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Abstract

Patients pursuing exome sequencing (ES) in their quest for diagnosis will most often experience 

unresolved uncertainty from their ES results because the majority of ES results are non-diagnostic. 

This study explored and compared the experiences of receiving two types of ES results that 

may result in diagnostic uncertainty. Semi-structured phone interviews were conducted with 23 

adult patients with undiagnosed conditions who received either a negative result or a result with 

one or more variants of uncertain significance (VUSs) from ES. Interviews were transcribed and 

subjected to thematic and comparative analyses. Participants accurately understood their results 

and described various sources of genomic uncertainty including probability, complexity, and 

ambiguity. Their acclimation to illness uncertainty resulted in realistic expectations about and 

acceptance of their results. Participants still hoped that ES would end their diagnostic odyssey. 

Hope and optimism were used to cope with continued uncertainty. No thematic differences were 
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found between the experiences of those who received negative results versus those who received 

VUSs. Our findings may inform clinical practices of informed consent and disclosure of negative 

results and VUSs through a greater consideration of patients’ reactions, concerns, and challenges 

with adaptation to uncertainty.
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INTRODUCTION

Exome sequencing (ES) as a diagnostic tool is being incorporated into clinical care arguably 

much faster than the scientific community can keep pace with. While the clinical utility of 

ES has been sufficiently demonstrated to justify its place in clinical care (Retterer et al, 

2016), there are still many reasons why the majority of ES results are non-diagnostic: (1) 

technical limitations of mass parallel sequencing technologies may leave some pathogenic 

genetic changes undetected, (2) incompleteness of variant databases and other interpretive 

tools may delay or prevent sound variant interpretations, (3) a lack of ethnically diverse 

populations sequenced and included in research hinders the diagnostic utility of genomic 

sequencing in these groups, (4) and many diseases are simply not Mendelian. ES has been 

reported to only provide conclusive diagnoses to about 25% of patients with undiagnosed 

conditions, leaving the majority with unresolved diagnostic uncertainty (Berg, 2014; Sawyer 

et al, 2016; Yang et al, 2013).

Patients with undiagnosed conditions may have rare or unexplained illnesses that elude 

a definitive molecular diagnosis. These patients have often endured diagnostic odysseys 

characterized by chronic uncertainty (Basel & McCarrier, 2017). For undiagnosed patients, 

ES is often part of a “last ditch” effort to attain a diagnosis (Sawyer et al, 2016). This patient 

population’s experience with chronic illness uncertainty makes them a relevant population to 

study regarding responses to unresolved uncertainty from ES.

At the outset of ES in clinical care, trios of undiagnosed children and their parents were 

typically those receiving the service because trio testing increases diagnostic yield (Sawyer 

et al, 2016). Adults with undiagnosed conditions have just recently become a significant 

group of ES users, and so their response to unresolved uncertainty from ES is still a 

relatively new phenomenon that requires exploration.

What we do know about perceptions and responses to unresolved illness and genomic 

uncertainty comes mostly from studies of parents of undiagnosed children, adult cancer 

patients, and healthy adults participating in genomic sequencing studies. Adult cancer 

patients receiving negative results or VUSs from germline cancer gene panels and parents 

receiving the same non-diagnostic results from their child’s chromosomal microarrays 

(CMAs) report incongruent recall and understanding regarding these results (Kiedrowski et 

al, 2016; Makhnoon et al, 2019; Reiff et al, 2017; Richter et al, 2013; Solomon et al, 2017; 

Vos et al, 2008; Wilkins et al, 2016). In parents of undiagnosed children, traits like optimism 
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and resilience contribute to and may even predict perceptions of and coping strategies 

for uncertainty (Macnamara et al, 2014; Madeo et al, 2012). Similarly, prior expectations 

about genomic sequencing from healthy adult research participants may influence their 

appraisals of and coping strategies for uncertainty (Biesecker et al, 2014; Jamal et al, 

2017). Diagnostic uncertainty usually negatively affects parental coping, yet may sometimes 

facilitate a strengthened focus for parents to identify more positive outcomes for their child 

(Rosenthal et al, 2001; Graungaard et al, 2006; Lipinski et al, 2006). Genomic uncertainty 

may have similar effects, as receiving VUSs from ES has been shown to contribute to 

feelings of empowerment and a desire to advocate for further research and peer support in 

parents of undiagnosed children (Li et al).

There are few studies that have examined adult patients with undiagnosed conditions in 

the context of ES. Khan and colleagues have demonstrated that illness uncertainty can 

influence perceptions of the benefits of ES and hopes about the types of information to 

be learned from ES (Khan et al, 2016). One qualitative study of adult patients and parents 

of pediatric patients who received negative results from ES demonstrated that most felt 

either reassured that there was no genetic cause found or felt promise around the potential 

for future technologies to discover a genetic cause (Skinner et al, 2016). A similar study 

involving the same populations but regarding variants of uncertain significance (VUSs) and 

other types of uncertain variants from ES demonstrated that most understood their result 

was uncertain yet had various levels of recollection about the degree of uncertainty or type 

of result. Overall, participants reported feeling prepared for an uncertain result and most 

regarded their result as having potential value in the future (Skinner et al, 2018).

