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ABSTRACT
Arrhythmogenic right ventricular cardiomyopathy (ARVC) caused by a p.S358L mutation in
TMEM43 has a high incidence in Newfoundland and Labrador (NL), with sudden cardiac death
(SCD) often the first symptom. Implantable cardioverter defibrillators (ICDs) are effective at
preventing SCD. Mental health effects have not been studied in this population. This study
sought to identify symptoms of depression, anxiety, and posttraumatic stress in those with

TMEM43 p.S358L ARVC and an ICD.

TMEM43 p.S358L positive individuals with an ICD were recruited. Participants completed the
Patient Health Questionnaire-9 (PHQ-9), Zung self-rating anxiety scale (SAS), and the posttrau-
matic checklist-civilian version (PCL-C). Prevalences of depression, anxiety and posttraumatic
stress symptoms were described and compared with scores in unaffected family members and

general population norms.

Fifty-three ICD patients completed the questionnaires. Univariate linear analysis revealed that
the three scales were significantly positively related to each other (Pearson’s r > 0.6). Anxiety
was related to number of appropriate ICD discharges (B=0.355, p=0.022) and the PCL-C scale
was significantly related to age (B=-.322, p=0.019). Multivariate regression models predicting
each scale score revealed that only the three scales contributed to the variance, excepting age,
which remained significant in the model predicting posttraumatic stress scale scores (B=-.215,
p=0.015). A significant percentage of participants scored above the clinical cutoff levels for
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depression (28.3%), anxiety (49%) and posttraumatic stress (32%). Scoring high on one mental
health scale (PHQ-9, SAS, or PCL-C) was strongly associated with scoring high on the subse-

quent scales. Findings can inform the provision of mental health services to these patients.
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GENERAL SUMMARY

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited heart condition which
often causes sudden cardiac death (SCD) in young people. In Newfoundland and Labrador (NL),
one genetic variant (p.S358L in TMEM43) causes disease in many families. Treatment with an
implantable cardioverter defibrillator (ICD) prevents SCD in this population: mental health ef-
fects have not been addressed. We sought to measure levels of depression, anxiety, and posttrau-
matic stress levels using three short screening scales (the PHQ-9, SAS, and PCL-C). We assessed
whether severity of illness affected the scores. We also compared scores to those from spouses

and unaffected siblings, and to general population norms.

A significant proportion of the 53 ICD participants scored high on the scales, revealing a preva-
lence of 28.3%, 49%, and 32% in depression, anxiety, and posttraumatic stress symptoms, re-

spectively. Scores were higher when compared to the general population, and to mutation nega-
tive siblings and unaffected spouses, with the exception of posttraumatic stress prevalence high-

est in unaffected spouses. Each of the scale scores and age had the largest effect on the scores.
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CHAPTER 1: INTRODUCTION

Overview

Inherited cardiomyopathies are a major cause of heart disease in all age groups, often with onset
in adolescence and early adult life. Despite considerable heterogeneity, they are classified ac-
cording to functional and morphological features; these diagnostic classifications are helpful for
evaluating complications and treatment options. One category of inherited cardiomyopathies are
the Arrhythmogenic Right Ventricular Cardiomyopathies (ARVC) (Watkins, Ashrafian, & Red-

wood, 2011).

ARVC is a genetic disorder caused by 16 currently known genes, with several genes remaining
to be discovered. This is usually an autosomal dominant disease that affects the desmosome. Ab-
normal desmosomes compromise cell-to-cell adhesions at intercalated discs in the heart, lessen-
ing the ability of myocytes to withstand mechanical forces during a cardiac cycle (pumping of
the heart). Mutant desmosomes can also remodel gap junctions, which also cause electrocardio-
graphic changes and arrhythmias (Ohno, 2016). The main feature of ARVC is a fibrofatty re-
placement of the myocardium, mainly in the right ventricle but also in the left ventricle. This

change essentially results in the clinical feature of susceptibility to ventricular arrhythmias.

One genetic subtype of ARVC has a high incidence in Newfoundland and Labrador, caused by a
founder (the families all link back to one ancestor) mutation (p.S358L) in the Transmembrane
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protein 43 (TMEM43) gene. The TMEM43 gene was discovered by the Memorial sudden cardiac
death (SCD) team. This team has researched and clinically cared for this population since 1998
(HREB 00-176). This genetically homogenous subtype of ARVC currently affects 27 Newfound-
land families, the largest of which comprises >1200 individuals over 10 generations. The natural
history data for this patient population (natural history is the untreated course of a disease from
birth to death) shows that 50% of males die before aged 40 years, and 80% before aged 50 years.

The equivalent figures for women are 5% and 20%, respectively (Hodgkinson et al., 2013).

Treatment of inherited cardiomyopathies, and ARVC in particular, can be both pharmacological

and non-pharmacological. Goals of treatment include prevention of heart remodelling, improved
functional heart capacity (and associated treatment of heart failure symptoms) and prevention of
ventricular arrhythmias that can lead to SCD. SCD is a tragic complication of a number of genet-
ic heart diseases. In ARVC, and in the TMEM43 p.S358L ARVC subtype in particular, SCD may

be the first (and only) clinical symptom (Hodgkinson et al., 2005).

Historically, there was little in the way of treatment to offset early SCD. However, the introduc-
tion of implantable cardioverter defibrillator (ICD) therapy played an important role in preven-
tion of SCD. Most patients receive an ICD late in life for issues related to ischemic cardiac
disease and the complications of cardiac remodelling that may indeed lead to electrocardiograph-
ic changes and life threatening arrhythmias. In the case of inherited cardiomyopathies and ARVC

in particular, the goal of treatment is largely the same, except that the treatment groups often
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differ in severity of disease and age. Those with ARVC show clinical signs of non-ischemic heart
disease much earlier in life and may require treatment as early as adolescence, which is a differ-

ent clinical profile as compared to those with ischemic heart disease and an ICD.

The ICD is a pacemaker sized device that is placed in the upper left chest. It monitors heart
rhythm. When a potentially lethal rhythm is detected, it can initially provide anti-tachycardic
pacing to disrupt the tachyarrhythmia. If this does not work, it provides an electrical discharge
internally to return the heart to normal rhythm. It records all heart activity at all times, so pro-
vides a record for the clinical team of the type of treatment (pacing or discharge) that has been
administered. These electrical discharges can be appropriate (that is, they have changed a lethal
rhythm to a normal rhythm) or inappropriate (they provide a shock for a non-lethal rhythm that
would have terminated on its own) (Amiaz et al., 2016). If the patient remains conscious when
the discharge occurs, the result has been described as equivalent to ‘a strong kick from a horse to
the middle of the chest'. Individuals are knocked off their feet by the discharge and sometimes

lose consciousness. A discharge therefore, whether appropriate or not, may be a traumatic event.

In relation to the disease process itself and treatment related to the ICD, the ARVC population is
confronted with a variety of issues. Difficulties can include diagnosis acceptance and concerns
related to genetic inheritance, limitations in daily activities, as well as lifelong medical
surveillance and an ever-present fear of SCD. The ICD is the only effective therapy to prevent
SCD in this population. While the shock delivered by the ICD may be lifesaving, fear of the
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shock and other psychological consequences following a shock are important things to consider

as well (Watkins et al., 2011).

In the TMEM43 p.S358L ARVC population cohort, treatment is available with the ICD. This has
been shown to alter the survival in this population up to an additional 30 years (Hodgkinson et
al., 2016) and is the only effective therapy for individuals who otherwise face an early death.
However, the mortality implications, the genetic risk to relatives, and the appropriate and inap-
propriate ICD discharges all may be considered stressors culminating in potential mental health

sequelae.

The Problem

Despite increased awareness, consistent monitoring, and better physical health outcomes in this
patient population, one area of research that is lacking is an assessment of the mental health of

these individuals. The psychological consequence of ICD therapy in young people with genetic
heart disease is poorly understood. Limited literature exists regarding the impact of the ICD in

younger populations with genetic heart disease.

There is little research on the psychiatric well-being of young adults with genetic heart disease
and ICDs. The focus of data has been on older individuals, and not necessarily in those with ge-
netic forms of cardiomyopathy, often requiring ICD devices at a much younger age as compared

to the general population. Several studies have examined these psychological sequelae as well as
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quality of life (QOL) parameters in those with an ICD, but few have looked at ARVC diagnoses
specifically. The results have been conflicting. Most of the evidence shows that overall, patients
cope well with the ICD device but there are certain subsets of the group that are more vulnerable
to psychological distress. Factors such as younger age of implantation, female sex, multiple
shocks by the ICD device as well as longer time to first shock, and history of psychiatric disease
have all been implicated in past studies as potential risk factors for further psychiatric sequelae in
this population (Versteeg et al., 2017; Rahmawati et al., 2013; Thylen, Moser, Stromberg,
Dekker, & Chung, 2016). The presence of depression, anxiety, and posttraumatic stress in this
population correlates to poor compliance with medical or medication follow up, and increased
morbidity and mortality (Rahmawati et al., 2013; van den Berk-Clark et al., 2018; Karatzias &
Chouliara, 2009; Kikkenborg, Berg, Thygesen & Svendsen, 2014). Due to these factors, it is im-

portant to identify patients who may require additional psychological supports.

Limited research exists on this topic with regard to the TMEM43 p.S358L ARVC population. Us-
ing a GELs research model (Genetics, Ethical, Legal and Social issues), a first phase of which
included interviews with family members affected by ARVC (including those with ICDs, their
unaffected siblings, and spouses), findings revealed serious mental health issues, and clinical ob-
servation from both the genetics and ICD clinics concurs. A recent qualitative study based on
interviews with ICD recipients and their family members (mean age of participants was 46 years)
provides empirical data that mental health issues occur across a range of areas including social

life, recreational activities, relationships and economic burden (Etchegary et al., 2016; Etchegary
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et al., 2017). We do not know how prevalent mental health outcomes are in the participants of the
study that comprise the families with this type of ARVC, nor do we have any information regard-
ing the factors that might increase or decrease those outcomes. This study provided evidence of
mental health morbidity in families affected by ARVC. In conjunction with clinical observations
and ongoing conversations with families, it was the catalyst for the current study — a quantitative

analysis of the mental health impacts of living with this genetic subtype of ARVC.

This research project will focus on identifying mental health sequelae, namely depression, anxi-
ety, and posttraumatic stress symptoms, in the TMEM43 p.S358L mutation positive individuals
with an ICD and assess whether their mental health states relate to the severity of their cardiac
disease: their lived experience of having the disease. Secondarily, comparison will be made to
the prevalence of the same mental health issues in the general population. Thirdly, comparisons
will be briefly made using data from their unaffected siblings (who were born with the same ge-
netic risk but shown to not carry the mutation) and (b) spouses of the ICD patient cohort. Given
the lifelong impact of the ICD, and given the anecdotal evidence we have from our patient clin-
ics, we feel it is vital to explore the psychological ramifications associated with having this
TMEMA43 mutation and the treatment used to offset early death. We wish to obtain data that will
either support (or not) the need for our clinics to provide mental health support alongside cardiac

care.

We hope this data will lead to improved mental health services and psychiatric outcomes. This is
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an important observational study that can provide insight into the mental health following ICD

treatment in this younger cohort of patients.

RESEARCH OBJECTIVES

This research project focuses on the mental health of an ARVC cohort from the Newfoundland

founder population, where the disease is caused by a p.S358L disease causing variant in a gene

called TMEM43. The disease is a cause of SCD.

The total project comprises three groups which include (a) persons with the p.S358L mutation,
who have an ICD for prevention of SCD, (b) siblings of those persons with an ICD who were
born at an a priori 50% risk of having the p.S358L in TMEM43 who were shown NOT to have
the mutation and thus were deemed free of the disease and (c) the unaffected, non-biologically
related spouses of those with an ICD. Each section of the research project sought to identify
symptoms of depression, anxiety, and posttraumatic stress in each group. My particular thesis

will focus on the ICD participant group.

The primary objectives are the following: to determine the prevalence of depression, anxiety, and
posttraumatic stress symptoms in the ICD group, including how it compares to general popula-
tion norms; and to determine whether the severity of psychiatric symptoms correlates with sever-

ity of disease in the ICD group (represented by a variety of demographic and clinical variables).
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We will include comparisons of psychiatric symptom prevalences between the three groups
(ICD group, mutation negative siblings group, unaffected spouses). The data obtained from the

study may alter the provision and type of health care in this patient cohort regarding their mental

health.

Our null hypothesis states that mutation positive ICD recipients will score higher on these scales
as compared to general population prevalences, the unaffected siblings group and the biological-

ly unrelated spouses group.

CHAPTER 2: LITERATURE REVIEW

There is scarce research available on the topic of mental health in genetic cardiac disease; there
is even less on the specific condition of ARVC. A literature search using PubMed, The Cochrane
Library, PsychiatryArticles and the Clinical Trials database was completed. PubMed yielded the
greatest number of results. The other databases yielded no new search results as compared to
PubMed results. Using the MeSH terms “psychological stress” and “implantable cardioverter
defibrillator” in PubMed, yielded the greatest number of results (117), 23 of these having some
relevance to our study. Other searches included MeSH terms “implantable cardioverter defibrilla-
tor” with “depression”, “anxiety”, and “posttraumatic stress” as additional separate variables.

These separate searches yielded total results of 151, 190, and 31, respectively. All but one article
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on posttraumatic stress overlapped from the original search results. Relevant articles related to
references from used articles were also reviewed, if applicable. This yielded an additional nine
references. The criteria for relevant studies included diagnostic implications rather than treatment
methods, a focus on depressive, anxiety, and posttraumatic symptoms, and on younger age
groups. Nonetheless, a number of studies have described psychological difficulties and mental
illness in cohorts of older patients with ICDs: the more usual recipients for ICDs as the treatment

of choice following myocardial infarct.

A literature search for the terms “arrhythmogenic right ventricular cardiomyopathy” and “im-
plantable cardioverter defibrillator” yielded over 200 articles related to ICDs in general, with ap-
proximately 12 articles having some relevance to our study. Articles that related to non-ischemic
forms of heart disease and to mental health (depressive, anxiety, and/or posttraumatic symptoma-
tology) were preferentially assessed. Further MeSH term searches of ARVC and ICD, with addi-
tions of depression, anxiety and posttraumatic stress yielded one article each. There have been no

studies done on the mental health of the ARVC subtype caused by the specific genetic mutation

in TMEM43 (p.S358L).

The purpose of our study was to add to the small number of studies on mental health in ARVC
populations. Limited research in this area may be due to the fact that ARVC is a rare disorder. In
addition, research has focused on clinical management of the high SCD risk with the disease;

thus, mental health has been understudied in this population. However, it is evident from our
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literature search, and our experience with a large ARVC population, that such studies require

further exploration.

This literature review will comprise two major sections. Initially, we will present an overview of
ARVC in terms of the biological, genetic and overall medical understanding of the disease and
its current treatment approach. This includes a discussion regarding the specific genetic mutation
that occurs in NL, Canada. It is important to have a solid foundational understanding of the dis-
ease itself to be able to appreciate the mental health burden that may accompany it. The second
section will focus on literature that examines mental health in patients with an ICD and then

specifically, those who have a device due to genetic heart disease.

Part One: An overview of arrhythmogenic right ventricular cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy

ARVC/D was potentially first described historically in 1736 by Giovanni Lancisi, the Pope’s
physician, in his book De Motu Cordis et Aneurysmatibus. He reported on a family who had ex-
perienced heart failure and SCD in four generations. The first modern clinical description of
the disease was reported by Marcus et al. (1982), when 24 adult cases with ventricular tach-
yarrhythmias with left bundle branch morphology were reported (Romero, Mejia-Lopez, Man-
rique, & Lucariello, 2013).
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This disease was initially named arrhythmogenic right ventricular dysplasia (ARVD), but the
more common term used today is arrhythmogenic right ventricular cardiomyopathy (ARVC). For
the purposes of this thesis, we will use the more common ARVC terminology. ARVC is an inher-
ited cardiomyopathy with onset ranging from adolescence to late midlife. It is characterized
pathologically by myocardial atrophy, fibrofatty replacement, fibrosis and ultimate thinning of
the ventricular wall with chamber dilation. This is potentially caused by abnormalities in the
heart cells that connect to each other through cell-cell contacts known as the intercalated disc,
with abnormalities in a portion of the intercalated disc called the desmosome. This abnormality
creates a disruption in the normal structure and function of certain proteins, leading to a “pulling
apart” of these cell contacts. This is not secondary to ischemia, hypertension or valvular heart

disease (Towbin et al., 2019).

The estimated prevalence of ARVC in the general population ranges from 1:1000 to 1:5000 and
has an age-related penetrance. The disease clinically affects males more frequently than females
(up to 3:1), despite the same prevalence of carrier status between sexes, as would be expected for
an autosomal dominant mode of inheritance (Pilichou et al., 2016). The natural history of

ARVC is predominantly related to ventricular electrical instability, which may lead to arrhythmic

SCD, progression of ventricular involvement, and heart failure (Corrado et al., 2015).

Genetics of ARVC
ARVC is a genetically transmitted disease. Although the genetics for ARVC follow Mendelian
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rules, the situation is made complex due to variable expressivity and potentially reduced pene-
trance (Read & Donnai, 2015). A familial background consistent with an autosomal-dominant

mode of inheritance is usual.

Occasionally a clear family history is not obvious, but this is likely due to incomplete family his-
tories, the variable expressivity of the disease and potential misattributed parentage. In a person
with an autosomal dominant mutation, there is a 50% chance they will pass the disease to their
offspring (Merner et al., 2008). There is plenty of intrafamilial variation regardless of the type of
ARVC and/or location of the mutation (Merner et al., 2008). Causative mutations have been de-

scribed in both desmosomal and non-desmosomal proteins (Pilichou et al., 2016).

There are several genes associated with the ARVC phenotype, the majority of which to date are
desmosomal. Desmosomes are a complex formed by proteins and function to bind the myocar-
dial cells to each other; they are vital for electrical conduction and mechanical contraction in the
heart cells. The most studied desmosomal genes involved in the genetics of ARVC are the junc-
tional plakoglobin (JUP), plakophilin-2 (PKP2), desmoplakin (DSP), desmoglein-2 (DSG2), and
desmocollin-2 (DSC2). These cause different forms of ARVC disease, most of which are auto-
somal dominant, with the exception of Naxos disease which is caused by homozygous mutations
in JUP (junctional plakoglobin) and Carvajal syndrome caused by homozygous DSP (desmo-
plakin) mutations. Desmosomal genes identified for ARVC include TGFB3 (causing ARVD1),
RYR2 (causing ARVD2), TTN (causing ARVD4), and DES (causing ARVD7). Other causative
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genes include PLN, LMNA, SCN5A and CTTNNA3. Furthermore, some causative genes are yet

to be found (ARVD3 and ARVD6 loci) (Ohno, 2016).

One such non-desmosomal mutation was identified (the ARVDS5 locus (MIM 604400) on chro-
mosome 3p) and mapped in an extended eight-generation family from the genetically isolated
population on the island of Newfoundland, Canada in the 1990s (OMIM®, 2013). TMEM43 is a
gene located on chromosome 3p25, in which the mutation p.S358L causes the common ARVC
phenotype present in the NL population. The first family was identified in the late 1970s due to
the high occurrence of SCD. However, the location of the ARVDS5 gene was not known until
1998, and the gene itself and the causative mutation was not discovered until 2008. A missense

mutation in the TMEM43 causes a fully penetrant, sex-influenced lethal form of ARVC (Merner

et al., 2008).

