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In no area of developmental pediatric practice is there more controversy regarding the choice of treatment than related to children with autistic spectrum disorders (ASD). Complementary and alternative medical therapies (CAM) are often elected because they are perceived as treating the
cause of symptoms rather than the symptoms themselves. CAM used for
autism can be divided by proposed mechanism: immune modulation, gastrointestinal, supplements that affect neurotransmitter function, and nonbiologic intervention. Secretin as a therapy for autism is discussed as an
example of how a clinical observation rapidly grew to a widespread treatment before well-designed studies demonstrated absence of effect. The
plausibility for behavioral effect was not substantiated by clinical studies.
CAM used for treatment of autism is examined in terms of rationale, evidence of efﬁcacy, side effects, and additional commentary. Families and
clinicians need access to well-designed clinical evidence to assist them in
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I

n no area of developmental pediatric practice is there more
controversy regarding the choice of treatment than related to
children with autistic spectrum disorders (ASD). There are
several explanations that may account for this phenomenon. The
natural history of the disorder involves regression of social and
language skills in up to one-third of children [Tuchman and
Rapin, 1997]. Families hope that an external toxic exposure or
event could be reversed to allow the child to return to a typical
rate of development. There are many anecdotal descriptions of
children who once ﬁt diagnostic criteria for autism who have
matured or responded to treatment so that they appear to no
longer meet diagnostic criteria [Seroussi, 2000; Michelloti et al.,
2002]. The phenotypic and developmental proﬁle of children
with ASD may vary. Children with ASD may not have characteristic congenital anomalies recognized as dysmorphic or
abnormalities on clinical neuroimaging and may have areas of
preserved skills. This may be seen as evidence for absence of
underlying neurological dysfunction or insult. The lack of identiﬁcation of a speciﬁc biomedical cause accepted by the scientiﬁc
and medical establishment allows for proliferation of multiple
hypotheses that may not be compatible with current scientiﬁc
understanding of neuroscience. Lastly, conventionally prescribed treatments for ASD address the symptoms of autism, not
© 2005 Wiley-Liss, Inc.

the underlying causes. Complementary and alternative therapies
purport to address eradication of the cause.
Conventional therapies focus on educational or developmental interventions designed to address skill acquisition associated with core deﬁcits of ASD, including communication,
social interaction, and play [National Research Council, 2001].
Few of the treatments prescribed in conventional practice have
been evaluated using randomized placebo-controlled trials, with
adequate sample size to determine effect. Although the literature
supports behaviorally based educational interventions [Lovaas,
1987; McEachin et al., 1993], the original case series has been
questioned on the basis of the randomization strategy and the
validity of the outcome measures at school age [Gresham and
MacMillan, 1997]. Reports in the peer-reviewed literature regarding the efﬁcacy of conventional medications and treatments
include open label studies in heterogeneous populations using
poorly validated or subjective outcome measures. There are few
well-designed studies that are adequately powered to support
conclusions of efﬁcacy. An example is the Research Units in
Pediatric Psychopharmacology (RUPP) trial demonstrating the
efﬁcacy of risperidone for treatment of irritability and aggression
[McCracken et al., 2002].
“BIOLOGICAL TREATMENTS”
The term “biological treatments” for ASD may be confusing to traditional health care providers. “Biological treatments” or “biomedical treatments” seek to alter physiology or
change the underlying processes that result in the symptoms of
autism. They are administered by oral, parenteral (injection or
intravenous), or topical routes. In common usage this term
typically excludes treatment with conventional prescription
medications used for symptomatic treatment of behavior or
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mentary and alternative medical (CAM)
therapies are not “biological” but invoke
alterations in physiological processes based
on touch, movement, manipulation, and
other sensory experiences. A series of treatments has been proposed by a group of
practitioners who have joined together as
Defeat Autism Now! (DAN!™). This program is described in the website http://
www.autismwebsite.com/ari/index.htm.
The Autism Research Institute is a nonproﬁt organization of parents and professionals that supports dissemination of information about causes and treatment of ASD.
It has sponsored workshops and conferences and developed a manual that discusses the approaches and provides a listing
of practitioners who subscribe to the
DAN!™ approach. Some of the interventions suggested by DAN!™ practitioners
include nutritional supplements, special diets, avoidance of allergenic foods, treatment of intestinal bacterial/yeast overgrowth, and detoxiﬁcation of heavy metals.
Much of the support for proposed treatments is predicated on subjective data from
practitioners. The consensus endorsement
includes some treatment strategies that are
not currently supported by data published
in peer-reviewed literature. This review article will discuss the evidence that supports
or refutes these and other CAM treatments.
WHAT WE “KNOW” ABOUT
THE ETIOLOGY OF AUTISM
For the purposes of this article, we
are including in ASD the diagnoses of
Autistic Disorder, Asperger’s Disorder,
and Pervasive Developmental Disorder–
Not Otherwise Speciﬁed. Since Rett’s
Disorder has an identiﬁable etiology, the
mutations at the MECP2 locus [Weaving
et al., 2005], and Childhood Disintegrative Disorder is likely to have a different
etiology and course, we are not including
them in this review. Current conventional science has not identiﬁed either the
genetic or neurobiologic basis of all of
the symptoms of autism.
Research to date indicates that
there is a multifactorial genetic component to the disorder [Muhle et al., 2004].
Linkage studies have identiﬁed regions
on several chromosomes that are likely to
contain genes associated with ASD, but
no speciﬁc region is highly associated
with ASD across all studies. Similarly,
abnormalities in candidate genes associated with early brain development or
neurotransmitter function are not uniformly replicated, which reﬂects the heterogeneity of the disorder. It is possible
that the genetic predisposition alone is
not sufﬁcient to result in the symptoms of
autism and that one or more environ132

mental factors must be in place for symptoms to be evident. Some of the environmental factors that have been
investigated include environmental contaminants [Bertrand et al., 2001] and maternal exposures during gestation [Arndt
et al., 2005]. Immune bases for neurological insults leading to autism have
been proposed [Krause et al., 2002]. It is
plausible that some symptoms of autism
may be amenable to interventions that
address these areas on a pharmacological
or physiological level.
This review will be organized by
proposed mechanisms of action including
immune modulation, gastrointestinal
tract functions, neurotransmitter regulation, and nonbiological treatments. Each
section will include a discussion of proposed mechanisms for complementary
and alternative therapies for ASD, the
evidence supporting each treatment,
known or potential side effects, and a
commentary. We will start with a discussion of secretin, which is an excellent
allegory for careful study of a proposed
treatment of autism.
SECRETIN
It is ironic that the intervention for
treatment of children with Autistic Spectrum Disorders that has been most carefully studied is an alternative, off-label
treatment that gained popularity prior to
adequate scientiﬁc scrutiny [Volkmar;
1999]. Secretin as a treatment for ASD
came into demand after the lay television
and print media publicized results of a
case series by Horvath et al. [1998]. The
report describes three children with autism who underwent diagnostic endoscopy with intravenous secretin infusion.
Subsequent resolution of symptoms of
autism was reported. Following the publicity, thousands of children with autism
received intravenous secretin treatments,
resulting in a secretin shortage.
Secretin is a gastrointestinal hormone, which is a member of the family
of brain– gut peptides including vasoactive intestinal peptide (VIP), glucagon,
growth hormone–releasing hormone,
pituitary adenlyate cyclase–activating polypeptide (PACAP), and others [Schutt,
1998]. Its local actions in the gastrointestinal tract have been well described, and,
until 1998, it was primarily administered by
gastroenterologists for diagnostic purposes
during endoscopy to examine pancreatic
secretion.
The case report of changes in behavioral or developmental symptoms following secretin administration [Horvath
et al., 1998] led to a search for physiological mechanisms of effect. In the ideal
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situation, the reverse process would be
desirable—-understanding the pathophysiologic cause(s) of the core symptoms of autism, and then developing appropriate treatments.
The original case report [Horvath
et al., 1998] appeared at the same time as
a growing appreciation of the brain– gut
interaction, with gut-derived hormones
signaling receptors or centers in the
brain. Since secretin is a member of the
family of brain– gut peptides, perhaps it
also acts as a neuropeptide, signaling centers in the brain [Ng et al., 2002; Kern et
al., 2004]. A landmark study by Nelson
and colleagues [2001] demonstrated differences in levels of VIP, a regulatory
molecule in brain development, in neonatal blood of children with autism.
However, they did not ﬁnd similar elevations in PACAP, which is in the same
family of hormones. No difference in
secretin receptor genes has been identiﬁed in people with ASD [Martin et al.,
2000].
Studies have shown that, not only
is secretin located peripherally (in the
gastrointestinal tract), but secretin and secretin receptors are also located centrally
[Charlton et al., 1983; Yung et al., 2001;
Koves et al., 2002; Nozaki et al., 2002;
Welch et al., 2003; Kern et al., 2004;
Welch et al., 2004; Yang et al., 2004].
Kern described secretin’s potential role as
a neuropeptide, with stimulation of receptors in the amygdala. Kern further
described secretin as a brain– gut stress
regulatory hormone, with impact on
GABA levels. Several studies have investigated the location of action of secretin
in the central nervous system (CNS).
Several studies in rats [Welch et al., 2003;
Koves et al., 2004; Kuntz et al., 2004]
have described activation and immunoreactivity of multiple areas of the brain
with intraventricular secretin injection.
Areas of activation included Purkinje
cells, central cerebellar nuclei, hippocampus, and amygdala. In addition, Kuntz et
al. [2004] and Yung et al. [2001] have
described increases in GABA levels upon
secretion injection, which supports the
hypothesis that secretin acts as a neuropeptide.
An important question would be
whether the action of secretin in the
brain impacts behaviors related to ASDs
or whether the gut-related secretin can
cross the blood– brain barrier and have an
effect in that manner. Several studies
have demonstrated that secretin can cross
the blood– brain barrier (in rats) and have
uptake in the hypothalamus [Banks et al.,
2002] and expression in the central
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Table 1.

