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ABSTRACT OF THE THESIS

Effect of Variants of Uncertain Significance on Anxiety and Depression in Patients with
Arrhythmogenic Right Ventricular Cardiomyopathy and their Family Members
By
Diana McVeigh

MasterMaster
of Science
in Genetic
Counseling
of Genetic
Counseling
University of California, Irvine, 2018
Professor Anjan Batra, Chair
Several studies have shown that receiving a variant of uncertain significance (VUS) result
from genetic testing can invoke confusion or anxiety. This has been explored by studies in the
setting of cancer genetics, but not in the setting of genetic testing for inherited cardiomyopathies.
This study compared levels of cardiac anxiety, general anxiety, and depression in patients with
arrhythmogenic right ventricular cardiomyopathy (ARVC) with a pathogenic, negative, or VUS
result from genetic testing, as well patients and family members who did not undergo genetic
testing. These individuals are enrolled in the ARVC Research Registry at the Johns Hopkins
ARVC Program. There was no significant difference in cardiac anxiety between probands with
pathogenic, negative and VUS results (p=0.985). Individuals who have not undergone genetic
testing had significantly less cardiac anxiety than individuals who have undergone genetic
testing, in any result category (p<0.001), but this was likely due to these individuals’ status as
clinically unaffected family members without implantable cardioverter defibrillators (ICDs).
Time elapsed between when an individual received their genetic testing result and when they
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completed the questionnaire did not have a significant impact on cardiac anxiety (p=0.702),
general anxiety (p=0.393) or depression (p=0.683). Overall, genetic test results did not appear to
be a major driver for cardiac anxiety, anxiety or depression in this population of ARVC patients
and their family members when controlling for other factors such as having an ICD.
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INTRODUCTION