For clarification, the term ARVD was used first in the literature related to this patient population.
Subsequently, the term ARVC became more commonly used, followed by ARVC/D to encom-
pass a wider range of pathophysiology. Currently, the simplified term of arrhythmogenic car-
diomyopathy is becoming more widely used for this family of disorders. Mendelian Inheritance
in Man (MIM, or its online equivalent OMIM) is a compendium of human genes and genetic
phenotypes that has been collated since the 1960s. It contains cumulative information with little
editing. The first locus for ARVC was determined when the disease was still referred to as
ARVD (prior to 1996), so all loci (the position on a chromosome) in OMIM use that
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nomenclature (ARVD1,2,3....etc). As the specific gene at each locus was discovered (e.g.,
PKP?2 is found at locus ARVD9, TMEM43 is found at locus ARVDS), the locus position name
became redundant. The disease (ARVC) is caused by a mutation (of which there can be several)
within a gene (of several genes), that causes ARVC. This thesis focuses on ARVC caused by the
p-S358L mutation in TMEM43, the locus for which is on the short arm of chromosome 3 and is

known within the OMIM nomenclature as ARVDS.

Symptoms of ARVC: clinical presentation

ARVC is phenotypically variable, with wide clinical expression including subtle right ventricular
structural changes, ventricular tachyarrhythmias, palpitations, dizziness, syncope, heart failure,
and SCD. The first and final clinical manifestation can be SCD (Sattar Y., Abdullah H.F., Samani
E.N., Myla M., Ullah W., 2019). Many ARVC patients can remain clinically asymptomatic for
decades, making the condition difficult to diagnose. However, symptoms of the disease usually
present in the second to fourth decades of life with evidence showing overall greater clinical

severity in males (Choudhary et al., 2016).

The natural history of ARVC is predominantly related to ventricular electrical instability and dys-
function, life threatening events which can lead to SCD (Corrado et al., 2015). Prognosis is high-
ly dependent on various factors, including the genetic subtype of ARVC, the rate of disease pro-

gression, sex, and treatment modalities used. Tragically, many sudden deaths occur in young
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adults and vigorous activity is believed to be a risk factor for SCD (Paulin et al., 2020). Howev-
er, it can also occur in the absence of physical activity. The incidence of SCD ranges from 0.08%
to 3.6% per year in adults with arrhythmogenic cardiomyopathy (Basso et al., 2018). The mech-
anism of SCD in ARVC is cardiac arrest due to electrical instability of the heart, causing sus-

tained ventricular tachycardia (VT) leading to ventricular fibrillation (VF) (Corrado et al., 2015).

ARVC due to p.S358L in TMEM43 is a virulent form of ARVC with extreme variability of ex-
pression. A particular set of clinical characteristics is observed in this patient population. Males
present with a more malignant phenotype, with earlier age of onset of cardiac symptoms and
SCD as compared to females. Females are more likely to present with syncope and palpitations,
and have fewer hospitalizations. Symptom onset in females is usually delayed by 1-2 decades.
Other clinical features include poor R wave progression (PRWP), left ventricular enlargement
(LVE), and ventricular ectopy on Holter monitor (Hodgkinson et al., 2013). In affected subjects
in the NL population, 86% of males presented with SCD vs 42% of females (Merner et al.,

2008).

Diagnosis of ARVC

ARVC is genetically and clinically heterogenous and thus is difficult to clinically recognize and
diagnose as it can resemble other cardiac conditions (Hodgkinson et al., 2013). High clinical and
genetic variability 1s reported.
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The diagnosis of ARVC does not rely on a single gold standard test but is achieved using a scor-

ing system, proposed in 1994 and updated in 2010 by an International Task Force, which encom-

passes familial and genetic factors, histological features, ECG abnormalities, arrhythmias, and

structural/functional ventricular alterations (Silvano et al., 2016). Diagnostic tests include elec-

trocardiographs (also known as ECGs), Holter monitors, echocardiograms, cardiac magnetic res-

onance imaging (MRIs or CMRs), cardiac biopsies, and genetic mutation analyses.

The most important 2010 update has been genetic mutation testing (Marcus, Edson, & Towbin,

2013). The updated criteria included three diagnostic levels: a definite diagnosis (two major cri-

teria or one major and two minor criteria or three minor criteria); a borderline diagnosis (one ma-

jor and one minor criteria or three minor criteria); and a possible diagnosis (one major criteria or

two minor criteria).
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Figure 2.1: The 1994 and updated 2010 ARVC CMR Task Force criteria
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From: Effect of the 2010 task force criteria on reclassification of cardiovascular magnetic reso-
nance criteria for arrhythmogenic right ventricular cardiomyopathy.

The flow diagram shows comparison of the details for 1994 and 2010 ARVC CMR criteria.
ARVC=Arrythmogenic Right Ventricular Cardiomyopathy; CMR= Criteria for Magnetic Reso-
nance; TFC= Task Force criteria; RVEDVI= Right ventricular Ejection dysfunction;
RVEF=Right ventricular ejection fraction; RV=Right ventricle

Copyright: Permission granted under Creative Commons (CC) license to Journal of Cardiovascu-

lar Resonance (publisher) as per Liu, 2014 reference.

Generally, ARVC patients who meet the Task Force Criteria (TFC) for ARVC are at a high risk
for SCD (Azaouagh, Churzidse, Konorza, Erbel, 2011). Use of the TFC has proven a challenge
in several clinical populations, including the ARVC population in NL. Some of the challenges
encountered include geographical restraints, unavailability of testing instruments in rural areas of
the province and the need to have overt clinical disease presentation to be eligible for testing.
The TFC are used as a baseline for a diagnosis of the ARVC condition. However, given the mul-
tiple challenges of using the criteria in various populations, it represented the NL ARVC cohort
poorly. This cohort has been diagnosed largely based on genetic testing instead. Thus, diagnosis
is easier since the introduction of genetic testing and the discovery of the TMEM43 p.S358L mu-

tation.

In NL, the p.S358L TMEM43 subtype is a particularly lethal form of ARVC. The positive
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TMEMA43 p.S358L mutation alone constitutes diagnosis in the absence of any clinical abnormali-
ty (thus very different to the usual diagnostic TFC described above). This is due to the work on
the NL families which, clearly delineate the natural history such that we know SCD can be, and
often is, the first clinical presentation. Therefore, anyone with or without affected relatives can

be tested for this variant in TMEM43 and get a diagnosis.

Due to the difficulties encountered with the TFC mentioned above, the NL ARVC cohort was
examined using a different, distinct set of criteria, especially designed to capture this unique
population. The criteria used for the NL ARVC population identify three levels of clinical status
based on clinical history and genetic testing results: affected, unaffected, and unknown. Detailed
information on the criteria are presented in Table 2.1: (Hodgkinson et al., 2005; Merner et al.,
2008).

Table 2.1: TMEM43 p.S358L ARV'C clinical status factors

Clinical Status Criteria
Affected (one of the following criteria Obligate carrier™®
required)

SCD under 50 years old

Cardioversion** for VT or VF <50 years old

Genetic diagnosis: gene mutation
(TMEM43, p.S358L) positive

Unaffected Gene mutation (TMEM43, p.S358L) negative
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Clinical Status Criteria

Unknown Do not fulfill criteria for affected or unaffected
(eg. no gene mutation screening results available

*obligate carrier status= has a clinically affected parent and a child; must carry the gene mutation
based on analysis of the family history (Merner et al., 2008)

**cardioversion= refers to a medical procedure by which an abnormally fast heart rate (tachy-
cardia) or other cardiac arrhythmia is converted to a normal rhythm using electricity or drugs
(“Cardioversion,”May 8, 2020)

ARVCin NL; ARVC caused by p.S358L in TMEM43

A rare, lethal subtype of ARVC exists on the island of Newfoundland linked to a p.S358L
missense mutation located within the TMEM43 gene. A heterozygous amino acid substitution
(p.S358L) in TMEM43 fully co-segregated with autosomal dominant ARVC, and thus was shown
to be a founder mutation on the island of Newfoundland (Canada) (Milting et al., 2015; Merner.,

et al, 2008).

A founder effect is a reduction in genetic variability that occurs when a population is derived
from a small number of colonizing ancestors (Teare, 2011). In NL, this is considered to be
20-30000 settlers. The TMEM43 p.S358L ARV C subtype can be reliably traced to a single
founder pair born in 1799 and 1800 (Hodgkinson et al., 2013). The comparably high incidence of
TMEM43 p.S358L ARVC in NL might be related to the genetic drift of this unfavourable variant
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in larger populations (Milting et al., 2015). There is certainly evidence that the TMEM43-
p-S358L mutation was imported by immigrants from continental Europe as there are several fam-
ilies with the exact same mutation (on the exact same background DNA haplotype) in Northern

Germany and Denmark (Milting et al., 2015).

ARVC was first identified in the NL population in the late 1970s when a patient was identified
with a known family history of SCD (Guiraudon et al., 1983). The descendants of this patient are
still being seen, diagnosed, counselled and treated in NL. The first NL family with ARVC was
reported in 1988 (Marshall et al., 1988). This same eight-generation family was used to map the
ARVD)S locus (MIM604400) in 1998 (Ahmad et al., 1998). This study identified a linkage to
chromosome 3 and a disease-associated founder haplotype at locus ARVDS was recognized. A
haplotype is a series of linked genetic markers surrounding the gene locus, which are inherited
together in affected individuals across generations. In 2007, the causative mutation was found in
a novel gene TMEM43 within the disease-associated founder haplotype. The research team was
then able to identify families with the founder mutation and obtain medical records, and analyze
relevant cardiac outcomes based on the haplotype finding. This is how the secondary database of
clinical and demographic information began. The research also demonstrated that this genetic
subtype of ARVC is lethal with a median age to death in men of 41 years compared to 71 years
in women and the disease is 100% penetrant (Hodgkinson et al., 2009). Despite the sex influ-
ence, the disease follows a classic autosomal dominant mode of inheritance with clear male-to-

male transmission.
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Since then, 27 Newfoundland families are confirmed to share the ARVDS5 haplotype. One such
family pedigree alone comprises 1200 individuals spanning 10 generations (family 64). The mu-
tation represents 0-2% of all known ARVC mutations, but is found in much higher proportion on
the island of Newfoundland. The potentially high prevalence of the subtype of ARVC in NL is

believed to be a genetic founder effect.

A cardiomyopathy genetics research clinic was initiated in NL in 1998 following genetic investi-
gations allowing an American research team to link two families with ARVC in NL to chromo-
some 3p25 (Ahmad et al., 1998). Local genetic testing began at that time and serial data (retro-
spective and prospective) on subjects born at a priori 50% risk were collected. At a priori

50% risk means being at a 50% risk at baseline (birth) of having the TMEM43 p.S358L mutation,
based on one of your parents carrying the mutation. This subsequently paved the way to the dis-
covery of the ARVC disease causing p.S358L mutation in the TMEM43 gene discovered by

Merner and colleagues in 2008.

This is a form of ARVC with extreme variability of expression and is sex influenced. Onset of
cardiac symptoms, clinical events, and test abnormalities occurred in affected males significantly
earlier as compared to affected females. Survival is significantly reduced with a median survival
of 41 years vs 83 years in the normal population and the relative risk of dying in males is 6.8x
greater than in females (Merner et al., 2008). This particular type of ARVC has a higher mortality
rate and a markedly reduced life expectancy as compared to other familial forms of ARVC. It
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reaches 100% penetrance in affected individuals, meaning that all individuals with the TMEM43
p-S358L mutation will develop symptoms of the disease at some point in their lifetime (Merner

et al., 2008).

Therefore, it is clear that the ARVC caused by a p.S358L mutation in TMEM43 described in NL
families is a subtype with severe clinical manifestations, is sex-influenced and causes premature
death. This is a uniquely homogenous ARVC population that can provide vital and robust details
about this disease in ways that variable heterogenous populations cannot. This is also a group
that has been studied extensively since 1998 and can provide ongoing insights into the character-

istics of this disease process.

Clinical management of ARVC

The most important objectives of clinical management in ARVC patients include the following:
reduction of mortality (from SCD, arrhythmia and heart failure), prevention of disease progres-
sion leading to ventricular dysfunction and heart failure, improving QOL, and increasing func-

tional capacity. These interventions have the potential to change the natural history of the disease

(Romero et al., 2013).

Individuals with ARV C require lifelong clinical monitoring and management comprising various

treatment modalities, including lifestyle, pharmacological, and mechanical interventions.
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Although there is a growing knowledge base around ARVC outcomes and risk factors, rigorous
evidence on how to treat this patient population is still lacking due to the relatively low disease
prevalence and the absence of controlled studies (Corrado et al., 2015). The main challenge is to

improve risk stratification for better identification of high-risk patients for SCD and heart failure.

Regular cardiac monitoring includes ECGs, Holter monitors and echocardiography to follow dis-
ease progression. Lifestyle modifications include limitations to physical activity to reduce the
risk of arrhythmias and SCD (Romero et al., 2013). Pharmacological options include antiar-
rhythmic drugs such as amiodarone, sotalol, other beta blockers, and ACE inhibitors. The mech-
anism of action of such drugs includes decreasing the workload on the heart by suppressing heart
muscle stimulation and slowing the electrical impulses of the heart (Levine, 2020). However,
there is little evidence that activity restriction and medications improve survival or alter the nat-
ural history of the disease (Guttmann, Mohiddin, Elliott, 2014). Data shows that the majority of
life-saving ICD interventions in high-risk patients occurred despite concomitant use of antiarry-

thmic agents.

The most important and most widely accepted non-pharmacological treatment modality for the
prevention of SCD is the ICD. Since 1984, the ICD has been used in primary prevention of sud-
den death (Rahmawati et al., 2013). Its evolution into the pacemaker-sized device placed in the
upper chest that we see today took several prototypes, envisioned by the pioneering cardiologist
Michel Mirowski in the late 1960s (Deyell, Tung, & Ignaszewski, 2010). The ICD works by
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normalizing an irregular heartbeat. It monitors the heart rhythm and generates electrical shocks if
the rhythm errs too far from normal, essentially restoring a normal heart rate and rhythm. In
ARVC patients, the device is used for primary or secondary prevention and has been proven to
save lives (Corrado et al., 2015). Primary prevention means the prophylactic implantation of the
ICD for asymptomatic patients, usually individuals known to be at high risk of SCD given their
family histories or ARVC genetic subtype. Secondary prevention is for patients who have experi-
enced arrhythmias or other cardiac complications (such as a cardiac arrest) prior to the ICD im-
plantation (Romero et al., 2013). A significant decline in mortality rates due to SCD from poten-

tially fatal ventricular tachyarrhythmias has been attributed to ICD implantation (Hodgkinson et

al., 2005).

Guidelines for the prophylactic use of ICD in ARVC are not generally established (however, they
have been established for the unique TMEM43 p.S358L population in NL). However, ICD thera-
py is considered the first line approach for the highest-risk patients, whose natural history is
typically characterized by the risk of SCD (Pilichou et al., 2016). The available data from obser-
vational studies of large populations of ARVC patients have established efficacy and safety of
ICD therapy. Studies consistently document that the ICD successfully interrupts lethal ventricu-
lar tachyarrhythmias and improves long term outcome of patients (Pilichou et al., 2016). The
largest such single centre trial of its kind found an estimated improvement of overall survival
rates of 23% after 1 year, 32% after 3 years, and 35% after 7 years. This was complemented by
other observational studies that showed rates of life-saving ICD interventions in 30-50% of
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patients during follow up. Of note, most of the interventions were >1 year after implantation. The
ICD showed favourable outcomes and terminated up to 91% of the hemodynamically stable VTs
in patients (Corrado et al., 2015). Patients who meet the TFC for ARVC are at high risk for SCD
and should undergo ICD placement for primary and secondary prevention, regardless of electro-

physiologic testing results (Azaouagh et al., 2011).

Special considerations in the Newfoundland TMEM43 population

The p.S358L TMEM43 subtype of ARVC is a malignant disease; therefore, ICD use in the NL
ARVDS population is largely done for primary prevention (Hodgkinson et al., 2005). In this co-

hort, the use of the ICD was influenced by the fact that the presenting symptom often was SCD.

The 5-year mortality rate in this patient cohort was zero for those with an ICD compared with
28% in control subjects (p=0.009) (Hodgkinson et al., 2005; Azaouagh et al., 2011). In addition,
within 5 years, the ICD fired for VT 70% and for VT >240 beats/min in 30% with no difference
in discharge rate when analyzed by ICD indication. More recent data suggests an even more
dramatic benefit of the ICD. Twenty-four multiplex families with the fully penetrant form of the
ARVC subtype were followed for 20 years. Of note, the TMEM43 p.S358L phenotype is modi-
fied by sex. The median age of death in untreated males is 41 years and in females 67 years, due
primarily to sustained VT/VF. Males who received an ICD for primary prophylaxis (PP) had a 5-
year survival rate of 95% compared with 65% in controls; males who received the ICD for
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secondary prevention (SP) had a 5-year survival rate of 100% compared to 50% in controls. The
5-year cumulative incidence rate of discharge for the PP males was not significantly different
from the 5-year mortality rate in the PP control group, whether for VT at any rate or for VI/VF
(>240 beats per minute); in the SP males, this was the case for the cumulative rate of discharge
for VT/VF. The comparison was less dramatic in females. Because of the sex influence of the
disease on the natural history, those who received the ICD for PP had a 5-year survival rate of

97% compared with 85% in controls (Hodgkinson et al., 2016).

International guidelines state (according to TFC) that gene carriers who have no cardiac pheno-
type should not get an ICD (overt clinical cardiac disease is required to be eligible). The most
recent task force consensus statement on treatment for ARVC defines the ICD as being indicated
in high-risk patients after sustained VI/VF. However, in the TMEM43 p.S358L population, pre-
vious reported outcomes showed statistically significant survival benefit for males, regardless of
presentation. Notably, decreased mortality was observed despite the fact that most subjects re-
ceived an ICD before the documented onset of ventricular arrhythmias. The Hodgkinson et al.,
2016 clinical data clearly supports an ICD discharge as being a death event in the absence of the
ICD. The study adds to the literature in support of ICD treatment as a primary prophylaxis based
on genotype alone for the genetic subtype of ARVC caused by TMEM43 p.358L because it pro-

vides a significant survival advantage.

The results of Hodgkinson et al. (2005) supported prophylactic ICD implantation as a primary
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prevention therapy in familial ARVC with a high risk DNA haplotype (ARVDS, 3p25) and/or
pedigree position with a beneficial impact on survival in this population. The Hodgkinson et al.
(2016) study further supported ICD prevention, but now solely based on mutation screening, as it
became available to the population. ICD therapy is therefore indicated for primary prevention in
postpubertal males and females in their third and fourth decades with the p. S358L TMEM43 mu-

tation (Hodgkinson et al., 2005, 2016).

The conclusions from the clinical data strongly supported an indication for primary prevention
ICD therapy in postpubertal males and in older females with the p.S358L TMEM43 mutation.
The clinical course created by providing asymptomatic TMEM43 p.S358L mutation positive in-
dividuals with an ICD has changed the natural course of the disease tremendously. Long-term
follow-up of the effectiveness of ICD therapy in ARVC families with a p.S358L mutation in
TMEMA43 clearly shows that males obtain a significant and substantial survival benefit whatever

the indication for ICD and that females obtain a significant, albeit smaller, benefit.

Specifics of the ICD

It is clear from available studies that ICD implantation is a lifelong preventative measure and is
the only proven “lifesaving” therapy. This is specifically discussed above in reference to the
TMEMA43 p.S358L mutation positive population. Nonetheless, some authors (Roston, Krahn,
Ong, Sanatani, 2019; Matlock et al., 2011; Katritsis & Josephson, 2012; Gonzalez-Torrecilla et
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al., 2015) suggest that the ICD is overused and its treatment potential should be more closely
scrutinized. However, it is important to note that these studies are referring to general ARVC re-
cipients of the ICD, and not our cohort in particular, whose natural history is clear and much
more malignant as compared to other forms of ARVC. Despite its clear survival benefit in many
populations (including the TMEM43 p.S358L group), ICD complications need to be considered.
These include device malfunctions, appropriate and inappropriate discharges, and lead related
adverse effects. ICD interventions (discharges) are painful and can have an impact on psycholog-
ical health. Many existing studies do not report adverse ICD outcomes, and observational data

increasingly show that complications may be under-recognized in some patients (Roston et al.,

2019; Winkel & Tfelt-Hansen, 2019).

