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Abstract

Genetic testing to identify genetic syndromes and copy number variants (CNVs) via
whole genome platforms such as chromosome microarray (CMA) or exome sequencing
(ES) is routinely performed clinically, and is considered by a variety of organizations and
societies to be a “first-tier” test for individuals with developmental delay (DD), intellectual
disability (ID), or autism spectrum disorder (ASD). However, in the context of
schizophrenia, though CNVs can have a large effect on risk, genetic testing is not typically a
part of routine clinical care, and no clinical practice guidelines recommend testing. This
raises the question of whether CNV testing should be similarly performed for individuals
with schizophrenia. Here we consider this proposition in light of the history of genetic
testing for ID/DD and ASD, and through the application of an ethical analysis designed to
enable robust, accountable and justifiable decision-making. Using a systematic framework
and application of relevant bioethical principles (beneficence, non-maleficence, autonomy,
and justice), our examination highlights that while CNV testing for the indication of ID has
considerable benefits, there is currently insufficient evidence to suggest that overall, the
potential harms are outweighed by the potential benefits of CNV testing for the sole
indications of schizophrenia or ASD. However, although the application of CNV tests for
children with ASD or schizophrenia without ID /DD is, strictly speaking, off-label use, there
may be clinical utility and benefits substantive enough to outweigh the harms. Research is
needed to clarify the harms and benefits of testing in pediatric and adult contexts. Given
that genetic counseling has demonstrated benefits for schizophrenia, and has the potential
to mitigate many of the potential harms from genetic testing, any decisions to implement
genetic testing for schizophrenia should involve high-quality evidence-based genetic
counseling.
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Introduction

Autism spectrum disorder (ASD), global developmental delay (GDD), intellectual
disability (ID), and schizophrenia can all demonstrate complex and heterogeneous
etiologies - that is, they can arise from varied combinations of (mostly) common genetic
susceptibility variants (Bray & O'Donovan, 2019; Gaugler et al., 2014) and non-
genetic/environmental contributors (Dean & Murray, 2005; Karimi, Kamali, Mousavi, &
Karahmadi, 2017). While rare genetic variants of large effect (e.g. CNVs) can also
contribute, they typically demonstrate incomplete penetrance and variable expressivity
(Bray & O'Donovan, 2019; Kushima et al., 2018), and act in concert with other genetic
and/or environmental contributors (Grozeva et al., 2012; Tansey et al., 2016). Exceptions
to this exist in the context of ID and global DD (GDD) (sometimes in concert with ASD),
which can in some cases, occur due to a single fully penetrant causative genetic condition,
albeit with considerable phenotypic variability (e.g. Down syndrome, Smith-Magenis
syndrome, males with full expansion FMR1 mutations (Fragile X syndrome) etc.).

Various organizations have endorsed routine genomic investigations (i.e.
chromosome microarray (CMA) and exome sequencing (ES) as first-tier tests for GDD/ID
as well as for ASD (Manning, Hudgins, & Professional Practice and Guidelines Committee,
2010; Miller, D. T. et al.,, 2010; Schaefer & Mendelsohn, 2013; Silva et al., 2019; Srivastava et
al,, 2019; Stravropoulos & Shago, Mary, Canadian microarray user group, 2016; Volkmar et
al,, 2014). In clinical settings, when schizophrenia occurs together with additional
characteristics such as ID (i.e. low (<70) IQ that existed prior to the onset of schizophrenia)
and/or multiple congenital anomalies, this should prompt suspicion of a genetic syndrome

and therefore genetic testing (Miller, D. T. et al., 2010). A diagnosis of schizophrenia alone,



however, is not, to our knowledge, recognized as an indication for CMA or ES by any
medical association, and accordingly, these tests are not routinely performed in a clinical
setting for the sole indication of schizophrenia.

Therefore, in the absence of GDD/ID (or multiple congenital anomalies), practice
guidelines suggest different clinical approaches to CNV testing for ASD and schizophrenia.
Here, we consider bioethical principles (beneficence, non-maleficence, autonomy, and
justice), in order to evaluate if genetic testing is justified in people with schizophrenia
without additional features such as ID, as is currently the recommendation of some
guidelines for those with ASD. As well, we seek to disaggregate the benefits of genetic
counseling from those of genetic testing for this population. Thorough exploration of these
issues is particularly important given the recent proposition that neuropsychiatric CNVs be
included in population-based genomic screening programs (Martin et al.,, 2020) and it has
been proposed that CNV testing for schizophrenia could be potentially incorporated into
routine clinical care (Baker et al 2014, Costain et al 2013, Finucane et al 2020, Moreno De
Luca et al 2018), although the need for more data about the hazards and benefits of such
testing has been emphasised (Sullivan and Owen 2020).

In large studies of schizophrenia where known ID is an exclusion criterion,
schizophrenia associated CNVs are detected in around 2.5% of cases (Rees et al,, 2014). It
should be noted that in a high proportion of people with these variants, the CNVs are
certainly associated with schizophrenia, but they do not confer particularly large effects on
risk of the disorder, and the overall rate for the same CNVs in controls is around 1%.
Studies showing much higher detection rates of “pathogenic” CNVs in schizophrenia have

often included a broad definition of what is clinically relevant, and can include variants of



unknown significance (VUSs) as well as others that are classified as pathogenic for other
phenotypes, but where the evidence for association with schizophrenia is weak. Moreover,
some have included individuals with known ID or congenital abnormalities (Costain et al.,
2013; Kushima et al., 2018; Singh et al., 2017; Zarrei et al., 2019), characteristics that are
known to enrich for CNVs in schizophrenia (Balakrishna & Curtis, 2019; Lowther et al.,
2017; Thygesen et al., 2018; Vifias-Jornet et al., 2018). Given that genetic testing is already
recommended for individuals with ID, there needs to be careful consideration of the utility
of expanding testing to all individuals with schizophrenia without ID.

