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Abstract

Purpose: Clinical genome or exome sequencing (GS/ES) provides a diagnosis for many 

individuals with suspected genetic disorders, but also yields negative or uncertain results for the 

majority. This study examines how parents of a child with an undiagnosed condition attribute 

personal utility to all types of ES results.

Methods: Return of 31 exome sequencing results was observed during clinic sessions, followed 

by semistructured interviews with parents one month later. Observations and interviews were 

recorded and transcribed. Data display matrices were used for content analysis and systematic 

comparisons of parents’ perceptions of utility.

Results: ES results could not provide all the answers to parents’ questions, especially in cases of 

clinically uninformative results, but parents nonetheless attributed utility to the knowledge gained. 

Parents across all results categories used the genomic information to rule out possible causes, end 

or postpone the diagnostic odyssey, and shift focus to treatment and management of symptoms.

Conclusion: This study suggests that parents value even uninformative ES results while 

expressing hope for future discoveries. As pediatric genetics moves toward GS/ES as a first-tier 

test, how parents perceive the personal utility of negative or uncertain results is an important topic 

for genetic counseling and further research.
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INTRODUCTION

Advancements in DNA sequencing technology enable efficient analysis of the human 

genome or exome (a target consisting of primarily protein-coding portions). This ability has 

proven to be clinically useful in monogenic disease.1 Studies have reported a diagnostic 

yield for exome sequencing that ranges from 25% to 40% of sequenced patients depending 

on the presenting phenotypes.2 For individuals with suspected genetic disorders and their 

clinicians, identifying the molecular cause is a quintessential quest. Even though a genetic 

diagnosis often will not lead to a cure or even clinical alterations in day-to-day symptom 

management or health outcomes,3 it is valued for ending the diagnostic journey, reducing its 

associated emotional and financial burdens, and potentially providing information relevant to 

making reproductive decisions and accessing appropriate services and supports.4–6

Many of the patients referred for sequencing are children who have developmental 

disabilities of suspected genetic origin.7,8 Often their caregivers have sought specialty care 

to answer five key questions: What is the condition called? How did it happen? What will 

the future hold? Is there a treatment or a cure? Who else is at risk?9 Clinical genome or 

exome sequencing (GS/ES) may answer some or all of these questions, but for a majority of 

patients, it will likely yield no or only partial information. In case of a positive result, parents 

learn the designation of a specific pathogenic variant, the implicated gene, and possibly the 

name of an associated syndrome. They may also learn the mode of inheritance and who else 

may be at risk. Although a cure is unlikely, they may gain information relevant to prognosis 

or treatment. Positive results thus provide at least partial answers to the five questions, but 

what are the value and utility for caregivers who learn a negative or uncertain result? As 

pediatric genetics moves more toward GS/ES as a first-tier test, understanding how parents 

respond to all types of ES results is an important research agenda.10,11

Researchers have defined dimensions of personal utility,12 and extrapolated what these may 

be from studies of various types of genetic testing,13 but to date there is limited information 

on participants’ actual responses to GS/ES results, especially results that are uncertain or 

negative. The few studies that exist report how parents of children who had undergone 

GS/ES valued a positive result but were ambivalent about uncertain results,14 hoped for 

more information in the future,15and valued ES information in pediatric cancer for its 

psychological benefits and pragmatic uses.16

This study contributes to this nascent literature, filling in the gap of how personal utility may 

be perceived from even negative or uncertain results. As part of the North Carolina Clinical 

Genomic Evaluation by NextGen Exome Sequencing (NCGENES) research study,17we 

conducted a systematic examination of 31 parents’ attributions of personal utility to all types 

of ES results, positioning their responses in the context of clinicians’ communications. Our 

findings indicate that although ES did not provide all the answers to parents’ key questions, 

especially in cases of clinically uninformative results, they nonetheless valued and used the 

knowledge gained through ES in nuanced ways that could inform genetic education and 

counseling.
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MATERIALS AND METHODS

NCGENES was one of nine research projects funded by the National Institutes of Health/

National Human Genome Research Institute (NIH/NHGRI) to identify and address the 

scientific, clinical, and ethical challenges of using sequencing technology in clinical 

medicine.1819Pediatric patients with intellectual disability, congenital malformations, or 

ophthalmo-logical disorders suspected of having genetic etiologies were referred to 

NCGENES by their clinicians. Primary aims of NCGENES were to evaluate how well ES 

performed for clinical diagnostic use and to assess participants’ understandings of and 

responses to ES. To address this latter aim, researchers trained in participant observation and 

interview methods observed clinic sessions in which NCGENES clinician-researchers 

returned ES results, and interviewed parents of child patients who participated in these 

sessions.

