© American College of Medical Genetics and Genomics

ACMG PRACTICE GUIDELINES

Genetics
inMedicine

Clinical genetics evaluation in identifying the etiology of
autism spectrum disorders: 2013 guideline revisions

G. Bradley Schaefer, MD' and Nancy J. Mendelsohn, MD?; for the Professional Practice
and Guidelines Committee

Disclaimer: This guideline is designed primarily as an educational resource for clinicians to help them provide quality medical services. Adherence to this guideline
is completely voluntary and does not necessarily assure a successful medical outcome. This guideline should not be considered inclusive of all proper procedures
and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results. In determining the propriety of any specific procedure
or test, the clinician should apply his or her own professional judgment to the specific clinical circumstances presented by the individual patient or specimen.
Clinicians are encouraged to document the reasons for the use of a particular procedure or test, whether or not it is in conformance with this guideline. Clinicians
also are advised to take notice of the date this guideline was adopted and to consider other medical and scientific information that becomes available after that date.
It also would be prudent to consider whether intellectual-property interests may restrict the performance of certain tests and other procedures.

The autism spectrum disorders are a collective of conditions that have
in common impaired socialization and communication in association
with stereotypic behaviors. The reported incidence of autism spec-
trum disorders has increased dramatically over the past two decades.
In addition, increased attention has been paid to these conditions by
both lay and professional groups. These trends have resulted in an
increase in the number of referrals to clinical geneticist for the evalua-
tion of persons with autism spectrum disorders. The primary roles of
the geneticist in this process are to define etiology when possible, to
provide genetic counseling, and to contribute to case management.
In deciding on the appropriate evaluation for a particular patient, the
geneticist will consider a host of factors: (i) ensuring an accurate diag-
nosis of autism before proceeding with any investigation; (ii) discuss-
ing testing options, diagnostic yields, and family investment before

Autism spectrum disorders (ASDs), also known as pervasive
developmental disorders, are a behaviorally defined group of
neurodevelopmental disorders that are usually diagnosed in
early childhood. They are characterized by varying degrees of
limitations in communication and social interaction and by
atypical, repetitive behaviors with an onset before 3 years of
age. The phenotype of ASDs is extremely heterogeneous, with
differences from person to person in a wide range of symptoms
and severity as well as differences between the various subtypes
of ASDs (e.g., autistic disorder, Asperger syndrome, and perva-
sive developmental disorder not otherwise specified).

Multiple lines of epidemiologic evidence support the strong
role of genetics in the etiology of ASDs.!”* Results of popula-
tion studies of unselected cases of autism are most consis-
tent with multifactorial inheritance. Until quite recently, the
accepted recurrence risk for full siblings of a child with autism
has been in the range of 3-10%.*¢ Overall, only 2-3% of fami-
lies have more than one affected child (possibly because of

proceeding with an evaluation; (iii) communicating and coordinat-
ing with the patient-centered medical home (PCMH); (iv) assessing
the continuously expanding and evolving list of available laboratory-
testing modalities in light of the published literature; (v) recognizing
the expanded phenotypes of well-described syndromic and meta-
bolic conditions that overlap with autism spectrum disorders; and
(vi) defining an individualized evaluation plan based on the unique
history and clinical features of a given patient. The guidelines in this
paper have been developed to assist the clinician in the consideration
of these factors. It updates the original publication from 2008.
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voluntary avoidance of pregnancy after a child is diagnosed).
Most studies have reported a sex bias in the recurrence risk in
keeping with the presumption of a “multifactorial” mode of
inheritance (higher risk if the affected person is of the less com-
monly affected sex). As such, the reported risk is 7% of another
affected child if the first affected child is female and 4% if the
first affected child is male.” If multiple children (two or more)
have autism, the recurrence risk is on the order of 33-50% for
any future pregnancy.’

