and rewriting the
bill to substitute newer and more effective therapies for those in the current bill. This process
will be ongoing. This is particularly true for a disease whose primary cause or causes are
unknown. And for which there is no comprehensive theory of the neurobiological defects in
the brain. While are lots of good ideas and lots of research leads, none of them have been
proven, even to the proponents of those theories. In this situation, you can expect ongoing
changes in the treatment options, from medications to intensive therapy to computer games. |
wish you good luck and enjoyable studies as you go down this path.

Let me agree now, that some intensive therapies, such as Applied Behavior Analysis, and Pivotal
Response Training (PRT), which isn’t even mentioned in the bill, have been shown to improve
the status of some children with Autism, Asperger’s disease, and Pervasive Developmental
Disorder Not Otherwise specified (PDD NOS). So yes, intensive treatment does help these
conditions. This is point number one. This therapy would be covered under the current law
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which mandates parity for some severe mental conditions including autism and because it
works. Contrary to some of the comments that allege that insurance companies won’t cover
this. | really don’t see how they could deny it under current Montana law.

However, there are some caveats on the idea that this works. First, it doesn’t work for all
children. In the best studies, there is improvement in a number of functional areas. But when
you look closely at the data, about half (50%) of the children improve substantially and the
other half get no benefit or minimal benefit. You can predict, with some certainty, which
children will benefit: those with higher I1Qs, those at a younger age, those with language skills
pretreatment, those with higher socialization skills. Those children with rapid acquisition and
improvements in 1Q after one year were the children that benefited. Not all Children. This bill
doesn’t allow for stopping therapy in non-responding children.

All of these studies had small numbers of children, usually under 30, with only a couple of
studies with 60-70 patients. Most studies were short with durations of a few months. Most
studies had only younger children (under 6) in the study.

This bill mandates coverage with no discretion to stop therapy in children for whom it isn’t
working. It mandates therapy for all age groups when there is not any data suggesting that this
approach works in older children or adolescents. There is reason to believe that it would not.
And lastly, it mandates maintenance therapy when the benefit for this is also uncertain, or
unstudied.

In researching the training required to effectively prescribe and deliver these treatments,
primarily Applied Behavioral Analysis, there is another question: Can these therapies be
effectively delivered in a community care setting? There are not many studies that address this
question. The few studies that do address this question have significant methodological
problems. Consequently, it is still uncertain if small communities can reach the same
proficiency as the medical centers where most of the testing has been done. Providers need
training and certification. That training and certification does exist and there is a website
listing certified therapists. According to the website, there are three therapists certified in ABA
approaches in Montana: one in Billings, one in Helena and one in Whitefish. 1 am not certain
that there are sufficient qualified resources available to treat all of the children in Montana. In
addition, these intensive therapies also require consistent application by all of the people
involved in the care of the child. It isn’t clear how day care staff and school staff will meet this
challenge.

There is at least one treatment suggested in the bill which clearly does not work. This would be
dietary therapy. In several reviews | read, every trial of dietary therapy in autism has failed to
show that there is a benefit to special diets in autism. Yet this would be covered despite the
evidence to the contrary. It isn’t clear if other ineffective therapies (such as secretin) would be
covered regardless of effectiveness. And what about megavitamins, music therapy, auditory
integration therapy, and other discredited therapies. It really isn’t clear if these would or would
not be mandated by the language in this bill. This is problematic. It is also reflective of the
responsibility the legislature has to get the science right with this mandate. If you mandate
ineffective therapies, you increase cost and provide no benefit.

One other idea that this bill doesn’t address is early screening. It is very important that children
with autism are identified early. Most of the studies attest to the importance of early
intervention. While there is a state screening program today, it is my understanding that the
grant funding that program runs out in a couple of months.




Whatever decision you make, the insurance industry will adapt. In a year or so, we will figure
out how much this mandate will cost through direct experience. Remember, Insurance
companies don’t pay for health care, employers do. Ultimately, the cost will be borne by the
businesses in Montana. Be sure to consider them in your decision.

I would like to leave you with one additional thought. There is a bill, Senate Bill 44, which
establishes a Health Policy Council. This is just the type of issue that could be discussed in that
council. The council could review the established data, discuss this with experts, and take the
time to look at the costs and benefits outside of the political process. There is a real need for
just such a council and this idea is part of most health care reform plans. We need to carefully
review many therapies so that new and proven therapies are not delayed in adoption and that
older less effective therapies are dropped. That is the best place for this topic to be
considered.
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A wide variety of nonestablished treatments have been proposed as
“cures” for the core features of autism and are used frequently despite
having largely escaped scientific scrutiny. In contrast, a growing body of
empirical evidence supports the use of a few forms of theory-based and
empirically validated treatment for some aspects of the core features of
autism. These include behavioral/psychoeducational interventions and spe-
cific forms of medication treatment, which can produce significant im-
provements in communication, social interaction, and problem behaviors
that both maintain over time and generatize across settings. While there is
no doubt that treatment and educational services for persons with autism
have improved over the past 6 decades, it also appears that significant
issues remain with respect to (1) the routine application of validated treat-
ments for the majority of cases with autism, (2) the resistance to even
validated forms of treatment for a substantial minority of cases with autism,
and (3) the extent to which validated treatments effectively treat the specific
core features of autism that are most disabling for persons with autism and
their families. ® 2004 Wiley-Liss, Inc.
MRDD Research Reviews 2004;10:318-326.

Key Words: autism; behavioral treatment; pharmacotherapy; intervention

s autism is characterized by deficits in language usage,

impairments in social reciprocity, and the presence of

behavioral rigidity, the primary goal of autism treatment
should be the alleviation of these core features. Thus the pressing
question when considering the body of treatment research stud-
ies in autism is~“Do available treatments alleviate the core features of
autistn?” This has been the central question in systematic reviews
of autism and its treatment during the six decades which have
now passed since Kanner’s {1943] seminal work on the disorder
[Eisenberg, 1956; Lockyer and Rutter, 1969; Kanner et al.,
1972; Rutter, 1985; Bristol et al.,, 1996; Howlin et al., 2004].
Review of the large body of published autism treatment studies
reveals two general areas with respect to the search for treat-
ments for the core features of autism: (1) a variety of nonestab-
lished treatments that frequently have been proposed as “cures”
for the core features of autism but have largely escaped scientific
validation and (2) the growing body of empirical evidence on a
few forms of theory-based and empirically validated forms of
treatment for the core features of autism. In this paper, [ will
outline the progress that has been made in each of these areas. In
addition to reviewing evidence for the efficacy of treatments for
autism, I will examine what I term the “depth of intervention
effect” question in autism. Specifically, given the range of symp-
toms that are expressed in autism, how “deeply” do established
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treatments go in impacting the continuum of impairment within
each domain area?

NONESTABLISHED TREATMENTS FOR AUTISM

Parents of children with autism find the disorder to be an
unusually mysterious and perplexing condition in which symp-
toms and behaviors fluctuate with inexplicable rhythms. As
such, causes and explanations of autistic behavior are occasion-
ally glimpsed but never fully revealed. Add to this the fact that
frequently children with autism demonstrate clear “islands of
ability” amidst a sea of disabilities. This can leave parents with a
powerful sense that maybe something can be done to “open the
door.” Parents’ hopes for such “cures” are easily amplified by
dramatic reporting of anecdotes on television, on the Internet,
and in newspapers [Sandler and Bodfish, 2000].

Over the past several decades, many approaches have been
serendipitously “discovered,” each proposed as a “treatment,”
and some even boldly hailed as a “cure” for autism via sensa-
tional accounts in the media. These include holding therapy,
megavitamins, music therapy, auditory integration therapy, fa-
cilitated communication, sensory diets, sensorimotor integration
therapy, play therapy, Gentle Teaching, experimental brain sur-
gery, immunosuppressant therapy, and secretin to name a few.
Few of these were ever promising enough to even progress to
rigorous scientific testing in controlled clinical trials despite
initial popular media attention [Freeman, 1997]. Some were
rigorously tested following parent demands to do so and were
found to be ineffective [Sandler et al., 1999; Kern et al., 2004].
Over time these serendipitously discovered approaches to the
treatment of autism have failed to achieve the consensus of
clinicians or researchers as a legitimate way to alleviate the core
features of autism or even to minimize the severity of autistic
symptomatology [Campbell et al., 1996; Volkmar et al., 1999].
Although disappointing chapters in the history of autism treat-
ment, the uptake and subsequent release of interest in most of
these nonestablished treatment approaches has demonstrated
that autism is a disorder that seems to be particularly “at risk” for
unfounded claims of treatment [Sandler and Bodfish, 2000].
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Because there is no evidence from which
individuals who promote treatments for
autism can make claims of potential
“cures” for autistic children, it is impor-
tant for clinicians to counsel families to
guard against either acting on such claims
or increasing their hopes for change to
this level.

Despite a lack of empirical evi-
dence or clinical consensus to support
their use, there is clear evidence that
many parents of children with autism
continue to be interested in the use of
nonestablished or alternative therapies
Aman, Lam, and Collier~-Crespin [2003]
found that there was considerable use of
“alternative medicine” therapies along
with standard psychotropic medications
in the community treatment of children
and adults with autism. In a survey of 121
parents who had enrolled their autistic
children in intensive behavior analytic
treatment programs (“ABA” treatment),
Smith and Antolovich [2000] found that
children in ABA teatment programs
were also receiving an average of seven
supplemental alternative treatment inter-
ventions. Interestingly, in the same study
these authors reported that parents typi-
cally reported that these alternative ther-
apies produced little or no apparent ben-
efit for their autistic child. Although
often viewed as benign, alternative ther-
apies can be costly to families in terms of
either time or money or both {Sandler
and Bodfish, 2000], and those that are
more invasive (e.g., alternative medi-
cines, diets, surgeries) have the potential
to have adverse effects.

As a part of the overall effort of
researching treatments for autism, the
examination of these alternative or
nonestablished therapies has taken two
forms. First, it is clear that research on
established treatments now must in-
volve attention to the potential con-
comitant use of alternative therapies
given their popularity among parents
[Smith and Antolovich, 2000]. Second,
newly proposed alternative treatments
are increasingly being subjected to
more rigorous scientific evaluations of
safety and efficacy. For example, secre-
nun (a peptide hormone that stimulates
pancreatic secretion) was proposed as a
potential “cure” for autism following a
single anecdotal report of its efficacy in
1998. This led to a tremendous amount
of media exposure as a potential treat-
ment for autism and considerable par-
ent interest in its use for their children
with autism. Within a year of this ex-
posure the first randomized control
trial of secretin effects in autism was

published [Sandler et al., 1999] show-

ing that secretin had no benefit above
placebo on the core symptoms of au-
tism when evaluated under blind con-
ditions. Within the following 3 years,
16 well-controlled studies of secretin
treatment in autism have been pub-
lished, all demonstrating its lack of ef-
ficacy. Ironmically, secretin is thus the
single form of autism treatment that to
date has been most rigorously investi-
gated (from the standpoint of random-
ized clinical trials) and yet there is no
rigorous scientific evidence of its effi-
cacy. While it is unfortunate that this
research effort did not lead to clues
with regard to treatment of the core
features of autism, these events demon-
strate that the field of autism treatment
research has progressed to the point
where purported treatments can be rig-
orously investigated for clinical efficacy
in a timely manner.

EMPIRICALLY VALIDATED
TREATMENTS FOR AUTISM

In contrast to the disappointments
of the various nonestablished treatment
approaches, a few forms of treatment
have been based in an established theory
of autism and have achieved some mea-
sure of empirical support and clinical
consensus as practical and safe ways to
minimize the severity of autistic symp-
tomatology [Bristol et al.; 1996; Volkmar
et al., 1999]. The two treaument ap-
proaches for autism that have amassed the
most scientific and clinical support are
behavioral/psychoeducational treatment
approaches and biomedical treatment ap-
proaches. These two approaches evolved
from different theoretical orientations to
the deficits characteristic of autism. The
focus on biomedical causes (i.e., genetic,
neurological) lead naturally to a search
for medical treatments. In contrast, the
focus on abnormalities in behavioral,
emotional, and cognitive development
lead to an emphasis on psychological or
behavioral interventions [Rutter, 1985].
However, although both theoretical ap-
proaches make claims with respect to pu-
tative etiological and pathophysiologic
factors, the pathogenesis of autism has
remained largely unknown. For this rea-
son, existing empirically validated treat-
ments for autism are largely symptomatic
in nature. Thus, clear empirical valida-
tion exists for specific forms of behavioral
and medical treatment for particular au-
tistic symptoms within specific core def-
icit areas rather than as overall forms of
treatment for all of the core deficits of
autism.
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Behavioral/Psychoeducational
Treatments for Autism

Conceptual model

The first conceptualization of au-
tism within a behavioral framework was
made by Ferster [1961], who hypothe-
sized that some of the acquired behav-
ioral deficits seen in autism might de-
velop due to a deficiency in acquired
(i.e., social) reinforcers. Logically, chil-
dren with social deficits of whatever or-
igin would not naturally acquire adaptive
behaviors that other children learn inci-
dentally via natural social consequences.
This was followed by empirical demon-
strations that behaviors characteristic of
each of the core domains of autism could
be related in a lawful manner to certain
explicit environmental changes [Ferster
and DeMyer, 1961}, a finding that has
now been replicated in hundreds of pub-
lished studies [Matson et al., 1996; Breg-
man, 1997]. Of importance in this ap-
proach is a clear distinction between the
factors responsible for the etiology of au-
tism (presumably genetic and neurobio-
logical) and those factors responsible to
for development of the abnormal behav-
iors associated with autism (presum-
ably environmental and psychological)
[Lovaas et al.,, 1973; Lovaas and Smith,
1989]. This conceptualization, based on
the established scientific principles of
learning theory, supported the applica-
tion of learning-based intervention tech-
niques as forms of treatment for both the
deficit features of autism (e.g., cognitive,
language, social) and the expressed be-
havioral features of autism {e.g., repeti-
tive behaviors, problem behaviors) (Wolf
et al., 1964; Lovaas et al., 1966)].

The published behavioral treat-
ment literature that has arisen based on
the operant learning model involves the
application of the standardized methods
of behavioral science to examine and
demonstrate treatment effects. Key fea-
tures of this empirical approach are (1)
operational defmition of observable tar-

get behaviors, (2) definition of behavioral |

antecedents and consequents that make
explicit the functional relationship be-
tween the treatment environment and
the target behavior, (3) a task analysis that
explicitly defines the treatment proce-
dure, and (4) a measurement system for
quantifying the acquisition, maintenance,
and generalization of the target behavior
[Rogers, 2000]. The goal of this meth-
odology is to ensure that effective ele-
ments of a treatment procedure can be
reliably identified by researchers, tested
in replication studies by other research-
ers, and then reliably and practically ap-
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plied by treatment agents (e.g., parents,
teachers).

