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Abstract

Purpose—Studies on returning variants of uncertain significance (VUS) have predominantly
included patients with a personal or family history of cancer and cancer-associated gene VUS.
This study examined health behaviors amongst participants with cardiomyopathy-associated gene
VUS, but without a personal history of cardiomyopathy.

Methods—Sixty-eight eligible participants without apparent cardiomyopathy who received VUS
in cardiomyopathy-associated genes completed a survey of health behaviors, disclosure, distress,
uncertainty, positive experiences, decisional conflict, and perceived value. Medical records of
participants who reported cardiac testing because of their VUS were reviewed for testing
indication(s).

Results—Two participants had cardiac testing due to their VUS alone. Four had cardiac testing
because of their VUS and other clinical indications and 12 changed health behaviors, including
one participant who was subsequently diagnosed with cardiomyopathy. Distress, uncertainty, and
decisional conflict were low (means= 1.2, 4.2, 24.5; scale ranges= 0-30, 0-45, 15-75,
respectively), and positive experiences and perceived value were moderate (means= 12.4, 14.4;
scale range= 0-20, 4-20, respectively). Greater perceived value was associated with greater
likelihood to engage in health behaviors (p=0.04).
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Conclusion—VUS can be returned to apparently unaffected individuals with modest use of
healthcare resources, minimal behavioral changes, and favorable psychological reactions.
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genome sequencing

INTRODUCTION

Variants of uncertain significance (VUS) are a common challenge in clinical genomics.!
Whether VUS should be returned is a major question as clinicians and investigators
incorporate genomics into their practice and research. Although participants have positive
attitudes toward the potential receipt of VUS,2 there is mixed evidence about how VUS
affect health behaviors.

The predominant outcomes that have been studied are surveillance and prophylactic surgery
related to the risk of breast and/or ovarian cancer following BRCA1/2 genetic testing. These
studies have primarily been conducted amongst women who had a sufficient personal or
family history of those cancers to recommend genetic testing. There are conflicting findings
about whether women with VUS in BRCA1/2are less likely34 or just as likely® to pursue
surveillance or surgery as those with pathogenic variants. These differences in levels of
surveillance and surgery could be attributed to variations among study populations in the
magnitude of participants’ cancer risks based on personal and family histories. A few studies
have attempted to control for this by reviewing the medical records of patients who received
VUS to distinguish surveillance or surgery that is clinically indicated based on personal or
family history from that which is not. Some showed appropriate levels of screening and/or
surgeries,®7 while others identified a subset of women who had surgery and/or screening
beyond what was indicated by their personal and family history.8 Regarding other health
behaviors, two studies found that the majority of VUS recipients disclosed their result to at
least one family member.9-10

The psychological reactions to VUS have also been studied, although there has been
variability in the outcome measures used. The most commonly-studied outcome is test-
related distress, and correlations of distress and health behavior changes after a diagnosis of
cancer have been identified.11 However, there is not consistency among findings on how
test-related distress is affected by receipt of VUS. Some studies showed that women who
receive VUS from BRCA1/2testing have distress levels similar to women who receive
negative results,® while others suggested that the women with VUS have significantly
greater levels of test-related distress.12 A stronger personal or family history of cancer has
been associated with greater levels of test-related distress.13

Most studies on outcomes of receipt of VUS were conducted with women who received
BRCA1/2VUS and had a personal and/or family history of relevant cancers. Although VUS
are not generally returned to healthy participants, it is critical to research a range of result
return practices so that future recommendations are evidence-based.4 In keeping with this
objective, we designed a study to utilize genomic screening, as opposed to clinically-
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indicated genetic testing, to identify VUS in cardiomyopathy-associated genes in
participants not recruited for a personal or family history of cardiomyopathy (Figure S1).
The VUS results were split into two groups using a single computational algorithm1> (VUS-
Low and VUS-High, which were based on the likelihood of deleteriousness assigned by the
algorithm) in order to study whether participants distinguished between them. We published
findings from a 2-week follow-up survey, which found that most participants did not have
significantly differing responses to subcategories of VUS (e.g., VUS-low versus VUS-High)
but they accurately recalled the meaning of their result and intended to share it with family
members and their doctor(s), and 46% intended to change their health behaviors.16

Here, we present the findings from an 8-month follow-up survey from the same study, which
measured distinct outcomes. The primary aim of the present study was to describe health
behaviors, as opposed to intentions, in response to receipt of VUS amongst unaffected
participants. The secondary aim was to determine if there were any differences in
demographics or psychological reactions between participants who engaged in health
behaviors due to their VUS versus those who did not.

