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Opinion statement

The assessment of autism spectrum disorder (ASD) is complex and remains clinical, despite
advances in basic research. In this chapter, we review new and updated clinical tools, such
as screening and diagnostic tests, and discuss the DSM-5 criteria introduced in 2013. We
provide an algorithm to guide clinical evaluation and referrals. We also review non-
behavioral treatments and summarize recent research. Current conventional treatment
of ASD in children includes intensive behavioral interventions (known as applied behav-
ioral analysis or ABA), rehabilitative services such as speech therapy, occupational
therapy, physical therapy, social skills training, and counseling. We present new validated
information and provide clinical guidance for the evaluation and treatment of young
children and youth with ASD.

Introduction

Autism spectrum disorder (ASD) is defined as
delayed social communication skills and restricted,
repetitive behaviors (RRB) [1]. The assessment of
ASD is complex and remains clinical. In this chap-
ter, we review new and updated tools and discuss
DSM-5 criteria introduced in 2013 [1]. We also
review non-behavioral treatments and summarize
recent research.

The practice parameters introduced by Filipek
et al. in 2001 [2••] and the recommendations

from the American Academy of Pediatrics (AAP)
[3••] continue to provide the basis for the assess-
ment of ASD. The diagnosis of ASD continues to
be made close to 4 years of age on average [4].
There are even greater delays in the identification
of children from different cultural and ethnic back-
grounds and low socio-economic status (SES).
Children with ASD whose care is compliant with
AAP guidelines [5•] are diagnosed earlier than chil-
dren who receive no well-child care.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11940-017-0443-8&domain=pdf
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New assessments in ASD
Level-1 or universal ASD screening tests

The Modified Checklist for Autism in Toddlers (MCHAT) was
updated in 2014 (MCHAT-R) [6] and now includes 20 questions. A
score of 3–7 requires a follow-up interview to specify the risk
category (www.mchatscreen.com). The cutoff score of 2 provides
good sensitivity and specificity (Table 1), and a positive predictive
value (PPV) for developmental delays of 98% (but only 54% for
ASD). The Childhood Autism Spectrum Test (CAST; previously
Childhood Asperger’s Syndrome Test) can be used for those older
than 3 years [7].

Level 2 ASD screening measures

These can be helpful in informing clinicians. See table 1 for a list of
measures and their properties, and note that it is not comprehensive.
The Social Communication Questionnaire (SCQ) [8] includes ques-
tions based on the Autism Diagnostic Interview-Revised (ADI-R) [9],
a 90-min structured interview for research about autism signs and
symptoms that requires special training, has low psychometric
strength for children younger than 55 months, and requires a mental
age above 2 years, as does the SCQ. The Social Responsiveness Scale
(SRS-2) [10] has been updated and seems to show better correlation
with the ADI-R. The Childhood Autism Rating Scale (CARS-2) has
been found to show good correlation with the DSM-5 [11]. The
Gilliam Autism Rating Scale (GARS/GARS 2) has low sensitivity and
specificity [12]. The GARS 3 is reported to have improved properties,
though no studies are yet available on its performance in clinical
settings.

Interactive level 2 ASD test

This is preferred to a questionnaire in younger children and provides a
better observational context. In addition to the Screening Tool for Autism in
Toddlers and Young Children (STAT) [13], the Rapid Interactive Screening
Test for Autism in Toddlers (RITA-T) [14] is a new interactive level 2
screening test for 18–36-month-olds. The STAT requires training and
20 min for administration and scoring; it has good sensitivity and speci-
ficity for those 2–3-year-olds with autism. The RITA-T is administered and
scored in less than 10 min, and its training is 3 h long. At a cutoff score of
914, it has good sensitivity (1), specificity (0, 84), and PPV (0, 88).