Uncertainty pervades genetic medicine and will continue to be experienced by patients 

who receive non-diagnostic results from genetic tests. How patients appraise such illness 

and genomic uncertainty is directly associated with their coping and adaptation (Mishel, 

1990). Understanding how patients with undiagnosed conditions respond to unresolved 

uncertainty from ES may inform providers’ practices around informed consent for ES 

and the disclosure of these result through a greater consideration of patient concerns and 

challenges with adaptation. One might anticipate certain differences in the ways adult 

patients with undiagnosed conditions experience unresolved uncertainty from ES compared 

to parents of undiagnosed children, perhaps because the adult patients are living with 

illness themselves. The dearth of research about this newly significant group of ES users, 

in combination with existing studies not parsing out potential differences in experiences 

between adult undiagnosed patients and parents of undiagnosed children, warrants a more 

detailed characterization of the perceptions of and responses to unresolved uncertainty from 

ES in adults themselves. We sought to contribute to this necessary characterization, as well 

as investigate potential differences in responses to two types of ES results that do not 

provide a molecular diagnosis and therefore may result in unresolved diagnostic uncertainty: 

a negative result or a result with one or more VUSs. Our study explored and compared the 

experiences of adult patients with undiagnosed conditions who have received one of these 

two types of non-diagnostic ES results that may result in unresolved diagnostic uncertainty. 

We define a negative result as one with no reported clinically relevant variants and a VUS as 

a variant for which there is not enough known to classify it as disease-causing or benign.
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THEORETICAL FRAMEWORK

Our theoretical framework is composed of three different theories, each described below. 

Mishel’s theory of uncertainty in illness defines illness uncertainty and describes how 

unresolved uncertainty may affect the coping and adaptation processes for patients with 

undiagnosed conditions. While Mishel provides context for the struggles that unresolved 

uncertainty may pose to undiagnosed patients, Taylor’s theory of cognitive adaptation 

outlines how undiagnosed patients may successfully adapt to unresolved uncertainty. These 

two theories inform the role of uncertainty in our participants’ diagnostic journeys. In order 

to define the many facets of unresolved uncertainty from ES, as well as characterize how 

our participants described their experiences with this uncertainty, we also included the 

taxonomies of genomic uncertainty into our theoretical framework.

Theory of Uncertainty in Illness

In Western society, certainty, predictability, and control are often the expected and desired 

outcomes of medicine. Healthcare providers are expected to use scientific methods to 

provide accurate diagnoses and information on effective treatment. When uncertainty is 

the outcome, the medical endeavor is seen as deficient, disrupting an individual’s sense 

of control. As Mishel explains, uncertainty is “the inability to determine the meaning of 

illness-related events and occurs in situations where the decision maker is unable to assign 

definite values to objects and events and/or is unable to accurately predict outcomes because 

sufficient cues are lacking” (Mishel, 1990).

The theory of uncertainty in illness describes how individuals process uncertainty related 

to their illness and how they create meaning around uncertain events. Mishel describes 

that undiagnosed patients appraise illness uncertainty as either an opportunity or threat. 

Adaptation occurs when coping strategies manipulate uncertainty in the desired direction 

based on the appraisal. Undiagnosed patients who experience continual illness uncertainty 

may have different appraisals throughout their diagnostic odyssey, making it difficult to 

process uncertainty. If uncertainty is never resolved, it may ultimately be evaluated as 

opportunistic. However, this re-evaluation will change their thinking to be more probabilistic 

and conditional, as certainty and predictability are now viewed as unrealistic (Mishel, 1990).

Theory of Cognitive Adaptation

Taylor’s theory of cognitive adaptation outlines how individuals may successfully adapt 

to a threatening event. Her theory states that the adaptation process occurs in three steps: 

“a search for meaning in the experience, an attempt to regain mastery over the event 

in particular and over one’s life more generally, and an effort to restore self-esteem 

through self-enhancing evaluations” (Taylor, 1983). Meaning-making is achieved through 

an understanding of what caused the threatening event and how it has changed one’s life. 

Regaining mastery centers on beliefs about personal control and requires an understanding 

of how one can manage the threatening event and prevent it from reoccurring. Restoring 

self-esteem is achieved by self-enhancing evaluations, or social comparisons in which the 

object of comparison allows for positive self-perceptions (Taylor, 1983).
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Taxonomies of Genomic Uncertainty

Han’s Taxonomy of Medical Uncertainties in Clinical Genome Sequencing identifies 

sources, issues, and loci of genomic uncertainty. The three sources are probability, or 

the indeterminacy of future outcomes that comes with genomic information; ambiguity, 

or the imprecise, conflicting, or missing information regarding genomic interpretation; 

and complexity, or genomic information that is challenging to understand (Han et al, 

2017). Babrow’s forms of uncertainty describe how individuals experience uncertainty from 

genomic information. For example, inherent uncertainty arises from the genetic test or 

condition itself, such as the accuracy and reliability of the specific test or the complex 

genetic cause(s) of an illness. Structuring of information describes how an individual 

organizes or integrates genomic information into their existing beliefs and values (Babrow et 

al, 1998).