MATERIALS AND METHODS

Participants were recruited from an ancillary project within the ClinSeq® study,1” which
consents subjects for sequencing and return of individual results. Participants with VUS in
one of 20 cardiomyopathy-associated genes were contacted about their interest in receiving a
variant with unclear implications for their heart disease risk. Of the 104 contacted, 81
participants consented, had their results validated in a CLIA laboratory, and received their
results in a standardized, in-person session. Participants were told that their results were
categorized as VUS based on a modification of the ACMG/AMP criteria, that there were no
published data on those specific variants, and that variants had been subcategorized into
either a VUS-High or VUS-Low category for research purposes based on scores from a
single predictive algorithm (CADD)1®. Two weeks following result disclosure, participants
received a letter summarizing their result and a link to a survey with questions about their
health behavior intentions. Details about this study design, and results of the two-week
survey have been published.16

Eighty participants from the VVUS study were recruited via telephone and mail to take an
eight-month follow-up survey. One participant was not recruited due to administrative
oversight, and one was later excluded from analysis due to a personal history of
cardiomyopathy.

Survey measures included:

. Health behaviors: Participants were asked if they saw additional providers, had
cardiac testing (echocardiogram, electrocardiogram, stress test), or made changes
to their diet, exercise, or medication in response to their VUS.

. Disclosure of VUS: Participants were asked whether they disclosed their VUS to
their physicians, partner/spouse, children, siblings, or parents.

Genet Med. Author manuscript; available in PMC 2019 March 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

RESULTS

Page 4

. Psychological impact: Participants completed a version of the Multidimensional
Impact of Cancer Risk Assessment (MICRA)!® modified to refer to VVUS results.
The MICRA has 23 items forming three subscales: test-related distress (six
items; a=0.90; e.g., “feeling upset about my result”), uncertainty (nine items;
a=0.75; e.g., “worrying about my risk of becoming sick or ill”), and positive
experiences (four items; a= 0.80; e.g., “feeling satisfied with family
communication about my genetic result”). Responses were summed to create
subscale scores. A higher positive experience score indicated a less positive
experience.

. Decisional conflict: Participants completed the Decisional Conflict Scale,?
comprised of 15-items (a=0.97; e.g., “l am satisfied with my decision”).
Responses were summed to create a total score.

. Perceived value: Perceived value was measured with a new, 4-item scale (a=
0.90; “My sequence result is... valuable for maintaining my future health/
valuable for maintaining my family’s future health/useful to my physician” and
“l trust my sequence result.”)

All participants who reported on the survey that they had engaged in health behaviors
(receiving cardiac testing or changing diet, exercise, or medications) due to their VUS were
contacted via telephone to confirm if the behaviors were undertaken in response to the VUS
(Supplementary Materials and Methods). Participants who reported these behaviors on their
survey and confirmed them via telephone were categorized as engaging in health behaviors
due to their VUS. Participants who reported having cardiac testing since their ClinSeq®
enrollment were asked to release those records. The records for participants who reported
any testing aue to their VUS (N=9) were reviewed to determine indications for testing.

Means and standard deviations were calculated using Microsoft Excel (2017). Chi-squared
and t-tests were performed to compare participants who engaged in health behaviors due to
their VUS versus those who did not on categorical and continuous outcomes, respectively,
using GraphPad QuickCalcs (2017). Cronbach alpha values were calculated using University
of Connecticut Excel Spreadsheet to Calculate Instrument Reliability Estimates (2017).