Peer-Reviewed Secretin Studies

Author

Secretin

N

Outcome

Owley et al., 1999
Sandler et al., 1999
Chez et al., 2000
Dunn-Geier et al., 2000
Coniglio et al., 2001
Roberts et al., 2001
Corbett et al., 2001
Unis et al., 2002
Molloy et al., 2002
Sponheim et al., 2002
Carey et al., 2002
Kern et al., 2002

P
HSS
P
P
P
Pa
P
P or HSS
HSS
HSSa
HSS
P

Honomichl et al., 2002

P
HSS
HSS
HSSa

20
60
25
95
60
64
12
85
42
6
8
14
5
14
6
61
132
709

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NSb
#
NSc
NSc
NS
NS

Levy et al., 2003b
Repligen, 2004
Total

All studies double blind/placebo controlled. P, porcine secretin; HSS, human synthetic secretin. All doses at 2 CU/kg
a
multiple dose
b
Positive response (decreased maladaptive behavior) in subgroup (N ⫽ 5) with diarrhea
c
Sleep worse with secretin.

amygdala and area postrema [Yang et al.,
2004].
The identiﬁcation of secretin and
secretin receptors in the brain may not be
relevant to treatment of symptoms of autism, however. More than a dozen welldesigned studies, published in peer-reviewed journals, involving over 700
children, have failed to conﬁrm the treatment effect [Esch and Carr, 2004; Sturmey, 2005] that was initially reported
[Horvath et al., 1998]; (Table 1). These
studies paid close attention to study design, including standardized methods of
diagnosis, well-established and valid outcome measures (e.g., symptoms of autism
related to language, attention, maladaptive behaviors, and physiological responses), homogenous populations, and
prospective randomized trials with placebo controls; and adequate numbers of
patients for statistical analysis. Phase III
drug trials by the pharmaceutical company Repligen have also failed to conﬁrm the remediation of symptoms of autism [Repligen, 2004]. When studies did
not conﬁrm a therapeutic effect for intravenous secretin, a market was developed for other routes of administration
that could be done over the counter
without a doctor’s assistance. There is a
single case report of sublingual administration of secretin [Lamson and Plaza,
2001]. No evidence in the peer-reviewed
literature conﬁrms absorption by this
route.
Several reports have described the
impact of the placebo response among
children with autism treated with secreMRDD RESEARCH REVIEWS
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tin [Sandler and Bodﬁsh, 2000; Coplan et
al., 2003]. Sandler and Bodﬁsh [2000]
observed that families chose to continue
secretin even after they were notiﬁed that
their child did not have a treatment response in the blinded study. They note
that the effect of attention on reinforcing
communication and positive behaviors
after an anticipated intervention like secretin infusion may have an independent
effect on children’s behavior. They discuss the power of positive language and
the potential utility of placebo in modern
practice. Families participating in a double-blind placebo, crossover trial of human synthetic secretin were unable to
accurately guess the sequence of treatment [Coplan et al., 2003] despite significant changes in function in a few children in each group. Further research into
how families make decisions regarding
treatment choices, how they analyze information available to them, and their
reasons and speciﬁc expectations of
CAM will be important to guide clinicians and researchers in the care of children and families with ASD.
Reports of frequency of gastrointestinal symptoms in children with ASD
vary from 18% to 52% [Kuddo and Nelson, 2003], with the most common reported symptoms including diarrhea, gastroesophageal reﬂux, and food selectivity.
A beneﬁcial side effect of secretin in
some children appears to be an increase
in formed stool. It is unclear what the
long-term side effects or allergic response
of the body to repeated administration of
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a foreign substance such as porcine secretin would be.
This treatment has been subjected
to be one of the largest series of controlled trials of interventions for any disorder in childhood. The attention paid to
determining whether secretin can “cure”
autism is unparalleled. The clinical studies were adequately powered, well designed, and did not demonstrate efﬁcacy.
Despite this, interest and demand still
occurs. On the other hand—-it is appropriate to continue to study the contribution of neuropeptides to the pathophysiology and evolution of the symptoms of
autism. We need to move away from
looking at secretin as a treatment and
continue to investigate neuropeptides as a
piece of the puzzle of autism. Other popular but unproven interventions need to
be studied with the same scrutiny.
CAM AND THE IMMUNE
SYSTEM IN AUTISM
It is possible that immune factors
are associated with some cases of autism.
This hypothesis is the core of several
popular CAM approaches. These approaches are based on the supposition
that the symptoms of autism are due to
brain damage secondary to immunologic
response to infections or autoimmunity,
primary immune deﬁciency, or secondary immune deﬁciency.
Evidence for Neuroimmune Insult
in ASD
Although histological examination
of the brains of people with autism do
133

not typically have evidence of early infection, chronic inﬂammation, or autoimmune disorders [Bailey et al., 1998],
antibodies directed toward endothelial
cells, neuroﬁlaments, and myelin basic
protein have been reported in children
with autism [Pliopys et al., 1989; Singh et
al., 1993, 1998; Connolly et al., 1999;
Singh et al., 2002; Singh and Jensen,
2003]. Viral infection, or the immune
response to viral infection, has been proposed to result in antibody production to
neurotransmitter receptors such as serotonin binding sites [Todd and Ciaranello,
1985; Singh et al., 1997]. The possibility
of immunoreactivity at serotonin binding
sites is controversial [Yuwiler et al., 1992;
Cook et al., 1993]. Prenatal exposures
that might alter brain development by
immunologic mechanisms have also been
proposed. Both prenatal and neonatal exposure to novel viruses that do not result
in an inﬂammatory response [Hornig and
Lipkin, 2001] and maternal immune response to viral infection in utero have
been demonstrated to alter brain development in mouse models with resultant
behaviors related to social interaction
[Shi et al., 2003].
Evidence for General Immune
Dysfunction or Autoimmune
Dysfunction in ASD
Primary immune deﬁciencies in
children with ASD have been suggested
because of reports of increased frequency
of otitis media [Konstantareas and Homatidis, 1987], allergies, and gastrointestinal problems. However, Fombonne et
al. [2001] did not identify an increased
rate of ear infections in children with
PDD. Many families report food intolerances and allergies, but it has not been
determined whether children with autism have a greater prevalence of true
allergic responses using standard testing
and deﬁnitions [Renzoni et al., 1995;
Fombonne et al., 2001]. Antibodies to
milk protein have been identiﬁed in
some children with autism [Vojdani et
al., 2002]. Families of children with autism report an increased rate of family
members with autoimmune disorders
[Sweeten et al., 2003]. This supports
Comi et al. [1999], who reported that
46% of the families of children with autism in their study had two or more
family members with autoimmune disorders. Micali et al. [2004] could not conﬁrm an association of autism with family
members with autoimmune disorders in
another sample. The accuracy of parent
report and relation to immune disorders
in the children with autism will require
additional study.
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No uniform pattern of laboratory
measures of peripheral immune function
is consistently reported in children with
autism. Reported ﬁndings include decreased natural killer cell cytotoxicity
[Warren et al., 1987]; alteration in CD
⫹4:CD ⫹8 [Warren et al., 1986; Plioplys et al., 1994]; lower levels of Th1 cells
and resultant lower levels of IL2, IFNgamma, and natural killer cell activity
[Gupta et al., 1998]; and decreased tissue
necrosis factor alpha [Torres et al., 2001].
Altered immune function might impair
the immune response to viral infection.
Genetic predisposition to immune dysfunction in people with autism related to
expression of CD4⫹ remains controversial [Warren et al., 1996; Rogers et al.,
1999].
Environmental exposures that alter
immune function have also been proposed including (1) immune response directed toward a vaccine that cross reacts
with host antigens, (2) host response to a
vaccine that would result in production
of cytokines and subsequent autoimmune
reaction, or (3) components of a vaccine
that would be directly toxic to the immune or nervous system. Regarding this
last hypothesis, the preservative thimerosal, which was previously present in some
multidose vaccines, has been the focus of
scrutiny.
Although the evidence for a primary immune deﬁcit in children with
autism is not consistent or well developed at this time, several popular CAM
therapies implicate immune mechanisms
to justify their use and explain potential
treatments, which we will describe below.
Dietary Restriction of Known
Allergens
If documented food allergy is
present, behavioral response to symptoms
of discomfort might be related behavioral
symptoms of irritability, food refusal, and
sleep disturbance. These symptoms may
be perceived as negative behaviors. Lucarelli et al. [1995] found one-third of 36
children with autism to have food allergies documented by skin tests. A general
behavioral rating scale monitored dietary
restriction of the identiﬁed food in addition to milk for 8 weeks. Double-blind
food challenges after 8 weeks of restriction resulted in behavioral deterioration
as measured on a rating scale.
Dietary treatment of symptoms of
ASD is not typically based on conventional understanding of food allergy or
intolerance, but on the hypothesis of altered neuropeptide availability in the
MRDD RESEARCH REVIEWS
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CNS [Shattock et al., 1990; Reichelt et
al., 1991].
Intravenous Immunoglobulins
(IVIG)
Pooled human immunoglobin has
been administered to children with ASD
to address generalized and speciﬁc immune deﬁcits as noted above. IVIG is the
recommended treatment for many immune-mediated disorders and the application to autism was an extension from
the success seen with neurological disorders of autoimmune origin such as myasthenia gravis and Guillain Barre Syndrome. Three case series have been
published reporting on the experience of
IVIG in children with autism. Gupta et
al. [1996] published an open trial including 10 children who demonstrated subjective improvement with worsening after discontinuation of infusions. A second
case series by Pliopys [1998] included 10
children with autism of whom 5 did not
improve and 4 had mild improvement of
attention. No parents elected to continue
the infusions. The third group to study
IVIG did not see improvement in their 7
subjects over 6 months [Del Guidice et
al., 1999]. As a derivative of human
plasma, IVIG carries a very small but
present risk for blood-borne infection.
Although rare, side effects include renal
tubular acidosis, thromboembolic events,
aseptic meningitis, and rash. IVIG has
been in short supply and most institutions
request that practitioners use this product
only for treatment of diseases in which
there has been documented beneﬁt
[Dalakas, 2004].
Antiviral Agents
Treatment strategies have arisen to
target viruses that are suggested causes of
autism, chronic fatigue syndrome, Attention Deﬁcit/Hyperactivity Disorder
(ADHD), and other chronic disorders.
Proponents of the neuroimmune treatment approach acknowledge that the research literature has not yet identiﬁed the
mechanism or the speciﬁc viruses that
might be responsible for the neurological
symptoms but suggest that clinical practice supports treatment with antiviral
agents. No peer-reviewed publications
addressing safety or efﬁcacy of treatment
of children with ASD with long-term
valacyclovir or other antiviral agents
were identiﬁed. A major concern regarding chronic administration of antiviral
agents is bone marrow suppression.
Other side effects of these agents include
nausea, headache, dizziness, abdominal
pain, and depression. Concern has been
raised that antibodies to myelin basic pro-
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tein may be a nonspeciﬁc response to
infection and may not reﬂect speciﬁc
neural damage related to autism. The
safety of antiviral agents used over time
has not been established.
Chelation: DMSA, Lipoic Acid,
Clay Baths, and Natural Chelating
Agents
Since up to one-third of children
with autism may present with regression
in milestones in the second year of life,
families and professionals might suggest
association of symptoms of autism with
environmental events that are temporally
related. With the increase in reported
prevalence of ASD over the past 15 years
[Barbaresi et al., 2005], associations with
environmental exposures that have systematically changed have been proposed.
One such association is with thimerosal,
which is an ethylmercury derivative used
to stabilize killed virus vaccinations packaged in multidose vials. It is reported that
mercury exposure shifts cytokine production from Th1 to Th2, which may
decrease T cell and natural killer cell activity. Some strains of mice have enhanced genetic susceptibility to the effects of mercury [Hornig et al., 2004].
Live virus vaccines like the trivalent measles–mumps–rubella vaccine do not contain thimerosal. Thimerosal is no longer
present in childhood vaccines except for
DT and inﬂuenza vaccine.
Several studies have examined the
relationship of thimerosal-containing vaccines and ASD. Thimerosal was removed
from childhood vaccines in Denmark in
1992. This allowed Madsen et al. [2003]
to examine the rate of reported autism
before and after this change in practice.
The rate of diagnosis of autism increased
prior to the removal of thimerosal and
continued at that trajectory after its removal. Verstraeten et al. [2004] used the
Vaccine Safety Datalink to investigate
any relationship of thimerosal exposure
based on number of immunizations and
body weight with developmental disabilities. No consistent associations were
identiﬁed. Causality could not be implied. Geier and Geier [2002] reported an
analysis of the Vaccine Adverse Events
Reporting System database set that suggested an increased rate of reported
speech delay, mental retardation, and autism after thimerosal-containing vaccine.
This type of study does not determine
causality. The Institute of Medicine review in 2001 [Stratton et al., 2001] did
not endorse an association of thimerosal
and autism based on the evidence available. There is genetic variation in the
capacity to detoxify mercury as eviMRDD RESEARCH REVIEWS