DSM-5

The DSM-5 groups ASD criteria into two domains (social communication
and restricted, repetitive behaviors or RRB), compared to the three domains
in the DSM-IV (social deficits, language deficits, repetitive stereotypic
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behaviors) [15]. DSM-5 criteria eliminate diagnostic subtypes within ASD
that were present under DSM IV (Pervasive Developmental Disorder, Not
Otherwise Specified or PDD-NOS, Asperger’s Syndrome, Childhood Dis-
integrative Disorder (CDD), and Autism). It also deletes age-of-onset cri-
teria and adds specifiers (neurobiological disorders, risk factors, or genetic
factors) and modifiers such as language, cognitive and learning levels, and
ADHD.
Although the DSM-5 criteria provide structure and guidelines to
inform diagnosis, they have limitations as well, especially for chil-
dren younger than 5 years of age, in whom specificity appears low
[16]. In addition, there are concerns about individuals with PDD-
NOS meeting criteria on the DSM-IV who would not meet criteria
on the DSM-5. Children younger than 5 years may have insufficient
symptoms on the RRB category of the DSM-5: for example, the
repetitive use of objects, hand-finger mannerisms, and unusual sen-
sory interests occur commonly in younger children with autism or
developmental delays, whereas compulsions, rituals, and resistance
to change are less commonly endorsed in young children as these
features tend to increase with age [17••]. Development is important
in assessing social communication and RRB [18••].
The DSM-5 introduces a new category: Social Communication Dis-
order (SCD), for those who do not meet the criteria for RRB but
have a significant social pragmatic impairment. It is unclear yet how
school programs and services will be provided to this group of
children.
In conclusion, the DSM-5 criteria can provide structure to inform
assessment of ASD at all ages, though it is problematic in younger
children. Further studies are needed to clarify the SCD diagnosis and
impact of ASD as defined by DSM-5.

Autism Diagnostic Observation Schedule

The Autism Diagnostic Observation Schedule (ADOS) is a semi-
structured observational diagnostic interview that assesses the social
communication skills and RRB of children suspected to have ASD
[19]. It has been updated to be consistent with the DSM-5, and a
new toddler module has been developed (ADOS-T) [20]. The ADOS
requires extensive training, time to administer, and is costly. How-
ever, it provides a structured setting to inform diagnosis and con-
tinues to be the gold standard measure in clinics that evaluate
children for autism [21].

Evaluation of sensory processing difficulties

The evaluation and treatment of sensory behaviors have been foremost con-
cerns since they were included in the DSM-5 criteria for ASD. It is important
to assess the sensory difficulties that some children have (with sounds,
touch, food) but recognize that these behaviors can be present in disorders
other than ASD and to become familiar with measures to evaluate them
[22], such as the Sensory ProcessingMeasure (SPM) and the Sensory Profile
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[23, 24]. Some interventions can be beneficial, and the AAP has developed
recommendations to monitor treatment and discuss options with families
[25••].

Regression of language and social skills

Regression of language and social skills in ASD is reported to occur
in 32.1% [26, 27]; it is described as an abrupt or gradual loss of
previously acquired skills in children with ASD after apparently
normal development for the first 1–2 years of life [26]. No specific
causes or underlying mechanisms have been found, and there have
been mixed results regarding prognosis and long-term outcomes of
children with regression. When evaluating a child with a history of
regression, it is crucial to tease out the developmental trajectory,
investigate underlying pathophysiology such as seizure disorders and
metabolic and genetic causes, and complete a clinical workup.

ASD assessment

ASD assessment needs to include a medical and developmental
history with developmental trajectory and history of regression, as
well as direct observation of behaviors. One can use validated
measures to gather information from parents, teachers, or early
intervention providers (such as the Vineland Adaptive Behavior
Scales [28], or the Vanderbilt Questionnaires; Table 1). The evalua-
tion of developmental and cognitive levels, educational and lan-
guage testing, and ADHD evaluation are important [29] as well as
assessments of other co-morbid conditions such as anxiety and
mood disorders. It is also very important to consider cultural factors
when evaluating children for ASD or other developmental delays.
Please refer to useful recommendations developed by the Massa-
chusetts Act Early State team (www.maactearly.org).

New research updates in ASD

Important recent studies on EEG, functional and structural MRI, eye tracking,
autonomic functions, transcranial magnetic stimulation (TMS), noninvasive
positron emission tomography (PET), and single photon emission computed
tomography (SPECT) have investigated the underlying pathophysiology and
identified potential biological markers for ASD [30]. These techniques are
research tools at this point. Genetic research has greatly expanded our under-
standing of ASD (see below).

