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Bottom line: Neurodevelopmental disorders (NDDs) are a group of conditions which include autism,
global developmental delay (GDD) and intellectual disability (ID), as well as attention deficit
hyperactivity disorder (ADHD), specific learning disorders (LD), and others.

An NDD may have a genetic cause, such as a genetic syndrome, or complex inheritance with genetic
susceptibility factors. An identifiable genetic etiology is more likely in those with co-occurring health
conditions or those who have a family history of NDDs.

Genetic testing is indicated for all:
e autistic individuals.
e individuals with unexplained GDD and/or ID.
e individuals with an NDD and co-occurring features suggestive of a possible genetic condition.

Genetic testing is not indicated for those with isolated ADHD, LD, speech delay or other isolated NDD.

The Canadian College of Medical Geneticists’ 2023 Position Statement recommends first-tier genetic
testing be organized by non-genetics clinicians before or concurrent with a referral to genetics. This
includes chromosomal microarray and, in some cases, Fragile X syndrome testing.

Identifying the genetic etiology of an NDD may provide answers for families, inform recurrence risk and
medical management. Individuals with a positive result on first-tier testing benefit from referral to a
genetics specialist. Negative first-tier genetic testing does not rule out the possibility of a genetic
contribution and referral to a genetics specialist for consideration of second-tier testing is
recommended, unless the indication for testing was isolated autism. Genetic testing may yield uncertain
or unexpected results in which case a referral to a genetics specialist would be recommended.

Periodic reassessment and possible re-referral to Genetics is suggested when no genetic etiology is
identified using novel testing approaches.

Note: In this resource the terms genetics and genomics are used interchangeably. For more information about
these terms please see this fact sheet from the National Human Genome Research Institute.

What are neurodevelopmental disorders?

Neurodevelopmental disorder (NDD) is a term used to describe conditions that impact the development
and function of the brain leading to general or specific impairments of intellectual, motor, language,
and/or social skills or abilities. Onset is typically early in a child’s development, often before a child
enters elementary school, and impairments can continue throughout an individual’s lifetime. Some
individuals, typically those with milder presentations, may not be diagnosed until adolescence or even
adulthood. Conditions which fall within this group are outlined in Figure 1.

NDDs are diagnosed based on clinical criteria found in the Diagnostic and Statistical Manual of Mental
Disorders-5 (DSM-5). Some NDDs are diagnosed based on a thorough developmental history and clinical
examination, whereas others require the use of standardized psychometric tests.!
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Figure 1. The spectrum of conditions classified as neurodevelopmental disorders (NDDs). While these are distinct

diagnoses, they may share some overlapping features and NDDs are commonly

seen to co-occur in an individual.

For families of children with NDDs, early diagnosis can be important to facilitate access to evidence-
based interventions and enhance quality of life.>* Once a NDD diagnosis has been established, an
etiological diagnosis can be considered. This resource will explore different NDDs and the genetic
contribution to these conditions, in addition to providing information about genetic assessment for

NDDs.

May 2024

Page 2 of 21



Autism

Autism, also referred to as autism spectrum disorder, is a complex condition which affects brain
development. Autism is extremely variable and associated with a wide range of characteristics and
ability levels. Each autistic individual will have unique strengths and challenges.

Core features of autism include:
1. persistent challenges with social communication and social interaction
2. presence of restricted and/or repetitive patterns of behaviours, interests, or activities?

Approximately 1 in 66 children and youth (aged 5-17) in Canada are autistic. The prevalence in
individuals assigned male at birth is four times higher than in individuals assigned female at birth.>®

A diagnosis of autism is most often made in childhood, although some individuals are not
diagnosed until later in life (adolescence or adulthood). The median age at time of autism diagnosis
in Canada is reported to be 3.7 years.® A reliable diagnosis may be made as early as age 2. Early signs of
autism may include limited or no eye contact, limited response to name when called, differences in play,
absence of compensatory gestures (i.e. pointing), and limited joint attention (initiating, responding, or
sharing interests).’”

For more detailed information regarding early signs and/or the process of diagnostic assessment for
autism please see the following resources:
e Autism spectrum disorder: a guide for community physicians (Canadian Paediatric Society 2019)
e |dentification, Evaluation, and Management of Children with Autism Spectrum Disorder
(American Academy of Pediatrics 2020)
e Autism and Neurodiversity in Primary Care (eLearning module by University of British Columbia
Continuing Professional Development)
e Standards of diagnostic assessment for autism spectrum disorder (Canadian Paediatric Society),
including information about diagnostic tools (ADOS-2, CARS-2, ADI-R etc.) which may be used as
part of the assessment.

Neurodiversity

Neurodiversity as a concept recognizes that a range of natural diversity exists in human
neurodevelopment. Increasingly, there are calls from the autistic community to view autism through a
neurodiversity lens. Within this framework, typical neurodevelopment is not seen as ‘correct’, instead it
is neither superior nor inferior to divergent neurodevelopment. Developmental differences are seen as
valuable diversity rather than as deficits. The goal of the neurodiversity movement is to promote
acceptance of learning and thinking differences. This view calls for autism to be seen as an inherent and
integral part of a person’s identity and experience of the world rather than as a disorder.?