●

denced by data from different strains of
mice [Hornig et al., 2004].
Dimercaptosuccinic acid (DMSA)
is a commonly used agent in clinical
practice for chelation of lead and other
heavy metals. Although effective at removing lead from the bloodstream and
periphery, follow up studies do not demonstrate resolution of neurodevelopmental sequelae [Dietrich et al., 2004]. By
extension, chelating agents like DSMA
are used in an attempt to remove mercury that is believed to be sequestered in
the tissue after early childhood vaccination in children with autism. There are
no peer-reviewed publications regarding
efﬁcacy of chelation agents for the treatment of autism that have yet come to
press. Natural chelation using mud baths
or dietary ﬁber supplements and augmentation of chelation with antioxidants
have not been evaluated in the peerreviewed literature.
Renal and hepatic toxicity must be
monitored with DMSA chelation. In the
absence of documented elevation of
heavy metal burden, there is no rationale
for chelation therapy outside of controlled clinical trials. By extrapolation
from the data related to lead poisoning,
neurological damage should not be affected by chelation at a later date [Dietrich et al., 2004].
GASTROINTESTINAL
TREATMENTS
It is plausible that some children
with autism have increased frequency of
symptoms related to the gastrointestinal
tract, such as diarrhea, constipation, and
gastroesophageal reﬂux (and discomfort)
for which the families will seek medical
attention. Despite reports of a higher frequency of associated gastrointestinal
symptoms [Horvath et al., 1999; Horvath
and Perman, 2002], epidemiological data
does not support this claim [Black et al.,
2002; Kuddo and Nelson, 2003]. Differences in reported frequency may be related to referral bias [Molloy et al., 2002].
Of children seen in tertiary care clinic for
ASD, 24% had a history of at least one
chronic gastrointestinal symptom.
Potential explanations for gastrointestinal symptoms in children with autism
could be related to genetic, embryologic,
neurological, or immunologic factors.
Early developmental genes implicated in
some cases of autism are expressed in
both brain and intestine [Ingram et al.,
2000]. Increased levels of plasma serotonin are one of the most consistent biological ﬁndings in people with autism and
their relatives. The source of this serotonin is likely to be platelets, but serotonin
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is the primary neurotransmitter functioning in the enteric nervous system [Goyal
and Hirano, 1996]. Neural control of
intestinal transit via the vagal nerve also
provides input centrally in a bidirectional
fashion [Goyal and Hirano, 1996]. After
Wakeﬁeld et al. [1998] reported an increased prevalence of lymphonodular hyperplasia in a referral population of children with previously diagnosed pervasive
developmental disorder; it was suggested
that viral exposure might lead to immune
response in the colon, which could alter
permeability and produce symptoms of a
“leaky gut.” D’Eufemia and colleagues
[1996] described evidence of gut mucosal
damage through abnormal results of an
intestinal permeability test compared to
controls.
A case series of endoscopic evaluations of children with autism and gastrointestinal symptoms described an increased rate of ileal lymphoid nodular
hyperplasia and evidence of colitis
[Wakeﬁeld, 2002; Ashwood et al., 2003],
gastroesophageal reﬂux, and decreased
disaccharidase in the brush border of the
small intestine [Horvath et al., 1999].
These observations and the question of
lymphonodular hyperplasia have yet to
be replicated in other populations with
data on dietary and medical history and
compared to appropriate controls for described symptoms such as constipation.
Given the observations that relate
to gastrointestinal functions and the focus
on nutrition and colonic function of
many complementary belief systems, as
would be expected, many CAM therapies involve diet and methods of altering
intestinal function.
Digestive Enzymes
With the assumption of underlying
gastrointestinal dysfunction, including
malabsorption and incomplete breakdown of ingested proteins (see glutenfree/casein-free diet below), digestive
enzymes are used to assist with the digestive process and remove toxic compounds (“exorphins”) from the gastrointestinal tract. Brudnak et al. [2002]
reports an open clinical trial with a formulated combination of enzymes (EnzymAid™) and probiotic agent (acidophilus) in which 29 of 46 subjects completed
the trial. Personal issues, lack of palatability of the preparation, and behavioral or
medical side effects (n ⫽ 6) were cited as
reasons for leaving the study. Of note,
40% of the subjects were already consuming a gluten-free/casein-free diet.
Outcome measures were ratings by observers who were not blinded to the
treatment condition. The authors report
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a positive trend for all parameters. Despite the lack of supportive evidence, enzyme aids or digestive enzymes appear to
be in frequent use. As noted above, little
objective data is available regarding efﬁcacy, and close to 15% of subjects experienced undesired side effects.
Yeast Overgrowth: Probiotics,
Antifungal Agents, “Yeast-free
Diet”
A hypothesis of cause of symptoms
of autism was suggested by Crook [1986]
that overgrowth of candida in the intestine might occur secondary to antibiotic
use, underlying immune alteration, or
secondary to ingestion of processed sugars and other foods that enhance yeast
growth. While it is true that antibiotic
use may alter intestinal bacterial ﬂora and
can lead to diaper area or vaginal infection, there is no evidence that typical
antibiotic use leads to intestinal candida
infection in individuals with normal immune systems. Candidal overgrowth in
the intestines has not been documented
[Wakeﬁeld et al., 1998; Horvath et al.,
1999; Wakeﬁeld et al., 2000] by endoscopy. Two brothers with regression of
milestones, intermittent ataxia, and
symptoms of autism were reported by
Shaw et al. [1995]. Possible interpretations included a toxic effect of yeast metabolites, an effect of the yeast on the
intestinal membrane causing abnormal
absorption of other substances, or an epiphenomenon. No further studies or cases
are available in the peer-reviewed literature.
Treatments to minimize yeast
overgrowth in the colon include conventional systemic antifungal agents, probiotic agents such as acidophilus and lactobacillus to alter the bacterial ﬂora of the
intestine [Garvey, 2002], and dietary
modiﬁcations to decrease the substrate
for yeast overgrowth. No clinical trials to
date have been published in the peerreviewed literature examining these
treatments for ASD, although they remain popular. Minimizing processed
sugars in the diet is not likely to alter
colonic yeast. Chronic use of antifungal
agents such as ﬂuconazole requires monitoring for liver toxicity and exfoliative
dermatitis. Nystatin is not systemically
absorbed but may result in diarrhea. This
diarrhea is sometimes interpreted as a
“die off’ reaction with elimination of
yeast from the colon. No known negative side effects of probiotic agents or a
“yeast-free” diet are reported. The presence of Krebs cycle intermediates of potentially fungal origin in the urine of
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some children with autism needs further
investigation.
Gluten-free/Casein-free Diet
The gluten-free/casein-free diet is
currently one the most commonly used
noneducationally or developmentally
based treatments for symptoms of autism
[Adams et al., 2004]. The popularity of
this intervention may be based on the
presumption it is a healthy; noninvasive
approach and is presented in an optimistic fashion describing the likelihood of
rapid response. The rationale for the gluten-free/casein-free diet is based upon
the assumption that children with ASD
have a ”leaky gut“ associated with inability to completely break down selected
proteins (e.g., gluten and casein), with
the resultant systemic absorption of peptide fragments. These gliadinomorphins
(from barley, rye, oats, and wheat) and
casomorphins (from all dairy products)
then act centrally as endogenous opioids.
The comparison to an opioid effect with
symptoms of autism remain speculative
[Reichelt et al., 1990; Shattock et al.,
1990; Reichelt et al., 1991; Gilberg,
1995; Shattock and Whitely, 2004] Despite this, the implementation of a diet
excluding gluten and casein proteins is
widespread, and reports of success are
common in the nonmedical literature
[Lewis, 1998; Serousi, 2000]. The significance of elevated urinary peptides related to gluten and casein remains controversial [Reichelt et al., 1990; Shattock
et al., 1990; Williams and Marshall, 1992;
Hunter et al., 2003]. Micali et al. [2004]
completed a review of randomized control trials of gluten and/or casein elimination diets. Only one trial met their
criteria for review so a metaanalysis could
not be completed. This case series
[Knivsberg et al., 1995] reported reduction in autistic traits over a 1-year period
compared to the prior year. Doubleblind placebo-controlled challenge studies are now in progress. In a population
in which food selectivity is common, additional dietary restriction may negatively
impact nutritional status. Milk is a major
source of vitamin D, calcium, and protein in children in the United States, so
attention to nutritional status is important. The cost and stress related to maintaining the diet must be considered by
families electing this intervention. This
treatment may have value in selected
populations, for selected symptoms. Existing literature neither supports nor refutes the anecdotal reports in the lay
press. In the near future more data will be
MRDD RESEARCH REVIEWS
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available to allow for informed decisions
regarding implementation of the diet.
Speciﬁc Carbohydrate DietTM
(SCD)
This diet is predicated on the assumption that the gastrointestinal dysfunction (abnormal permeability and
dysbiosis) experienced by children with
ASD (and outlined above for glutenfree/casein-free diet) can be countered
by administering a diet that includes carbohydrates of smaller molecular size so
that they do not need to be broken down
[Gottschall, 2004]. This diet was initially
developed for people with celiac disease.
In practice, disaccharides and polysaccharides are avoided in preference for monsaccharides. There are no published studies of efﬁcacy for this diet other than the
anecdotal reports. Attention to the nutritional sufﬁciency of this diet is necessary.
As in other specialized diets for children
with developmental disability or autism,
it places additional pressure on families to
implement the diet and provides higher
expectations and an additional source of
guilt if changes are not seen. As with any
intervention, families who report improvement with dietary treatments may
counter that families might feel guilt if
they did not try an intervention that
might have symptomatic improvement.
This reinforces the need for evidence on
which to base treatment decisions.
Antibiotic Therapy
Anecdotal reports of the recognition of symptoms of ASD after antibiotic
use led Sandler et al. [2000] to suggest
that an alteration in intestinal ﬂora may
have precipitated symptoms of autism.
When the stools of children with autism
were compared to children without autism, colonization with clostridium species were different [Finegold et al., 2002;
