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Abstract: Genomic variants that cause neurodevelopmental/psychiatric disorders (NPD) are rela-
tively prevalent and highly penetrant. This study aimed to understand adults’ immediate responses
to receiving NPD-related results to inform inclusion in population-based genomic screening pro-
grams. Nine recurrent, pathogenic copy number variants (CNVs) were identified from research
exome data, clinically confirmed, and disclosed to adult participants of the Geisinger MyCode
Community Health Initiative DiscovEHR cohort by experienced genetic counselors. A subset of
in-person genetic counseling sessions (n = 27) were audio-recorded, transcribed, and coded using
a grounded theory approach. Participant reactions were overwhelmingly positive and indicated
that an NPD genetic etiology was highly valuable and personally useful. Participants frequently
reported learning disabilities or other NPD that were not documented in their electronic health
records and noted difficulties obtaining support for NPD needs. Most intended to share their genetic
result with family members and health care providers and were interested in how their result could
improve their healthcare. This study indicates that results from population-based NPD genomic
screening can provide personal value for adults with NPD, were viewed positively by participants,
and could improve clinical outcomes by informing symptom monitoring for NPD and co-morbidities,
promoting improved health behaviors, and enhancing psychotherapeutic approaches.

Keywords: genomic screening; personal utility; neuropsychiatric disorders; brain disorders; copy
number variant

1. Introduction

Genetic testing has been widely implemented across clinical settings and employs
technologies that allow for broad assessment of genomic variation across hundreds to
thousands of genes or the entire genome [1–10]. Chromosomal microarray and next-
generation sequencing methods have become standard of care testing recommendations
for patients with a wide variety of clinical indications, including those with neurodevel-
opmental/psychiatric disorders (NPD) [1–5]. Despite clinical guidelines and professional
practice recommendations, many individuals with clear indications are not offered genetic
testing, precluding care from being informed by a genetic etiology.

Recognizing the limitations of clinical guidelines in ensuring adequate genetic diagno-
sis, population-based genomic screening models have been developed to identify high-risk
individuals using a genomics-first approach rather than waiting for symptoms, adverse
medical events, or a family history to be revealed [11,12]. This proactive strategy has
typically been limited to genomic disorders for which medical interventions, procedures,
or medications are available to reduce morbidity and mortality, such as hereditary cancer
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and cardiovascular disorders. Yet, by strictly limiting the inclusion of genomic disorders to
those with specific medical interventions, such programs may be denying patients access
to clinically and personally meaningful genomic information. Additional critical factors
that have been described for population genomic screening implementation frameworks
include early disease detection or management, access to social services, implications for
family members, and personal utility [13].

NPD represent an etiologically heterogenous group of clinically defined disorders,
including autism spectrum disorder, intellectual disability, epilepsy, schizophrenia, bipolar
disorder, and others [14,15]. These disorders are collectively common, affecting at least
14–18% of children and adults in the United States [16,17]. NPD are defined individu-
ally by clinical assessment and observation, yet they represent variable manifestations
of underlying developmental brain dysfunction and share common genetic etiologies,
including high-impact, pathogenic genetic variants that are amenable to identification via
population genomic screening, such as recurrent, pathogenic copy number variants (CNV)
and sequence-level variants [14,15]. Clinical genetic testing for patients with NPD has been
embraced in pediatric settings where combined diagnostic yields for sequence variants
and CNVs approach 40% in certain cohorts [1,7,18–22]. However, testing is rarely offered
to adults with NPD, representing a significant gap in access to genetic diagnoses and a lost
opportunity to proactively inform the care of family members [15].

We have previously described the estimated prevalence and penetrance of NPD-
related CNVs in the DiscovEHR cohort, a subset of the Geisinger MyCode® Community
Health Initiative with paired exome and electronic health record (EHR) data, which ex-
ceeded or were comparable to estimates for genomic disorders traditionally included in
population genomic screening programs [15]. The CNV prevalence (0.8%) and penetrance
(35–70%) estimates within this unselected, health system-based population indicate that al-
location of resources for inclusion of NPD in such precision health models is warranted [15].
Here, we provide the first detailed evaluation of adult individuals’ reactions to receiving
results from an NPD population-based genomic screening program.