Two recent studies®® have reported even higher recurrence
risks of 11 and 19% with single-sibling involvement. The first®
was a retrospective self-enrolled/self-identified study using an
interactive website. The diagnosis was confirmed, but the iden-
tification of second siblings may be a source of ascertainment
bias. The second’ was an international multisite prospective
study in 664 families with a calculated 19% recurrence risk.
Interestingly, the typically reported sex bias was not noted in one
of these studies.® Both were single studies that bear replication.
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At present, it is not suggested that these numbers be used in
modifying recurrence-risk guidelines for genetic counseling.
The roles of the clinical geneticist are to determine the eti-
ology of the ASD when possible, to improve care and man-
agement, and to provide genetic counseling for the family.
In recent years, there has been an increase in new diagnostic
options available to the clinician. Several publications have also
presented many “expanded phenotypes” for genetic and meta-
bolic conditions in association with ASDs phenotypes.'**>
These factors have led to an increase in the number of referrals
to the clinical geneticist and an increase in the diagnostic yield.
In deciding on an evaluation plan, the clinical geneticist has
the task of balancing an ever-expanding list of available tests
and possible diagnoses with the issues of cost, practicality, and
expected yield. These considerations need to be further bal-
anced with the possible benefits of a diagnosis such as treatment
opportunities, improved outcomes, and specific recurrence-risk
information for the family. The guidelines put forth here outline
a tiered evaluation of the etiology of ASDs based on current evi-
dence. Most of the evidence cited is from medium-sized to large
case series, but some is from larger population-based studies.

RATIONALE FOR AN EVALUATION

The rationale for a genetic evaluation is based on the goal of
identifying a unifying diagnosis for a patient. Clinical geneti-
cists can contribute to the process by examining and evaluat-
ing the patient, his or her parents, and siblings as necessary in
establishing the etiology. A definitive diagnosis facilitates acqui-
sition of needed services and is helpful in many other ways for
the family. Many families are greatly empowered by knowing
the underlying cause of a relative’s disorder. Depending on the
etiology, associated medical risks may be identified that lead
to screening and the potential for prevention of morbidity.
Specific recurrence-risk counseling—beyond general multi-
factorial information—can be provided, and targeted testing of
at-risk family members can be offered. Finally, an established
diagnosis will help in eliminating unnecessary diagnostic tests.
In light of these expected benefits, a genetic evaluation should
be offered to every person with an ASD (or his or her family).

REPORTED APPROACHES AND YIELDS

The rate of success for identifying a specific etiologic diagno-
sis in persons with ASDs has been reported as 6-15%.'¢%° This
range is applicable even for evaluations of patients with per-
vasive developmental disorder not otherwise specified, atypi-
cal autism, Asperger syndrome, or autistic features who did
not necessarily meet the criteria of the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders criteria
for pervasive developmental disorder.”

Many factors seem to influence the diagnostic yield. Not
surprisingly, the clinical skills and experience of the medical
geneticist factor into the likelihood of defining a cause. Clearly,
advances in testing modalities improve the diagnostic yield.”> A
review of the potential contribution of newer testing modalities
(presented below) can be expected to be between 30 and 40%.
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In the following paragraphs, we provide the results of diagnos-
tic yields for specific types of tests. Caution must be exercised
in interpreting such studies across times. Because the reported
incidence of autism has increased, it is possible that the rela-
tive proportion of cases attributable to a given etiology has
changed.” Likewise, the rapid rate of change in testing technol-
ogies may complicate comparisons. For instance, the various
types of chromosomal microarray (CMA)—bacterial artificial
chromosome, oligonucleotide, or single-nucleotide polymor-
phism arrays—are not necessarily comparable in the type and
quantity of their diagnostic yields.

Chromosomal abnormalities

Chromosomal abnormalities have consistently been reported
in persons with ASDs. Continued improvements in cytoge-
netic approaches, including higher-resolution studies, have
increased the diagnostic yield of conventional cytogenetic stud-
ies to approximately 3%.**%* Numerous cytogenetically detect-
able deletions and duplications have been associated with an
ASD phenotype.” In general, the most commonly reported loci
mirror the reported linkage data. Some of the most frequently
reported regions are listed in Table 1. The advent of molecu-
lar cytogenetic testing modalities such as CMA has improved
the diagnostic power of genetic evaluations (see below). This
progress has been so effective that it has largely replaced con-
ventional cytogenetics as a first-tier test.”®*” For this reason,
chromosomal analysis in the evaluation of persons with ASDs
should now be reserved only for certain exceptions such as a
clinically suspected chromosome aneuploidy (e.g., Turner,
Klinefelter, and Down syndromes) or a family or reproduc-
tive history suggestive of chromosomal rearrangements. There
are still situations in which third-party payers will cover cyto-
genetic studies but not CMA testing. In such a situation (and
when the patient cannot afford the cost of the CMA studies), a
conventional chromosomal analysis is preferable to no cytoge-
netic testing at all.