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is one of several wellcharacterized cardiomyopathies that have a distinctly heritable component. By contrast,
common heart conditions such as coronary artery disease may be present in multiple family
members but are considered multifactorial, meaning many different genetic and environmental
factors likely combine to cause disease. In cases such as these, genetic testing is not yet
available. Conditions such as ARVC, where the heart muscle is directly affected, belong to a
group of rarer inherited heart diseases that are caused by one or very few genetic changes that
play a very strong role in causing disease. These conditions are called inherited
cardiomyopathies. Other examples of inherited cardiomyopathies include hypertrophic
cardiomyopathy (HCM) and dilated cardiomyopathy (DCM). There are also inherited heart
conditions that affect the electrical system of the heart, causing abnormal heart rhythms called
arrhythmias. Examples of inherited arrhythmias include Long QT syndrome and Brugada
syndrome. Some of these conditions require drastic changes in lifestyle or medical therapy.
Inherited heart diseases require specialized care not only for the individual patient, but also for
their families, as other relatives may be in need of testing, treatment or intervention.
ARVC is a disease characterized by progressive fibrofatty replacement of the
myocardium (heart muscle) that predisposes to ventricular tachycardia and sudden death. In the
classical presentation, the disease primarily affects the right ventricle, but it may also involve the
left ventricle. ARVC comprises a small percentage of the familial cardiomyopathies in the
general population, having a prevalence of 1/1,000 to 1/5,000 (Hall et al., 2018). By contrast,
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HCM has a prevalence of 1/500. However, ARVC is a leading cause of sudden cardiac death and
ventricular arrhythmia in individuals ≤35 years of age (Ackerman et al., 2011).
The presentation of ARVC is highly variable even within families, and some individuals
with symptoms may not meet established clinical criteria (described below). Diagnosis can be
very challenging due to the heterogeneous nature of presentation and the broad spectrum of
clinical findings. The mean age at diagnosis is 31 years, but spans the teenage years to the 90s
(Nava et al., 2000). ARVC is most commonly diagnosed after an individual presents with
arrhythmia. To be given a clinical diagnosis of ARVC, a patient must meet two major, one major
and two minor, or four minor criteria of the 2010 updated Task Force criteria for ARVC
diagnosis (Marcus et al., 2010). The criteria were updated in 2010 to reflect advances in
technology/imaging used for diagnosing ARVC, and to recognize the advances in the field of
genetics. In the 1994 version of these criteria, there was no role for genetic variants in diagnostic
criteria; the only major criteria in the Family History subsection was “familial disease confirmed
at necropsy or surgery”; however, the updated Task Force criteria for as described by Marcus et
al in Circulation in 2010 allow for family history and genetic variant status to play a bigger role
in diagnosis.
Indeed, an increasingly recognized piece of the puzzle in the medical care of patients
with heritable cardiomyopathies or arrhythmias is genetic testing, which involves taking a
sample of DNA (typically from blood or saliva) to evaluate for genetic changes that could cause
inherited heart disease. Genetic testing can be used to clarify the diagnosis in a person who has,
or is suspected to have, inherited heart disease, identify the cause of heart disease in a family, or
predict which family members are at-risk to develop a particular heart condition. Over half of
individuals with ARVC identified by genetic testing to have a disease-causing variant have a
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variant in one of the five genes encoding the desmosome (Ohno, 2016). Desmosomes are protein
complexes that function to bridge the myocardial cells to each other. They serve two roles of
providing a pathway for electrical conduction between myocytes and as mechanical bridges
aiding in contraction. There are five proteins making up the desmosomes in the heart: junctional
plakoglobin (JUP), plakophilin-2 (PKP2), desmoplakin (DSP), desmoglein-2 (DSG2), and
desmocollin-2 (DSC2). There have been other (less common) genes associated with ARVC,
including TMEM43, CTNNA3, DES, LMNA, PLN, RYR2, TGFB3, and TTN.
ARVC is most often inherited in an autosomal dominant manner, and most individuals
inherit their pathogenic variant from a parent. Much less commonly, an individual with
autosomal dominant ARVC may have the disorder as a result of a de novo pathogenic variant,
although the rate of de novo variants is unknown (Gandjbakhch et al., 2009). Each child of an
individual with autosomal dominant ARVC has a 50% chance of inheriting the pathogenic
variant. Autosomal recessive cases of ARVC are rare but possible, and are most commonly
associated with Naxos and Carvajal syndromes (Awad et al., 2006). Naxos disease is caused by
biallelic variants in the JUP gene, while Carvajal syndrome is caused by biallelic DSP variants.
It is also possible to inherit two disease-causing variants in different genes (digenic
heterozygosity), which may play a role in the variable penetrance seen in ARVC (Xu et al.,
2010).
The majority of patients who are diagnosed with ARVC are symptomatic on presentation.
The symptoms associated with ARVC are dizziness, palpitations, and syncope (fainting).
However, many patients diagnosed with ARVC are asymptomatic, only coming to the attention
of care providers following screening that was triggered by an ARVC diagnosis in a family
member. If an individual carries a pathogenic variant, there is a 50% chance for each first-degree
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relative (parents, siblings, children) to possess the same variant in the majority of cases (for those
with autosomal recessive disease the risks are different). At-risk family members are
recommended to undergo targeted genetic testing for the specific pathogenic variant identified in
the proband to determine whether they are at elevated risk to develop ARVC (Ackerman et al.,
2011).
Patients with diagnosed ARVC are recommended to undergo clinical evaluations
periodically in order to evaluate for new symptoms and monitor current symptoms.
Structural/morphological abnormalities, functional ventricular abnormalities, and ventricular
arrhythmia burden need to be regularly reassessed to predict the risk of sudden cardiac death
(SCD) in ARVC patients and treat them accordingly (Corrado et al., 2015). Cardiac evaluation of
affected patients includes resting 12-lead ECG, echocardiography, 24 hour Holter monitoring,
and exercise testing (for detection of induced ventricular arrhythmias) and should be performed
on a regular basis (every 1–2 years) depending on the age, symptoms, and disease severity.
Asymptomatic pathogenic variant carriers and at-risk family members should also be offered
repeat clinical assessment every 2–3 years, primarily during adolescence and young adulthood
(Corrado et al., 2015). The recommended age to start screening children is around age 12 years,
or the start of puberty. Identification of at-risk family members is one of the most powerful tools
afforded by genetic testing.
One of the primary treatment considerations for ARVC is an implantable cardioverter
defibrillator (ICD). ICDs are devices programmed to detect abnormal heart rhythms and deliver
pacing as well as shocks (defibrillation) if necessary, to return the heart rhythm to normal. Not
everyone with ARVC requires an ICD, but many do. When deciding whether an individual
warrants the placement of an ICD, their care team attempts to stratify their personal risk of
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sudden death that could be prevented by an ICD. Factors such as arrhythmia burden, history of
fainting, age at presentation and family history of sudden death are all factors considered in
determining an individual’s personal risk (Orgeron et al., 2017). This is a serious decision,
because having an ICD can be cumbersome and anxiety-producing, and can introduce potential
complications for future medical care, such as difficulty obtaining MRI.
As the genetic etiology of ARVC has become clearer over the last 15 years, the role of
genetics in diagnosis, risk stratification, and identification of at-risk family members has
increased significantly. Genetic counseling has become increasingly recommended as an
important part of the evaluation for ARVC, as well as for other inherited cardiomyopathies. A
statement on the current recommendations/status of genetic testing for cardiomyopathies and
channelopathies was released jointly by the Heart Rhythm Society and the European Heart
Rhythm Association in 2011 (Ackerman et al., 2011). This report summarized expert opinion
and a collection of the literature on relative diagnostic, prognostic, and therapeutic impact of
genetic testing for each condition. Per the consensus statement, comprehensive or targeted
(DSC2, DSG2, DSP, JUP, PKP2, and TMEM43) genetic testing “can be useful” for patients who
meet 2010 task force diagnostic criteria for ARVC, and genetic testing “may be considered” for
patients with possible ARVC who have one major or two minor criteria. In contrast, genetic
testing is not recommended for patients who meet only a single minor criterion (Ackerman et al.,
2011). Variant-specific genetic testing is recommended for at-risk family members, following
the identification of the causative variant in a proband. A further statement written in 2018 by the
Heart Failure Society of America (HFSA) outlined guidelines for the approach and expertise
needed for the genetic evaluation of cardiomyopathy (Hershberger et al., 2018). The guidelines
classified ARVC as a “Level A” condition, meaning genetic evaluation or testing has a high
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correlation with the cardiomyopathic disease of interest in studies with a moderate of large
sample size.
Although genetic testing can be a very useful tool, there are several factors that make the
genetics of ARVC difficult to communicate to patients. Firstly, ARVC demonstrates reduced
penetrance, meaning that the percentage of pathogenic variant carriers who express a phenotype
(show clinical signs of ARVC) is not 100%. Autosomal dominant cardiomyopathies such as
ARVC are typically characterized by incomplete penetrance or varying degrees of penetrance
across the lifetime (age-related penetrance). Pathogenic variant carriers may have no symptoms
or cardiac abnormalities for many years (often well into adulthood), but are still recommended to
undergo regular comprehensive cardiac screening to attempt to discover symptoms of the disease
(if they do manifest) at an early and more treatable stage. The concepts of reduced and agedependent penetrance can be difficult to communicate to at-risk patients. Secondly, ARVC
demonstrates variable expressivity, meaning that factors such as age at onset and type and
severity of symptoms will often vary, even within family members who harbor the same
pathogenic variant. A thorough explanation of this concept is often necessary to impress upon atrisk family members the importance of regular screening and activity modification, especially if
their family member with ARVC is not severely affected.
When considering all of these complexities, the consenting process for genetic testing for
ARVC is critically important. There are three possible results that could be returned from most
types of genetic testing. A positive or pathogenic result means that a gene variant was found that
is known to be disease-causing. A negative result means the laboratory did not find any
suspicious or protein-altering changes in the genes analyzed, but importantly does not rule out a
genetic etiology. A third result is known as a variant of uncertain significance, or VUS. A VUS
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is a change in the normal sequence of a gene for which the clinical significance and association
with disease is not clear. VUSs are classified into three subtypes: likely benign variant, –
unlikely to be pathogenic; variant of uncertain significance – unknown pathogenicity; likely
pathogenic – likely that the variant is implicated in disease. A VUS may ultimately be proven to
be either a pathogenic variant or a benign variant, but at the time of the testing there is not
sufficient information to categorize it into either category. Currently, a VUS result in any
category other than likely pathogenic is not recommended to be used to direct medical decisions
or decisions about family screening. For at-risk family members undergoing site-specific genetic
testing, the test is targeted to detect the specific genetic change already identified in the proband,
so a VUS is not a possible result.
Historically, variant classifications from clinical laboratories have been unavailable to the
public except for the small minority that are published in journals. The establishment of the
ClinVar database through the National Institute of Health’s (NIH) efforts has greatly assisted in
public sharing of interpreted variants, particularly by clinical laboratories. The ClinVar database
archives submitted interpretations of the clinical significance of variants. The submitter is able to
provide supporting evidence for their classification. In 2015, the American College of Medical
Genetics and Genomics (ACMG) released a document that established guidelines for
determining the pathogenicity of an observed variant (Richards et al., 2015). These guidelines
take into account several factors such as if the variant has been identified before, if it is recorded
in large databases of normal and presumably healthy populations, if it occurs at a highly
conserved position in the DNA, and the impact it has on the resulting amino acid sequence.
These and other lines of evidence are all assigned various weights in arguments for
classification. Despite the effort to standardize classification of variants, it is very common that
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multiple laboratories assign differing classifications to a single variant, which further muddies
the waters for clinicians when faced with the task of counseling patients on the implications of a
VUS (Harrison et al., 2017).
Genetic testing in patients with inherited cardiomyopathies and arrhythmias has rapidly
evolved over the last decade. The introduction of a much more cost-effective and efficient
genetic testing method called Next Generation Sequencing has allowed for rapid sequencing of
many previously uncharacterized genes. Ten years ago, a typical panel ordered on a patient
presenting with clinical ARVC may have included five genes (DSC2, DSG2, DSP, JUP, PKP2),
and genetic testing may not have been offered or available at all clinic sites. A targeted panel of
this size (or slightly larger) may still be a first-line genetic test for a proband today, especially for
someone with classically presenting ARVC. However, many available panels offering
comprehensive testing for cardiomyopathies and arrhythmias include over 70 genes. These
panels are constantly evolving and increasing in size and coverage. There are several reasons that
a large panel might be ordered as opposed to a smaller more targeted panel. First, some insurance
plans only cover genetic testing once, and it is much more difficult to get testing covered a
second time. Thus, if a primary panel with only a few (perhaps most appropriate) genes on it was
ordered and negative, it may be difficult to later obtain insurance coverage for a larger panel.
Secondly, ARVC is a relatively uncommon and recently characterized condition; many
practitioners may choose to cast a broader net with a large panel to increase the chances of
picking up a disease-causing pathogenic variant. Although it is certainly true that with greater
coverage of genes comes greater yield of disease-causing genetic results for patients with ARVC
and other cardiomyopathies, it comes at a price; the incidence of VUSs also rapidly increases
with the number of genes tested. A significant proportion of patients who undergo genetic testing
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using a large cardiomyopathy panel will have at least one VUS result. The likelihood of finding a
VUS is even higher among non-Caucasian ethnic populations, which have not been well
represented in the validation of genetic panels. Data collected at the Johns Hopkins ARVC
program showed that in large panels administered for ARVC (51-120 genes), 29% of individuals
had at least one VUS (Murray et al 2017).
VUS results are difficult to manage for several reasons. Firstly, they introduce a measure
of ambiguity into the testing process. While a positive result has well defined clinical guidelines
and implications for follow-up, negative and VUS results have variable implications for
screening or testing of family members, and a VUS result may be treated as a positive or a
negative result depending on the interpretation of the particular variant. Secondly, the patient
and his/her family oftentimes must be made responsible for following up with the clinician on a
regular basis to revisit the classification of their particular variant, because there is no established
system for reclassification of the many VUSs that are discovered every day (Harrison et al.,
2017). How frequently patients follow up on the VUS results they receive has not been well
studied. Thirdly, the clinical utility of a VUS is very limited in most situations; unless the
variant is likely pathogenic, it is not recommended that relatives undergo testing for a VUS.
Thus, all at-risk family members would be indicated to undergo comprehensive cardiac
screening at regular intervals, which is the same outcome as in the case of negative genetic
testing for a proband. In most cases, a VUS is essentially considered an uninformative result, and
first degree relatives are still considered at-risk to develop disease. The psychological impact to
family members of lifelong repeated cardiac screening procedures, often without providing
definitive reassurance, may be substantial. Further complicating matters, some clinicians who do
not have the tools to interpret the variant may be uncertain of a result’s implications for a patient
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and his/her family members. The argument has been made that a VUS result may give rise to
unnecessary anxiety in the patient and his/her family members, especially given recent evidence
that the majority of cardiac VUSs are “downgraded”, or reclassified to benign, when they are
reevaluated using the ACMG 2015 criteria (Harrison et al., 2017).
There are very few studies that have specifically addressed anxiety from receiving a VUS
result. Vos et al (2008, 2010, 2012) studied patient comprehension of VUS results with respect to
test result recall, interpretation of test results and perception of cancer risk, in patients with a
negative or VUS result from BRCA1 and BRCA2 sequencing. Nearly 25% of participants failed
to recall their test result as ‘clinical significance unknown’, cancer-specific risk was
overestimated by counselees, and approximately one-third of the 76 participants with a VUS had
levels of distress impacting on daily function (Vos et al., 2012). Vos’s studies found that
counselee comprehension/interpretation of genetic test results had a very powerful effect on
distress and risk estimation, and that counselees were often not able to accurately report what
their actual test results were (those who had a VUS often reported a pathogenic result which
increased their chances of cancer, for instance). These studies suggest a very important role for
the genetic counselor in making sure the patient understands the extent to which a VUS result is
uninformative.
Culver et al. compared surgical choices and perceptions between 71 cancer patients with
VUS results and 714 patients with uninformative negative results, all of whom underwent
genetic counseling due to a personal or family history of breast or ovarian cancer. The VUS
group reported less reduction in cancer distress than the uninformative negative group, yet over
90% of both groups found the counseling process helpful. The election rate of preventative
surgery did not statistically differ between the two groups. This study suggests that “VUS results
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disclosed in genetic counseling did not cause excessive surgery or exaggerated cancer distress,
though patients with a VUS found counseling somewhat less informative or reassuring” (Culver
et al., 2013).
Another study that did not directly address the anxiety resulting from a VUS but did
explore barriers to uptake a genetic testing in family members of pathogenic variant-positive
long QT syndrome (LQTS) patients. As in ARVC, effective communication of genetic testing is
critical for family screeningfor LQTS. The study showed that socioeconomically advantaged
individuals were more likely to access genetic testing, and that those who were anxious or
depressed were more likely to perceive barriers to communicating genetic test results (Burns,
Mcgaughran, Davis, Semsarian, & Ingles, 2016).
This study attempts to discover the relationship between genetic testing results and
cardiac anxiety, general anxiety, and depression in patients with ARVC and their family
members, in an effort to add to an increasingly relevant field of work studying the psychosocial
impact of VUS results. In the current environment of genetic testing, VUS results will likely
continue to be an ever-present issue that genetic counselors must decide how to approach; how
VUS results impact patients psychologically is an important consideration. In this study, the
hypothesis is that harboring a VUS result will not correlate with anxiety or depression that is
significantly higher than that of individuals with a pathogenic variant, but will correlate with
higher anxiety/depression than in ARVC patients with a negative genetic testing result.