In the homogenous p.S358L TMEM43 NL population, ICD complications occurred in 2% of the
patient cohort. Inappropriate discharges occurred in 27% of primary prevention males, 36% of
secondary prevention males, and 18% of females. Almost 20% of the cohort had repeated

appropriate discharges and 6% had repeated inappropriate discharges (Hodgkinson et al., 2016).

Furthermore, particularly in young patients, the lifetime risk of the ICD is not trivial. This is an
important factor as the ICD leads to an increased lifetime risk of device-related complications
and detriment to QOL (Romero et al., 2013). Furthermore, battery replacements for the ICD are
needed, on average, every 10 years. The ICD may cause lasting psychiatric sequelae in a patient

and the decision to pursue ICD therapy is a complex one.
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Part Two: Mental health and the Implantable Cardioverter Defibrillator

Survey instruments to assess mental health in those with an ICD

There are currently no mental health instruments designed for use specifically in the ICD popula-
tion. However, several instruments have been validated in chronic disease populations, with
Cronbach alpha coefficient values above 0.70. These include clinician administered instruments
such as the Beck Depression Inventory, the Geriatric Depression scale, and the Hospital Anxiety
and Depression scale. The PHQ-9, SAS, and PCL-C scales chosen for our study have good relia-
bility and validity across several health conditions, and due to this were well suited as instru-
ments of measurement for our ICD population, as well as in family members (due to their gener-
al reliability and validity overall). Further discussion regarding the scales used in this study is

available in the survey instruments section under Methods.

Psychiatric sequelae and ICDs in heterogenous cardiac populations

A link between cardiac disease and psychiatric sequelae has been established. There is less data
on mental health effects related to treatment with the ICD, especially in patients with inherited
cardiac diseases. Comparisons between patients with and without an ICD showed that anxiety
and depression were prevalent in heart disease patients, including in those requiring an ICD

(Magyar-Russell et al., 2011). It has been well documented that some ICD recipients experience
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psychological distress and have difficulty adjusting to the device (Dunbar et al., 2012; Sears &
Conti, 2006; Thomas et al., 2009). However, it is still unclear whether the appearance of new
psychopathologies is due to the cardiac disease, the ICD implantation that follows, or the ICD

shocks (Mauro, 2010).

A limitation in the risk stratification literature is that negative ICD outcomes are not systemati-
cally reported, leading to an over-estimation of net benefit. In some studies, ICD complications
have been shown to be as high as 5.4% per year, including a 2.8% per year inappropriate shock
rate (Roston et al., 2019). With the literature that is available, most publications do not differenti-
ate between different types of harm, and few quantify the cumulative benefit of appropriate ther-
apies versus the cumulative burden of harm (Roston et al., 2019). More ICD shocks also corre-
late to an increased severity of disease, so the higher the burden of shocks means the higher
likelihood that it is saving lives. This conundrum can in itself have an effect on mental health. In
addition, studies on this unique population rarely have good data on the natural history of the
disease, which makes it more difficult to compare and contrast the benefits and harms of ICD
therapy. In the NL population, the natural history of the disease is well delineated, and therefore
can give us a reasonable comparison, demonstrating the ICD’s clear lifesaving benefits.

Any medical intervention can have a lasting physical and mental impact on an individual. ICDs
are designed to detect and terminate VT and/or VF via electric shock (defibrillation). When VT
or VF is detected, electrodes implanted in the heart muscle discharge an electric shock in accor-

dance with a predetermined program and revert the arrhythmia. Not surprisingly, this shock is
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very uncomfortable. Depending on the severity of the arrhythmia and the state of perfusion, the
patient can also be unconscious when the device shocks. Therefore, in spite of its function of

saving lives, the ICD can cause negative emotional effects among patients (Rahmawati et al.,

2013).

A study by Morris et al. (1991) was the first study conducted on psychiatric prevalence and ICD
[seven years after the first I[CD implantation]. The study examined patients 3-21 months post-
implantation of an automatic ICD; 50% of patients exhibited some identifiable disorder including
depression, panic disorder, and specific phobia. Since 1991, this area of research is still fairly
limited and consists of mostly observational cohort studies and cross sectional studies. Studies
have found the following disorders in the general ICD population: phobic anxiety, PTSD, panic
disorder, somatoform disorder, agoraphobia, and depression, and lower QOL scores. According
to the available literature, patients with an ICD require greater emotional attention due to the

imminent risk of SCD.

The ICD and depression and anxiety

According to the Diagnostic and Statistical Manual of Mental Disorders version 5 (DSM5),
symptoms of depression include greater than two weeks of five or more of the following symp-
toms: depressed mood, diminished interest or pleasure, weight changes, insomnia or hypersom-

nia, psychomotor agitation or retardation, energy loss, feelings of worthlessness or excessive in
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appropriate guilt, diminished concentration, and suicidal ideation. Presentations and distress lev-
els can vary with each individual (American Psychiatric Association, 2013). According to Sta-
tistics Canada, the lifetime and 12-month prevalence of major depressive disorder (MDD) in
Canada is 12.6% and 4.7%, respectively. The prevalence of depressive symptoms not meeting
criteria for a disorder is difficult to estimate but considering 1 in 5 individuals are impacted by a
mental illness at any given time, we can estimate that it could be upwards of 20% (Statistics
Canada, 2020). A meta-analysis of over 5000 ICD-implanted patients estimated a 20% preva-
lence rate of depressive and anxiety symptoms- a rate not different from that in cardiac popula-

tions without an ICD (Carroll & Hamilton, 2005).

Symptoms of anxiety present in a variety of manifestations, including [but not limited to]
phobias, social anxiety, panic attacks, and generalized anxiety disorder. Generalized anxiety dis-
order (GAD) is the most common anxiety disorder, with a lifetime and 12-month prevalence of
8.7% and 2.6%, respectively. Subclinical anxiety symptoms are even more common. Symptoms
associated with anxiety can include excessive worry, restlessness, fatigue, difficulty focusing,
irritability, muscle tension, and sleep disturbance. Other symptoms include panic attacks and

agoraphobia. Presentations can vary among individuals and affect functioning in different ways.

Clinically relevant anxiety has been reported in up to 38% of patients in some ICD studies, with
even higher reports of subclinical anxiety symptoms. This usually constitutes anxiety that has a
noticeable effect on an individual’s functioning, and can manifest with dysfunction in the work
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place or at home. Up to 30% of ICD patients also develop depression. Not surprisingly, a signifi-

cant reduction in QOL has also been noted (Thylen et al., 2015).

Previous studies have delineated a possible association between mood disturbance and arrhyth-
mia events in patients after ICD implantation (Thylen et al., 2015). It is unclear as to what may
increase the risk of these disorders in a substantial minority of patients, but female sex, younger

age of ICD implantation, and shock frequency have been implicated.

Hoogwegt et al. (2012) found that 35.5% of ICD patients were emotionally distressed at base-
line, 70.2% of whom received no psychological treatment. There was only a slight improvement
at 12-month follow up, with 24.3% of all patients with clinically significant levels of distress.
Emotional distress was measured. Those patients that experienced distress but had no treatment
reported a significantly poorer health status on the Short Form Health Survey (SF-36) at 12-

months compared to those without emotional distress (p<0.001).

Dunbar et al. (1999) observed that depression and anxiety in individuals affected the functioning
of the device. Van den Broek et al. (2013) also looked at the connection between emotional dis-
tress and how it affected mortality rate in patients with ICDs. The authors found that negative
affect increased mortality rate even when controlling for confounders. Negative affect described
individuals with what is known as a Type D personality, which refers to a general propensity to

psychological distress that is defined as a combination of negative affectivity and social

33



inhibition (inhibition of the expression of negative emotions). The study focused more on the

psychological profile of the patients rather than demographic or clinical factors.

A longitudinal study by Mauro et al. (2010) assessed the uncertainty and psychological adjust-
ment of having an ICD over time. In this study, uncertainty regarding the illness process and hav-
ing an ICD was measured by the Mishel Uncertainty in Illness scale (MUIS); psychosocial
adjustment was measured by the Psychological Adjustment to Illness Self-Report (PAIS-SR).
Participants had ICDs for secondary prevention purposes and were predominantly older males
(average age 70 years old); the mortality rate for the study was high at follow up (44%). Partici-
pants were investigated for psychological adjustment to the device at 1 and 8 weeks following an
initial ICD implant. The study found psychiatric distress was frequently seen prior to an ICD,
and early adjustment to the device (in the first 2 months) explained 40% of the variance in over-
all adjustment long-term. The authors suggested screening for psychiatric sequelae prior to im-

plantation, something that is rarely done in practice.

However, several studies found no change, or even improvement, after ICD use. Leosdottir et al.
(2006) measured health-related QOL, anxiety and depression in patients with an ICD compared
to that of pacemaker patients and found no differences among the two groups. A study by Carroll
et al. (2002) similarly reported no change in psychiatric symptoms or QOL in ICD recipients at
baseline and 6-month and 12-month follow up. Arnous et al. (2011) investigated the eftective-

ness of the ICD in 71 patients and QOL. They found a low complication rate and high level of
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tolerability of the device. Unlike the other studies described, the population in the Arnous study
was explicitly given an ICD for prophylactic purposes for the primary prevention of SCD.
Lemon et al. (2007) found positive psychological adaptation rather than psychiatric decline after
an ICD. Furthermore, a later study by Carroll et al. (2008) looked at the long-term effects of
ICDs on health status, QOL, and psychological state over a four-year timeline using a prospec-
tive longitudinal design of 30 ICD patients. Psychological state tended to improve after 6 months
but then declined again after 3-4 years. It is important to note that the participants in these studies
had ICDs for various reasons and ICDs for ARVC recipients were not explicitly mentioned. Also,

the mean ages of participants were above 60 years old.

Amiaz et al. (2017) wanted to identify new onset mental illness after ICD implantation for
predominantly primary prevention: 158 outpatients with a mean age of 64 years were included
with many different indications for the device, but all considered high risk patients. Using the
Hamilton Anxiety scale (HAM-A) and Hamilton Depression scale (HAM-D) to measure symp-
toms of depression and anxiety, the authors found that 28% of patients had depressive symptoms
at baseline. The rates of MDD found in the study were fairly consistent with that found in cardiac

populations. Symptoms improved one year after implantation (Amiaz et al., 2017).

Possible effects of age, sex, and shocks

Female sex is thought to be an independent risk factor for psychiatric sequelae in the ICD
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population. Prior studies have specifically identified younger female recipients to be at a higher
risk for future adverse psychological consequences and QOL impairment (Rahmawati et al.,
2013). However, this has not been well delineated in the literature as most studies to date have
included predominantly males (Bostwick & Sola, 2007). Versteeg et al. (2017) conducted a study
with 241 patients (of whom 33% were women) who received an ICD for the indication of heart
failure. The study found that females reported more symptoms of anxiety and somatic health
complaints; age was also implicated as a risk factor, with younger ages (<60 years old) having

potentially more difficulties adapting to the ICD device.

Rahmawati et al. (2013) studied a more elderly population with ICDs given for secondary pre-
vention for heart failure and reported that women had poorer QOL scores, specifically for
physical functioning and bodily pain, as compared to men. Significant relationships were found
between the sexes and depression, ICD and PTSD, but not anxiety. Overall prevalence for de-
pression, PTSD, and anxiety were 16.8%, 23.5%, and 27.9%, respectively (Rahmawati et al.,
2013). In contrast, Brouwers et al. (2011) found that female sex was statistically significantly

associated with increased anxiety.

Fears around ICD shocks have been identified as a major determinant for psychological distress.
In patients with an ICD, ICD shocks might lead to the development of new anxiety or depression
symptoms (Beery, Baas, & Henthorn, 2007; Bilge et al., 2006; Carroll & Hamilton, 2008). Some
studies have observed a connection between these disorders and the number of ICD shocks a
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patient receives. Other studies have pointed to having concerns about receiving shocks, but not
shocks themselves (Thylen et al., 2016). A significant percentage of patients who have ICDs ex-
perience a shock in the first year after implantation, ranging between 10-54% (de Ornelas Maia,
Soares-Filho, Pereira, Nardi, & Silva, 2013). Activation of the ICD device (if the patient remains
awake) is unpredictable and painful, being described as ‘a kick in the chest by a horse’. The
shock is a very unpleasant experience for the patient, and can cause avoidance of working situa-
tions, physical exercise, and sex, because the patient associates these activities with the occur-

rence of electrical discharges (Maia et al., 2014).

Early studies reported associations between the frequency of ICD shocks and anxiety (Bostwick
& Sola, 2007; Passman et al., 2007; Carroll & Hamilton, 2005; Bilge et al., 2006; Van den
Broek, Nyklicek, Van der Voort, Alings, & Denollet, 2008). Anxiety and depression following
the first shock were found to be the most common psychiatric disorders in observational studies
and clinical trials. Other studies found no such associations (Crossmann, Pauli, Dengler, Kuh-
lkamp, & Wiedemann, 2007; Keren, Aarons, & Veltri, 1991; Piotrowicz et al., 2007). There has
been some debate as to whether anxiety is a precursor or a consequence of ICD therapy. Recent
reviews have concluded that the risk of anxiety with increased shocks may indeed be associated,

but not as strongly as previously thought (Schultz et al., 2013).

Jacq et al. (2009) evaluated 40 patients with ICDs, dividing those patients who had experienced
at least one shock from those who had not. Using the Mini International Neuropsychiatric Inter

37



view (MINI), the Hospital Anxiety and Depression scale (HADS), and the SF-36, the researchers
found that 37.5% of those who had experienced a shock had an identifiable anxiety disorder,
compared to only 8% in the group who had not experienced a shock. Similarly, the prevalence of
depressive disorders in the group that experienced at least one shock was 50%, as compared to

23% in the control group (P=0.04).

Redhead et al. (2010) conducted a survey on the prevalence of anxiety and depression among
106 patients three years after ICD implantation for secondary prevention following myocardial
infarction. The ICD group was compared to three control groups matched for sex and age: a
pacemaker group, a percutaneous coronary intervention group (PCI), and a group with atrial fib-
rillation that had undergone catheter ablation. Anxiety and depression, and QOL were measured
using the HADS and SF-36. Mean scores on the scales were similar between the groups, with all
groups scoring high on anxiety measures, and within normal limits on depressive symptoms,
with prevalences in the ICD group ranging from 11-13% and 5-8%, respectively. The ICD group
with no shocks had a prevalence of anxiety of 14%, which was largely similar to control groups.
In comparison, the ICD group who experienced shocks had a statistically significant anxiety
syndrome prevalence of 26%; those who experienced shock storms (>3 shocks in 24 hours) met
HADS criteria for positive anxiety syndrome 64% of the time (Redhead, Turkington, Rao, Ty-

nan, & Bourke, 2010).

Thylen et al. (2016) investigated the connection between anxiety and depression and
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defibrillating shocks from the ICD. They found that the association between the receipt of shocks
and psychological distress was mediated by high ICD-related concerns and therefore these con-
cerns played a strong role in the development of potential anxiety and depression. Patients with
more psychological distress were more likely to be relatively younger females who had received
one or more ICD shocks, and were more likely to receive the ICD for secondary (rather than
primary) prevention. Anxiety scores were strongly correlated to depression scores and ICD con-

cerns.

Godemann et al. (2004) investigated the prevalence of anxiety disorders using the standardized
lifetime Diagnostic Interview of Psychiatric Syndromes (DIPS) assessment tool in 90 patients
with an ICD and found 16.7% of these patients developed anxiety disorders after the impact of a
shock from ICD implantation. The more shocks they had, the greater their anxiety and

depression (P<0.001).

Schultz et al. (2013) examined the temporal contingency of anxiety and ICD therapy in patients
with ischemic heart disease. In a prospective, longitudinal study, 54 patients receiving the ICD
for the first time were assessed for anxiety at baseline and at 12-month follow up using a variety
of scales and diagnostic tools (the Spielberger State Trait Anxiety Inventory-STAI, the Beck
Anxiety Inventory- BAI, the Beck Depression Inventory- BDI, the Fear Questionnaire-FQ, and
the Panic and Agoraphobia Scale-P&A). Importantly, scale completion was followed by a DSM-
IV Structured Clinical Interview (SCID) to screen for all anxiety disorders; this would be
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considered the gold standard in assessment of any anxiety disorder. Results showed that anxiety
prior to receiving an ICD did not predict the number of shocks or anxiety post ICD. However,
increased shocks significantly predicted anxiety post ICD implantation even after controlling for
confounders of age, sex, cardiac health and baseline depression (BAI results); in particular,
symptoms related to panic and GAD. Of note, this sample population had an unusually high
shock rate, with over 50% of patients experiencing five shocks or more within the one year fol-
low up period. Furthermore, higher shock frequency predicted increased depression and anxiety

and emerged as a risk factor for panic and agoraphobia.

ICD and posttraumatic stress

Most available studies to date have focused on anxiety and depression. Much less is known about
levels of posttraumatic stress and its effect on this population. Posttraumatic stress disorder
symptoms generally fall under three symptom clusters. Diagnosis of the disease requires expo-
sure to threatened death or serious injury or it had to have happened in a close family member or
friend. These include the following symptoms: re-experiencing aspects of the trauma (in this case
the traumatic cardiac event) or intrusive thoughts about the ICD discharging; avoidance of activi-
ties associated with ICD firing, hyperarousal that can present as insomnia or irritability, and neg-
ative alterations in cognition and mood (American Psychiatric Association, 2013). The preva-
lence of the disorder in the general population is estimated at 8% lifetime and a 3.5% 12-month

prevalence, with subclinical symptoms not meeting criteria believed to be higher.
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Patients with an ICD may be particularly prone to develop PTSD symptoms, due to the ICD de-
vice acting as a constant physical reminder of their illness and the ICD’s electrical discharge un-
predictability. In addition, little is known about PTSD in younger patient cohorts, or those who
experience multiple shocks, whether appropriate or inappropriate (von Kanel, Baumert, Kolb,

Cho, & Ladwig, 2011).

Marshall et al. (2012) performed a prospective study on 47 patients who had an ICD for 12
months in relation to their QOL and anxiety. Symptoms consistent with posttraumatic stress
severity (such as activity avoidance and alterations in mood and cognition) and anxiety related to
the ICD device appeared to increase from baseline to follow up, with 19% of patients meeting
criteria at both baseline and follow up assessments. Assessment between 2 and 5.5 years

revealed increased chronic PTSD and another 20% had acquired new PTSD symptom:s.

Habibovic et al. (2017) examined the trajectories of 249 ICD patients and associations with
PTSD and anxiety symptoms. A younger age, an increased depression score at baseline and a
negative personality (negative thinking) were all associated with increased vulnerability for post-

traumatic stress and anxiety symptoms. Comparable trajectories were found for both symptoms

of PTSD and anxiety.

von Kanel et al. (2011) assessed chronic posttraumatic stress attributable to a traumatic cardiac

event and its predictors in 107 ICD patients. Increases in posttraumatic stress were found from

41



baseline (12%) to follow up (18%). Being female, helplessness, and depression predicted greater
posttraumatic stress at baseline. Greater baseline posttraumatic stress, helplessness, alexithymia,
experiencing greater than five shocks, and lower educational attainment (no graduation/primary

school only) all predicted higher posttraumatic stress at follow up.

Kapa et al. (2010) studied 308 patients who had been implanted with an ICD and found that 223
of them developed anxiety disorders as well as PTSD. The frequency of PTSD declined over
time from approximately 35% at baseline to 15% at both 6-and 12-month follow up (P <0.01).
Patients who experienced shock storms had significantly higher baseline PTSD scores (29.6%)

based on the Impact of Events scale-revised (IES-R) version (P <0.01).