Chromosomal microarray
CMA has emerged as a powerful tool for clinical genetic test-
ing.** Currently, two methods of CMA are used in the clini-
cal setting. Array-comparative genomic hybridization and sin-
gle-nucleotide polymorphism arrays use different techniques
to scan the genome for copy-number variants (CNVs). With
the increased number of CMA studies, new information has
emerged regarding the contribution of genome CNVs in ASDs.
Estimates of CNV frequencies in unselected populations of
individuals with an ASD are from 8 to 21%. One of these stud-
ies was reported in 2007.%' The other five were recent (2010 and
2011) studies and used high-density arrays. Cumulatively, these
six independent studies of 2,805 patients with ASDs found
274 (10%) with CNVs that were reported as being clinically
significant.’' ¢

More than 100 different genomic changes have been reported
in individuals with ASDs.” Among these, several have been
shown to have an especially strong association. Not surprisingly,
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Table 1 Selected genetic “hot spots” in autism as identified by selected testing modalities
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Candidate
Deletion/ genes in the
Region Linkage Cytogenetics  Microarray Genomic coordinates duplication region
1p 1p36.13 1:762,978-17,148,920 dup
19 1921.1 1:145.0-146.4 Mb dup HYDIN
1941-42 1941 1:214,500,000-236,600,000 del MARKT
2p 2p16 2p16.3 2:50,145,642-51,259,673 del NRXN1
2q 2q 2g31.1 2:93,300,000-243,199,373 del, dup SLC25A12
2q37 2q37 2:231,972,946-231,989,823 del 5-HTR2B
3q 3924 3:142,984,063-143,567,372 del, dup SLC9A9
3q25-27 3:148,900,000-187,900,000
5p 5p15.1 5:9,623,122-9,624,122 del
79 7911.23 7:72,200,000 (1.5 Mb) dup
7q22-31 7q 7922.1 7:98,000,000-107,400,000 del RELN
7q931.2 7:116,312,458-116,438,439 del, dup FOXP2, WNT2,
MET
7935-936 7:145,813,452-148,118,089 del EN2, CNTNAPZ2
11q 11913.3-q13.4 11:70,313,960-70,935,807 del SHANKZ2
12q 12q14.2 12:63,100,000-65,100,000
139 139 13914.2-q14.1  13:47,300,000-47,300,000 del 5-HTR2A
159 11-13 159 11-13 15911-13 15911-13 15:20.7-26.7 (Mb) dup UBE3A, SNRPN,
CHRNA7
15913.3 15: 28,736,917-30,686,830 del CHRNA7
16p 16p 16p11.2 16:29.5-30.1 (Mb) del, dup
16p13.11 16:15.5-16.5 (Mb) del, dup
17p 17p11.2 17:20,156,497-22,975,771 del, dup
179 17q11-12 17911.2 17:24,000,000-31,800,000 del SLC6A4
17921.3 17:38,100,000-50,200,000 del, dup ITGB3
18q 18g21-23 18q 18g21.1 18:47,793,251-47,808,143 del TCF4, MBD1
21p 21p13—qg11 21:0-16,400,000
22q 22911-13 22qg11.2 22:19,744,225 (1.5-3.0Mb) del CRKL, FGFS, TBX1
22q13.3 22:51,113,069-51,171,639 del SHANK3
Xp Xp22 Xp Xp22.31 X:6,463,313-8,091,810 del, dup NLGN4
Xq Xq13 Xq13.1 X:70,364,680-70,391,050 del, dup NLGN3
Xq28 X:153,287,263-153,363,187 del MECP2

some of these “ASD hot spots” correlate with areas highlighted
by earlier linkage and cytogenetic studies. The most commonly
noted ASD loci on CMA studies are listed in Table 1. Some of
these loci can be quite common in an ASD population. In fact,
one locus (16p11.2) has been reported to have CNVs occurring
in 0.5-1% of all individuals with ASDs.***! Given this diagnostic
yield, we have moved CMA to a first-tier test in place of a karyo-
type, as suggested in the 2008 guidelines. This is in keeping with
recent consensus opinion that CMA is a first-tier test for indi-
viduals with developmental disabilities or congenital anomalies.”