Throughout the autistic community there are preferences on the use of person-first language (person
with autism) or identity-first language (autistic person). In this resource we aim to use identity-first
language in line with the voiced preferences of many members of the autistic community.® Consider
eliciting and using the preferred language of the individuals and families you work with.

Global developmental delay and Intellectual disability

Global developmental delay (GDD) is a NDD where children present with significant delays in the
attainment of milestones in at least two developmental domains. These domains include gross or fine
motor, speech/language, cognition, social/personal, and activities of daily living. A diagnosis of GDD is
limited to those who are under age 5 and too young to undergo standardized assessments of intellectual
functioning. Significant delay is defined as at least 2 standard deviations below the mean with

May 2024 Page 3 of 21


https://cps.ca/uploads/tools/CPS_Autism-EN-clinical-tool_1.pdf
https://publications.aap.org/pediatrics/article/145/1/e20193447/36917/Identification-Evaluation-and-Management-of?autologincheck=redirected
https://publications.aap.org/pediatrics/article/145/1/e20193447/36917/Identification-Evaluation-and-Management-of?autologincheck=redirected
https://ubccpd.ca/learn/learning-activities/course?eventtemplate=320-autism-and-neurodiversity-in-primary-care-asd-management-module
https://ubccpd.ca/learn/learning-activities/course?eventtemplate=320-autism-and-neurodiversity-in-primary-care-asd-management-module
https://cps.ca/en/documents/position/asd-diagnostic-assessment

S
@

standardized tests.! Children with GDD often, but not always, evolve to meet diagnostic criteria for
intellectual disability as they age.!

Intellectual disability (ID) is a condition that presents before 18 years of age, characterized by deficits in
general mental abilities including reasoning, problem-solving, planning, abstract learning, judgement,
academic learning, and learning from experience. These deficits result in impairment of adaptive
functioning (social and practical skills) in comparison to individuals of the same age, gender and socio-
cultural background. Intellectual disability is categorized as mild, moderate or severe.?

The global prevalence of GDD and ID is estimated to be approximately 1-3% of the pediatric population.
11,12
For more information about diagnosis, etiological assessment, and care of children and adults with
GDD/ID please see:
e Evaluation of the child with global developmental delay and intellectual disability (Canadian
Paediatric Society 2018)
e Primary care of adults with intellectual and developmental disabilities (Canadian Consensus
Guidelines 2018)

Other NDDs

Attention deficit hyperactivity disorder (ADHD) is a NDD characterized by a persistent pattern of
inattention, disorganization, and/or hyperactivity which is inappropriate for an individual’s
developmental level. The resulting impairment in function impacts an individual’s social and
academic/occupational activities.?

For more information regarding assessment and diagnosis of ADHD please see the following resource:
e ADHD in children and youth: Part 1—Etiology, diagnosis, and comorbidity (Canadian Paediatric
Society 2018)

Specific learning disorders, commonly referred to as learning disorders or learning disabilities (LD), are
NDDs that emerge during formal schooling. LD is characterized by persistent, specific limitations in the
ability to perceive, process, or remember information accurately and/or efficiently. A specific learning
disorder may impact reading, written communication, and/or mathematical skills and the impairment
significantly interferes with academic achievement, occupational performance or activities of daily
living. The learning difficulties experienced are not better explained by other factors (i.e. a diagnosis of
ID, uncorrected vision or hearing impairment) and must significantly interfere with academic
achievement, occupational performance, or activities of daily living.t

Communication disorders are a subgroup of NDDs characterized by persistent impairments in
development, production, or comprehension of language across different modalities (spoken, written,
sign language etc.). Included in this category are diagnoses such as language disorder, speech sound
disorder, childhood-onset fluency disorder (stuttering), and social communication disorder.!

Motor disorders are another subcategory of NDDs which include developmental coordination disorder,
stereotypic movement disorder, and tic disorders. Differences in acquisition and coordination of motor
skills, presence of repetitive seeming movements, and tics (rapid, sudden, recurrent motor and/or vocal
symptoms) are features of these conditions.!

Further information about these diagnoses can be found in the DSM-5. Genetic testing is not generally
indicated for these other NDDs, without a syndromic presentation, or a family history of NDDs.
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What causes neurodevelopmental disorders?

Autism

Family studies support a strong genomic contribution to autism, with high heritability and high empiric
recurrence risk estimates in families.’>*> Genetic causes of autism are extremely varied. Hundreds of
genes are implicated in autism susceptibility.1#16-18

Most often the etiology of autism, particularly when not accompanied by other health or developmental
differences, is thought to be multifactorial. In multifactorial inheritance genetic and non-genetic (i.e.
environmental) susceptibility factors and their interactions contribute in an additive way to the
likelihood of an individual being autistic. Rarely is a single genetic variant sufficient to cause autism in
every individual who has it. Some genetic susceptibility factors are highly penetrant, meaning they
confer a very high chance of autism. Other genetic variants may confer a low or moderate susceptibility.
Weaker susceptibility variants may be commonly seen in the general population.?® These genetic
susceptibility factors are frequently not specific to autism; thus, the same variant may also predispose to
other NDDs. Environmental risk factors for autism can be of varying strength but overall are thought to
contribute less to autism susceptibility than genetic factors. A multifactorial threshold “cup” model
(Figure 2) has been proposed to conceptualize the multifactorial inheritance of autism.?°