Song et al., 2004]. The relationship of
altered colonic ﬂora and neurological
symptoms on the basis of toxins and/or
alteration of the integrity of the intestinal
lining is suggested.
Oral vancomycin [Sandler et al.,
2000] was given in an open label study to
11 children with ASD who had a history
of behavioral regression and diarrhea.
Outcome parameters included blinded
videotape evaluations and nonblinded
behavior and communication assessments. Eight of 10 children had signiﬁcant improvement. Stool samples prior to
treatment had fewer Peptostroptoccal species than adult controls. Vancomycin
provides broad coverage for anaerobic
bacteria. Colitis is a known side effect.
Widespread use of vancomycin is dis-
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couraged to prevent the emergence of
resistant strains of bacteria.
SUPPLEMENTS: MODULATION
OF CENTRAL
NEUROTRANSMITTERS AND
NEUROPEPTIDES
The Autism Research Institute
surveys parents who contact them regarding their therapeutic choices and
impressions. Parent ratings from this
questionnaire describe that the most
commonly used vitamins are vitamin B6
and magnesium, DMG, (dimethylglycine), and vitamin C [Adams et al.,
2004]. This section will concentrate on
the theory behind and scientiﬁc evidence
to support administration of nutritional
supplements as a treatment for autism.
Nutritional supplements include
vitamins, minerals, and other substances
considered to be “natural” and available
without a prescription. The proposed basis for improvement of function using
vitamins and supplements is the enhancement of neurotransmitter function by increasing availability of substrate or cofactors [Hyman and Levy, 2000] and/or to
compensate for presumed biochemical
deﬁcits that may cause autism [Pfeiffer et
al., 1995]. Evidence for deﬁcits in the
body of various endogenous vitamins has
been circumstantial and has been extrapolated from fetal abnormalities associated
with prenatal deﬁciencies in the context
of genetic predisposition, such as folic
acid and neural tube defects [Cabrera et
al., 2005]. Certainly, children with autism and selective diets may have dietary
insufﬁciency, but no correlation with etiology has been established [Arnold et al.,
2003]. The suggested doses of supplements typically suggested are above the
recommended daily allowance and with
limited data on long- or short-term side
effects. The supplements we shall discuss
include those related to neurotransmitter
production (vitamin C, folic acid, B6,
and magnesium, B12, DMG or dimethylglycine, D-cycloserine, tyrosine, and
tryptophan supplementation, L-carnosine,
and cyproheptadine), neuropeptides (oxytocin), and immune mediation by second
messengers (essential fatty acids).
Vitamin C
Vitamin C has a number of important functions, including as a cofactor in
the conversion of tyrosine to dopamine,
tryptophan to 5-HT, as an antioxidant,
and in regulation of cellular immune
function. Vitamin C has limited popularity as a CAM treatment for symptoms of
ASD despite a study by Dolske et al.
[1993] describing positive results decreasMRDD RESEARCH REVIEWS
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ing stereotyped behavior in a 30-week
double-blind/ placebo-controlled trial in
18 children. This study has not been replicated. Few side effects are described,
except in high doses where there might
be gastrointestinal upset (including diarrhea) or potential of kidney stones.
Folic Acid
Folate supplementation typically
occurs in the context of a multivitamin.
The potential mechanism to address
symptoms of autism would include provision of additional substrate as a cofactor
in methylation reactions in catecholamine synthesis and metabolism [Fernstrom, 2000]. No clinical studies were
available examining efﬁcacy or side effects in children with autism.
B6 and Magnesium
The combination of B6 (pyridoxine) and magnesium was identiﬁed as the
most commonly used supplement for
treatment of autism in a survey of parents
contacting the Autism Research Institute
[Adams et al., 2004]. Pyridoxine functions as a cofactor in the conversion of
dopamine to norepinephrine, and tryptophan to serotonin, thus raising serotonin levels [Bernstein, 1990]. It also plays
a role in synthesis of other neurotransmitters, including biogenic amines (dopamine, serotonin, histamine, norepinephrine, and epinephrine) and GABA
[Lerner et al., 2002].
A number of clinical trials have
been conducted. Unfortunately they
have not been at the level of sophistication of the secretin studies. Many of the
reports are either surveys or open-label
studies [Rimland, 1978; Lelord et al.,
1981; Martineau et al., 1981; Lelord et
al., 1982; Rimland, 1988] that do not
eliminate the possibility of placebo effect.
Double-blinded clinical trials of low dose
[Tolbert et al., 1993] and high dose B6
[Findling, 1997] did not demonstrate efﬁcacy in improving symptoms of autism
in small samples. Pfeiffer et al. [1995] and
Nye and Brice [2002] reviewed the literature and concluded that, due to methodological deﬁcits and small sample sizes,
no recommendations could be made for
this treatment. Although not clinically
reported in any of the studies, untoward
side effects of pyridoxine excess include
peripheral neuropathy. No data are available for a tolerable upper limit of dosage
in children (safe doses in adults appear to
be under 100 –150 mg/day).
B12
It has been suggested that increased
oxidative stress is present secondary to
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metabolic abnormalities in children with
autism. Lower plasma concentrations of
methionine, S-adenosylmethionine, homocysteine, cystathionine, cysteine, and
total glutathione were found in 20 children with autism diagnosed on clinical
grounds compared to 33 controls without autism. Signiﬁcantly higher concentrations of adnosine, oxidized glutathione, and S-adenosylhomocysteine were
identiﬁed in the children with autism
[James et al., 2004]. The authors suggest
that a mechanism for neurodevelopmental harm might be through impaired antioxidant defense that predisposes children with autism to be less able to
detoxify mercury and other environmental contaminants.
Based on the possible impairment
in capacity for methylation and oxidative
stress, James et al. [2004] went on to treat
a subset of children with autism with oral
folinic acid and subcutaneous B12. They
report that this treatment normalizes the
laboratory measures drawn at baseline
and subjectively improves behaviors associated with autism.
It is unknown whether excess folinic acid has clinical sequelae. Intramuscular B12 is conventionally used to treat
people with deﬁcits in intrinsic factor. It
is found in animal protein and may need
to be supplemented in vegans and people
with celiac disease. Symptoms of excess
B12 are unknown.
The laboratory ﬁndings reported
by James et al. [2004] are unlikely to be
related to dietary peculiarities, although
one of the major sources of methionine
in young children is milk. No dietary or
medical history is provided on the subjects or controls. Replication and additional clinical trials data are indicated
prior to acceptance into widespread practice.
DMG
The next most commonly used
supplement as reported by the Autism
Research Institute survey was DMG
(dimethylgycine). DMG is not technically a vitamin but is sold as a nutritional
supplement. It is metabolized in the liver
ultimately to glycine, an excitatory neurotransmitter. Additional action as an immune enhancer is suggested, although
not conﬁrmed. Two double-blind, placebo-controlled studies [Bolman and
Richmond, 1999; Kern et al., 2001] have
not demonstrated differences between
DMG and placebo. Bolman and Richmond studied 10 males (7 children and 3
adults) and used clinical rating scales
without documentation of clinical improvement. Kern and colleagues studied
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37 children and noted improvement in
behavior in both groups. Few side effects
are reported in these studies. One participant exhibited symptoms of hyperactivity, leading to discontinuation of this
supplement. Despite the absence of evidence for either safety or efﬁcacy, DMG
remains a popular intervention. There
are no studies in the peer-reviewed literature related to treatment with the related compound, trimethylglycine.
Tryptophan and Tyrosine
Supplementation
The amino acid tryptophan is a
precursor of serotonin (5-hydroxytryptophan). Multiple studies have documented
differences in serotonin metabolism related to ASD, including abnormal peripheral levels of serotonin [Anderson et
al., 1987], serotonergic abnormalities in
brain [Chugani, 2004;], serotonin dysregulation in animal models of ASD
[Whitaker-Azmitia; 2005], and abnormalities of Serotonin 5-HT2A Receptor
or transporter genes [Anderson et al.,
2002; Betancur et al., 2002; VeenstraVanderWeele et al., 2002]. The rationale
for dietary treatment implies that supplementation with a natural amino acid
would be safer than administering a drug
that enhances serotonin release or reuptake inhibition. Depletion of tryptophan has been reported to cause signiﬁcant deterioration in patients with autism
[McDougle et al., 1993; Cook and Leventhal, 1996].
Recently, Croonenberghs and colleagues [2005] described differences in
peripheral metabolism of 5-hydroxytryptophan after an oral challenge in 18 adolescent subjects with autism and 20 controls. This study did not examine clinical
effects. While this study is intriguing, it is
not without concerns about safety. In the
past, contamination of commercial tryptophan supplements led to Eosinophilia
myalgia syndrome, necessitating its recall
[Fernstrom, 2000].
Similarly the rationale for tyrosine
supplementation is its status as a precursor
for catecholamines (dopamine, norepinephrine, and epinephrine). No studies
are available to evaluate nutritional manipulation of tyrosine.
Cyproheptadine
Cyproheptadine (Periactin™) is an
antihistamine that is a 5-HT2 receptor
antagonist with reported antipsychotic
activity [Akhondzadeh et al., 2004].
Studies have described elevated blood
levels of 5-HT [Ritvo et al., 1970],
which is now determined to be associated with increased levels of serotonin in
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platelets [Mulder et al., 2004; Spivak et
al., 2004]. As in other therapeutic innovations of treatment in autism, information obtained from trials of adults with
schizophrenia paved the way for trials in
autism. Several open clinical trials of
ritansin, a selective 5-HT2/1C antagonist; showed promising results in reduction of symptoms [Akhondzadeh, 2004].
A double-blind, placebo-controlled
8-week trial of oral cyproheptadine compared to haloperidol and placebo in 40
children between 3 and 11 years of age
with severely disruptive behavioral
symptoms was completed. Children who
received cyproheptadine and haldol had
better outcomes as measured by the Aberrant Behavior Checklist—-Community and the Childhood Autism Rating
Scale (CARS). The authors suggested
conﬁrmation with a larger population.
Side effects noted included sleepiness and
increased appetite (which might not be a
problem in subsets of children with autism).
This represents an off-label use of an
approved medication, taking advantage of
actions (e.g., 5-HT antagonism) other than
the primary one as an antihistamine. It is
possible that the combination of cyproheptadine with an atypical neuroleptic rather
than haloperidol might be more effective.
D-Cycloserine