Of the 222 children enrolled in NCGENES, 38 obtained positive results, 130 had negative 

results, and 54 had uncertain results. We approached parents of children from each of these 

categories for permission to observe the return of results clinic visit and interview them four 

weeks later. We purposively selected the sample to include at least ten parents for each 

results category who were diverse in ethnicity and education. Research assistants (RAs) first 

called parents to explain the study before the clinic visit and mailed consent forms to those 

who were interested in participating (parents did not know the result before attending the 

clinic visit). Forty-six families were approached to obtain the sample of 31. Two families 

could not be reached, ten declined, and three did not attend the scheduled clinic visit. The 

RA obtained written consent from parent participants before observing and audio recording 

the clinic session. For 15 of the 31 sessions observed, both parents attended. In 2 cases, only 

the father attended and in 15 cases, only the mother. Approximately four weeks later, an RA 

conducted a semistructured interview by telephone with one parent. For the 15 cases in 

which both parents attended, we allowed them to decide which one would do the interview. 

Questions were designed to elicit parents’ understandings of clinicians’ communications and 

the ES results, and how they evaluated and used the information (see Supplemental 

Material). Clinic observations and interviews lasted about one hour each, and were audio 

recorded and transcribed verbatim. The University of North Carolina at Chapel Hill 

institutional review board (IRB) approved all procedures and protocols under IRB 11–1865.

For this study, the analysis focused specifically on parents’ perceptions of the personal 

utility of the ES result, even if clinically uninformative. Two authors (L.M. and D.S.) 

conducted a systematic content analysis of transcripts of the return of results sessions and 

the parent interviews,20employing data display matrices (a visual display of content 

analysis) to summarize and categorize parents’ responses related to their perceptions of 

utility of the ES result.21We then examined similarities and differences of responses within 

and across the three categories of results.
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RESULTS

Participant characteristics

Sociodemographics of the 31 parents interviewed are depicted in Table 1. Participants were 

predominately non-Hispanic white and female with 45% having a college degree or higher. 

Child patients ranged in age from <1 year to16 years.

The clinic context of parents’ responses

NCGENES clinicians’ communications about positive and negative results were fairly 

uniform. When returning positive results, they focused primarily on known genetic and 

clinical information related to cause, prognosis, treatment, and risks for other children or 

relatives. In the case of negative results, clinicians began the session by informing parents 

that ES had not found the cause of their child’s condition and delineated the reasons why 

this might be the case: limitations of the technology, limited current knowledge, and the 

possibility that the condition did not have a genetic etiology. Although clinicians could 

provide little information related to parents’ key questions, they did address causality by 

explaining that ES had ruled out numerous genes that might have been associated with the 

child’s condition, and in some cases, they talked about a decreased likelihood that the cause 

was genetic.

Clinicians’ communication of uncertain results was more varied, depending on the degree of 

uncertainty.10They began the session with a statement such as “we may have found the 

answer,” and then expanded on the reasons why they could not be certain that the discovered 

variant was the cause: (1) the identification of a novel variant of uncertain significance in a 

gene highly associated with the child’s phenotype, (2) identification of a pathogenic/likely 

pathogenic variant in a gene that does not seem to align perfectly with the presenting 

phenotypes, or (3) identification of a variant(s) in a gene that is associated with multiple 

conditions or variable phenotypes, making it difficult to determine which condition is 

clinically relevant. In some cases, family testing was recommended for potentially providing 

more certain answers.

No matter what the result, some degree of “future-making” was part of the conversation, that 

is, the field of diagnostic genomics is in its infancy and more research will likely produce 

new discoveries. For example, clinicians could provide little information on what the future 

might hold for those with a positive diagnosis of a newly described condition, but they 

communicated that ongoing research would likely lead to more knowledge of genotype–

phenotype associations and perhaps new treatments. For those with negative or uncertain 

results, clinicians informed parents of future plans to reanalyze their child’s ES data if 

relevant information emerged. This included reexamining variants for pathogenicity, 

analyzing other diagnostic gene lists, and conducting research sweeps to identify new genes 

and variants associated with the child’s reported phenotype.