METHODS

Participants

Participants were recruited from Johns Hopkins Hospital (JHH) and Kennedy Krieger 

Institute (KKI). This study was approved by Institutional Review Boards from Johns 

Hopkins Bloomberg School of Public Health and National Institutes of Health and approved 

as human subjects research. Eligible patients were identified from clinic databases by 

genetic counselors from each site. Participants must have had endured a diagnostic odyssey 

of at least six months before receiving ES. A diagnostic odyssey was operationalized as 

(1) having a set of clinical symptoms but no diagnosis, (2) having a clinical diagnosis 

of a broad category of disease (i.e. ataxia, muscular dystrophy) but no specific molecular 

diagnosis, or (3) having a clinical diagnosis composed of psychosomatic and/or descriptive 

diagnoses that individually define single or groups of symptoms (i.e. joint pain, migraines, 

fatigue) but do not explain the entire phenotype. Each participant had ES in an attempt to 

attain a molecular diagnosis and received either a negative result or one or more VUSs. The 

operational definition of a VUS relied on the JHH and KKI genetic counselors’ agreement 

with the VUS classification provided by the genetic testing laboratories. Participants were 18 

years or older when they received their results, which were returned by genetic counselors 

one week to seven years prior to being recruited. Patients were excluded if ES provided a 

molecular diagnosis, they could not speak or understand English, or they had a cognitive 

disability that prevented them from comprehensibly answering interview questions.

Procedures

Eligible patients were mailed, emailed, or verbally shared information about the study 

purpose and procedures. Interested patients were sent consent and protected health 

information release forms. All participants gave their informed consent prior to their 

inclusion in the study. When informed consent was obtained, JHH and KKI genetic 

counselors provided the first author (AN) with the following clinical information: VUS or 

negative result, number of days between date of ES and date of result disclosure, and month 

and year of result disclosure. Participants completed two questionnaires, the Intolerance of 
Uncertainty Short Form Scale (Carleton et al, 2007) and the Perceptions of Uncertainties in 
Genome Sequencing (PUGS) Scale (Biesecker et al, 2017), before their interviews.

Neustadt et al. Page 5

J Genet Couns. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Each participant completed an approximately 60-minute semi-structured phone interview. 

All interviews were conducted by AN between August-October of 2018 and were audio-

recorded and transcribed. The interview guide was composed of open-ended questions with 

follow-up prompts that addressed motivations for ES, the result disclosure process, recall 

and understanding of results, perceptions of uncertainty, perceptions of the relationship 

between the result and the cause of their condition, affective and behavioral responses to 

receiving results, and coping strategies. A pilot interview guide was developed prior to 

recruitment and modified after six pilot interviews. A codebook was developed based on the 

interview guide and revised in an iterative process.

Data Analysis

Interview transcripts were explored by AN using thematic analysis, in which coding 

was highly inductive and analysis combined deductive and inductive approaches (Elo & 

Kyngas, 2008). Coding was conducted using NVivo, a qualitative data analysis software. 

A preliminary codebook of a priori codes was created based on topics from the interview 

guide, such as ‘hopes and expectations,’ ‘coping,’ and ‘recall and understanding.’ This 

preliminary codebook was applied to several initial transcripts. While applying the a priori 

codes to the first set of transcripts, some emerging codes were identified and added to the 

codebook, such as ‘motivations,’ and ‘feeling differently about cause of condition.’ Once 

the initial codebook of a priori and emerging codes was established from coding the initial 

transcripts, sub-codes were created for various codes and the initial coded transcripts were 

re-coded to include the sub-codes. The final codebook was then used to code the remaining 

transcripts. AN met periodically with co-authors LE and JO during the coding process 

to discuss the development and organization of codes. Code saturation was confirmed by 

the final codebook remaining stable during the process of coding the remaining transcripts 

(Hennink et al, 2017).

Once coding was completed, findings were interpreted via thematic analysis. Potential 

themes were both elucidated from the data itself (inductive approach) and informed by 

the theoretical framework (deductive approach). For example, when analyzing the data to 

answer our aim of how participants experienced and perceived uncertainty, themes were 

developed within the context of the taxonomies of genomic uncertainty with the purpose 

of discovering how the data reflected these known taxonomies. Themes were refined by 

providing clear names and definitions and assessing how each theme was related to the 

overall data set and the specific aims of the study. Themes were analyzed within the context 

of participants’ diagnostic odysseys. Coded data within each theme was reviewed to select 

illustrative quotes.

The data were also analyzed comparatively by dividing the data into groups and analyzing 

it side-by-side to detect possible differences in emerging themes. These groups were: 

participants with VUSs vs. negative results, “high” vs. “low” responses to the two 

uncertainty questionnaires, and shorter vs. longer time since result disclosure. “High” and 

“low” groups for uncertainty questionnaire responses were based on the median score for 

each questionnaire (PUGS median = 30, “low” = 10–29, “high” = 30–50; Intolerance 
of Uncertainty median = 36, “low” = 12–35, “high” = 36–60). Shorter time since result 
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disclosure was defined as one week to 12 months, and longer time was defined as greater 

than 12 months.