11

METHODS
The study sample was collected from the ARVC Research Registry managed by the
ARVC Program at Johns Hopkins. The study is ongoing and has IRB approval through Johns
Hopkins; IRB 00041248 . The ARVC Research Registry is maintained by the genetic counselors
at the ARVC Program at Johns Hopkins. Johns Hopkins ARVC Registry participants are patients
referred to the program for an evaluation or treatment of ARVC, individuals who contact the
program through the Johns Hopkins website arvd.com and indicate they are interested in joining
research, or participants in the annual ARVC Family Conference. Registration began in 1999.
Participants who were sent a questionnaire had been reconsented in the last 5 years.
The questionnaire used in this study was initially distributed as part of a larger ongoing
study attempting to explore how family history influences psychosocial adaptation in individuals
with ARVC/HCM and their family members. In order to be sent a questionnaire, members of the
ARVC research Registry had to meet several inclusion criteria. They were adults who had a
clinical diagnosis of ARVC, or were at-risk family members. For at-risk family members,
individuals were either pathogenic variant carriers, or first degree relatives of patients with
ARVC who did not have a pathogenic variant identified (negative genetic testing or no genetic
testing).
The first survey distribution in 2015 was sent (either by email or in paper booklets to the
address on file) to 415 adult ARVC Registry enrollees with active consent. Twenty-four of these
were undeliverable either by mail or email. Overall, 391 surveys were administered in
2015/2016, and 300 were completed. An additional 79 questionnaires were sent in the fall of
2017 to more recently added members of the registry who met inclusion criteria. Seventy-two
surveys were administered and 50 were completed. In both distributions, if participants did not
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respond to the online survey, they were mailed a paper booklet. In total, 463 surveys were
administered, and 350 were completed, for a response rate of 75.59%.
The questionnaire (see Appendix A), titled “Living with ARVC in the Family,” collected
demographic and clinical variables including sex, age, ARVC clinical diagnosis, family history,
genetic testing result, and ICD implant status, among other clinical characteristics. Age was
originally reported on the survey as one of eight categories but for the purposes of this analysis
age was adjusted to a dichotomous variable of “younger” (under 40 years old) and “older” (40
years old or older) populations. This allowed for a relatively even distribution of participants into
the two age categories. This also allowed for the separation of individuals into age groups
coarsely under and over the median age of ARVC onset in the general population (~31 years).
The survey contained a subset of questionnaires measuring cardiac anxiety (Cardiac
Anxiety Questionnaire), general anxiety and depression (Hospital Anxiety and Depression
Scale), psychological adaptation (Psychological Adaptation Scale) and functional capacity (Duke
Activity Status Index). The questionnaires that were scored and analyzed in this study included
the Cardiac Anxiety Questionnaire (CAQ) and the Hospital Anxiety and Depression Scale
(HADS). The HADS is a commonly used and previously validated questionnaire which contains
14 items measured on a 4-point Likert scale, with 2 subscales: HADS for anxiety (HADSa) and
for depression (HADSd). A HADS subscale score of 8 or above was used to signify clinically
significant anxiety or depression (Bjelland, Dahl, Haug, & Neckelmann, 2002).
The cardiac anxiety questionnaire (CAQ) is a previously validated, 18-item self-report
measure with three subscales (cardiac fear, avoidance, and heart-focused attention), designed to
assess heart-focused anxiety, or the fear of cardiac-related stimuli and sensations because of their
perceived negative consequences (Eifert et al., 2000; Rosman et al., 2015). Each item was
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measured on a 5-point Likert scale bounded by 0 (never) and 4 (always). Individual items were
summed and divided by the total number of responses (18) to obtain a CAQ score.
The date that the genetic test result was disclosed to the patient was compared to the date
that they completed the survey, to ensure that surveys were completed after genetic status was
known by the patient. Time between these two dates (if available) was quantified as a separate
variable (categorized into less than or greater than one year).
This was a case comparison study designed to compare the scored questionnaire
responses of patients receiving one of three genetic testing results (pathogenic, VUS, negative)
as well as the responses of patients and family members who did not undergo genetic testing. To
analyze differences in cardiac anxiety, and general anxiety/depression between pathogenic, VUS,
negative, and no testing groups, one-way ANOVA was used. Tukey’s post-hoc analysis was
further performed where statistical significance between groups was revealed by one-way
ANOVA. Linear regression using stepwise selection assessed independent effects of predictor
variables. These variables (age, sex, ICD status, ARVC status) were entered into the regression
model if they showed independent prediction of outcome with effect of p<0.15. All statistical
analyses were performed using SPSS statistics version 24 (SPSS Inc). A probability value
p<0.05 was considered statistically significant.
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RESULTS
A total of 333 survey submissions were analyzed. Demographic and clinical
characteristics of these participants are illustrated in Table 1. The younger age group (under 40)
consisted of 41.4% of respondents. The population of 333 individuals included both probands
(the first member of a family to show symptoms of ARVC) and their family members; probands
represented 60.1% of the cohort. Self-reported genetic testing results in the pathogenic category
(indicating detection of a known ARVC-causing variant) representing 60.4%. Fifty-one
individuals (15.3%) indicated negative genetic testing (no known pathogenic variant was found
by genetic testing). A further 40 individuals (12%) indicated that they were found to be a carrier
of one or more variants of uncertain significance. Forty-one individuals (12.3%) indicated that
they had not undergone genetic testing for ARVC.