2. Materials and Methods
2.1. CNV Detection and Genetic Counseling Disclosure Process

Recurrent, segmental duplication-mediated, pathogenic CNVs were identified from
exome sequencing data from the Geisinger MyCode DiscovEHR cohort, and paired EHR
data were available for review. Nine CNVs (Table S1) were prioritized for disclosure
based on frequency within the dataset and presence of non-NPD medical implications,
as previously described [15]. All CNVs were confirmed in a CAP- and CLIA-certified
laboratory prior to disclosure.

At this initial stage, CNVs were disclosed only to individuals with an NPD history,
based on EHR review. Our previously described results disclosure process was based on
established MyCode protocols [12,15]. Briefly, participants and their primary healthcare
providers were notified by letter that a clinically relevant genetic result was identified
through the MyCode research project, and participants were offered an appointment
with a certified genetic counselor with significant experience with NPD-related CNVs. A
detailed genetic counseling (GC) session, including explanation of the CNV, inheritance,
the variable nature of clinical manifestations, and exploration of personal and family
history, was available in-person or by telephone. Genetic counselors explored participants’
immediate reactions and intentions to communicate with family members and medical
providers about their result. Support persons were welcome to attend. The genetic test
report and GC sessions were documented in the EHR and primary healthcare providers
received CNV-specific supportive medical literature.

2.2. Qualitative Analysis of Audio-Recorded In-Person Genetic Counseling Sessions

Participants presenting for in-person GC disclosure sessions were eligible to provide
written consent or assent (IRB #2017–0273) for session audio-recording. Twenty-seven par-
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ticipants provided written consent. One participant (ADMI23) was able to provide assent
and written consent was obtained from his mother, who is his legal guardian (ADMI24).
Enrollment continued until thematic saturation was reached. This approach was utilized to
collect direct participant responses to receiving NPD genetic results and evaluate responses
within the context discussed in a GC disclosure setting. Recordings were transcribed
verbatim. A grounded theory approach with two independent coders (KW and KT) was
used to develop an initial codebook using the first 14 transcripts [15,23]. The remaining
13 transcripts were similarly coded independently and discussed to assess for thematic
saturation and to refine the final codebook. No additional themes emerged upon analysis
of the remaining 13 transcripts. Final codes were applied to all transcripts after consensus
was reached. Participant-reported NPD diagnoses were identified by independent coders
(EP and AH) and consensus was achieved. Participant-reported diagnoses were compared
to participants’ EHR documentation to identify EHR documentation gaps.

3. Results

Of the 31 eligible participants from July 2017 to May 2019, only three declined. Twenty-
seven GC session transcripts were available (Table 1). One GC session was attended by a
mother and son (ADMI24 and ADMI23, respectively) who received their results together;
the son was largely non-participatory due to NPD severity. Seventeen participants (60.7%)
were female and the mean age was 49.9 years (range of 23–75 years).

Table 1. Adult participant demographics and NPD diagnoses from the EHR.

Study ID Deletion Sex Age in Years at
Disclosure NPD Diagnoses in EHR

ADMI01 16p13.11 F 49 Anxiety, Depressive disorder

ADMI02 16p13.11 M 49

Generalized anxiety disorder, Panic
disorder without agoraphobia,

Adjustment disorder with anxiety,
Depressive disorder

ADMI03 16p13.11 F 63 Adjustment disorder with
depression, Depressive disorder

ADMI04 16p11.2 M 70 Adjustment disorder, Intellectual
disability

ADMI05 1q21.1 F 51
Anxiety, Adjustment disorder with

depressed mood, Depressive
disorder

ADMI06 16p11.2 M 23

Unspecified disturbance of
conduct, ADHD, Other specific

developmental learning difficulties,
Unspecified delay in development

ADMI07 17q11.2 F 54

Major depressive affective
disorder-recurrent, Unspecified

episodic mood disorder, Anxiety,
Adjustment disorder with

depressed mood, Depressive
disorder, ADD

ADMI08 16p11.2 F 56
Adjustment disorder with

depressed mood, Depressive
disorder
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Table 1. Cont.