Types of variation that contribute to autism susceptibility

Environmental

/ non-genetic

susceptibility
factor

Strong genetic Weak genetic
susceptibility susceptibility
factor factor

Autism cup

Figure 2. Multifactorial threshold model of autism, adapted from Hoang et al. (2018). The cup represents
someone’s chance of being autistic. If their cup is full an individual is autistic. If the cup is not full an individual is
not autistic. Different susceptibility factors contribute to filling the cup. The strength of a susceptibility factor is
represented by the size of the circle. A strong genetic susceptibility factor confers a high chance of being autistic.?°
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Less often autism occurs as part of a genetic syndrome where a genetic predisposition to autism is
accompanied by a distinctive pattern of co-occurring health, behavioural, learning, and/or physical
features. Examples include Fragile X syndrome, Rett syndrome, and Cowden syndrome. While the
presence of co-occurring syndromic features does not guarantee a genetic cause will be identified, the
likelihood of identifying a genetic etiology is higher in these individuals.?> 7& 7°

Genetic variants contributing to autism susceptibility can be inherited from a parent or can be de
novo (occurring for the first time in the autistic individual).

Types of genetic variation that contribute to autism susceptibility include chromosomal gains or losses
(tiny deletions or duplications of part of a chromosome or a whole extra or missing chromosome), single
gene pathogenic variants (PV) (previously called mutations), and epigenetic changes (factors that affect
gene expression and activity).1416:1821,22

Genetic testing is recommended for all individuals with a diagnosis of autism, and the recommended
testing is discussed below. Currently, clinical genetic testing for autism focuses on identifying syndromic
forms and strong genetic susceptibility factors. Over 25% of autistic individuals will have an identifiable
contributing genetic variant.2 In most individuals, the cause of autism remains unknown, particularly for
autistic people who have no co-occurring health conditions.

Global developmental delay and Intellectual disability

There are many possible causes of GDD/ID. An etiology can be identified in about 40% to 80% of
individuals.?* Causes of ID can include genetic and metabolic conditions, central nervous system
malformations, illness/infection, exposure to teratogens in the prenatal environment or toxins in the
postnatal environment, complications at birth (such as asphyxiation), thyroid dysfunction, head trauma
during childhood, and neglect.'*%

Genetic etiologies of GDD/ID include:

e Chromosomal abnormalities e.g. Down syndrome, 22g11.2 deletion syndrome, Williams
syndrome

e Single gene pathogenic variants (previously called mutations — difference in the DNA sequence
within a gene) e.g. Fragile X syndrome, Tuberous sclerosis complex

e Mitochondrial conditions (variants in genes which affect the functioning of the mitochondria)
e.g. Leigh syndrome

e Imprinting disorders (genetic variants leading to loss or gain of gene function when only one
copy of the gene — either the maternal or paternal copy — is usually expressed) e.g. Angelman

syndrome

Genetic variants associated with GDD/ID could be inherited or occur de novo. Some genetic variants may
be sufficient in isolation to cause GDD/ID whereas others may act as susceptibility factors for GDD/ID in
a multifactorial inheritance model. 26728 Both syndromic and non-syndromic genetic etiologies of GDD/ID
have been identified. Genetic testing is estimated to identify a genetic etiology in over 50% of
individuals with ID/GDD.?3

Other Neurodevelopmental Disorders

Other NDD diagnoses, such as ADHD and LD, may have genomic contributions. Family studies have
shown an increased incidence of ADHD among parents and siblings of children with ADHD compared to
the general population. In addition, some genetic conditions (such as Klinefelter syndrome, 22g11.2
deletion syndrome etc.) show a higher incidence of ADHD than in the general population.?®2° There is
currently limited evidence regarding the likelihood of an underlying genetic diagnosis in an individual
with isolated ADHD, LD, or other isolated NDDs that are not autism and/or GDD/ID. 3!
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Who may benefit from a genetic assessment?

The Canadian College of Medical Geneticists (CCMG) 2023 Position Statement suggests genetic testing
be offered to all:

e autistic individuals.

e individuals with unexplained GDD/ID (regardless of severity).

e individuals with other NDDs plus syndromic features (Table 1).

It is important to note that genetic testing is not intended to provide a diagnosis of a NDD but rather to
provide a molecular etiology for the NDD. It can be an important part of the assessment of individuals
with an established NDD diagnosis. 3!

The chance of identifying a genetic etiology for a NDD is higher if there is a:%

e syndromic presentation with additional clinical features such as congenital anomalies or co-
occurring medical conditions (Table 1).

e family history of NDDs and/or consanguineous parents. This is particularly true if the pattern of
affected individuals in the family is consistent with Mendelian inheritance (autosomal dominant,
autosomal recessive, X-linked). For example, multiple affected siblings of unaffected
consanguineous parents, or multiple affected individuals assigned male at birth who are related
through the maternal line.