Clinicians also thanked parents for their contributions to research enterprise, noting that they 

were in this together. They urged parents to contact them with any new information about 

genes or their child that could guide a reinterpretation, as reflected in this exchange with a 

mother who learned a negative result for her child with seizures and intellectual disability:
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Clinician: If you’re you interested in searching for what might be the cause, and you might 

come across a condition that you think fits it pretty well, and you might want to look and see 

was that gene on here [the research report], and if you or his physician say, “Gosh. You 

really should have looked at this gene because it really fits his picture.” And it wasn’t on any 

of our lists. Well, we should add it to our list and then look at it. Right?

Mother: Yeah.

Clinician: So we would definitely welcome feedback on genes that should have been looked 

at so that we can add them to our list and look at them.

While endorsing this kind of continued partnership, clinicians at the same time indicated that 

the future application of emerging technology and research, reanalysis, and reinterpretation 

was largely in their purview as reflected in this clinician’s promise:

As more and more is learned about different genes…those genes will get added to our lists, 

and we can reanalyze the data, and we’ll do so on people who have uncertain results or 

negative results. And it could be that a much more compelling explanation is found next year 

or the year after that, and that is to take into account the fact that we’re learning new things 

on literally a daily basis.

Parents’ perceptions of personal utility of positive diagnostic results

Parents’ reactions to a positive ES result were similar to what has been reported in numerous 

studies of parents’ responses to a positive diagnosis from any type of test.16,22,23Some felt

absolved for having caused the condition (e.g., “It calms me to know and realize the doctors 

didn’t do anything wrong. I didn’t do anything wrong. It’s just something that happened that 

couldn’t be prevented”—Mother of a son with a FOXG1 variant). Parents also expressed 

relief at being able to stop their search for a diagnosis as ES produced a result when other 

tests failed to do so (e.g., “It’s just comforting…it’s great to be able to stop with the genetic 

testing…and be able to stop that particular journey”—Mother of a son with Coffin–Siris 

syndrome). This sense of relief was often countered, however, by the uncertainties of how a 

rare disease would progress (e.g., “Well, I mean it’s a relief that I know what the name is, 

but it’s worrying because what’s her future like?”—Mother of a daughter found to have a 

form of Charcot–Marie–Tooth disease).

For these parents, the diagnostic odyssey ended but because a diagnosis did not change 

treatment in most cases, the therapeutic journey began.14,15They echoed clinicians’ 

predictions that ongoing genomic research and information-sharing in the future would lead 

to treatments for rare diseases. For example, a mother who learned her daughter’s seizures 

were caused by a deletion in chromosome 16, for which little is currently known, said, 

“Something may change in the future where we would have more information on it… and 

more ways to maybe treat it.”
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The personal utility of a negative result

Parents expressed hope that ES would identify the genetic cause of their child’s condition, 

but they did not have high expectations of this happening because of the information 

provided in the consent process. Although somewhat disappointed in the negative result, the 

ability of ES to rule out hundreds of possible genes that could cause the condition was seen 

as informative and even “good news” to some parents. As a father whose son has 

microcephaly explained:

I guess it’s a relief to know they didn’t find anything, which is—I guess it’s a good news, 

bad news thing. They didn’t find anything, which you wish they would have, but of the many 

things they could have found they didn’t, which means he doesn’t have those particular 

reasons or whatever aren’t the cause, which can be good too.

Parents also indicated that one valuable outcome of learning a negative result from ES was 

that it allowed them to pause the diagnostic odyssey and turn their attention more to 

symptom management. A father of a son with motor delays, cardiovascular anomaly, and 

microcephaly reflected: “I think we’ve perhaps resigned ourselves to the fact that we may 

never know, and so we have to move forward in treating the symptoms of his condition and 

how they manifest themselves rather than worrying about what the condition actually is.”

Parents talked about their experience of undergoing ES as having “done all they could,” 

“trying everything” to find a genetic cause. They had used the latest technology and saw no 

further avenue to explore, at least at the time, effectively ending their diagnostic odyssey and 

the burden of being responsible for this quest. A mother whose daughter had multiple health 

concerns (microcephaly, developmental delays, poor growth, arrhythmia, gastric emptying 

delay) said, “We have to kind of give up. Not give up on her, but give up on finding out why. 

So I felt like the doctor really kind of gave me permission to stop looking.” Another mother 

of a girl with congenital malformations said, “We’re just going to have to be at peace that 

we’re not going to have an answer. So for us it was a big deal because it was kind of like the 

final hurrah. Like no more hospitals, no more testing. This was it for us.”