ICDs in ARVC patients

Most available mental health data on ICD populations is heterogenous and focuses on those with
ischemic heart disease. There is little data available on inherited cardiac disease and ICDs, and
even less so in the ARVC population. In addition, knowledge of pre-ICD psychological profiles
is scant (Gostoli et al., 2016). Psychiatric outcomes and mental health sequelae of these patients

remain largely unexplored (Rhodes et al., 2017).

Available research shows that ICDs prolong survival in ARVC patients at high risk of SCD. ICD

is a key treatment option for both primary and secondary prevention of SCD. Despite this, there
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are a growing number of studies showing that the ICD is often associated with post implantation

deleterious psychosocial effects, even in the absence of medical complications.

There are many factors that can affect the mental health of ARVC patients. These include non-
pharmacological and pharmacological management modalities including physical activity restric-
tions, pharmacological drug therapy, and ICD implantation (Rhodes et al., 2017). Clinically sig-
nificant psychiatric sequelae, such as symptoms of anxiety, depression and posttraumatic stress
may hinder the survival benefits of the ICD. ARVC patients must adjust to the impact of living

with a heritable condition and accept the difficulties of living with an ICD device.

Living with arrhythmias and the threat of ICD shock represents an ongoing challenge for patients
to prepare and recover. Patients with ARVC may be at a particularly high risk for adverse out-
comes for several reasons. Firstly, individuals with ARVC present at a younger age relative to
others with ICDs. Previous studies have suggested that young age may be a risk factor for psy-
chological maladjustment (Versteeg et al., 2017; Rahmawati et al., 2013; Thylen et al., 2016).
Second, a high frequency of defibrillator discharge is often related to increased anxiety and poor
adjustment. Individuals with ARVC, especially with a high-risk variant of the disease, have a
high discharge rate. Some data shows upwards of 50-80% appropriate ICD discharge rate for
treatment of sustained ventricular arrhythmia during a mean 3-5 year follow up period (Rhodes
et al., 2017). Thirdly, in most ARVC populations there tends to be a higher proportion of women
as compared to typical ICD populations in which more men tend to be affected (cardiac disease
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populations). Women are considered to be at higher risk for poor ICD-related adjustment because
of the overall higher risk of depression and anxiety prevalence in females. However, on the con-
trary, in the TMEM43 p.S358L population, more males are affected and the disease is more ma-
lignant in males. Finally, patients with ARVC may be at particularly high risk for psychosocial
problems because ARVC is a genetic disease. The disease etiology itself raises psychological
burden, such as anxiety around risk to family members (particularly children), guilt, blame, and
stigmatization (Etchegary et al., 2017; Van den Broek, Heijmans, & Van Assen, 2013). All of
these circumstances and risks combine in patients with ARVC, and there is no gold standard as to

how to identify those patients who may be at highest risk.

ICDs in ARVC: depression and anxiety

Limited studies explore mental health sequelae specifically in the ARVC patient population. The

few studies available focus on general psychological adjustment and QOL.

Rhodes et al. (2017) did a cross sectional study on QOL outcomes in a heterogenous sample of
159 ARVC patients. The authors found that ARVC patients reported lower physical and mental
QOL compared to a normative US sample, but higher scores as compared to an ICD sample (that
received ICD for primary or secondary indications). Age also played a factor, with ARVC pa-
tients aged 18-35 reporting significantly lower mental health and QOL than older patients. In-
creased frequency of shocks also reported lower scores, and shock anxiety scores were
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significantly higher among individuals who had experienced at least one shock. Female patients

reported higher shock anxiety and lower QOL scores as compared to males.

James et al. (2012) undertook one of the first studies on psychosocial adjustment in patients with
ARVC. They assessed psychosocial adjustment and associated risk factors using a cross sectional
analysis with 86 patients ranging in age from 18-79 from the Johns Hopkins ARVD registry. Par-
ticipants had a mean age of 45.4 years with an ICD in place for an average of 4.9 years (range
0.15-20.1) with age at implant ranging from 14.6 to 73.8 years old. In the study, 54% of patients
received the implant for secondary prevention reasons. Testing instruments focused on anxiety
(Florida Shock Anxiety Scale), device acceptance (Florida Patient Acceptance Survey), function-

al capacity (Duke Activity Status Index), and depression and anxiety (HADS).

Results showed increased anxiety and poorer functioning in the younger age cohort (designated
in the study as younger than 35 years old). Younger age, poorer functional capacity, high fre-
quency of ICD shock, and shorter time since ICD implant predicted anxiety and general psycho-
logical distress. Anxiety and device acceptance was not associated with sex or family history.
The authors concluded that anxiety levels tend to be higher in the ARVC population because
there is a larger proportion of young patients with potentially bad shock histories; however, the
genetic etiology of the disease itself may play a role. The specific genetics were not discussed,
however, approximately half of the patients had a confirmed desmosomal mutation. Although the
majority of individuals with ARVC who had an ICD in this study did not appear to have
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presented with clinically significant anxiety or depression, a significant minority may have poor-

er adjustment.

A study by Webster et al. (2014) also explored the psychiatric functioning of children and ado-
lescents with cardiac rhythm devices (52 ICD, 114 pacemakers), and found an increased preva-
lence of psychiatric disorder in this population. Notably, these were heterogenous cardiac disor-

ders and not specifically ARVC.

ICDs in ARVC: posttraumatic stress disorder

The only study found in relation to PTSD in the ARVC population was done by Ingles et al.
(2013). Ingles et al. analyzed psychological well-being and posttraumatic stress associated with
ICD treatment in young adults with a clinical diagnosis of genetic heart disease (inherited car-
diomyopathy or primary arrhythmogenic disorder) from the Australian Genetic Heart Disease
Registry. Of note, the largest cohort of participants had hypertrophic cardiomyopathy, not ar-
rhythmogenic disorder (because HCM is the most common genetic cardiomyopathy). Patients
had to have an ICD for at least 12 months. The mean age was 45 years old. 81% of participants
had ICD for primary prevention. Participants underwent psychological evaluation using the
HADS and the IES-R. Scale scores were found to be within the normal range for all groups, but
analysis of certain subgroups showed excess difficulties, with scores higher than general popula-

tion averages. Using univariate linear regression, it was found that female sex, a history of
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syncope, presence of other comorbid medical conditions, and those reporting events related to
ICD device complications were indicative of increased depressive, anxiety and posttraumatic
stress symptoms (represented by scores on the HADS and the IES-R). Another subgroup, pa-
tients who reported ICD shocks, had higher posttraumatic stress test scores. These participants
were more likely to be female, and had a longer time to first shock. All of these findings were

statistically significant.

Effects of the ICD and ARVC in family members of ARVC patients

Adjustment to life with an ICD may be challenging for patients, their partners, and other family
members, with disease types and individual characteristics likely influencing the process. Symp-
toms of anxiety and depression, fears of death and losing a partner, fear of device malfunction,
and major changes in the family dynamic can all influence family life. Studies show that families
of patients with ICDs can be as strongly affected by psychological sequelae as patients them-
selves (Ladwig et al., 2008; Van den Broek et al., 2013). Etchegary et al. (2016) explored the
economic burden associated specifically with the TMEM43 p.S358L inherited genetic cardiac
condition in families. Several perceived economic burdens were identified, highlighting one of
many ways that life with ARVC and an ICD can be challenging for family members. Etchegary
et al. (2017) also did a qualitative study that explored the emotional, relationship and social im-
pacts in carriers and their family members. Many factors caused distress for ICD patients and

their family members, including (but not limited to) awareness of the ICD in the chest,
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discussion of family history with potential partners, and stress related to the inability to partici-
pate in certain strenuous activities (Etchegary et al., 2017). In this sense, ICD implantation can
be seen as a dyadic issue affecting both the patient and their partners and family members
(Rottmann, Skov, Andersen, Theuns, & Pedersen, 2018). Emotional distress in partners may thus
influence the patient’s wellbeing, but is also a burden on its own for the partners, and therefore

needs to be further explored.

There is scarce literature related to this topic. Some studies report that up to 30% of ICD patients
suffer from anxiety and depression. Partners report equal levels of depression and sometimes

even higher levels of anxiety as the patients themselves (Rottmann et al., 2018).

Rottmann et al. (2018) examined whether perceived social support and clinical patient character-
istics are associated with change in couples’ symptoms of anxiety and depression in the first year
after ICD implantation, and explored whether this differed between patients and partners. This
was a prospective cohort study, comprised of 286 participants in the Netherlands, with a mix of
patients and their partners. Patients had received the ICD for primary and secondary prevention,
were predominantly males (80%), with a mean age of 59 years, and the majority had coronary
artery disease. A smaller proportion (31%) also had symptomatic heart failure. Symptoms were
measured using the HADS for anxiety and depression, and the Multidimensional Scale of Per-
ceived Social Support (MSPSS). The results showed that higher perceived social support prior to

ICD implantation was associated with greater reductions in anxiety and depression for all parties
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involved. In patients who received an ICD shock, or who received the ICD for secondary preven-
tion purposes, higher levels of depression and anxiety were found in the patients themselves, and
in their partners. The associations applied to both patients and their partners equally. Perceived

social support was highly correlated with symptoms of anxiety and depression and predicted

changes in psychological distress.

Ladwig et al. (2008) investigated QOL in patients with ICDs after the first year of implantation
and found that high rates of shock increased the anxiety of both the ICD patients and their

partners and worsened QOL for both.

Redhead et al. (2010) also explored the prevalence of anxiety and depression in ICD patients’
partners, whom had experienced shocks and shock storms. Shock discharges from the ICD de-
vice increased levels of anxiety and depression in the patient and their spouse, well above norma-

tive population levels.

Van den Broek et al. (2013) also found positive correlations between distress in ICD patients and
distress in their partners, with regards to depression and anxiety symptoms (r= 0.19-0.43,

P’s<0.001). Generally, partners experienced more anxiety and patients more depression.

Pedersen et al. (2009) reported that partners had significantly higher levels of anxiety compared

to patients, but not depressive symptoms. This study used the same study sample as that of
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Rottmann et al. (2018) (described above). Partners were predominantly female, while patients
were predominantly male. Symptoms were measured using the HADS and were found to be
worse at baseline, with gradual improvement over time after ICD implantation (follow up at 6
months). Partners of patients with a secondary indication for the ICD had higher anxiety and de-
pressive scores compared to partners of patients with primary indications for the ICD. No other
statistically significant associations were found. Only participants with no prior diagnosis

of mental illness were included in the study. The results remained significant after adjusting for

potential confounders and there was no difference between sexes noted.

Overall summary

ARVC is a genetic disorder with multiple genetic subtypes and an extremely variable clinical
course. The genetics are mendelian, but have a complexity of phenotypic expressivity and pre-
sentation. Many variants of ARVC have been identified to date. A lethal subtype of ARVC,
caused by a p.S358L mutation in the TMEM43 gene is seen in the Province of NL, Canada. This
subtype of ARVC is fully penetrant and often presents with SCD. This patient cohort has been
followed since 1998 by the Health Sciences Cardiology Department in St John’s, NL. An ICD
for primary prevention purposes is the treatment of choice in this population given the high risk

of SCD.

The ICD has been proven to save lives. Recent literature suggests ICD therapy is indicated in
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high-risk individuals. However, little is known about the psychiatric sequelae and mental health
burden of such devices. Concerns regarding QOL, depression, anxiety, and posttraumatic stress
have been identified in patients with ICDs. However, there is scant literature with regards to the
effects of the ICD on mental health sequelae in ARVC patient cohorts specifically. Additionally,
there is no quantitative information available in the TMEM43 patient cohort in NL. The few

manuscripts addressing the issue show evidence of similar mental health concerns as those with

ICDs for other indications. In our study we will explore the above-mentioned associations in the

homogenous TMEM43 p.S358L patient cohort.

Symptoms of anxiety, depression, and posttraumatic stress may be underrecognized in the ICD
patient population, as well as in close family members, and the research done thus far [highlight-
ed above] illustrate the concerns regarding mental health sequelae in these populations. It is thus
crucial to analyze this phenomenon further to provide data which may help determine avenues

for appropriate management.

Patients with ICDs provide the opportunity to more closely link mental health sequelae and the
impact of the ICD on emotional health. In the TMEM43 p.S358L patient population in particular,
considering the disease follows a more malignant course as compared to other ARVC subtypes,
ICD implantation surely prevents early death. However, each shock of the ICD device can cause
severe stress on the individual, whether it be the realization of their mortality, or the burden of

the genetics of the disease on the family, causing undue stress on young individuals and their
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families. ICD implantation is not a trivial procedure, and the decision to pursue such therapy is a
complex one. As a result, concerns over mental health sequelae are an important consideration in
this population. No study has assessed in a robust manner the effect of the ICD on a patient pop-
ulation where the ICD clearly saves lives (and has allowed up to 30 extra years of life based on
our latest data), where the etiology is a single gene mutation, and where individuals born at the
same a priori 50% risk of the mutation but shown to be unaffected (negative siblings) can be as-

sessed (Hodgkinson et al., 2016).

Therefore, this research project will focus on identifying symptoms of mental illness (specifical-
ly anxiety, depression, and posttraumatic stress symptoms) in this population treated with an ICD
and assess whether these relate to severity of the disease in various forms. A secondary assess-
ment will compare prevalences to the general population. Additional analysis will compare
prevalences to unaffected family members of this patient cohort (negative siblings who were
born with the same pedigree risk but shown to be negative, and unrelated spouses of those with

an ICD) in hopes of understanding prevalence, correlations and potential causes more clearly.

This thesis will focus specifically on the ARVC mutation positive group with an ICD. There are
two other arms of the overall study: the first is focusing on the negative mutation sibling group;
the third group focuses on the genetically unaffected, unrelated spouses group. Each respective
project will explore symptoms of depression, anxiety, and posttraumatic stress in each of these
groups as they relate to the severity of disease in their sibling or partner, and compare these with
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general population norms. Each project ends with a brief comparison of the mental health para-

meters between the groups.

Research Question and Objectives

Our research project seeks to identify symptoms of depression, anxiety, and posttraumatic stress
in the large founder population in NL, Canada where ARVC, causing early SCD is caused by a
genetic mutation (p.S358L) in a gene called TMEM43. We wish to assess three separate groups
within the large family population: (a) Persons with the p.S358L mutation, who have been pro-
vided with an ICD for prevention of SCD, (b) siblings of those persons with an ICD who were
born at an a priori 50% risk of having the genetic disease causing mutation (p.S358L in
TMEM43) who were shown not to have the mutation and thus were deemed free of the disease

and (c) the unaffected, non biologically related spouses of those with an ICD.

Given the lifelong impact of the ICD, qualitative evidence of our team, and anecdotal evidence
we have from our patient clinics, we feel it is vital to explore the psychological ramifications as-
sociated with having this TMEM43 mutation and the treatment used to offset early death. We
wanted to obtain data which will either support (or not) the need for our clinics to provide mental
health support alongside cardiac care. We expect mutation positive ICD recipients to score higher
on these scales than their unaffected siblings and biologically unrelated spouses, but expect all

groups to score higher than population norms.
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The primary objectives of the current study are the following: to determine the prevalence of de-
pression, anxiety, and posttraumatic stress symptoms in the ICD group, including how it com-
pares to general population norms; and to determine whether the severity of psychiatric symp-
toms correlates with severity of disease in the ICD group (represented by a variety of demo-
graphic and clinical variables). Additional analyses will include comparisons of psychiatric
symptom prevalences among the three groups (ICD group; mutation negative siblings group; un
affected spouses). The data obtained from the study may alter the provision and type of health

care in this patient cohort regarding their mental health.
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Figure 3.1: TMEMA43 p.S358L pedigree, highlighting mutation positive ICD recipients

This retrospective observational cohort study focuses on NL ARVC families with the TMEM43
p-S358L mutation. There are currently 27 families (new families continue to be ascertained) with
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this condition, the largest of which covers 10 generations and comprises approximately 1200 in-
dividuals in the extended family tree. To be eligible for this study, participants had to have a veri-
fied diagnosis of ARVC with a known TMEM43 p.S358L mutation, an ICD, and currently be
managed by a cardiologist through the ICD clinic at the cardiology department situated in the
Health Sciences Centre in St. John’s, NL. ARVC ICD patients are usually assessed every six
months. Cardiology staff who follow this unique patient population include Drs. Connors and
Paulin, with several nurses and ICD specialists. The ARVC population is a subset of the patients

seen at the clinic, the majority of whom are ICD recipients following a myocardial infarction.

This project involved three groups of participants. The responsibility for the collection of data
and analysis for each group was taken by a different M.Sc student.

1. p.S358L TMEMA43 positive ICD recipients, n=106 (Dr. Magda Orzylowski)

2. Mutation negative siblings of ICD recipients, n=146 (Ms. Natalie Butt)

3. Mutation negative spouses of ICD recipients, n=63 (Ms. Mary Walsh)

Quantitative data analysis for each group was solely undertaken by each respective student, with
the same survey tools used for each of the 3 groups (PHQ-9, SAS, PCL-C). Results of the survey
instruments were shared among the 3 research projects, only to compare scale scores and propor-

tions among the 3 groups, and for discussion purposes.

We were constrained in this study by the finite number in each group based upon the currently
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ascertained families. Therefore, this was a sample of convenience. The experimental group
comprised the ICD recipients, and the control groups comprised their mutation negative siblings

and their unrelated spouses.

Survey instruments

Studies in the area of ICD and mental health, especially in ARVC, are scarce. A variety of scales
and questionnaires are available for use for any research addressing psychiatric sequelae, mental
health burden, and QOL. Some scales focus on hospitalized patients, while others assess specific
shock burden. Few studies have looked at the general mental health burden in this type of patient
population which require testing instruments that are broad, generalized, and applicable to the

general population as well as the study sample.

The objective of our study was to assess three specific areas of mental health: symptoms of de-
pression, anxiety, and posttraumatic stress. There are various scales that can help aid in the diag-
nosis of these disorders, but a full clinical interview with a health care professional is required to

fully diagnose an individual. However, various scales can reliably identify symptoms.

Individuals were asked to complete three short, validated, questionnaires. The testing instruments
for our study were chosen for several reasons. First, we wanted scales that were easily accessible,
brief and generalizable. Specific mental health scales for cardiac patients and those with chronic
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illness have been widely used and supported by past and current literature. Examples include the
Patient Health Questionnaire-2 and 9 (PHQ-2, PHQ-9) (Tomitaka et al., 2018; Tomitaka et al.,
2018; Stafford, Berk, & Jackson, 2007; Wang et al., 2015), the Hospital Anxiety and Depression
scale (HADS), and Beck Depression inventory (BDI) (Ceccarini, Manzoni, & Castelnuovo,
2014; Haddad et al., 2013). A newer version of the PCL, the PCL-S, has also been validated in
populations with acute coronary syndrome (Sumner et al., 2015). However, these scales are more
commonly used in the hospital setting. In addition, there have been no scales validated specifi-
cally for inherited cardiac disease patients. Second, the scales had to be easy to complete and
easy to interpret since they were self-rated. Third, the scales had to be valid and reliable. And
finally, the scales required a broad focus on symptoms of depression, anxiety, and posttraumatic
stress, rather than identification of specific disorders, thus ensuring that a broader range of men-

tal health sequelae were captured.

The scale instruments we chose for our study are listed below:

1) The Patient Health Questionnaire (PHQ-9) (APPENDIX C)

(Kroenke, Spitzer, & Williams, 2001)

2) The Zung Self Rating Anxiety Scale (SAS) (APPENDIX C) (Zung, 1971)
3) The PTSD Checklist for Civilians (PCL-C) (APPENDIX C)

(US Department of Veteran Aftairs, 2012)
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Depression instrument

We used the Patient Health Questionnaire-9 (PHQ-9). This is a 9 item self-administered 4 point
Likert scale that asks questions related to symptoms of depression as per DSMS5 criteria. Ques-
tion topics include mood, sleep, engagement, energy, appetite, self-esteem, concentration, and
suicidality. The PHQ-9 has been extensively studied (Kroenke, Spitzer, & Williams, 2001; Tomi-
taka et al., 2018; Hammash et al., 2013) and is especially useful in diagnosing depression, as
well as assessing severity in medical illness, because it includes symptom assessment and func-

tional impairment questions (Ramasubbu et al., 2012).