The diagnostic yield of CMA studies in patients with ASDs
can be increased using selection criteria. Higher rates of CNVs
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are noted in individuals with ASDs and additional findings such
as microcephaly, seizures, congenital anomalies, or dysmorphic
features (so-called “complex ASDs”). Performing CMA stud-
ies only in individuals with complex ASDs has been shown to
increase the diagnostic yield to almost 30%.7*** Another selec-
tion factor that can increase the yield of CMA studies in indi-
viduals with ASDs is a family history of developmental disabili-
ties or psychiatric problems.

Once a CNV has been identified by CMA in a patient with
autism, there are several critical considerations in interpreting
the information and conveying it to the family in a meaning-
ful format. Copy-number changes show marked intra- and
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interfamilial variability in their clinical manifestations. The
range of variable expression can include individuals with cog-
nitive and social abilities within the normal range. Therefore,
in determining whether such a change is de novo or poten-
tially inherited, parental studies should be offered, even in the
absence of apparent neurobehavioral disorders in the parents.
Moreover, careful attention should be paid to the family his-
tory with emphasis placed on other neurodevelopmental and
neurobehavioral disorders. The identical CNV seen in a person
with an ASD might present as neurologic symptoms (such as
seizures), attention-deficit hyperactivity disorder, intellectual
disability, or a major affective disorder in a relative. All of the
complexities of changing technology, dynamically expand-
ing literature, and large accessible informational databases
can make genetic counseling challenging even when such an
etiologic diagnosis is made. The geneticist and genetic coun-
selor must be sure to note the type of array technology used
(e.g., BAC vs. oligonucleotide vs. single-nucleotide polymor-
phism arrays) and to access major data resources such as the
International Standards for Cytogenomic Arrays consortium,*
the UCSC Human Genome Browser,** DECIPHER (Database
of Chromosomal Imbalance and Phenotype in Humans Using
Ensembl Resources),* and the Database of Genomic Variants*
in order to provide the best possible information for the family.

Single-gene disorders

Several well-described single-gene disorders have been
reported for which ASDs can be seen as part of the expanded
phenotype associated with changes in that gene (Table 1). For
a selected few of such conditions, there is adequate evidence to
suggest testing for changes in these genes in patients with ASDs
with no other identifiable etiology. These would include fragile
X syndrome, methyl-CPG-binding protein 2 (MECP2) spec-
trum disorders, and phosphatase and tensin homolog (PTEN)-
related conditions.

There is a long-standing association of ASDs with fragile X
syndrome. Approximately 20% of boys with fragile X syndrome
meet diagnostic criteria for ASDs when evaluated by objective
criteria.'"*” Two early studies found an incidence of abnormal
fragile X studies of 6% in unselected cohorts of boys with ASDs.
These studies noted 4 of 75 (5.3%)* and 17 of 210 (8%)* posi-
tive rates. Recent surveys have reported a lower yield for fragile
X testing. Three recent studies identified fragile X in only 6 of
1,215 (0.5%) children with ASDs.?>*** It seems likely that some
of these differences can be explained by better recognition and
earlier diagnosis of fragile X syndrome. Once this diagnosis is
made, many centers will not assign these children to ASDs clin-
ics; therefore, they may not be included in overall “unselected”
studies. It is recommended that all males with unexplained
autism be tested for fragile X syndrome.

Our review of the literature did not identify any female
patients with abnormal fragile X results from among an
unselected cohort of persons with ASDs. Therefore, “routine”
testing of females with ASDs for fragile X does not meet evi-
dence-based criteria. However, we recommend that serious

SCHAEFER et a/ | Identifying the etiology of autism spectrum disorders

consideration be given to ordering fragile X studies in females
with ASDs when prompted by clinical parameters such as (i) a
phenotype compatible with fragile X; (ii) a family history posi-
tive for X-linked neurodevelopmental disorders; or (iii) prema-
ture ovarian insufficiency, ataxia, or tremors in close relatives.