Eye tracking and pupillometry
Aberrant eye gaze mechanisms have been implicated in ASD such as dimin-
ished eye gaze and eye movements and can be studied using eye tracking
technology [31•]. Pupillary constriction is a reliable measure of autonomic
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nervous system function, which is poorly modulated and correlates to sensory
behaviors in ASD [31•]. Eye tracking and pupillometry have been combined in
a novel study of social and emotional calibration in response to a standard
stimulus. While eye tracking was similar to controls, children with ASD had less
pupillary dilatation than controls, which correlated to the severity of ASD [32].

Autonomic nervous system
Respiratory and autonomic nervous system dysfunction in ASD show
atypical respiratory patterns (Biot’s and Cheyne-Stokes) and cardiac vagal
hypofunction using precise measures [33••]. Gastrointestinal dysfunc-
tion, anxiety, and history of developmental regression correlated to
decreased cardiac vagal tone in ASD [34]. The findings implicate low
parasympathetic activity in ASD and are consistent with chronic sensory
hyperarousal.

Transcranial magnetic stimulation
Noninvasive repetitive transcranial magnetic stimulation (TMS) is a
promising approach to the diagnosis and treatment of ASD. When it
was applied in 12 weekly sessions over the dorsolateral prefrontal cortex
in children with ASD, autonomic functions improved, along with be-
havioral measures [35]. TMS lends itself to research for understanding,
as well as potential treatment, of altered synaptic plasticity in ASD [36].
TMS appears to be safe, but further research and clinical trials are
needed [37•].

PET and SPECT
Several studies looking at different neurotransmitters, glucose metabo-
lism, or cerebral blood flow in ASD are available; however, results are
inconsistent. Anomalies have been reported in cerebral blood flow in
the temporal lobes and speech areas and in glucose metabolism in the
thalamus and putamen [38]. Serotonin is the most commonly investi-
gated neurotransmitter in ASD [39] with reports of disruption of sero-
tonergic innervation during development. PET and SPECT are research
tools with no clinical indications at this point, and further studies are
needed to identify biological mechanisms underlying ASD.

MRI/fMRI
Abnormalities of early brain growth have been reported; however, no
consistent pathology has been identified on MRI. The size of the brain
stem, posterior fossa, and corpus callosum and the volumes of the
amygdala and hippocampus have been studied; abnormalities of the
white matter have been reported [40•]. With diffusion tensor imaging
(DTI), reduced fractional anisotropy and axial diffusivity were reported
in ASD in numerous white matter tracts, including the corpus callosum
and thalamocortical fibers [41]. Children with ASD exhibited atypical
asymmetry in language-related white matter structure [42].

At this time, this is an area of research that has limitations as patient
groups need to be well characterized clinically, and most studies lack
longitudinal follow-up. The clinical indications for brain imaging (MRI)
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continue to be: focal neurological findings, epilepsy, or a focally abnor-
mal EEG, and MRI is not recommended as a routine test.

Electroencephalography and magnetoencephalography
Electroencephalography (EEG) and magnetoencephalography (MEG) offer
novel insights to brain function in ASD through research, as well as practical
approaches to clinical evaluation. Abnormal findings on traditional EEG, such
as focal slowing and paroxysmal discharges (even in the absence of clinical
seizures), have been associated with ASD, especially in patients with develop-
mental regression, macrocephaly, and temporal lobe localization [43]. Resting
state EEG in children with ASD compared to controls, with quantitative meth-
ods, demonstrates reduced power in the alpha frequency range (8–14 Hz), as
well as reduced network connectivity, which may reflect abnormal patterns of
maturation and provide quantitative diagnostic biomarkers [44]. Despite
advances, there are many complex variables involved in quantitative EEG that
require further research [45•].