A key feature of the behavioral/
psychoeducational approaches that have
been developed to treat autism is an un-
derstanding of the unique ways that chil-
dren with autism tend to interact with
their environment and an appreciation of
how they benefit from structured,
planned, and predictable presentation of
stimuli and events [Schopler et al., 1971,
1982]. Accordingly, several models of
behavioral/educational treatment for au-
usm have been established. (e.g., TE-
ACCH, ABA/Discrete Trial Training,
Pivotal Response Training, Incidental
Teaching) that incorporate elements of
this structured learning approach. Other
critical programmatic components of ef-
fective behavioral/educational models
for treating autism that have been iden-
tified [Dawson and Osterling, 1991;
Howlin, 1998; Wolery, 2000] include
the use of a defined curriculum, attention
to ensuring predictability and use of rou-
tines, the use of generalization strategies,
the use of supportive transitions across
programs, and high intensity of learning
opportunities. Also, family involvement
in the treatment planning and implemen-
tation process has been incorporated as an
essential piece of effective behavioral/ed-
ucational treatment programs [Schopler
and Reicler, 1971].

Communication intervention studies

The treatment of verbal and non-
verbal communication deficits has been
one of the main areas of research on the
behavioral/educational treatment of au-
usm. Under typical conditions, approxi-
mately 50% of children diagnosed with
autism remain nonverbal [Prizant, 1983].
In contrast to this, studies have indicated
that as many as 90% of children with
autism can learn to use verbal conununi-
cation as a primary means of communi-
cating with others when established
behavioral/educational interventions de-
signed for teaching language are used be-
fore age 5 [McEachin et al., 1993; Mc-
Gee et al., 1994; Koegel, 1995; Smith et
al., 1997; Kern-Koegel, 2000]. Initial be-
havioral interventions for treating lan-
guage impairments in autism focused on
a structured clinic-based or home-based
discrete trial (or “drill”) format. While
clearly effective in both teaching lan-
guage and promoting more typical pat-
terns of adaptive behavioral develop-
ment, the discrete-trial  language
intervention approach did not promote
generalization of language use beyond
training settings and it also proved diffi-
cult to implement with fidelity in routine
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settings [Volkmar et al., 1999; Koegel,
2000; Bibby et al., 2001]. In response to
these limitations, approaches have been
developed to teach langnage use more
efficiently, more effectively, and more
durably in naturally occurring settings
(e.g., inclusive preschools and schools,
routine home and community settings)
[Koegel, 2000]. These natural language
teaching approaches involve the inclu-
sion of specific motivational procedures,
a focus on following the child’s lead, the
provision of frequent opportunities for
child-initiated expressive language in the
natural environment throughout the
child’s day, and the inclusion of parents,
teachers, and peers as therapists [Warren
et al., 1984; Charlop et al., 1985; Koegel
et al., 1987; Yoder et al., 1993; Koegel,
2000].

Researchers have referred to com-
munication as a “pivotal” behavior that
can significantly influence other features
of autism. This is based on data that in~
dicates effective language training can
lead to generalized (i.e., nontargeted) im-
provements in social skills [Lovaas et al.,
1973; Koegel and Frea, 1993; Dawson
and Osterling, 1996; Rogers, 1998], re-
petitive behaviors [Lovaas et al., 1973],
and nonspecific problem behaviors such
as noncompliance; self-injury, and ag-
gression [Lovaas et al., 1973; Carr and
Durand, 1985; McEachin et al., 1993;
Koegel et al., 1999].

A key feature of the language def-
icits characteristic of autism is that chil-
dren with autism lack spontaneous verbal
and nonverbal initiations even after suc-
cessful language training has resulted in
verbal language as the primary form of
the child’s communication. While pre-
treatment intelligence quotient (IQ) and
the presence of functional speech before
age 5 have long been purported to be the
phenotypic characteristics associated with
the most favorable outcomes following
early intervention in autism {Freeman et
al,, 1985; Gillberg and Steffenburg,
1987], more recent research suggests that
these features are correlates of the level of
social-communicative initiations (e.g.,
initiated joint attention) that may be a
more powerful prognostic indicator
[Mundy and Crowson, 1997;Koegel et
al., 1999; Koegel, 2000]. Accordingty,
more recently researchers have devel-
oped treatments (1) to increase the gen-
eralized use of self-initiated protodeclara-
tives in prelinguistic children with
pervasive developmental disorders [Yo-
der and Warren; 1999] and (2) to increase
the social initiations and spontaneous
verbalizations in verbal children with au-
tism.[Warren et al., 1984].

Research has also demonstrated that
behavioral/educational interventions can
be effective in teaching lower-functioning
(i.e., IQ < 50) nonverbal children with
autism to communicate functionally using
augmentative and alternative communica-
tion devices (AACs) such as sign language,
photographs, communication books, com-
puterized devices, and picture exchange
systems  [Carr and  Kologinsky, 1983;
Reichle et al, 1996; Bondy and Frost,
1998]. Although nonverbal children with
autism can show substantial gains in
prompted use of AACs, there is evidence
that such use may not often generalize to
untrained settings and that spontaneous
communication continues to be a problem
for these children [Mirenda and Mathy-
Laikko, 1989; Udwin and Yule, 1990].

Social intervention studies

The social deficits of autism have
also been the focus of many behavioral/
educational research studies. A wide va-
riety of social interventions for children
and adults with autism have been devel~
oped and tested in controlled behavioral
studies [Rogers, 2000]. Behavioral meth-
ods have been shown to be effective in
teaching child—parent social interactions
[Dawson and Galpert, 1990}, child-
other adult social interactions [Oke and
Schreibman, 1990; Stahmer, 1995], and
child-peer social interactions [Strain et
al,, 1979; Danko et al, 1998]. Social
intervention studies have demonstrated
that a variety of teaching methods effec-
tively increase social skills (e.g., direct
instruction, peer tutoring, video-model-~
ing, social stories/games, scripted self-
management) and that such methods are
effective in both preschool and school-
age children with autism [Rogers, 2000].
Although social intervention studies have
included the full range of functioning
present within the autism spectrum, rel-
atively few studies have focused on im-
proving social behaviors in lower func-
tioning children or adults with autism
[Rogers, 2000].

Paralleling trends in the language
interventions studies, early social inter-
vention approaches involved analog dis-
crete-trial  adult-directed  instruction
[Simpson et al., 1997] while more recent
studies have focused on incidental teach-
ing approaches that utilize naturally oc-
curring social events with regular inter-
action partners in routine everyday
settings. This shift in focus has brought
with it concomitant gains in maintenance
and generalization of the social skills that
are taught for children and adults with
autism [Lord and Hopkins, 1986; Koegel
and Frea, 1993; Krantz and McClanna-
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han, 1998]. Research has also indicated
that social skills appear to be pivotal re-
sponses that, when trained, can lead to
improvements in other nontargeted
symptoms of autism, such as verbal and
nonverbal communication [Krantz and
McClannahan, 1993; Stahmer, 1995] and
problematic behavior [Lee and Odom,
1996; Koegel et al., 1992}

Repetitive behavior intervention studies

Behavioral interventons have also
been studied as forms of treatment for the
repetitive behavior and associated features
of autism {Matson et al., 1996; Homer et
al., 2002]. In autism, this core area is char-
acterized by a variety of overt behavioral
symptoms, including stereotyped motor
behaviors (e.g., hand-flapping, body-rock-
ing, object spinning), rituals and routines
{e.g., ordering items or events, insisting on
sameness), obsessional restricted interests
{e.g., nonfunctional consuming interest in
train schedules), and also a more general
characteristic of rigidity/inflexibilicy and
poor response to novelty [Rutter, 1985;
Lewis and Bodfish 1999; Bodfish et al.,
2000]. To date, the treatment of the repet-
itive behavior core features of autism has
received far less study than the treatment of
the social and conununication deficits of
autism. Empirical support does exist for
three behavioral approaches for treating re-
petitive behaviors in children and adults
with autism: (1) teaching, occasioning, and
reinforcing alternative adaptive behaviors
(e.g., language/social interventions, differ-
ential reinforcement procedures) [Lee and
Qdom, 1996; Matson et al., 1996; Horner
et al.,, 2002], (2) environmental arrange-
ment ox structuring [Schopler et al., 1971;
Clark and Rutter, 1981; Goodall and Cor-
bett, 1982], and (3) shaping or graded
change [Rutter, 1985; Howlin, 1998].

In contrast to behavioral/educa-
tional intervention studies of the social
and communication deficits of autism,
studies on the treatment of repetitive be-
haviors have largely involved lower func-
tioning individuals with autism and con-
sequently little is known about treating
this core feature in higher functioning
persons with autism. Related to this
poing, the bulk of the literature on treat~
ing repetitive behaviors in autism has fo-
cused on treating the simple (and perhaps
nonspecific) repetitive behaviors such as
stereotyped behavior. Thus, at present,
we know little about effective methods
for the behavioral/educational weatment
of the higher-order ritualistic repetitive
behaviors and general rigidity/inflexibil-
ity that are most characteristic of autism
[Lewis and Bodfish, 1999; Turner;
1999].

BIOMEDICAL TREATMENTS
FOR AUTISM

Conceptual Model

Biomedical models of autism move
beyond the acquired behavioral aspects of
autism to focus more broadly on the po-
tential links between the core features as
expressed in manifest behavior and the
putative neurobiologic systems involved
in the etiology and pathogenisis of these
core deficits. Basic behavioral research in
autism has made it clear that the pheno-
type of autism is tremendously heteroge-
neous both between potential subtypes
(e.g., Aspergers, high-functioning au-
tsm, low-functioning autism, PDD-
NOS) and between individual cases
within a subtype. Accordingly, neurobi-
ological models of autism have expanded
from models focusing on single brain ar-
eas of single neurotransmitter systems
(e.g., serotonin, dopamine) to a collec-
tion of more modular accounts of puta-
tive neural circuits (e.g., fronto-striatal
system, medial-temporal lobe), the func~
tional integrity of which is presumed to
underlie individual differences in patterns
of expression of each of the core deficits.

While autism is undoubtedly a
brain disorder, the neurobiological basis
of autism remains to be identified. The
bulk of available neurochemical evidence
supports a role for dopamine (DA) sys-
tems in the pathogenesis of the stereo-
typed, repetitive behavior patterns char-
acteristic of persons with autism
[Leckman et al, 1980; Lewis and
Baumeister, 1982; Gillberg and Svenner-
holm, 1987; Launay et 2l., 1987] and a
role for serotonin (5HT) systems in the
broader pathogenesis of autism [Schain
and Freedman, 1961; Campbell et al,
1974; Hoshino et al., 1984; Anderson et
al., 1987; McBride et al., 1989]. In both
cases, pharmacological treatment studies
have contributed significantly to the ev-
idence suggesting involvement of these
neurotransmitter systems in autism.

Medication Intervention Studies
There has been considerable inter-
est in a wide range of medications for the
treatment of autism. Of the medications
suggested, several have been found to
only be effective for nonspecific symp-
toms such as irritability, overactivity, ag-
gression, and self-injurious behavior
[King, 2000]. In contrast, dopaminergic
and serotonergic agents have been dem-
onstrated to have clinically significant ef-
fects on some aspects of the core features
of autism when examined in random-
ized, controlled trials [Volkmar et al,,
1999; Lewis and Bodfish, 1999]. This is
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consistent with the bulk of the existing
neurobiological evidence, which suggests
that aberrant behavior in autism is medi-
ated in part by alterations in brain SHT
and DA systems [Lewis et al, 1996b;
Racusin et al., 1999; Aman et al., 2000].

There is evidence that the older,
“typical” antipsychotics and the nonse-
lective serotonin reuptake medications
are poorly tolerated by many individuals
with autism [Gordon et al., 1993; Camp-
bell et al., 1997]. For this reason, current
psychopharmacology treatment research
in autism has focused on the newer do-
pamine-blocking agents (referred to as
“atypical” antipsychotics) and the newer
serotonin reuptake inhibitors (referred to
as selective serotonin reuptake inhibiting
agents or SSRIs).

There is reasonable evidence sup-
porting the use of the atypical antipsy-
chotics risperidone and olanzapine in the

~treatment of some of the behavioral

problems associated with autism. The ev-
idence includes several open trials and
two placebo-controlled trials of atypical
antipsychotics in autism, all reporting sig-
nificant improvements in at least half of
the patients studied [Findling et al., 1997;
Horrigan and Barnhill, 1997; McDougle
et al., 1997, 1998b; Potenza et al., 1999;
Posey et al., 1999b; Malone et al., 2001;
McCracken et al.,, 2002]. However, in
these studies most of the improvements
were seen in such nonspecific behavioral
problems as aggression, self-injurious be-
havior, irritability, and anxiety. With re-
spect to the core features of autism, im-
provements were reported for some of
the repetitive behavioral features of au-
tism but not for the social or communi-
cation deficits. Further, while clearly sig-
nificant with respect to improvements in
behavioral problems in most cases, the
atypical antipsychotics are also clearly as-
sociated with weight gain and sedation in
at least a significant minority of cases
treated and for some of whom such side
effects become treatment limiting [Aman
and Madrid, 1999]. Although atypical
antipsychotics are known to produce
fewer extrapyramidal side effects (e.g.,
dyskinesia, akathisia, parkinsonism) than
typical antipsychotics (e.g., haloperidol,
thioridazine), the acute nature of the ma-
jority of the atypical antipsychotic treat-
ment studies in autism does not provide
sufficient time to accurately evaluate po-
tential long-term tardive effects (e.g., tar-
dive dyskinesia).

There is also reasonable evidence
supporting the use of serotonin reuptake
inhibitors in the treaument of older indi-
viduals with autism. This evidence in-
cludes numerous positive case series and
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open studies reporting improvements in
autistic adults [Cook et al., 1992; Bodfish
and Madison; 1993; Hellings et al., 1996;
Brodkin et al.,, 1997; McDougle; 1998a;
Posey et al., 1999a; Buchsbaum et al.,
2001]. There also have been four positive
double-blind, placebo-controlled trials
with SRJs. The SRI clomipramine was
shown to reduce repetitive behavior and
abnormal social-communication symp-
toms to a significantly greater degree than
the non-SRI comparator desipramine
but clomipramine was also associated
with significant side effects in several
cases [Gordon et al., 1993]. McDougle et
al. [1996] showed that fluvoxamine led
to significant improvements in the over-
all functioning of 53% of the 16 people
wreated, while none of those in the pla~
cebo group responded. Fluvoxamine-re-
lated improvements were noted in repet-
itive  thoughts and behaviors and
maladaptive behaviors. In two additional
placebo, double-blind studies, clomipra-
mine produced clinically significant
(>50%) reduction in a variety of repeti-
tive behaviors in adults wich PDD and
mental retardation. Improvements were
noted in repetitive behaviors (e.g., ste-
reotyped motor behaviors, compulsions)
as measured by both direct behavioral
counts and clinical ratings scales [Lewis et
al,, 1995, 1996a].