RESULTS

Thirty-two patients were contacted during recruitment, with an ultimate response rate 

of 72% (23/32). Twenty-seven were reached during recruitment, expressed interest in 

participation, sent consent forms, and had interviews scheduled. Four of the 27 either did 

not return their consent form or could not be reached for their interview. Of the 23 total 

participants, 12 were from JHH and 11 were from KKI. Fourteen participants had received 

VUSs and nine had received negative results. One interview from a participant with a VUS 

was dropped from data analysis because the interview revealed that ES provided a molecular 

diagnosis.

Participants had ES between 2014–2018. The sample was mostly Caucasian, highly-

educated, and over half were male. Participants widely varied in their intolerance for and 

perceptions of uncertainty and had a range of symptomatology (Table 1).

All participants had unique stories about receiving ES. Some self-referred to a genetics 

clinic after searching online for recommendations, while others were referred by a provider 

after exhausting all other diagnostic avenues. No thematic differences were detected during 

comparative analysis. Interviews uncovered three major themes that are further divided into 

sub-themes: taxonomies of genomic uncertainty, acclimation to illness uncertainty, and hope 

and optimism.

Taxonomies of Genomic Uncertainty

Participants generally had accurate understandings of their results. Those with negative 

results could articulate that there were no reportable findings through conveying that ‘the 

test found nothing’ or that they had not learned anything new about their condition. Twelve 

of the 13 participants with VUSs could describe that ES detected something their genetics 

providers could not say with certainty explained their condition at the current time.

Sources of Genomic Uncertainty—Participants experienced and were able to describe 

various aspects of genomic uncertainty including its sources, known as probability, 

complexity, and ambiguity (Han et al, 2017). Participants identified probability uncertainty 
through their understanding that their result did not provide prognostic information. One 

expressed this when describing how her hope for a prognosis was not met:

“I was hopeful that I would have an explanation and that we would be like, ‘Well, 
this is it, and this is what’s going to happen, and this is how your life is going to 
be.’ But that didn’t happen.” (P1, VUSs, Neurologic/Ataxia)

Ambiguity uncertainty was marked by many participants’ understanding that there is 

currently a lack of genomics knowledge necessary for the complete interpretation of ES 

data to provide a diagnosis. One participant, while describing what he learned during result 

disclosure, demonstrated this ambiguity uncertainty:
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“Although they don’t know what they don’t know, either. There’s always a 
possibility there could be something there, but they just don’t know.” (P19, 

Negative, Neurologic/Ataxia)

Some perceived a nonexistent recurrence risk for their undiagnosed condition based on 

their result. They did not demonstrate an understanding that despite not having a molecular 

diagnosis by ES, there is still the possibility for hereditary transmission of their condition. 

For instance, when asked about what implications his result had for family members, one 

participant said about recurrence risk:

“Well, I was concerned about family members, and how it might affect any nieces 
or nephews, brothers or sisters, and I was assured that that would not be the case 
based on what they learned from the exome sequencing. So that was good. That 
was a relief.” (P9, VUSs, Myopathy)

This misunderstanding of a more nuanced genetics concept may reflect complexity 
uncertainty. However, it may also reflect a desire for their result to have some useful 

meaning or a realization that their result rules out some number of known heritable 

conditions.

Illness Beliefs and Identity—Uncertainty was also experienced as a ‘lack of identity,’ 

which falls under person-centered issues of uncertainty (Han et al, 2017). For many, 

being undiagnosed was isolating because a significant part of their identity was undefined. 

Receiving a diagnosis would mean regaining that missing identity and being able to join an 

identifiable group of people with the same known condition, which has certain benefits such 

as access to support groups and the ability to qualify for participation in research. When 

asked directly about participation in support groups and research, many expressed that they 

desired these opportunities, but their undiagnosed status made them difficult to find. For 

example, one participant described the challenge of finding the right support group:

“As far as support groups or whatever it’s kind of difficult because I don’t fit in 
with anyone. I’m unique.” (P5, Negative, Ambiguous)

Babrow’s structuring of information also describes how our participants experienced the 

uncertainty from their result (Babrow et al, 1998). Regarding the effects of ES results 

on beliefs about the cause of their undiagnosed condition, most reported that their result 

reinforced their previous belief that their condition had either a genetic or non-genetic cause. 

In other words, ES results were seen as consistent with participants’ prior beliefs about the 

etiology of their conditions. For instance, one participant’s VUS reinforced her belief that 

her undiagnosed condition had a genetic cause. She described her VUS as being in only 

one allele of a gene known to cause an autosomal recessive condition that is similar to her 

constellation of symptoms. She believes she has a milder version of this recessive condition, 

and that in the future, geneticists will learn that a milder form can be caused by a single 

pathogenic variant. She explained:

“I guess it makes me more confident that there is a genetic explanation, as 
strange as that sounds. I do think that it’s not a coincidence that I have this one 
defective gene that’s related to [condition]. Even though they don’t think that the 
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characteristics are expressed if you only have one gene, I think that maybe there’s 
something that they just don’t know, maybe [I] don’t have the full [condition]. So 
to me it confirms that there’s something there; they just haven’t quite figured it out 
yet.” (P18, VUSs, Connective Tissue)