N (%)
Age
Younger (<40)
Older (≥ 𝟒0)

138 (41.4)
195 (58.6)

Female
Male

186 (55.9)
147 (44.1)

Sex

ICD status
ICD implanted
221 (66.4)
No ICD
112 (33.6)
ARVC clinical diagnosis
Meets ARVC 2010 criteria
257 (77.2)
Does not have ARVC diagnosis
76 (22.8)
Probands vs Family Members
Probands
200 (60.1)
Family Members
133 (39.9)
Self-Reported Genetic Testing Result
Pathogenic
201 (60.4)
Negative
51 (15.3)
VUS
40 (12.0)
No genetic testing
41 (12.3)
Total
333 (100)
Table 1: Demographic and Clinical Characteristics of 333 Study Participants
15

The four main categories of genetic testing results each were comprised of various
numbers of individuals who had a clinical diagnosis of ARVC, had an ICD implanted, and were
the proband of a family. Demographic and clinical characteristics of individuals in each genetic
testing category are explored below in Table 2. As shown, certain categories have a very small
number of individuals. For instance, the members in the VUS group of genetic testing were
almost exclusively individuals with a clinical diagnosis of ARVC; only two participants did not
have a diagnosis.

ICD Implanted
No ICD

Pathogenic
N= 201
N (%)
132 (65.7)
69 (34.3)

Negative
N= 51
N (%)
44 (86.3)
7 (13.7)

VUS
N=40
N (%)
33 (82.5)
7 (17.5)

No genetic testing
N = 41
N (%)
12 (29.3)
29 (70.7)

Proband
Family Member

113 (56.2)
88 (43.8)

42 (82.4)
9 (17.6)

34 (85)
6 (15)

11 (26.8)
30 (73.2)

Meets ARVC
2010 criteria
Does not have
ARVC diagnosis
Female
Male

161 (80.1)

46 (90.2)

38 (95)

12 (29.3)

40 (19.9)

5 (9.8)

2 (5)

29 (70.7)

120 (59.7)
81 (40.3)

27 (52.9)
24 (47.1)

19 (47.5)
21 (52.5)

20 (48.8)
21 (51.2)

93 (46.3)
14 (27.5)
16 (40)
15 (36.6)
Younger age
(<40)
108 (53.7)
37 (72.5)
24 (60)
26 (63.4)
Older age (≥ 𝟒0)
Table 2: Demographic and Clinical Characteristics by Reported Genetic Test Result
Clinical characteristics of participants, stratified by each of the four genetic testing categories.
Percent shown is within genetic testing category.

Psychometric scale and subscale scores are presented in Table 3. Mean cardiac anxiety
(CAQ) total scale score was 1.66 (SD 0.727) and median score was 1.67; this scale was normally
distributed. The HADS total mean was 10.21 (SD 6.13) and median was 9.0, reflecting a
leftward (low score) tail in the distribution. Two subscales of HADS were calculated, the mean
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HADS anxiety was 6.66 (SD 3.84) and median was 6.0. The HADS depression mean was 3.55
(SD 3.12) and median was 3.0. In general, there was a slight leftward tail in the distribution of
both HADS subscales.

Scale
CAQ
HADS Total
HADS depression
HADS anxiety

N
328
333
333
333

Mean (SD)
1.66 (0.727)
10.21 (6.12)
3.55 (3.12)
6.66 (3.84)

Table 3: Psychometric scale and subscale scores for total cohort. CAQ maximum possible score
was 4. HADS max possible score was 42. HADSd maximum possible score was 21. HADSa
maximum possible score was 21.

Probands
For the purposes of answering the primary research question, the cohort was segregated
into probands and family members in order to standardize (as much as possible) the conditions
under which the participants underwent genetic testing. Family members were tested only for a
site-specific familial variant identified in the proband, which eliminated the possibility of
receiving a VUS result. The vast majority of individuals in the “no testing” category did not have
a clinical diagnosis of ARVC or an ICD placed, which is contrary to the pattern seen in the other
groups. Thus, reported in Table 4 are the demographic and clinical characteristics of the primary
analysis cohort, consisting of 189 probands with ARVC who underwent genetic testing.
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N (%)
Age
Younger (<40)
Older (≥ 𝟒0)

80 (42.3)
109 (57.7)

Female
Male

100 (52.9)
89 (47.1)

Sex

ICD status
ICD implanted
173 (93.5)
No ICD
16 (6.5)
ARVC clinical diagnosis
Meets ARVC 2010 criteria
185 (97.9)
Does not have ARVC diagnosis
4 (2.1)
Self-Reported Genetic Testing Result
Pathogenic
113 (59.8)
Negative
42 (22.2)
VUS
34 (18.0)
Total
189 (100)
Table 4 Demographics and Clinical Characteristics of 189 Probands Who Had Genetic Testing
(Proband Cohort)

