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Neurodevelopmental disorders (NDDs), including global developmental delay (GDD), in-
tellectual disability (ID), and autism spectrum disorder (ASD), represent a continuum of
developmental brain dysfunction. Although the etiology of NDD is heterogeneous, genetic
variation represents the largest contribution, strongly supporting the recommendation for
genetic evaluation in individuals with GDD/ID and ASD. Technological advances now
allow for a specific genetic diagnosis to be identified in a substantial portion of affected
individuals. This information has important ramifications for treatment, prognosis, and recur-
rence risk, as well as psychological and social benefits for the family. Genetic counseling is a
vital service to enable patients and their families to understand and adapt to the genetic
contribution to NDDs. As the demand for genetic evaluation for NDDs increases, genetic
counselors will have a predominant role in the ongoing evaluation of NDDs, especially
as identification of genetic etiologies has the potential to lead to targeted treatments for
NDDs in the future.

Genetic counselors are increasingly becom-
ing integral members of the team working

with families facing a diagnosis of a neurodeve-
lopmental disorder (NDD). Genetic counselors
havemany roles in this setting—helping families
understand the NDD diagnosis and its impli-
cations for their child and family, providing
education about potential etiologies and the
role of genetics, and participating in the diag-
nostic evaluation. In addition, genetic counsel-
ors help families with making decisions related

to genetics and adapting to the disability or ge-
netic condition.

Herein, we will begin with a review of the
definitions and etiologies of NDDs. We will
provide an overview of diagnostic genetic testing
for NDDs and then delve deeper into the nu-
merous counseling issues that arise. Overall, this
work will focus on genetic evaluation and coun-
seling for NDDs that have the greatest likelihood
to yield an identifiable genetic cause—namely,
global developmental delay (GDD), intellectual
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disability (ID), and autism spectrum disorder
(ASD)—highlighting the importance of genetic
counseling and ongoing follow-up.

DEFINITIONS

NDDs are a common group of conditions that
manifest as impairments in development and
function that begin in childhood. As defined in
the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5), NDDs include
ID, ASD, attention deficit hyperactivity disor-
der, communication disorders, motor disorders
such as cerebral palsy, and specific learning
disorders (American Psychiatric Association
2013). These conditions are typically diagnosed
after comprehensive assessments with a devel-
opmental pediatrician, pediatric neurologist,
neuropsychologist, psychiatrist, or other spe-
cialist.

As defined by the American Association on
Intellectual and Developmental Disability, ID
(formerly called mental retardation) is “charac-
terized by significant limitations both in intel-
lectual functioning and in adaptive behavior as
expressed in conceptual, social, and practical
adaptive skills. The disability originates before
age 18 years” (Schalock et al. 2007). Standard-
ized measures of adaptive functioning and in-
telligence are typically reliable in children over
age 5 years. Before that time, a diagnosis of
GDD is often given when a child presents
with significant delays in two or more develop-
mental domains, including gross or fine motor,
speech/language, cognitive, social/personal, and
activities of daily living (Moeschler et al. 2014).
Not all children diagnosed with GDD will meet
diagnostic criteria for ID, particularly those who
present with mild delays and who are expected
to meet age-appropriate developmental mile-
stones. The prevalence of GDD/ID in the Unit-
ed States is estimated to be 1%–3% (Moeschler
et al. 2014).

ASD is characterized by deficits in social
communication and interactions, along with
restrictive, repetitive patterns of behaviors, in-
terests, and activities (American Psychiatric
Association 2013). This definition encompasses
previously used terminology such as pervasive

developmental disorder and its subgroupings
(autistic disorder, Asperger’s disorder, child-
hood disintegrative disorder, and pervasive de-
velopmental disorder not otherwise specified).
ASD is four times more common in males than
females (Baio et al. 2018). The severity of the
ASD diagnosis is based on level of support: Lev-
el 1 indicates “requiring support,” Level 2 indi-
cates “requiring substantial support,” or Level 3
“requiring very substantial support” (American
Psychiatric Association 2013). According to the
Autism and Developmental Disabilities Moni-
toring (ADDM) Network study from surveil-
lance year 2014, one in 59 children (1.7%)
aged 8 years has been identified with a diagnosis
of ASD (Baio et al. 2018).

NDDs often present with complex patterns
of impairment acrossmotor, cognitive, and neu-
robehavioral domains. For example, individuals
with GDD/IDmay show autistic features, which
may or may not meet criteria for an ASD diag-
nosis. Likewise, approximately one-third of in-
dividuals with ASD have ID (Baio et al. 2018).
Although cerebral palsy (CP) is often secondary
to prenatal and/or perinatal brain injury, there
are many genetic disorders that masquerade
as CP and may also have ID and/or ASD as a
feature (Lee et al. 2014b). Other medical comor-
bidities seen in NDDs include epilepsy, con-
genital anomalies, and psychiatric conditions
(Schalock et al. 2007).