The evidence of the effects of SRIs
in children is more equivocal as there
have been no randomized controlled tri~
als published to date in children. Pub-
lished open trial studies with the less se-
lective medication clomipramine have
shown inconsistent findings and some
have indicated that younger children re-
spond less well [Brasic et al., 1994; Mc-
Dougle et al., 2000]. Significant im-
provements have been more consistently
observed in open studies of the SSRIs
[Steingard et al., 1997; DeLong et al,,
1998], including improvements in both
repetitive behavior and social-communi-
cation symptoms. DeLong and col-
leagues’ study of the effects of fluoxetine
in young autistic children is particularly
provocative because of the gains in lan-
guage skills that were reported for chil-
dren who were receiving concommitant
behavioral treatment for language. Im-
provements in social functioning and in-
creased interest in the environment were
reported in an open prospective study of
fluoxetine treatment of six children be-
tween 4 and 8 years with autism [Peral et
al., 1999]. However, these effects have
not been replicated to date under
blinded, placebo-controlled conditions
and concerns have been raised about the
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tolerability of SSRIs in the pediatric pop-
ulations {McDougle et al., 2000].

SOCIAL VALIDITY OF
TREATMENTS FOR AUTISM

So far, evidence from treatment
studies has been considered in support of
the empirically validated forms of treat-
ment for autism. Another way to gauge
the effectiveness of the existing behav-
ioral and medical interventions is to ex-
amine their effects in relation to what is
known about the natural course of autism
from childhood to adulthood. This pro-
vides a necessary degree of social validity
to considerations of treatment effective-
ness. Existing studies of the natural
course of autism have identified the range
of possible adult outcomes for persons
with autism.

The earliest systematic studies fol-
lowed adults (#n = 37) who had been
originally diagnosed in the 1950s and
1960s [Rutter and Lockyear, 1967;
Lockyear and Rutter, 1969] and found
that at follow-up few had acquired
speech, almost all had shown declines in
IQ, and 75% required institutionaliza-
tion. In contrast to the early outcome
studies, it is now clear that, when specific
behavioral/psychoeducational treatments
developed for autism are applied with
fidelity, most children with autism ac-
quire speech, most exhibit either no
change or an improvement in IQ, and
few regress to the point of requiring in-
stitutionalization [Volkmar et al., 1999].
With respect to medical treatments, as
recently as 1985 it was noted that out-
comes from medication interventions for
autism were “‘generally disappointing”
[Rutter, 1995] but more recently a wider
variety of medications have become
available and specific medications have
been found to be safe and effective for
the treatment of some of the behavioral
sequelae of autism, including ritualistic
repetitive behaviors and also nonspecific
problematic behaviors [Aman and Ma-
drid, 1999; Rascusin et al., 1999; King,
2000].

Despite the demonstrated promise
of the empirically validated treatments
for autism, it is also now clear that there
can be a considerable gap between the
magnitude of treatment outcomes in
well-controlled treatment studies and
those obtained as a result of typically
available treatment services for persons
with autism and their families. For exam-
ple, in a more recent study of adult out-
comes for children with autism (n = 68
children who grew up in 1980s and
1990s) Howlin et al. [2004] showed that
only 22% achieved a “very good” or

“good” outcome while the majority
{58%) were rated as having “poor” (46%)
or “very poor” (12%) outcomes.

While there is no doubt that treat~
ment and educational services for persons
with autism have improved over the past
six decades, it also appears that significant
issues remain with respect to both the
routine application of validated treat-
ments for the majority of cases with au-
tism and the resistance to even validated
forms of treatment for a substantial mi-
nority of cases with autism. To be sure,
to some extent this gap between treat-
ment study and routine service outcomes
for persons with autism is related to
problems in translating effective treat-
ment procedures from highly controlled
experimental settings to routine clinical
settings (i.e., problems with treatment fi-
delity in the real world). However, it is
also plausible that these interventions,
while effective as treatments at some
level, are not typically impacting autism
at a deep enough level to produce the
kind of socially valid outcomes that are
being tracked in these studies of adult
outcomes in autism.

DEPTH OF INTERVENTION
EFFECTS IN AUTISM

As reviewed above, it is clear that
ample experimental evidence exists that
persons with autism can learn more appro-
priate ways of communicating, interacting,
and behaving provided that effective be-
havioral/psychoeducational methods  of
treatment are used. Importantly, these skills
appear to maintain and generalize provided
that such behavioral/psychoeducational
approaches are adapted to ensure that
child-specific motivational procedures are
used and learning in natural communica-
tion and social interaction settings takes
place. Further, it is clear that specific med-
ication treatments can also produce signif-
icant improvements in sorue of the specific
behavioral difficulties associated with au-
tism and also can significantly reduce non-
specific behavior and mood problems.
However,.it 1s important to consider what
can be termed the “depth of intervention
effect” question: Do these empirically es-
tablished forms of behavioral and medica-
tion treatment for autism significantly im-
pact those core features that are most
characteristic and likewise most disabling
for persons with autism?

Answering the “depth of interven-
tion effect” question requires that we can
distinguish between symptoms of each
core domain that may be present but are
not as specific to the autism impairment
as other, more specific symptomatic ex-
pressions of the core domain. Advances
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in behavioral studies of autism have shed
light on the continuum of symptoms that
can be impaired within each core area of
autism and also which specific symptoms
seem to be most characteristic of autistic
impairment in general [Rutter, 1985;
Tager-Flusberg, 1997: Turner, 1999;
Constantino et al., 2000]. In autism, so-
cial and communication deficits are joint
parts of one of the most characteristic and
defining features of autism-—social-prag-
matics or the social uses of communica-
tion [Lord and Hopkins, 1986; Lord and
Pickles, 1996; Tager-Flusberg, 1997].
Autistic children often lack empathy and
the ability to share other people’s feelings
and can find it difficult to appreciate so-
cial cues and signals [Rutter, 1985; Lord
and Magill-Evans, 1995; Bauminger and
Kasari, 2000]. As a result of these key
social-pragmatic deficits, persons with
autism lack social reciprocity and respon-
siveness to others. In a similar way, fea-
tures of the repetitive behavior core area
of autism can be hierarchically arranged
with respect to apparent specificity and
resultant functional impact on overall
adaptive  behavioral  development.
Lower-order stereotyped behaviors are
often present but do not seem to produce
the kind of all-encompassing problems
that the more general pattern of behav-
ioral rigidity (e.g., inflexibility, resistance
to change, need for sameness, restricted
interests) seems to produce for persons
with autism [Lewis and Bodfish, 1999;
Turner, 1999; Bodfish et al., 2000].
Armed with a more complete
knowledge of the range of behavioral im-
pairments that exists within the core do-
mains of autism, a more critical appraisal of
the effects of empirically validated treat-
ments can be considered. Viewed in this
light, key issues in the treatment of the core
deficits of autism are whether the effects of
existing empirically supported interven-
tons (1) extend beyond discrete aspects of
communicaton behavior (phonological,
syntactic, and semantic abilities) to include
the functional social use of language, (2)
extend beyond simply increasing the fre-
quency of social interactions to affect the
more complex social-emotional deficits
that are the defining feature of autistic so-
cial impairments, and (3) extend beyond
simple stereotyped behaviors to include the
more complex, higher-order forms of be-
havioral rigidity that are characteristic of
autism. However, as reviewed above, a
critical appraisal of findings from both be-
havioral/educational and medical interven-
tion studies with respect to those core fea-
tures of autism that seem to be most
characteristic of the disorder suggests that
these treatments seen to be most effective

in treating relatively simple aspects of the
core features of autism (e.g., speech, social
interaction, stereotyped behavior) while
leaving the more complex phenotypic fea-
tures untreated in the majority of cases.
Consequently, it is not clear whether these
aspects of the core features of autism are
appreciably improved by the existing em-
pirically validated interventions for autism
[Bristol et al., 1996; Koegel, 2000; Rogers,
2000]. Simply put: treatments may bring
about less flapping, more words, and more
interactions when flexibility, meaning, and
friends are what is needed.

Coming full circle to return to the
issue  of nonestablished “alternative”
treatments, one wonders whether to
some extent some parents of children
with autism sense both the practical lim-
itations of the existing empirically vali-
dated interventions and their “shallow-
ness” of effect with respect to the core
features of autism. If so, this would at
least go partway in helping to explain
parents’ continued interest in and use of
alternative invalidated treatments. To be
sure, many parents are satisfied with the
effects that the empirically validated be-
havioral and medication treatments have
produced for their children. However,
the fact that most parents remain inter-
ested in presumably ineffective treat-
ments [Smith and Antolovich, 2000]
should humble the research community.
It seems reasonable to assume that this
reflects several things. First, a deep desire
to improve their child’s quality of life
(and not just to reduce symptom sever-
ity). Second, a recognition of the disrup-
tive effects that autism can have on family
life in general. And, third, a lack of sat-
isfaction with either the existing treat-
ment options or their availability and
typical application in routine practice. To
the extent that these reflections are true,
it is important to consider these weak-
nesses of the existing validated forms of
treatment as a basis for directing future
research designed to discover improved
forms of treatment for the core features
of autism.

FUTURE DIRECTIONS FOR
AUTISM TREATMENT
RESEARCH

How can studies of autism treat-
ment move beyond demonstrations of
changes in lower-level features of the
autistic phenotype to begin addressing
mechanisms for producing more mean-
ingful changes in those features of autism
that are most disabling? Answers to this
question are likely to involve a combina-
tion of both continued study of the ex-
isting validated forms of autism treatment
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and novel lines of treatment research
aimed at discovering novel treatiment ap-
proaches. '

Many others have noted the urgent
need for more scientifically rigorous
studies of the existing forms of autism
treatment {Rutter, 1985; Bristol et al.,
1996; Lewis and Bodfish, 1999; Loxd,
2000]. Most of the research findings in
the area of medication interventions are
based on open trials with small to modest
heterogeneous sample sizes, and most of
the research findings in the area of be-
havioral/educational interventions are
based on single-subject designs typically
replicated across a small number of
poorly characterized cases. To rectify this
lack of scientific rigor, methodological
improvements that need to be included
in future studies are (1) the use of well-
chosen and well-specified autism groups
based on validated assessment and diag-
nosis procedures; (2) the inclusion of ap-
propriate control groups and/or control
conditions; {3) random assignment to
treatment groups/conditions; (4) the use
of psychometrically sound standardized
outcome measures that have established
validity as measures of the core features of
autismn; (5) the assessment of generality of
treatient effects across settings, includ-
ing those that tend to be problematic for
persons with autism; (6) the assessment of
the maintenance of treatment effects be-
yond acute treatment periods; and (7) the
use of measures of treatment acceptability
(i.e., to families) and cost. In addition, for
most of the areas of autism treatment,
evidence is lacking on treatments for
lower functioning persons. Thus, treat-
ment research focusing on persons with
autism and comorbid mental retardation
is urgently needed as this subgroup rep-
resents up to 70% of the autistic popula-
tion. The dearth of rigorous treatment
studies is beginning to be addressed
within the existing network of NIH-
funded RUPP (Research Units of
Pediatric Psychopharmacology), CPEA
(Centers for Programs of Excellence in
Autism), and STAART (Studies To Ad-
vance Autism Research and Treatment)
autism research centers where a variety of
well-controlled multicenter behavioral
and biomedical intervention studies are
currently ongoing.

Along with more rigorous meth-
odologies, there is also a need to address
the depth of intervention effect question
to begin to determine whether interven-
tions are producing changes in core def-
icits that are driving symptonl expression.
This will involve expanding the reper-
toire of treatment outcome measures
from straightforward symptom invento-
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ries to more precise measures of core
deficits. This could involve using estab-
lished measures from autism “mecha-
nism”  studies  (e.g., neurocognitive
performance, fMRI, neurochemical
markers, behavioral mechanisms) as out-
come measures in treatment studies. This
would permit within treatment group
analyses to determine whether treat-
ment-related symptom changes are asso-
ciated with changes in outcomes at the
level of putative mechanisms. This would
provide information on which treatments
are simply changing symptom severity
and which are more deeply altering core
mechanisms.

Novel approaches for treating the
core features of autism may lie in efforts
to link emerging basic studies of the early
development and eatly identification of
autism with existing early intervention
approaches. Existing studies of behav-
ioral/educational treatment have shown
that early and sustained intervention ap-
pears particularly important. Currently,
timing of early intervention for autism
has been restricted to late infancy/early
childhood (e.g., 3—6 years of age) due
limitations in clinicians’ ability to reliably
diagnose autism in early infancy. Work
on the accurate early identification of
autism is closing this gap between the
point in time when the first behavioral
and developmental abnormalities are ap-
parent and the clinical diagnosis of autism
is made [Stone et al.,, 1994; Baranek,
1999]. This will permit earlier initiation
of the validated forms of autism treat-
ment, with the hope that effective early
intervention may impact positively the
trajectory of brain and behavioral devel-
opment during a critical period of devel-
opment. Also, specific interventions can
be designed to directly impact the behav-
ioral features that prove to accurately dis-
tinguish infants with autism at an early
age (e.g., initiated joint attention). If so,
correction of these deficits early on may
preclude the development of more ab-
normal autism-specific patterns of behav-
10r.

Increased integration of behavioral
and biological approaches to understand-
ing and treating autism is also likely to
vield new insights into autism treatment.
One unfortunate side effect of the fact
that the two general areas of validated
treatments for autism (behavioral, bio-
medical) emerged from distinct concep-
tual models and their associated distinct
academic disciplines {psychology/educa-
tion, medicine) is that clinically this con-
ceptual distinction has often lead to a false
dichotomy of “pills” versus “skills.” Tt is
important that researchers and practitio-
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ners alike abandon this false dichotomy
of “brain” or “behavior” to develop a
more integrated approach to understand
autism. Clinical practice suggests that
medication treatment rarely works in a
vacuum and instead is likely optimized
when integrated with behavioral/educa-
tional, environmental, and family ap-
proaches [Volkmar et al., 1999]. Simi-
larly, those forms of medication
treatment that have been shown to be
effective in treating some of the features
of autism may work synergistically with
behavioral/educational interventions to
more deeply impact the core features of
autism. This could include early inter-
vention efforts as there is preliminary ev-
idence that those medications that are
effective in treating older children and
adults with autism appear to be safe and
effective for the treatment of preschool
age children with autism [DeLong et al.,
1998; Masi et al., 2003; Namerow et al,,
2003]. The interaction between treat-
ment and neurobiology may in fact be
bidirectional, with medical treatments
potentially impacting behavioral treat-
ments and also behavioral treatments po-
tentially impacting early brain develop-
ment.