Table 1. Clinical features that may be suggestive of a genetic syndrome for individuals with
neurodevelopmental disorders.3!

Clinical feature Description

Dysmorphic features Visible morphological findings that differ from those commonly
seen in the general population of the same genetic ancestry. For
example, hypertelorism (wide-spaced eyes) and syndactyly

Congenital malformation A non-progressive morphological anomaly of an organ or body part
that is present at birth. For example: cleft palate, tetralogy of Fallot
Abnormal head size Occipitofrontal circumference less than or greater than two

standard deviations from the mean for age, sex and ethnicity. i.e.
microcephaly and macrocephaly

Unexplained growth Growth parameters greater or less than two standard deviations
abnormalities from the mean for age, sex and ethnicity, particularly if parental
heights are within the normal range. For example, postnatal failure
to thrive, short stature, or overgrowth

Additional medical co- Medical conditions, particularly when multiple or uncommon, that
morbidities are not expected to be present secondary to the NDD itself. For
example, sensorineural hearing loss, vision impairment, renal
disease, epilepsy, ataxia, and neuromotor deficits

Features suggestive of an Developmental plateau/regression and an abnormal neurological
inherited metabolic condition exam, altered level of consciousness (especially if episodic),
movement disorder (ataxia, tremor, dystonia, myoclonus),
MRI/MRS brain abnormality, splenomegaly, hepatosplenomegaly,
specific avoidance of high protein foods, ophthalmological findings
(cataracts, dislocated lens, retinopathy, corneal depositions, cherry
red spot), seizures, abnormal tone (hypotonia or spasticity), coarse
facial features, skeletal abnormalities on X-ray
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Genetic testing for individuals with a NDD is best initiated as early as possible after diagnosis to support
clinical management. The value of timely genetic testing may be higher for younger children, as parents
may find the results important for family planning.3* Some older individuals (e.g. adults, adolescents)
with an established NDD diagnosis may never have had a genetic evaluation.?? Re-evaluation is
recommended if an affected individual with no identified genomic change has not been tested or
evaluated in 5 years or more.»

Genetic testing is not suggested for persons with NDDs other than autism,
GDD, or ID when no other clinical or family history features suggestive of a
genetic condition are present. This includes isolated ADHD, LD, or speech
delay. Current understanding of the genetic contribution to these
conditions, when isolated, is limited and the diagnostic yield of genetic
testing is unclear. If an individual has features suggestive of a possible
genetic condition (Table 1) or a family history of NDDs, referral to a
genetics specialist is suggested.3°

What genetic testing is recommended for neurodevelopmental
disorders?

A tiered approach to genetic testing for autism, GDD, and ID is proposed by the CCMG. As the demand
for genetic specialist consultations is high, and wait times for non-urgent referrals in these specialist
clinics are often long, the CCMG 2023 Position Statement suggests that first-tier genetic tests be
arranged prior to or concurrently with a referral to a genetics specialist.3* Referral criteria across the
country are variable, with some genetics centres in Canada requiring first-tier testing be arranged before
referral to their service.

The proposed role of a clinical geneticist in the care of individuals with NDDs is primarily to determine
whether second-tier genetic testing is indicated and/or to ensure that the individual and family have an
opportunity to discuss the significance of a variant identified on first-tier genetic testing.3!

Genetic centres will often expedite an assessment for patients referred with a new genetic finding.
Including as much documentation as possible is helpful to best triage that referral and ensure a patient’s
appointment with genetics is as beneficial as possible e.g. copy of previous investigations, consult notes,
genetic test results, developmental assessment. The geneticist will typically make recommendations
regarding follow-up care if a genetic diagnosis is made.

Figure 3 summarizes the suggested pathway for genetic testing following diagnosis of a NDD.

Upfront referral to clinical genetics (without any first-tier investigations) may be indicated for:*°

e Individuals with a history and/or physical examination which is highly suspicious for a specific
genetic condition, i.e. a two-year-old assigned female at birth with GDD who presents with
developmental regression and hand wringing which are characteristic of Rett syndrome.

e Individuals who have not had any genetic investigations because first-tier testing cannot be
organized by non-genetics clinicians in a particular region OR where a non-genetics clinician is
not comfortable offering this testing AND it is not a requirement for referral to the local genetics
centre.

e Individuals with a family history of a known or suspected genetic syndrome associated with
NDDs who are requesting genetic counselling about recurrence and/or inheritance.
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Genetics centres across Canada often have a genetic counsellor and/or geneticist on-call or geneticist
available through eConsult to answer questions. Consult with Genetics if you have questions regarding
whether first-tier testing or an assessment in Genetics is indicated.

‘ ;g GECKO point of care tools are available to facilitate discussion of genetic testing and explain how to order
genetic testing, including links to laboratories and requisitions across Canada.