Ultimately, these various NDDs can be rep-
resented on a larger continuumof an underlying
developmental brain dysfunction (DBD) (Mo-
reno-De-Luca et al. 2013; Finucane and Myers
2016). Research has shown a shared genetic ba-
sis for ID and related disorders such as epilepsy,
ASD, schizophrenia, and others that can be con-
sidered part of the spectrum of DBD (Vissers
et al. 2016). There can be significant diagnostic
overlap and co-occurrence of these brain-based
diagnoses within an affected individual and/or
among family members, which further points
toward an underlying genetic contribution.

ETIOLOGY OF NDDs

The etiology of NDD is heterogeneous, includ-
ing genetic as well as nongenetic factors. The

A. Blesson and J.S. Cohen

2 Cite this article as Cold Spring Harb Perspect Med 2020;10:a036533

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



genetic contribution to NDDs is variable, but
reports of increased rates of concordance for
NDDs among twins and family members sup-
port a high degree of heritability (Chaste and
Leboyer 2012). There is substantial genetic het-
erogeneity, as there are an enormous number of
individually rare genetic conditions that present
with an NDD as a prominent feature. These
include chromosome copy number variants
(CNVs) and single-gene disorders. Nongene-
tic factors may modify the manifestation of
features, thus resulting in a multifactorial con-
dition. Variable expressivity and reduced pene-
trance also impact the diagnosis and presence
of medical comorbidities with NDD, especially
within the same family. For example, the path-
ogenic 16p11.2microdeletion has been reported
in individuals with ASD, GDD/ID, and/or
neuropsychiatric conditions, as well as appar-
ently unaffected individuals (Ho et al. 2016).
Other mechanisms include epigenetic alterna-
tions or a polygenic contribution with multiple
common variants or polymorphisms collec-
tively resulting in an NDD (Siu and Weksberg
2017).

Epidemiologic studies have attempted to
establish the association of various environmen-
tal factors with NDDs, such as maternal health
conditions, perinatal infection, malnutrition,
trauma, and many others (Gentner and Leppert
2019). For instance, prenatal exposure to alcohol
and environmental exposure to lead are con-
firmed to be associated with an increased risk
for GDD/ID. On the other hand, any association
between vaccines and ASD has been thoroughly
debunked by many studies, including those
conducted by the Centers for Disease Control
(DeStefano et al. 2013).

The high diagnostic yield from genetic
testing indicates that genetic variation has a
larger causal contribution to the development
of NDDs when compared with environmental
risk factors. Indeed, modern techniques now re-
sult in the identification of genetic etiologies in
more than half of individuals with severe GDD/
ID (Gilissen et al. 2014), with that number
expected to increasewith improvements in tech-
nology and disease-gene discovery. Therefore, in
the absence of a clear and substantial environ-

mental factor that explains the clinical presen-
tation, a genetic workup is appropriate to offer
to individuals with GDD/ID and ASD.

GENETIC TESTING IN NDDs

Professional societies have published guidelines
on genetic evaluation of GDD/ID and ASD. The
most recent published guidelines were authored
by the American College of Medical Genetics
and Genomics (ACMG) for ASD (Schaefer
et al. 2013) and by the American Academy of
Pediatrics (AAP) for GDD and ID (Moeschler
et al. 2014), and their recommendations are
largely consistent.

As always, the evaluation should begin with
review of the medical, developmental, and ante-
natal history, physical and neurologic exam,
and review of three-generation family history.
Keeping in mind the concepts of DBD as well
as variable expressivity, family history queries
should include conditions such as epilepsy,
psychiatric disorders, and learning disabilities
in addition to ASD and GDD/ID, especially
with regard to parental abilities (Finucane and
Myers 2016). If a specific diagnosis is suspected
based on the history and exam, targeted testing
could be performed for that disorder. If no spe-
cific diagnosis is suspected, both AAP and
ACMG recommend a tiered approach to genetic
testing.

There is widespread consensus that chromo-
somal microarray (CMA) testing should be the
first-tier genetic test for any patient with unex-
plained GDD, ID, and/or ASD. The expected
yield is ∼10%, or possibly up to 15%–20%
in patients with multiple congenital anomalies
(Miller et al. 2010). G-banded karyotype is no
longer recommended as a first-tier test unless
there is suspicion of aneuploidy (e.g., Down syn-
drome) or a history of recurrent miscarriages
(Miller et al. 2010). FMR1 trinucleotide repeat
analysis for fragile X syndrome is also recom-
mended as a first-tier test for patients with non-
specific GDD, ID, and/or ASD. The expected
yield is 1%–5% in males and lower in females.