Study ID Deletion Sex Age in Years at
Disclosure NPD Diagnoses in EHR

ADMI09 16p13.11 F 42

Major depressive affective
disorder-recurrent

episode-severe-specified as with
psychotic behavior, Borderline

personality disorder, Depressive
disorder

ADMI10 22q11.2 M 34
Unspecified intellectual disability,

Mild cognitive impairment,
Epilepsy

ADMI11 16p11.2 M 62 Anxiety, Depressive disorder

ADMI12 1q21.1 F 55 Generalized anxiety disorder

ADMI13 16p11.2 F 29 Depressive disorder

ADMI14 16p11.2 F 52 Generalized anxiety disorder,
Depressive disorder

ADMI15 1q21.1 F 61 Depression

ADMI16 17q12 F 32 Mood disorder, Adjustment
disorder, Panic disorder

ADMI17 16p11.2 M 44 Mild intellectual disability,
Epilepsy, Panic disorder

ADMI18 15q13.3 M 37 Anxiety, Major depressive affective
disorder, Epilepsy

ADMI19 16p11.2 M 49 Convulsive epilepsy

ADMI20 16p11.2 M 37

Mild cognitive impairment,
Generalized anxiety disorder,

Obsessive compulsive disorder,
Tourette’s, Major depressive

disorder, Disturbance of conduct

ADMI21 16p11.2 M 75 Anxiety, Major depression, Acute
reaction to stress

ADMI22 16p11.2 F 55 Depression, Anxiety

ADMI23 16p13.11 M 24

Unspecified intellectual disabilities,
Delayed milestones, Epilepsy,

Speech/language disorder, ADHD,
Anxiety, Obsessive-compulsive

disorder, Tic disorder

ADMI24 16p13.11 F 56 Generalized anxiety disorder,
Depression

ADMI25 16p13.11 F 27

Anxiety, Epilepsy, Adjustment
disorder, Chronic depressive
personality disorder, Major

depressive disorder

ADMI26 16p13.11 F 33
Adjustment disorder, Depression,
Dysthymic disorder, Generalized
anxiety disorder, Bipolar disorder

ADMI27 16p13.11 F 53
Major depressive disorder,

Borderline personality disorder,
Generalized anxiety disorder

ADMI28 16p13.11 F 69 Depression, Panic disorder
NPD—neurodevelopmental/psychiatric disorder; EHR—electronic health record; F—female; M—male; ADHD—
attention deficit hyperactivity disorder; ADD—attention deficit disorder.
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Seven key themes emerged (Table 2) and are described below with exemplary quotes.
Participants often made connections between their NPD experiences and those of family
members and placed the genetic information within their family history context. Therefore,
themes described below often applied to the individual and family level.

Table 2. Seven main themes representing participant responses to receiving NPD-related CNVs from
27 genetic counseling sessions.

Theme Description

NPD genomic information was inherently valuable (27 sessions)

Lifelong NPD challenges were discussed openly (27 sessions)

NPD genomic information fit with participants’ lived experiences (23 sessions)

Previously held causal attributions for personal and family NPD histories were common
(26 sessions)

Negative emotions were less prominent than positive emotions and were associated with
NPD-related lived experience rather than the genetic result (26 sessions)

NPD genomic information was received with a resilient attitude (17 sessions)

Interest in the implications of NPD genomic information on clinical management (17 sessions)
NPD—neurodevelopmental/psychiatric disorder; CNV—copy number variant.

3.1. NPD Genetic Information Was Inherently Valuable

Participants universally described the genetic information as inherently valuable for
the insight it provided into their personal and family histories and potential usefulness for
family members (all 27 GC sessions). Participants wanted information about themselves
simply for the sake of it: “it’s cool” (ADMI10, Male, 22q11.2 del) and “it’s piquing my
curiosity” (ADMI17, Male, 16p11.2 del). One participant said, “it’s better to know than
to not know” (ADMI05, Female, 1q21.1 del), which was consistent across participants.
Identifying a medical explanation was important: “It feels good to know [ . . . ] that there’s
a name for my condition” (ADMI10, Male, 22q11.2 del). Another noted, “It’s nice to have
an answer, you know? [ . . . ] it gives that peace of mind” (ADMI09, Female, 16p13.11 del).