Resources for clinicians>Neurogenomics >Neurodevelopmental disorders
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First-tier Genetic Tests
Chromosomal microarray

Chromosome imbalances occur when an individual has extra or missing regions of genetic material.
Chromosomal microarray (CMA) is a test used to detect gains and losses in the amount of
chromosomal material. The types of variation detected by CMA include copy number variants (CNVs)
and most aneuploidies. CNVs are small gains of chromosomal material called microduplications, and
small losses of chromosomal material called microdeletions e.g. 22g11.2 deletion syndrome. Aneuploidy
refers to a difference in the number of whole chromosomes e.g. trisomy 21 (Down syndrome).

CMA is widely available and generally can be ordered by a variety of physicians. In many provinces this
testing is performed by hospital-based genetics laboratories. It is usually done on a blood sample.
Ordering CMA typically requires a specific requisition which can often be found on your local Genetics
laboratory’s website. You can also contact the laboratory for guidance.

The diagnostic yield of CMA for NDDs is summarized in Table 2.

Table 2. Diagnostic yield of chromosomal microarray for various NDDs.?

Condition Diagnostic yield (%)
ID/GDD 10-30%
Non-syndromic autism 4-5%
Autistic individuals with Up to 25%
syndromic features

CMA has a much higher detection rate than a traditional karyotype in individuals with
GDD/ID and autism. First-tier genetic testing for chromosomal causes of NDDs should
be done using CMA and not karyotype. A karyotype might be used in limited clinical
situations where a specific numerical or structural chromosomal condition, such as
Down syndrome, is suspected.

CMA cannot detect all genetic differences, such as the repetitive DNA sequences causing Fragile X
syndrome (FXS), balanced chromosome rearrangements where there is no gain/loss of DNA but gene
function may be impacted, or methylation differences as seen with Angelman syndrome. Other
limitations of CMA may exist depending on the specific technology used.?

As CMA cannot detect all types of genetic variation, additional genetic testing may be indicated for a
comprehensive genetic assessment of NDDs. If an individual meets criteria for consideration of FXS
testing (see below), specific testing of the FMR1 gene is indicated. If an individual has a negative CMA
result, referral to genetics for consideration of additional testing may still be indicated (Figure 3).

For more information regarding CMA please see our GECKO on the run resource on CMA

Fragile X Syndrome Testing

Fragile X syndrome (FXS) is one of the most common inherited causes of ID. FXS results when the
FMR1 gene is inactivated due to expansion of a repetitive sequence (CGG) in the gene. Itis an X-
linked condition. FXS can affect individuals regardless of sex, although those assigned male at birth
are usually more severely affected. In individuals assigned female at birth, the clinical presentation
of FXS is highly variable, with intelligence ranging from normal to moderate ID .3

FXS testing is currently not recommended for autistic individuals or for individuals with GDD or ID
if they do not have a clinical presentation or family history suggestive of the condition.3!
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If there is clinical suspicion of FXS in an individual with a NDD, based on clinical features or family
history, a non-genetics clinician who is comfortable doing so can initiate FXS testing (in most
provinces).

Currently it is recommended that individuals presenting with GDD/ID or who are autistic and have one
or more of the following be offered FXS testing:3!

e  Macro-orchidism

e Relative or mild macrocephaly

e Specific facial features: large or prominent ears, long or narrow face, tall forehead, high arched
palate, prominent jaw

e Connective tissue findings: soft velvety hands, redundant skin on dorsum of hands,
hyperextensible joints, pes planus, mitral valve prolapse

e Behavioural features: autistic features, hyperactivity, shyness, gaze avoidance, hand biting,
tactile defensiveness and anxiety

e Maternal relatives with GDD, ID or who are autistic

e Maternal relatives assigned female at birth with premature menopause or ovarian insufficiency

e Maternal relatives with adult-onset tremor, ataxia, or parkinsonism

e Maternal relatives with a known diagnosis of FXS or FXS related condition

FXS can only be detected by a targeted single gene test and not by CMA or other genetic testing
methods. Testing is typically done on a blood sample. A specific requisition is typically needed to order
this test. Requisitions can often be found on your local Genetics laboratory’s website. You can also
contact the laboratory for guidance.

It is estimated that 2.2%-2.5% of those assigned male at birth with NDDs and 1.3-1.6% of those assigned
female at birth with NDDs have FXS. The diagnostic yield of FXS testing is higher when physical and/or
behavioural features or family history listed above are present. No single individual will have all the
features of FXS, and some features (such as long face, large ears, and macro-orchidism) are more
common after puberty.

Metabolic/biochemical testing

Metabolic testing typically involves blood and urine testing to detect the presence or absence of
biochemical markers that can lead to a diagnosis of an inherited metabolic condition. Inherited
metabolic conditions are a group of genetic conditions that can present with NDDs as part of their
clinical spectrum. These conditions are individually rare and most patients with an inherited metabolic
condition will have other suggestive features in addition to a NDD.