A score >10 points corresponds to evidence of moderate depression. This cut off threshold corre-
sponds to 88% sensitivity and specificity in a heterogenous primary care population (Kroenke,

Spitzer, & Williams, 2001).

Anxiety instrument

Symptoms of anxiety were measured using the Zung self-rated anxiety scale (SAS). This is a
self-rated, 20-question assessment scale that measures anxiety levels based on scoring in four
groups of manifestations: cognitive, autonomic, motor and central nervous system symptoms.
Questions are answered based on a Likert scale of 1-4: (1) a little of the time; (2) some of the
time; (3) good part of the time; (4) and most of the time. Questions encompass a broad range of
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anxiety related topics, with aspects of several DSM5 anxiety disorders, but mostly encompassing

generalized anxiety and panic symptoms.

The total raw score ranges from 20-80 points. The raw score then needs to be converted to an
‘index’ score using a conversion chart provided with the testing instrument (see APPENDIX C).
A raw score of 20 corresponds to an index score of 25; a raw score of 80 corresponds to an index
score of 100. A final index score of >45 points corresponds to mild to moderate anxiety levels.
This was based on the following breakdown of the index scale measures: < 45 points= normal
range; 45-59 points= minimal to moderate anxiety; 60-74 points= marked to severe anxiety; and
> 75 points= most extreme anxiety (Dunston & Scott, 2018). The data related to these cut points
included clinical and community populations, mostly comprising undergraduate university stu-

dents.

Post-traumatic stress instrument

Symptoms of posttraumatic stress were measured with the post traumatic Checklist- civilian ver-
sion, (PCL-C). This is a 17 item, self-administered rating scale pertaining to a DSMS5 diagnosis
of posttraumatic stress disorder and includes questions related to key symptom areas of intrusion,
hyperarousal, avoidance, as well as cognitive and mood changes. Respondents indicate how
much they have been bothered by a symptom over the past month using a 5-point Likert scale,

ranging from (1) not at all to (5) extremely. Two versions of the scale exist which relate to any
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traumatic event: a military version and a civilian version, the latter used in this study.

The cut off values for the PCL-C scale were more complex as compared to the other two scales.
Intended for civilian use in the general population, the PCL-C scale was edited from the original
PCL scale designated for military personnel. It is important to note that the gold standard for di-
agnosing PTSD is a structured clinical interview. The PCL-C can only be scored to provide a
presumptive diagnosis. A combination of symptom patterns consistent with DSM-IV criteria and
reaching a specific severity threshold are both necessary for an appropriate diagnosis. The inter-
pretation of the scores on the scale are dependent on the clinical population one is working with
and the goal of the assessment. When informing potential diagnosis of PTSD, or to minimize
false positives, a higher cut point is considered. The prevalence of PTSD in the target setting
must also be considered. Generally, the lower the prevalence of PTSD in a given setting, the
lower the optimal cut point. In settings with expected high rates of PTSD (such as medical health
clinics) it is advised to consider a higher cut point. Guidance and suggested cut-point scores are
provided for the PCL-C through the National Center for PTSD (U.S. Department of Veteran Af-
fairs, 2012; Blanchard, Jones-Alexander, Buckley, & Forneris, 1996; Wilkins, Lang & Norman,

2011).

The ICD clinic would be considered a specialized medical (cardiac) clinic. In addition, this is a
clinical setting where we would expect higher rates of PTSD given the impact of the ICD device
and from previous evidence in the literature. Although there is no specific literature regarding
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posttraumatic stress symptoms in our unique population, previous literature review has given
PTSD prevalence estimates ranging between 21-31% in ARVC ICD populations (Kapa et al.,
2010; Ingles, Sarina, Kasparian, & Semsarian, 2013; Ladwig et al., 2008; Thylen et al., 2016;
Rahmawati et al., 2013). Therefore, the most appropriate cut point in our TMEM43 p.S358L mu-
tation positive ARVC ICD population would be 36 points (corresponds to an estimated PTSD

prevalence of 16-39%).

Recruitment

The TMEM43 p.S358L population is closely followed by Memorial University and the Health
Sciences Centre. The ICD recipients (n=106) were originally recruited as part of the SCD re-
search project: HREB 00-176, and their diagnosis and management has been a close collabora-
tion between the clinical and the research SCD teams. Participants for this study were recruited
from the Health Sciences Cardiology ICD clinic or via telephone call by a research team member
within the circle of patient care. All ICD subjects are seen at the ICD clinic at the Health Sci-
ences Centre in St. John’s, Newfoundland every six months for follow up for their ICD. The car-
diologist responsible for each TMEM43 p.S358L ICD recipient asked if they were willing to hear
about the research project from a research team member. This required a team member to attend
each of the outpatient clinics in which an ICD patient was identified for an appointment. Outpa-
tient clinics occurred on Monday and Thursday afternoons and recruitment occurred between
November 2017 and July 2019.
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Considering the finite potential participant pool for this study, there were limited inclusion and
exclusion criteria. For the 3 separate groups of participants (ICD group; mutation negative sib-
lings; unaffected spouses). Participant recruitment focused on ICD clinic and telephone recruit-
ment, with geographical distribution having an effect on potential participants. Those living more
locally, or easily accessible by telephone, made up the largest proportion of participants. Individ-
uals who did not complete all 3 questionnaires were excluded from further analysis. For ICD pa-
tient participation, individuals had to have a confirmed TMEM43 p.358L mutation with an ICD
(affected or unknown statuses were excluded as they did not have confirmation of genetic muta-

tion).

If participants agreed to hear about the study, they spoke with the research team member who
described the project and obtained consent. Patients could choose to complete the questionnaire
package immediately in the clinic, or were given the option to take the packages home and mail
it in at a later time for which prepaid envelopes were provided. The time taken for completion of

the questionnaires was considered to be on average 15 minutes.

If unaffected siblings and/or spouses of ICD participants accompanied the ICD patient to clinic,
they would be approached regarding recruitment at the same time as the ICD subject. Otherwise,
they were contacted by phone by Dr. Hodgkinson (who has a relationship with the families cov-
ering two decades) and mailed the consent form and the questionnaire package (following verbal

consent to do so). For recruitment of the mutation negative siblings group and the unaffected
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spouses group over telephone, contact was initiated by one of the team members. This included
the genetic counselor working with the families over several years. The choice of individual to
make the call was determined by which individual had most prior contact. If the individual was

interested, a research package was sent to them by mail.

Research Objectives

Primary

1. To determine the prevalence of anxiety, depression, and posttraumatic stress symptoms
in ICD recipients.

2. To determine whether the severity of psychiatric symptoms correlates with severity of
disease in ICD recipients (e.g., type and number of discharges from the ICD/ other
cardiac morbidities: collected and maintained in a large dataset under the
cardiomyopathy project HREB 00-176).

3. To obtain data which might inform the provision and type of health care in this patient

cohort regarding their mental health.

Secondary
1. To utilize the prevalence of depression, anxiety, and posttraumatic stress symptoms in the
unaffected siblings, and spouses of ICD recipients (M.Sc theses by Mary Walsh and Na-
talie Butt 2020, available through the MUN health sciences library) and to compare the
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prevalence of depression, anxiety, and posttraumatic stress symptoms between all three
groups.
2. To compare the prevalence of depression, anxiety and posttraumatic stress symptoms in

ICD recipients with general population levels.

Follow up calls (reminders)
The research team was available for contact if necessary throughout the study. If a questionnaire
package had not been received four weeks following initial contact (where the participant tenta-

tively agreed to participate) one follow up call was made. No further calls were made after this

point.

Mental health concerns

After packages were returned, the PI and/or supervisor contacted participants for follow up if
deemed necessary. Reasons for follow up calls included clarification of scale information, and
mental health follow up as deemed appropriate based on scale scores. Participants who had very
high scores on the questionnaires were followed up by the supervisor and/or supervising psychi-

atric resident and reviewed with the psychiatrist appropriately and in a timely manner, as per

original protocol guidelines. This included appropriate contact information for the research team,

as well as timely medical follow up where deemed necessary.
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Data collection

Research Package

The research package included the following: the cover letter and consent form explaining the
study (APPENDIX B), and the three validated mental health measures as follows: (a) The Pa-
tient Health Questionnaire (PHQ-9) (b) the Zung self-rating anxiety scale (SAS) and (c) the

PTSD checklist (PCL-C) (APPENDIX C).

Participants’ names were not associated with their responses. The ID number from their previous
association with the wider research project (HREB 00-176) was used as a de-identified measure

associated with all scales sent to individuals or completed at the clinic.

Secondary data from ARVC TMEM43 dataset

A dataset was created in 1998 as a means of collecting information on families with a severe
cause of SCD, later determined to be ARVC due to TMEM43 p.S358L. This effort was undertak-
en to have readily accessible data on this population to (a) find the causative gene, (b) determine
the natural history of the condition, and (c) to determine the clinical course of disease following
treatment (primarily to determine the efficacy of treatment). Individuals in the dataset are those
born at an a priori 50% risk of inheriting ARVC, thus comprising affected individuals (criteria to

determine affected and unaftected status criteria for this population can be found on page 31),
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individuals born at 50% risk but shown to not have the disease, and those remaining at 50% risk.
The dataset contains over 1500 variables for each individual, which includes demographics, di-
agnostic procedures, clinical results, pharmaceutical and non-pharmaceutical treatments, cardiac
interventions, cardiac events, hospital and clinic visits, and clinician notes. The ICD cohort and

their siblings are therefore all consented participants in this large cardiomyopathy/SCD study

(HREB 00-176).

For the purposes of our study, consented individuals’ scale scores and relevant variables from the
secondary dataset were moved to a separate dataset for analysis identifiable only by study num-
ber, and no other identifying variables (such as date of birth or provincial health card number)
were included. The dataset was used to link anonymous surveys to the ID participant (the ICD

patient and unaffected siblings as applicable).

There is no information on the biologically unrelated spouses in the dataset. Information on
spouses was added to this study dataset. The severity of disease data for the spouses was that of

their spouse with an ICD.

Variable information was extracted from the main dataset including patient demographics such as
age and sex, ARVC clinical status, whether they had seriously affected 1st degree relatives (those
with SCD, an ICD or a cardiac transplant), method of diagnosis, and sex of transmitting parent.

Clinical information included genetic mutation status, heart transplant status, number of

67



hospitalizations, number of appropriate and inappropriate shocks, age at ICD implantation, and
whether they experienced presyncope/syncope and/or palpitations. There were approximately
1500 variables in this registry, a very comprehensive database. For the purpose of our study,
variables were chosen based on completeness (>80%), relevance to the study objectives (possible
clinical relevance to psychiatric sequelae and ARVC disease severity), and evidence from litera-

ture review, as well as clinical experience with the population.

The variables abstracted from the main dataset for use in this study are listed in Table 3.1.

Table 3.1: ICD patients’ clinical and demographic variables

ICD patient variables Demographic Clinical
Age Method of Diagnosis
First degree relative with SCD, Presyncope and/or syncope
ICD or heart transplant and/or palpitations
Sex of transmitting parent Heart transplant status
Age at ICD implantation Number of hospitalizations

Number of appropriate shocks

Number of inappropriate
shocks

Data management
Data from the screening scales were entered into a de-identified copy of the ARVC TMEM43
dataset containing a reduced number of variables (see Table 3.1 above) and analyzed using SPSS
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statistical software version 22. Items on each mental health measure were summed as indicated

on scale scoring guides to create an overall scale score for each participant.

Statistical analysis

Our sample population was a sample of convenience, therefore calculating a sample size would
not affect our recruitment. However, with a potential participant pool of 92 TMEM43 p.S358L
ARVC ICD patients, a 5% margin of error, and a 95% confidence interval, would reveal a sample

size of 75 participants; therefore slightly higher than our recruitment numbers yielded.

Survey response rates were calculated based on the number of respondents who provided consent
and completed the surveys either in person or via mail. Incomplete packages were excluded.
Packages returned with 1 or more scales not fully answered were considered incomplete. For the
ICD recipients, 53 participants completed the surveys out of a possible 82 (65%). Descriptive
statistics and frequencies were calculated to determine the demographics of the study population.
For descriptive statistics this included mean, range, minimum, maximum, standard error, stan-
dard deviation, skewness, and kurtosis of each continuous variable, and mean and percentage
were calculated for each categorical variable included. Detailed characteristics of the sample are
discussed in the results section.

A flowchart (located at the beginning of the results section of the thesis, page 71) provided an
outline of the recruitment process of participants and final participation numbers. Further
specific details pertaining to recruitment are provided for the ICD group in the flowchart.
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Using SPSS version 22 statistical software, continuous and categorical variables were analyzed
using independent chi-squared tests and t-tests where appropriate. This included analyzing sig-
nificant differences between scale scores among the 3 groups (ICD patients; mutation negative
siblings; unaffected spouses) Scales were assessed according to published guidelines. Differ-
ences in outcomes were explored using linear models where appropriate. A P value of <0.05 was
considered significant. A P value of <0.01 was considered if independent variables were highly

correlated to one another (B>0.7).

Empirical analysis

Descriptive statistics and frequencies for continuous and categorical variables [demographic and
clinical] were analyzed in the ICD group. This included a breakdown of mean scale scores,
ranges and proportions of the scale scores. Certain variables were also analyzed by status (each

of the three groups) and by sex.

Linear regression was used to determine associations between depressive, anxiety, and posttrau-
matic stress symptoms. Univariate analysis using Pearson product-moment correlation coeffi-
cient and Spearman correlation coefficient were conducted to analyze potential associations to
the dependent variables of PHQ-9, SAS, and PCL-C scale scores. Variables chosen for univariate
analysis were based on their potential effect on ARVC disease severity. This included previous
literature review that may have identified potential demographic or clinical variables (if applica-
ble) involved in increased severity of ARVC disease, or variables that had potential correlation to
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psychiatric sequelae. Statistically significant correlations were analyzed using multivariate
analysis. Multiple linear regression analysis was used for each of the three scales: PHQ-9, SAS,

and PCL-C.

The scale scores were compared among the three groups (ICD recipients; mutation negative sib-
lings; unaffected spouses). Mean scale scores and prevalences were compared among the groups

using One-way between-group analysis of variance (ANOVA) and Fisher’s exact test, respective-

ly.

Proportions of positive symptomatology of depression, anxiety, and posttraumatic stress were
compared to general population norms for major depressive episode/major depressive disorder,
generalized anxiety disorder, and posttraumatic stress disorder in the ICD group. A sample test of
proportions based on binomial distribution were used to compare scale proportions to general

population averages provided in the Statistics Canada information database.

Data merger and storage

The data collected will be added to the larger dataset from this population started in 1998 (HREB
00-176) that has long been approved by the HREB. The data collected will be kept as a part of
this larger dataset. Data will be stored on Dr. Hodgkinson's computer which is password protect-
ed and behind locked doors. Participants will be identified by a pre-existing ID number that is

71



the link to a genetic pedigree. No other identifiers will be retained for this study. All participants
have an ID number from their previous association with the wider research project (HREB
00-176).

Hard copies of the consent forms and returned packages/scales were stored separately in a locked
filing cabinet in a secure office at the Health Sciences Centre campus of Memorial University of

Newfoundland.

Ethics

Ethics approval

This study was approved by the Health Research Ethics board under Application for General Re-
search at Memorial University of Newfoundland under reference number HREB#20171983. Full

board approval was granted on May 11, 2017 (APPENDIX A).

Ethical considerations

Specific ethical situations occurred that were related to certain respondents obtaining high scores
on the scales. The participants knew that if they had high scores, they would be followed up.

This was part of the study. Dr. Hodgkinson contacted these respondents initially and respondents
agreed for further contact from Dr. Orzylowski (the psychiatry resident), Dr. Walsh (psychiatrist),
Dr. Bassett, or their GP to discuss concerns further. On occasion, these persons were contacted
by the cardiologists from the ICD clinic following high scores. Mental health resources were dis-
cussed and guidance was given as appropriate.
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CHAPTER 4: RESULTS
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Figure 4.1: Recruitment of participants and final participation numbers
*refer to separate M.Sc thesis by Natalie Butt for further information regarding recruitment

** refer to separate M.Sc thesis by Mary Walsh for further information regarding recruitment
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As per Figure 4.1 above, potential participants for the study comprised a total of 315 individuals

(106 ICD patients, 146 mutation negative siblings, and 63 unaffected spouses).

The current analysis was part of a three-armed study, in which mutation negative siblings, and
unaffected spouses were considered the control groups, while the ICD group was considered the
experimental group. The majority of ICD patients were contacted directly through the ICD clinic.
Where possible, mutation negative siblings and spouses were contacted through the clinic as

well, but most were contacted via phone, with resulting lower contact retention levels.

In total, 197 participants (81 ICD+ 74 mutation negative siblings + 43 spouses) were successful-
ly contacted and invited to take part in the study. 104 ultimately returned study questionnaires
and comprised the overall study sample: 53 TMEM43 p.S358L mutation positive individuals
with an ICD device, 25 unaffected siblings born at a priori 50% risk of ARVC caused by

TMEM43 p.S358L, and 26 unaffected, biologically unrelated spouses.

The initial total sample of ARVC positive individuals with an ICD collected from the eight fami-
lies was 106. These individuals were (or had at some time been) regularly followed by the ICD
clinic at the Health Sciences Centre in St. John’s, Newfoundland. Of the 106 potential recruits,
14 were now deceased, and ten no longer lived in Newfoundland and therefore no longer fol-
lowed up at the ICD clinic. However, we were still able to contact some individuals who lived
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outside of the province. This revised the potential ICD group number to 82 individuals. There-
fore, from a potential 92 participants in the ICD group who could partake in the study (that were
alive), 53 individuals participated. Eighteen individuals did not attend clinic during the data col-
lection period. Four individuals were also missed in clinic. Thirty-seven individuals were con-
tacted through the ICD clinic directly, with 33 returning survey packages in person at the clinic
after completion. In addition, 20 individuals who were not part of the first eight families were
contacted by chance through the ICD clinic as well, usually due to a person attending clinic un-
expectedly, with 13 returning the survey packages. ICD patients who were not contacted through
the clinic were contacted by phone (n=23) and 19 packages were sent via post following tele-
phone recruitment. Seven of these individuals returned surveys. Therefore, a total of 53 survey

packages were returned (Figure 4.1).

The ICD group cohort represented the largest group in the bigger three-arm study, representing
51% of the total sample and with a response rate of 53/82 (65%). This cohort is the focus of the

current study and the analyses to follow.