MEG is superior to EEG with respect to spatial resolution and does not
depend on the electrical conductivity of brain tissue.When combinedwithMRI,
one can precisely localize sources and strength of electrical activity as well as
network connectivity. Although not yet widely available, resting state MEG, by
itself, has shown atypical reduced connectivity and coherence between areas
that correlate to low sociality in young children with ASD. These are becoming
useful biomarkers for diagnosis and follow-up in clinical treatment trials [46].
When combined with functional connectivity MRI, hypoconnectivity between
many sources of low or high gamma activity (30–60 Hz) becomes evident in
patterns that differ in ASD compared to controls [47]. Gamma activity, mea-
sured by MEG, combined with magnetic resonance spectroscopy (MRS) to
measure gamma-amino butyric acid (GABA) concentrations, has shown de-
creased GABA (the major inhibitory neurotransmitter) and atypical develop-
ment of gamma-band coherence in children and adolescents with ASD [48••].
This approach will lend itself to understanding delayed maturation of excitato-
ry: inhibitory balance in ASD, and to potential treatments, such as bumetanide,
which increases GABA and may restore the normal maturational trajectory
[49•].

Genetics
Genetic research has greatly expanded our understanding that the extreme
clinical heterogeneity of ASD is connected to convergent biochemical pathways
by identifying more than 100 specific genes and genomic regions and over 800
genes that are involved more generally [50]. In up to 40% of patients, ASD can
now be associated with specific genetic abnormalities, up to 10% by copy
number variations on chromosomalmicroarrays (most of which occur de novo),
and 30% by whole exome or genome sequencing. Numerous genes and path-
ways have been identified in genome-wide association studies (GWAS) and
gene sequencing technology that affect neurite outgrowth, synaptic functions,
wnt signaling, and chromatin remodeling [51, 52]. Along with similar advances
in related fields, it is now apparent that similar genetic findings blur the clinical
boundaries between ASD and schizophrenia, ADHD, intellectual disability, and
epilepsy, which suggests that common phenotypes are different, though
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overlapping, forms of developmental brain dysfunction that share common
disease mechanisms [53, 54•]. Analysis of transcriptomes of postmortem ASD
brain confirms convergentmolecular pathology and suggests that dysregulation
of transcription and splicing may lead to neuronal and synaptic dysfunction in
ASD [55].

Clinical genetics in the evaluation of ASD requires a tiered approach that
should be tailored to the individual patient and family [56]. After the diagnosis
of ASD, initial medical evaluation should be followed by a careful 3-generation
family history. If a syndromic diagnosis is suspected, specific testing may be
done (e.g., fragile X, Rett) [57]. A chromosomal microarray for de novo copy
number variations (CNVs) will be appropriate for most patients, as well as
fragile X testing for male patients. Metabolic testing may be indicated by
developmental regression associated with illness or fever, cyclic vomiting, gas-
trointestinal dysfunction, microcephaly, and seizures. A second tier of evalua-
tion may include whole exome or genome sequencing, MRI, and MR spectros-
copy. At each step, genetic counseling is indicated, whether or not a genetic
etiology is identified [53]. Given continued experience with common and rare
genetic variants, along with delineation of phenotypic data, new genetic causes
of ASD are accumulating at an increasing rate [58••, 59]. It is therefore impor-
tant to periodically update genetic evaluation and testing for patients for whom
the etiology of ASD remains unknown.

New treatments in ASD
Current conventional treatment

Current conventional treatment of ASD in children includes intensive behav-
ioral interventions (known as applied behavioral analysis or ABA), rehabilita-
tive services such as speech therapy, occupational therapy, physical therapy,
social skills training, and counseling. Please refer to the flow chart (Fig. 1) for
recommended treatments by age. Below, we do not review new behavioral or
developmental approaches, but rather non-behavioral interventions.

Traditional pharmaceuticals are commonly used to treat autistic symptoms,
but do not affect the core symptoms of ASD [60••]. Despite their limitations
and narrow range of effects, a number of agents can alleviate features of ASD, in
different degrees and with side effects that vary among individual patients. The
selection of agents requires careful consideration of individual symptoms and
needs, with regular follow-up and monitoring for efficacy and side effects.