Our review of: 1) the historical context, through which the rationale emerged for
CNV testing for ASD, as well as the suggestion of CNV testing for schizophrenia, and 2) the
application of bioethical principles via ethical analysis, demonstrate that it is ethically
justifiable to offer CNV testing for ASD or schizophrenia when individuals present with
GDD/ID and/or congenital anomalies. However, incorporating CNV testing into routine
clinical practice for individuals with ASD or schizophrenia in the absence of these
additional phenotypes has more limited clinical utility, and is therefore less justifiable.
Given ASD’s enmeshed history with GDD and ID (see Fig.1), its onset in early infancy, and
the benefits of identifying certain genetic syndromes in childhood, genetic testing for ASD
(even without additional phenotypes) potentially has more benefit than genetic testing in
schizophrenia.

<<Insert Figure 1>>

Comparing autism/ASD(s) and schizophrenia



In order to evaluate the core bioethical principles of beneficence, non-maleficence,
autonomy, and justice in the context of providing genetic testing for ASD and
schizophrenia, differences (and similarities) between these two conditions need to be
considered. Specifically, the potential for benefits and harms arising from testing will relate
to characteristics of the natural history and etiology of the condition to which it is being
applied. Here we consider: 1) age at onset, 2) natural history and 3) genetic architecture.
Age at onset

While both ASD and schizophrenia are considered to be at least partially
neurodevelopmental in origin, they have very different ages at which symptom onset
typically occurs. ASD typically emerges in very early childhood (often <18
months)(Ozonoff, Heung, Byrd, Hansen, & Hertz-Picciotto, 2008), while schizophrenia
typically emerges between the late teenage years and early adulthood (Hafner et al., 1994).
This difference in age at onset results in different potential benefits of testing (see
Beneficence), and differences in who will typically be consenting to testing and receiving
results (i.e. adults with schizophrenia vs parents of a child with ASD), which could result in
different potential harms of testing and impacts on autonomy (see Non-Maleficence and
Autonomy).

Natural history

In addition to differences in age at onset between ASD and schizophrenia, the course
of the conditions also differs. Specifically, ASD is persistent from its onset (albeit the
associated features can certainly change across the development), while symptoms of
schizophrenia can be more episodic - this difference in course can result in different

potential harms of genetic testing (see Non-Maleficence).



Genetic architecture

Finally, there may be differences in genetic architecture between ASD and
schizophrenia. No single genetic variation is known to result in ASD in a fully penetrant
manner, but there are a number of fully penetrant genetic syndromes which invariably
result in GDD or ID, often in conjunction with ASD or “autistic features”(Kaufmann et al.,
2017; Klein-Tasman, Phillips, Lord, Mervis, & Gallo, 2009; Laje et al., 2010; Parisi, Di
Filippo, & Roccella, 2015; Rumsey et al., 2014) and the distinction between ASD and
GDD/ID in such cases is often complex (Fig.1) (Thurm, Farmer, Salzman, Lord, & Bishop,
2019). In contrast, to date, no instances of schizophrenia or ASD (without GDD/ID) have
yet been comprehensively explained by a single genetic variation (e.g. a dominant,
recessive or X-linked condition). However, a caveat here is that schizophrenia emerges
later in life than ASD. Given genetic syndromes are phenotyped most extensively for
manifestations that occur early on in life, and that it is challenging to diagnose
schizophrenia in people with severe ID, it may be that just as in ASD, strong relationships
between genetic syndromes and schizophrenia do exist, but have not yet been recognized.

<<Insert Table 1>>
Importantly, though rare CNVs which confer susceptibility to neuropsychiatric conditions
(e.g. 22q11.2 deletion or 16p11.2 deletions) are considered pathogenic, and occur in some
cases of schizophrenia or ASD, they are neither fully penetrant for, nor sufficient to explain

the presence of the schizophrenia or ASD phenotype.

Applying bioethical analysis in relation to CMA testing in the context of ASD and

Schizophrenia



Ethical analysis, using a systematic framework and application of relevant ethical
principles, enables robust, accountable and justifiable decision-making. The following
analysis is based on the work of (Jonsen, Siegler, & Winslade, 2002) and utilizes the core
bioethical principles outlined in Beauchamp & Childress’s work both of which are widely
recognized as foundational works in bioethical decision making.

Beneficence

Beneficence refers to promoting welfare of others, and in medicine, all clinicians have a
duty to engage in actions that they believe are in the best interest of a patient’s welfare
(Kinsinger, 2009).