This study was approved by the National Human Genome Research Institute Institutional
Review Board.

Sixty-eight participants (85.0%) completed surveys. Most had at least a college degree (54,
79.4%), were non-Hispanic White (54, 79.4%), and had results classified as a VUS-High
(41, 60.3%). Following enrollment, nine participants (13.2%) disclosed a family history of
cardiomyopathy. There were no differences in health behaviors between demographic
categories, VUS-High and VUS-Low groups, those with a family history of cardiomyopathy
or sudden cardiac death and those without, those who previously received a genetic testing
result through ClinSeq® and those who did not, and those with coronary artery disease and
those without. (Table 1). Most participants told their spouse (61, 90.0%), at least one child
(37, 54.4%), and their physician (36, 52.9%) about their VUS.
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Fifteen participants confirmed via telephone that they engaged in health behaviors due to
their VUS, nine of whom reported receiving cardiac testing (e.g., echocardiogram, cardiac
stress test). Based on record review, only two participants had no other clinical indication for
their testing. Four participants had testing due to a clinical indication, two of whom had
testing due to clinical indications and receipt of their VUS. Of these two, one had a personal
history of hypertension and a family history of cardiomyopathy. She received an
echocardiogram about four weeks after her result disclosure, followed by an
electrocardiogram six weeks later, and was found to have borderline concentric left
ventricular hypertrophy. The second individual had a personal history of shortness of breath
and coronary artery disease. Twelve weeks after receiving his result, he had an
electrocardiogram and a stress test, both of which were normal. The remaining three
participants had unknown reasons for cardiac testing according to the review of their
records. Regarding other health behaviors, 12 participants made changes: six saw new
providers, two changed their diets (e.g., ate less red meat), two added medication (e.g.,
CoQ10 and fish oil), one increased exercise frequency, and one changed her diet and
exercise frequency (Figure 1).

Test-related distress, uncertainty, and decisional conflict levels were low and levels of
perceived value and positive experiences were moderate. Participants who reported changing
their health behaviors had higher levels of perceived value (p= 0.043) than those who did not
change their health behaviors (Table 1).

DISCUSSION

Given that VUS are already being returned to patients and are going to increase in frequency
as panel testing becomes more widely used,346-9:16 this study provides data on healthcare
outcomes following their receipt amongst healthy individuals. These results show modest
healthcare utilization attributable to the receipt of cardiomyopathy VUS, suggesting that
VUS can be returned to well-educated, clinically unaffected patients without excessive use
of healthcare resources. Although nine participants reported their VUS as the reason for
additional care, four of them had other clinical indications for that care. Only two
participants received unnecessary healthcare. Amongst the participants who reported cardiac
testing due to their VUS and had a clinical indication to do so according to their medical
records review was one participant who was found to have borderline concentric left
ventricular hypertrophy. This participant had hypertension and a family history of
cardiomyopathy but did not receive appropriate cardiac testing until her result was returned.
This example, taken with the data about the rarity of testing due to VUS alone, suggests that
VUS may prompt conversations between patients and physicians about warranted clinical
evaluations. Although this alone is not a sufficient reason to return VUS, it may be one
benefit, and broader data on potential benefits of returning VUS are needed for designing
future studies and informing policies.1

Negative psychological outcomes following disclosure of VUS were uncommon, which is
consistent with research finding that patients generally adapt well to genetic testing results,
particularly in the long-term.20 It may be that positive outcomes are reported in studies of
genetic testing because participants only pursue such testing if they anticipate that they will
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be able to cope well with the results. Participants in our study with greater levels of
perceived value were more likely to engage in health behaviors after receipt of VUS,
suggesting that this factor merits investigation in future studies.1® Data on why participants
engage in health behaviors may help identify who would benefit from additional education
or counseling. This was a descriptive study with a small, homogeneous sample; further
studies with larger, more diverse populations are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Self-Reported Health Behavior Changes Following Variants of Uncertain Significance

(VUS) Disclosure
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