The AAP andACMGguidelines highlighted
several other tests that could be considered as
second-tier in patients with negative CMA and
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fragile X testing. These included analysis of
the MECP2 gene in females (expected yield
1%–4%), analysis of the PTEN gene in patients
with macrocephaly (expected yield 5%), and
X-linked ID gene panels in males with positive
family history. The guidelines also addressed
screening for inborn errors of metabolism
(IEMs). There remains a lack of consensus about
the utility of routine IEM screening in patients
with nonspecific NDD. The overall expected
yield is relatively low, <5%, but IEMs are con-
sidered high-impact as some have targeted treat-
ment (van Karnebeek et al. 2014). Indications
that should prompt consideration of IEM in-
clude developmental regression (beyond the
typical loss of speech that may occur at 18–24
mo inASD),multisystem involvement, failure to
thrive, specific dietary triggers, and seizures,
among others. Neuroimaging via brain magnet-
ic resonance imaging (MRI) is an important
part of the workup in patients with NDDs who
have an abnormal neurologic exam, micro- or
macrocephaly, regression, and/or seizures. Oth-
erwise, brain MRI is not performed routinely in
individuals with NDDs because of the low yield
in absence of specific indicators, as well as the
need for sedation.

At the time these guidelines were published,
next-generation sequencing (NGS) techniques
were still relatively new and, accordingly, the
AAP and ACMG did not recommend exome
sequencing (ES) in the diagnostic evaluation of
patients with NDDs. ES became clinically avail-
able in late 2011, and, initially, it was typically
ordered for patients as a last resort after exten-
sive other investigations failed to uncover the
diagnosis. However, in recent years, substantial
literature has been published regarding the
diagnostic yield, clinical utility, and cost effec-
tiveness of ES in individuals with NDDs. Nu-
merous studies have found a high diagnostic
yield of ES—potentially >40% in patients with
ID and other NDDs, especially when performed
as a trio including both biological parents—with
frequent changes to medical management (Lee
et al. 2014a; Srivastava et al. 2014, 2019; Kuper-
berg et al. 2016; Nolan and Carlson 2016; Clark
et al. 2018; Wright et al. 2018). Several cost-
effectiveness studies have found that using ES

early in the diagnostic pathway markedly in-
creases the diagnostic rate while reducing the
cost per diagnosis, resulting in an overall cost
savings compared with traditional diagnostic
trajectory of sequential testing with or without
ES as last resort (Monroe et al. 2016; Stark et al.
2017). Given the rapid pace of disease gene
discovery, it is recommended to periodically
reanalyze the exome data for individuals with-
out a definitive diagnosis, because evidence sug-
gests that doing so may increase the diagnostic
yield by 10% or more (Wenger et al. 2017; Al-
Nabhani et al. 2018).

These data strongly support the use of ES
as a second-tier test in patients with NDD (see
Box 1). Indeed, this has become standard prac-
tice in many centers across the United States,
and it is anticipated that the next updates to
the guidelines will reflect this. One caveat is
that the expected diagnostic yield of ES in pa-
tients with isolated ASD (i.e., without cognitive
impairment or morphologic abnormalities) is
much lower (3% in one study) than in patients
with ID or more complex presentations (Tam-
mimies et al. 2015); therefore, at this time it is
reasonable to offer CMA and fragile X, but not
ES, to patients with isolated ASD.

Although genome sequencing (GS) is pri-
marily used in research settings at this time, it
is expected that this too will become a routine
clinical test. GS has advantages over both CMA
and ES, including more even coverage across the
genome, analysis of noncoding regions, and
ability to detect CNVs and structural rearrange-
ments with specific breakpoints (Hehir-Kwa
et al. 2015). GS may also be able to detect path-
ogenic short tandem repeat expansions, which
underlie a number of Mendelian diseases in-
cluding some NDDs such as fragile X syndrome
(Dashnow et al. 2018).

Notably, there is emerging evidence based
on two recent meta-analyses that ES and possi-
bly GS should be considered as afirst-tier test for
the diagnostic evaluation of individuals with
NDDs. Clark et al. (2018) conducted a meta-
analysis of 37 studies encompassing 20,068
children with a range of indications including
NDDs and found that the diagnostic yields
of GS (41%) and ES (36%) were substantially
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greater than CMA (10%) in these children with
suspected genetic diseases. Furthermore, in this
meta-analysis, the clinical utility, defined as
change in clinical management, of GS (27%)
and ES (17%) were higher than of CMA (6%).
Srivastava et al. (2019) conducted a meta-
analysis of ES in patients with isolated NDDs
and NDDs plus associated conditions (e.g.,
syndromic features, systemic findings, neuro-
logic features). Based on 30 studies comprising
3350 patients, the diagnostic yield of ES (31%
in isolated NDD, 53% in NDD plus associated
conditions, and 36% overall) was substantially
higher than the generally accepted diagnos-
tic yield of CMA (10%–20%). Srivastava et al.
(2019) proposed a tiered workup beginning
with ES and followed by CMA as second tier
if ES analysis did not include CNV detection
(Pfundt et al. 2017); if still no diagnosis,
the investigators suggested additional tests to
consider as indicated based on clinical presen-
tation.