The evidence that genetic counseling can be beneficial for people with conditions like
ASD and schizophrenia, and their families (Griesi-Oliveira & Sertié, 2017; Inglis, Koehn,
McGillivray, Stewart, & Austin, 2015; McMahon, Baty, & Botkin, 2006; Moldovan, Pintea, &
Austin, 2017; Semaka & Austin, 2019) is sometimes assumed to provide evidence that
genetic testing is beneficial - indeed conceptually, genetic counseling and genetic testing
are often conflated in the broader medical literature (Austin, 2019). Common assumptions,
for example, are that genetic testing is required for access to genetic counseling services,
and that positive outcomes are dependent on communication of test based risk information
(Gershon & Alliey-Rodriguez, 2013; Moreno-De-Luca, Ross, & Ross, 2018); both
assumptions are false. While genetic counseling can incorporate genetic testing and risk
communication, it is neither defined by, nor limited to these activities (National Society of
Genetic Counselors' Definition Task Force et al.,, 2006). Indeed, genetic counseling in the
absence of any genetic testing, both for ASD and for schizophrenia has demonstrated value

(e.g. increased empowerment and illness management self-efficacy)(Austin, 2019; Costain



et al, 2014; Hippman et al,, 2016; Inglis et al., 2015; McMahon et al., 2006). Similarly,
genetic counseling for psychiatric disorders has demonstrated value even without
communication about risk for recurrence (Borle, Morris, Inglis, & Austin, 2018).

While genetic testing is not required in order for benefits to be achieved from genetic
counseling in the context of ASD or schizophrenia, testing can provide additional benefits
when it:

1) provides a causal explanation for the neurodevelopmental /psychiatric condition,

2) informs detection and management of associated non-psychiatric/physical

phenotypes,

3) allows more accurate assessment of risk for recurrence of the

neurodevelopmental /psychiatric condition in family members, and/or

4) provides information on the prognosis and management of the

neurodevelopmental /psychiatric condition itself, or additional neurodevelopmental
comorbidities.

In the following sections, we explore the capacity of CNV testing to provide these
outcomes in the context of ASD and schizophrenia (summarized in Table 2).

<<Insert Table 2>>

Providing a causal explanation of neurodevelopmental/psychiatric condition
Genetic testing has the potential to identify variants that explain GDD/ID
phenotypes, and that - in the context of a constellation of features that together comprise a

genetic syndrome (e.g. full mutations males with Fragile X syndrome, Cornelia de Lange



syndrome, Williams syndrome) - may also be associated with autistic features or other
psychiatric problems.

Parents of children with ASD with GDD/ID report that receiving molecular
confirmation of a genetic syndrome can provide benefit for the family, separate from
medical management implications (Hayeems, Babul-Hirji, Hoang, Weksberg, & Shuman,
2016) - in that it can help them to accept their child’s GDD/ID and ASD, acknowledge that it
is “permanent” and “beyond their control”, and mitigate feelings of guilt (Reiff et al., 2015).
The molecular confirmation of a genetic syndrome in individuals with schizophrenia and
GDD/ID and/or congenital anomalies also been perceived by patients and providers to help
with explaining the “complex medical history”(Costain, Chow, Ray, & Bassett, 2012; Kraus
etal,, 2018).

For individuals who have either ASD or schizophrenia without GDD/ID or other
features that raise suspicion of a genetic syndrome (e.g. multiple congenital anomalies),
CNV testing is less likely to identify a rare genetic syndrome or a susceptibility CNV (Ho et
al,, 2016; Lowther et al.,, 2017; Munnich et al,, 2019; Tammimies et al., 2015). Indeed, the
utility of applying genetic testing in ASD when there is no GDD/ID has previously been
questioned (Barton et al., 2018; Chodirker & Chudley, 2008). On the other hand, although
genetic testing cannot provide a complete causal explanation for ASD or schizophrenia, it
has been suggested that CNV testing could still help families with understanding of these
conditions by identifying/labelling a genetic contributor (Finucane, Brenda M., Myers,
Martin, & Ledbetter, 2020) (e.g. a susceptibility CNV). However, embarking on genetic
testing is not without harms (see Non-maleficence), and many of the same benefits can be

achieved without genetic testing by helping families understand neuropsychiatric
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disorders and the role of genetic contributors through psychiatric genetic counseling (the
benefits of which have been demonstrated (Hippman et al,, 2016; Inglis et al., 2015;
Semaka & Austin, 2019)). Indeed, the importance of high quality, evidence-based genetic
counseling when considering CNV testing for ASD or schizophrenia is highlighted by the
need to ensure families understand that although genetic testing may provide a complete
explanation for why an individual has a genetic syndrome, it cannot, on its own, provide a
comprehensive explanation for why the individual has all of the specific phenotypic features

(such as schizophrenia) associated with the syndrome.

Informing medical management of associated non-psychiatric/physical phenotypes

Since ASD and GDD/ID emerge during childhood, the identification of an underlying
genetic syndrome can sometimes allow for the provision of anticipatory and proactive care
for other, physical manifestations of the syndrome (Vorstman et al., 2017) (e.g. cardiac and
renal monitoring in the context of Kleefstra (Willemsen et al., 2011) or Williams syndrome
(Committee on Genetics, 2001)). Since schizophrenia typically emerges during adulthood,
the most well understood major physical manifestations associated with a CNV (e.g.
tetralogy of fallot in 22q11.2 deletions) should generally have been detected prior to onset
of psychiatric symptoms. Further, clinical recommendations for management of physical
issues in adult populations with a CNV are very limited (e.g. calcium monitoring in 22q11.2
deletion (Fung et al., 2015)). Therefore, it follows that there is the potential for greater
benefit from applying CNV testing among younger cohorts (e.g. patients with childhood
onset schizophrenia (Ahn et al,, 2014). Of note, most cases of childhood onset schizophrenia

often co-occur with ASD and/or other DDs (Rapoport, Chavez, Greenstein, Addington, &
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Gogtay, 2009) and when these features are present, routine use of CMA testing is already
established - at least in North America. However, we should note two caveats here. First,
the early manifestations of CNVs, including their effects on cognitive ability, may be missed,
particularly in socio-economically disadvantaged families that are over-represented in
those with schizophrenia. Moreover, the characterization of CNV syndromes has focussed
on medical manifestations that occur during childhood/adolescence, but much less is

known about those that may emerge in later life.