Mutations in MECP2 were originally reported as the pri-
mary etiology of Rett syndrome. It was not long until a broad
range of other phenotypes were described in conjunction with
MECP2 mutations. Idiopathic ASD was one such phenotype.*
The aggregate data from nine studies*>***'"*” in which MECP2
testing was performed on girls with nonsyndromic ASDs
identified 16 of 400 (4%) with pathogenic mutations (range:
0-20%). Interestingly, in one of these studies,** the only
patients identified with a mutation were those with a pheno-
type of the “preserved speech variant” subtype of Rett syn-
drome. An additional study® drew from two large databases
to evaluate the presenting complaint of 313 cases of girls with
MECP2 mutations. The authors found that the patients with
an initial diagnosis of autism had fewer symptoms of classic
Rett syndrome and better functional outcomes. The girls with
an autism diagnosis and MECP2 mutations were associated
with two specific sequencing mutations: R306C and T158M.
In 2008, when the original guidelines were written, no males
with MECP2 abnormalities and autism had been reported.
Since then, two publications™® have identified males with
MECP2 duplications and an ASD phenotype. Among the
four studies, 22 males with known MECP2 mutations were
evaluated. Of these, nine had a diagnosis of autism and one
was noted to have “autistic features.” Clearly, these are small
studies and were not designed to assess the prevalence in an
unselected ASD population. Given current evidence, routine
MECP?2 testing in males with autism is not recommended.
However, the geneticist should be alert to the features of
MECP2 duplications (e.g., drooling, recurrent respiratory
infections, hypotonic facies) and consider MECP2 duplication
testing in boys with autism and such features.

In 2001, a mother and her son were found to have identical
PTEN mutations.®" The phenotype in the mother was Cowden
syndrome. The child, too,had Cowden syndrome but also had an
ASD. The authors raised the question of a possible association.
A few years later, a series of 18 patients selected for ASDs with
macrocephaly (head circumference >2.5 SDs above the mean)
was reported.’® Of these, three patients (16%) had PTEN muta-
tions. Other single-case reports of ASDs in conjunction with
PTEN mutations have appeared in the literature. At least one
of these individuals was female.** In addition to the previously
mentioned studies, four other reported studies have looked
at PTEN mutations in cohorts of persons with ASDs.>663-6
The collective data from these studies identified 15 of 318
individuals (5%) with ASDs who had pathogenic PTEN muta-
tions. Although most of these studies did not select for patients
with ASDs with macrocephaly, retrospective analysis showed
that macrocephaly was present in all positive cases. Therefore,
it is suggested that PTEN testing be reserved for patients with
ASDs with a head circumference above the 98th percentile. It
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is important to consider parental head sizes as well as the pat-
tern of head growth in determining whether the head size is
truly excessive or whether a parent may be mildly affected. Also
highlighted by these studies, the yield may be exceptionally
high in patients with ASDs and macrocephaly of >4SDs above
the mean.

When a family history is consistent with X-linked inheri-
tance and the patient has cognitive impairments, an “X-linked
intellectual disability gene panel” is a consideration. Several
X-linked genes are known to present as either ASD or intel-
lectual disability.”” Another disorder to consider is the X-linked
creatine transporter defect (SCL6AS8 gene). Patients with this
condition have been reported with neurobehavioral changes
in the ASD spectrum, along with hypotonia and seizures.
Currently, no studies have been reported on the diagnostic
yield of such panels in persons with ASDs.

Table 2 Recently described metabolic conditions
associated with an ASD phenotype

3B-Hydroxycholesterol-7-reductase deficiency (Smith-Lemli—Opitz
syndrome)

6-N-trimethyllysine dioxygenase deficiency
Adenylosuccinate lyase deficiency

Cerebral folate deficiency

Cytosolic 5" nucleotidase superactivity
Dihydropyrimidinase deficiency

Disorders of creatine transport or metabolism
Disorders of y-aminobutyric acid metabolism
Phosphoribosylpyrophosphate synthetase superactivity
Succinic semialdehyde dehydrogenase deficiency

Sulfation defects

ASD, autism spectrum disorder.

Table 3 Clinical symptoms that prompt metabolic or
mitochondrial testing in persons with ASDs

Acid/base or electrolyte disturbances
Anemia with an elevated mean corpuscular volume
Cyclic vomiting

Dermatologic changes: alopecia, hypertrichosis, and pigmented skin
eruptions

Developmental regression associated with illness or fever
Gastrointestinal dysfunction, gastroparesis
Hypotonia/dystonia

Lactic acidosis

Lethargy

Multisystem involvement, especially cardiac, hepatic, or renal (physical
and/or laboratory evidence)

Neurodegeneration outside of the typical ASD speech loss at
18-24 months

Poor growth, microcephaly

Seizures

ASD, autism spectrum disorder.