The ICD group comprised 18 males and 35 females. The mean age of the group was 48.49 years

old, with a wide age distribution between 22 and 71 years old. Demographic information is pre-

sented in Table 4.1.
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Table 4.1: Demographic information on ICD cohort

Demographics ICD cohort

N 53
% of total group 51
M:F counts 18:35
age, mean (standard deviation) 48.49 (1.422)
age (range) 22-71
20-29 year olds 8 (15.1%)
30-39 year olds 3 (5.7%)
40-49 year olds 16 (30.2%)
50-59 year olds 11 (20.8%)
60-69 year olds 13 (24.5%)
70-79 year olds 2 (3.8%)

Demographic and clinical variables examined in the ICD group are listed in the methods section
in Table 3.1. Characteristics of these variables are listed in Table 4.2, stratified by sex. Consider-
ing males have a more malignant course of disease in this particular subtype of ARVC, describ-
ing the clinical features for ICD patients as a group, and subsequently by sex, can help identify

any pertinent differences between the groups.
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Table 4.2: Demographic and clinical characteristics of the ICD group

Total ICD group Males Females
N 53 18 35
% of ICD total 100 34 66
Mean age 48.49 (13.81) 40.5 (13.47) 52.6 (12.23)
Age range 22-71 23-69 22-71

Mean age at ICD

36.98 (11.80)

29.96 (11.34)

40.59 (10.44)

implant

Age range at ICD 13-57 13-51 22-57
implant

Total shocks (range) 0-101 0-101 0-51
Mean # of appropriate 8.36 (19.51) 10.82 (26.57) 6.97 (14.45)
shocks

# of appropriate shocks 0-101 0-101 0-51
(range)

Mean # of inappropriate 1.64 (5.387) 1.24 (2.33) 1.87 (6.55)
shocks

# of inappropriate 0-35 0-9 0-35
shocks (range)

Mean # of 1.25 (0.81) 1.56 (1.25) 1.09 (0.373)
hospitalizations

# of hospitalizations 1-6 1-6 1-3
(range)

# with heart transplant 3 (5.6%) 2 1
# with a first degree 24 (45%) 6 18
relative with SCD or

heart transplant

# diagnosed by DNA 38 (76%) 17 21
# with presyncope and/ 32 (60%) 11 21
or syncope and/or

palpitations

The mother as 32 (60%) 10 22

transmitting parent

*Reminder that diagnosis could be made clinically following a significant cardiac event, or by being an
obligate carrier by pedigree
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Psychiatric sequelae in the study group

The prevalence describes how frequently a specific disease or a specific risk factor occurs in a

population at a defined point in time. Table 4.3 presents the prevalence of depressive symptoms,

anxiety symptoms, and posttraumatic stress symptoms in the ICD group.

Table 4.3: Prevalence of depressive, anxiety and posttraumatic stress symptoms in ICD group

ICD group N=53

PHQ-9 mean 7.28 (6.41)

PHQ-9 score range 0-29

PHQ-9 =10 points (%) 15/53 (28.3%)

SAS mean 43.66 (12.15)

SAS score range 24-68

SAS 245 points (%) 26/53 (49%)

PCL-C mean 33.25 (12.87)

PCL-C score range 17-65

PCL-C =36 points (%) 17/53 (32%)
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Scales legend

Mild depressive symptom range
0-29

Depressive symptoms (points)
0-4: minimal or none

5-9: mild

10-14: moderate

15-19: severe

Normal range
20-100

Anxiety symptoms (points)
20-44: normal range
45-59: mild to moderate
60-74: marked to severe
>75: extreme anxiety

Moderate to high post traumatic
stress symptom range

17-85

Posttraumatic stress (points)
17-29: little to no severity

28-29: some PTSD symptoms
30-44: moderate to moderately
high severity of PTSD symptoms
45-85: high severity of PTSD
symptoms



Legend:

Patient Health Questionnaire-9 (PHQ-9) depression score range: 0-4 minimal or none; 5-9 mild;
10-14 moderate; 15-19 moderately severe.

Zung Anxiety score range: 20-44 normal range; 45-59 mild to moderate anxiety levels; 60-74
marked to severe anxiety levels; >75 extreme anxiety levels.

Posttraumatic Stress Checklist- Civilian version (PCL-C) score range: 17-29 little to no severity;

28-29 some PTSD symptoms; 30-44 moderate to moderately high severity of PTSD symptoms;

45-85 high severity of PTSD symptoms.

Univariate analysis: Results from Pearson Correlation analysis of depression, anxiety, and

posttraumatic stress symptomatology

A correlational analysis was undertaken to explore relationships among demographic and clinical
variables and the three mental health scales. Pearson correlation coefficient analysis was used for
variables following a normal distribution pattern, while Spearman’s correlation coefficient analy-
sis was used for non-normally distributed variables. Correlation analyses were performed with
the continuous variables listed in Table 3.1 on page 66. Only variables significant at the p<.05
level were retained for further analyses. The results of the correlation analysis are presented in

Table 4.4.
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Table 4.4: Correlational analysis among study scales, clinical and demographic variables

Correlation Analysis PHQ-9 Depression Zung Anxiety Scale Posttraumatic Stress

r (p-value <0.05) Score (N=53) (N=53) Scale (N=53)

R (p<0.05) R (p<0.05) R (p<0.05) R (p<0.05)

Age -0.127 -0.134 -0.322 (0.019)

Gender 0.072 -0.012 0.023

Age at ICD implantation -0.114 -0.100 -0.233

No. of Hospitalizations 0.051 0.265 (0.055) 0.199

No. of appropriate 0.246 0.335 (0.022) 0.287 (0.051)

shocks

No. of inappropriate 0.045 0.052 -0.003

shocks

Method of diagnosis -0.080 -0.048 -0.066

First degree relatives 0.026 0.128 0.106

with SCD or heart

transplant

Presyncope and/or syn- -0.214 -0.093 -0.104

cope and/or palpitations

Sex of transmitting par- 0.086 0.014 0.049

ent

Heart Transplant 0.147 -0.016 0.064

PHQ-9 1 0.644 (0.000) 0.731 (0.000)

SAS 0.644 (0.000) 1 0.675 (0.000)

PCL-C 0.731 (0.000) 0.675 (0.000) 1
Legend:

Significant correlation values are bolded in the table and highlighted. P values <0.05 are provid-
ed in brackets only for those variables statistically significant.

Pearson correlation coefficient (P): PHQ-9; SAS; PCL-C; Age; Age at ICD implantation
Spearman correlation coefficient (S): gender; Number of hospitalizations; Number of appropriate
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shocks; Number of inappropriate shocks; method of diagnosis; first degree relatives with SCD or
heart transplant; presyncope and/or syncope and/or palpitations; sex of transmitting parent; heart

transplant status.

Several variables were correlated to the mental health scale scores. In addition, the scale scores
were positively and significantly correlated to one another. For the PHQ-9 scale, statistically sig-
nificant positive correlations were found only with the Zung Anxiety Scale and the PCL-C scale.
For the Zung Anxiety Scale, significant associations were also found with the PHQ-9 scale and
the PCL-C scale, but also with number of appropriate shocks (B=0.335, P=0.022). A greater
number of appropriate shocks from the ICD device were moderately positively associated with
higher Zung anxiety scale scores in ICD patients. Number of hospitalizations was almost posi-
tively statistically significant as well (B= 0.265, P=0.055).

For the PCL-C scale, significant associations were found with the PHQ-9 scale, the Zung anxiety
scale, and age. Increased post-traumatic stress scale scores were again strongly associated with
having high scores on both the PHQ-9 and the SAS. In contrast, age was negatively correlated
with PCL-C scores, showing that a younger age was moderately correlated to having increased

PCL-C scores (B=-0.322, P=0.019). Number of appropriate shocks was almost positively signifi-

cantly associated as well (B=0.287, P=0.051).

Guided by the results of the correlational analysis, significant variables were entered into multi-

ple regression models.
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Results from Multiple linear regression analysis of the scale scores

Depression and variables of disease severity

Linear multiple regression analysis was performed with PHQ-9 scale scores as the dependent
continuous variable, and the following continuous independent variables: Zung anxiety scale

scores and PCL-C scale scores.

The Model Summary R squared value was 0.576 [adjusted R squared=0.559]. Therefore, roughly
56% of the variance in the dependent variable (PHQ-9 scores) was explained by the model. The
ANOVA p-value of 0.000 indicated that our model reached statistical significance. Thus, partici-
pants scoring higher on the anxiety and posttraumatic stress scales were also likely to score high

on the depression scale (Table 4.5).

Table 4.5: Effect of independent variables on PHQ-9 depression scale scores

beta value p-value Cl (95%) Part correlations
interpretation
SAS 0.277 0.031 [0.014-0.278] 0.042
PCL-C 0.544 0.000 [0.146-0.396] 0.162

The variable making the strongest unique contribution was the PCL-C score, when the variance

explained by the SAS scores in the model were controlled for.
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Anxiety and disease severity variables
Standard multiple regression analysis was performed with Zung anxiety scale scores as the de-

pendent continuous variable and the following continuous independent variables: PHQ-9 scores,

PCL-C scores, and appropriate numbers of shocks.

The Model Summary R squared value was 0.533 and the adjusted R squared was 0.501. There-
fore, 50% of the variance in anxiety scores was explained by the model. The ANOVA p-value of
0.000 indicated that our model reached statistical significance. The regression analysis revealed
that depression scale scores and posttraumatic scale scores were significantly, and positively, re-
lated to anxiety scores (Table 4.6). Higher levels of depression and posttraumatic stress as mea-

sured by study scales predicted higher anxiety scores.

Table 4.6: Effect of independent variables on Zung Anxiety scale scores

Beta value p-value Cl (95%) Part correlations
interpretations
PHQ-9 0.346 0.029 [0.070-1.243] 0.055
PCL-C 0.396 0.014 [0.079-0.669] 0.071
No. of appropriate 0.174 0.108 [(-0.025)-0.241] 0.029

shocks

The variable making the strongest unique contribution was the PCL-C score, when the variance

explained by all other variables in the model was controlled for. PHQ-9 also made a unique,

statistically significant contribution.

83



Posttraumatic stress and disease severity variables
PHQ-9 scores, SAS scores, and age were variables chosen for the multiple regression analysis

based on the correlational analysis.

The Model Summary R squared value was 0.650 [adjusted R squared=0.629]. Therefore, approx-
imately 63% of the variance in the dependent variable (PCL-C scores) is explained by the model,
with a p-value of 0.000, indicating that our model reached statistical significance. Unique contri-

butions of each of the independent variables are outlined in Table 4.7.

Table 4.7: Effect of independent variables on PCL-C scale scores

Beta value p-value Cl (95%) Part correlations
interpretations
PHQ-9 0.491 0.000 [0.540-1.432] 0.141
SAS 0.330 0.04 [0.144-0.584] 0.064
Age -0.215 0.015 [(-0.360)-(-0.041)] 0.045

The variable making the strongest unique contribution was the PHQ-9 scores, when the variance
explained by all other variables in the model was controlled for. The SAS scores and age also
made significant contributions with beta values of 0.330 and (-0.215), respectively. Higher
PHQ-9 scores and higher SAS scores predicted higher PCL-C scores. Younger age groups scored
higher on the measure of posttraumatic stress than older patients. Therefore, one year age value
was significantly associated with lower PCL-C scale scores (B=-0.215, p=0.015).
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Therefore, our model, which included PHQ-9 scores, SAS scores, and age, explains 63% of the
variance in PCL-C post traumatic stress scores. Of these variables, PHQ-9 made the largest

unique contribution.

Comparison of prevalences between the ICD group, mutation negative siblings group, and

unaffected spouses group

In the larger study, 104 individuals submitted the completed questionnaire package including the
53 ICD patients, as well as 25 mutation negative siblings and 26 unaffected spouses. In this sec-
tion, we compare the mean scores among the three groups.

Mean scores on each of the scales between the three groups (ICD group; mutation negative sib-
lings group; unaffected spouses group) were compared via a one-way ANOVA, with group status

as the independent variable, and each of the scale scores as the dependent variable.

Table 4.8: Group comparisons of PHQ-9, SAS, and PCL-C mean scale scores

ANOVA group PHQ-9 SAS PCL-C

comparisons

ICD group mean 7.28 (6.41) 43.66 (12.15) 33.25 (12.87)
Negative siblings mean 4.64 (3.84) 36.52 (9.56) 27.04 (8.53)
Unaffected spouses 4.92 (5.28) 39.77 (9.72) 36.69 (14.35)
mean

F-value 2.590 3.782 4.008
P-value 0.080 0.026 0.021
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No statistically significant differences were found in PHQ-9 scores between the three groups
[F(2,101)=2.590, p=0.080]. Therefore, depression score means were similar among the three

groups in our analysis.

A one-way ANOVA was conducted to explore the impact of group status on anxiety symptom
scores as measured by the Zung anxiety scale. There was a statistically significant difference at
the p<0.05 level in SAS scores among the three groups [F(2,101)=3.782, p=0.026]. Post-hoc
comparisons using the Turkey HSD test indicated that the mean score for the ICD group
(M=43.66, SD= 12.15) was significantly higher from the mean score in the mutation negative
siblings group (M=36.52, SD=9.56) with a mean difference of 7.14 scale points. The differences

in mean scores between the ICD group and the spouses group was not statistically significantly.

Finally, a one-way between-groups analysis of variance was conducted to explore the impact of
group status on posttraumatic stress symptom scores as measured by the PCL-C scale.

There was a statistically significant difference at the p<0.05 level in PCL-C scores among the
three groups [F(2,101)=4.008, p=0.021]. Post-hoc comparisons using the Turkey HSD test indi-
cated that the mean score for the unaffected spouses group (M=36.69, SD= 14.35) was signifi-
cantly higher than the mean score in the mutation negative siblings group (M=27.04, SD=8.53).
The ICD group did not differ significantly from the unaffected spouses group.
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A Fishers exact test was completed to compare the proportions of positive depressive, anxiety,

and posttraumatic stress symptoms among the three groups (ICD patients; mutation negative sib-

lings; unaffected spouses).

Table 4.9: Fisher’s exact test of group comparisons of scale proportions (PHQ-9, SAS, PCL-C)

in the positive symptomatology range

N= 104 (3 groups) Fisher’s test Fisher’s p-value Pearson Chi- Chi-squared
statistic (2-sided) squared p-value (2-sided)
PHQ-9 =10 4.008 0.129 4.412 0.122
SAS 245 3.511 0.173 3.608 0.173
PCL-C =36 13.948 0.001 14.333 0.001

The mean PHQ-9 score in the ICD group was 7.28, which is considered to be within the mild
depressive symptom range. 15/53 respondents scored above the positive symptom threshold of

10 points, which signifies moderate depressive symptomatology.

For PHQ-9 scores >10 points [indicating a positive cut off for depressive symptoms], the Fish-
er’s exact test statistic was 4.008 with a p-value of 0.129. The Pearson Chi-Square test statistic
(4.412) similarly did not reach statistical significance (p=0.122). Therefore, the results indicate
that there is no statistically significant difference between the three groups in terms of PHQ-9

test proportions >10 points.
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The mean SAS score in the ICD group was 43.66, which is within normal limits. 26/53 respon-
dents scored above the positive anxiety symptom threshold of 45 points, which represents mild

to moderate anxiety levels.

For SAS scores >45 points [indicating a positive cut off for anxiety symptoms], the Fishers exact
test statistic was 3.511 with a p-value of 0.173. The Pearson Chi-Square test statistic (3.608) also
did not reach statistical significance (p=0.173). Therefore, the results indicate that there is no sta-
tistically significant difference between the three groups in terms of SAS test proportions >45

points.

The mean PCL-C score in the ICD group was 33.25, which represents a score of moderate to
high posttraumatic stress symptoms. 17/53 respondents scored above the positive posttraumatic
symptom threshold of 36 points, which represents a high severity of post traumatic stress symp-

tomatology (and most closely corresponds to a clinical diagnosis of PTSD).

For PCL-C scores >36 points [indicating high level of posttraumatic stress symptoms], the Fish-
ers exact test and Pearson Chi-squared were both statistically significant. The Fishers exact test
statistic was 13.948, with a p-value of 0.001. Similar values were observed with the Pearson Chi-
Squared, with a test statistic of 14.333 and a p-value of 0.001. The results indicate that there is a
statistically significant difference between the three groups in terms of PCL-C test proportions

>36 points. Using a cut off score of 44 points for the PCL-C scale (to identify a much higher
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score threshold representing only severe posttraumatic stress symptoms) yielded an almost statis-
tically significant result as well, with a Fishers exact test statistic of 5.346 and a p-value of 0.059
(Pearson chi-squared test statistic 5.214, p=0.075). Therefore, even at the highest, most robust
possible cut off score, the differences in PCL-C score prevalences was trending to significant dif-
ferences between the three groups. Using a low threshold cut off score of 30 points yielded a sta-
tistically significant result as well (8.766, P=0.011). This indicates that a significant proportion of
ICD patients in this sample scored above clinical cutoffs for posttraumatic stress symptoms, in

the mild, moderate and severe symptoms ranges.

Psychiatric sequelae and general population norms

Table 4.10: Comparison of our study sample with general population levels of mental illness

% ICD group percentage  General population General population

Positive depressive
symptoms

Positive anxiety
symptoms

Positive posttraumatic

stress symptoms

(p-value)

28.3 (0.001)

[represented as PHQ-9

=10 points, moderate

depressive symptoms]

49 (0.000)
[represented as SAS
=45 points, mild to
moderate anxiety
symptoms]

32 (0.000)

[represented as PCL-C

=36 points, high
severity of PTSD
symptoms]

*Pearson, Janz, & Ali, 2013.

norms (%): lifetime
prevalence

11.3

[Major depressive
episode/Major
depressive disorder
diagnosis]

8.7
[GAD diagnosis]

8
[PTSD diagnosis]

norms (%): 12-month
prevalence

4.7

[Major depressive
episode/Major
depressive disorder
diagnosis]

2.6
[GAD diagnosis]



Mean scores on the PHQ-9 scale signified mild depressive symptoms in this sample, while mean
scores on the Zung anxiety scale were within normal limits (although almost in the mild to mod-
erate anxiety range). The mean score on the PCL-C scale represented moderate to high levels of
posttraumatic stress symptoms. As indicated in the table, cut off score prevalences (considered

positive for symptomatology of depression, anxiety, and posttraumatic stress) for each individual

scale were higher than general population levels for corresponding symptomatology.

A binomial test indicated that the proportion of positive depressive symptoms (as measured by
the PHQ-9 scale) of 28.3% in the ICD group was higher than the expected 11.3% in the general

population for the lifetime prevalence of a major depressive episode, at p=0.001 (1-sided).

A binomial test indicated that the proportion of positive anxiety symptoms (as measured by the
SAS scale) of 50% in the ICD group was higher than the expected 20% in the general population

for the lifetime prevalence of all anxiety disorders combined, at p=0.000 (1-sided).

A binomial test indicated that the observed proportion of positive posttraumatic stress symptoms
(as measured by the PCL-C scale) of 32% in the ICD group was higher than the expected 8% in
the general population for lifetime prevalence of Posttraumatic stress disorder, at p= 0.000 (1-

sided). Running a binomial test using the test proportion for PCL-C scores >44 points (a much
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higher cut off threshold representing severe posttraumatic stress symptoms) observed that the
observed proportion of 23% was also substantially higher than the expected general population

proportion of 8%, at p=0.000 (1-sided).

ICD participants scoring in the highest score range on one of the questionnaires, or in the higher
score ranges on multiple questionnaires were flagged for review. These individuals were contact-
ed by the research team (as per original ethics protocol). This included contact by Dr. Kathy
Hodgkinson, Dr. Orzylowski, Dr. Walsh, Dr. Paulin, Dr. Connors, or Dr Bassett, or contact made
to the GP, and further follow up was arranged if deemed necessary. 14 (26%) of ICD participants
were identified for mental health follow up due to high scores. Five individuals were contacted
by myself and discussed further in the discussion section. Appropriate mental health follow up
was discussed with each individual upon contact. There were no acute safety concerns and all
individuals were agreeable to continue follow up with their primary care provider. No psychiatric

diagnoses were made as these individuals did not undergo a complete psychiatric assessment.

CHAPTER 5: DISCUSSION

This is the first study of its kind to quantitatively explore psychiatric sequelae in the TMEM43
p-S358L mutation positive ARVC ICD population. The unique psychosocial burdens of this
patient group create an environment that warrants a specific research focus separate from that of

non-genetic ICD populations. This study evaluated psychiatric sequelae (depressive, anxiety, and
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posttraumatic stress symptoms) in TMEM43 p.S358L mutation positive ARVC patients with an
ICD. Mean scores on the mental health scales were within the normal range only with respect to
anxiety symptoms. Mean scores were within the mild depressive range in the PHQ-9 (depres-
sive) scores, but within the moderate to high range in PCL-C (posttraumatic stress) scores. In
each of the scales, a substantial subgroup of patients had high prevalences of psychiatric seque-
lae. Clinically relevant levels of depression, anxiety, and posttraumatic stress were reported in
28.3%, 49%, and 32% of the participant cohort, respectively. Higher depressive scores were as-
sociated with higher anxiety and posttraumatic stress scores; higher anxiety scores were associat-
ed with higher depression and posttraumatic stress scores, as well as a higher number of appro-
priate ICD shocks; higher posttraumatic stress scores were associated with higher depressive and
anxiety scores, as well as younger age. Collectively, these findings identify a higher prevalence
of psychiatric sequelae of depression, anxiety and posttraumatic stress in the TMEM43 p.S358L

ARVC population with an ICD.