On the other hand, other participants’ results reinforced the belief that their condition has 

a non-genetic cause. For example, one spoke about how his result reinforced his belief 

that his condition was caused by rare side effects of a cholesterol medication he once took 

(P3, VUSs, Myopathy). Another participant shared how his VUS reinforced his belief that 

Lyme disease explained his undiagnosed condition (P12, VUSs, Cardiovascular). Finally, a 

participant spoke about how her result reinforced her belief that her condition is non-genetic 

because no one else in her family has similar symptoms:

“I think it’s most likely not genetic because nobody else that I’ve ever heard of in a 
hundred relatives has ever had it. And I know it can be a spontaneous genetic issue, 
that this can start with me-- I understand that-- but for some reason I just don’t 
think it is.” (P20, Negative, Neurologic/Ataxia)

Responses to Inherent Uncertainty—Most participants reported that their result 

reminded them of the inherent uncertainty of their undiagnosed condition, specifically the 

uncertainty around cause, prognosis, and treatment or cure. The response to remembering 

this inherent uncertainty during result disclosure was described by most as disappointment 

or frustration. For example, one described how each inconclusive test result received during 

her diagnostic odyssey makes her feel frustrated:

“I’m kind of used to the frustration, but it is a little frustrating that every time I go 
in, they’re like, ‘Oh, you’ve got this, this, this, this,’ but they don’t really know.” 
(P14, Negative, Ambiguous)

Another participant described her disappointment about ES not resolving the inherent 

uncertainty of the cause of her condition:

“I was totally disappointed because I wanted an answer and I thought, you know, 
I don’t even care if I’m diagnosed with something, I just want to know what this 
is…” (P13, Negative, Cardiovascular)

Acclimation to Illness Uncertainty

Our participants’ expectations about ES relieving some illness uncertainty align with 

Mishel’s theory of uncertainty in illness (Mishel, 1990). All expressed a belief that ES was 

unlikely to relieve illness uncertainty. While many mentioned that their genetics provider 

discussed the small likelihood of a diagnostic result during pre-test counseling, participants 

mostly attributed their expectations about their results to having a history of receiving 

inconclusive or non-diagnostic clinical test results during their diagnostic odysseys. One 

participant illustrated how her diagnostic odyssey influenced her expectations:

“What I think of in the course of battling this for almost 20 years I’ve kind of 
learned to lower my expectations and not expect a lot.” (P5, Negative, Ambiguous)
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This expectation of continued illness uncertainty was also revealed when participants were 

asked about their initial emotional response to receiving their result. Some expressed having 

a neutral response because they expected an inconclusive or non-diagnostic result and were 

used to receiving them from clinical tests. For example, one described his response to his 

result as:

“I didn’t have a huge reaction to it because it said what I expected it to say… But 
it didn’t upset me; it didn’t really have any negative effects, nor a positive effect 
because it didn’t really tell me anything. So I guess I’d say I had a fairly neutral 
reaction to it.” (P11, VUSs, Myopathy)

Being acclimated to illness uncertainty allowed participants to more easily accept and move 

on from the additional uncertainty added by this most recent ES result. In fact, many 

reported the use of acceptance when asked about coping strategies. Participants expressed 

being able to “move on” from their result disclosure experience relatively quickly because 

their result had little impact on their lives or understanding of their condition. This minimal 

impact of their result explains why most did not report feeling differently about their results 

over time.

Hope & Optimism

Motivations—Despite participants universally expecting that it was unrealistic for ES to 

relieve illness uncertainty, all still hoped that it would. Participants’ primary motivation for 

electing ES was a residual hope that the test could provide a diagnosis. How a diagnosis 

could specifically relieve illness uncertainty was different for different participants. Some 

wished that a diagnosis could provide clarity about recurrence risk. When describing his 

motivations for electing ES, one participant said:

“It was just knowing that this condition that I have wouldn’t be passed on to my 
children. That was basically-- for me, that’s what I was hoping to hear from it…” 
(P19, Negative, Neurologic/Ataxia)

Others anticipated that a diagnosis would relieve prognostic uncertainty or provide specific 

guidance for treatment or management of symptoms. For example, when describing his 

hopes for what ES could provide, one said:

“I think information that […] could help me have a better idea of what might be 
going on with me and help plan for the current and the future I think would be 
beneficial.” (P9, VUSs, Myopathy)

Finally, some desired that a diagnosis would make them eligible to participate in clinical 

trials related to their condition, which meant contributing to efforts aimed at relieving 

uncertainty about their undiagnosed condition.