GENETICS in MEDICINE

ACMG PRACTICE GUIDELINES

Metabolic disorders

Numerous metabolic abnormalities have been reported in the
context of an ASD phenotype (Table 2). Metabolic disorders
associated with an ASD phenotype are relatively rare, typi-
cally autosomal-recessive in nature, and present early in life.*
Most metabolic disorders are associated with other clinical
symptomatology such as seizures, extrapyramidal signs (move-
ment disorders, dystonia, and parkinsonism), failure to thrive,
or neuroregression that is atypical for the autistic patient. To
our knowledge, there have been no systematic studies that
have looked at the diagnostic yield of metabolic testing in an
unselected cohort of patients with ASDs. A joint plenary ses-
sion of the American College of Medical Genetics and the
Society for Inherited Metabolic Disorders in 2009 addressed
this issue. The general opinion expressed was that metabolic
disorders in ASDs were indeed “low incidence yet high impact.”
Although no consensus was reached on what level of test-
ing should be recommended, several important themes were
highlighted. Similar to a clinician’s responsibility to evaluate a
patient with ASD for syndromic features, the geneticist should
review the patient’s history for signs and symptoms that would
warrant further metabolic evaluation or referral (Table 3). A
careful medical history for true developmental regression (neu-
rodegeneration), worsening neurological symptoms, lethargy,
poor physical endurance, or seizures is critical. Physiologic
abnormalities such as acidosis should be aggressively pursued.
Although this guideline does not recommend routine meta-
bolic testing in the absence of clinical indicators, the index of
suspicion for inborn errors of metabolism must remain high.
For some metabolic disorders, there may be no clinical indi-
cators. For instance, it has been reported that 5% of patients
with untreated phenylketonuria will meet diagnostic criteria
for autism.”” Likewise, the clinical indicators for Sanfilippo syn-
drome may not be apparent for decades after the diagnosis of
autism.®® A procedural question has been raised in this context:
how would the geneticist know whether acidosis was present
if testing were not performed in the first place? Hence, many
metabolic specialists have suggested that routine metabolic
screening of patients with ASDs be performed as a first-tier
evaluation. Such an evaluation would include a complete blood
count, a serum metabolic profile, and serum amino acid and
urine screening for glycosaminoglycans. As for many of these
unresolved issues, a prospective study is needed to identify the
actual yield of such suggested screenings.

Mitochondrial abnormalities

New literature suggests a link between mitochondrial dysfunc-
tion and ASDs.* This association has been recognized in per-
sons with autistic behaviors and loss of speech after a febrile
illness or immunization with subsequent encephalopathy.”
Constitutional symptoms, hypotonia, repeated regressions after
the age of 3 years, and multiple organ dysfunctions are clues
to consider mitochondrial disease (Table 3). A review of 25
patients with a known mitochondrial disorder who presented
with an initial diagnosis of ASD found that all had an abnormal
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neurologic examination and/or an elevated plasma lactate con-
centration.” As with metabolic disorders, testing for mitochon-
drial disorders in persons with ASDs is recommended only if
supporting symptoms or laboratory abnormalities are present.

Neuroimaging

The role of neuroimaging in the evaluation of persons with
developmental disabilities has been strongly debated for
decades. To some, it is intuitive that one should “examine” the
affected organ. Others argue that cost and the logistics of seda-
tion make such studies too risky for the yield. It has also been
suggested that multiple sedations at an early age are associated
with adverse neurodevelopmental outcomes.””* A fairly recent
publication reported a 48% (33 of 69) occurrence of identifi-
able brain anomalies in an unselected cohort of persons with
ASDs. However, most identified abnormalities were not diag-
nostic of a specific condition. Currently, there is insufficient
evidence to recommend routine magnetic resonance imag-
ing scans for all patients with ASDs. In the event of important
comorbid conditions such as neuroregression or other major
neurologic abnormalities, magnetic resonance imaging can be
a helpful diagnostic tool. One special situation also warrants
mentioning. In contrast to macrocephaly, microcephaly and
autism are rarely associated. It is also important to note whether
the microcephaly is congenital or acquired, because the differ-
ential diagnosis differs. Neuroimaging should be considered
in individuals with ASDs and microcephaly. For patients in
whom a metabolic etiology is suspected, combining magnetic