Enabling accurate recurrence risk estimation of the neurodevelopmental or psychiatric
condition

Identifying a genetic syndrome that is fully penetrant for GDD/ID can help
substantially with estimating chances of recurrence for the same syndrome in relatives
(Herman et al., 2007; Schaefer, Mendelsohn, & Professional Practice and, Guidelines
Committee, 2008). For example, if an individual’s GDD/ID is attributable to a fully
penetrant dominant syndrome that occurred de novo (e.g Williams Syndrome), chances for
recurrence of GDD/ID in other relatives is usually estimated to be no greater than general
population risks (with the caveat of the rare possibility of germ-line mosaicism). However,
when ASD or schizophrenia occurs outside of the context of GDD/ID, recurrence estimates
are typically based on a detailed 3-generation family history (Austin, 2019; Borle et al,,
2018), and the value of genomic data for predicting risk for these disorders is quite
different. Given an affected family member with a relevant CNV, the probability of another
family member carrying the same CNV can be determined with a high degree of certainty

(e.g. a 50% chance for a child to inherit the same CNV from an affected parent), and from
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that, the probability of recurrence of ASD or schizophrenia in those carriers can be
estimated using Bayesian statistics, albeit with large confidence intervals. These issues
require careful genetic counseling to ensure that psychiatric illness is not regarded as an
inevitability for family members without current psychiatric problems in whom CNVs are
detected.

The probability of recurrence of ASD or schizophrenia in family members who test
negative for the CNV is very hard to estimate accurately. Even in individuals with a higher
penetrance CNVs such as 22q11.2 deletion, or 16p11.2 (proximal) deletion, other genetic
and environmental factors still contribute to the development of schizophrenia or ASD
(Rosenfeld et al., 2009; Tansey et al., 2016). Family members without the CNV can then still
be expected to have elevated liability (genetic and possibly environmental) for
schizophrenia or ASD. Thus, in these cases, genetic counseling to evaluate the CNV in light
of the family history is needed to ensure risk estimates are as accurate as possible and to
facilitate discussions with families about the limitations of these estimates, and of cascade

testing for the CNV. Similarly, when

Providing information on the prognosis and treatment of the neurodevelopmental/psychiatric
condition

When a genetic syndrome is uncovered during childhood, the accumulated clinical
knowledge about its natural history can provide a better understanding of the syndrome-
specific psychiatric and behavioural features and neurodevelopmental delay (Oliver, Berg,
Moss, Arron, & Burbidge, 2011) (e.g. repetitive self-injurious behaviour associated with

Smith-Magenis Syndrome (Finucane, Brenda, Haines Dirrigl, & Simon, 2001), food-related
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obsessions observed in Prader-Willi Syndrome (Holland et al., 2003), or lack of social
boundaries and inhibition observed in William Syndrome (Klein-Tasman et al., 2009)).
Identifying a genetic syndrome during childhood can also provide a better sense of
neurodevelopmental prognosis, which can, in turn, allow for mitigation of “unrealistic
expectations” for the child (which parents perceive to be a benefit) and/or providing or
planning for future supports (Baker, Raymond, & Bass, 2012; Nag, Hoxmark, & Naerland,
2019; Reiff et al., 2015).

While many treatments and management strategies are generally applicable to
broad groups of people with childhood neurodevelopmental conditions, some syndrome-
specific approaches to treatment are emerging (Vorstman et al., 2017). For example, in
Prader Willi syndrome, growth hormone therapy has been suggested to help with not only
obesity/food seeking, but can also potentially help address cognitive and behavioural
issues (Grugni, Sartorio, & Crino, 2016). In Smith-Magenis syndrome, the use of melatonin
and beta-antagonists can help address some of the sleep and behavioural issues associated
with the condition (Poisson et al,, 2015).

However, in schizophrenia, the detection of a contributory variant has little
implication for treatment, severity, or prognosis, which are generally indistinguishable
between those with and without the susceptibility CNV (Bassett & Chow, 2008; Gothelf et
al,, 1999). Though there have been suggestions to avoid certain psychotropic medications
for individuals with 22q11.2 deletions (due to increased risk for seizure (Baker, Costain,
Fung, & Bassett, 2014)) there is not compelling evidence to alter psychotropic medication
solely based on the presence of a CNV (Dori, Green, Weizman, & Gothelf, 2017). To our

knowledge, there is also little evidence for the value of adjunctive treatments for
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schizophrenia based on the presence of a CNV, although it should be acknowledged
research here is sparse. For example, while there are very preliminary reports of potential
interventions (e.g. Omega-3 supplementation for reducing conversion to psychosis in
patients with 22q11.2 deletion syndrome (Armando et al., 2020)), there is no evidence of
benefit, especially for those with the syndrome in whom schizophrenia is already
established. Similarly, anecdotal reports of behaviour improvement in children have led to
some suggestions about the possibility that magnesium supplements may potentially offer
benefit in the context of 15q11.2 BP1-BP2 deletion, but there is no suggestion of benefit for
schizophrenia (Butler, 2019; Sullivan & Owen, 2020).
Non-maleficence