Some important genetic disorders are still
not readily detected by NGS techniques, such
as trinucleotide repeat expansions in fragile X
syndrome and methylation defects in a subset
of cases of Angelman syndrome (Biesecker and
Green 2014); therefore, careful phenotyping and
thoughtful consideration of a differential diag-
nosis are still crucial. Nonetheless, with decreas-
ing cost and the superior diagnostic yield, in the
future ES/GS will likely become the first-tier test

for patients with suspected monogenic disor-
ders including NDDs.

GENETIC COUNSELING FOR NDDs TO
PROMOTE DECISION-MAKING AND
ADAPTATION

Every family who has a child diagnosed with
an NDD has unique expectations and interest
in pursuing a genetic evaluation. Thus, genetic
counseling entails understanding what these
expectations and interests are and how they
originated. Addressing them directly can lead
to providing an invaluable service to enable
patients and their families to understand the
contribution of genetics to an individual’s diag-
nosis of NDD and to make informed decisions
about testing and management. In addition,
even for families who elect not to pursue testing,
genetic counseling can still be beneficial to help
them understand the role of genetics in NDDs,
cope with the challenges surrounding NDDs,
and adapt to their child’s disability.

Parental Attitudes toward Diagnosis

Parents havemany reactions after their child has
been diagnosed with an NDD. They often expe-
rience acute grief and sorrow over the loss of the
hoped-for child, as well as the loss of their ex-
pected future (Bruce et al. 1996; Nelson Goff
et al. 2013). Parents are faced with the prospect

BOX 1. GENETIC TESTING IN NDDs

The following tests are frequentlyoffered to individualswithNDDs inwhoma specific diagnosis is not
suspected after history and exam:

• Chromosomal microarray (CMA)

• FMR1 trinucleotide repeat analysis for fragile X syndrome

• Exome sequencing (ES)

The current practice inmost centers is to beginwith CMAand FMR1 testing, followed by ES as second
tier; however emerging evidence supports the use of ES as a first-tier test.
Other tests to consider as indicated based on clinical presentation:

• Screening for inborn errors of metabolism

• Brain MRI for patients with abnormal neurologic exam

• Testing for specific Mendelian disorders
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of caring for a child through adulthoodwhomay
never be able to live independently. Parents
worry about the impact on their day-to-day
life and finances, as well as impact on their other
typically developing children (Schuntermann
2007). Receiving an NDD diagnosis brings
with it anxiety and uncertainty about the future
(Makela et al. 2009). Parents frequently experi-
ence social isolation and stigmatization (Ali
et al. 2012). They grapple with the question of
why this has happened to them and their child,
and this often triggers feeling of guilt and blame
(Ali et al. 2012). Parents may also worry about
the possibility of subsequent children having an
NDD and/or if they did something to have
caused the diagnosis to occur in their child.
All of this naturally leads to a search for an ex-
planation.

In a qualitative study of parents of children
with unidentified multiple congenital anomaly
syndromes, Rosenthal et al. (2001) defined
dimensions to parents’ views on the importance
of diagnostic information: labeling (e.g., to help
other people understand their child’s condi-
tion), causation, prognosis, treatment, accep-
tance, and social support. Prognosis included
wanting to know future health risks, mortality,
how much progress their child is expected to
make, and boundaries of their child’s capabili-
ties. Similarly, in a qualitative study of parents of
children with and without a diagnosis for their
child’s ID, Makela et al. (2009) found that
parents’ interest in a diagnosis stemmed from
seeking validation, information to guide expec-
tations and treatment, assistance with accessing
services, social support, and satisfying their
curiosity.

The drive to find a diagnosis and etiology
may be intense in close proximity to the time
when an NDD diagnosis is made, especially
for parents of younger children (Rosenthal
et al. 2001; Makela et al. 2009). This drive may
lessen somewhat as the child ages and parents
have adapted to their child’s condition over
time. However, when given the opportunity,
many parents of older children remain interest-
ed in finding the cause of their child’s NDD.
Renewed interest in a diagnosis and etiology
may be triggered by learning of advances in

genetic testing or prompting by typically devel-
oping siblings who are approaching adulthood
and facing reproductive decisions, among other
reasons.