Psychological wellbeing and QOL in ICD patients have been extensively studied in those with
ischemic cardiac disease (Dunbar et al., 2012; Sears & Conti, 2006; Thomas et al., 2009; Morris
et al., 1991). This population generally involves older patients who have had ICDs for shorter
periods of time. Despite the fact that ICDs save lives, several factors can present an ongoing
challenge for patients, particularly those with an ICD indication for ARVC-related

disease. Some challenges include a longer time course with the ICD, functioning and complica-

tions of the device, unpredictable discharges and high discharge rate, the genetic risks to family
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members (and the burden of heredity) of ARVC, and the stigma of mental health, particularly in
a population with prominent physical health issues at baseline (Versteeg et al., 2017; Rahmawati
et al., 2013; Thylen et al., 2016). Studies identified increased rates of depression and anxiety af-
ter ICD implantation (Magyar-Russell et al., 2011). These studies increased the attention given to

psychological factors in cardiac disease subgroups and in chronic illnesses.

Available studies in the ARVC ICD population have indicated poorer mental health and lower
QOL parameters as compared to normative samples (James et al., 2012; Webster et al., 2014; In-
gles et al., 2013). These studies assess groups of patients with ARVC where the genetic

etiology is heterogenous: many different genetic types with variable phenotypic effect. The ICD
ARVC population in NL with the TMEM43 p.S358L mutation is homogeneous with respect to
etiology, is of long standing in terms of the management and care within the health care system,
and where accurate natural history and clinical course data has informed effective clinical man-
agement of family members at all stages of the disease. It was therefore important to assess this
well ascertained population to see whether the same issues highlighted in other studies also occur
in this population. The results of our study largely follow a similar pattern to previous literature,
with higher than normal prevalences and mean scores of mental health sequelae (depression,

anxiety, and posttraumatic stress).

Studies have reported upwards of 20% depressive symptoms at baseline in those with an ICD for

primary implantation, from heterogenous causes (Amiaz et al., 2016); specific studies in ARVC
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groups approximates a prevalence closer to 10% (James et al., 2012; Webster et al., 2014). De-
pressive symptoms were high in our ICD sample. The mean score on the PHQ-9 scale was 7.28,
which fell within the mild depressive range. However, the proportion of individuals scoring posi-
tive on the PHQ-9 (a score of >10, which represents moderate depressive symptomatology) was
much higher than would be expected in a normative sample. 28.3% of individuals scored positive
in the ICD group, compared to a lifetime prevalence of major depressive disorder of 11.3% in a
normative population sample (Pearson et al., 2013). The increased prevalence in our study cohort
is in keeping with previous literature in ICD populations, and appears even higher

than results recorded in other, more heterogenous ARVC populations. The genetic risks of the
disease, and the poorer survival statistics in our participant cohort (prior to the introduction of the

ICD) may cause further increased depressive symptoms in this population.

Increased anxiety symptoms have been evaluated in patients with ICDs, with most studies fo-
cused on those with ischemic heart disease; this trend has been identified in ARVC ICD groups
as well. Clinically relevant anxiety in ARVC populations has been reported in some studies in up
to 38% of patients, with ranges found between 25-38% (James et al., 2012; Webster et al., 2014;
Ingles et al., 2013). Among the most common anxiety disorders in patients with ICDs were

PTSD, phobias, somatoform disorders, generalized anxiety and panic (Rahmawati et al., 2013).

Despite the mean scores of the Zung anxiety scale falling in the normal range, the prevalence of

mild to moderate anxiety symptoms in our sample was 49%, markedly higher than normative
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samples in the population (20%), and also higher than previous literature in ARVC populations.
Living with a disease with an unpredictable/variable/progressive clinical profile and having an
ICD device with the potential for unexpected discharge events (that ultimately signify the appro-
priate or inappropriate cessation of a potentially terminal heart rhythm) could understandably
cause a multitude of anxiety symptoms. Anxiety symptoms could range from restlessness, somat-
ic pain, irritability, feelings of panic, an increased autonomic drive (resulting in a more frequent-
ly increased heart rate for instance), and sleep disturbances, as evident in the

content of questions reflected on the Zung anxiety scale (Zung, 1971, 1974). These anxiety
symptoms can correspond to a range of various possible anxiety disorders, but as a pattern best
correspond to a diagnosis of generalized anxiety disorder and panic disorder (American Psychi-

atric Association, 2013).

Posttraumatic stress symptoms in ARVC ICD populations have not been well documented; the
studies that do exist show a higher proportion of posttraumatic stress symptoms than a compara-
ble general population. Ingles et al. (2013) showed the proportion of PTSD at 31% in a heteroge-
nous ARVC sample. Considering the risk of SCD and the subsequent risk of experiencing unpre-
dictable ICD shocks, it is not surprising that such individuals may be more prone to episodes of
hyperarousal, psychological stress, avoidance of distressing memories, and negative alterations
of cognition and mood, etc. as per the PTSD clinical criteria (American Psychiatric Association,
2013).
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In our study cohort, the posttraumatic stress score mean and prevalence were substantially higher
than normative samples. For example, the mean score on the PCL-C scale was 33.25, which rep-
resents moderate to high severity of PTSD symptoms. Similarly, the prevalence of individuals
scoring above the 36 point cut off on the scale (representing high severity of PTSD symptoms)
was 32%, substantially higher than the normative sample estimate of 8% (Pearson et al., 2013).
Even at the highest scale cut off of 44 points (representing severe posttraumatic stress levels and

a strong potential for a PTSD diagnosis), the prevalence was an alarming 23%.

It is difficult to compare scores on a scale with actual clinical psychiatric diagnosis, as they are
not exactly equivalent comparisons. However, the scale score cut offs were chosen in such a way
to provide the best comparison possible. Clearly, our ICD cohort had a substantially higher
prevalence of depression, anxiety, and posttraumatic stress as compared to normative samples in

the population.

Our study also explored demographic and clinical variables that could be associated with higher
depressive, anxiety, and posttraumatic stress scales in our unique ARVC ICD population. Previ-
ous studies had identified several variables related to poorer mental health sequelae in ICD pa-
tients (in general populations and in heterogenous ARVC populations), including age, sex, in-
creased ICD shock frequencies, time to first shock, comorbid medical conditions, and other

ICD complications (Rahmawati et al., 2013; Thylen et al., 2016; Ingles et al., 2013). No previous
studies were identified that looked at direct associations between various psychiatric
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comorbidities- namely depression, anxiety and posttraumatic stress. In our study, severity of dis-
ease (represented by increased depressive, anxiety, and posttraumatic stress sequelae) correlated

significantly with several variables.

Higher depressive symptoms on the PHQ-9 scale were strongly associated with higher anxiety
scores on the SAS scale and higher posttraumatic stress scores on the PCL-C scale, but not with
any other independent variables. The greater positive depressive symptomatology an individual
reported, the greater likelihood that they would also report a higher amount of anxiety and post-
traumatic stress symptoms. Over half the variance in depression scores (56%) was explained by
other scale scores. Thus, participants scoring higher on the anxiety and posttraumatic stress

scales were also more likely to score higher on the depressive scale.

The same relationship was revealed in anxiety and posttraumatic stress regression models, with
the other mental health scale scores both significant predictors. Therefore, an individual’s scale
score on one mental health measure strongly influenced the scores on the other mental health
measures. This is not surprising, as comorbidity in mental illness is the rule rather than the ex-
ception (Schaffer et al., 2012); therefore, having symptoms of depression, anxiety, and posttrau-
matic stress consequently increased an individual’s risk of having psychiatric sequelae in

all three symptom areas.
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In addition to the scale scores’ influence on each other, other variables were related to psychiatric
sequelae. Prior research identified increased anxiety scores being correlated more strongly to fe-

male sex, younger age groups, and those with ICD complications (Ingles et al., 2013).

In our study cohort, higher anxiety scores were associated with increased number of appropriate
shocks from the ICD device, which was statistically significant in the univariate analysis
(R=0.335, p=0.022), but did not reach significance in the regression analysis. There was also a
trend towards association for number of hospitalizations, but this did not reach statistical signifi-

cance.

Nonetheless, increased anxiety levels related to a greater number of appropriate shocks exempli-
fies the unique fears that patients have related to the discharge of their device. An increased
number of appropriate discharges from the ICD is directly related to a greater severity of disease,
as each appropriate discharge represents an aborted ventricular arrhythmia and possible SCD.
The occurrence of an ICD shock is often a significant traumatic event for a patient at any age,
being both potentially physically painful (if the patient does not lose consciousness) and a re-
minder of the potentially lethal underlying heart condition (Sears & Kirian, 2010). Previous liter-
ature has suggested that high frequency of defibrillator discharge (and in some cases even a sin-
gle shock) may be associated with psychological impairments (Carroll & Hamilton, 2005; Bost-
wick & Sola, 2007; Bilge et al., 2006; Van den broek et al., 2008; Passmann et al., 2007; Jacq et
al., 2009; Redhead et al., 2010; Godemann et al., 2004).
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Prevalences of anxiety in these varied ICD population studies ranged from 16%- 38%. Two stud-
ies involving heterogenous ARVC populations reported significantly higher anxiety scores in in-
dividuals who had experienced at least one shock from the ICD device and younger age (Rhodes

etal., 2017).

Increased risk of distress, and particularly posttraumatic stress symptoms, have been reported in
previous ICD literature. Prevalences in studies examining PTSD in ICD populations range be-
tween 12%-35%, with variable changes in symptoms over time (both increases and decreases
have been reported) (Marshall et al., 1988; von Kanel et al., 2011; Habibovic et al., 2017; Kapa
et al., 2010). Previous studies have suggested the following demographic and clinical factors
associated with increased PTSD: young age, female sex, presence of comorbid medical condi-
tions, and increased ICD complications (von Kanel et al., 2011; Habibovic et al., 2017; Kapa et
al., 2010). These studies used heterogenous ICD populations, with a few including ARVC popu-
lations in particular. In addition, little is known about PTSD in younger patient cohorts. Several
studies have reported worse QOL, increased anxiety and poorer functioning in those under 35
years of age (considered the younger age cohort) (James et al., 2012; Rhodes et al., 2017). Post-
traumatic stress scores have significant clinical implications, and have been associated with poor
compliance with medical recommendations, poor health behaviours such as smoking and physi-
cal inactivity, and increased morbidity and mortality, highlighting the need to identify patients
who may be susceptible to emotional difficulties (van den Berk-Clark et al., 2018; Xue et al.,
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2012; Karatzias & Chouliara, 2009).

In our ARVC ICD population, the age range was 22-71 years old, and the mean age of the group
was 48.5. In our sample, higher posttraumatic stress scores were associated with younger age.
Importantly, the age distribution in our ICD sample was most pronounced in middle age groups,
suggesting that our data might actually underrepresent the actual impairment in the younger age
cohort receiving this device. Notably, there is a large proportion of families in the study who are
some of the oldest known families affected by this disease, in which several younger family
members died young (and ultimately how these families came to the attention of clinicians in the
first place). Therefore, these families are more likely to have ICD patients in middle age based
on the time of discovery of the TMEM43 p.S358L mutation and ICD treatment options, with
their children not yet old enough for ICD consideration. Furthermore, the standard multiple re-
gression model was statistically significant, and accounted for approximately 63% of the vari-
ance in PCL-C scores influenced by the PHQ-9 scores, the SAS scores, and age. Although age
did not have as much of a unique contribution as compared to the other scale scores, it was none-
theless moderate and unique, with a beta value of (-0.215) and p=0.015. Since younger aged in-
dividuals received the ICD device more recently than older patients, it is possible that the associ-
ation with higher posttraumatic stress symptoms is based on the psychologically traumatic event
of ICD implantation being a more recent memory for these younger individuals as compared to

their older counterparts. However, we would expect to see this trend in anxiety (and possibly
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depressive) symptoms as well, but we do not. There was also a trend towards significance for
number of appropriate shocks [from the ICD device] (R=0.287, p=0.051); having increased

number of appropriate ICD shocks trended towards having higher posttraumatic stress scores.

Total variance contributed by the independent variables on each of the scales ranged between 50-
63% in all of the regression models, indicating strong contributions from the variables to the total
model, but also suggesting that other unknown (or unmeasured) factors contributed to the scores.
It is clear that each of the scales had the most significant, independent effect on the other scales,
with only small contributions from other independent variables, such as age, number of

appropriate shocks, and trends towards significance for number of hospitalizations.

Notably, considering findings from previous literature suggesting female sex to be an indepen-
dent risk factor for poorer mental health in ICD populations, and females found to be more se-
verely affected by psychiatric symptoms compared to their male counterparts (Rahwamati et al.,
2013; Versteeg et al., 2017; Bostwick & Sola, 2007; Bilge et al., 2006; Vasquez et al., 2008;
Brouwers, van den Broek, Denollet, & Pedersen, 2011), we did not find significant correlations
between female sex and increased scale scores, despite the sample population being made up of
66% women. Furthermore, in our population, we expected that males, having earlier risk of
symptom onset (and therefore earlier age of ICD implantation, mean age 29.8 years old), and a

more malignant disease course, may have been more strongly negatively affected by the
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disease course. Consequently, male sex was also not correlated with significant findings. There
are several possible reasons we did not see significant results based on sex in our study sample.
Other than small sample size possibly under powering our study, there were fewer males in the
sample. Less male representation could be due to less recruitment potential via ICD clinic or
phone or less successful recruitment into the study if contact was made. Although we are un-
aware of specific health care follow up participation in the TMEM43 p.S358L ARVC ICD pa-
tients (due to patient confidentiality reasons), health care data generally supports poorer health
care compliance in males (Ogrodniczuk, Oliffe, Kuhl, & Gross, 2016; Clement et al., 2015). Fur-
thermore, the stigma of mental health is a real and serious concern, and although minimizing
mental health concerns is not uncommon, it is a particularly higher occurrence in males. There-
fore, these may be some of the potential reasons we were unable to see a significant association
with sex in our study. Interestingly, outliers with the highest scores on the PCL-C were all fe-

male. These encompassed mostly younger age groups (range 22-50); they also tended to score

high on the SAS scale, but not the PHQ-9.

Our study also compared psychiatric sequelae between several groups: the ICD patient group, the
mutation negative siblings group (born at a priori 50% risk of the disease), and the genetically
unaffected spouses group. The mean scores on the scales for the ICD group were evaluated and
compared to the mean scores of the other two groups using a one-way ANOVA test. No statisti-
cally significant differences were found in the PHQ-9 mean scores between the three groups, al-

though anxiety scores did differ. Patients in the ICD group had higher anxiety scores than the
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mutation negative siblings, while the mean scores did not differ statistically from the unaffected
spouses group. Posttraumatic stress scale scores also differed among the groups, such that unaf-
fected spouses showed greater posttraumatic stress than mutation negative siblings, but not from
ICD patients. The comparison between the mean scores in the three groups appears to show that
mutation negative siblings had the lowest scores on all three of the mental health scales, as com-
pared to the ICD group and the spouses group. We expected the mean scores to be highest in the
ICD group. While this was clearly apparent in the anxiety and depression scores, posttraumatic
stress was highest in the spouses group. Although we expected high results in the ICD group, it is
not surprising that spouses, who are most likely to be direct witnesses of ICD shocks in their

partners, would also score high on the posttraumatic stress parameter.

The prevalences of positive posttraumatic stress symptoms in the ICD group, mutation negative
siblings group, and unaffected spouses group were 32%, 16%, and 65%, respectively. For the
PCL-C results, although the ICD group comprised the largest number of individuals scoring pos-
itive on the PCL-C test (17/53), the group with the highest proportion of individuals scoring pos-
itive on the PCL-C test were the unaffected spouses (65%). In comparison, the negative siblings
group scored very low overall on this scale with only four respondents scoring in the positive
range. There was a statistically significant difference in PCL-C prevalences between the ICD
group and the mutation negative siblings group showing that posttraumatic stress symptom
prevalences were statistically higher in the ICD group as compared to the mutation negative
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siblings group.

Prevalences of clinically relevant symptoms of depression, anxiety, and posttraumatic stress were
also compared between the three groups (using cut off scores for clinically relevant symptoma-
tology). The ICD group had higher prevalences on the depression (28.3%) and anxiety (49%)
scales compared to spouses or negative siblings, while the unaffected spouses group had the

highest proportion of posttraumatic stress symptomatology of the three groups (65%).

The spousal group having the highest average mean scores and highest prevalence of posttrau-
matic stress symptoms among the three groups is an important finding, as we had

predicted that all psychiatric sequelae would be highest in the ICD group. Only a few studies
have explored the effects of ICD implantation on spouses of patients. These have focused on
cardiac disease patients, including those who received the ICD for primary and secondary indica-
tions. Literature has shown that spouses’ mental health is affected by their partners’ ICD. In-
creased anxiety, depression and psychological distress has been reported; frequently, the part-
ner’s level of anxiety was higher than that of the ICD patient (Van den broek et al., 2008; Red-
head et al., 2010; Ladwig et al., 2008; Rottmann et al., 2018; Pedersen et al., 2009). Some studies
report upwards of 30% of partners of ICD patients suffer from depression and anxiety (Rottmann
et al., 2018). Qualitative evidence in family members of patients with ICDs in our local popula-
tion also revealed significant psychological sequelae (Etchegary et al., 2016). While we had pre-
dicted that ICD patients would score highest on mental health measures, mental health concerns
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were not unexpected in the spouses group. There are several potential reasons for this. Firstly,
spouses often share a close environment with their partner, and due to this proximity, they are
constantly experiencing the stress of the ARVC disease and its ICD treatment implications at al-
most as close of a proximity as the ICD patients themselves. Any shocks or complications from
the ICD device would be witnessed by them in close proximity. Spouses often see the results of
the ICD shock more directly than the ICD patients themselves (who may lose consciousness due
to poor cardiac perfusion). This experience can include seizure activity, loss of consciousness,
loss of bodily functions, and the inherent fear of impending death. This could certainly cause
great distress in anyone who witnesses such an event, but even more so in someone close to the
victim. The closeness of the relationship between the ICD patient and spouse also likely plays a
role in these findings. Spouses may be more emotionally invested in their partners’ well-being,
and the potentially stronger emotional bond between them may make spouses particularly more
vulnerable to stress related to the ICD device and its implications. In the TMEM43 p.S358L co-
hort in particular, several families live in rural parts of the province, with access to emergency
services more strained; frequent health care complications also cause additional financial and

economic strain on the families.

Concurrently, the effects of posttraumatic stress symptoms in the ICD group itself cannot be min-
imized. Despite the unaffected spouses group having a higher prevalence of symptoms when
compared to the other groups, ICD patients still experienced high levels of distressing symptoms.
These are individuals at high risk of PTSD and should be monitored closely. In contrast, the
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mutation negative siblings, although genetically related, may be physically at a distance (as
many would not be living in the same house or indeed province as their sibling), meaning they

do not directly experience the same stressors as the ICD patients and their spouses.