Table 4 Template for the clinical genetic diagnostic
evaluation of autism spectrum disorder

First tier
Three-generation family history with pedigree analysis
Initial evaluation to identify known syndromes or associated conditions
Examination with special attention to dysmorphic features

If specific syndromic diagnosis is suspected, proceed with targeted
testing

If appropriate clinical indicators present, perform metabolic and/
or mitochondrial testing (alternatively, consider a referral to a
metabolic specialist)

Chromosomal microarray: oligonucleotide array-comparative genomic
hybridization or single-nucleotide polymorphism array

DNA testing for fragile X (to be performed routinely for male patients
only)?

Second tier
MECP2 sequencing to be performed for all females with ASDs
MECP2 duplication testing in males, if phenotype is suggestive
PTEN testing only if the head circumference is >2.5 SD above the mean

Brain magnetic resonance imaging only in the presence of specific
indicators (e.g., microcephaly, regression, seizures, and history of
stupor/coma)

ASD, autism spectrum disorder; MECP2, methyl-CPG-binding protein 2; PTEN,
phosphatase and tensin homolog.

2DNA testing for fragile X in females if indicators present (e.g., family history and
phenotype).
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resonance spectroscopy with standard neuroimaging should be
considered.

Summary

In summary, the literature indicates that the following approxi-
mate diagnostic yields are expected in the genetic evaluation of
ASDs:

CMA (10%)

Fragile X (1-5%)

MECP2 (4% of females)

PTEN (5% of those with head circumferences >2.5 SDs that
are tested)

Karyotype (3%)

e Other (10%). Currently, there are no published studies
that collate the yield on the other identifiable etiologies
of autism. As noted above, identifiable brain anomalies,
genetic syndromes, metabolic disorders, and other diag-
nosable conditions will be identified in the genetic eval-
uation of persons with ASDs. Using empiric estimates
and clinical experience, this has been estimated as 10%.7

Therefore, using current knowledge and technology, a
thorough clinical genetics evaluation of patients with ASDs
is estimated to result in an identified etiology in 30-40% of
individuals.

EVALUATION

The clinical geneticist’s major contributions continue to be iden-
tification of dysmorphic features and analysis of family-history
information. Clinically recognizable syndromes that may be
subtle are another category of identifiable causes of ASDs.”
Therefore, an evaluation by a clinical geneticist/dysmorpholo-
gist to determine whether an individual with ASD has isolated
or complex/syndromic ASD remains a high yield, low-cost part
of the evaluation.

Like all clinical evaluations, an etiologic evaluation must be
tailored to the individual patient. The design of the evaluation
must take into consideration focused information from the his-
tory and the physical examination as well as clinical experience.
There is no single approach or algorithm that can be applied to
all cases. For practical reasons, a stepwise, or tiered, evaluation
is reccommended in this report (Table 4). A stepwise evaluation
can be designed such that tests performed in higher (earlier)
tiers have a greater expected diagnostic yield, lower invasive-
ness of testing, and better potential for intervention, and are
more easily employed.”

This approach will evolve with continued advancements in
diagnostic testing and improved understanding of the ASD
phenotype. Multiple additional conditions have been reported
in association with an ASD phenotype, but none of these has
been evaluated in a large prospective cohort. Therefore, a future
third tier of evaluation is a distinct possibility. Further studies
would be needed to elevate the evidence to the point of rec-
ommended testing. Alternatively, advances in technology may

GENETICS in MEDICINE



Identifying the etiology of autism spectrum disorders | SCHAEFER et a/

permit bundling of individual tests into an extended, more
readily accessible, and less expensive platform.

THE DIAGNOSTIC PROCESS

1. Accurate diagnosis: It is critical that an accurate diagnosis of
ASD be made before initiating the genetic evaluation. All
patients with ASDs should have a formal audiogram to rule
out a significant hearing loss.

. Role of the PCMH: Every individual with an ASD should
have a designated primary-care medical home. Often, the
primary care physician will be the first professional to raise
the question of ASD as a possible diagnosis. After clinical
genetics consultation, the primary care physician and the
clinical geneticist should be prepared to partner in order-
ing, scheduling, and coordinating recommended diagnos-
tic tests.