Biochemical screening is not suggested for all individuals with NDDs. Individuals with a NDD and ‘red
flags’ of an inherited metabolic condition (Table 1) should be referred for a consultation with a
metabolic/genetic specialist as soon as possible as some inherited metabolic conditions are treatable.
Consideration should also be given to those who did not undergo newborn screening for inherited
metabolic conditions.®

Based on individual comfort level, non-genetics clinicians can consider ordering targeted metabolic
testing for patients with suggestive features (Table 1) while an individual is waiting for a specialist
consultation. For a review of the biochemical screening tests to be ordered for specific presentations
please see the 2023 CCMG Position Statement.
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Second-tier Genetic Tests

Clinical geneticists may offer comprehensive multigene panels or exome sequencing (ES) as second-tier
investigations for patients with NDDs. Multigene panels and ES are two different testing strategies
currently used to investigate rare single gene causes of NDDs. ES is a genomic test that reads through
each base of the coding regions (exons) of all the genes to identify variations in the sequences as
compared to reference databases. A multigene panel looks for meaningful sequence variants within a
collection of genes associated with a specific clinical presentation.

What are the benefits and considerations of genetic testing for
neurodevelopmental disorders?

Benefits

Causal explanation: a genetic diagnosis may provide a causal explanation for why an individual
developed a NDD. For families this may be very meaningful. Knowing the cause can relieve parental guilt
and provide reassurance. A positive genetic test result has also been shown to promote acceptance of
the NDD diagnosis.

Inform prognosis: a genetic diagnosis can aid families and health care practitioners in preparing for an
individual’s future care and needs. A better understanding of a child’s needs, gained from a genetic
diagnosis, may improve the quality of life for families.?®

Inform medical care: for a small subset of individuals a genetic diagnosis can be very impactful as it can
inform medical care. This includes:

e Facilitating targeted surveillance for other health conditions known to be associated with the
genetic variant. For example, in the case of Cowden syndrome, in addition to autism
susceptibility, affected individuals and possibly their family members may be at higher risk for
benign and malignant tumours of the thyroid, breast, and endometrium, as well as
hamartomatous intestinal polyps. Specific surveillance guidelines can be applied.

e Facilitating tailored disease-specific therapies.3 This is a less common outcome, but an
emerging area of medicine for this patient population. Examples include participating in ongoing
clinical trials of potential therapies for Fragile X syndrome, dietary restriction or liver transplant
in individuals with urea cycle disorders with the aim of preventing further neurodevelopmental
deterioration.

e |dentifying other family members at risk for health problems and potentially offering
management options. For example, in Fragile X syndrome, pre-mutation carriers have the
potential to develop fragile X-associated tremor/ataxia syndrome in adulthood and those
assigned female at birth have an increased risk of primary ovarian insufficiency.

Recurrence risk information: a genetic diagnosis may allow more accurate recurrence risk

(RR) counselling for families, depending on how the responsible genetic variant is inherited (Table 3).

In the absence of an identifiable genetic etiology, a RR range can be given to families based on empirical
studies (Table 3). RR may vary depending on the severity of the condition in the affected family
member(s), the number of affected family members, the sex assigned at birth of the affected family
member(s), and the degree of relationship with the affected family member(s).

Identify support resources: a genetic diagnosis may also allow identification of condition-specific

support resources for individuals and families. While most genetic conditions are relatively rare, families
around the world with a rare condition may connect via the internet. Individuals and their families can
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share experiences, learn about natural history/ prognosis of a condition in others, and get advice. Many

families obtain information about the latest research developments from such networks.

Table 3. Possible recurrence risk (RR) estimates in various scenarios.’”

Diagnosis

Sibling RR

Isolated autism without a
known genetic diagnosis'**®

For couples who have one autistic child with no known
etiology, the chance for each of their subsequent
children to be autistic is about 10-19%. When two or
more siblings in one family are autistic, the RR in other
siblings is approximately 25-50%.

Isolated ID/GDD without a
known genetic diagnosis

For parents of an individual with severe unexplained ID
and no other family history of ID, the chance another
child has ID is approximately 3% and is higher for
siblings assigned male at birth than for those assigned
female at birth.

Isolated ADHD without a
known genetic diagnosis®®

For parents of a child with ADHD the chance of
another child being diagnosed with ADHD is
approximately 12%.

Autosomal recessive condition
e e.g. Smith-Lemli-
Opitz syndrome

25%

Autosomal dominant
condition
e e.g. Cowden
syndrome (PTEN) or
Neurofibromatosis

50% if one parent is also affected. No increased risk if
the parents are tested for the specific condition and
are both negative.

(NF1)
X-linked condition 50% RR when the mother is a carrier of the genetic
e e.g. FXS variant

De novo condition

(a new gene variant in the
affected individual, not
inherited from either parent)

Generally <1% though this estimate may vary based
on the specific condition.

Considerations

Genetic testing may not provide an explanation for an individual’s NDD diagnosis. Not all individuals

S
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will have an identifiable genetic diagnosis. Individuals and families with the expectation of receiving a
genetic diagnosis may feel disappointed.

Genetic testing will not find all genetic variants that cause disease. Due to limitations in our

knowledge and technology, a negative result does not rule out the possibility of a genetic
contribution, nor does it eliminate the possibility of having another child with a NDD.

Genetic testing results may not provide information about prognosis or medical management even

when a genetic explanation is found.