The discovery and development of
improved treatments for autism is also
more likely to occur by focusing treat-
ment research efforts on specific desirable
outcomes for children with autism [Wol-
ery, 2000]. What is desired is children
who spontaneously demonstrate more
varied, sustained, and generative ways of
interacting with their environments and
with others. Armed with such experi-
ences such children are more likely to
lead more independent and socially inte-
grated lifestyles as adults. Development of
interventions that promote characteristics
like spontaneity, flexibility, and social
understanding is likely to depend on our
knowledge of the basic behavioral and
neurocognitive processes that give rise to
and support such personal characteristics.
Thus, basic behavioral studies are needed
to identify the patterns of interacting
with the social and physical environment
that lead autistic children to develop the
symptoms we recognize as the phenotype
of autism. This will permit a shift from
the symptomatic treatment of autism to-
ward a focus on the causal factors that,
when untreated, lead to the autistic
symptoms.

The science of the treatment of
persons with autism has come a long way
in the last several decades. It has pro-
gressed to the point where much is now
known about how to effectively manage
many of the devastating symptoms asso-

ciated with the disorder and about how
persons with autism can be helped to
learn new skills. The hope is that future
developments in this area will include
not only better studies of existing forms
of treatment but also an integration of
basic and treatment research studies in an
effort to develop novel treatment ap-
proaches that more deeply impact the
core features of the disorder. Il
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Abstract

Advances in the fields of cognitive and affective developmental neuroscience, developmental psychopathology,
neurobiology, genetics, and applied behavior analysis have contributed to a more optimistic outcome for individuals
with autism spectrum disorder (ASD). These advances have led to new methods for early detection and more

effective treatments, For the first time, prevention of ASD is plausible. Prevention will entail detecting infants at risk
before the full syndrome is present and implementing treatments designed to alter the course of early behavioral and brain
development. This article describes a developmental model of risk, tisk processes, symptom emergence, and adaptation

in ASD that offers a framework for understanding early brain plasticity in ASD and its role in prevention of the

disorder.

Autism spectrum disorder (ASD) is a life-long
developmental disorder characterized by quali-
tative impairments in social and communica-
tion behavior and a restricted range of activities
and interests. ASD is estimated to affect 1 in
150 persons; thus, it is no longer considered a
rare disorder (Kuehn, 2007).

During the past three decades, conceptuali-
zations of ASD have changed dramatically.
Whereas autism previously was considered a
disorder with an extremely poor prognosis with
only 50% of individuals developing spoken
language (see Dawson, 1989), it has now been
demonstrated that 75-95% of children who
receive early intensive behavioral intervention
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develop useful speech by age 5 (Lovaas, 1987;
McGee, Morrier, & Daly, 1999; for a review,
see Rogers, 1998). Three separate groups have
now reported that a significant proportion of chil-
dren receiving intensive intervention early in life
make outstanding progress, with autism symp-
toms diminishing and developmental outcomes
improving such that these children no longer
have evidence of disability (Howard, Sparkman,
Cohen, Green, & Stanislaw, 2005; McEachin,
Smith, & Lovaas, 1993; Sallows & Graupner,
2005).

Rapid advances in the fields of cognitive and
affective developmental neuroscience, develop-
mental psychopathology, neurobiology, genetics,
and applied behavior analysis have contributed to
a more optimistic outcome for individuals with
ASD. These advances have led to new methods
for early detection and more effective treatments.
For the first time, prevention of ASD is plausible.
Prevention will entail detecting infants at risk be-
fore the full syndrome is present and implement-
ing treatments designed to alter the course of
early behavioral and brain development. To pro-
vide a framework for understanding early brain
plasticity in ASD and its role in prevention of
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the disorder, Dawson (Dawson & Faja, in press;
Dawson, Sterling, & Faja, in press) has proposed
a developmental model of risk, risk processes,
symptom emergence, and adaptation in ASD.
This model posits that there are genetic, environ-
mental, and phenotypic risk indices that ulti-
mately will allow very early identification of in-
fants who are vulnerable to developing ASD.
Identification of such risk indices is a focus of
current research in the field. Early genetic and
environmental risk factors contribute to an
atypical trajectory of brain and behavioral devel-
opment that is manifest in altered patterns of
interaction between the child and his/er environ-
ment. An important aspect of this altered interac-
tion is a failure on the part of the child to actively
engage in early social interaction. Such altered
interactions, referred to as risk processes, are hy-
pothesized to preclude normal social and prelin-
guistic input that normally promotes the develop-
ment of social and linguistic brain circuitry
during early sensitive periods, thus serving as
mediators of the effects of early susceptibilities
on later outcome. Through this mediational pro-
cess, early susceptibilities contribute to ourcome,
the full autism syndrome, as illustrated in
Figure 1a. Risk processes thus amplify the effects
of early susceptibilities. Effective interventions
target these risk processes.

Numerous authors (e.g., Dawson, Carver,
et al., 2002; Dawson, Webb, Wijsman, et al.,
2005; Grelotti, Gauthier, & Schultz, 2002; John-
son et al., 2005; Kuhl, 2007; Kuhl et al,, 2005;
Mundy & Neal, 2001) have described how the
development of social and language brain cir-
cuitry, its acquisition, organization, and function,
results from the interaction between the infant’s
brain and his or her social environment. Dawson
described a developmental model for the normal
emergence of social brain circuitry during in-
fancy, stressing the key role of early parent—child
interaction in the development of the social brain
(Dawson, Webb, & McPartland, 2005; Dawson,
Webb, Wijsman, et al., 2005; see Figure 2). In the
context of reciprocal social interactions, engage-
ment with a social partner facilitates cortical spe-
cialization and perceptual and representational
systems for social and linguistic information,
Social engagement is required for the well-
documented fine-tuning of perceptual systems
(Kuhl, 2007). Brain regions specialized for the
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perceptual processing of social stimuli, such
as the fusiform gyrus and superior temporal sul-
cus, become integrated with regions involved in
reward (e.g., amygdala, ventromedial prefrontal
cortex), as well as regions involved in motor ac-
tions and attention (cerebellum, prefrontal/cin-
gulate cortex). Reward mechanisms mediated
by the amygdala serve to encode and consoli-
date memories of social-emotional experiences
(LaBar, 2007). Through this integrative pro-
cess, an increasingly complex social brain cir-
cuitry emerges. This supports more complex
behaviors, such as disengagement of attention,
joint attention, intentional communication, and
social imitation, behaviors that are typically im-
paired in ASD.

Altered interactions between the infant and
his/her social environment resulting from ge-
netic risk factors might further influence gene
expression. Such gene—environment interac-
tions have been demonstrated in animal studies.
For example, maternal nursing and grooming
behavior by rats early in development produces
changes in behavioral and hypothalamic—pitui-
tary-adrenal stress responses that last into adult-
hood (Caldji et al., 1998; Liu et al., 1997). The
mechanism for this change is epigenetic, with
maternal behavior directly influencing DNA
methylation and chromatin structure (Weaver
et al., 2004). Such gene—environment interac-
tions may play a role in ASD as well. Whether
and how alterations in early parent—child interac-
tion in ASD influence gene expression is un-
known; it is plausible, however, that gene—envi-
ronment interactions occurring during postnatal
life amplify the effects of initial autism suscepti-
bility genes (see Figure 1b).

The model of risk and prevention illustrated
in Figure 1 further posits that early intervention
can alter the abnormal developmental trajectory
of young children with ASD and help guide
brain and behavioral development back toward
a normal pathway; early intervention targets
risk processes involving interaction between
the child and his/her social partner (Figure Ic).
Brain-based outcome measures will allow us to
assess whether such interventions actually result
in more normal patterns of brain function and
organization.

This article begins by describing the pro-
gress that has been made in identifying risk
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Figure 1. A developmental model of risk factors, risk processes, and outcome in autism.

indices for ASD. Studies aimed at discovering
genetic and environmental risk factors will be
described first; a brief review of studies describ-
ing the behavioral, neurophysiological, and
other brain-based risk indices will follow. The
role of altered social interactions as a risk process
affecting the development of the social brain
next will be discussed. Next, infant—toddler in-
terventions aimed at reducing and preventing
ASD symptoms will be described. Suggestions
will be offered for how brain-based measures
of outcome can be incorporated into intervention
and prevention studies to allow assessment of the

impact of early intervention on brain function
and organization. Finally, factors hypothesized
to account for the tremendous variability in re-
sponse to early intervention will be discussed.

Risk Indices in ASD

Genetic risk factors

One goal of genetic research is to identity in-
fants at increased risk for ASD at birth so that
intervention can begin as soon as possible. Al-
though progress in autism genetics iS being
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made, the heterogeneity and complexity of the
ASD phenotype pose considerable challenges.
There is strong evidence for the role of genetics
in autism. A substantial number of cases of au-
tism have co-occurring medical conditions,
some of which can be linked to identifiable ge-
netic disorders, such as fragile X (Rutter, Bailey,
Bolton, & LeCouteur, 1994). The remaining
cases are considered idiopathic and likely in-
volve multiple autism susceptibility genes. A
multifactor epistatic model with 2-10 contribut-
ing loci (Pickles et al., 1995) has been proposed.
Concordance rates for monozygotic (MZ) twins
are estimated to be 69-95% (Bailey et al., 1995;
Folstein & Rutter, 1977a, 1977b; Ritvo et al.,
1989; Ritvo, Freeman, Mason-Brothers, Mo, &
Ritvo, 1985; Steffenburg et al., 1989), whereas
concordance rates for dizygotic (DZ) twins are
much lower (approximately 3-8%). Genetic lia-
bility extends to a lesser variant, referred to as the
“broader autism phenotype.” When a broader
ASD phenotype (e.g., language and/or social
impairment) is considered, concordance rates
for twins increase (88-91% for MZ, 9-30%
for DZ; Bailey et al., 1995; Folstein & Rutter,
1977b; Steffenburg et al., 1989). Initial esti-
mates of sibling recurrence rates for ASD
ranged from 2.8 to 7.0%, significantly higher
than the general population (August, Stewart, &
Tsai, 1981; Bailey, Phillips, & Rutter, 1996;
Smalley, Asarnow, & Spence, 1988). More re-
cent studies of infant siblings, however, have
reported much higher recurrence rates (e.g.,
Landa & Garrett-Mayer, 2006). Bolton et al.
(1994) estimated that 12-20% of siblings exhi-
bit a lesser variant of autism. This study was
based on a family history method that likely
would yield lower rates than the true rate based
on direct assessment. Several studies have doc-
umented elevated rates of autism related symp-
toms in immediate family members (Bailey
et al., 1995, 1996; Folstein & Rutter, 1977b;
Landa, Folstein, & Isaacs, 1991; Landa et al.,
1992; Narayan, Moyes, & Wolff, 1990; Toth,
Dawson, Meltzoff, Greenson, & Fein, 2007;
Wolff, Naravan, & Moyes, 1988). In a large sam-
ple of parents of children with autism, Dawson
et al. (2005) reported that parents showed a de-
crement in face recogoition ability (performance
at an average level) relative to their verbal and vi-
sual spatial skills (significantly higher than the
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norm in both domains). Current autism genetic
linkage studies are using quantitative measures
of autistic traits (e.g., quantitative trait Jocus anal-
yses) to better capture the variation in autism
broader phenotype (e.g., Sung et al., 2005).

Several genome-wide linkage studies of autism
have been conducted (Auranen et al., 2002; Bar-
rett et al.,, 1999; Buxbaum et al.,, 2001; Cantor
et al., 2005; International Molecular Genetic
Study of Autism Consortium [IMGSAC], 1998,
2001a, 2001b; Lamb et al., 2005; Liu et al,
2001; McCauley et al., 2005; Philippe et al.,
1999; Risch et al, 1999; Schellenberg et al.,
2006; Shao et al., 2002; Stone et al., 2004; Yonan
et al., 2003). Although replicability of signals
across studies has generally been weak and prom-
ising, if not entirely consistent, evidence of link-
age has been found at some chromosome sites, in-
cluding 1p (Auranen et al.,, 2002; Risch et al.,
1999), 2q (Buxbaum, 2001; Lamb et al., 2005;
Liu et al, 2001; Shao et al., 2002), 7q (Barrett
et al, 1999; IMGSAC, 1998, 2001a, 2001b;
Lamb et al., 2005; Schellenberg et al., 2006),
17q (Cantor et al., 2005; Lamb et al., 2005; Liu
etal,, 2001; McCauley et al., 2005), and 19q (Phi-
lippe et al., 1999; Shao et al., 2002), with the 2qg,
7q, and 17q regions giving the strongest signals.

Well over 100 candidate genes have been
studied. One promising lead is Engrailed 2
(En-2) located on chromosome 7. Animal stud-
ies have shown that EN-2 is expressed in the
cerebellum and plays a role in cerebellar devel-
opment (Cheh et al, 2006; Millen, Wurst,
Herrup, & Joyner, 1994). Abnormalities in ce-
rebellar development have been consistently
demonstrated in individuals with autism, in-
cluding reduced Purkinje cells in the cerebellar
cortex (Bailey et al., 1998; Courchesne, 1997;
2004; Kemper & Bauman, 1998; Ritvo et al,,
1986). En-2 knockout mice have a reduction
in Purkinje cells and a decreased size of the ce-
rebellar lobes (Kuemerle, Zanjani, Joyner, &
Herrup, 1997; Millen et al., 1994) and display
a number of autistic-like behaviors including
reduced social play and increased repetitive be-
havior (Cheh et al., 2006).

The serotonin transporter gene SLC6A4 also
likely has a role in autism genetic susceptibility
(reviewed in Devlin et al., 2005). Elevated levels
of platelet serotonin (5-HT) have been found
in individuals with autism (Rolf, Haarmann,
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Grotemeyer, & Kehrer, 1993). Pharmacological
treatment in ASD often involves selective 5-
HT reuptake inhibitors. 5-HT is involved in
guiding neuronal development, modulating sen-
sory input and arousal, sleep, mood, aggression,
impulsivity, and affiliation (Lucki, 1998). 5-HT
innervates the limbic regions involved in social
and emotional behavior. Devlin et al. (2003) re-
ported an excess transmission of the short allele
of SHTTLPR in individuals with autism. Was-
sink and colleagues (Wassink et al., 2007) exam-
ined the relationship between variability in
SHITLPR and early abnormalities in brain
growth in autism. Autism has been associated
with early enlargement of the brain. In a com-
bined sample from University of Washington
and University of North Carolina, Wassink
et al. (2007) found that the short (S) allele was
strongly associated with increased cerebral corti-
cal gray matter. These findings are the first to es-
tablish a direct association between a genetic var-
iation and atypical brain development in autism.

Levitt and colleagues (Campbell et al., 2006)
analyzed the gene encoding the MET receptor
tyrosine kinase and showed a genetic association
between the C allele in the promoter region of the
MET gene. MET signaling is involved in neocor-
tical and cerebellar development, immune func-
tion, and gastrointestinal repair.