D-cycloserine, an antibiotic that is
a partial agonist at the glycine binding site
of N-methyl-D-aspartate (NMDA) glutamate receptor, has been proposed as a
treatment for autism. Several reports have
related GABA receptor genes [Martin et
al., 2000; Buxbaum et al., 2002] and the
GABA system to pathophysiology of autism [Carlsson, 1998; Dhossche et al.,
2002]. Earlier studies of adults with
schizophrenia [Golf, 1999] demonstrated
a decrease in disruptive symptoms with
D-cycloserine in combination with a
neuroleptic. Posey et al. [2004] published
a 2-week single-blind placebo lead-in
phase to treatment with three different
doses of D-cycloserine. Subjects (n ⫽ 10)
were aged 5–27 years. Outcome measures included the Clinical Global Impression scale and Aberrant Behavior
Checklist. On the highest dose, subjects
had statistically signiﬁcant improvement
in social withdrawal. Adverse effects reported included motor tics and increased
echolalia in two subjects. The authors acknowledge the wide age range, lack of
clinician blinding, absence of a control
group, and small number of subjects. The
order of treatments was not randomized.
This is an intriguing idea that might deserve further pursuit, pending documentaMRDD RESEARCH REVIEWS
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tion of an association between glutaminergic neurotransmission and autism.
Carnosine Supplementation
Supplementation with carnosine, a
dipeptide (histadine and alanine), is presumed to act on GABA receptors in the
frontal lobe [Chez et al., 2002]. GABA is
an inhibitory neurotransmitter in the cerebral cortex. Petroff and colleagues
[2001] correlated GABA levels and homocarnosine levels using magnetic resonance imaging. Homocarnosine levels
(when GABA and carnosine bind together) were higher in the frontal lobe.
Chez et al. [2002] completed an
8-week open trial of oral supplementation with 800 mg L-carnosine in 31 children. Most subjects either had an abnormal EEG or were also treated with
valproate. Outcome measures included
parent impression (Clinical Global Impression Scale) and observation or assessment instruments by clinicians. The authors report improvement on a measure
of socialization and receptive vocabulary.
Improvement in receptive language
could have been due to maturation, educational interventions, placebo effect, or
improvement in seizure management
among other potential confounds that
were not addressed in the study design.
Oxytocin Infusion
Oxytocin is a member of a family
of neuropeptides (9 amino acids) released
from the posterior pituitary gland. The
central pathways and actions of oxytocin
and vasopressin are well described [Insel,
1999] with important cognitive, behavioral, and social effects. Since oxytocin
does not cross the blood– brain barrier,
studies of the central effects are based on
pharmacological studies of agonists and
antagonists. Winslow and Insel [2002] report that mice with a null mutation of the
oxytocin gene show social deﬁcits that
resolve after administration of oxytocin
directly into the amygdala. Increased stereotyped behavior following intracerbroventricular oxytocin administration
has also been demonstrated in an animal
model [Hollander et al., 2003]. Children
with autism have both lower plasma oxytocin levels and atypical oxytocin [Modahl et al. 1998; Green et al., 2001].
Hollander et al. [2003] studied 15
adults with autism, administering parenteral synthetic oxytocin and placebo,
with each subject serving as his own control. Outcome measures included a rating
scale sensitive to repetitive behaviors.
The authors noted a reduction in number
and type of repetitive behaviors following oxytocin. This study cannot currently
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be generalized to care of children with
autism spectrum disorders. It does, however, suggest the need for additional research into mechanisms of core behaviors
of autism and the permeability of the
blood– brain barrier to exogenous peptides.
Omega-3 Fatty Acids or
Polyunsaturated Fatty Acid (PUFA)
Oral supplementation of dietary
intake with essential fatty acids has gained
popularity for children with a range
of developmental differences, including
ADHD [Stevens et al., 2003]. The mechanism of action to support supplementation is often unclear; except for presumption of deﬁciency states. In theory, fatty
acids or PUFA have important roles as
precursors of second messengers such as
prostaglandins, prostacyclins, and leukotrienes [Fernstrom, 2000] and constituents of structural lipids in cellular membranes.
There is little clinical or research
evidence to support this practice. Several
case reports describe proﬁles of essential
fatty acids in children with autism. A
child with autism and abnormal acyl-carnitine levels possibly consistent with
LCAD (long-chain acyl-CoA dehydrogenase) deﬁciency is described [ClarkTaylor and Clark-Taylor, 2004]. The
plasma acyl-carnitine levels improved
with supplemental carnitine. Johnson and
Hollander [2003] describe an 11-year-old
boy with autism whose severe behavior
difﬁculties improved following addition
of ﬁsh oil supplements to his pharmacotherapy. These are all interesting observations of unclear clinical signiﬁcance at
this time.
NONBIOLOGICAL
INTERVENTIONS
It certainly is possible to change
behaviors and responses through nonbiological means. Early experiences may
actually change the underlying neural architecture in the brain. The nonbiological CAM therapies typically cannot be
explained by current understanding of
brain functions.
Auditory Integration Training
(AIT)
Language disorders in children
with autism are often complicated by difﬁculties with auditory perception. Hyperacusis or sound sensitivity is a common symptom in children with ASD and
may cause agitation. Auditory Integration Training uses repeat exposure to altered sounds by earphone to “retrain” the
ear and central listening mechanism. BeMRDD RESEARCH REVIEWS
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cause of confounding factors of other
varying individual interventions, it has
been complicated to assess clinical effect
[Rimland and Edelson, 1998]. Studies
that include a sham listening procedure
to control for the social support aspect
have not been able to detect a beneﬁt
from AIT in core features of autism or
general behavior [Sinha et al., 2004]. It is
unknown whether the procedure might
have an effect on hyperacusis on behavioral principles or might have beneﬁt on
some aspects of behavior in a deﬁned
subgroup. The American Academy of
Pediatrics does not endorse this therapy
at this time [AAP, 1998].
Behavioral Optometry
Many individuals with autism have
stereotyped behaviors relative to visual
scrutiny or inspection at the periphery of
their visual ﬁeld. Subjective improvement has been reported in the behavior
of children with autism using prism
lenses [Kaplan et al., 1998]. In the absence of data in the peer-reviewed literature, the American Academy of Pediatrics does not recommend optometric
exercises for children with developmental disabilities [American Academy of Pediatrics, 1998].
Craniosacral Manipulation
Therapeutic touch and manipulation has been associated with behavioral
improvement anecdotally. It is often used
as part of an overall sensory program in
academic settings. Craniosacral manipulation purports to be able to sense the
ﬂuid waves of spinal ﬂuid by touch and
to be able to manipulate them. Objective
measurement indicates that it is highly
unlikely that human senses could detect
changes in pressure at the skin surface
[Moran and Gibbons, 2001]. Although
the mechanism is unlikely to be correct,
it may be that the touch and circumstances around the therapy might result
in behavioral effect.
Facilitated Communication
Facilitated communication should
not be confused with augmentative communication. Many people with autism
are nonverbal but can communicate
through independent use of picture
cards, computerized devices, or sign. Facilitated communication refers to a speciﬁc intervention where a facilitator
physically guides the hand of a nonverbal
person to use a computerized or other
device to spell. Although initially heralded as a breakthrough in permitting
communication, objective analyses demonstrated that, if the facilitator guides the
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individual without the individual learning independent use of the device, communication is very likely to be subconscious direction from the adult partner
[Mostert, 2001].
CONCLUSIONS
Many of these novel therapies have
emerged by serendipitous observations.
Hypotheses of causation may be based on
coincidence or association. The search
for an explanatory pathophysiology may
follow. As a hypothetical treatment
evolves in the marketplace, the mode of
delivery may change such that conventional understanding of physiological
properties cannot be applied. We have
evidence of abnormal distribution, action, and genetic predisposition to atypical neurotransmitter and neuropeptide
metabolism in ASD. It is conventionally
accepted that vitamins have important
physiological actions in the CNS, but
there is currently no evidence to support
use of supratherapeutic doses of dietary
supplements. The safety of supratherapeutic doses has not been evaluated, especially in special populations such as
young children and pregnant women.
Families with young children with
autism often feel pressure to act immediately, and not to wait for conﬁrmatory
scientiﬁc studies. For that reason, clinicians need to be aware of the interventions that families use in order to be able
to assist in supporting the family and
monitoring the child for side effects.
Clinical and basic researchers need to
subject all interventions that have popular support to scientiﬁc study and scrutiny. Collaboration of basic scientists
with clinical investigators to assure rigorous study design requirements is critically
important if future studies are to reach
valid conclusions regarding treatment for
ASD. In addition, the publication of both
positive and negative studies in the peer
literature can help guide practice. It is
important that evidence and not the marketplace be the source of information for
families and clinicians as they determine
treatment for children with autism. f
ACKNOWLEDGMENT
We express our appreciation of the
support provided by Marilee Allen, M.D.
and Marc Yudkoff, M.D. We also appreciate the editing support provided by
Michelle Petrongolo.
REFERENCES
Adams JB, Edelson SM, Grandin T, et al. 2004.
Advice for parents of young autistic children.
Autism Research Institute, http://www.au-