Most agents are used off-label; two atypical antipsychotic medications (ris-
peridone and aripiprazole) are currently the only FDA-approved medications
for the treatment of aggression and irritability in ASD [61]. Both are dopamine
D2 and serotonin 2A receptor antagonists, and their efficacy has been con-
firmed in clinical trials. Side effects include sedation, increased appetite and
weight gain, and potential for extrapyramidal symptoms and paradoxical rest-
lessness, among others. Other “atypicals” include quetiapine, ziprasidone, and
olanzapine. Despite their side effects, they are preferable to the sedation and risk
of extrapyramidal syndrome associated with the “typical” agents, including
chlorpromazine and haloperidol.

Methylphenidate and other stimulant medications are dopamine reuptake
inhibitors that are usually effective for treatment of ADHD. In patients with
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autism, they may also be effective for symptoms of ADHD but may induce
irritability, even if they improve attention and reduce hyperactivity [62•].
Guanfacine and clonidine are α2-adrenergic receptor agonists that provide
alternative treatments for symptoms of ADHD, and clonidine is useful for sleep
onset, though not maintenance [63]. Atomoxetine, a norepinephrine reuptake
inhibitor, has demonstrated efficacy for ADHD symptoms in children with
ASD, and its effects may be enhanced by parent training [64•].

Selective serotonin reuptake inhibitors (SSRIs; fluoxetine, citalopram) have
not shown consistent benefits for improving repetitive behaviors in children

Child with concerns for ASD or with a positive ASD Level 1 Screen 

Preschooler 
3-5 years old 

School Age 
5-18 years old 

HISTORY 
Developmental History & Trajectory: milestones; slow progress, inconsistent progress 

History of REGRESSION 
Medical History: Pregnancy, perinatal and exposures, genetics, metabolic, Congenital 

malformations, neurologic, Seizures, Sensorineural (Hearing, Vision), Chronic medical conditions 
Family & Social History: Autism, Delay, Mood disorder, Anxiety, Depression, Early deprivation, 

Foster care, Adoption 

Observation &Surveillance: 
-Play 
-Spontaneous 
communication: language, 
non verbal (Eye contact, 
pointing, gestures) 

Observation & Surveillance: 
-Spontaneous communication: 
language, nonverbal, prosody 
-Conversational Skills 
-Behavior 
-Play 

Observation & Surveillance:  
-Communication: language, 
non verbal, prosody 
-Conversational skills 
-Mood/Attention 
-Play 

Testing & Exam 
-Level 2 screening & 
Interactive Test 
-Review Developmental/EI 
evaluations 
-Consider Vineland 
-DSM 5 
-ADOS 
-PNE 

Testing & Exam 
Level 2 screening test 
-Review Developmental, 
cognitive, ST, EI, school 
testing; teacher's concerns; 
rating scales; IEP 
-Consider Vineland 
-DSM5 
-ADOS 
-PNE 

Testing & Exam 
-Level 2 Screening test 
-Review Developmental, 
cognitive, ST, school testing; 
teacher's concerns; rating 
scales; IEP 
-Consider Vineland 
-DSM5 
ADOS 
-PNE 

Referral for: 

-Hearing test 
-MRI/EEG if indicated 
-Genetic testing 
-Early Intervention 
-Specialized services: ABA, 
ST, OT, PT as indicated 
-Other medical referrals as 
needed 

Referral for: 

-Hearing test 
-MRI/EEG if indicated 
-Genetic testing 
-School Evaluation 
-Specialized services: ABA, 
ST, OT, PT, Social skills, 
counseling 
-Other medical referrals as 
needed 

Referral for:  
-Hearing test 
-MRI/EEG if indicated 
-Genetic testing 
-School & academic 
evaluation 
-Specialized services: ABA, 
ST, OT, PT, Social skills  
-Counseling  
-Psychiatry for co-morbidities 
& psychopharmacology; other 
medical referrals as needed 

Toddler 
1-3 years old 

Fig. 1. ASD Assessment. ST speech therapy, OT occupational therapy, PT physical therapy, ABA applied behavioral analysis, EI early
intervention, PNE physical and neurological exam, IEP individualized educational plan.
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and adolescents 5–17 years of age [65, 66]. A recent trial of buspirone (a 5HT1A
partial agonist) in young children (2 to 6 years) with ASD demonstrated
improvements in restricted and repetitive behaviors, consistent with the known
trophic effects of serotonin in early brain development [67•]. Caution is advised
because irritability, hyperactivity, and insomnia may result from stimulating
serotonin in young children, and SSRIs can exacerbate mania in individuals
with latent bipolar disorder (a frequent feature in the family histories of patients
with ASD).