Within the cohort of 189 probands who underwent genetic testing, a slight majority was
female (52.9%). The younger age group consisted of 42.3% of respondents. In this group, there
were 113 individuals with pathogenic variants, representing 59.8%. Forty-two individuals
(22.2%) indicated negative genetic testing. A further 34 individuals (18%) indicated that they
were found to be a carrier of one or more VUSs.
Psychometric scale and subscale scores for the proband cohort are presented in Table 5.
Mean cardiac anxiety (CAQ) total scale score was 1.92 (SD 0.65) and median score was 1.89;
this scale was normally distributed. The HADS total mean was 11.32 (SD 6.62) and the median
was 10.0, reflecting a leftward (low score) tail in the distribution. Two subscales of HADS were
calculated; the mean HADS anxiety was 7.04 (SD 4.12) and the median was 7.0. The HADS
depression mean was 4.29 (SD 3.31) and the median was 3.0. In general, there was a slight
leftward tail in the distribution of both HADS subscales.
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Scale
N
Mean (SD)
188
1.92 (0.65)
CAQ
189
11.32 (6.62)
HADS Total
189
4.29 (3.31)
HADS depression
189
7.04 (4.12)
HADS anxiety
Table 5: Psychometric scale and subscale scores for Proband cohort. CAQ maximum possible
score was 4. HADS max possible score was 42. HADSd maximum possible score was 21.
HADSa maximum possible score was 21.

The cohort of probands was analyzed to determine if differences were present between
reported genetic testing result and any of the three (CAQ, HADSa, HADSd) outcome variables.
Results are reported in Figure 1.
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Anxiety (HADS)

Depression (HADS)

Cardiac Anxiety (CAQ)

8

7.44

Psychometric Scale Scores

7.12
7

6.5

6
5

4.5

4.24
3.76

4
3
1.99

1.82

2

1.8

1
0

Pathogenic

Negative

VUS

Reported Genetic Testing Result
Figure 1: Psychometric Scale Scores in Probands Who Underwent Genetic Testing (N =
189) Cardiac anxiety scale maximum possible score was 4.0. HADS anxiety subscale maximum
possible score was 21. HADS depression subscale maximum possible score was 21
Psychometric scale scores did not differ significantly across categories of reported genetic test
results (data not shown).

There was no significant difference seen between any of the self-reported genetic testing
categories (pathogenic, negative, VUS) and any of the mean psychometric scale scores (cardiac
anxiety, general anxiety, or depression). In an effort to clarify which (if any) clinical and
demographic factors had a significant impact on the outcome scales, univariate analysis and
subsequent stepwise linear regressions were completed using each of the three scales (CAQ,
HADSa, HADSd) as dependent variables. First, univariate analysis of each variable was
performed, for the factors of age, ICD status, sex, and genetic testing category. Any variable
having a significant univariate test (p<0.15) was entered into the multivariate analysis. Age
group, ICD status and sex were entered into the models (because of significant correlation
between ARVC diagnosis and ICD status only ICD status was entered).
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Scale

Unstandardized Standardized t
p-value
Coefficients
Coefficients
Beta
Std. Error Beta
Sex
0.160
0.093
0.123
1.715
p=0.088
CAQ
0.094
-0.2
-2.80
p=0.006
Age (≥ 40)
0.263
ICD Implanted
0.441
0.167
0.189
2.64
p=0.009
1.79
0.588
0.217
3.05
p=0.003
HADSa Sex
0.618
-0.110 -1.480
p=0.141
Age (≥ 40)
0.914
ICD Implanted
0.074
1.073
0.005
0.069
p=0.945
0.543
0.496
0.082
1.094
p=0.275
HADSd Sex
0.510
-0.012 -0.158
p=0.875
Age (≥ 40)
0.081
ICD Implanted
0.885
-0.015 -0.195
p=0.846
0.172
Table 6: Linear Regression: Clinical and Demographic Predictors of Cardiac Anxiety (CAQ)
and General Anxiety (HADSa) and General Depression (HADSd) for the Proband Cohort
Age group and ICD status remained significant independent predictors of cardiac anxiety
in the final model (Table 6), with younger age and having an ICD being predictors of greater
cardiac anxiety. For the HADS anxiety subscale, only sex remained as a predictor of general
anxiety; being female predicted greater general anxiety. For the HADS depression subscale, none
of these factors were significant predictors of greater depression.
Clinically significant anxiety was defined as a HADSa subscale score 8 and clinically
significant depression as a HADSd subscale score 8. Seventy-eight probands (41.2%) had
HADSa scores that classified them as having clinically significant anxiety, while 31 (16.4%) had
HADSd scores indicative of clinically significant depression. A chi-square test was performed
and no relationship was found between reported genetic testing result and the frequency of
clinically significant anxiety (p=0.776). Similarly, no relationship was found between genetic
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testing result and the frequency of clinically significant depression (p=0.671). Results are
illustrated in Figure 2 below.

Clinically Significant Anxiety

Clinically Significant Depression

50

Percentage of Probands (%)

45

43.35
38.23

38.1

40
35
30
25
20

17.7

17.65

15

11.9

10
5
0

Pathogenic

Negative

VUS

Reported Genetic Testing Result
Figure 2: Frequency of clinically significant anxiety and depression (defined as HADS 8 or
above) among probands who underwent genetic testing. Distribution of anxiety and
depression did not differ significantly across categories of reported genetic test results (data not
shown).
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Family Members
Mean levels of cardiac anxiety, general anxiety, and depression were also compared for
the at-risk family members of the proband population, who either tested positive for a pathogenic
familial variant or did not undergo genetic testing. Demographic and clinical characteristics for
each genetic testing category of the at-risk family member cohort are described in Table 7 below.

ICD Implanted
No ICD
Meets ARVC clinical
diagnosis
No ARVC diagnosis
Female
Male

Pathogenic
N= 88 (%)
30 (34.1)
58 (65.9)

No genetic testing
N = 30 (%)
3 (10)
27 (90)

52 (59.1)

3 (10)

36 (40.9)

27 (90)

59 (67)
29 (33)

16 (53.3)
14 (46.7)

37 (42)
14 (46.7)
Younger age(<40)
51 (58)
16 (53.3)
Older age (≥ 𝟒0)
Table 7: Demographics and Clinical Characteristics of 118 At-Risk Family Members
The 88 individuals in left column of Table 7 all tested positive for a familial, site-specific
gene variant that was first identified in a proband. These individuals did not have the opportunity
to receive a VUS result. Fifteen family members with negative and VUS results were excluded
from analyses because the circumstances of the genetic testing they received were equivalent to
the probands. The psychometric scale score means for the individuals represented in Table 7
were compared to individuals from the proband cohort who received a pathogenic genetic testing
result, for affected individuals only (meets ARVC clinical diagnosis and ICD implanted). These
results are listed in Table 8.
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N
Mean (SD)
p-value
Proband
102
2.05 (0.627)
p=0.07
CAQ
Family member
29
1.80 (0.713)
102
11.81 (6.79)
p=0.17
HADS Total Proband
Family member
30
9.90 (6.32)
Proband
102
7.28 (4.16)
p=0.41
HADSa
Family member
30
6.57 (4.31)
Proband
102
4.53 (3.40)
p=0.09
HADSd
Family member
30
3.33 (3.04)
Table 8: Mean psychometric scale and subscale scores for affected (ICD implanted, ARVC
diagnosis) probands with a pathogenic variant identified and affected at-risk family members
who had a familial pathogenic variant identified. Independent samples t-test p-values are
reported.
Mean cardiac anxiety (CAQ) total scale score for affected (ICD implanted, ARVC
diagnosis) probands with a pathogenic variant identified was not significantly different from
mean CAQ score for affected at-risk family members who had a familial pathogenic variant
identified (p=0.069). The mean scale scores for HADS total, HADSa, and HADSd compared
between unaffected at-risk family members with a pathogenic variant and unaffected at-risk
family members who did not undergo genetic testing were not significantly different (see Table
8).
The psychometric scale score means for unaffected (does not meet ARVC diagnosis
criteria, no ICD implanted) at-risk family members with a pathogenic variant were compared
with unaffected at-risk family members who did not undergo genetic testing. Mean cardiac
anxiety (CAQ) total scale score was 1.31 (SD 0.568) for unaffected at-risk family members with
a pathogenic variant; mean CAQ was 0.744 (SD 0.510) for unaffected at-risk family members
who did not undergo genetic testing. These CAQ means scores were significantly different
(p<0.001). The mean scale scores for HADS total, HADSa, and HADSd compared between
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unaffected at-risk family members with a pathogenic variant and unaffected at-risk family
members who did not undergo genetic testing were not significantly different (Table 9).
Scale
CAQ
HADS
Total