Non-maleficence refers to ensuring actions, interventions, or services do not harm
the individual. Here, we first compare the potential harms that may arise from 1)
identifying a pathogenic variant, 2) failing to identify a pathogenic variant, and 3)
identifying a variant of uncertain significance (VUS) in the context of CNV testing for ASD
and schizophrenia. Then, we examine the potential harms associated with providing
genetic testing to parents of a child with ASD, as compared with providing them to an
autonomous individual with schizophrenia themselves (Summarized in Table 2).
Identifying a pathogenic variant

As described under “Beneficence”, above, for some parents of children with GDD/ID
and/or ASD, a genetic diagnosis is seen as an indicator of the “permanence” of a child’s
condition - which some see as a benefit. In the context of schizophrenia, where symptoms
can be episodic, and full recovery is possible, the potential for a genetic diagnosis to result

in families accepting active illness as a permanent state is quite problematic (Kronfeldner,
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2009), and would also need to be addressed through the provision of thorough counseling
(Austin, 2019).
Failing to detect a pathogenic variant

In families with GDD/ID or ASD where no pathogenic variant is detected, families
often feel that genetics has been “ruled out” as a cause, even when genetic counselling has
been provided to explain the limitations of genetic testing (Hayeems et al., 2016; Reiff et al.,
2015); this can lead to over attribution of the role of family environmental factors, which in
turn can lead to increased parental guilt. It is likely that the same would be true in families
with schizophrenia (Miller, R. & Mason, 2005).

Identifying a variant of uncertain significance (VUS)

Data from non-psychiatric settings (e.g. cancer, cardiology) show that patients often
misunderstand VUSs, develop healthcare provider distrust, and experience feelings of fear,
stress, helplessness, and persistent distress when a VUS is identified (Makhnoon, Garrett,
Burke, Bowen, & Shirts, 2019; O'Neill et al., 2009). Other studies have demonstrated that
healthcare providers (including physicians) erroneously use VUSs to guide medical
management in both cardiac and cancer settings (e.g. prophylactic mastectomy based on
the presence of a VUS, or cessation of cardiac screening/surveillance in family members of
someone with a cardiac condition that is suspected to be genetic if they do not have the
affected relative’s VUS) (Ackerman, 2015; Turner, Rao, Morgan, Vnencak-Jones, & Wiesner,
2019). Given that most VUSs are eventually reclassified as benign (Mersch et al., 2018;
Slavin, Manjarrez, Pritchard, Gray, & Weitzel, 2019; Turner et al., 2019), the use of the
presence or absence of a VUS to guide clinical decisions has the potential to create harm

both for the individual and the system (Hoffman-Andrews, 2018).
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While in the context of GDD/ID, parental testing can - at least in some cases - help
inform interpretation of the pathogenicity of a VUS (Kearney et al., 2011) and thus decrease
the frequency of a VUS result (Miller, D. T. et al., 2010), this is not possible for
schizophrenia or ASD without GDD/ID (e.g. Asperger Syndrome). Specifically, given that
fully penetrant variants exist for GDD/ID, there is some rationale to use medical
geneticists’ clinical judgment (based on the clinical presentation of the individual and the
genes contained in the region of the VUS) to upgrade a de novo variant to “likely
pathogenic”, and to downgrade a variant inherited from an unaffected parent to “likely
benign” (Kearney et al., 2011). Given there are no known CNVs that are fully penetrant for
schizophrenia or ASD, distinguishing a VUS from a variant with reduced penetrance and/or
variable expressivity is more challenging than in the GDD/ID setting where at least the
possibility of a fully penetrant variant exists (Lu et al., 2007).

Providing genetic test results to a parent of a child with ASD vs. individual with schizophrenia
Accumulating evidence suggests that there is a greater potential risk of harm associated
with providing genetic test results to individuals with pre-existing psychological/emotional
distress and/or psychiatric disorders than for individuals without such a personal history
(Almgqvist, Brinkman, Wiggins, Hayden, & The Canadian Collaborative Study of, Predictive
Testing, 2003; Butow, Lobb, Meiser, Barratt, & Tucker, 2003; Esplen et al., 2013; Hamilton,
Lobel, & Moyer, 2009; Meiser & Dunn, 2000; Murakami et al., 2004; van Oostrom et al.,
2007; Voorwinden & Jaspers, 2016). When comparing how genetic test results may be
delivered for children with ASD and people with schizophrenia, this observation has
important potential consequences. Specifically, in ASD, given the typical ages at which

children are usually tested, consent for genetic testing is provided by, and results are
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delivered to, parents rather than the child. In schizophrenia, it is more likely to be the
affected individual who would consent to testing, and receive the results, with concomitant
greater potential for a negative impact on psychological outcomes. However, this possible
harm must be weighed against the opportunity for greater respect for, and promotion of
autonomy for people with the disorder, as we discuss below.
Autonomy

Autonomy is defined as the right of competent individuals to make informed choices
about their medical care. Where individuals do not possess capacity to make a certain
decision, their substitute decision makers are tasked with making a decision in the
individual’s best interest which also accounts for an individual’s values, belief system and
life circumstances. Testing for some types of genetic conditions (e.g. newborn screening for
metabolic disorders) is performed without explicit autonomous informed consent (e.g.
through an opt out process), and this is justified because of the time frame in which testing
needs to occur and the large magnitude of potential benefit and small amount of potential
harm (Kelly, Makarem, & Wasserstein, 2016). The utility of genetic testing for ASD is not
generally accepted to meet these criteria, and testing therefore is typically considered to
require adequate pre-test counselling and informed consent from substitute decision
makers. Despite this, studies indicate that pre-test discussions or counseling for CMA
actually only occurs half of the time (Godfrey & Clark, 2014), which suggests that even
respect for parental decision-making is often not upheld in cases of ASD testing.