Exploring the Relationship between
Genetics and NDDs

After a child has been diagnosed with an NDD,
it may not be intuitive to parents when their
child’s health-care provider raises the issue of
genetics. For example, parents may ask ques-
tions like “My child has autism, what do you
mean he/she could have a genetic problem?”
and “So, if you diagnose a genetic disorder,
does that mean my child doesn’t have autism?”
They may not realize that genetic variation has
been implicated in NDDs and, instead, have
other suspicions as to its etiology. Often parents
attribute their child’s NDD to a concrete event
or tangible factor, such as nuchal cord at birth
or maternal stress during pregnancy. The genet-
ic counselor should respectfully explore these
suspicions to understand and appreciate what
use they serve, and only when needed, correct
misconceptions with information supported by
the medical literature. Research has shown that
parents accept multiple attributions for their
child’s condition (Dong 2005; Vetsch et al.
2019). As such, they can accept a spiritual cause
alongside a biological one.

When broaching the topic of genetics, it
can be helpful to distinguish the NDD diagnosis
from the potential etiologic diagnosis. For ex-
ample, the genetic counselor can explain that
NDD diagnoses such as ID and ASD describe
the developmental concern, which stems from
differences in brain functioning; genes influence
how a person’s brain develops and functions,
so changes in genes (a genetic disorder) may
result in differences in brain functioning, which
leads to the symptoms that are labeled with
an NDD diagnosis. By introducing the concept
of multifactorial causes, this acknowledges that
other factors including the environment may
contribute to the complexities seen in NDDs.
In our experience, separating these out—cause
of brain difference (etiology) leading to NDD
diagnosis—may help parents understand the

A. Blesson and J.S. Cohen

6 Cite this article as Cold Spring Harb Perspect Med 2020;10:a036533

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



role of genetics and why genetic evaluation and
testing are being offered.Making this distinction
may also help parents understandwhy establish-
ing a specific genetic diagnosis usually does not
change their child’s NDD diagnosis.

Facilitating Decision-Making about Genetic
Testing

Much of the treatment for NDDs, such as ther-
apies and educational supports, is aimed atmax-
imizing developmental potential and managing
symptoms irrespective of etiology. Yet, it can
also be important for the individual’s care and
to the family to determine the underlying cause.
Establishing a specific genetic diagnosismay im-
pact an individual’s medical management and
treatment, allow provision of prognostic infor-
mation, enable family counseling with a specific
recurrence risk, and reproductive options, as
well result in psychological and social benefits
to the individual and the family. On the other

hand, there are important limitations of genetic
testing and potential risks. Although genetic
testing is a standard recommendation in the
evaluation of patients with an NDD, it is ulti-
mately a choice made by the family and, there-
fore, the genetic counselor must present a
balanced discussion of potential benefits, limi-
tations, and possible downsides of genetic test-
ing (Cohen et al. 2013). Key benefits, limitations,
and risks of genetic testing in NDD are summa-
rized in Box 2 and described below.

Regarding the potential benefits of genetic
testing in NDD, identifying a genetic etiology
for an NDD through genetic testing may offer
an end to a diagnostic odyssey and provide clo-
sure by ruling out other causes, as well as provide
a “name” that unifies the individual’s symptoms
and challenges (Rosenthal et al. 2001). A genetic
diagnosis may also direct medical management
by providing information about other associated
medical problems or possible future compli-
cations that need to be evaluated, supporting

BOX 2. KEY BENEFITS, RISKS, AND LIMITATIONS OF GENETIC TESTING IN NDDs

Potential benefits

• End diagnostic odyssey

• Provide a name that unifies child’s symptoms

• Enable provision of prognostic information

• Enable tailoring of medical management

• Result in targeted treatment

• Alleviation of negative emotions such as guilt or blame

• Increase access to services and condition-specific support groups

• Enable counseling with specific recurrence risk and reproductive options

Potential risks and limitations

• Failure to identify definitive etiologic diagnosis

• Genetic diagnosis may not alter medical management or treatment

• Genetic diagnosis associated with limited or no prognostic information

• Possibility of variants of unknown significance, incidental/secondary findings, or unexpected in-
formation about familial relationships

• Negative emotional responses to results

• Unexpected diagnosis of parent or relative based on inherited variant

• Concerns about genetic discrimination and privacy of data
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evidence for early intervention and educational
supports, and using prognostic information in
order to better prepare a family for their child’s
future. When discussing the benefit of learning
prognostic information, it is important to advise
families that the genetic result may not be fully
predictive of future (dis)ability because there
is often variability in outcomes. Furthermore,
even for well-described conditions, there can
be limited information available on outcomes
in adulthood. Rarely, a targeted treatment is
available, although this may change over time
with advances in research. Knowledge of inher-
itance may alleviate feelings of guilt or blame for
parents if the causative variant occurred de novo
and enable specific recurrence risk counseling
and family planning options as discussed below.