For sleep, a common problem in ASD, melatonin, and α-agonists (e.g.,
clonidine) have been helpful for inducing sleep onset. The benefits of melato-
nin reflect atypical metabolism and low production of the hormone in ASD
[68]. However, its short half life means that it often does notmaintain sleep and
may be combined with, or replaced by, a controlled release form of melatonin
[69]. Other agents used for sleep (e.g., iron supplements, antihistamines, atyp-
ical antipsychotics, antidepressants, benzodiazepines, gabapentin, and anticon-
vulsants) have variable responses and side effects and have not been well
studied in ASD [70•].

Gastrointestinal problems occur commonly in ASD and are evaluated follow-
ing general pediatric guidelines [71]. Treatments for gastroesophageal reflux dis-
ease, chronic abdominal pain, constipation and diarrhea may ameliorate concur-
rent abnormal sleep and behavior. Differences in the microbiome in ASD com-
pared to typically developing children raise the possibility that current researchmay
lead to fecal transplants as well as new probiotics and medications [72•]. .

Mitochondrial dysfunction and oxidative stress are likely to occur in 20% or
more of children with ASD and may be treatable but difficult to diagnose [73•].
Various deficits in electron transport or Krebs cycle intermediates during develop-
mentmay prevent optimal immune andmetabolic responses under stress andmay
become less evident as development proceeds. Screening for mitochondrial func-
tions may lead to trials of antioxidants or cofactors (e.g., coenzymeQ10, carnitine,
vitamin B1), even though their efficacy has not been established in systematic
studies [74].

Novel compounds
Novel compounds (Table 2) for treatment of ASD are so designated because
they have credible postulated mechanisms of action in ASD, but are not
advocated by many practitioners because their safety or efficacy is based on
limited evidence. For each compound listed, a reliable reference discusses the
rationale for its use, safety, and suggested dosing regimen. The reader is encour-
aged to review the references cited as well as others from reliable sources in
considering recommendations for treatment. Note that althoughmany of these
agents appear to be innocuous, they are largely untested and may have unfore-
seen interactions with other medications. Pending further research and clinical
experience, the reader is cautioned that apparently benign “supplements” can
act as “drugs,” even if they are not so classified. The following compounds are
grouped according to their effects on neurotransmitter systems, as neurohor-
mones, folate-dependent one-carbon metabolism, antioxidants and anti-
inflammatories, and food-derived compounds that affect cellular metabolism.

Compounds that facilitate GABA activity take advantage of its deficiency in
ASD. Failure of the normal conversion of GABA frombeing excitatory to inhibitory
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early in development in ASD may account for an imbalance between inhibition
and excitation and the frequently paradoxical effects of GABAergic compounds
(e.g. benzodiazepines). Arbaclofen, a modified form of baclofen, is a GABA(B)
receptor agonist that has shown promise for improved social behavior but overall
negative early clinical trial results [75]. Bumetanide, a loop diuretic, chloride
importer antagonist, and antihypertensive, increases GABA inhibition by reducing
intracellular chloride in cortical neurons. Clinical trials of bumetanide have dem-
onstrated relative safety and efficacy in ASD in global ratings as well as facial and
emotional processing [49•]. Based on decreased GABA activity and therefore
increased ratio of excitatory to inhibitory activity in ASD, memantine, a glutamate
receptor antagonist used for treatment of Alzheimer disease, was reported to show
improved social interaction and communication in open-label trials, but no

Table 2. Novel therapies and evidence: medication options for ASD

Compound Description Effects and evidence References
Arbaclofen GABA(B) receptor agonist Improved social behavior, reduced irritability;

negative trial results
[75]

Buspirone 5HT1A serotonin receptor partial
agonist

Clinical trial in children 2–6 with ASD: improved
restrictive and repetitive behaviors. Reduced
irritability in combination with risperidone