These parents thus recognized that if ES could not reveal the cause, the likelihood of finding 

an answer in the near future was improbable. A negative result, though perhaps only 

contingent, gave parents temporal closure to their search, but they reflected the hope voiced 

by the clinicians that future discoveries could benefit their child (e.g., “We’re hopeful that 

sooner rather than later somewhere in the world all these genetic doctors, that looking back 

at us…hopefully as they learn more and more they will be able to put the puzzle together.”

—Mother of a daughter with seizures, developmental delay, and other conditions).

Although parents did not have a definitive diagnosis that provided entrée to social and 

medical networks, some parents nevertheless used the negative result to share their 

experience of ES and connect with others. A mother of a daughter who has seizures said she 

shared the ES results on her child’s Facebook page, writing, “We got the results of the 

genetic testing, and there’s no diagnosis to this point, but she’s in the study for three more 

years, and they may be able to interpret results differently then.” Another mother of a son 

with intellectual disability (ID)/autism said she used what she had learned about other 

Mollison et al. Page 6

Genet Med. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



diseases discussed during the clinic study visit: “Even though he doesn’t have a Cornelia de 

Lange diagnosis, when that was mentioned I started doing research about it and actually 

have connected with several parents through support groups and Facebook.”

Finding personal utility in uncertainty

Parents’ perceptions of the value and usefulness of uncertain results reflected the degree of 

uncertainty conveyed by clinicians. For some, the uncertain result was most likely definitive 

and thus comparable with a definitive positive result. In one such case, clinicians told 

parents that a novel variant identified in the BBS10 gene was a likely cause for their child’s 

Bardet–Biedl syndrome. The parents used this result to locate support groups and enroll in a 

new research study. Parents who learned a result that was more uncertain viewed it more as 

“a place to start” or something to keep in mind, but not to act upon until more was known. 

As a mother of a son with hearing loss said, “We can’t do much about it, but it’s an 

interesting data point that at some point could mean something and have more impact.”

A number of complexities compound the uncertainties that arise from ES, including the 

likelihood that more complex forms of inheritance, such as oligogenic or polygenic, may 

prove more common than anticipated. For example, a mother whose son had retinitis 

pigmentosa (RP) expressed her uncertainty about his ES results (heterozygous pathogenic 

variants in three different recessive genes related to RP):

They identified three genes, defective genes that they know —they’re known to link to this 

disease…. So they didn’t know if it could possibly a new pairing of two of the three that are 

causing it, all three of them causing it, or if there’s one of them causing it, and they just 

didn’t find the other one, that they just missed it somehow.

In cases such as this, NCGENES clinicians encouraged families to continue to work with 

them in a partnership that could eventually resolve uncertainty. Parents understood that they 

were participating in a research project for the purpose of building the knowledge base. The 

mother of the son with RP said, “So they’re basically saying that we may—that [our child] 

may be actually able to teach them something, which is good in one way.” Another mother 

of a son with ID/autism said, “Let’s figure this out. I’m hoping the more information that we 

get like maybe one day they’ll be able to help…maybe not my son, but maybe somebody 

else’s kid like five, ten years down the road.”

Secondary findings

A powerful yet controversial aspect of ES is its ability to identify pathogenic variants for 

conditions unrelated to the clinical presentation.24–26NCGENES was designed to return 

medically actionable secondary findings along with diagnostic results.2Although unrelated 

to the presenting phenotypes, secondary findings provided parents with information on 

conditions that had available treatments, screening, and interventions. Seven children of the 

total pediatric sample of 222 in NCGENES had such secondary findings; three were 

interviewed as part of this study. All three had findings related to blood clotting disorders. 

Similar to other reports,27parents in NCGENES who received this information viewed it as 

valuable and did not express regret or distress at having learned it. A mother whose child 

had a negative diagnostic result for congenital neutropenia learned of a positive secondary 
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result for a pathogenic variant in PROC, a gene responsible for making protein C, involved 

in controlling blood clotting. She responded to this information, saying:

You know we were actually hoping for some kind of answer with her neutropenia, but I 

mean unfortunately we didn’t find any answers…. The good thing is we did find something 

else that she does have, so that is now in her medical record. So I’m glad to know what else 

was going on with her.