Promise of Advances in Genomics—Participants also expressed hope regarding 

the promise of future technologies or advances in genomics knowledge relieving illness 

uncertainty. This hope was expressed in two different ways. First, it was expressed in 

the context of participants understanding the limitations associated with ES. While many 

described ES as being the most comprehensive genetic diagnostic test available, some 
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demonstrated the additional understanding that the test’s diagnostic utility only stretches as 

far as the current state of genomics knowledge. In other words, some understood that there 

may still be a genetic explanation for their condition that has yet to be discovered and so ES 

could not detect it at this time. For example, one participant demonstrated an understanding 

of this concept when discussing what he learned during pre-test counseling:

“Just because it’s not there, there’s other genes that we haven’t unlocked yet that 
may be causal.” (P23, VUSs, Neurologic/Ataxia)

This more nuanced understanding of a limitation of ES may be explained by detailed 

pre-test counseling or the sample majority having at least a college education. Nevertheless, 

this understanding reflects hope in advances in genomics knowledge producing a future 

diagnosis. Second, hope was expressed in the context of motivations for electing ES. 

Specifically, some participants were motivated to have ES because they knew their genetics 

provider could reanalyze their genomic data in the future. For instance, one recalled learning 

about reanalysis from her provider:

“Sometimes new medical science goes on, they get new, more information about 
causes of ataxia or places it can be, genes it can be in, and sometimes they like to 
retest things, and sometimes they actually get a diagnosis on the second testing…” 
(P20, Negative, Neurologic/Ataxia)

This motivation demonstrates hope that reanalysis may provide a molecular diagnosis in 

the future. Participants who expressed hope in these two ways illustrate how a desire for 

a diagnosis may persist despite the disappointment and frustration that is associated with 

receiving a non-diagnostic result or despite acclimation to illness uncertainty. This persistent 

hope was often reported as a coping mechanism for dealing with the unresolved uncertainty 

from ES and their undiagnosed condition.

Self-Enhancing Evaluations—Participants described optimism as another coping 

strategy for dealing with the uncertainty of their result and undiagnosed condition. Many 

explicitly mentioned having positive attitudes, while others demonstrated optimism through 

self-enhancing evaluations, which Taylor states can help restore self-esteem and self-control 

(Taylor, 1983). For example, one explained how surviving many cardiac events helped him 

to learn to be grateful for each day, a lesson that he feels not many people learn:

“I’m just trying hard to be a glass-half-full guy-- but I consider this whole episode 
to be an absolute gift to me because I’m a healthy, active, middle-aged guy, and 
I’ve had these near-death experiences and I walked away, and I’m still a healthy, 
active, middle-aged guy, and I can do everything that I want to do, and I’ve been 
reminded that […] tomorrow is not promised, and live for today, and I wake up in 
the morning every morning and I’m happy just because I wake up, and I think a lot 
of people don’t get to enjoy that.” (P12, VUSs, Cardiovascular)

Another consistently brought the conversation back to his optimistic spirit when describing 

his response to his result, saying:
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“I just stay positive about life. There’s enough bad stuff and, like I said, a lot 
of people are dealt some unfortunate things, much worse than me.” (P9, VUSs, 

Myopathy)

“Healthier” Perspective—Participants also demonstrated optimism when describing 

their emotional responses to and perceptions of the meaning of their result. For example, 

positive attitudes were expressed when participants, like these two, reported feeling relief 

or happiness that ES, while not providing a diagnosis, at least did not detect a terminal 

diagnosis or ruled out some terminal or severe diagnoses:

“I mean, I guess I would rather not have an explanation for what has happened 
to me than to say, ‘Oh, you have brain cancer,’ or ‘You have this.’ So I was very 
happy in a way…” (P1, VUSs, Neurologic/Ataxia)

“…it’s good to rule out all the really bad stuff and no causative mutations.” (P13, 

Negative, Cardiovascular)

While a negative result or VUS does not directly relieve diagnostic uncertainty, optimism 

is employed by some to feel that ES somehow indirectly relieves some illness uncertainty 

by ruling out certain diagnostic possibilities or confirming some level of healthiness. These 

types of positive responses to unresolved diagnostic uncertainty reveal how optimism can be 

used as a coping strategy to reduce some of the associated uncertainty (Mishel, 1990).

DISCUSSION

Experiences and perceptions of uncertainty related to participants’ ES result and 

undiagnosed condition reflected categories of Han’s and Babrow’s taxonomies of genomic 

uncertainty (Babrow et al, 1998; Han et al, 2017). Our participants were acclimated to 

illness uncertainty due to their ongoing diagnostic process, which resulted in realistic 

expectations about and acceptance of their results. However, participants still hoped that 

ES would end their diagnostic odyssey, and many remain hopeful that future technological 

advances will provide a diagnosis. Hope and optimism were used as coping strategies for the 

unresolved uncertainty.

There were no thematic differences between the experiences of participants who received 

negative results versus those who received VUSs, suggesting that adult undiagnosed patients 

may have similar affective and behavioral responses to unresolved diagnostic uncertainty 

after ES regardless of the type of ES result. The type of non-diagnostic result may have little 

influence on perceptions and coping strategies for genomic and illness uncertainty because 

in all cases the results do not provide diagnoses or prognoses.

Responses to the Intolerance of Uncertainty and PUGS scales revealed a wide variance 

in reported levels of intolerance for and perceptions of uncertainty related to their 

results. While there were no thematic differences when comparing participants who scored 

“high” vs. “low” on either measure, our sample may be too small to detect significant 

differences between these groups. Nevertheless, this finding suggests that intolerance for 

and perceptions of uncertainty may not influence the ways adult undiagnosed patients cope 

with and adapt to unresolved uncertainty after ES, perhaps because of their acclimation to 
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illness uncertainty. This suggestion differs from what we know from other qualitative studies 

involving healthy individuals, which find that perceptions of uncertainty about genome 

sequencing results influence attitudes and coping (Biesecker et al, 2014).