[67•, 81]

Bumetanide Loop diuretic; inhibits sodium and
chloride resorption. Increases GABA
inhibition

Animal and human clinical trials in ASD [49•]

Curcumin Natural phenol derivative of turmeric;
anti-inflammatory, antioxidant

Effective in propanoic acid animal model, on behavior
and biochemical markers. Human trials needed

[93, 94]

Donepezil Acetylcholinesterase inhibitor Several human trials; most show improvements in ASD
behaviors and REM sleep

[99]

Folinic acid Folic acid supplementation for
cerebral folate deficiency or
autoantibodies to folate receptor
alpha

Reports of improvements in symptoms of ASD [87••]

Galantamine Acetylcholinesterase inhibitor Augmentation therapy with risperidone in
4–12-year-olds, reduced irritability and
lethargy/social withdrawal

[78]

Insulin-like growth
factor-1 (IGF-1)

Critical factor in normal CNS
development

Several clinical studies show potential efficacy in ASD
and NDD

[84]

Luteolin Flavinoid; antioxidant,
anti-inflammatory

Positive effects on adaptive functioning and
behavior; reduced TNF and IL-6

[95•]

Memantine NMDA glutamate receptor antagonist Variable trial results in ASD symptoms [76]

Methyl B12 Cellular methylation cofactor and
antioxidant

Clinical trial showed improved CGI scores but no
change in parent-rated ABC or SRS

[88]

N-acetylcysteine Mucolytic, antioxidant, prevents
apoptosis, and improves
neuroinflammation

Apparent efficacy in ASD and other neuropsychiatric
disorders

[90, 91]

Oxytocin Neuropeptide Several trials; improves social cognition and eye gaze
and interacts with serotonin

[82•, 83]

Propranolol Beta adrenergic receptor antagonist Improve conversational reciprocity, possibly as
anxiolytic

[80•]

Rivastigmine Acetylcholinesterase inhibitor Improve expressive speech and autism behaviors [79]

Sulforaphane Isothiocyanate, broccoli sprout
extract

A single placebo-controlled trial demonstrated
significant clinical benefits

[96•, 97]

Tetrahydrobiopterin
(BH4)

Cofactor for production of monoamine
neurotransmitters; low levels in
ASD

Reduced core symptoms of ASD [89]
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benefits in a large placebo-controlled trial [76].
Acetylcholine receptors, both muscarinic and nicotinic, are decreased,

especially in the basal forebrain and cortex in ASD, which have provided
the rationale for trials of acetylcholinesterase inhibitors. Seven trials of
Donepizil have shown improvements in behavior and REM sleep in
some, but not others, with mostly mild side effects [77]. Galantamine
was effective in several trials and when used with risperidone, in reduc-
ing irritability and social withdrawal, and was well tolerated [78]. Riva-
stigmine improved expressive speech and autistic behaviors in a single
open-label study [79].

Adrenergic receptors, both β1 and β2, are nonselectively antagonized by
propranolol, which readily crosses the blood–brain barrier. Single doses of
propranolol have led to improved conversational reciprocity in a study in
young adults with ASD, possibly acting as an anxiolytic and improving non-
verbal communication [80•]. Side effects from its repeated or long term use
(e.g., fatigue, depression, autonomic changes) may limit its usefulness.

Serotonergic compounds may have different effects in early, compared to
later, brain development. As noted above, a recent trial of buspirone was
effective in 2 to 6-year-old children with ASD [67•]. In children and adolescents
with ASD, buspirone at low doses was superior to placebo when given with
risperidone for treating irritability [81].

The neuropeptide oxytocin generates great interest due to its involvement in
social cognition and eye gaze, both ofwhich have improved in clinical trials and
neuroimaging studies in ASD [82•]. However, its short duration of action
(usually by intranasal administration) and uncertain effects of long-term use
require larger and more extensive clinical trials. Recent evidence for important
interaction between oxytocin and serotonin signalingmay lead to simultaneous
treatment of both systems [83]. Insulin-like growth factor-1 (IGF-1) is a com-
mercially available polypeptide hormone with important roles during brain
development and in synaptic connectivity. Positive effects in preclinical models
of ASD and early results of a clinical trial in Phelan-McDermid syndrome (a
genetically defined form of ASD) suggest that it may be beneficial for social
impairment and repetitive behaviors [84].