Several genetic disorders have been associ-
ated with increased risk for ASD or expression
of an autistic-like phenotype. These include fra-
gile X syndrome, Rett syndrome, Angelman
syndrome, tuberous sclerosis, and neurofibroma-
tosis (see Veenstra-VanderWeele & Cook, 2004,
for review). The 15q11—q13 region associated
with Angelman syndrome codes for subunits
of the gamma-aminobutyric acid A (GABA,)
receptor. GABAergic interneurons have a role
in establishing the architecture of cortical col-
umns (DeFelipe, Hendry, Hashikawa, Molinari,
& Jones, 1990; Peters & Sethares, 1997). The in-
creased prevalence of epilepsy in individuals
with autism and 15q11-q13 duplications is con-
sistent with the involvement of GABA. Hippo-
campal GABA receptor binding in autism is ab-
normally low (Blatt et al., 2001) as are platelet
GABA levels (Rolf et al., 1993).

A combined set of results suggests that autism
is a disorder of the synapse (Garber, 2007,
Zoghbi, 2003). Zoghbi proposed that autism
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results from disruption of postnatal or experi-
ence-dependent synaptic plasticity. Rare muta-
tions in the neuroligin 3 and neuroligin 4 genes
have been found individuals with autism (Jamain
et al., 2003). Neuroligins are proteins expressed
on the surface of the postsynaptic neuron that
bind to proteins on the presynaptic neuron, neu-
rexin, thus forming the synapse. SHANK3 is an-
other protein that is involved in the neuroligin
pathway; SHANK3 mutations have also been
found in individuals with autism, accounting for
about 1% of cases (Durand et al., 2007). More
evidence for involvement of this pathway comes
from the findings of the Autism Genome Project
(Szatmari et al., 2007) involving collaboration
among 50 institutions that pooled genetic data
from 1,200 multiplex families. This group found
evidence that autism was associated with neu-
rexin 1, which binds to neuroligin at the synapse,
and is part of a family of genes that plays a role
in the neurotransmiitter, glutamate. Glutamate is
involved in both synaptogenesis and learning.

New evidence suggests that many individuals
with autism have novel deletions and duplica-
tions in their genome, most likely arising during
meijosis. Sebat et al. (2007) use comparative
genomic hybridization on DNA collected from
individuals with autism and a control sample,
and found that autism was associated with de
novo copy number variants (CNVs). CNVs
were found in about 10% of the individuals
with autism who were from families in which
only one person had autism. Zhao and col-
leagues (2007) have proposed a genetic model
of autism in which two genetic types exist: a
small minority of cases for whom the risk of au-
tism in males is nearly 50%, and the larger major-
ity of cases for whom male offspring have low
risk. In the latter case, sporadic autism is possi-
bly caused by a spontaneous mutation with
high penetrance in males and poor penetrance
in females. High-risk families, in contrast, are
from those offspring (most typically female)
who carry a mutation but are unaffected. They
are hypothesized to transmit the mutation in
dominant fashion to their offspring.

Environmental risk factors

Although it is clear that genetic factors contrib-
ute to risk for developing ASD, it is likely that
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such genetic factors interact with environ-
mental factors to confer risk (Newschaffer
et al., 2007). Among the environmental factors
that been proposed are toxins (e.g., environ-
mental pollutants, pesticides, thimerosal in vac-
cinations) and viruses (e.g., measles in the
measles, mumphs, rebulla vaccine, prenatal ex-
posure to influenza infection, rubella, and cyto-
megalovirus), among others (e.g., Miles & Ta-
kahashi, 2007; Tsuchiya et al., 2007). As well,
other factors related to the intrauterine environ-
ment, including maternal hypothyroxinemia
(Roman, in press), maternal influenza (Fatemi
et al., 2002; Patterson, 2002; Smith, Garbett,
Mirnics, & Patterson, 2007), and exposure to
increased levels of sex hormones related to in-
fertility treatment (Croughan et al, 2006)
have also been implicated. Investigators have
also reported a statistically significant link be-
tween a positive family history for allergic/
avtoimmune disorders and clinical features of
ASD, including regression and larger head
sizes, as well as atypical prenatal maternal im-
mune responses, suggesting significant genetic
and perhaps prenatal contributions autism re-
lated to immune function (Croen, Grether,
Yoshido, Odouli, & van de Water, 2005; Mol-
loy et al., 2006; Sacco et al., 2007; Zimmerman
et al., 2007). Evidence of a worsening develop-
mental trajectory, most dramatically seen in
cases of autistic regression (Dawson & Werner,
2005; Dawson et al., 2007), also raises the pos-
sibility that postnatal environmental exposures
may be of etiologic significance in genetically
susceptible children, implicating gene—envi-
ronmental interactions.

Several studies have revealed evidence of
abnormal immune function in autism. Indica-
tors of chronic neuroinflammation have been
identified in brains of individuals with autism
(Vargas, Nascimbene, Krishman, Zimmer-
man, & Pardo, 2005) and markers of inflamma-
tion and oxidative stress have also been iden-
tified in blood and urine of individuals with
autism (e.g., Ashwood & Van de Water,
2004; James et al., 2004). Thus, a potentially
useful direction in future candidate gene re-
search is to examine genes related to environ-
mental responsiveness, such as those related
to cell cycle, DNA repair, and immune and in-
flammatory response (Herbert et al., 2006).
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Summary

In summary, although there is strong evidence
for genetic influences in autism, the role of sus-
ceptibility genes in autism and the manner in
which such genes interact with environmental
factors remain an active area of investigation. It
has been theorized that, in many instances of
ASD, it is likely that multiple genes interact
with each other and environmental factors to in-
crease susceptibility to ASD (although see Zhao
et al., 2007, for a different view). As Belmonte
et al. (2004) point out, although the small effect
of each gene by itself makes it difficult o iden-
tify specific genes, “the advantage in terms of
treatment is that intervening to restore regulation
to a single gene or to a small set of genes may
diminish the multiplicative effect enough to
yield large preventative or therapeutic effects”
{p. 650). Because the expression and effects of
many genes are influenced by environmental
factors, it is possible that early treatment can alter
genetic expression, brain development, and be-
havioral outcome in ASD, especially if interven-
tion can begin early during the infant period be-
fore the symptoms of autism are fully manifest.
The identification of autism susceptibility genes
and other biomarkers will allow detection of in-
fants at increased risk for ASD at birth. Itis likely
that early detection will eventually involve a
combination of biomarkers and phenotypic risk
indices. Fortunately, detection using early phe-
notypic risk indices is rapidly improving as
will be discussed next.

Behavioral risk indices

The first studies describing how autism
emerges during infancy were based on home video-
tapes recorded before a diagnosis of autism was
made (see Palomo, Belinchén, & Ozonoff,
2006, for review). It was discovered that infants
at risk for autism show very few, if any, behav-
ioral symptoms at 6 months; by 12 months, how-
ever, core autism symptoms are apparent for
many infants (Dawson, Osterling, Meltzoff, &
Kuhl, 2000; Osterling & Dawson, 1994; Oster-
ling, Dawson, & Munson, 2002). Failure to re-
spond to name is evident by 8 to 10 months
{Werner, Dawson, Osterling, & Dinno, 2000).
By 12 months, infants later diagnosed with
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autism can be distinguished from typical infants
by a failure to respond to name (Baranek, 1999;
Osterling & Dawson, 1994; Osterling et al.,
2002), decreased looking at the faces of others
(Osterling & Dawson, 1994), and low rates of
showing things to others and pointing to request
and share interest (Adrien et al., 1993; Maestro
et al,, 2002; Osterling & Dawson, 1994; Oster-
ling et al, 2002; Wemer & Dawson, 2005).
Poor eye contact and a failure to respond to
name also best distinguishes them from infants
with developmental delay but without autism
(Baranek, 1999; Osterling et al., 2002).
Prospective studies of infant siblings of chil-
dren with autism have provided new insights
into the early development of ASD (e.g., Zwai-
genbaum et al., 2005). Estimates of risk rates
for autism in siblings range from 3 to 7%:; how-
ever, the rates in most published studies of infant
siblings have been significantly higher (e.g.,
Landa & Garrett-Mayer, 2006). Zwaigenbaum
et al. (2005) have followed a sample of 150 in-
fant siblings of children with autism and 75
low-risk infants from the age of 6 months or
younger. Because children were enrolled prior
to onset of symptoms, the sample was based
on risk for developing symptoms rather than pa-
rental concern about symptoms. Zwaigenbaum
et al. (2005) reported on a sample of 65 high-
risk and 23 low-risk siblings that had been fol-
lowed up to at least 24 months. Infants were as-
sessed using the Autism Observation Scale for
Infants (AOSIL; Bryson, McDermott, Rombough,
Brian, & Zwaigenbaum, 2007), which measures
visual attention, response to name, response to a
brief still face, anticipatory responses, imitation,
social babbling, eye contact and social smiling,
reactivity, affect, ease of transitioning, and atypi-
cal motor and sensory behaviors. These markers
did not distinguish groups at 6 months of age on
the basis of their diagnostic classification at 24
months; however, a subset of the children who
were later diagnosed exhibited impairments in
responding to name or unusual sensory behav-
iors. By 12 months groups could be distin-
guished on the basis of having at least seven
markers. Only 2 of 58 at risk siblings who did
not receive an ASD diagnosis and none of the 23
controls exhibited seven or more markers. Pre-
dictive 12-month markers from the AOSI in-
cluded atypical eye contact, visual tracking,
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disengaging visual attention, orienting to name,
imitation, social smiling, reactivity, social inter-
est, and sensory-oriented behaviors. Parents of
children who received an ASD diagnosis at 24
months also reported poor gesture use and un-
derstanding of words (Mitchell et al., 2006).

Two risk behaviors that were not as well doc-
umented in retrospective home videotape studies
were identified in the prospective study by Zwai-
genbaum et al. (2005). First, differences in visual
attention that emerged between 6 and 12 months
were observed in infants who later developed
ASD. Such infants showed a decline in their per-
formance on a visual attention task that required
the infant to disengage his/her attention from a
previously salient stimulus; in contrast, none of
the infants whose performance was similar or
better at 12 months relative to their performance
at 6 months developed ASD. Second, infants
who later developed ASD exhibited differences
in temperament characterized by a lower activity
level and more frequent and intense distress reac-
tions. They also spent longer fixating on a single
object and were less active in their spontaneous
visual exploration. Detailed study of the first
nine children who developed ASD (Bryson,
Zwaigenbaum, et al., 2007) revealed two sub-
groups based on the presence or absence of cog-
nitive decline between 12 and 24 months. In
children with cognitive loss, symptoms emerged
earlier or were more severe. Several investigators
have now documented a pattern of cognitive and
behavioral decline in infants who develop ASD
(reviewed in Dawson et al., 2006).

Landa and Garrett-Mayer (2006) reported a
prospective, longitudinal study that described
the cognitive development of high-risk infant
siblings who later developed ASD, in compar-
ison to high-risk infant siblings who later devel-
oped language delay without autism, and un-
affected infants. Infants did not differ at 6
months, but by 14 months, the children who de-
veloped ASD differed from the unaffected
group in gross and fine motor, receptive and ex-
pressive language, and overall intelligence on
the Mullen scales (Mullen, 1995). Landa, Hol-
man, and Garrett-Mayer (2007) recently des-
cribed patterns of development from 14 to 24
months in children with early and later diagno-
sis of ASD. They found that the early-diagnosis
group differed from later diagnosis children,
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siblings with broader phenotype, and nonrisk
control infants in their social, communication,
and play behavior. For the early-diagnosis
group, growth trajectories suggested that autism
may involve developmental arrest, slowing, or
even regression.

Retrospective and prospective behavioral
studies have led to the development of assess-
ment measures of autism risk behaviors that
can be administered to infants (Bryson, McDer-
mott, et al., 2007). The Autism Observation
Scale for Infants was developed by Zwaigen-
baum and colleagues (2003). This scale involves
assessment of 18 risk markers for autism within a
brief observational assessment. Infants are en-
gaged in semistructured play and systematic
presses are designed to assess various target
behaviors, including visual tracking, and atten-
tional disengagement, coordination of eye gaze
and action, imitation, affective responses, early
social-communicative behaviors, behavioral re-
activity, and sensory—-motor development. The
First Year Inventory (Watson et al., 2007) is a
parent questionnaire designed to assess behav-
ioral symptoms related to autism in 12-month-
olds. Similar to the Modified-Checklist for
Autism in Toddlers (Robins, Fein, Barton, &
Greene, 2001), which was developed for chil-
dren 18-24 months of age, the First Year Inven-
tory is designed to be a screening instrument for
autism that can eventually be readily used by pe-
diatricians and other primary health care pro-
viders. Validity, sensitivity, and specificity data
on these instruments are promising.

Neurophysiological risk indices

New approaches to early detection of infants at
risk for ASD are focusing on neurophysiological
risk indices (endophenotypes) with the hope that
such measures will improve our ability to iden-
tify infants who will develop ASD. The identifi-
cation of endophenotypes, intermediate, quanti-
fiable traits that predict an individual’s risk of
having a disorder, which can be linked to under-
lying cause (Castellanos & Tannock, 2002), will
accelerate progress in both clinical and basic re-
search. Endophenotypes based on neurobiologi-
cal markers (Dawson, Webb, et al., 2002; Skuse,
2000) are likely to be especially useful. In other
infant risk populations, neurophysiological
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measures are more sensitive than behavioral
measures at detecting infants who developed la-
ter developmental problems (e.g., Black, deReg-
nier, Long, Georgieff, & Nelson, 2004; Hood &
Atkinson, 1990). In a 6-year longitudinal study
of maternal depression involving 160 mother—
infant pairs, Dawson et al. (Dawson et al,
1999; Dawson, Frey, Panagiotides, Osterling,
& Hessl, 1997) found that infants of depressed
mothers showed atypical EEG responses in so-
cial situations (e.g., playing with mother or an
experimenter); these EEG pattems predicted
later presence of behavioral and emotional
problems.

Event-related porentials (ERPs) to faces. Given
the core impairment in social relatedness found
in ASD, neurophysiological measures that assess
early social brain circuitry might be sensitive in-
dices of risk for ASD. Dawson and Webb have
been interested in face processing ability as a po-
tential neural trait marker for susceptibility to
ASD. An innate potential for cortical specializa-
tion for faces has been proposed, with experience
with faces being necessary and driving such spe-
cialization (Johnson, 2005; Nelson, 2001). Ex-
perience with faces in the first year of life can in-
fluence the development of face perception
abilities (e.g., Le Grand, Mondloch, Maurer, &
Brent, 2001; Pascalis et al., 2005). Typical 6-
to 7-month-old infants reliably exhibit different
ERPs to familiar versus unfamiliar faces and to
different emotional expressions (de Haan & Nel-
son, 1997; Nelson & De Haan, 1996).