If genetic testing is to be recommended to an individual with schizophrenia,
informed consent for the test must be obtained, and that individual (or if relevant,

guardian) must have the opportunity to decline to have the test. Adults with schizophrenia
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may be at particular risk for autonomy violations given that determining capacity for
consent when someone is experiencing an episode of psychosis is complex (Hostiuc, Rusu,
Negoi, & Drima, 2018). Moreover, given the fluctuating nature of the disorder, diminished
capacity at one point in time does not mean that individuals with schizophrenia cannot
consent; rather it means that timing of the discussion is important and should coincide
with periods of capacity taking into account an individual’s long-term values and
consistency of opinion over time (Epstein, 1982). Also of concern is that in some countries
such as Canada when an individual is detained under mental health legislation, it is felt that
their autonomy and capacity is so compromised by their condition that they are no longer
allowed to make certain decisions.

Thus, particular care and attention to the process of providing genetic testing and
the communication of results is warranted for people with schizophrenia. Moreover,
because the genetic test is unlikely to directly influence treatment, there is a need for very
careful consideration of whether, if, and how it should be used.

Justice
In medicine, justice is a broad term and can relate to both procedural and

distributive justice. In this context we focus on the latter, particularly as it results to equity
in the provision of services whereby individuals with comparable conditions are treated
alike. Therefore, fundamental to considering the issue of discordant clinical approaches to
genetic testing for ASD and schizophrenia, from a bioethical principle standpoint, is the
question of whether these two conditions can be considered comparable. Since presence of
GDD/ID is an indication for genetic testing, the real justice related issue arises when
considering approaches to genetic testing in schizophrenia and ASD in individuals without

GDD/ID and/or congenital anomalies. For example, since CNV testing is currently
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recommended in numerous practice guidelines for ASD (even without GDD/ID), one could
make an equity-based argument that CNV testing should also be part of routine clinical care
for people with schizophrenia (even without GDD/ID) (Baker et al., 2014; Moreno-De-Luca
et al., 2018). However, those making such an argument should note that in the context of
ASD without GDD/ID, genetic testing is: 1) not supported by the FDA (Webb, Scharf, Spear,
Edelmann, & Stroustrup, 2015), and 2) has been met with criticism (Barton et al., 2018;
Chodirker & Chudley, 2008). It is therefore not evident that CNV testing should actually be
applied to all cases of ASD. Indeed, a recent study shows that genetic testing for ASD is
inconsistently applied in clinical practice (Soda et al., 2021). It is important to recall that
the rationale for implementing genetic testing for individuals with ASD was shaped by the
presence of the GDD/ID as a component of ASD diagnostic criteria (Shaffer & American
College of Medical Genetics Professional Practice and, Guidelines Committee, 2005) at that
time (Fig 1): CNV testing produces higher detection rates and has the greatest benefit in the
presence of GDD/ID (Ho et al., 2016; Munnich et al., 2019; Tammimies et al., 2015).
Similarly, when CNV testing is applied in the context of schizophrenia, higher detection
rates are also found when individuals also had a diagnosis of ID (Lowther et al., 2017;
Thygesen et al.,, 2018; Vifias-Jornet et al., 2018).

Finally, an equity-based rationale for providing CNV testing for people with
schizophrenia is diminished by the difference between ASD and schizophrenia in terms of
age at onset. Many of the benefits of detecting a CNV are influenced by the age of the
patient, which typically differs between ASD (a childhood onset condition) and

schizophrenia (typically an adult-onset condition).

20



Conclusion

Examination of the historical relationship of ASD to GDD/ID, the difficulties that
exist in distinguishing between ASD and GDD/ID (de Giambattista et al., 2019; Rgdgaard,
Jensen, Vergnes, Soulieres, & Mottron, 2019; Thurm et al., 2019), and age at presentation,
explain why genetic testing has been proposed as a first-tier test for ASD but not for
schizophrenia. However, ethical analysis suggests there is currently insufficient evidence of
clinical utility of CNV testing for the sole indications of schizophrenia or ASD. However,
when schizophrenia or ASD present with other features (e.g. ID, or congenital anomalies)
CNV testing is warranted as there is a much greater possibility to confirm a genetic
syndrome which can provide many benefits (Lowther et al., 2017; Vifias-Jornet et al.,
2018).