Accompanying family members shared these reactions. In one GC session, a partici-
pant’s mother was reflecting on her son’s challenges: “I wish they would have [known]
all this when he was born” (ADMI06, Male, 16p11.2 del). After receiving results, many
participants intended to learn more about their CNVs: “I guess it’s nice to know that I’ll
probably be able to have some information that I never had my hands on before because
you Google it, you look it up on the computer, and they give you all these things you can
go to” (ADMI07, Female, 17q11.2 del). Information about one’s genomic make-up was
considered personally useful and relevant to participants’ personal health and well-being.

Participants were typically open to discussing their result with their healthcare
provider. One participant shared that he hoped it would lend some legitimacy to his
anxiety complaints and lead to better care: “the last time I was in to see [his provider] for
a yearly check-up she’s like, ‘Well, I don’t see the reason why you should be on anxiety
medication’” (ADMI02, Male, 16p13.11 del). Plans to use their result to broach mental
health discussions were echoed by others: “I think I probably will. I need to get some kind
of medication changes or something that works better for me” (ADMI03, Female, 16p13.11
del). One participant wanted to educate her insurance company: “you saying to me the
depression is a part of that [helps] because that’s what I can’t get through to [insurance
company]. That in itself, along with something like this for me to send to them, might be
very beneficial” (ADMI07, Female, 17q11.2 del).

Many participants were eager to share their results with family members, believing
it could be beneficial to them. Reasons for sharing included helping those with similar
NPD challenges, seeking out support for themselves, future family planning, and giving
others this new context for their shared history. One participant said of her son, “I think
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this would help him because that way he would understand why he’s not so much book
smart” and “it could help him if he has kids [ . . . ] because if they’re slow in reading or
slow [it could be because of] this chromosome” (ADMI05, Female, 1q21.1 del).

3.2. Lifelong NPD Challenges Were Discussed Openly

In all 27 GC sessions, participants openly discussed their lifelong NPD challenges,
much of which were not documented in the EHR. Figure 1 illustrates the clinical NPD
diagnoses documented in participants’ EHRs at the time of results disclosure and the
additional NPD history shared during GC sessions. Learning disorders were the most
common NPD concerns that were undocumented in EHRs; it was absent from the EHRs of
11 of the 17 individuals (64.7%) reporting this history.
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Figure 1. Neurodevelopmental/psychiatric diagnoses there were documented in participants’
electronic health record (EHR) versus participant reported diagnoses that were absent from
the EHR. NPD—neurodevelopmental/psychiatric disorder; OCD—obsessive compulsive disor-
der; ID—intellectual disability; ADHD—attention deficit hyperactivity disorder; ADD—attention
deficit disorder.

Learning disabilities, interpersonal challenges, and mental health concerns were
typically noted in childhood, and participants described the impact of NPD as adults,
particularly in the workplace.

“I was a slow learner, I know that, even in high school I can remember that. I
didn’t comprehend quickly. Things just didn’t sink in and they still don’t. I just
have a hard time sitting still for a very long time and trying to comprehend what
it is I’m reading.”

(ADMI07, Female, 17q11.2 del)

“There’s other times where I would just snap just for no reason, just literally just
go off the deep, just something would just hit me the wrong way and I would
just go off for no reason. Then after the fact it would bother me and really upset
me to where I would actually shut down myself and just stay away from people.
[ . . . ] I lost several jobs because of [depression and alcoholism].”

(ADMI02, Male, 16p13.11 del)

“At work I get mad because one of my coworkers, something’s wrong or what-
ever, I’m trying to cope with it because I don’t want to go off on someone the
wrong way and ruin it, get fired, or ruin a relationship or whatever.”

(ADMI06, Male, 16p11.2 del)
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These challenges sometimes resulted in regret and feelings of inadequacy, and a lack of
support was a common experience.

“When I was in school they just went, ‘You have [ADHD],’ and sent me away. It
took a long time to get medicine because doctors back then didn’t really want
to prescribe.”