Learning about genetic testing results can be emotionally challenging. A variety of reactions to genetic

testing have been reported including anger, sadness, or anxiety. An inherited cause of a NDD may
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produce feelings of parental guilt. A negative result or VUS may be disappointing or frustrating,
particularly if there has been a long search for the cause, or if a genetic diagnosis could provide valuable
clinical information or access to resources. Some individuals who receive a positive result worry about
the stigma associated with a genetic diagnosis.*

In a recent study (Byres et al. 2023) autistic adults voiced reservations regarding the use of genetic
testing for isolated autism, particularly in the pediatric context where an individual is unable to consent
to testing themselves and instead the choice is made by their parent/guardian. Concerns included the
potential for discrimination against the autistic community at large (i.e. Genetic test results used for the
prevention of autism). Byres et al. propose consideration could be made to defer genetic testing until an
autistic individual is old enough to participate in the decision given the low likelihood a genetic testing
result leads to time-sensitive medical benefits.*

Risk or susceptibility variants with lower penetrance (i.e. those which confer a weaker chance of the
condition) may be difficult to interpret. A genetic result may not entirely explain someone’s clinical
presentation. It may also be difficult to provide a recurrence risk. The chance of passing on the genetic
variant may be easy to quantify, but the specific risk for a NDD diagnosis is more elusive as other genetic
and non-genetic factors may be involved (i.e. multifactorial cup model). An additional challenge lies in
predicting the clinical presentation in another individual given the variability in presentation that is seen
with many genetic NDD susceptibility factors. A specific genetic variant may predispose an individual to
several different NDDs (e.g. autism, GDD/ID) and can present differently in each individual, even those in
the same family.?®

The significance of the result may be uncertain. The impact of all possible genetic variation is not
understood. Genetic testing can identify variants of uncertain clinical significance. This type of result
can neither confirm nor rule out a specific genetic etiology. Some individuals and families may find
the uncertainty associated with this type of result distressing.

It is possible to receive an unexpected result. Misattributed parentage or consanguinity may be
suspected. Occasionally, a result does not explain a patient’s NDD phenotype but may have other
health implications (such as a microdeletion including the BRCA2 gene which may play a role in
lifetime cancer risk) for an individual or their family members.

Information discovered may have implications for the health of relatives. In some families, this may
have a negative impact on family dynamics.

Results may impact the ability to obtain life, long-term care, or disability insurance.
In Canada, a Genetic Non-Discrimination law protects Canadians and their genomic information.
Some key points of the law are that it prohibits:*

e Providers of goods and services (including insurance companies) from requesting or requiring a
genetic or genomic test be performed and from requesting or requiring the disclosure of genetic
or genomic test results, either past or future.

e Federally regulated employers from using genetic or genomic test results in decisions about
hiring, firing, job assignments, or promotions.
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What do the results of first-tier genetic investigations mean?
Possible results from chromosomal microarray (CMA)

Positive result:
A pathogenic or likely pathogenic variant was identified.

The genetic variant in that gene or region of the genome is known to be associated with the NDD for
which genetic testing was done. This result demonstrates the likely genetic etiology of the individual’s
clinical NDD diagnosis. Relatives can often have genetic testing for this familial variant. The genetic
variant may be associated with a genetic syndrome with possible co-occurring conditions or might act as
a susceptibility factor for one or multiple NDDs. The clinical presentation resulting from susceptibility
factors can be variable and is likely influenced by other genetic and environmental factors. Detection of
susceptibility variants in an individual with a NDD may only partially explain their NDD diagnosis or may
present differently in another individual the same variant. Referral to Genetics for counselling is
indicated.

Negative (uninformative) result:
A genetic diagnosis was not identified.

While no clinically relevant variants were identified by the test performed, this does not rule out the
possibility of a genetic contribution to an individual’s NDD. If the NDD diagnosis remains unexplained,
referral to Genetics for further investigations may be indicated in some clinical scenarios (Figure 3).
Alternatively, periodic re-assessment might be indicated.

Possible explanations for a negative genetic test result include:

e The cause is not genetic, or there is no strong genetic susceptibility factor. Most NDDs are
multifactorial. If the contributing genetic factors are each individually weak (meaning that they
each only contribute a small amount to NDD susceptibility) these likely won’t be identified with
standard clinical genetic testing.

e The cause may still be genetic, but the test that was done has not identified the cause. Either
the test performed did not look at the gene that is linked with the condition (e.g. CMA for a
single gene disorder), or the gene linked with the condition was examined, but the specific
variant in that gene cannot be found using current technology/testing methods, or the genetic
cause of the NDD is not yet discovered.

Unclear/ uncertain result also known as a variant of uncertain significance (VUS):

A genetic variant is identified but the genetic laboratory currently cannot confidently determine if the
specific genetic variant identified is pathogenic or benign, as the available evidence may be insufficient
or conflicting.