. Referral for clinical genetics evaluation: A genetic consulta-
tion should be offered to all persons/families with ASDs.
Evaluations should be considered for any individual along
the entire ASDs spectrum. The referring professional
should discuss expectations and possible outcomes of such
an evaluation before making the referral. The referring
professional should be aware of what is involved in such a
consultation and the potential diagnostic yields and should
share this information with the patient/family.

. Tiered evaluation: The clinical genetic evaluation of an indi-
vidual with an ASD must be customized to the clinical situ-
ation. A patient may be referred to the geneticist with the
goal of confirming a specific diagnosis that is being consid-
ered. Alternatively, a syndromic diagnosis may be apparent
to the geneticist in the initial visit. In either case, the diagno-
sis should be confirmed using accepted clinical criteria and/
or laboratory testing (if available). Many recognizable syn-
dromes have a firmly documented association with ASDs.
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For these conditions, further investigation into the etiology
of the ASD is unnecessary (Table 5).

There are, however, genetic conditions that have been
reported in association with ASDs for which the reported
association is not convincing. For patients with these condi-
tions, it is recommended that an etiologic evaluation of the
ASD be undertaken as an independent process (Table 6). If
the clinical geneticist does not identify a specific disorder in
the initial evaluation, further testing can be accomplished
as outlined in Table 4.

. Genetic counseling: Upon completion of the clinical genetics

evaluation, two groups of individuals will have been identi-
fied: those with and those without an identifiable etiology.
Genetic counseling should be provided to both groups. For
those without an identifiable etiology, counseling should be
provided using empiric recurrence-risk data. The accepted
published recurrence risk for full siblings is approximately
3-10%—although newer studies are suggesting that this
risk may be higher.** Modified for sex, the risks are 7% if the
affected child is female and 4% if the affected child is male.
If there are multiple children (two or more) with ASDs,
published reports would predict at least a 30% recurrence
risk.”?

. Treatment and follow-up: Clinical geneticists differ greatly

in their practice as to their involvement with patients
after completion of diagnostic consultations. Management
and treatment plans depend on specific etiologic diagno-
ses. Such cases are often comanaged by agreement by the
clinical geneticist and the primary care physician. Changes
in technology and in phenotypes often aid in ultimately
obtaining a diagnosis in patients for whom a diagnosis
is not initially established. Thus, periodic reevaluations
should be considered for patients in whom a definitive
etiology is not initially discovered. The timing of interval
follow-up consultations should be negotiated among the
patient/family, the PCMH, and the medical geneticist.

Table 5 Selected genetic syndromes that are known
etiologies of autism spectrum disorders

22q11.2 deletions including velocardiofacial (Shprintzen) syndrome

Angelman syndrome

CHARGE syndrome

de Lange syndrome

Fragile X syndrome

MED12 disorders (including Lujan—Fryns syndrome)
Prader-Willi syndrome

PTEN-associated disorders (Cowden syndrome, Bannayan—Riley—
Ruvalcaba syndrome)

Rett syndrome
Smith-Lemli-Opitz syndrome
Smith—Magenis syndrome
Sotos syndrome

Tuberous sclerosis

Table 6 Genetic tests that have been suggested in
the etiologic evaluation of ASDs, but currently with
insufficient evidence to recommend routine testing

PTEN, phosphatase and tensin homolog.
Adapted from ref. 74.
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CDLKS5 testing

Cholesterol/7 dehydrocholesterol

Chromosome 15 methylation/UBE3A gene testing
Methylation/epigenetic testing

Mitochondrial gene sequencing/oligoarray

NSDT testing

Reduction—oxidation studies

Screening for disorders of purine/pyrimidine metabolism (serum and

urine uric acid)

Screening for folate-sensitive fragile sites

Selected neurometabolic screening (mucopolysaccharides, creatinine

phosphokinase, amino acids, organic acids, lactate, ammonia,
acylcarnitine profile)

ASD, autism spectrum disorder.
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Summary

A genetic basis for autism is strongly supported by a large
body of literature. Advances in clinical testing technology have
increased the diagnostic yield from 6-10% a few years ago to
30-40%. Therefore, genetic testing should be discussed with all
patients and families with ASDs. This document provides rec-
ommendations on how to proceed with such an investigation. It
is also important to note the accumulating evidence that newer
testing modalities applying “next-generation” sequencing
such as exome or whole-genome sequencing approaches will
increase the diagnostic yield even more over the next few years.
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