We now recognize that folate-dependent one-carbon metabolism is central
to several critical and interwoven pathways in which individuals with ASD
differ from controls with respect to their cellular folate, methylation, glutathi-
one, and tetrahydrobiopterin metabolism [85]. Genetic polymorphisms within
these pathways, antibodies to folate receptors, nutritional deficiency, certain
toxins, and environmental factors may lead to different effects on oxidation-
reduction (redox) balance that damage cellular DNA, protein, and lipids
through oxidative stress. Folinic acid, a reduced form of folic acid, crosses the
blood–brain barrier and can treat symptoms of ASD in cerebral folate deficien-
cy, as well as ASD with folate-receptor antibodies [86]. In a recent clinical trial,
high-dose folinic acid improved verbal communication in children with ASD
[87••]. Vitamin B12 (Methyl B12), an important cofactor for methylation,
improved clinician-rated symptoms of ASD as well as biochemical measures
of methylation capacity [88].

Tetrahydrobiopterin (BH4) is essential for the production of monoamine
neurotransmitters and nitric oxide, which are affected in ASD, and low levels
have been reported in the CNS. Treatment with BH4 may reduce core
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symptoms of ASD [89].
N-Acetylcysteine (NAC), an antioxidant and glutamate modulator, is in use

as a mucolytic and to treat acetaminophen overdose. NAC increases intracellu-
lar glutathione by providing its cysteine precursor, and several neuropsychiatric
disorders, including ASD, have responded to NAC in clinical trials [90]. There is
evidence for its safety, as well as efficacy, for irritabilty in ASD; however, a recent
study found no effects on social impairment [91].

Nutraceuticals (plant-derived compounds) hold promise as treatments
for ASD, for both their safety and efficacy, although some research studies
have been limited by small sample sizes and study designs [92]. Curcumin
is a phenol derivative of turmeric (Asian spice and medicinal herb). It has
anti-inflammatory and antioxidant properties and inhibits activation of
microglia in vitro but has poor oral bioavailability [93]. Curcumin was
effective orally, using both behavioral and biochemical measures, in a
propanoic acid rodent model of ASD [94]. Despite its potential, curcumin
has not been approved for therapeutic use in humans; clinical trials are
needed to assess its safety and efficacy. Luteolin, a flavonoid plant pig-
ment, is a multifunctional antioxidant and anti-inflammatory that inhibits
mast cell degranulation and microglial activation. Combined with querce-
tin (another flavonoid), luteolin improved adaptive functioning and ASD
symptoms in an open-label trial [95•]. Sulforaphane, an isothiocyanate
derived from broccoli, has been studied widely in cancer and recently
showed efficacy in improving sociability and aberrant behaviors in a
placebo-controlled trial in young men with ASD [96•]. The rationale for
its use in ASD is based on its effects on several cellular processes, such as
redox metabolism, mitochondrial function, immune dysregulation, and
synaptic function [97]. A similar clinical trial of sulforaphane is currently
underway in children with ASD (NCT02561481).

Nomatter how safe some of these novel, as well as the traditional, compounds
for the treatment of ASDmay appear,most are not FDA-approved and any of them
may have as yet unforeseen side effects or interactions with dietary factors, other
essential medications, or environmental factors that cannot be predicted from the
limited research and experience available. Only the continuing efforts of the
families, researchers, and autism support organizations will provide the informa-
tion necessary to assure their safety and efficacy for persons with ASD.

In conclusion, these assessments and treatments offer a new and expanded
array of possible approaches toASD. The lists are not exhaustive anddonot include
complementary and alternative medical assessments, assays and treatments, and
diets [98•]. Not included is the emerging research on immunology, microbiome,
metabolomics, and metabolic testing, as well as the assessment of ASD in adults.
However, we have attempted to include new validated information and provide
clinical guidance for the evaluation and treatment of young children and youth
with ASD.
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