Behavioral and neuroimaging studies have
found consistent evidence for face processing
impairmentsinindividoals with ASD (Boucher &
Lewis, 1992; Boucher, Lewis, & Collis, 1998;
Gepner, de Gelder, & de Schonen, 1996; Klin
et al,, 1999). Functional magnetic resonance
imaging (fMRI) studies conducted with typical
individuals indicate that the right fusiform gyrus
is more activated during perception of faces than
nonface stimuli (e.g., Haxby et al., 1994, 1999,
Kanwisher, Mc¢Dermott, & Chun, 1997). Indi-
viduals with ASD exhibit irregular and inconsis-
tent patterns of fusiform gyrus activation; some
studies have found that areas involved in object
processing are activated instead (Pierce, Muller,
Ambrose, Allen, & Courchesne, 2001; Schultz
et al., 2000).
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Preschool-aged children with ASD fail to show
different ERPs to familiar versus unfamiliar faces
(Dawson, Carver, et al., 2002), faces versus ob-
Jects (Webb, Dawson, Bernier, & Panagiotides,
2006), and fearful versus neutral faces (Dawson,
Webb, Carver, Panagiotides, & McPartland,
2004), whereas mental age-matched children with
idiopathic developmental delay and typical devel-
opment (Dawson, Carver, et al., 2002) do show
such differences. Adolescents and adults with
ASD (McPartland, Dawson, Webb, & Panagio-
tides, 2004) as well as parents of children with
ASD also show a similar atypical ERP to faces
(Dawson et al., 2005) and facial expressions
(Dawson, Webb, Estes, Munson, & Faja, 2008),
suggesting that this electrophysiological endophe-
notype might be a neural trait marker for autism
genetic susceptibility. Given that typically devel-
oping infants as young as 6 months of age show
different ERPs to familiar versus unfamiliar faces
(De Haan & Nelson, 1997; Webb, Long, & Nel-
son, 2005), and to facial expression of emotion
(Nelson & De Haan, 1996), ERP measures are
currently being investigated as an early index of
risk for ASD in infants. Promising evidence for
this approach comes from a recent study of infant
siblings by Carver et al. (McCleery, Burner, Dob-
kins, & Carver, 2006). They found that, in contrast
to nonrisk infants, infant siblings failed to show
different ERP responses to faces versus objects.

Based on the idea that face-processing im-
pairments in individuals with ASD may arise
from abnormal development of a subcortical sys-
tem involved in face processing that originates in
the magnocellular pathway of the visual system,
McCleery, Allman, Carver, and Dobkins (2007)
measured the sensitivity of the magnocellular
pathway in infant siblings of children with au-
tism and low-risk control infants. They used a vi-
sual stimulus designed to selectively stimulate
the magnocellular pathway (sensitivity to lumi-
nance) and found that high-risk infants exhibited
sensitivities nearly twofold greater than those of
control infants. Although this study showed en-
hanced (rather than reduced) luminance sensitiv-
ity in high-risk infants, the authors argue that this
still should be considered to reflect an abnormal-
ity of the magnocellular pathway. They further
argue that such an abnormality might contribute
to the face-processing impairments found in au-
tism. They note that the magnocellular pathway,
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via the superior colliculus, provides it to the
amygdala, which in turn, is involved in rapid
subcortical processing of faces. This methodol-
ogy may eventually be useful in assessing very
young infants at risk for ASD.

ERPs to speech sounds. Another promising neu-
rophysiological index of risk for ASD is ERPs to
speech sounds. Research suggests that young
children with ASD have atypical ERPs to speech,
which is correlated with their preference for lis-
tening to speech sounds. In a sample of 3- to
4-year-old children with ASD, Kuhl, Coffey-Cor-
ina, Padden, and Dawson (2004) found that lis- -
tening preferences in children with ASD differed
dramatically from those of typically developing
children. Children with ASD preferred listening
to mechanical-sounding auditory signals (signals
acoustically matched to speech and referred to
as “sine-wave analogs”) rather than speech (mo-
therese). The preference for the mechanical-
sounding auditory signal was significantly corre-
lated with lower language ability, more severe
autism symptoms, and abnormal ERPs to speech
sounds. Children with ASD who preferred mo-
therese were more likely to show different
ERPs (mismatch negativity) to different pho-
nemes, whereas those who preferred the mechan-
ical-sounding auditory signat showed no differ-
ences between ERP waveforms in response to two
different syllables. Such ERP measures are cur-
rently being studied in infants at risk for ASD to
determine whether they are predictive of later
ASD and/or language impairment,

In addition to early indices of brain function,
structural and chemical brain imaging measures
offer another way of assessing risk for ASD. In
the next section, studies using such measures dur-
ing the infant—preschool period are described.

Atypical brain growth

An atypical trajectory of head growth in the first
2 years of life appears to be a phenotypic risk
index in ASD (Courchesne & Pierce, 2005;
Redcay & Courchesne, 2005). The pattern of
growth in head circumference (HC) in ASD is
characterized by normal head size at birth fol-
lowed by an accelerated pattern of growth in
HC that appears to begin at about 4 months of
age (Dawson et al., 2007; Gillberg & de Souza,
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2002; Hazlett et al., 2005; Webb et al,, in press).
Courchesne and colleagues (Courchesne, Car-
per, & Akshoomoft, 2003) reported an increase
in HC of 1.67 SD between birth and 6-14
months. In a meta-analysis using HC (con-
verted to brain volume), brain volume measured
from MRI, and brain weight from autopsy stud-
ies, Redcay and Courchesne (2005) found that
brain size changes from 13% smaller than con-
trols at birth to 10% greater than controls at
1 year, and only 2% greater by adolescence.

Dawson et al. (2007) examined HC growth
longitudinally in 28 children with ASD spec-
trum disorder from birth through 36 months
of age, replicating earlier findings of acceler-
ated head growth. Pattern of head growth was
not found to vary as a function of subtype of
ASD (autism vs. pervasive development disor-
der, not otherwise specified) or history of autis-
tic regression (Webb, Munson, Brock, Abbott,
& Dawson, in press). Children with ASD, on
average, did not have significantly larger HC
at birth; however, by 1 year of age, HC was
nearly 1 standard deviation larger than the na-
tional CDC norms. This unusual and rapid in-
crease in head growth from birth to 12 months
was reflected in a significant difference in slope
in HC Z scores during this period. Of interest,
although children’s HC was larger than normal
by 12 months of age, the rate of growth in HC
after 12 months was not significantly different
than the normative sample. Thus, the rate of
HC growth appears to decelerate in infants
with ASD after 12 months of age relative to
the rate from birth to 12 months of age, suggest-
ing that the early period of exceptionally rapid
head growth is restricted to the first year of life.

The period of accelerated head growth
slightly precedes and then overlaps with the on-
set of noticeable behavioral risk indices. Nota-
bly, the period after 12 months of age, during
which deceleration of rate of head growth was
detected, is associated with a slowing in acquisi-
tion or actual loss in skills in infants who develop
ASD (Dawson et al., 2007). In sample of infant
siblings of children with ASD, the pattern of ra-
pid growth from birth to 12 months followed by
deceleration after 12 months was found to be a
risk marker for developing autism symptoms
by 24 months of age (Flder, Dawson, Toth,
Munson, & Fernandez-Teruel, 2008).
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Structural brain imaging

Results from structural MRI studies are consis-
tent with the results of HC studies. Sparks et al.
(2002) found that 3- to 4-year-olds with ASD
have significantly larger total cerebral volume
compared with age-matched typically develop-
ing children and age- and IQ-matched develop-
mentally delayed children. In another study of
2- to 4-year-olds with ASD, 90% of children
with ASD were found to have MRI-based brain
volumes larger than normal (Courchesne et al.,
2001). This abnormal brain growth appears to
be due primarily to excessive enlargement ce-
rebral white matter and cerebral grey matter.
Courchesne et al. (2001) suggested that, early
on, children with ASD show an anterior—poste-
rior gradient of overgrowth, with the frontal lobe
being the largest, although this needs further
confirmation.

Sparks et al. reported that the amygdala was
proportionally enlarged relative to total cerebral
volume, especially in children with more severe
symptoms. Enlarged amygdala at age 3 years
(but not total cerebral volume) predicted a
more severe course from 3 to 6 years of age
(Munson et al.,, 2006). Autopsy studies of
ASD (Pickett & London, 2005) have docu-
mented cellular abnormalities of the amygdala
including reduced numbers of neurons (Schu-
mann & Amaral, 2006), or reduced cell size
and increased neuronal cell packing density
(Bauman & Kemper, 1985, 2005). Schumann
and Amaral (2006) have identified the lateral
nucleus as having accentuated pathological
features.

Chemical brain imaging

Magnetic resonance spectroscopy imaging (‘H-
MRS]I) provides a noninvasive method for char-
acterizing tissue-based chemistry and cellular
features in vivo. Although MRI is sensitive to
changes in tissue water characteristics and de-
fining structure at a macroscopic level, it is in-
sensitive to much of cellular level organization.
In this regard,’ H-MRS has been used to detect
abnormalities in brain regions that appear nor-
mal in MR, as well as shed light on pathology
underlying MRI-visible abnormalities. Several
chemicals can be measured as spectral peaks,
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including N-acetyl aspartate (NAA), creatine,
choline, and myoinositol. Glutamate and gluta-
mine are typically reported as combined peaks.
NAA appears to be a sensitive marker for neu-
ronal integrity or neuronal-glial homeostasis.

An MRSI study of 3- to 4-year-old children
with ASD conducted by Friedman et al. (2003)
revealed regional and global decreases in NAA
as well as lower levels of other chemicals and
prolonged chemical T2 relaxation times. Anal-
yses further demonstrated a predominately gray
matter tissue distribution of these chemical ab-
normalities (Friedman et al., 2006). These find-
ings have implications for understanding the
mechanism for abnormal brain growth in
ASD. One hypothesis is that enlarged brain vol-
ume in ASD is related to a failure of apoptosis
or synaptic pruning. This hypothesis would
predict increased NAA concentrations, reflect-
ing increased or more densely packed neurons
or increased synaptic connections. Findings
were, however, decreased NAA concentrations
and prolonged chemical and water T2 in the 3-
to 4-year-old ASD group (Friedman et al,
2003). These MSRI findings suggest a pattern
of cellular alterations, predominantly affecting
gray matter at an early age, that may reflect re-
duced synapse density perhaps secondary to
migratory/apoptotic abnormalities (Fatemi &
Halt, 2001), column density/packing abnormal-
ities (Casanova, 2004) and/or active processes
such as reactive gliosis and edema (Vargas
et al., 2005).

To assess whether measures of structural and
chemical brain development can serve as risk
indices for ASD, a large collaborative infant
sibling brain imaging project involving Univer-
sity of Alberta, University of North Carolina,
McGill University, University of Washington,
Washington University at St. Louis, and Yale
University was recently funded as part of the
National Institutes of Health Autism Centers
of Excellence Program.

Summary

Progress is being made in identifying genetic
and environmental factors that contribute to
susceptibility for ASD. Phenotypic risk indices
for ASD that can be measured in the first year of
life include several behavioral risk indices, with
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the earliest symptoms being failure to respond
to name, abnormal visual attention, and tem-
peramental difficulties. Future studies of early
brain development, as measured by neurophys-
iological responses, such as ERPs to faces
and speech sounds, HC trajectory, and struc-
tural and chemical brain imaging techniques,
will evaluate the usefulness of these measures
for early detection of risk for ASD. Collabora-
tive studies that follow large samples of infant
siblings of children with autism to document
the relation between the emergence of symp-
toms and early functional, structural, and chem-
ical alterations in brain development offer
promise of identifying neural mechanisms that
account for ASD, as well as brain-based
methods for detection of infants at high risk
for developing ASD before the full blown syn-
drome is manifest.

ASD clearly is not a static brain disorder but
rather is characterized by dynamic postnatal
changes in the brain and behavior. According
to a cumulative risk model, an accumulation
of early risk factors lowers the threshold of vul-
nerability of suboptimal neuronal processes in
ASD. 1t is likely that brain—environment inter-
actions are additional risk processes that con-
tribute to the eventual development of ASD.
Environmental contributions to risk processes
can include both biological (e.g., inflammation)
and experiential factors (altered patterns of so-
cial interaction). The next section provides a
discussion of how early experiential factors,
namely, altered patterns of interaction between
the child and his or her social environment,
represents one type of risk process associated
with the development of ASD.

Early Experience as a Risk Process
in the Development of ASD

The social motivation hypothesis

Tmpairments in social orienting, joint attention,
responses to erpotions, imitation, and face pro-
cessing are evident by toddlerhood or preschool
age in ASD. To help understand this wide range of
impairments, all of which involve reduced en-
gagement with the social world, Dawson and
others have proposed the social motivation
hypothesis (see Figure 2). This hypothesis posits
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that some of the social impairments evident in
ASD, such as the well-docurnented impairments
in face processing, are not fundamental, but rather
are secondary to a primary impairment in social
motivation, which results in failure to attend to
and affective tag socially relevant stimuli (Daw-
son, Webb, Wijsma, et al., 2003; Dawson, Car-
ver, et al,, 2002; Grelotti, Gauthier, & Schultz,
2002; Waterhouse, Fein, & Modahl, 1996).

Evidence supporting a core impairment in so-
cial motivation comes from both clinical and ob-
servational studies. One of the earliest indicators
of reduced social motivation is a lack of “social
orienting” (Dawson et al., 2004; Dawson, Meltz-
off, Osterling, Rinaldi, & Brown, 1998). Diag-
nostic criteria describe “a lack of spontaneous
seeking to share enjoyment, interests, or achieve-
ments with other people” and “lack of social or
emotional reciprocity.” Preschool age children
with ASD are less likely to smile when looking
at their mothers during social interaction (Daw-
son, Hill, Galpert, Spencer, & Watson, 1990), es-
pecially during joint attention episodes (Kasari,
Sigman, Mundy, & Yirmiya, 1990). Young chil-
dren with ASD fail to show normal preferences
for speech sounds (Klin, 1991, 1992; Kuhl
et al., 2004). Sung et al. (2005) found evidence
that a social motivation trait (e.g., seeking social
activities and friendships) was heritable in multi-
plex autism families.

According to the social motivation hypoth-
esis, because of reduced social motivation, the
infant at risk for ASD spends less time spent pay-
ing attention to and socially engaged with people.
The infant at risk for ASD, instead, has a stronger
focus on objects (Zwaigenbaum et al., 2005).
Reduced engagement with the social world con-
tributes to a failure to develop expertise in face,
language, and other aspects of processing of
social information (Dawson, Webb, & McPartland,
2005; Dawson, Webb, Wijsman, et al., 2005;
Grelotti et al., 2002). Because experience drives
cortical specialization (Nelson, 2001), reduced
attention to people, including their faces, ges-
tures, and speech, also results in a failure of
specialization and less efficient function of brain
regions that mediate social cognition (e.g., pro-
longed latency in electrical brain responses to
face stimuli; McPartland et al., 2004). In an
ERP study of preschool aged children with
ASD, Webb et al. (2006) found that ERPs to
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faces were not only slower, but also more dif-
fusely distributed across the scalp, whereas
typical children showed a well-localized right
temporal ERP (N170) to faces.