Genetic Testing
Result
Pathogenic
No genetic testing
Pathogenic

N

Mean

34
26
36

1.31
0.744
7.69

Std.
Deviation
0.568
0.510
4.40

p-value
p<0.001
p=0.55

No genetic testing
26
7.04
4.11
Pathogenic
36
5.50
2.99
p=1.00
HADSa
No genetic testing
26
5.50
2.92
Pathogenic
36
2.19
2.15
p=0.23
HADSd
No genetic testing
26
1.54
2.08
Table 9: Mean psychometric scale and subscale scores for unaffected at-risk family members
(no ICD, no ARVC diagnosis) in the pathogenic and no genetic testing groups. Independent
samples t-test p-values are reported.
Psychometric scale scores of affected family members could not be robustly compared to
affected at-risk family members who did not have genetic testing because there were only three
affected at-risk family members in that category.

Total Cohort
Clinical and demographic factors that had a significant impact on the outcome scales
were also analyzed for the entire cohort (N = 333), including at-risk family members and
individuals who did not have genetic testing. Univariate analysis and stepwise linear regressions
were completed for each of the three scales (CAQ, HADSa, HADSd). Age group, ICD status,
genetic testing outcome, and sex were individually analyzed for significance. Factors with p
value <0.15 were entered into the linear regression model. There was significant correlation
between ARVC diagnosis, and ICD status, so only ICD status was entered.
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Scale

Unstandardized
Standardized t
p-value
Coefficients
Coefficients
B
Std. Error Beta
Female Sex
0.165
0.059
0.113
2.804 p=0.005
CAQ
ICD Implanted
0.574
0.074
0.467
9.73 p<0.001
No genetic testing
-0.359
0.091
-0.160
-3.949 p<0.001
1.77
0.413
0.229
4.28 p<0.001
HADS a Female Sex
ICD Implanted
1.03
0.435
0.127
2.36 p<0.001
No genetic testing
-0.316
0.657
-0.027
-0.481
p=0.631
Female
Sex
0.312
0.342
0.050
0.912
p=0.363
HADS d
ICD Implanted
1.71
0.351
0.259
4.87 p<0.001
No genetic testing
-0.805
0.531
-0.084
-1.514 p=0.131
Table 10: Linear Regression: Clinical and Demographic Predictors of Cardiac Anxiety (CAQ),
General Anxiety (HADSa) and General Depression (HADSd) for the Total Cohort (N=333)

In the analysis of the total cohort, sex, ICD status, and having no genetic testing were all
significant independent predictors of cardiac anxiety (Table 10), with female sex, having an ICD,
and undergoing genetic testing (with any outcome) being predictors of greater cardiac anxiety.
For the HADS anxiety subscale, sex and ICD status remained as predictors. Being female and
having an ICD predicted greater general anxiety. For the HADS depression subscale, only ICD
status remained as a significant predictor of depression, with having an ICD predicting greater
depression.
Time between when the participant completed the survey and when they received their
genetic testing results was explored to determine if that may have influenced results. Bivariate
Pearson’s correlation was completed to assess for the significance of the relationship between
time since receiving results (in days) and cardiac anxiety, general anxiety, and depression. Time
between genetic testing and survey date did not have a significant impact on the psychometric
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scales [CAQ (p=0.702), HADSa (p=0.393), HADSd (p=0.683)]. This result was illustrated more
broadly by splitting the continuous variable of time since genetic test into categories of greater
than one year duration and less than one year duration (Table 11). T-tests were performed
between mean psychometric scale outcome and time (over/under 1 year) for each genetic testing
result category. There was no significant difference between cardiac anxiety, general anxiety,
and depression for those receiving their test results within one year vs those individuals receiving
their results after one year.

Less than one year

Greater than one
year

p-value

Mean CAQ (N)
1.77 (29)
1.75 (168)
0.85
Pathogenic
1.73 (7)
1.76 (39)
0.94
Negative
1.46 (14)
1.79 (24)
0.14
VUS
N
=
50
N
=234
Total
Mean HADSa (N)
7.55 (29)
6.64 (171)
0.25
Pathogenic
6.29 (7)
6.10 (39)
0.92
Negative
8.33 (15)
6.58 (24)
0.27
VUS
N = 51
N = 234
Total
Mean HADSd (N)
4.55 (29)
3.44 (171)
0.17
Pathogenic
3.43 (7)
3.56 (39)
0.91
Negative
4.40 (15)
3.45 (24)
0.41
VUS
N =51
N =234
Total
Table 11: Effect of Time (Over or Under One Year) Between Receiving Results of Genetic
Testing and Completing Survey on CAQ and HADS Scales
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DISCUSSION
It was hypothesized that receiving a VUS result would not correlate with anxiety or
depression that was significantly higher than that of individuals with a pathogenic variant, but
would correlate with higher anxiety/depression than reported in individuals with a negative
genetic testing result. This hypothesis was partially correct, in that individuals with a VUS result
did not have significantly higher cardiac anxiety, anxiety, or depression from individuals with a
pathogenic result. However, the hypothesis failed to anticipate that among probands who
received genetic testing for ARVC, no significant difference was identified between means of
any of the psychometric scales for individuals with pathogenic, VUS, or negative results.