139

tismwebsite.com/ari/intro/adviceforparents.pdf
Akhondzadeh S, Erfani S, Mohammadi MR, et al.
2004. Cyproheptadine in the treatment of
autistic disorder: A double-blind placebocontrolled trial. J Clin Pharm Ther 29:145–
150.
American Academy of Pediatrics. Committee on
Children with Disabilities. 1998. Auditory integration training and facilitated communication for autism. Pediatrics 102:431– 433.
American Academy of Pediatrics. 1998. Learning
disabilities, dyslexia and vision: a subject review. Pediatrics 102:1217–1219.
Anderson GM, Freedman DX, Cohen DJ, et al.
1987. Whole blood serotonin in autistic and
normal subjects. J Child Psychol Psychiatry
28:885–900.
Anderson GM, Gutknecht L, Cohen DJ, et al.
2002. Serotonin transporter promoter variants
in autism: Functional effects and relationship
to platelet hyperserotonemia. Mol Psychiatry
7:831– 836.
Arndt TL, Stodgell CJ, Rodier PM. 2005. The
teratology of autism. Int J Dev Neurosci 23:
189 –199.
Arnold GL, Hyman SL, Mooney RA, et al. 2003.
Plasma amino acids proﬁles in children with
autism: potential risk of nutritional deﬁciencies. JADD 33:449 – 454
Ashwood P, Anthony A, Pellicer AA, et al. 2003.
Intestinal lymphocyte populations in children
with regressive autism: Evidence for extensive
mucosal immunopathology. J Clin Immunol.
23:504 –517.
Bailey A, Luthert P, Dean A, et al. 1998. A clinicopathological study of autism. Brain 121:
889 –905.
Banks, WA, Goulet M, Rusch JR, et al. 2002.
Differential transport of a secretin analog
across the blood– brain and blood– cerebrospinal ﬂuid barriers of the mouse. J Pharmacol
Exp Ther 302:1062–1069.
Barbaresi WJ, Katusic SK, Colligan RC, et al.
2005. The incidience of autism in Olmsted
County, Minnesota, 1976-1997: Results from
a population based study. Arch Pediatr Adolesc Med 159:37– 44.
Bernstein AL. 1990. Vitamin B6 in clinical neurology. Ann NY Acad Sci 585:250 –260.
Bertrand J, Mars A, Boyle C, et al. 2001. Prevalence of autism in a United States population:
The Brick Township, New Jersey, investigations. Pediatrics 108:1155–1161.
Betancur C, Corbex, Spielewoy C, et al. 2002.
Serotonin transporter gene polymorphisms
and hyperserotonemia in autistic disorder.
Mol Psychiatry 7:67–71.
Black C, Kaye JA, Hershel J. 2002. Relation of
childhood gastrointestinal disorders to autism:
Nested case-control study using data from the
UK General Practice Research Database. Br
Med J 325:419 – 421.
Bolman WM, Richmond JA. 1999. A doubleblind, placebo controlled pilot trial of low
dose dimethylglycine in patients with autistic
disorder. J Autism Dev Disord 29:191–194.
Brudnak MA, Rimland B, Kerry RE, et al. 2002.
Enzyme-based therapy for autism spectrum
disorders—is it worth another look? Medical
Hypothesis 58:422– 428.
Buxbaum JD, Silverman JM, Smith CJ, et al. 2002.
Association between BABRB3 polymorphism and autism. Mol Psychiatry 7:311–316.
Cabrera RM, Hill DS, Etheredge AJ, et al. 2005.
Investigations into the etiology of neural tube
defects. Birth Defects Res Part C 72:330 –
344.

140

Carlsson ML. 1998. Hypothesis: Is infantile autism
a hypoglutamatergic disorder? Relevance of
glutamate-serotonin interactions for pharmacotherapy. J Neural Transm 105:525–535.
Carey T, Ratliff-Schaub K, Funk J, et al. 2002.
Double-blind placebo-controlled trial of secretin: Effects on aberrant behavior in children. J Autism Dev Disord 32:161–167.
Charlton CG, Miller RL, Crawley JN, et al. 1983.
Secretin modulation of behavioral physiological functions in the rat. Peptides 4:739 –742.
Chez MG, Buchanan CP, Aimonovitch MC, et al.
2002. Double-blind, placebo-controlled study
of L-carnosine supplementation in children with
autistic spectrum disorders. J Child Neurol 17:
833– 838.
Chez MG, Buchanan CP, Bagan BT, et al. 2000.
Secretin and autism: A two-part clinical investigation. J Autism Dev Disord 30:87–94.
Chugani DC. 2004. Serotonin in autism and pediatric epilepsies. Ment Retard Dev Disabil Res
Rev 10:112–116.
Clark-Taylor T, Clark-Taylor BE. 2004. Is autism
a disorder of fatty acid metabolism? Possible
dysfunction of mitochondrial beta-oxidation
by long chain acyl-CoA dehydrogenase. Med
Hypothesis 62:970 –975.
Comi AM, Zimmerman AW, Frye VH, et al. 1999.
Familial clustering of autoimmune disorders
and evaluation of medical risk factors in autism. J Child Neurol 14:388 –394.
Coniglio SJ, Lewis JD, Lang C, et al. 2001. A
randomized, double-blind, placebo-controlled trial of single-dose intravenous secretin
as treatment for children with autism. Disabil
Rehabil 138:649 – 655.
Connolly AM, Chez MG, Pestronk A, et al. 1999.
Serum autoantibodies to brein in LandauKleffner variant, autism, and other neurologic
disorders. Disabil Rehabil 134:607– 613.
Cook EH, Leventhal BL. 1996. The serotonin system in autism. Curr Opin Pediatr 8:348 –354.
Cook EH, Perry BD, Dawson G, et al. 1993.
Receptor inhibition by immunoglobulins:
Speciﬁc inhibition by autistic children, their
relatives and control subjects. J Autism Dev
Disord 23:67–78.
Coplan J, Souders MC, Mulberg AE, et al. 2003.
Children with autistic spectrum disorders: II.
Parents are unable to distinguish secretin from
placebo under double-blind conditions. Arch
Dis Child 88:737–739.
Corbett B, Khan K, Czapansky-Beilman D, et al.
2001. A double-blind, placebo-controlled
crossover study investigating the effect of porcine secretin in children with autism. Clin
Pediatr 40:327–331.
Croonenberghs J, Verkerk R, Scharpe S, et al.
2005. Serotonergic disturbances in autistic
disorder: L-5-Hydroxytryptophan administration to autistic youngsters increases the blood
concentrations of serotonin in patients but
not in controls. Life Sci 76:2171–2183.
Dalakas MC. 2004. The use of intravenous immunoglobin in the treatment of autoimmune
neuromuscular diseases: Evidence-based indications and safety proﬁle. Pharmacol Ther
102:177–193.
Davis MP, Darden PM. 2004. Use of complementary and alternative medicine by children in
the United States. Arch Pediatr Adolesc Med
157:393–396.
DelGuidice-Asch G, Simon L, Schmeidler J, et al.
1999. A pilot open clinical trial of intravenous
immunoglobulin in childhood autism. J Autism Dev Disord 29:157–160.
DeLong GR, Ritch CR, Burch S. 2002. Fluoxetine response in children with autistic
spectrum disorders: Correlation with familial

MRDD RESEARCH REVIEWS

●

history of major affective disorder and intellectual achievement. 44:652– 659.
D’Eufemia P, Celli M, Finocchiaro R, et al. 1996.
Abnormal intestinal permeability in children
with autism. Acta Paediatr 85:1076 –1079.
Dietrich KN, Ware JH, Salganik M, et al. 2004.
Effect of chelation therapy on the neuropsychological and behavioral development of
lead-exposed children after school entry. Pediatrics 114:19 –26.
Dhossche D, Applegate H, Abraham A, et al. 2002.
Elevated plasma gamma-aminobutyric acid
(GABA) levels in autistic youngsters: Stimulus
for GABA hypothesis of autism. Med Sci
Monitor 8:PR1–PR6.
Dolske MC, Spollen J, McKAy S, et al. 1993. A
preliminary trial of ascorbic acid as supplemental therapy for autism. Neuropsychopharmacol Biol Psychiatry 17:765–774.
Dunn-Geier J, Ho HH, Auersperg E, et al. 2000.
Effect of secretin on children with autism: A
randomized controlled trial. Devel Med
Child Neuro 42:796 – 802.
Esch BE, Carr JE. 2004. Secretin as a treatment for
autism: A review of the evidence. J Autism
Dev Disord 34:543–556.
Fernstrom JD. 2000. Can nutrient supplements
modify brain function? Am J Clin Nutr 71[6
Suppl]:1669S–1675S.
Findling RL, Maxwell K, Scotese-Wojtila L, et al.
1997. High-dose pyridoxine and magnesium
administration in children with autistic disorder: An absence of salutary effects in a doubleblind, placebo-controlled study. J Autism Dev
Disord 27:467– 478.
Finegold SM, Molitoris D, Song Y, et al. 2002.
Gastrointestinal microﬂora studies in late-onset autism. Clin Infect Dis 35(Suppl 1):S6 –
S16.
Fombonne E, Simmons H, Ford T, et al. 2001.
Prevalence of pervasive developmental disorders in the British nationwide survey of child
mental health. J Am Acad Child Adolesc Psychiatry 40:820 – 827.
Garvey J. 2002. Diet in autism and associated disorders. J Fam Health Care 12:34 –38.
Geier MR, Geier DA. 2002. Neurodevelopmental
disorders after thimerosal containing vaccines:
A brief communication. Exp Biol Med 228:
660 – 664.
Gilberg C. 1995. Endogenous opioids and opiate
antagonists in autism: Brief review of empirical ﬁndings and implications for clinicians.
Dev Med Child Neurol 37:239 –245.
Goyal RK, Hirano I. 1996. The enteric nervous
system. N Engl J Med 334:1106 –1115.
Gresham FM, MacMillan DL. 1997. Autistic recovery? An analysis and critique of the empirical evidence on the Early Intervention
Project. Behav Disord 22:185–201.
Golf DC, Tsai G, Levitt J, et al. 1999. A placebocontrolled trial of D-cycloserine added to
conventional neuroleptics in patients with
schizophrenia. Arch Gen Psychiatry 56:21–
27.
Gottschall E. 2004. Breaking the Vicious Cycle:
Intestinal Health through Diet. Ontario, Canada: Kirkton Press.
Green LA, Fein D, Modahl C, et al. 2001. Oxytocin and autistic disorder: Alteration in peptide
forms. Biol Psychiatry 50:606 – 613.
Gupta S, Aggarwal S, Heads C. 1996. Brief Report:
Dysregulated immune system in children with
autism—-Beneﬁcial effects of intravenous immune globulin on autistic characteristics. J
Autism Dev Disord 26:439 – 452.
Gupta S, Aggarwal S, Rashanravan R, et al. 1998.
Th1- and Th2-like cytokines in CD4⫹ and