The abnormal trajectory for brain develop-
ment in ASD cannot be explained by a lack of
exposure to people. Parents of infants with
ASD, like those of typically developing infants,
hold, talk to, and interact with their infant. If
such interactions are not inherently interesting
or rewarding for the infant, however, s/he might
not be actively attending to the face and voice,
tagging such information as emotionally rele-
vant, or perceiving the social information within
a larger social/affective context. Recent re-
search by Kuhl and colleagues (Kuhl, 2007;
Kuhl, Tsao, & Liu, 2003) suggests that simple
exposure to language does not necessarily facil-
itate the development of brain circuitry spe-
cialized for speech perception. Instead, speech
needs to be experienced by the infant within a
social interactive context for speech perception
to develop normally.

Social motivation impairments in autism
might be related to a difficulty in forming and
generalizing representations of the reward value
of social stimuli (Dawson, Carver, et al., 2002).
One of the primary neural systems involved in
processing reward information is the dopamine
system (Schultz, 1998). Dopaminergic projec-
tions to the striatum and frontal cortex, particu-
larly the orbitofrontal cortex, mediate the effects
of reward on approach behavior. Formation of
representations of reward value in the orbitofron-
tal cortex relies on input from basolateral amyg-
dala (Schoenbaum, Setlow, Saddoris, & Galla-
gher, 2003). The amygdala is implicated in
both the focusing of attention of emotionally rel-
evant stimuli and the learning and consolidation
of emotional memories (LaBar, 2007). This
dopamine reward system activates in response to
social engagement, for example, when making
eye contact (Kampe, Frith, Dolan, & Frith,
2001). Dopamine D2 receptors in the nucleus ac-
cumbens have been shown to be involved in so-
cial attachment (Gingrich, Liu, Cascio, Wang,
& Insel, 2000). In young children with ASD,
the severity of joint attention impairments is
strongly correlated with performance on tasks
tapping the medial temporal lobe—orbitofrontal
circuit (e.g., delayed nonmatching to sample,
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object discrimination reversal; Dawson, Munson,
et al., 2002).

Oxytocin and vasopressin promote a wide
range of social behaviors, including social affilia-
tion (Witt, Winslow, & Insel, 1992), maternal be-
havior (Pedersen, Caldwell, Walker, Ayers, &
Mason, 1994), and social attachment (Insel &
Hulihan, 1995; Winslow, Hasting, Carter, Har-
baugh, & Insel, 1993). These peptides operate
on social behavior through their influence on
the mesocorticolimbic dopamine circuit. A cir-
cuit linking the anterior hypothalamus to the ven-
tral tegmental area and the nucleus accumbens
may mediate reward sensitivity in the context
of social interaction (Insel & Fernald; 2004).
Modahl et al. (3998) reported that plasma con-
centration of oxytocin is reduced in children
with autism. Kim et al. (2002) found nominally
significant transmission disequilibrium between
an arginine vasopressin receptor 1A (AVPR1A)
microsatellite and autism, AVPRIA is a Vy, re-
ceptor in the brain that has been shown to mediate
action of vasopressin. Studies have also found an
association of the oxytocin receptor gene and au-
tism (Jacob et al., 2007; Wu et al., 2005). Recent
psychopharmacological studies have demon-
strated that intravenous oxytocin administration
reduces repetitive behavior (Hollander et al.,
2003) and increases comprehension of affective
meaning (Hollander et al.,, 2007) in individuals
with ASD.

Given that altered early experience may act
as risk processes in the development of ASD,
the goal of intervention is to target these risk
processes to provide a more enriched environ-
ment for the at-risk child. Animal studies have
demonstrated that early enrichment can miti-
gate the effects of genetic and environmental
risk factors. These studies will be reviewed
next.

Animal Studies Demonstrating
the Effects of Early Enrichment

A large body of research has demonstrated the
effects of environmental enrichment on brain
and behavioral development in animals, As early
as 1947, Hebb demonstrated improved memory
of rats that were allowed to freely explore his
house compared with caged rats. Environmental
enrichment has been shown to direct affect brain
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development and neural plasticity in animals, as
measured by the weight and thickness of the cor-
tex, the density or affinity of neurotransmitter re-
ceptors, and increased numbers of synapses and
density of dendritic branching (Bredy, Humpart-
zoomian, Cain, & Meaney, 2003; Diamond,
Rosenzweig, Bennett, Linder, & Lyon, 1972).
Changes at the synapse as well as increases in
the number of neurons in regions such as the hip-
pocampus have been induced in adult animals
(Greenough, Volkmar, & Juraska, 1973; Kem-
permann, Kuhn, & Gage, 1997). Enrichment
also results in molecular changes, including
modulation of the genetic expression of neuro-
transmitter pathways, differential transcription
of neurotransmitter-related target genes, and in-
creased neurotrophic factors (Pham, Winblad,
Granholm, & Mohammed, 2002; Rampon et al.,
2000). Long-term potentiation of synapses, be-
lieved to be a cellular representation of memory,
via increased excitatory responses results from
enrichment (e.g., Foster, Gagne, & Massicotte,
1996). In adult primates, increased density of
dendritic spines in the hippocampus and prefron-
tal cortex were found following 1 month of en-
richment (Kozorovitskiy et al., 2005). Environ-
mental enrichment results in improved learning
and memory, increased exploration, more rapid
habituation, and decreased fearful responding
to novelty (e.g., Benaroya-Milshtein et al., 2004;
Duffy, Craddock, Abel, & Nguyen, 2001; Es-
corihuela, Tobena, & Fernandez-Teruel, 1995;
Schrijver, Bahr, Weiss, & Wurbel, 2002; Wong
& Jamieson, 1968). In contrast, environmental
deprivation in primates results in cognitive im-
pairments and differences in brain structure
(e.g., Floeter & Greenough, 1979; Sackett, 1972).

Animal models of developmental and degen-
erative disorders have demonstrated the role of
early enrichment in mitigating the effects of ge-
netic risk and injury. Such animal studies have
varied living conditions, environmental com-
plexity or novelty, and level of sensory, cog-
nitive, motor, or social stimulation to demon-
strate how experience can influence brain
development and diminish the effects of genetic
risk and/or injury (for reviews, see Lewis, 2004;
Nithianantharajah & Hannan, 20006). Enrich-
ment offsets the effects of earlier environmental
stressors such as reduction of exaggerated stress
responses in prematurely weaned pups (Bredy
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et al., 2003; Francis, Diorio, Plotsky, & Meany,
2002). Enrichment following froatal lobe lesions
results in bebavioral and anatomical improve-
ments (Hamm, Temple, O’Dell, Pike, & Lyeth,
1996; Kolb & Gibb, 1991). Enrichment in the
form of social and physical stimulation influ-
ences recovery following infarct and protect
against drug-induced seizures (Faverjon et al.,
2002; Johansson & Ohlsson, 1996; Young,
Lawlor, Leone, Dragunow, & During, 1999).

Animal models of genetic diseases have
demonstrated that enrichment can reduce or de-
lay the onset of the motor impairments associ-
ated with both cerebellar degeneration (the
lurcher mutation) and Huntington disease (an
autosomal dominant disorder; Caston et al.,
1999; Glass, van Dellen, Blakemore, Hannan, &
Faull, 2004). Fmrl-KO mice are commonly
used to model fragile X. These mice exhibit
cognitive and brain anomalies associated with
fragile X; enrichment, however, influences ex-
ploratory behavior, dendritic branching, the
number of dendritic spines, and expression of
glutamate signaling, but does not appear to di-
rectly impact the protein implicated in the ge-
netic mutation (Restivo et al., 2005).

As a result of standard housing conditions,
deer mice develop restricted, repetitive motor
behaviors, similar to those seen in individuals
with ASD. Mice exposed to enriched rather
than standard environments early in their devel-
opment do not develop motor stereotypies,
whereas mice exposed later in development do
(e.g., Powell, Newman, McDonald, Bugenha-
gen, & Lewis, 2000; Turner, Lewis, & King,
2003; Tumer, Yang, & Lewis, 2002). Thus,
there appears to be a critical period during
which environmental enrichment precludes
the development of these behaviors in mice.
Furthermore, mice that did not exhibit stereo-
typed behavior showed several brain changes,
including increased oxidative energy metabo-
lism in the motor cortex, basal ganglia, hippo-
campus, and amygdala, increased dendritic
spine density in the motor cortex and basal gan-
glia, and more brain derived neurotrophic factor
expression. Finally, a rat model of autism has
been created via exposure to valproic acid on
gestation day 12.5 (Rodier, Ingram, Tisdale, &
Croog, 1997). Enrichment reversed most be-
haviors associated with exposure to valproic acid,
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including the frequency of social behavior and
latency to social exploration, sensitivity to sen-
sory input, and anxious behavior during leamn-
ing tasks (Schoeider, Turczak, & Przewlocki,
2006).

Taken together, this body of work demon-
strates enrichment can mitigate the effects of
genetic and environmental risk factors on brain
and behavioral development. This raises the
possibility that early interventions aimed at
stimulating young infants and toddlers at risk for
ASD can substantially change the course of
both behavioral and brain development. Pre-
sumably, according to the social motivation
model, this would occur by enhancing social
motivation by either stimulating nascent neural
circuitry involved in social reward, or by co-
opting neural reward systems that target nonso-
cial stimuli through classical conditioning (non-
social reward, such as a toy, being paired
consistently with a social stimulus, such as a
person, in the context of treatment; Dawson &
Zanolli, 2003). Next, a brief review of ap-
proaches to early interventions for infants at
risk for ASD will be provided.

Infant-Toddler Interventions Designed
to Prevent or Reduce Autism Symptoms

Early intensive behavioral intervention
in young children with ASD

Studies of early intensive behavioral interven-
tion demonstrate that early intensive behavioral
intervention initiated at preschool age and sus-
tained for 2-3 years results in substantial im-
provements for a large subset of children with
ASD. Gains are found in IQ, langnage, and
educational placement (Birnbrauer & Leach,
1993: Cohen, Amerine-Dickens, & Smith, 2006;
Dawson & Osterling, 1997; Fenske, Zalenski,
Krantz, & McClannahan, 1985; Harris, Han-
dleman, Gordon, Kristoff, & Fuentes, 1991;
Howard et al., 2005; Lovaas, 1987; McEachin
et al., 1993; Rogers, 1998; Sallows & Graup-
ner, 2005; Sheinkopf & Siegel, 1998; Smith,
Groen, & Wynn, 2000). Common features of
successful early intensive behavioral interven-
tion are (a) a comprehensive curriculum focus-
ing on imitation, language, toy play, social in-
teraction, motor, and adaptive behavior; (b)
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sensitivity to developmental sequence; (c) sup-
portive, empirically validated teaching strate-
gies (applied behavior analysis); (d) behavioral
strategies for reducing interfering behaviors; ()
involvement of parents; (f) gradual transition
to more naturalistic environments; (g) highly
trained staff; (h) supervisory and review mecha-
nisms; (i) intensive delivery of treatment 25
hr/week for at least 2 years); and (j) initiation
by 2-4 years (Dawson and Osterling, 1997,
Green, Brennan, & Fein, 2002; National Research
Council, 2001; Rogers, 1998). When these fea-
tures are present, results are remarkable for up
t0 50% of children. Three randomized controlled
trials have assessed the efficacy of comprehen-
sive interventions delivered for 20 or more hours
per week. Jocelyn, Casiro, Beattie, Bow, and
Kneisz (1998) randomized 35 preschool aged
children to an experimental group versus a con-
trol group. The experimental group received de-
velopmentally based intervention focused on so-
cial and communication skills and applied
behavior analysis for behavior problems delivered
by specially trained day care workers and parents.
After 3 months, the experimental group demon-
strated significantly increased language perfor-
mance, but no difference in autism severity, com-
pared with controls. Smith et al. (2000)
randomized 28 children with ASD to an experi-
mental group versus a parent training group. The
experimental group received extensive parent
training and Lovaas® (1987) comprehensive in-
tervention approach for an average of 25 hr per
week, delivered in their homes by trained -and
supervised therapy assistants. The comparison
group received parent training, several hours of
in home therapy per week for the first few months
of the stndy, and community services. Results
after 2 years revealed significant differences in
1Q (gain of 15 points in the experimental group
vs. loss of | point in the control group). Sallows
and Graupner (2005) randomized 24 children
with autism to a “‘clinic-directed” group that repli-
cated the intervention provided in Lovaas’ origi-
nal study versus a “parent-directed group” that
received intensive hours of treatment but less su-
pervision. After 4 years of treatrment, both groups
show similar gains in cognitive, language, social,
and academic skills. Tn each group, 48% of chil-
dren showed rapid learning, achieved IQs and Jan-
guage abilities in the average range, and were
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placed successfully in a regular education class-
room by age 7.

Interventions for infants and toddlers
with ASD

With the goal of intervening at the point when
symptoms are first detected, intervention ap-
proaches for infants and toddlers with ASD
are being developed (Chandler, Christie, New-
son, & Prevezer, 2002; Drew et al., 2002; Green
et al., 2002; Mahoney & Perales, 2003; McGee
et al., 1999). No published randomized studies
of infant—toddler interventions have been pub-
lished yet. Dawson and Rogers have been de-
veloping the Early Start Denver Model, which
is based on the Denver Model. The Denver
Model is a comprehensive intensive early be-
havioral intervention for preschool-age children
with ASD originally developed and evaluated
by Rogers and colleagues (Rogers, Hall, Osaki,
Reaven, & Herbison, 2000; Rogers, Herbison,
Lewis, Pantone, & Reis, 1986; Rogers & Lewis,
1989). The Early Start Denver Model (Smith,
Rogers, & Dawson, 2008) is designed to ad-
dress the unique needs of infant and toddlers
with ASD as young as 12 months. Early Start in-
corporates applied behavior analysis techniques
that have received empirical support for improv-
ing skill acquisition in very young children with
ASD (e.g., Green et al., 2002; McGee et al.,
1999), but is delivered in a naturalistic, socially
and affectively based relationship context. The
intervention is provided in a toddler’s natural
environment, typically the home, within the con-
text of family and therapist—child interactions.
As children reach preschool age, play dates that
facilitate child—child interaction and collabora-
tion with preschools are incorporated. In 2003,
Dawson, in collaboration with Rogers, initiated
a National Institute of Mental Health-funded ran-
domized controlled trial of the Early Start Den-
ver Model with toddlers with ASD at 7the Uni-
versity of Washington. Building on the work of
Rogers, the University of Washington project in-
volved developing, refining, and testing both the
therapist-training procedures and the toddler in-
tervention model, including a treatment manual,
curriculum, and fidelity measures.