CNV testing is already indicated for people with GDD/ID or multiple congenital
anomalies (in both children and adults) under current clinical practice guidelines.
However, the clinical utility and benefits of CNV testing for the sole indication of
schizophrenia are not clear, and the potential harms are not, at present, convincingly
outweighed by benefits (see Table 2). We therefore propose that clinical CNV testing
remains reserved for individuals with schizophrenia who have additional features (ID,
congenital anomalies) until more research has clarified the harms and benefits of testing.
Similar considerations apply to variants detected by exome sequencing where there is a
much higher likelihood of incidental or secondary findings (Rego et al., 2018). Given
emerging enthusiasm for genetic testing, including testing provided by direct to consumer

companies, such research is urgently needed.
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While the application of CNV tests for children with ASD or schizophrenia without
GDD or ID is, strictly speaking, off-label use (Webb et al., 2015), there may be clinical utility
and benefits substantive enough to outweigh the harms associated with failing to identify a
pathogenic variant, or identifying a VUS as there is more opportunity for the detection of
accompanying physical and co-morbid neuro-developmental disorders and proactive care.
[t is interesting to note however, that the recent guideline from the American College of
Genetics and Genomics about the use of whole genome or exome sequencing in pediatric
settings focuses on ID and congenital anomalies, and omits “isolated ASD” from
consideration (Manickam et al,, 2021). It is important to note that while we recognise that
the medical needs of adults with schizophrenia are often neglected (Lambert & Newcomer,
2009; Wey, Loh, Doss, Abu Bakar, & Kisely, 2016), and that more thorough medical
management and assessment overall is needed. However, screening for CNVs and indeed
other forms of genetic testing, is not necessarily an appropriate or effective way for making
up for those shortcomings, particularly in the light of the high rates of physical
comorbidities in people with schizophrenia who are not carriers of CNVs.

It is also informative to consider the use of CNV testing in populations of people
with ASD and schizophrenia in light of suggestions of including neuropsychiatric CNVs in
population-based screening programs (Martin et al., 2020). Population-based screening is
driven by a set of well-established principles (Wilson, Jungner, & World, 1968) that have
evolved with advances in genetic technology (Andermann, Anne, Blancquaert, Beauchamp,
& Déry, 2008). At its core, the ethical implementation of a genetic population screening
program requires that:

e the overall benefits of screening outweigh the potential harms, and
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e the natural history of the condition and/or “gene carriers” is adequately
understood (Andermann, A., Blancquaert, Beauchamp, & Costea, 2011).

With regard to these requirements, first - as discussed above - our exploration of the issues
suggests that there is currently not sufficient evidence that benefits of identifying a
susceptibility CNV outweigh the harms. Second, since CNV testing is typically performed
through whole genome platforms (e.g. CMA), many of the variants that are identified are
poorly understood and/or confer only a small effect on risk for schizophrenia. For example,
while the natural history of 22q11.2 deletion syndrome is relatively well understood, and
confers a large effect on risk for schizophrenia, many of the other CNVs associated with
schizophrenia are less well characterized, with clinical significance of some CNVs debated
and reclassified over time, and/or often associated with small effect sizes (Chang et al,,
2016).

Many of the potential harms associated with CNV testing for schizophrenia could be
mitigated by providing testing in a patient-centered and evidence-based manner (i.e. in the
context of a genetic counseling protocol (Austin, 2019)); however, further studies on
patient reported- and clinical outcomes, and financial costs associated with CNV testing for
the indication of schizophrenia are needed before making recommendations to expand
CNV testing to all patients with schizophrenia.

Finally, the framework we applied here to analyze approaches to genetic testing
could be applied to other situations where there are not clearly established
recommendations or differing views on the utility of genetic testing for particular
populations.
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Figure 1

Timeline of the evolution of diagnostic criteria for “autism” and its relationship to
developmental delay and/or intellectual disability.

Development delays (DDs): defined as delay (prior to age 3) in language (or total lack of language), and/or adaptive
functioning. Global developmental (GDD): defined as significant delay in 2 or more developmental domains in children
under the age of 5 (Srour & Shevell, 2015) Intellectual disability (ID): formerly referred to as mental retardation,
typically applied if the criteria for GDD are met after the age of 5

*(>%70) met criteria for a co-morbid diagnosis of GDD/ID (Bryson, Clark, & Smith, 1988; Yeargin-Allsopp et al., 2003).

Box 1 - Historical overview of the diagnostic criteria and genetic testing in autism
History of autism diagnosis

The diagnosis of “autism” first appeared in the DSM-III in 1980 as “infantile autism”
- a diagnosis that included DDs (e.g. profound delay in or lack of speech, and/or
significantly delayed adaptive functioning) as an integral feature of the condition (Bryson
et al., 1988).

With the introduction of the DSM IV in 1994, “autism” was officially recognized as a
group of disorders (i.e. Autism Spectrum Disorders (ASDs) (rather than a single condition)
that encompassed four distinct diagnoses; GDD was an integral component of one (Autistic
disorder), but an exclusion criterion for another (Asperger syndrome).

In 2013, with the introduction of the DSM-5, these four separate diagnoses were grouped
together again into a single unified diagnosis “Autism Spectrum Disorder” (ASD), for which
DDs were no longer a defining feature (Lai et al., 2014). Thus, without additional phenotypic
information, it became impossible to determine whether an individual with a diagnosis of ASD
had GDD or no

History of autism genetic testing

The diagnostic criteria for autism have evolved over time, together with ideas about
the relationship between DDs and autism/ASD, and simultaneously, genetic testing has
advanced (Summarized in Fig.1).