DISCUSSION

This study examined how parents attribute personal utility to ES results, even if clinically 

uninformative. One important finding is that ES effectively ended the diagnostic journey of 

not only parents who learned positive results, but also those with negative results. Parents 

with uncertain results also ceased their journey when no further action such as familial 

testing was warranted. As ES was the most advanced and comprehensive genetic test 

available at the time, parents without definitive results felt they had done all they could. 

They effectively ended their own search for a diagnosis, waiting on clinicians to inform them 

of any future discoveries that might rekindle the quest. This is in stark contrast to prior 

studies conducted before the advent of genome sequencing that indicated parents felt 

compelled to continue their search for a genetic diagnosis when pediatric genetics did not 

provide an answer.28Using GS/ES as a first-tier test could save parents from the financial 

and emotional costs associated with continued searching, even in cases of negative or 

uncertain results.29,30

Dimensions of personal utility may include how individuals value their participation in 

research even if not reaping the benefits immediately.12,13Advanced sequencing 

technologies have led to new gene–disease associations and enhanced diagnostic yield, but 

have also outpaced the ability to translate that knowledge into novel treatments and cures. 

This undeniable tension between technological capability and clinical utility was handled 

remarkably well by parents whose children underwent ES, perhaps due to the NCGENES 

clinicians’ reassurances that more knowledge would be forthcoming in the future. Some 

parents anticipated discoveries within the short time span of the study. For others, this 

knowledge existed in a more nebulous future. For all categories of results, parents had a keen 

ability to appreciate the novelty of ES and look toward a future when accumulated 

knowledge would benefit their own or other children.

Findings from this study have implications for genetic counseling and education. A 

diagnostic result from any type of test requires that parents digest what the information 

means within the context of their lives, the ongoing care of their child, and potential 

reproductive choices. For these reasons, it is important that pretest counseling prepare 

parents with realistic, limited expectations about what GS/ES can and cannot provide, and 

the likelihood that GS/ES will not result in a definitive genetic diagnosis or provide answers 

to all of their questions,31–34Even so, given the findings of this study, pretest counseling 

could indicate that even negative or uncertain results may provide information of some value 

and usefulness to parents, such as ending or transferring the search to clinicians, 
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participating in research that could benefit their child or other children, or providing some 

knowledge that could lead to networking with other parents.

One limitation of this study is that it was conducted as a research project relatively early in 

the application of GS/ES, and some of the findings may not be reproduced in a purely 

clinical setting where parents may have higher expectations for answers. Furthermore, in 

situations where future-making may not be as large a part of the interchange between 

clinician and patient, those responses may vary. Additionally, the selection criteria for 

participants in the study (patients who were already undergoing a diagnostic odyssey whose 

physicians thought they might benefit from ES) may overrepresent parents who were 

motivated to seek such information, and thus bias our portrait of responses to ES results. 

Finally, although we attempted to achieve ethnic and racial diversity in our sample, nine 

families we approached for recruitment but who declined were from underrepresented 

minority groups. This limitation reflects barriers to participation in the larger NCGENES 

project,19and curtails our ability to represent any differences in how ethnically and racially 

diverse parents might view the personal utility of ES.

Despite these limitations, this study contributes to the systematic examination of responses 

to GS/ES, providing useful insights for providers into how parents contextualize and use 

their child’s diagnostic GS/ES results, even if uninformative. It also portrays clinicians’ roles 

in these evaluations such as promises to take on the responsibility for continued searches for 

a diagnosis. Further, it emphasizes the importance of building realistic hopes for future 

discoveries and ongoing partnerships between parents and clinicians in this endeavor. Future 

research could examine parents’ responses to sequencing results in purely clinical contexts 

to assess their evaluations outside of a research context, and how clinical–family 

partnerships continue or evolve in light of new discoveries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Demographic descriptions of parents.

All parents (n = 222) Parents in study (n = 31)

Gender

Male 9.9% (22) 12.9% (4)

Female 87.8% (195) 87.1% (27)

Left blank 2.3% (5) 0

Race

Non-Hispanic White 78.4% (174) 90.3% (28)

African American 9.5% (21) 3.2% (1)

American Indian 1.3% (3) 0

Asian 1.8% (4) 6.5% (2)

Other/left blank 9% (20) 0

Education

High school 12 years or less 24.3% (54) 3.2% (1)

Some college/associate's degree 39.6% (88) 51.6% (16)

College degree 22.5% (50) 16.2% (5)

Advanced degree 11.3% (25) 29% (9)

Left blank 2.3% (5) 0
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