No changes to medical management are indicated. Family members are typically not offered genetic
testing for a VUS. This type of result generally benefits from interpretation by a clinical geneticist and
may warrant additional investigations. Occasionally additional clinical information and/or family
segregation data may provide clarity. Sometimes there is no further testing that will clarify the uncertain
result at this time, or a variant’s significance may remain unclear even after further investigation. Over
time, as more is known about the identified genetic variant, such as further population or functional
data, the variant’s significance may become clearer. This is why periodic re-assessment of a VUS is
typically recommended. The timeline suggested for variant re-assessment may vary and would be
determined by the geneticist. Re-classification of a VUS could mean the variant is now determined to be
considered either pathogenic or benign. It is important to note that VUS are reported with significantly
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higher frequency in those of non-European ancestry (e.g. Hispanic, African, Asian and Pacific Islander).
This has to do with the lack of diversity in clinical and research contexts and the under-representation of
non-European groups in genomic databases that are used for interpretation by laboratories.*?

Unexpected result also known as an incidental finding:

Rarely, a genetic variant may be identified that is not related to the reason for testing (an individual’s
clinical features and/or medical history) but still has relevance for them and/or their relatives’ current or
future health or may have reproductive implications. In addition, occasionally, genetic testing may
reveal unexpected family relationships. For example, genetic testing may detect evidence that parents
are biologically related, and ES, specifically, may show evidence of misattributed parentage. Referral to
Genetics to discuss an unexpected result would be indicated.

Possible results from Fragile X Syndrome (FXS) testing?®

Negative:

A CGG repeat length of 5-44 is considered normal. An individual does not have FXS or an FMR1-related
condition. They are not at increased risk of having a child with FXS.

Intermediate repeat length:

A CGG repeat length of 45-54 is considered intermediate. The individual does not have FXS or another
FMR1-related condition (e.g. Fragile X associated tremor and ataxia, Fragile X associated primary ovarian
insufficiency). Further expansion of the CGG repeat length can occur in future generations. An individual
with an intermediate repeat length has a chance to have a child who is a premutation carrier and is at
increased risk for a Fragile X- associated ovarian insufficiency and/or Fragile X associated tremor/ataxia
syndrome. However, expansion to a size sufficient to cause FXS would not be expected to occur in one
generation. As such, individuals with an intermediate repeat length are not considered at increased risk
of having a child with FXS.

Premutation repeat length:

Individuals with a CGG repeat length of 55-200 are considered “premutation carriers”. They do not have
FXS, and this result would not explain a personal history of a NDD. They may be at increased risk for
Fragile X-associated primary ovarian insufficiency and/or Fragile X-associated tremor/ataxia syndrome.
Further expansion of the CGG repeat to full expansion length may occur during oogenesis. Thus, those
assigned female at birth who carry a premutation have an increased chance to have a child with FXS.
Referral to Genetics for counselling regarding this result and its implications is indicated.

Full expansion:

Repeat lengths >200 are associated with FXS. Referral to Genetics for counselling regarding this result
and its implications is indicated.

Most provincial genetic laboratories will have board-certified genetic counsellors who can answer
questions about genetic test results.

Surveillance and management recommendations

Surveillance and management of individuals with ID/GDD or autistic people with syndromic features/co-
occurring conditions vary depending on the individual’s clinical presentation and what, if any, genetic
diagnosis is made. Connect with your local genetics specialist for guidance.
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For guidance on medical management of autistic individuals please see the Canadian Paediatric Society
Guidelines which outline treatments and interventions and their effectiveness.

Management may be coordinated through the geneticist, family physician or other specialist, depending
on the condition, the needs of the individual, and the available resources.

If no etiology is determined, periodic reassessment in Genetics may be recommended.

Resources for primary care practitioners

General Information About Neurodevelopmental disorders [Accessed January 2024]
e Autism Spectrum Disorder (BMG Best Practice)
e Autism spectrum disorder: A guide for community physicians (Canadian Paediatric Society)
e Developmental Screening Tools (Canadian Paediatric Society)
e Autism and Neurodiversity in Primary Care (eLearning module) (University of British Columbia
Continuing Professional Developmental)
e Canadian ADHD Resource Alliance
e Tools for primary care of adults with intellectual and developmental disabilities (Surrey Place)

Genetic/genomic resources [Accessed January 2024]
e GeNotes (Genetics Education Program — National Health Service)
e Anintroduction to genetic testing (Undiagnosed Disease Network)
e Chromosomal microarray (Genetics Education Program — National Health Service)

Resources to share with families and persons with neurodevelopmental
disorders

NDD resources [Accessed May 2024]
e Autism spectrum disorder: what you need to know — Caring for Kids (Canadian Paediatric
Society)
e Sesame Workshop and Autism
e Advocacy Tool Kit for parents of children and youth with ASD and other NDDs (Holland

Bloorview)
e AIDE Canada

Resources for genetic conditions [Accessed May 2024]
e A Family Guide: Navigating Life After a Rare Genetic Diagnosis (Simons Search Light)
e Fragile X Research Foundation of Canada
e Unique: Information and support for families affected by rare chromosomal conditions and
their healthcare practitioners
e Genetic Support Foundation

General resources [Accessed May 2024]
e A parent’s guide to health information on the internet (Caring for Kids - Canadian Paediatric
Society)
e Your child’s development: what to expect (Caring for Kids - Canadian Paediatric Society)
e About Kids Health (SickKids)
e Blood draw tool kit (Surrey Place)
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