On the other hand, there are several reasons
a family may decline genetic testing. First, there
is no guarantee that genetic testing will identify
the etiologic diagnosis. For GDD/ID, currently
genetic testing identifies the cause about half of
the time, taking into account the ∼10% yield
of CMA and ∼40% yield of ES, and the yield is
substantially lower for isolated ASD without
comorbidities (Lee et al. 2014a; Srivastava et al.
2014, 2019; Kuperberg et al. 2016; Nolan and
Carlson 2016; Clark et al. 2018; Wright et al.
2018). The possibility of uncovering variants
of unknown significance (VUSs) may be a de-
terrent to some families, as a VUS could trigger
worry and/or frustration due to lack of definitive
information to interpret the pathogenicity of
the variant. Similarly, identification of a genetic
etiology may not result in immediate changes to
medical management or prognosis. As a result,
some families may defer testing in the hope that
technology and knowledge will improve over
time, reduce the likelihood of learning uncertain
results, and increase the probability of learning
medically useful information. Parents also con-
sider the potential emotional impact of results,
such as fear that they will learn that one or both
parents “caused” their child’s condition in
the case of an inherited disorder. Additionally,
because NDD represents a spectrum of DBD,
identification of an inherited genetic variant in
a family may suggest the presence of related di-
agnoses in family members. Genetic testingmay

also reveal unexpected familial relationships
such as consanguinity or misattributed parent-
age. Finally, some families are concerned about
genetic discrimination and privacy of genetic
data because of the limitations of the Genetic
Information Nondiscrimination Act and other
legislation, especially as they make plans for
long-term care for their child.

Counseling about Recurrence Risk
for NDDs

One of the major motivators for families to pur-
sue genetic testing is knowledge of a specific
recurrence risk (Finucane and Myers 2016).
Many parents express great fear about the pos-
sibility of the condition happening again in their
future children and concern about the potential
risks to other family members, thus creating the
desire for accurate recurrence risk counseling.
Frequently, in cases in which the family history
is negative, genetic disorders that present with
NDD are due to de novo variants (Gilissen et al.
2014), which are associated with low recurrence
risk for future siblings. On the other hand,
autosomal dominant, autosomal recessive, and
X-linked disorders are associated with substan-
tially higher recurrence risks. Identifying a
specific genetic diagnosis and determining the
respective inheritance pattern allows for coun-
seling with a specific risk figure and enables
the use of reproductive testing options. This
outcome may be realized by family members,
as well as by individuals with milder NDDs
who may have children of their own in the fu-
ture. For siblings and other at-risk relatives,
targeted testing for a causal variant may allow
for diagnosis and early intervention. It is impor-
tant to emphasize in the case of an inherited
disorder, there is nothing the parent(s) did
that caused the condition and to help them ap-
preciate that they had no control over its oc-
currence.

In the absence of an identifiable genetic
etiology, empiric recurrence risk estimates are
used. There are several limitations in using
empiric recurrence risks for NDDs. Over time,
diagnostic criteria for certain NDDs change and
study populations may be limited in size, com-
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promising the accuracy of the risk estimates. In
certain clinical scenarios, these estimates may
not effectively account for the possibility of an
affected parent, as variable expressivity and co-
morbidities can be present in NDDs, which sug-
gests a higher recurrence risk. The 2013 ACMG
guidelines (Schaefer et al. 2013) stated that the
accepted recurrence risk for full siblings of a
child with ASD is in the range of 3% to 10%.
More recently, larger studies have been pub-
lished to update and refine empiric risks that
take into account new diagnostic criteria and
advances in genetic testing (Ozonoff et al.
2011). As reviewed by Schaefer (2016), it is
now recommended to provide a 10%–20% re-
currence risk for full siblings of a child with ASD
and a 30%–50% risk if there is more than one
affected sibling. Empiric recurrence risk for a full
sibling of a child with ID is∼3% and increases to
10% if a parent is also diagnosed with ID (Har-
per 2010). Genetic counselors have an especially
important role in helping parents make in-
formed family planning decisions and cope
with the fear of recurrence when there is not a
single definitive probability of recurrence.

Delivering the Genetic Diagnosis

Genetic counselors play a key role in delivery of a
genetic diagnosis. Although the experience of
receiving a genetic diagnosis is usually difficult
for parents, research has shown that how the
diagnosis is delivered impacts whether the expe-
rience is perceived by parents as positive or neg-
ative (Nelson Goff et al. 2013;Waxler et al. 2013;
Ashtiani et al. 2014).