(ADMI18, Male, 15q13.3 del)

“Oh, when I hear about other women that have been in the same [social situation]
that have gone out and started their own companies and done things like that,
I feel really inadequate, and what I want to do more than anything is make my
kids proud, and I’m not doing that, and I want to show them that it is possible to
rise from the ashes. I don’t see a way of doing that, because I can’t go to school
because I’m not cut out for it.”

(ADMI01, Female, 16p13.11 del)

3.3. NPD Genetic Information Fit with Participants’ Lived Experiences

The CNV diagnosis provided a new, medical explanation for participants’ self-disclosed
learning, physical, social, or mental health challenges, and they frequently reported that
the result “made sense” (23 GC sessions). Participants identified with CNV natural history
descriptions, often saying, “I have that!” (ADMI20, Male, 16p11.2 del). The natural histories
fit with what they knew about themselves: “Look at this [information on CNV]! Right here.
One, two, three. Too late in learning to sit, move, walk. Too late in starting to speak in
language. Children may need support with learning [ . . . ] That was me. That was me!”
(ADMI24, Female, 16p13.11 del). These were often positive “eureka” moments when the
participant made connections between their life experiences and the genetic etiology as a
new framework for self-understanding.

One participant shared “[this result] just confirmed what I’ve known all years of my
life. [ . . . ] I knew back when I was growing up there was something that just wasn’t right.
I knew I had to be a little bit different somehow” (ADMI14, Female, 16p11.2 del). Another
participant said, “Ah, so that explains it,” and later spoke of the relief she felt: “knowing
that it’s not just in my head, I’m just an anxious person” (ADMI12, Female, 1q21.1 del). For
this participant, recognizing a medical or biological explanation provided a sense of relief
and alleviated guilt. Another participant reflected on his tendency for emotional outbursts:
“It was just something I dealt with, my way of dealing with things. I just accepted that my
whole life, but now seeing this, like I said, a lot of things that went on kind of makes sense”
(ADMI02, Male, 16p13.11 del). While some participants reported that their results led to
new self-understanding, we did not observe a negative impact to participants’ sense of
self. For example, when asked if the result made him feel differently, this participant said,
“Not really. It’s still the same problem, just explained why I could have it” (ADMI18, Male,
15q13.3 del).

Furthermore, NPD genetic results provided insight into physical symptoms, like
extreme obesity associated with 16p11.2 deletion and clinical features of neurofibromatosis
caused by 17q11.2 deletion. One participant expressed understanding that weight loss “is
going to be harder for me” and shared that “it’s starting to explain some things to me [ . . . ]
the seizures, my weight. [ . . . ] I am just happy that it finally begins to answer why I do
some of the things I do” (ADMI17, Male, 16p11.2 del).

3.4. Previously Held Causal Attributions for Personal and Family NPD Histories Were Common

Most participants stated they had previously attributed their NPD diagnoses or
challenges to an explanation or rationale, especially social situations or experiences (26 GC
sessions). This view was the lens through which they had understood these challenges.
Participants often attributed childhood challenges to moving or parents divorcing. Job-
related stress was mentioned as a major contributor to mental health concerns, as were
divorce, deaths in the family, and traumatic life events in adulthood.
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Some participants described their NPD histories in familial terms: “the depression and
anxiety is what most of the people in the family have [ . . . ]” (ADMI18, Male, 15q13.3 del).
Past illnesses or medical procedures, such as stroke, injuries from surgery, lack of oxygen at
birth, unrelated genetic conditions, and viruses were also described as NPD attributions.

3.5. Negative Emotions Were Less Prominent than Positive Emotions and Were Associated with
NPD-Related Lived Experiences Rather than the Genetic Result

Participants expressed both positive and negative feelings about receiving their NPD
genetic result, though positive feelings predominated (26 GC sessions), and the majority
described their experience as positive. Negative feelings were expressed in 13 of the 27 GC
sessions (48.1%) but, of these 13, positive emotions were also expressed in 12 GC sessions
(92.3%). Some individuals described initial anxiety upon receiving their notification letter
because they thought the information might be cancer-related. However, they stated that
this anxiety was alleviated after talking with a genetic counselor: “I’m just glad it’s nothing
serious” (ADMI11, Male, 16p11.2 del).