Probands
Thus, having a VUS result did not seem to impact cardiac anxiety, genetic anxiety and
depression in this primary study population of probands. However, it is important to temper this
conclusion with the fact that many factors confounded the clear analysis of the impact of genetic
test result on these psychosocial measures. Specifically, having an ICD (and by extension, being
affected with ARVC) was the most powerful predictor of greater cardiac anxiety, general anxiety
and depression in this population, whether the participant was a proband or family member, and
regardless of genetic testing result. In the proband-only cohort, the thirty-four individuals with a
VUS result were comprised exclusively of patients with a clinical diagnosis of ARVC, only three
of whom did not have ICDs implanted. This distribution made it more difficult to distinguish
between the independent effect of having an ICD and the effect of genetic testing, in the VUS
group.
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Cardiac anxiety was not significantly different among the three genetic testing result
categories in the proband cohort, suggesting that having an ICD and a diagnosis of ARVC plays
a more significant role in the development/persistence of cardiac anxiety than genetic testing
status. The other factor with an independent effect on cardiac anxiety in the proband cohort was
age; specifically being under 40 years old predicted greater cardiac anxiety. It has been
previously reported that younger people have more cardiac anxiety. A study analyzing cardiac
anxiety (CAQ) as an outcome among 188 survivors of cardiac arrest also found younger age to
significantly predict cardiac anxiety, along with having experienced one or more ICD shock
(Rosman et al., 2015). Additionally, previous research has found younger age (along with
comorbid anxiety and history of receiving ICD shock) to be associated with worse psychological
adjustment among ICD recipients (Dunbar et al., 2012).
Similarly, genetic testing result did not appear to have a significant effect on the outcome
of the HADS, either for the anxiety subscale (HADSa) or the depression subscale (HADSd).
Again, having an ICD (and by extension having ARVC) was associated with significantly higher
anxiety and depression in all three genetic testing groups among probands. In the proband cohort,
a substantial proportion of patients (about 40%) had clinically significant anxiety, while ~14%
had clinically significant depression. This was comparable to the percentage of patients with
ARVC and clinically significant anxiety in a 2012 study from the same research registry, which
reported 31% of 86 patients had clinically significant anxiety, and 9% had clinically significant
depression (James et al., 2012).
The HADS scale has also been administered in a population of HCM patients seen in the
specialized genetics clinic at The Royal Prince Alfred Hospital in Sydney, Australia. This
specialized cardiac genetic program offers a multidisciplinary approach to the management of
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individuals with HCM and their families. Their 2008 study (Ingles, Lind, Phongsavan, &
Semsarian, 2008) aimed to identify the psychosocial factors that impact on the emotional
well-being of those attending a specialty cardiac genetics clinic. The prevalence of clinically
significant anxiety and depression (as measured by HADS) in the HCM group was 45.2% and
17.9%, respectively, and was 32.0% and 4.0%, respectively, in the at-risk group, which
comprised of at-risk family members of HCM patients who were attending the clinic for
cardiac screening. Thus, anxiety and depression seems to be a problem that is present in
multiple cardiomyopathies, which is not surprising given the challenges and uncertainties of
being diagnosed with a potentially life threatening cardiac condition.

Family Members
There was no significant difference between cardiac anxiety, general anxiety and
depression between affected individuals (defined in this study as having a clinical diagnosis of
ARVC and an ICD implanted) with a pathogenic variant in the proband-only cohort and affected
individuals with a pathogenic variant in the at-risk family member cohort. Thus, cardiac
anxiety/general anxiety/depression levels were similar whether the individual underwent sitespecific testing (as in the case of family members) or broader genetic testing. The t-test
comparing the mean CAQ score between these two groups approached borderline statistical
significance (p=0.069), but this is most likely because family members undergoing site-specific
genetic testing are at a generally lower risk and have fewer cardiac symptoms.
When comparing unaffected family members (defined in this study as not meeting
clinical diagnosis for ARVC, and not having an ICD), it was discovered that individuals who are
not clinically affected but were found through site-specific testing to harbor the familial
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pathogenic vriant identified in a family member had substantially greater cardiac anxiety than
unaffected individuals who did not undergo testing. Both of these populations of at-risk family
members would be recommended to undergo routine cardiac screening; the at-risk family
members who did not undergo genetic testing are relatives of variant-elusive probands (negative
genetic testing) and cannot be assumed to be risk-free of ever developing disease. Harboring a
pathogenic variant (in the absence of symptoms) was correlated with higher cardiac anxiety
(p<0.001), which may suggest that knowledge of genotype increases awareness of cardiac
symptoms. However, there are other factors that could contribute to this finding. For instance,
severity of symptoms (number of ICD shocks, etc) was not controlled for in this study, and is
known to vary widely between families and even within families. There was no significant
difference between general anxiety and depression between unaffected at-risk family members
with a familial pathogenic variant and unaffected individuals who did not undergo genetic
testing.

Total Cohort
When analyzing the entire cohort of participants including family members and
unaffected individuals without ICDs, not having genetic testing emerged as a predictor of lower
cardiac anxiety. A closer look at the population of the 41 individuals who did not undergo
genetic testing can potentially explain this effect. Twelve individuals had not undergone genetic
testing at the time of taking their survey, despite having a clinical ARVC diagnosis and ICDs
implanted; mean cardiac anxiety in this group was 1.61 (SD = .44), significantly lower than the
mean of 1.92 in pathogenic variant-positive probands (p=0.014). The other 29 individuals who
did not have genetic testing did not have ICDs or clinical ARVC; mean cardiac anxiety in this
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group was the lowest, at 0.75 (SD=0.49, p <0.0001 when comparing this group to the pathogenic
probands). While it is possible that not having genetic testing did contribute to having lower
cardiac anxiety in the twelve individuals, a larger contribution may have been due to the age of
these individuals; eleven of the twelve individuals who did not have genetic testing but had ICDs
were over 40 years old. Being in this older age category was a significant predictor of lower
cardiac anxiety in probands, and since only one individual was in the younger age category for
this test group, it was impossible for the regression to control effectively for age. Thus, it is
likely that genetic testing has a negligible effect on cardiac anxiety and the observed affect may
have been due to age.
Cardiac anxiety was significantly higher in patients with ARVC, a conclusion that
follows naturally from the implications of having an implanted cardiac device (as the vast
majority of ARVC affected patients do) and being in a population that is at risk for cardiac
events. Several studies have examined ICD therapies in patients with ARVC. ICD therapy refers
to defibrillation (delivery of shocks) and pacing of the heart to correct cardiac arrhythmias. Thus,
ICDs play an important and life-saving role in the lives of many ARVC patients but can also
give rise to anxiety-producing complications. One study reported that ~60% of patients with
ARVC who have ICDs received appropriate therapy for a cardiac event in a median of 7 years of
follow-up; 20% of these patients also experienced inappropriate ICD therapies (Orgeron et al.,
2017).
There was no significant difference between cardiac anxiety, general anxiety, and
depression for those completing the survey within a year of receiving genetic test results and
those who completed it more than one year after receiving their results, for any genetic testing
category. This analysis was limited in several ways, which are discussed below.
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Limitations
The major limitation of this study is that there are many confounding factors that may
interfere with the effect of genetic testing on anxiety and depression. The survey did not control
for baseline anxiety and depression, or anxiety and depression caused by other personal factors
not addressed by the survey (such as family dynamics and family history). There are myriad
factors likely playing a role in cardiac anxiety, anxiety and depression in these individuals, and
genetic testing result does not appear to be a major driver, whatever the result. Having an ICD
implanted is correlated with significantly elevated cardiac anxiety, anxiety, and depression,
regardless of genetic testing result; it is very difficult to tease apart the additional effect of
genetic testing in the presence of much more powerful confounding variables such as having an
ICD. Also, it was impossible to determine the singular effect of ARVC clinical diagnosis and
ICD implantation status, since the vast majority of people with clinical ARVC in this cohort have
ICDs placed.
There were several factors which made the tested group less homogenous: there was wide
variation in the genetic testing offered to probands- some had only 4 genes sequenced while
others had more than 75. The probands who had larger gene panels were likely more prepared
for the strong possibility of a VUS result. Our results are not widely generalizable in individuals
younger than 18, since the entire cohort were adults. Also, this is a potentially biased sample
because all participants chose to enroll in the registry- ARVC patients who elect not to
participate in research may differ in anxiety/depression from this population. Additionally, Johns
Hopkins is a tertiary care center that tends to attracts higher risk patients who are motivated to
travel to seek specialized care.