Genetic counselors should be cognizant of
how recently the parents received their child’s
NDD diagnosis. Parents of children who were
recently diagnosed with an NDD may still be
coming to termswith the practical and emotion-
al ramifications of their child’s developmental
disability and experiencing acute grief, so receiv-
ing a genetic diagnosis could be further over-
whelming or possibly devastating. In contrast,
parents of children who are older or have had a
long-standing NDD diagnosis may be better
adapted to their child’s disability and capabili-
ties, so theymay have amore positive experience

of receiving the diagnosis and may experience a
sense of relief (Waxler et al. 2013).

Two studies specifically examined parental
experiences of receiving a genetic diagnosis
for their child’s NDD, and the findings were
remarkably consistent (Waxler et al. 2013;
Ashtiani et al. 2014). Themes that emerged
from these studies included the importance of
communicating hope, emotional support, up-
to-date information (verbal and written), re-
sources, and follow-up plans. In addition, both
studies underscored the importance of engaging
parents in a discussion during which their emo-
tions, questions, and concerns are elicited and
addressed. Box 3 summarizes suggestions for
delivery of a genetic diagnosis in NDD based
on these studies.

Managing Uncertainty and Increasing
Parental Sense of Control

Adaptation can be defined as the dynamic and
multidimensional process of coming to terms
with the implications of a health threat and the
observable outcomes of that process (Biesecker
and Erby 2008). As reviewed by these investiga-
tors, the appraisals individualsmake in response
to a health threat (in this context, parenting a
child with an NDD), such as perceived uncer-
tainty and personal control, are important pre-
dictors of adaptation to living with a genetic
condition or risk.

It can be disappointing and frustrating to
families when all available genetic testing fails
to identify an etiologic diagnosis. The uncer-
tainty generated by the absence of a diagnosis
may lead to lower perceived personal control
and less optimism (Madeo et al. 2012). Even
when a genetic etiology is identified, there
remain levels of uncertainty for medical man-
agement and prognosis, particularly for rare
conditions and thosewith substantial phenotyp-
ic variability (Han et al. 2017), and parents
may perceive a low sense of control (Lipinski
et al. 2006). Uncertainty may be appraised
by parents as negative/bad or positive/good
(Whitmarsh et al. 2007). As an example of the
latter, some parents may feel that “an uncertain
outcome leaves open the possibilities for
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a positive outcome in their child” (Madeo et al.
2012). Depending on parental appraisal, per-
ceived uncertainty could aid or impede parental
adaptation.

For parents struggling with uncertainty, ge-
netic counselors can help by providing pieces
of relatively certain information. For example,
when appropriate, the parents can be told that
the child’s condition is not expected to be de-
generative or life-limiting, other medical com-
plications are not anticipated, and the child will
still benefit from therapies. It may also be helpful
to reassure parents that all available testing has
been pursued and an exhaustive search for in-
formation has been performed, and then the
genetic counselor can assist them with coping
with the residual uncertainty, stress, and related
challenges of caring for their child with NDD.
Genetic counselors can use interventions that
aid parents in using more effective coping strat-
egies (e.g., Haakonsen Smith et al. 2018). To
enhance parents’ sense of personal control,
genetic counselors can help parents recognize
aspects of their situation over which they do
have control (e.g., making decisions about ther-
apies and other treatments) and identify tangi-
ble ways they may be able to gain some control
(e.g., joining a support group, advocating for
research into the condition).

Fostering Hope and Meaning-Making

As discussed above, messages of hope are im-
portant to share with parents during the process
of delivering a genetic diagnosis. In addition,
research has shown a relationship between
hope, uncertainty, and psychological adapta-
tion. Hope can be conceptualized as a cognitive
process that is comprised of a sense of agency
(goal-directed determination) and pathways
(planning of ways to meet goals) (Snyder et al.
1991). In a study of caregivers of children with
Down syndrome, hope and perceived uncertain-
ty were significantly associated with caregiver
adaptation (Truitt et al. 2012). Based on their
findings, the investigators proposed that genetic
counselors can explore what parents are hoping
for and evaluate the degree to which that is
adaptive. In addition, genetic counselors can
help parents identify new opportunities and
ways to work toward those goals as well as rein-
force the steps parents are already taking.

Meaning-making is a key component of the
adaptation process. In a study of family caregiv-
ers of individuals with developmental dis-
abilities, Werner and Shulman (2013) found
that identifying positive meaning in caregiving
was a strong predictor of caregivers’ subjective
well-being. Genetic counselors can facilitate a

BOX 3. SUGGESTIONS FOR DELIVERY OF A GENETIC DIAGNOSIS IN NDDs

• Attend to parents’ emotions and provide emotional support

• Offer messages of hope and perspective.

• Engage the parents in a dialogue and encourage parents to talk (avoid verbal dominance).

• Check in with parents throughout the discussion and reengage as necessary.