In clinical genetics settings in the 1980’s, when a child presented with DDs, ID or
multiple congenital anomalies, cytogenetic investigations (e.g. karyotyping, which
microscopically detects large scale copy number variants (>3-5Mb) including aneuploidies
and structural rearrangements, testing for Fragile X syndrome) were often performed.
Therefore, these investigations were often routinely applied when a child had infantile
autism (DSM-III) or autistic disorder (DSM-1V) (Lemay, Herbert, Dewey, & Innes, 2003;
Wassink, Piven, & Patil, 2001) (See Fig 1). Under these circumstances, cytogenetic
investigations could provide a specific etiological explanation for a child’s delays (e.g. Down
syndrome, or Fragile X syndrome) (Keser, Luleci, & Keskin, 1998; Moghe, Patel, Peter, &
Ambani, 1981; Santos, Boy, Santos, Silva, & Pimentel, 2000; Wassink et al., 2001).

In the 1990s, fluorescence in-situ genomic hybridization (FISH) analyses (which can
detect submicroscopic CNVs) began to be implemented clinically to identify genetic
syndromes in individuals with DDs or ID (Knight et al., 1997; Ning et al., 1996) Targeted
FISH testing (using a gene/locus specific probe) was performed when clinical suspicion
was high that a patient with GDD/ID had a particular genetic syndrome (e.g. when clinical

50



features were suggestive of Williams Syndrome) (Borg, Delhanty, & Baraitser, 1995; Gersh
et al.,, 1997); and subtelomeric FISH (a less targeted approach) was used for individuals
who presented with nonspecific or “idiopathic” DDs/ID phenotypes (Flint et al., 1995;
Knight & Flint, 2000).

In 2005, an American College of Medical Genetics (ACMG) practice guideline
introduced the use of cytogenetic evaluations (G-banded karyotype and FISH (targeted- or
subtelomeric)) as standard of care (Shaffer & American College of Medical Genetics
Professional Practice and, Guidelines Committee, 2005). Based on early studies, which
reported a 5% diagnostic yield from karyotype and FISH analyses in children with “autism”
defined by DSM-III/DSM-II-R criteria (i.e. those with DDs) (Lauritsen, Mors, Mortensen, &
Ewald, 1999) the guideline also mentioned the diagnostic utility of the same testing
approach for autism when it presents “in association with MR/GDD”(Shaffer & American
College of Medical Genetics Professional Practice and, Guidelines Committee, 2005).

By the mid-late 2000s, the field of clinical genetics had embraced CMA in GDD/ID
clinical care for its ability to detect submicroscopic CNVs across the entire genome in a
single test (Kearney et al., 2011). CMA had the potential to reduce the time lag to reaching a
diagnosis for patients with GDD/ID, because it could be applied even prior to the
emergence of the full phenotypic presentation that historically would have prompted
specific FISH testing for conditions such as Prader-Willi Angelman syndrome, Williams-
Beuren syndrome, Potocki-Lupski syndrome, Smith-Magenis syndrome, or Kleefstra
syndrome (Jacquemont et al., 2006; Schaefer & Lutz, 2006). It was for this reason that in
2010, CMA was recommended as a “first-tier test” by the ACMG, Canadian College of
Medical Genetics (CCMG), and the European Society of Human Genetics for individuals
with “global developmental delay, intellectual disability, or ASDs (DSM-1V)” as well as for
those with multiple congenital anomalies (Manning et al., 2010; Silva et al., 2019;
Stravropoulos & Shago, Mary, Canadian microarray user group, 2016).

The rationale for including ASDs in this recommendation was based on data
showing a detection rate for pathogenic variants of ~10% in this population (Abdul-
Rahman & Hudgins, 2006; Baldwin et al., 2008; Lu et al., 2007; Schaefer et al., 2008; Shen et
al,, 2010). Though Asperger syndrome (i.e. autism without DDs) fell under the DSM-IV’s
ASDs umbrella, and was, therefore, technically included when CMA was recommended as a
first tier test for ASDs, the utility of CMA for Asperger syndrome has been debated
(Chodirker & Chudley, 2008), because the rate with which pathogenic CNVs were detected
was often much lower (e.g. 8% for individuals with autistic disorder (i.e. not Asperger
syndrome), vs. 0% of individuals with Asperger syndrome (Herman et al., 2007; Shen et al,,
2010)This lower rate with which pathogenic CNVs were detected for Asperger syndrome is
thought to be attributable to the absence of DDs from the phenotype (Chodirker & Chudley,
2008; Herman et al., 2007; Jacquemont et al., 2006; Shen et al., 2010)(See Fig 1).

Indeed, studies examining the use of CMA in children with DSM-5 defined ASD have
found higher rates of pathogenic CNVs in those with ASD and DDs and/or congenital
anomalies than in those with ASD alone (Ho et al., 2016; Tammimies et al., 2015).
Therefore, the currently available evidence suggests that the diagnostic and clinical utility
of CMA testing in children with “autism” is greater in the presence of DDs or ID (Barton et
al,, 2018; Munnich et al,, 2019).

Accordingly, in 2015, when the affymetrix CytoScan Dx Assay platform became the
first FDA-approved microarray technology, its “indications for use” were listed as:
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)

“developmental delay, intellectual disability, congenital anomalies, or dysmorphic features’
(Evaluation of automatic class III designation (de novo) summaries.2019; Webb et al,,
2015). Similarly, when the Aligent GenetiSure Dx Postnatal Assay was approved in 2017, it
was with the same stated indications for use. Therefore, in the US for example, under
current FDA approval parameters, CMA for Asperger syndrome (DSM-1V) or DSM-5
defined ASD (for which DDs are not part of the diagnostic criteria) without an
additional, co-morbid, diagnosis of DDs or ID (or congenital anomalies); is actually
currently considered “off label” use (South et al., 2013).

52