NOVEL TREATMENTS

FOR

ASD

●

LEVY & HYMAN

CD8⫹ T cells in autism. J Neuroimmunol
85:106 –109.
Hollander E, Novotny S, Hanratty M, et al. 2003.
Oxytocin infustion reduces repetitive behaviors
in adults with autistic and Asperger’s disorders.
Neuropsychopharmacology 28:193–198.
Honomichl RD, Goodlin-Jones BL, Burnham
MM, et al. 2002. Secretin and sleep in children with autism. Child Psychiatry Hum Dev
33:107–123.
Hornig M, Chian D, Lipkin WI. 2004. Neurotoxic
effects of postnatal thimerosal are mouse strain
dependent. Mol Psychiatry 9:833– 845.
Hornig M, Lipkin WI. 2001. Infectious and immune factors in the pathogenesis of neurodevelopmental disorders: Epidemiology, hypotheses, and animal models. Ment Retard
Dev Disabil Res Rev 7:200 –210.
Horvath K, Papadimitriou JC, Rabsztyn A, et al.
1999. Gastrointestinal abnormalities in children with autistic disorder. Disabil Rehabil
135:559 –563.
Horvath K, Perman JA. 2002. Autism and gastrointestinal symptoms. Curr Gastroenterol Rep
4:251–258.
Horvath K, Stefanatos G, Sokolski KN, et al. 1998.
Improved social and language skills after secretin administration in patients with autistic
spectrum disorders. J Assoc Acad Minor Phys
9:10 –15.
Hunter LC, O’Hare A, Herron WJ, et al. 2003.
Opioid peptides and dipeptidyl peptidase in
autism. Dev Med Child Neurol 45:121–128.
Hyman SL, Levy SE. 2000. Autistic spectrum disorders: When traditional medicine is not
enough. Contemp Pediatr 17:101–116.
Ingram JL, Stodgell CJ, Hyman SL, et al. 2000.
Discovery of allelic variants of HOXA1 and
HOXB1: Genetic susceptibility to autism
spectrum disorders. Teratology 62:393– 405.
Insel TR, O’Brien DJ, Leckman JF. 1999. Oxytocin, vasopressin, and autism: Is there a connection?. Biol Psychiatry 45:145–157.
James SJ, Cutler P, Melnyk S, et al. 2004. Metabolic biomarkers of increased oxidative stress
and methylation capacity in children with autism. Am J Clin Nutr 80:1611–1617.
Johnson SM, Hollander E. 2003. Evidence that
eicosapentaenoic is effective in treating autism. J Clin Psychiatry 64:848 – 849.
Kaplan M, Edelson SM, Seip JA. 1998. Behavioral
changes in autistic individuals as a result of
wearing ambient transitional prism lenses.
Child Psychiatry Hum Dev 29:65–76.
Kern JK, Espinoza E, Trivedi M. 2004. The effectiveness of secretin in the management of
autism. Expert Opin Pharmacother 5:379 –
387.
Kern JK, Miller VS, Cauller PL, et al. 2001. Effectiveness of N,N-dimethylglycine in autism
and pervasive developmental disorder. J Child
Neurol 16:169 –173.
Kern JK, Miller VS, Evans PA, et al. 2002. Efﬁcacy
of porcine secretin in children with autism
and pervasive developmental disorder. J Autism Dev Disord 32:153–160.
Knivsberg AM, Reichelt KL, Nodland M, et al.
1995. Autistic syndromes and diet: A follow
up study. Scand J Educ Res 39:223–236.
Konstantareas MM, Homatidis S. 1987. Brief report: Ear infections in autistic and normal
children. J Autism Dev Disord 17:585–594.
Koves K, Kausz M, Reser D, et al. 2002. What may
be the anatomical basis that secretin can improve mental functions in autism? Regul Peptides 109:167–172.
Koves K, Kausz M, Reser D, et al. 2004. Secretin
and autism: A basic morphological study

MRDD RESEARCH REVIEWS

●

about the distribution of secretin in the nervous system. Regul Peptides 123:209 –216.
Krause I, Xiao-Song H, Gershwin E, et al. 2002.
Brief report: Immune factors in autism—-A
critical review. J Autism Dev Disabil 32:337–
345.
Kuddo T, Nelson KB. 2003. How common are
gastrointestinal disorders in children with autism? Curr Opin Pediatr 15:339 –343.
Kuntz A, Clement HW, Lehnert W, et al. 2004.
Effects of secretin on extracellular amino acid
concentrations in rat hippocampus. J Neural
Transmission 111:931–939.
Lamson DW, Plaza SM. 2001. Transdermal secretin
for autism: A case report. Altern Med Rev
6:311–313.
Le Couteur A, Trygstad O, Evered C, et al. 1988.
Infantile autism and urinary excretion of peptides and protein-associated peptide complexes. J Autism Dev Disord 18:181–190.
Lelord G, Muh JP, Barthelemy C, et al. 1981.
Effects of pyridoxine and magnesium on autistic symptoms: Initial observations. J Autism
Dev Disord 11:219 –230.
Lelord G, Callaway E, Muh JP. 1982. Clinical and
biological effects of high doses of vitamin B6
and magnesium on autistic children. Acta Vitaminol Enzymol 4:27– 44.
Lerner V, Miodownik C, Kaptsan A, et al. 2002.
Vitamin B6 as an add-on treatment in chronic
schizophrenic and schizoaffective patients: A
double-blind, placebo-controlled study.
J Clin Psychiatry 63:54 –58.
Levy SE, Hyman SL. 2002. Alternative/complementary approaches to treatment of children
with autistic spectrum disorders. Inf Young
Children 4:33– 42.
Levy SE, Hyman SL. 2003. Use of complementary
and alternative treatments for children with
autistic spectrum disorders is increasing. Pediatr Ann 32:685– 691.
Levy SE, Mandell DS, Merhar S, et al. 2003. Use of
complementary and alternative medicine
among children recently diagnosed with autistic spectrum disorder. J Dev Behav Pediatr
24:418 – 423.
Levy SE, Souders MC, Wray J, et al. 2003. Children with autistic spectrum disorders. I.
Comparison of placebo and single dose of
human synthetic secretin. Arch Dis Child 88:
731–736.
Lewis L. 1998. Special Diets for Special Kids. Arlington: Future Horizons, Inc.
Lovaas OI. 1987. Behavioral treatment and normal
educational and intellectual functioning in
young autistic children. J Consult Clin Psychol 55:3–9.
Lucarelli S, Frediani T, Zingoni AM, et al. 1995.
Food allergy and infantile autism. Panminerva
Med 37:137–141.
Madsen KM, Lauritsen MB, Pedersen CB, et al.
2003. Thimerosal and the occurrence of autism: Negative ecological evidence from
Danish population– based data. Pediatrics
112:604 – 606.
Mark HR, Chow BK. 1995. Localization of the
gene encoding the secretin receptor, CSTR,
on human chromosome 2q14.1 by ﬂuorescence in situ hybridization and chromosome
morphometry. Genomics 29:817– 818.
Martin ER, Menold MM, Wolpert CM, et al.
2000. Analysis of linkage disequilibrium in
␥-aminobutyric acid receptor subunit genes
in autistic disorder. Am J Med Genet Neuropsychiatr Genet 96:43– 48.
Martineau J, Garreau B, Barthelemy C, et al. 1981.
Effects of vitamin B6 on averaged evoked
potentials in infantile autism. Biol Psychiatry
16:627– 641.

NOVEL TREATMENTS

FOR

ASD

●

LEVY & HYMAN

McCracken JT, McGough J, Shah B, et al. 2002.
Risperidone in children with autism and serious behavioral problems. N Engl J Med
347:314 –321.
McDougle CJ, Naylor ST, Goodman WK, et al.
1993. Biol Psychiatry 33:547–550.
McEachin JJ, Smith T, Lovaas OI. 1993. Longterm outcome of children with autism who
received early intensive behavioral treatment.
Am J Ment Retard 97:359 –372.
Micali N, Chakrabarti S, Fombonne E. 2004. The
broad autism phenotype: Findings from an
epidemiological survey. Autism 8:21–37.
Michelotti J, Charman T, Slonims V, et al. 2002.
Follow-up of children with language delay
and features of autism from preschool years to
middle childhood. Dev Med Child Neurol
44:812– 819.
Modahl C, Green L, Fein D, et al. 1998. Plasma
oxytocin levels in autistic children. Biol Psychiatry 43:270 –277.
Molloy CA, Manning-Courtney P, Swayne S, et al.
2002. Lack of beneﬁt of intravenous synthetic
human secretin in the treatment of autism. J
Autism Dev Disord 32:545–551.
Moore ML, Eichner SF, Jones JR. 2004. Treating
functional impairment of autism with selective serotonin-reuptake inhibitors. Ann Pharmacother 38:1515–1519.
Moran RW, Gibbons P. 2001. Intra-examiner and
inter-examiner reliability for palpation of the
cranial rhythmic impulse at the head and sacrum. J Manipulative Physiol Ther 24:183–
190.
Mostert MP. 2001. Facilitated communication
since 1995: A review of published studies. J
Autism Dev Disord 31:287–313.
Muhle R, Trentacoste SV, Rapin I. The genetics of
autism. Pediatrics 113:e472– e486, 2004.
Mulder EJ, Anderson GM, Kema IP, et al. 2004.
Platelet serotonin levels in pervasive developmental disorders and mental retardation: Diagnostic group differences within-group distribution, and behavioral correlates. J Am
Acad Child Adolesc Psychiatry 43:491– 499.
National Research Council. 2001. Educating Children with Autism. Washington: National
Academy Press.
Nelson KB, Grether JK, Croen LA, et al. 2001.
Neuropeptides and neurotrophins in neonatal
blood of children with autism or mental retardation. Ann Neurol 49:597– 606.
Ng SS, Yung WH, Chow BK. 2002. Secretin as a
neuropeptide. Mol Neurobiol 26:97–101.
Nozaki S, Nakata R, Mizuma H, et al. 2002. In
vitro autoradiographic localization of [125]isecretin receptor binding sites in rat brain.
Biochem Biophys Res Commun 22:133–
137.
Nye C, Brice A. 2002. Combined vitamin B6magnesium treatment in autism spectrum disorder. Cochrane Database Syst Review
4:CD003497.
Owley T, Steele E, Corsello C, et al. 1999. A
double-blind, placebo-controlled trial of secretin for the treatment of autistic disorder.
http://www.medscape.com/Medscape/
GeneralMedicine/journal/1999/v01.n10/
mgm1006.owle/mgm1006.owle-01.html
Petroff OAC, Hyder F, Rothman DL, et al. 2001.
Homocarnosine and seizure control in juvenile myoclonic epilepsy and partial complex
seizures. Neurology 56:709 –715.
Pfeiffer SI, Norton J, Nelson L, et al. 1995. Efﬁcacy
of vitamin B6 and magnesium in the treatment of autism: A methodology review and
summary of outcomes. J Autism Dev Disord
25:481– 493.