Negative emotions, including sadness, anger, and frustration, emerged when partici-
pants discussed their NPD-related struggles and were not in direct response to the genetic
result. One participant preferred not to discuss his psychiatric hospitalization because it
was painful to revisit. Other participants expressed worry about the well-being of family
members, particularly children. Worry often evolved into hope during the sessions, with
participants envisioning a different future for younger relatives, one with more support
and less judgment.

Only one participant expressed only negative emotions triggered by his childhood:
“now that I’m talking about it, a little bit upset, I feel like I want to just break down and cry”
(ADMI02, Male, 16p13.11 del). The genetic counselor followed up with him multiple times
to offer support and assess his state. He was consistently stable, reported improvement,
and was taking active steps toward establishing care with a therapist. Despite his feelings,
this participant thought the information could be valuable for his teenage son who had
significant behavioral problems: “talking about this I see certain aspects in my son’s life
[in] different ways. He acts and lashes out and I’m hoping this doesn’t affect him. If it
does, I want to know ways to help him deal with it because I don’t want him having to go
through what I went through” (ADMI02, Male, 16p13.11 del).

3.6. NPD Genetic Information Was Received with a Resilient Attitude

Despite NPD affecting many aspects of participants’ lives, a resilient attitude was a
common reaction to receiving genetic results (17 GC sessions). Participants felt that they
had the ability to cope or overcome challenges, often with help from their families.

“I mean we’re comfortable with who we are and we’re old enough to not be
overly worried. We’re all self-sufficient. We can do life. We were smart outside
of school, so I quit and I enrolled in cosmetology school. Like I said, I did
really well.”

(ADMI01, Female, 16p13.11 del)

“You just have to know your own barriers to jump over that hurdle to see if you
can broaden it so you can learn how you learn.”

(ADMI06, Male, 16p11.2 del)

This resilience was also expressed by caregivers of individuals with NPD. Said one mother
of her son: “I got him. I just kept going and going.” (ADMI24, Female, 16p13.11). Another
participant reflected, “in retrospect now, I’m glad I wasn’t too forceful [with schooling],
because if there is this issue, that would’ve just made them miserable, so I’m glad I was
not super strict on that, because she’s got friends” (ADMI01, Female, 16p13.11 del). These
participants appeared realistic about their children’s abilities, encouraging them in areas
where they might find success.
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3.7. Interest in the Implications of NPD Genetic Information on Clinical Management

Participants’ questions were frequently related to NPD management options (17 GC
sessions). Many participants explicitly asked if the CNV could be corrected: “I want
to know how we can fix it” (ADMI05, Female, 1q21.1 del), and “is there a cure for it?”
(ADMI20, Male, 16p11.2 del). They were eager to use the information to improve their
NPD care and asked if medications could target their specific CNV: “There’s no special
type of medication that will help the depression now that we know?” (ADMI18, Male,
15q13.3 del).

Participants also asked about future illnesses and impacts: “My last question is, what
does this mean for me in the future, [ . . . ] how is it going to affect me for the rest of my
life?” (ADMI01, Female, 16p13.11 del). Several participants had experienced CNV-related
medical concerns, such as seizures, obesity, and tumors. Most were relieved that they
would not likely face new CNV-related problems, which did not diminish the information’s
value. Participants wanted their healthcare providers to know about CNV-associated
health risks, such as renal cysts and maturity-onset diabetes of the young caused by 17q12
deletions [24], and for their test result and medical implications to be documented in
the EHR.

4. Discussion

Population-based genomic screening aims to identify individuals with clinically rel-
evant genomic variants without the bias of relying on clinically defined diagnoses and
before symptoms develop or progress in severity [11,12,15,25–27]. Such programs could be
particularly valuable for adults with NPD since clinical genetic testing utilization in adult
NPD settings has lagged behind other medical specialties, resulting in an access gap for
genetics-informed clinical care. This gap may be due in part to a perception that psychiatric
illnesses are only associated with common, polygenic risk factors, rather than high-impact,
rare pathogenic genomic variants that are causative for brain disorders manifesting with
marked variability [28]. Concern has also been raised that learning of NPD genomic infor-
mation could harm patients through increased anxiety, a negative impact on self-image, or
decreased agency over one’s mental health needs [29].