• Limit the use of difficult medical terminology.

• Elicit parental preferences (e.g., askingwhether they would like to see a picture of other individuals
with the same condition).

• Provide the most up-to-date information possible.

• Provide balanced information (e.g., in addition to describing the features of the condition, point out
aspects of the child’s health that are not expected to be affected, if appropriate).

• Give written information about the diagnosis and an outline of follow-up plans.

• Give resources such as condition-specific support groups, when available.
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discussion with parents about their experience
of being a caregiver and encourage them to tell
their story, verbally or through a writing exer-
cise. This allows parents an opportunity for
“cognitive restructuring” that may help develop
a sense of meaning and also may help them
integrate the genetic/biological explanation for
their child’s NDD with other causal beliefs
(Biesecker and Erby 2008).

Addressing Stigma, Shame, and Guilt

Parents of children with NDDs frequently
experience affiliate stigma, defined as the inter-
nalized stigma experienced by an unaffected
individual, because of his or her association
with a person who bears a stigma (an NDD in
this case), and affiliate stigma may have a nega-
tive impact on their well-being (Ali et al. 2012).
Feelings of shame and guilt are also common
and may be associated with poor psychological
outcomes for parents such as anxiety and de-
pression (Gallagher et al. 2008; Ali et al. 2012).
Parental self-esteem and social support are fur-
ther predictors of well-being and may protect
against the negative effects of affiliate stigma
(Werner and Shulman 2013). Genetic counsel-
ors can explore with parents their experience
with stigma, the ways in which they currently
cope, and the extent to which those strategies
are effective. Genetic counselors can also assess
the parent’s social support network. All parents
should be referred to relevant support groups,
although some parents may need additional
professional support or long-term counseling.

Finding Opportunities for Social Support

Genetic counselors can help families with
NDDs by connecting them with resources and
support groups. The ability to connect with
support groups and research organizations
is helpful as there are other individuals who
understand their unique situation. There are
multiple organizations dedicated to genetic dis-
orders with NDD such as Unique (rarechromo
.org), MyGene2 (mygene2.org), Genome Con-
nect (genomeconnect.org), and Simons
Searchlight (simonsearchlight.org). Even for

rare conditions for which there may not be an
established foundation, the approachability and
ease of social media allows for small groups to
form that can grow in size, as more individuals
pursue genetic testing and are identifiedwith the
same diagnosis (Rocha et al. 2018). The growth
of these groups can provide research opportuni-
ties into specific treatments and natural history
studies as a potential study population is easily
accessible. For individuals who do not have a
known genetic diagnosis, there are a number
of general support organizations centered on
the NDD diagnosis, such as The Arc (thearc
.org) and Autism Speaks (autismspeaks.org).

CONCLUDING REMARKS

We are on the cusp of precision medicine for
individuals with NDDs. ID and related disor-
ders have always been considered incurable,
with treatment instead focused on symptom
management and therapies to support develop-
ment. Genomic advances have led to an in-
creased understanding of the pathophysiology
and neurobiology of NDDs, and it is expected
that this will eventually lead to targeted treat-
ments based on underlying genetic etiology.
There are more than 80 NDD-associated IEMs
that have established treatments (Sayson et al.
2015). Moreover, efforts are underway to de-
velop novel therapeutics for genetic conditions
with NDDs. For example, everolimus, a mam-
malian target of rapamycin (mTOR) inhibitor,
is used for treatment of tumor manifestations in
patients with tuberous sclerosis complex. Im-
pressively, emerging evidence suggests that this
drug is also beneficial for controlling seizures
and improving neuropsychiatric symptoms
(Kilincaslan et al. 2017). As another example,
in a mouse model of Kabuki syndrome, post-
natal treatment with a histone deacetylase inhi-
bitor improved neurogenesis and ameliorated
functional deficits (Bjornsson et al. 2014). This
shows great promise for treatment of ID inMen-
delian disorders of the epigenetic machinery
and potentially other related conditions in the
future. The vast potential for targeted treatment
is perhaps the strongest impetus for genetic eval-
uation and testing in individuals with NDDs.
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Genetic counselors are now poised to take a
prominent role in the field of neurodevelop-
mental medicine. Similar to specialties such as
oncology and cardiology in which genetic coun-
selors provide services outside of the traditional
medical genetics clinic, genetic counselors can
create and develop their own positions in pedi-
atric neurology and developmental pediatrics
clinics. By partnering our genetics knowledge
and counseling skills with the clinical expertise
of these specialists, we can greatly increase
access to genetic evaluation and testing for indi-
viduals with NDD. Finally, although further ev-
idence is needed from studies of interventions in
this population, research thus far has identified
potential targets for genetic counseling to facil-
itate adaptation among parents of individuals
with NDDs.
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