141

Pliopys AV. 1998. Intraveous immunoglobulin
treatment of children with autism. J Child
Neurol 13:79 – 82.
Pliopys AV, Greaves A, Kazemi K, et al. 1994.
Lymphocyte function in autism and Rett syndrome. Neuropsychobiology 29:12–16.
Pliopys AV, Greaves A, Yoshida W. 1989. AntiCNS antibodies in childhood neurologic diseases. Neuropediatrics 20:93–102.
Posey DJ, Kern DL, Swiezy NB, et al. 2004. A pilot
study of D-cycloserine in subjects with autistic
disorder. Am J Psychiatry 161:2115–2117.
Reichelt KL, Kvinsberg AM, Lind G, et al. 1991.
Probable etiology and possible treatment of
childhood autism. Brain Dysfunct 4:308 –319.
Reichelt KL, Ekrem J, Scott H. 1990. Gluten, milk
proteins, and autism: Dietary intervention effects on behavior and peptide secretion.
J Appl Nutr 42:1–11.
Renzoni E, Beltrami V, Sestini P, et al. 1995. Brief
report: Allergological evaluation of children
with autism. J Autism Dev Disord 25:327–
333.
Repligen. 2004. Announcement: January 2004. http://
www.autisticsociety.org/autism-article190.
html.
Rimland B. 1988. Controversies in the treatment of
autistic children: Vitamin and drug therapy.
J Child Neurol 3 Suppl:S68 –S72.
Rimland B, Callaway E, Dreyfus P. 1978. The
effect of high doses of vitamin B6 on autistic
children: A double-blind crossover study.
Am J Psychiatry 135:472– 475.
Rimland B, Edelson SM. 1998. Response to Howlin on the value of auditory training. J Autism
Dev Disord 28:169 –170.
Ritvo E, Yuwiler A, Geller E, et al. 1970. Increased
blood serotonin and platelets in early infantile
autism. Arch Gen Psychiatry 23:566 –572.
Roberts W, Weaver L, Brian J, et al. 2001. Repeated
doses of porcine secretin in the treatment of
autism: A randomized, placebo-controlled trial.
Pediatrics 107 http://www.pediatrics.org/cgi/
content/full/107/5/e71
Rogers T, Kalaydjieva L, Hallmayer J, et al. 1999.
Exclusion of linkage to the HLA region in
ninety multiplex sibships with autism. J Autism Dev Disord 29:195–201.
Sandler AD, Bodﬁsh, JW. 2000. Placebo effects in
autism: Lessons from secretin. J Dev Behav
Pediatr 21:347–350.
Sandler AD, Sutton KA, DeWeese J, et al. 1999.
Lack of beneﬁt of a single dose of synthetic
human secretin in the treatment of autism and
pervasive developmental disorder. N Engl
J Med 341:1801–1806.
Sandler RH, Finegold SM, Bolte ER, et al. 2000.
Short-term beneﬁt from oral vancolycin
treatment of regressive-onset autism. J Child
Neurol 15:429 – 435.
Schutt CE. 1998. Secretin and autism: A clue but
not a cure. NAARATIVE 4, Winter 1998.
http://www.naar.org.
Seroussi K. 2000. Unraveling the Mystery of Autism and Pervasive Developmental Disorder:
A Mother’s Story of Research and Recovery.
New York: Simon & Schuster.
Shattock P, Kennedy A, Rowell F, et al. 1990.
Role of neuropeptides in autism and their
relationships with classical neurotransmitters.
Brain Dysfunct 3:328 –345.
Shattock P, Whitely P. 2002. Biochemical aspects
in autism spectrum disorders: Udating the
opiod-excess theory and presenting new opportunities for biomedical intervention. Expert Opin Ther Targets 6:175–183.

142

Shaw W, Kassen E, Chaves E. 1995. Increased urinary
excretion of analogs of Krebs cycle metabolites
and arabinose in two brothers with autistic features. Clin Chem 41:1094 –1104.
Shi L, Fatemi SH, Sidwell RW, et al. 2003. Maternal inﬂuenza infection causes marked behavioral and pharmacological changes in the
offspring. J Neurosci 23:297–302.
Singh VK, Jensen RL. 2003. Elevated levels of
measles antibodies in children with autism.
Pediatr Neurol 28:292–294.
Singh VK, Lin SX, Newell E, et al. 2002. Abnormal measles–mumps–rubella antibodies and
CNS autoimmunity in children with autism.
J Biomed Sci 9:359 –364.
Singh VK, Lin SX, Yang VC. 1998. Serological association of measles virus and human herpesvirus-6 with brain autoantibodies in autism. Clin
Immunol Immunopathol 89:105–108.
Singh VK, Singh EA, Warren WL. 1997. Hyperserotoninemia and serotonin receptor antibodies in children with autism but not mental
retardation. Biol Psychiatry 41:753–755.
Singh VK, Warren RP, Odell JD, et al. 1993.
Antibodies to myelin basic protein in children
with autistic behavior. Brain Behav Immunol
7:97–103.
Sinha Y, Silove N, Wheeler D, et al. 2004. Auditory integration training and other sound
therapies for autism spectrum disorders [review]. The Cochrane Database of Systematic
Reviews 1:CD003681.pub2.
Song Y, Liu C, Finegold SM. 2004. Real-time
PCR quantiﬁcation of clostridia in feces of
autistic children. Appl Environ Microbiol 70:
6459 – 6465.
Spivak B, Golubchik P, Mozes T, et al. 2004. Low
platelet-poor plasma levels of serotonin in
adult autistic patients. Neuropsychobiology
50:157–160.
Sponheim E, Oftedal G, Helverschou SB. 2002.
Multiple doses of secretin in the treatment of
autism: A controlled study. Acta Paediatr 91:
540 –545.
Stevens L, Zhang W, Peck L, et al. 2003. EFA
supplementation in children with inattention,
hyperactivity, and other disruptive behaviors.
Lipids 38:1007–1021.
Stratton K, Gable G, McCormick MC, editors.
2001. Immunization Safety Review: Thimerosal Containing Vaccines and Neurodevelopmental Disorders. Washington, DC: National
Academy Press.
Sturmey P. 2005. Secretin is an ineffective treatment for pervasive developmental disabilities:
A review of 15 double-blind randomized
controlled trials. Res Dev Disabil 26:87–97.
Sweeten TL, Bowyer SL, Posey DJ, et al. 2003.
Increased prevalence of familial autoimmunity in probands with pervasive developmental disorders. Pediatrics 112:e420 – e424.
Todd RD, Ciaranello RD. 1985. Demonstration of
inter- and intra-species differences in serotonin binding sites by antibodies from an autistic
child. Proc Natl Acad Sci USA 82:612– 616.
Tolbert L, Haigler T, Waits MM, et al. 1993. Brief
report: Lack of response in an autistic population to a low dose clinical trial of pyridoxine
plus magnesium. J Autism Dev Disord 23:
193–199.
Torres AR, Maciulis A, Odell D. 2001. The association of MHC genes with autism. Front
Biosci 6:D936 –D943.
Tuchman R, Rapin I. 1997. Regression in pervasive developmental disorders: Seizures and
epileptiform electroencephalogram correlates.
Pediatrics 99:560 –566.

MRDD RESEARCH REVIEWS

●

Unis AS, Munson JA, Rogers SJ, et al. 2002. A
randomized, double-blind, placebo-controlled
trial of porcine versus synthetic secretin for reducing symptoms of autism. J Am Acad Child
Adolesc Psychiatry 41:1315–1321.
Veenstra-VanderWeele J, Kim S, Lord C, et al.
2002. Transmission disequilibrium studies of
the serotonin 5-HT2A receptor gene
[HTR2A] in autism. Am J Med Genet Neuropsychiatr Genet 114:277–283.
Verstraeten T, Davis RL, DeStefano F, et al. 2004.
Safety of thimerosal-containing vaccines: A
two-phased study of computerized health
maintenance organization databases. Pediatrics 112:1039 –1048.
Vojdani A, Campbell AW, Anyanwu E, et al. 2002.
Antibodies to neuron-speciﬁc antigens in
children with autism: Possible cross-reaction
with encephalitogenic proteins from milk,
Chlamydia pneumoniae and Streptococcus group
A. J Neuroimmunol 129:168 –177.
Volkmar FR. 1999. Lessons from secretin. N Engl
J Med 341:1842–1844.
Wakeﬁeld A. 2002. Enterocolitis, autism and measles virus. Mol Psychiatry 7:S44 –S46.
Wakeﬁeld AJ, Anthony A, Murch SH, et al. 2000.
Enterocolitis in children with developmental
disorders. Am J Gastroenterol 95:2285–2295.
Wakeﬁeld AJ, Murch SH, Anthony A, et al. 1998.
Ileal-lymphoid-nodular hyperplasia, non-speciﬁc colitis, and pervasive developmental disorder in children. Lancet 351:637– 641.
Warren RP, Foster A, Margaretten NC. 1987. Reduced natural killer cell activity in autism. J Am
Acad Child Adolesc Psychiatry 26:333–335.
Warren RP, Margaretten NC, Pace NC, et al.
1986. Immune abnormalities in patients with
autism. J Autism Dev Disord 16:189 –197.
Warren RP, Singh VK, Averett RE, et al. 1996.
Immunogenetic studies in autism and related
disorders. Mol Chem Neuropathol 28:77– 81.
Weaving LS, Ellaway CJ, Gecz J, et al. 2005. Rett
syndrome: Clinical review and genetic update. J Med Genet 42:1–7.
Welch MG, Keune JD, Welch-Horan TB, et al.
2003. Secretin activates visceral brain regions
in the rat including areas abnormal in autism.
Cell Mol Neurobiol 4/5:817– 837.
Welch MG, Keune JD, Welch-Horan TB, et al.
2004. Secretin: Hypothalamic distribution
and hypothesized neuroregulatory role in autism. Cell Mol Neurobiol 24:219 –241.
Whitaker-Azmitia PM. 2005. Behavioral and cellular consequences of increasing serotonergic
activity during brain development: A role in
autism? Int J Dev Neurosci 23:75– 83.
Williams KM, Marshall T. 1992. Urinary protein
patterns in autism as revealed by high resolution two-dimensional electrophoresis. Biochem Soc Trans 20:189S.
Winslow JT, Insel TR. 2002. The social deﬁcits of
the oxytocin knockout mouse. Neuropeptides 36:221–229
Yang B, Goulet M, Boismenu R, et al. 2004.
Secretin depolarizes nucleus tractus solitarius
neurons through activation of nonselective
cationic conductance. Am J Physiol Regul
Integr Comp Physiol 286:927–934.
Yung W, Leung P, Ng SSM, et al. 2001. Secretin
facilitates GABA transmission in the cerebellum. J Neurosci 21:7063–7068.
Yuwiler A, Shih JC, Chen CH, et al. 1992. Hyperserotoninemia and antiserotonin antibodies in autism and other disorders. J Autism
Dev Disord 22:33– 45.

NOVEL TREATMENTS

FOR

ASD

●

LEVY & HYMAN