This study sought to explore adult individuals’ immediate reactions to receiving NPD
results through population-based genomic screening, with a focus on nine pathogenic
CNVs that are relatively prevalent, penetrant throughout the lifespan, and not often readily
diagnosed by clinical features [15]. This is an important differentiation from NPD genetic
disorders that are easily recognized, such as Down syndrome, and neurodegenerative
genetic disorders where testing is available to asymptomatic at-risk individuals. Our
findings indicate that participants’ immediate reactions were generally positive, with little
cause for concern for immediate negative reactions to the genetic information itself. Even
in the context of difficult memories, participants overwhelmingly stated that they were
glad to have their genetic result, that it was valuable information which “medicalized”
their NPD lived experiences, and that they would prefer to know than to not know.
This is consistent with data that indicate public interest in receiving genomic results for
neurological disorders, regardless of severity or treatment options [30].

Genomic information is generally considered to have personal utility if “it can reason-
ably be used for decisions, actions or self-understanding which are personal in nature” [31].
Evidence of personal utility is strongly present in this dataset as NPD genetic results were
considered inherently valuable because of their personal nature and ability to shed light
on lived experiences. NPD genetic results were assimilated into participants’ personal
narratives, helping them understand past difficulties or events and sometimes prompting
a re-evaluation of previously held beliefs or decisions about seeking support.

Population-based NPD genomic screening may provide participants with an opportu-
nity to re-evaluate the symptom-based care they are receiving or of which they are in need.
Our experience suggests that participants were appreciative of the opportunity to explore
their NPD history in the context of these causal genomic variants, and we hypothesize
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that NPD genetic etiologies could promote heightened awareness of mental health and be
incorporated into psychological therapies. Furthermore, participants frequently expressed
reassurance that they were not at fault for their NPD and that their “sense of self” either
did not change or improved. These sentiments were motivators for discussing their genetic
result with family members, as opposed to barriers. These results indicate that knowledge
of causal NPD variants could reduce the impacts of stigma associated with NPD symptoms
and clinical diagnoses by providing a medical explanation and unifying NPD experiences.

Population-based NPD genomic screening is a promising model to provide individuals
access to clinically and personally useful NPD etiologies without relying on an inadequate
symptom-based referral system. Certified genetic counselors are critical to these programs
to promote participants’ adaptation to and understanding of results and to support positive
health behaviors, while exploring family dynamics and fostering communication and
mutual support within the family. Armed with this information, medically indicated
referrals can be made (e.g., monitor for hypocalcemia for adults with 22q11.2 del) [32],
attention can be paid to mental health and well-being concerns, and familial cascade testing
can be offered.

Study Limitations

This study does not provide longitudinal data regarding participants’ perceptions
and does not address participants’ actual communication and health behavior choices.
Follow-up studies which assess for negative longer-term consequences and actual health
behaviors in response to results are currently in progress and could identify opportunities
to address participant and healthcare provider support needs proactively. These data only
include participants who had clinical documentation of NPD in their EHR and who had
one of nine pathogenic CNVs. Thus, individuals who do not have clinical NPD diagnoses
may respond differently or report less personal utility. We have begun returning NPD
results to individuals regardless of the NPD documentation in their EHR and preliminary
findings indicate similar responses. Our results are also biased towards individuals who
responded to invitations to meet with a genetic counselor and preferred an in-person
appointment. Therefore, generalization of our results to all individuals who may receive
an NPD genetic etiology is limited and studies that include broader participants and
longitudinal approaches are warranted.

5. Conclusions

This is the first study to report a detailed description of adults’ responses to receiving
NPD genetic diagnoses through population-based NPD genomic screening. Responses
were overall positive, and the genomic information was considered highly valuable. Our
findings strongly indicate that a genetic diagnosis could improve an individual’s perception
of their NPD history and promote communication with supportive family members and
healthcare providers. Proactive identification of NPD genetic etiologies could provide
additional clinical value by promoting improved health behaviors and adherence to treat-
ment recommendations or could be incorporated into individual or family-based support
services and/or therapies.
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