Forty-eight toddlers with ASD were ran-
domized to one of two groups: one receives
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25-30 hr weekly of the Early Start Denver
Model intervention for 2 years; the other, a
community comparison group, receives stan-
dard community-based interventions provided
in the greater Seattle region. The effects of the
early intervention are predicted to be partially
mediated by the quality of parent—child interac-
tion. Parent—child interaction is viewed as a fi-
nal common pathway that is influenced both
by improvements in parental sensitivity and im-
provements in child behavior.

Integrating biological measures into the
design of an early intervention study for ASD

A goal for the future is to demonstrate that early
intervention can have an impact on brain func-
tion and organization. Thus, it will be important
to incorporate brain-based measures of out-
come into intervention and prevention studies.
In the current randomized early intervention
trial for toddiers with ASD, we hope to demon-
strate that very early intervention results not
only in significant improvements in behavior,
including reduced autism symptoms and in-
creased cognitive, language, and social abil-
ities, but also significant changes in brain func-
tion, as reflected in neural responses to social
and linguistic stimuli. Both before and after
treatment, ERPs to faces and speech stimuli
are being collected to assess whether the inter-
vention influences the children’s ERP re-
sponses to faces versus objects and to speech
sounds. Influences on cortical organization
and specialization will be assessed by examin-
ing the scalp distribution of the ERP.
Outcome measures also include EEG coher-
ence. Functional connectivity in brain networks
can be measured by EEG coherence, which as-
sesses the statistical relationships among sepa-
rate neurophysiological signals measured from
the scalp. High coherence between two EEG
signals reflects synchronized neuronal oscilla-
tions suggesting functional integration between
neural populations, whereas low coherence sug-
gests independently active populations. EEG
coherence is believed to reflect functional corti-
cal connectivity either directly via corticocorti-
cal fiber systems or indirectly through networks
that include subcortical structures. In humans,
the development of EEG coherence from birth
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into adulthood has been extensively docu-
mented by Thatcher and colleagues (Thatcher,
1994; Thatcher, Krause, & Hrybyk, 1986;
Thatcher, Walker, & Guidice, 1987).

EEG coherence is of theoretical relevance
to ASD because, as described above (see Fig-
ure 2), ASD is associated with abnormalities in
connections among distributed neural systems.
Impairments in complex behaviors that emerge
between 6 and 12 months in ASD, such as joint
attention and imitation, are hypothesized to re-
flect a failure of integration of cortical—cortical
and subcortical-cortical systems. Empirical sup-
port for reduced connectivity in ASD comes
from findings of increased cell dispersion and re-
duced sizes of cortical minicolumns in brains of
individuals with autism (Casanova, Buxhoeve-
den, Switala, & Roy, 2002) and fMRI studies
showing reduced functional connectivity during
complex tasks (Just, Cherkassky, Keller, & Min-
shew, 2004). Based on his neuropathology stud-
ies, Casonova et al. (2002) has argued that autism
is associated with disruptions among local and
global cortical circuits (also see Belmonte et al.,
2004; Courchesne & Pierce, 2005; Rippon,
Brock, Brown, & Boucher, in press). Murias
et al. conducted a study showing reduced EEG
coherence in adults with ASD (Murias, Webb,
Greenson, & Dawson, 2008). They examined co-
herent oscillatory activity between all pairs of
electrodes in a high-density electrode array in
the spontaneous EEG of 18 adults with ASD
and 18 control adults at quiet rest. They found ro-
bust contrasting patterns of over- and undercon-
nectivity at distinct spatial and temporal scales.
In the delta and theta (2-6 Hz) trequency range,
individuals with ASD showed locally elevated
coherence, especially within left hemisphere
temporal and frontal regions. In the lower alpha
range (8-10 Hz), the ASD group showed glob-
ally reduced EEG coherence within frontal re-
gions, and between frontal and all other scalp re-
gions. The frontal lobe was poorly connected
with the rest of the cortex in this frequency range.
This is consistent with metabolic studies showing
reduced correlated blood flow between frontal
and other regions individuals with autism (Horo-
witz, Rumsey, Grady, & Rappoport, 1988). Mea-
sures of EEG coherence will provide insight into
the effects of early intervention on functional
connectivity in the brain in ASD.
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Prevention studies in ASD

To date, no prevention studies have been con-
ducted with infants at risk for ASD. Both the
National Institutes of Health, as part of the
newly launched National Institutes of Health
Autism Centers of Excellence program, and
Autism Speaks, in their recent initiative to
fund treatment studies targeting infants and tod-
dlers at risk for ASD, have invested consider-
able funds in new studies aim at treating and
preventing ASD. Many of these studies are ex-
ploring intervention methods that enhance so-
cial motivation and promote early social en-
gagement and reciprocity. Some investigators
are incorporating neurophysiological measures
in the design of these intervention studies to
assess whether interventions initiated before
the full syndrome of autism is present can pre-
vent autism and result in normal patterns of
brain function and organization.

The role of early parent—child interactions in
prevention studies. Many of the interventions
that are currently being tested with infants at
risk for ASD focus on enhancing parent—

infant interactions. The important role of par-.

ents as collaborators in and mediators of inter-
vention was first introduced by Eric Schopler
in the 1960s. Schopler’s visionary notion that
parents’ ability to participate in intervention
by adapting their styles of interaction to pro-
mote social interaction and communication
continues to influence the field today. It has
been demonstrated that parents who display
higher levels of synchronization and contin-
gent responses during interaction have chil-
dren with ASD who develop superior communi-
cation skills over periods of 1, 10, and 16 years
(Siller & Sigman, 2002). Early nonverbal com-
munication, especially joint attention, is strongly
related to language outcome for children with
ASD and typical development (Brooks & Meltz-
off, 2005; Dawson et al, 2004; Sigman &
Ruskin, 1999; Toth, Munson, Meltzoff, & Daw-
son, 2006). In normal development, as well, lan-
guage acquisition has been found to depend on
social interactions in which the adults® commu-
nicative behavior is salient, well timed, and con-
tingent (Bruner, 1983). In a study of 72 young
children with ASD, it found that early social
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attention was related to Janguage ability, and
the relation between social attention and child’s
language ability was fully mediated by the
child’s ability to share attention with others
(Toth et al., 2006).

Very early interventions that target parent—
infant interaction are based on the assumption
that relationships are transactional; the infant ex-
erts an effect on the parent and influences the
sensitivity and quality of the parent response.
Parents find it more difficult to respond sensi-
tively to infants who have regulatory difficulties
and who have less reciprocal interaction styles
(Kelly, Day, & Streissguth, 2000; O’Connor,
Sigman, & Brill, 1987; Tronick & Field, 1986;
Yehudaet al., 2005). Yirmiya et al. (2006) found
that infant siblings are less synchronous with
their mothers during interactions and display
more neutral affect. By 12 months of age, infants
later diagnosed with ASD are less likely to smile,
fail to orient to name, have difficulty establishing
eye contact, lack communicative vocalizations,
are difficult to cuddle, are exceptionally fussy
or passive, exhibit sleeping and feeding prob-
lems, and are sensitive to noise/touch (Zwaigen-
baum et al., 2005). Interventions need to take
into account the individual characteristics of
both members of the dyad, and be sensitive to
the “dance” that the dyad performs together
(Poehlmann & Fiese, 2003). In studies of other
at-risk infant populations, brief, behaviorally fo-
cused interventions have been found to be effec-
tive when the target of intervention is parental
sensitivity and infant contingent responding. Ba-
kermans-Kranenburg, Van Ijzendoom, and Juffer
(2003) conducted a meta-analysis of 81 studies
of at-risk infants that promoted mother—in-
fant interaction and found that interventions fo-
cusing on promoting matemal sensitivity were
more effective than the combination of all other
types of interventions. The most effective inter-
ventions for enhancing maternal sensitivity
involved fewer than 16 sessions, used video
feedback, and were utilized with populations
in which child characteristics, rather than parent
characteristics, were risk factors. Such ap-
proaches might also be effective in infants at
risk for ASD. By facilitating early social
engagement and reciprocity between the at-
risk infant and his/her social partners, it may
be possible to prevent ASD in some cases.
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Understanding the Variability in Outcome
in ASD

Models of prevention and outcome in ASD
must explain the substantial variability in re-
sponse to early intervention that exists. Despite
receiving early, high-quality, intensive inter-
vention, some children with ASD nevertheless
make very slow progress. A sizable minority
of children fails to develop speech and shows
significant, enduring cognitive and social im-
pairments. It is likely that prevention studies fo-
cused on intervention with infants at risk for
ASD also will reveal substantial variability in
response to treatment. The tremendous etiologi-
cal and phenotypic heterogeneity in ASD indi-
cates that ASD is comprised of many subtypes
characterized by different genetic etiologies,
brain bases, and treatment responses. It is hy-
pothesized that individual differences in outcome
can be accounted for by several factors: (a) the
nature and severity of the effects of genetic and
environmental risk factors on early biological'
development, which define the range of neural
plasticity that is possible; (b) the degree to
which such influences negatively alters early
interactions between and child and his/her envi-
ronment, which defines the nature and degree of
early stimulation the child will receive; (¢) the
degree to which early intervention allows the
social partner to effectively adapt to the at-
risk child’s altered manner of interacting with
the world in such a way to facilitate normal so-
cial and linguistic input to the developing brain;
and (d) the timing and intensity of such early in-
tervention. Thus, there is not a one-one corre-
spondence between genetic or environmental
factors and the occurrence of ASD. Rather,
there are individual differences in the develop-
mental pathway that a given child will follow
that can be explained in terms of the interaction
between early risk factors and the context in
which the child develops. Although change in

1. 1tis increasingly recognized that autism affects not only
brain devélopment but also other systems, such as gas-
trointestinal and immune systems (see Herbert et al,,
2006). These can be considered another type of risk pro-
cess that influences the manner in which the child inter-
acts with his or her environment. Addressing these risk
processes via medical treatment is also important for op-
timal outcome.
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the developmental pathway is always possible,
canalization also constrains the magnitude and
quality of change. Therefore, “the longer an in-
dividual continues along a maladaptive ontoge-
netic pathway, the more difficult it is to reclaim
a normal developmental trajectory” (Cicchetti &
Cohen, 1995, p. 7). Thus, it is hypothesized that
the earlier risk for ASD is detected and inter-
vention can begin, the greater the chance that
intervention will alter the abmormal develop-
mental trajectory of individuals with ASD and
help guide brain and behavioral development
back toward a normal pathway and in some
cases, prevent the full syndrome of ASD. Harris
and Handleman (2000) found that children who
began treatment before age 4 had much better
outcomes, and that the younger and older treat-
ment groups were virtually nonoverlapping in
their placements in a regular versus special edu-
cation classroom in elementary school.

Some child variables have been found to
predict response to early intervention. Predic-
tive pretreatment child characteristics include
frequency of social initiations, level of social
avoidance, imitation ability, severity of core
autism symptoms, imitation, presence of dys-
morphic physical features, pretreatment IQ,
level of toy play, and use of language (Ingersoll,
Schreibman, & Stahmer, 2001; Rogers, 1998;
Sallows & Graupner, 2005; Sherer & Schreib-
man, 2005). These behaviors can be broadly
classified into three categories: (a) level of social
engagement indexed by infrequent social initia-
tions, social avoidance, poor imitation ability,
and social and communicative symptoms; (b)
level of intellectual ability indexed by low IQ,
delayed toy play, and presence of dysmorphol-
ogy; and (c) level of prelinguistic/linguistic abil-
ity. This author speculates that these three types
of behaviors reflect the presence and severity of
three overlapping disorders (a) core autism, (b)
comorbid mental retardation, and (c) comorbid
language impairment, respectively (see Fig-
ure 3). A child who has severe ASD, mineralo-
corticoid receptor (MR), and language disability
is likely to be highly aloof and avoid social inter-
actions, show little exploration of even the non-
social environment, nonfunctional use of toys,
and exhibit little or no vocalizations or sounds.
This child is likely to make slow progress despite
the best intervention. This is not meant to
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Early indices of core ASD pertain to
soclal engagement; Social inftiation,
social approach, and other social

. behaviors such as social smiling, social
orienting, social imitation, shared
attention, response fo sacial reinforcers,

Early indices of mental retardation
pertaln fo learning ability: 1Q, level of
toy play and exploration,
dysmorphology, seizures, and other
indices of rate of learning, such as
number of repetitions required for skill
acquisition, ability to generalize skills,
interfering motor stereotypies, need
for highly structured intervention
strategies

Early indices of developmental
tanguage impairment pertain {o vocal-
verbal ability: Behaviors include
vocalizations, attention {o speech
sounds, verbat imitation skills, rate of
progress in acquiring speech, oral
praxis, auditory processing skills, nead
for visual supporis

Figure 3. The response to intervention in autism spectrum disorder (ASD) is the predicted severity of ASD
and presence/absence of two highly comorbid disorders: mental retardation and developmental language im-
pairment. [A color version of this figure can be viewed online at Jjournals.cambridge.org/dpp]

minimize the importance of this progress for
quality of life and functional skills for such indi-
viduals, however. For the severely affected child,
intervention can promote functional communi-
cation and adaptive behaviors, reduce maladap-
tive behaviors, and lead to a more fulfilling,
less restrictive life.

In contrast, a child with mild ASD, mild or no
MR, and mild or no language disability initially
might not exhibit joint attention, engage in re-
ciprocal play, or have an interest in others, and
likely will engages in repetitive, unimaginative
toy play. This child, however, is likely to show
or quickly develop an interest in predictable so-
cial routines, enjoy rough and tumble play, re-
spond well to at least some social reinforcers, ex-
plore at least a limited number of toys, experiment
with cause and effect, and exhibit self-directed
vocalizations or speech. This child, whose diffi-

culties are mild and primarily manifest in the so-
clal-communicative domain, has a much higher
likelihood of responding very well to early inter-
vention. Specific assessment for comorbid mental
retardation and language impairment (which can
be manifest in a number of ways, including devel-
opmental receptive aphasia, oral dyspraxia, and
so on) may allow improved prediction of response
to early intervention and led to more individually
tailored treatment approaches.

In addition to behavioral predictors of re-
sponse to treatment, a goal is to identify genetic
and other biological predictors. In the randomized
trial of early intensive intervention for toddlers at
the University of Washington, all children un-
dergo brain imaging studies before entering into
treatment. Both structural and chemical brain
measures are being investigated as potential mod-
erators of response to early intervention. Variation
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in response to intervention may be a useful way to
examine genetic heterogeneity in ASD. A better
understanding of the variability in response to
treatment in ASD can provide insight into medi-
cal treatments that may help children who are
making slower progress in response to behavioral
interventions.

Conclusion

This article concentrated on early intensive be-
havioral interventions as a means of preventing
and treating autism. An equally important goal
is to prevent and treat core ASD symptoms by
eliminating or mitigating the detrimental effects
of genetic and environmental risk factors on bi-
ological and behavioral development in autism.
This goal is particularly important for the large
number of individuals who experience severe
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