The responses of parents of undiagnosed children to receiving VUSs and negative results 

from their child’s CMA have been extensively described (Desai et al, 2018; Hayeems et 

al, 2016; Kiedrowski et al, 2016; Jez et al, 2015; Reiff et al, 2017; Wilkins et al, 2016). 

Many similarities can be seen between our participants and that of parents described in 

this literature. For instance, parents of children with autism spectrum disorder who received 

negative results or VUSs from CMA shared that their child’s result reinforced prior beliefs 

that their child’s condition had either a genetic or non-genetic cause. Specifically, family 

history of autsim was a strong factor for the persistent belief of a genetic etiology, and 

vaccination was a common belief for non-genetic etiology (Reiff et al, 2017). It is perhaps 

not surprising that both our participants and parents of undiagnosed children integrated 

their non-diagnostic results in a way that was consistent with prior beliefs, as people 

tend to interpret genetic information about their condition within the context of their own 

experiences and beliefs (Kiedrowski et al, 2016; Sankar et al 2006).

Both parents and our participants were left feeling frustrated by unresolved diagnostic 

uncertainty (Hayeems et al, 2016), and worried about continued prognostic uncertainty 

(Kiedrowski et al, 2016; Wilkins et al, 2016). However, like our participants, parents also 

understood the limitations of genomic knowledge and were hopeful that future advances in 

the field would offer more information about their child’s condition and treatment (Hayeems 

et al, 2016; Kiedrowski et al, 2016; Reiff et al, 2017; Wilkins et al, 2016).

Our participants had particularly good recall and understanding of their ES results. In 

contrast, inconsistent recall and understanding have been reported in adult patients with 

cancer who received negative results or VUSs from germline cancer gene panel testing 

(Makhnoon et al, 2019; Richter et al, 2013; Solomon et al, 2017; Vos et al, 2008). 

Patients with cancer may have more confusion about their negative or uncertain genetic 

results due to the acute nature of the disease and less exposure to illness uncertainty than 

our study participants. Patients with cancer who have a strong family history of cancer 

might also have higher expectations for receiving definitive results from their germline 

cancer genetic testing and these higher expectations may interfere with their ability to 

understand results that are negative or uncertain. Parents of children with a variety of 

phenotypes also reported inconsistent understanding about their children’s uncertain CMA 

results. Parents were more likely to interpret VUSs as causal while still acknowledging 

the clinical uncertainty associated with the results (Kiedrowski et al, 2016; Reiff et al, 

2017; Wilkins et al, 2016). This interpretation of a VUS as causal may be influenced 

by how the genetics provider described the result to the parents. Some genetics providers 

may believe the VUS to be causal based on the gene’s close phenotypic match to that of 

the patient (while still accepting that the laboratory must interpret and report the variant 

as uncertain based on standard and accepted guidelines). Another reason parents may 

perceive their child’s VUS as being the cause of their child’s condition is to cope with 

their child’s illness uncertainty. This explanation of incongruent recall and understanding is 

a method of coping that results from a threat appraisal of illness uncertainty (Mishel, 1990). 
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Given this previous observation, one might have expected to observe the same phenomenon 

among undiagnosed adults. However, this was not apparent in the interviews. Adults with 

undiagnosed conditions may be more comfortable living with their own illness uncertainty, 

and therefore do not need to reduce it in this way, thus resulting in both accurate recall 

and understanding of their result. Parents, on the other hand, may not be as comfortable 

or acclimated with illness uncertainty because they are experiencing it related to their 

child’s health rather than their own health. It may also be that there are arguably more 

years of uncertainty ahead in a child’s life when compared to an adult. As ES becomes 

more prevalent among adult patients, future studies should explore this in a more diverse 

population of undiagnosed adults.

Our findings were consistent with recent studies that demonstrated participants’ unresolved 

illness uncertainty from ES results that fail to reveal a molecular diagnosis. Specifically, 

expectations for non-diagnostic exome results due to acclimation to illness uncertainty, as 

well as persistent hope that uncertainty will be resolved by future scientific advances, have 

been previously described in our population, as well as in healthy individuals, cardiology 

patients, and parents of undiagnosed children (Jamal et al, 2017; Skinner et al, 2016; Skinner 

et al, 2018).

Study Limitations

Our findings are not representative of all adult undiagnosed patients who receive non-

diagnostic results from ES. Our participants were generally well-educated, which may 

influence their ability to more accurately recall and understand their results. Our sample was 

also enriched for participants with neurologic or ataxic phenotypes. While our interviews 

did not include questions regarding disease-specific influences on perceptions of ES results, 

it is possible this enrichment influenced the data in a particular direction. The variety 

of symptomatology of undiagnosed conditions among our sample surely allowed us to 

capture over-arching themes, but perhaps more nuanced differences would be detected from 

studying a sample of adult patients who all had similarly presenting undiagnosed conditions. 