33

In the final analysis of time between receiving genetic testing results and completing the
survey, and its effect on the psychometric scales, there were too few individuals who had
received their genetic testing results in under one year for this to be a powerful analysis. There
are also many possible confounding time-related relationships that are not taken into account and
may affect anxiety/depression, such as time since ICD implant or time since clinical diagnosis of
ARVC, which may correlate with time since receiving genetic testing result. The range of time
between receiving genetic testing and taking the survey was very wide, in the “over one year”
category. This group included people who had received their genetic test results between 369
days and 3,693 days prior to taking the survey. There was significant disparity in the number of
participants in each group, as well; the “over one year” group included 235 participants while the
“under one year” group had only 52 participants.

Conclusions
In conclusion, having a VUS result from genetic testing does not seem to predict cardiac
anxiety, general anxiety, or depression in this study population, but there are many confounding
factors that prevent this from being a robust study of association. A more effective way to
answer the primary research question would be to administer pre- and post- genetic test surveys
to patients. With this method, a baseline cardiac anxiety/anxiety/depression could be established
prior to genotyping, and a more isolated effect of knowledge of genetic status could be
examined.
Overall, the primary independent predictors of greater cardiac anxiety among probands in
this study group were having an ICD (and, by association, having ARVC), and younger age.
Being female predicted greater general anxiety. There was significant clinical depression and
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anxiety among probands in this study group, which is comparable to proportions found in other
groups of individuals affected by inherited cardiomyopathies. It is useful for genetic counselors
to incorporate that the primary considerations when anticipating cardiac anxiety, anxiety, and
depression in ARVC patients and at-risk family members are clinical characteristics and
demographics. However, a study specifically addressing anxiety and depression caused by
receiving genetic testing results is warranted.
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APPENDIX
Appendix A: 2010 Marcus et al. Revised Task Force Criteria

I. Global or regional dysfunction and structural alterations*
Major
criteria

-By 2D Echo: Regional RV akinesia, dyskinesia, or aneurysm and 1 of the following
(end diastole):
PLAX RVOT ≥32 mm (corrected for body size PLAX/BSA ≥19 mm/m2)
PSAX RVOT ≥36 mm (corrected for body size PSAX/BSA ≥21 mm/m2)
or fractional area change ≤33%
-By MRI: Regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1
of the following:
Ratio of RV end-diastolic volume to BSA ≥110 mL/m2 (male) or ≥100 mL/m2
(female)
or RV ejection fraction ≤40%
-By RV angiography: Regional RV akinesia, dyskinesia, or aneurysm

Minor -By 2D echo: Regional RV akinesia or dyskinesia and 1 of the following (end diastole):
PLAX RVOT ≥29 to <32 mm (corrected for body size PLAX/BSA ≥16 to <19
Criteria
mm/m2)
PSAX RVOT ≥32 to <36 mm (corrected for body size PSAX/BSA ≥18 to <21
mm/m2)
or fractional area change >33% to ≤40%
-By MRI: Regional RV akinesia or dyskinesia or dyssynchronous RV contraction and 1
of the following:
Ratio of RV end-diastolic volume to BSA ≥100 to <110 mL/m2 (male) or ≥90
to <100 mL/m2 (female)
or RV ejection fraction >40% to ≤45%

II. Histology/ Tissue characterization of wall
Major -Residual myocytes <60% by morphometric analysis (or <50% if estimated), with
Criteria fibrous replacement of the RV free wall myocardium in ≥1 sample, with or without fatty
Minor

replacement of tissue on endomyocardial biopsy.
-Residual myocytes 60% to 75% by morphometric analysis (or 50% to 65% if
estimated), with fibrous replacement of the RV free wall myocardium in ≥1 sample,
with or without fatty replacement of tissue on endomyocardial biopsy.

III. Repolarization Abnormalities
Major
Criteria
Minor
Criteria

-Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in individuals
>14 years of age (in the absence of complete right bundle-branch block QRS ≥120 ms)
-Inverted T waves in leads V1 and V2 in individuals >14 years of age (in the absence of
complete right bundle-branch block) or in V4, V5, or V6
-Inverted T waves in leads V1, V2, V3, and V4 in individuals >14 years of age in the
presence of complete right bundle-branch block
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Appendix A: 2010 Marcus et al. Revised Task Force Criteria continued
IV. Depolarization/Conduction Abnormalities
Major
Criteria
Minor
Criteria

- Epsilon wave (reproducible low-amplitude signals between end of QRS complex to onset
of the T wave) in the right precordial leads (V1 to V3)
- Late potentials by SAECG in ≥1 of 3 parameters in the absence of a QRS duration of
≥110 ms on the standard ECG
- Filtered QRS duration (fQRS) ≥114 ms
- Duration of terminal QRS <40 V (low-amplitude signal duration) ≥38 ms
- Root-mean-square voltage of terminal 40 ms ≤20 V
- Terminal activation duration of QRS ≥55 ms measured from the nadir
of the S wave to the end of the QRS, including R , in V1, V2, or V3, in the absence of
complete right bundle-branch block

V. Arrhythmias
Major
Criteria
Minor
Criteria

- Nonsustained or sustained ventricular tachycardia of left bundle-branch morphology with
superior axis (negative or indeterminate QRS in leads II, III, and aVF and positive in lead
aVL)
- Nonsustained or sustained ventricular tachycardia of RV outflow configuration, left
bundle-branch block morphology with inferior axis (positive QRS in leads II, III, and aVF
and negative in lead aVL) or of unknown axis
- >500 ventricular extrasystoles per 24 hours (Holter)

VI. Family History
Major
Criteria
Minor
Criteria

- ARVC/D confirmed in a first-degree relative who meets current Task Force criteria
- ARVC/D confirmed pathologically at autopsy or surgery in a first-degree relative
- Identification of a pathogenic mutation** categorized as associated or probably
associated with ARVC/D in the patient under evaluation
- History of ARVC/D in a first-degree relative in whom it is not possible or practical to
determine whether the family member meets current Task Force criteria
- Premature sudden death (<35 years of age) due to suspected ARVC/D in a first-degree
relative
- ARVC/D confirmed pathologically or by current Task Force Criteria in second-degree
relative

Table and definitions adapted from Marcus et al, Circulation 2010.
PLAX = parasternal long-axis view; RVOT = RV outflow tract; BSA = body surface area; PSAX = parasternal
short-axis view; aVF = augmented voltage unipolar left foot lead; aVL = augmented voltage unipolar left arm lead.
Diagnostic terminology for revised criteria: definite diagnosis: 2 major or 1 major and 2 minor criteria or 4 minor
from different categories; borderline: 1 major and 1 minor or 3 minor criteria from different categories; possible: 1
major or 2 minor criteria from different categories.
*Hypokinesis is not included in this or subsequent definitions of RV regional wall motion abnormalities for the
proposed modified criteria.
**A pathogenic mutation is a DNA alteration associated with ARVC/D that alters or is expected to alter the encoded
protein, is unobserved or rare in a large non–ARVC/D control population, and either alters or is predicted to alter the
structure or function of the protein or has demonstrated linkage to the disease phenotype in a conclusive pedigree.
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Appendix B: Cardiac Anxiety Questionnaire, ver batim
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Appendix C: Hospital Anxiety and Depression Scale ver batim
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Appendix C: Hospital Anxiety and Depression Scale continued, ver batim

45