Recruitment from two different sites allowed for some diversification in understanding the 

influences of different types of post-test counseling; yet, genetic counseling practices at 

other sites may differ from the practices at our recruitment sites and would perhaps alter 

findings. It should also be noted that as ES is offered earlier in the diagnostic process in the 

future, reactions to uncertain genomic information may differ.

Practice Implications

Our findings have implications for the clinical practice of genetics providers. This study 

demonstrated the range of emotional responses adult undiagnosed patients may have from 

receiving a negative result or one or more VUSs from ES. Genetics providers should 

remain prepared to help patients process the variety of emotions they may feel during result 

disclosure.

Adult undiagnosed patients experienced and perceived the uncertainty of their result in 

a variety of ways. Genetics providers should explore the ways in which their patients 

perceive this uncertainty to facilitate appropriate meaning-making of their result. Assessing 
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the client’s prior beliefs for the cause of their undiagnosed condition and eliciting the 

experience of their diagnostic odyssey may also help in this process, especially if these 

conversations begin during pre-test counseling.

Reanalysis was acknowledged by participants as an important benefit of undergoing ES 

and was a source of hope. In fact, knowledge of VUS reclassification and promise of 

provider re-contact in the event of reclassification has been reported as an important coping 

mechanism for uncertainty in adult cancer patients (Makhnoon et al, 2019; Solomon et 

al, 2017). Providers and laboratories should do what they can to facilitate reanalysis for 

their patients and overall practice. As ES becomes more broadly available, genetics clinics 

and laboratories should consider developing systematic plans for conducting reanalysis for 

all patients who consent to it. The process may become more easily automated with the 

development of reanalysis functionalities of genomic databases.

Many participants mentioned they would like to participate in support groups or research 

but are unable to find opportunities for which they qualify or fit in. While most research 

opportunities require a diagnosis to qualify for participation, providers may be equipped 

with referrals to studies which focus on undiagnosed patient populations. In addition, 

genetics providers may consider developing and/or facilitating support groups for their 

undiagnosed patients within their institutions. They may also offer to connect their 

undiagnosed patients who express a desire to speak with others who are undiagnosed.

Research Recommendations

The purpose of this study was to provide a preliminary understanding of how adult 

undiagnosed patients recall, perceive, and cope with unresolved uncertainty from ES. This 

patient population and their responses to genomic uncertainty remain ripe for future studies. 

Larger-scale studies on the affective and behavioral impacts of unresolved uncertainty from 

ES may provide more generalizable information and target specific challenges in coping and 

adaptation that may inform intervention studies. As ES is offered earlier in the diagnostic 

process in the future, comparative studies may be warranted. Future studies may also focus 

on the impact of other types of ES results that may leave patients with unresolved diagnostic 

uncertainty, or the typical practices of genetics providers in providing pre- and post-test 

genetic counseling to those seeking ES and receiving non-diagnostic results.
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Table 1.

Demographics and characteristics of the study participants

Characteristic Participants with VUSs Result 
(N=14)

Participants with Negative 
Result (N=9)

Age at Time of Recruitment 28–69 years 29–71 years

Male 79% (11/14) 33% (3/9)

White 91% (13/14) 100% (9/9)

Estimated Annual Household Income

<$45,000 2 3

$45,000-$89,999 1 1

≥$90,000 10 5

Declined to answer 1 0

Education

Graduate School 8 1

College Graduate 5 6

Some College 1 1

High School 0 1

Length of Diagnostic Odyssey

6 months – 1 year 1 0

3–4 years 5 2

5–10 years 2 5

over 10 years 6 2

Approximate Time Passed Since Exome Result Disclosure, Range 1 month – 4.25 years 6 months – 2.5 years

Category of Undiagnosed Condition a 

Neurologic/Ataxia
b 7 3

Myopathy
c 3 2

Cardiovascular
d 1 1

Connective Tissue
e 1 0

Ambiguous
f 2 3

Intolerance of Uncertainty Short-Form Scale
g
, mean (SD); 

Median

25.9 (8.34); 25 30.4 (8.50); 28

Perceptions of Uncertainties in Genome Sequencing Scale
h
, mean 

(SD); Median

36 (9.90); 37.5 32.2 (6.38); 34

a.
Based solely on participant report of their symptoms. Conditions were characterized based on a majority of symptoms fitting into one particular 

category; therefore, some conditions may share symptoms from other categories.

b.
Refers to unspecific ataxia/movement diagnoses, or symptoms reflecting neurologic issues such as tremors or slurred speech.

c.
Refers to unspecific muscle-related diagnoses or symptoms such as muscle weakness and pain.

d.
Refers to cardiac conditions or events such as cardiomyopathy or aortic dissection.

e.
Refers to symptoms reflective of a connective tissue condition, such as hypermobility and joint pain.
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f.
Refers to a symptomatology that did not have a majority of symptoms fitting into one distinct category.

g.
Higher scores convey greater intolerance of uncertainty. Range: 16–48.

h.
Higher scores convey greater certainty in patients’ perceptions of their genome sequencing results. Range: 20–50
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