The TMEM43 p.S358L mutation positive ARVC patients with an ICD have higher prevalences of
depression, anxiety and posttraumatic symptoms compared to the general population. In any clin-
ical population, screening of psychiatric sequelae is important; clearly, this is even more impor-
tant in our unique population. Our study clearly shows the importance of screening and recom-
mends follow up for mental health sequelae. Notably, mental health scales alone cannot provide
a diagnosis of mental illness; a structured clinical interview is deemed necessary. However,
screening measures help identify those who may need further psychiatric referral. In addition, all
of the scale scores were strongly associated with one another; therefore, an increased score on
one of the mental health scales strongly increased an individual’s likelihood of scoring high on
the other scales. This is not surprising, considering the high proportion of mental illness comor-
bidities and the overlap of clinical features between depressive, anxiety and posttraumatic stress

symptoms.

Anxiety and posttraumatic stress symptoms were the most pronounced symptoms in our sample
group, with the highest prevalence and associations with several independent variables other than
the scale scores. Decreased age was associated with higher posttraumatic stress symptoms and

made a significant unique contribution to the scale scores in the multiple regression model.
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Greater numbers of appropriate shocks [from the ICD device] were associated with higher anxi-
ety scores. Anxiety had the largest proportion of higher scores above the cut off value (nearly
50%), and was the only scale associated with a specific clinical variable that could be assessed

and monitored, namely the number of appropriate shocks.

Side effects and complications of the device need to be monitored closely. These include appro-
priate discharges (to stop an abnormal rhythm) and inappropriate discharges, which would be
considered device malfunctions or a programming issue (the device recognizing a fast normal
rhythm as abnormal). In the TMEM43 p.S358L population, ICD complications and side effects
related to the device do not occur infrequently. These can range from malfunctions in the device
itself (such as wear and tear of the device rendering a replacement necessary), as well as inap-
propriate shocks. Although not considered a device complication or malfunction, an appropriate
shock from the device can be a stressful and physically and psychologically painful event.
Therefore, aside from actual side effects from the device, even the appropriate function of the
device can cause a range of adverse effects as well. An estimated 20% of the cohort had repeated
appropriate discharges, and 6% had repeated inappropriate discharges (Hodgkinson et al., 2016).
These adverse effects of the device can particularly affect younger recipients of the ICD, who
may be more vulnerable to stress, and for whom the ICD treatment course is longer (Romero et

al., 2013).

A number of key studies have highlighted the effectiveness of the ICD in prevention of SCD in
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genetic heart disease cohorts, and it remains a cornerstone of clinical management (Maron et al.,
2007; Bhonsale et al., 2011; Schwartz et al., 2010). It is especially effective, and the only known
treatment, in our specific TMEM43 p.S358L mutation positive cohort. Despite the clear survival
benefit of the ICD [especially in our TMEM43 p.S358L study cohort], the ICD may be associated
with deleterious psychological effects, even in the absence of medical complications. Depres-
sion, anxiety, and posttraumatic stress are the mental health sequelae that we have identified in
our study population. However, the emotional distress of having an ICD is related to all-cause, as
well as cardiac-related mortality. Therefore, psychological symptoms that present in a proportion
of ICD patients should not be underestimated (Rahmawati et al., 2013). With the implantation of
an ICD, clinicians should be alert and aware of the potential adverse psychological impacts of
the implant; in particular, depression, anxiety, and posttraumatic stress. This is especially true in
younger individuals, and those experiencing a more severe clinical course, based on increased

numbers of appropriate discharges of the ICD and increased numbers of hospitalizations.

In addition, a positive screening on one mental health parameter, for example depression, should
highly alert the clinician to possible additional psychiatric sequelae, specifically anxiety and
posttraumatic stress, which should be screened appropriately, with appropriate psychiatric refer-
rals where warranted. The TMEM43 p.S358L patient population is used to a lot of clinical atten-
tion related to their cardiac condition and the parameters of their ICD device. Mental health
screening is not part of the typical ICD follow up appointment, and it is rare for patients to be

regularly screened for symptoms of depression, anxiety, or posttraumatic stress. Our results
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suggest a greater need for a more holistic and comprehensive clinical approach in this popula-

tion.

These results should lead to further discussions regarding provision of care in this population;
this signals the importance of offering patients access to targeted interventions, including psy-
chological care and support for both patients and their spouses. Not all patients receiving an ICD
get the same therapeutic benefit and have the same risk of psychiatric side effects. In our study,
certain variables associated with ICD patients may have made them more vulnerable to develop-
ing depression, anxiety, and posttraumatic stress symptoms, and may therefore benefit from addi-
tional psychological support, pre- and post-ICD therapy. Future research is needed to identify

what these variables are and how best to screen for them.

Long term support and interventions should be implemented for effective management of ICD
patients, with ongoing strategies to promote positive general health behaviour, medication com-
pliance, psychoeducation, and resilience. Multidisciplinary collaboration will be a crucial part in
assessment of patients, to ensure appropriate follow up management in accordance with ICD pro-
tocols and mental health treatments, be it non-pharmacological and pharmacological. Cardiac
rehabilitation programs, cardiac genetic counselling, psychological therapy, and structured psy-
chological group interventions are just some of the interventions with positive evidence in ad-
dressing mental health sequelae in similar populations (Vasquez, Conti, & Sears, 2010; Belar-
dinelli, Capestro, Misiani, Scipione, & Georgiou, 2006; Sears et al., 2007).
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Increased levels of depression, anxiety, and posttraumatic stress symptoms occur at a dispropor-
tionately higher rate in this patient population. In addition to the observed increased likelihood of
comorbidity between depressive, anxiety, and posttraumatic stress symptoms, other independent
factors associated with poorer mental health included having a greater number of appropriate
shocks from the ICD device, and younger age. Furthermore, a higher prevalence of posttraumat-

ic stress symptoms occurs in spouses of ICD patients as well.

Brief screening measures related to patients’ and partners’ psychiatric concerns should be im-
plemented in an outpatient setting. Patients with multiple risk factors (i.e., positive mental illness
screens, younger age, high ICD discharge rate) can be screened more closely and provided with a
more robust opportunity to discuss concerns; a psychiatric referral may be considered. An antici-
patory discussion regarding higher risk groups may be appropriate in younger age groups, who
may benefit from early intervention and support in particular. These discussions can occur in a
clinical setting with spouses involved, where all potential mental health concerns can be ad-
dressed and managed. This is critical because most ICD patients live in a family setting, with
care provided to them by the spouse if needed. This inherited cardiac disease in one way or an-
other likely affects all household family members. A disease associated with SCD can make all
family members vulnerable to depression, anxiety, and posttraumatic stress symptoms, with dif-

ficulties adjusting to this chronic illness.

A small proportion of ICD patients scored in a very high range on the questionnaires. When this
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event occurred, as per submitted ethics protocol, these individuals were contacted by a team
member and further follow up was discussed. Due to confidentiality reasons, specific follow up
details will not be discussed. However, in a few instances, Dr. Walsh and Dr. Orzylowski were
involved in psychiatric supportive care for these individuals and appropriate long term follow up
options were discussed. In our specific patient setting, this usually involved appropriate psychi-
atric referral through the patient’s family physician where continuity of care was most complete.
Crisis intervention and emergency services were also discussed. Of note, none of the contacted
individuals required immediate psychiatric emergency care at time of contact, and all were will-

ing and able to follow up with appropriate services suggested by the care team.

The outcome of the current study reflects a real life clinical setting in this specific subtype of
ARVC in Newfoundland and Labrador. The results show that the majority of individuals with an
ICD due to a TMEM43 p.S358L positive mutation have difficulties adjusting to the device as re-
flected in the higher mean scores and prevalences of depressive, anxiety, and posttraumatic stress
symptoms in this population. Subsequently, spouses of ICD recipients also appear to be dispro-
portionately affected by posttraumatic stress symptoms, given the proximity they have to trau-
matic events with respect to their spouses. On the contrary, it appears mutation negative siblings

are minimally (if at all) affected by depression, anxiety, and posttraumatic stress symptoms.

The TMEM43 p.S358L mutation positive ARVC ICD patient group has been studied extensively
since 1998 and can provide ongoing insights into the characteristics of this disease process and

111



its psychological effects. Future research related to QOL in the family setting, and further possi-
ble associated variables that may be related to poorer mental health would provide additional in-
sight into our current findings. The results of our study can hopefully advocate for the implemen-
tation of mental health screening and management in this unique clinical group. They must come
to terms with their diagnosis to a cardiac disease at a much younger age, understand the inheri-
tance risk to family members, make decisions regarding genetic testing of their children, and this
often on a background of previous SCD in the family. This uniquely homogenous ARVC popula-
tion can provide vital and robust details about this disease in ways that variable heterogenous

populations cannot.

Limitations

There were several limitations in our study. Our retrospective cohort study can only elucidate
possible associations between variables and outcomes; we cannot conclude cause and effect of
variables on the mental health parameters of our ICD population. Although the sample size was a
sample of convenience, we had a 65% participant rate in the ICD group. Although this is a good
representation, this could have been more robust, which may have revealed further associations
with the scale scores that we simply did not observe due to our sample size of 53 participants
(risk of smaller effect size). It would be relevant to know potential characteristics of individuals
who were approached but refused to participate in the study. The collection of data must also be

examined, considering the option of in-person vs. mail in packages, as this introduces response
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bias. Given the stigma of mental health, individuals completing the questionnaires in person may
have felt more pressured to complete the package in a timely manner, but fearing stigma, avoided
truthfully answering certain questions. A similar bias may have occurred in those who mailed in
their packages, if they included return postage they may have feared identification through the
packages and not answered truthfully. We also must consider (as with any self-rated mental
health research) that individuals who may have had worse psychiatric sequelae specifically chose
not to participate in our study for fear of stigma. This was particularly difficult with families un-
dergoing difficult medical complications from their ARVC disease who were not contacted out of
respect, but would likely have been helpful information for the study cohort. Furthermore, given
the breadth of information available in the secondary database, we only looked at a limited
amount of the variables. We could have analyzed more variables that may have provided us with

more information.

The mental health scales chosen for our study were all self-rated. This was done mainly for time
management purposes, as it would have been more difficult and more time consuming to have
clinician rated scales involved. Self-rated scales have a higher risk of introducing response bias,
with the possibility that individuals concerned with psychiatric stigma underreported depressive,
anxiety, and posttraumatic symptoms. Although the goal of our study was to analyze this specific
TMEMA43 p.S358L ARVC population, our homogenous study population limits the generalizabil-
ity of our results, as this particular type of ARVC is clinically unique as compared to other genet-

ic types of ARVC; in particular, this genetic subtype has a more malignant clinical course, and
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therefore may not exhibit the same mental health outcomes when compared to other ARVC ICD
populations.

Anxiety scores and posttraumatic stress scores were associated with certain variables directly
related to the ICD. However, depression scores were not, and were only associated with the other
scale scores. The lack of robust correlation to direct ICD device variables limits our understand-
ing of the elevated depression results and their etiology. Given the lack of an outside control
group completely unaffected by ARVC and the ICD device, it is difficult to elucidate the under-
pinnings of increased depression in the ICD cohort, and may be due to the disease itself, irre-
spective of the actual ICD device. This could also be considered for the anxiety scores, albeit to a
lesser degree. We approach our results with caution given our small sample size and lack of an
independent control group and are careful not to put too strong of an emphasis on the ICD device

as the main or only contributor to psychiatric sequelae in this unique population.

CONCLUSION

This study measured psychiatric sequelae of depression, anxiety, and posttraumatic stress symp-

toms in TMEM43 p.S358L mutation positive ARVC ICD patients in NL, Canada. This study was
part of a larger project looking at the psychiatric sequelac among this ARVC ICD group and their
family members. It is the first quantitative study of its kind in this specific patient population and

in their family members, namely their mutation negative siblings, and unaffected spouses. This
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study focus was the ICD recipients. Previous literature has reported findings consistent with in-
creased symptoms of depression, anxiety, and posttraumatic stress in heterogenous ARVC ICD

populations.

The ICD study cohort’s scale score means and prevalences were analyzed and compared to gen-
eral population normative values as well as to the other groups in the larger study (mutation neg-
ative siblings and unaffected spouses). Scale scores were also analyzed with several independent
variables to assess whether certain variables of disease severity were associated with higher scale
scores. Variables assessed were the scale scores, age, sex, first degree relative with SCD or heart
transplant, method of diagnosis, presyncope and/or syncope and/or palpitations, sex of transmit-
ting parent, heart transplant status, age at [CD implantation, number of hospitalizations, and

number of appropriate and inappropriate shocks.

Findings from our study were in keeping with previous literature, and consequently showed
substantially higher rates of depression, anxiety, and posttraumatic stress symptom prevalence in
our ICD population as compared to general population normative values and in comparison to
their mutation negative siblings and spouses, with the exception of the spouses group having the
highest prevalence of posttraumatic stress among the three groups. Variables associated with dis-
ease severity and higher scale scores included each particular scale score having an impact on the
risk of scoring high on a subsequent scale. Additionally, increased anxiety scores were associated

with an increased amount of appropriate shocks from the ICD device, and higher posttraumatic
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stress scores were associated with younger age. Only the scale scores and age were found to be
significant and have a unique contribution on scale scores in the multiple regression analysis.
Mean scores on the scales were above the normal range in depressive and posttraumatic stress
symptoms, most pronounced in posttraumatic stress symptomatology with mean scores in the
high severity range. Only mean scores on the anxiety scale were within normal limits, albeit bor-
dering on the mild anxiety range. ICD patients’ scale score prevalences were also markedly high-
er than general population norms. ICD patients also had higher prevalences of depression and
anxiety among the three groups, but posttraumatic stress symptoms were slightly more prevalent

in the spouses of ICD patients.

Future research initiatives could include further exploration of contributing ICD variables, larger
sample sizes with an independent control group, and the assessment of similar ARVC population
without an ICD, as to better elucidate the scope and impact of varying contributions of disease

aspects on the mental health of these individuals.

This study provides important information (and first of its kind) regarding mental health sequelae
in the TMEM43 p.S358L mutation positive ARVC ICD patient population in NL. Despite the
clear survival benefit of the ICD in this population, our results clearly highlight the high psycho-
logical burden accompanying this population. Further research would be of benefit in this unique
patient cohort, to better understand the drivers of psychiatric sequelae and inform interventions.
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You are invited to take part in a research study called:

Living with a genetic form of arrhythmogenic right ventricular cardiomyopathy
(ARVC) causing sudden cardiac death (SCD) in the family: anxiety, depression, and
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ICD born at a 50% risk of having the disease, but shown to be mutation negative and
(¢c) spouses of affected family members with an ICD.

You are being invited to take part in this study as a person who has been tested for
the p.S358L mutation causing ARVC , who had the mutation and now has an Im-
plantable cardioverter defibrillator (ICD) .

We would like to know how the ARVC diagnosis in your family has affected/impacted
your mental well being. Ultimately, we hope to find information that may improve
mental health services available to families with ARVC.

We have three short questionnaires that ask you questions about how you feel.

Filling out these questionnaires is voluntary and you are free to leave out any ques-
tion you do not wish to answer.

You do not have to take part.
Taking part will not affect any healthcare you or your family receives.

Your name will never be reported in any papers or reports prepared from the re-
search.

The data we collect for this study will be stored for at least 5 years. The question-
naires will be coded and linked with data from a previous study on ARVC that you par-
ticipated in (HREB 00-176 SCD Cardiomyopathy).

Should you wish to withdraw from the study at any time, any data you have provided
will be removed from the data set and destroyed.

Fillings out the three surveys should take approximately 15 minutes. Please return it
in the postage-paid envelope provided. If you have any questions or concerns about
the study or would like more information, please feel free to contact the following
individuals:
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Phone: 709-864-6605; Email: holly.etchegary@med.mun.ca
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you on your rights as a participant in a research study. This person can be reached
through:

Ethics Office at 709-777-6974
Email at info@hrea.ca

This study has been reviewed and given ethics approval by the Newfoundland and
Labrador Health Research Ethics Board.
We thank you for taking the time to give us your thoughts and opinions.

Sincerely,

Drs. Holly Etchegary, Kathy Hodgkinson, and Magda Orzylowski on behalf of the re-
search team
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CONSENT TO TAKE PART IN RESEARCH

Name of Principal Investigator: Magdalena Orzylowski, MD.
Supervisor of Principal Investigator: Dr. Kathleen Hodgkinson
Location: Department of Clinical Epidemiology, Memorial University, St. John’s, Newfoundland

TITLE: Psychiatric comorbidity in young adults with a genetic subtype of Arrhythmogenic Right
Ventricular Cardiomyopathy and implantable cardiac defibrillators

INVESTIGATORS: Dr. Magdalena Orzylowski, Dr. Kathy Hodgkinson

You have been invited to take part in a research study. Taking part in this study is voluntary.
You decide whether you want to participate in this study. If you decide to take part, you are
free to leave the study at any time. This will not affect your current health care manage-
ment.

Before you decide, you need to understand what the study is about, and what risks and bene-
fits come with it if you decide to take part. This consent form will explain the study. Once you
read this consent form, you are free to contact the research team with further questions or
concerns (contact information provided at end of consent form).

Please read this carefully. Take your time. Mark anything you don’t understand or want to ask
questions about.

When you have read the study, the research team will:

-Discuss the study with you and answer any questions or concerns if needed.
-Keep any information you provide confidential

-Be available throughout the study for any concerns or questions

1. INTRODUCTION

Individuals with identified genetic heart disease face unique challenges as well as their unaf-
fected family members. Those who have received implantable cardiac defibrillators (ICD’s)
may face further more difficulties adjusting to this life change, despite the fact that the ICD
is the best treatment choice.

Individuals with genetic heart disease are followed closely by different doctors and health
teams. However, despite all of the stress surrounding this health condition, the psychological
wellbeing of these individuals has not been properly assessed and followed up. It would be
important to take a look at this in case certain individuals could benefit from mental health
services such as counselling, psychology, supportive groups, or psychiatry.

2. PURPOSE OF THE STUDY:

The purpose of this study is to gather information via questionnaires to determine if there are
any concerns about depression, anxiety, or posttraumatic stress symptoms in this group.

3. DESCRIPTION OF STUDY PROCEDURES

After you have spoken to Dr. Kathy Hodgkinson and filled out the consent to participate in the
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study (part of the mailed package) you would be expected to fill out the accompanied ques-
tionnaires also inside the package mailed to you. Once you have completed the form and the
questionnaires, we ask that you put the documents back in the package and place the return
postage stamp and address on the package to send back to us (at no cost to you). After we
have received your returned package, we will contact you for any questions or concerns that
we may have, and to ask you if you had any as well. After this follow up phone call, you have
finished the study.

4. LENGTH OF TIME

This study will last approximately 2 months. Once you complete the forms and scales in the
administered package, the research team will follow up with you regarding any concerns or
questions that you or they may have. After this, the study is concluded. The research team
may make suggestions or recommendations about further mental health services or care to
you, but this will be your choice, and is not part of the research project itself.

5. POSSIBLE RISKS AND DISCOMFORTS

You must consent to this study in order to participate. All research may have some risks and
discomforts associated with it. In our study, we will be calling you on at least one occasion
which may take up several minutes of your time. We are also sending you a package with 3
different questionnaires and a consent form to read and sign (this form) which also takes
some time to read through. Some people may find that they have some trouble answering
some of the questions in the questionnaires because they upset them or they feel they may
be too personal. These questionnaires ask you about your mental wellbeing and we hope that
you will answer them as honestly as possible for us to get a good understanding of how you
are doing. If you find that it is too difficult to fill out the questionnaires, or you have specific
questions about them, please feel free to give us a call and we can help you through it. We
are available to talk about any questions or concerns you may have.

6. BENEFITS

By participating in this study, we hope that it can benefit you. Learning more about you
through the information we gather can help us with your health care needs. We want to make
sure that you are physically and mentally well. We want to provide you the best health care
possible and provide you with services that you may not know about or may have not used up
to this point. If we feel that you would benefit from further mental health follow after the
study is finished, we will contact you and tell you about all of the options available to you.
Your wellbeing is most important to us.

When you are ready to mail back your research packages, we will provide return postage.
There will be no cost to you to participate in this study.

7. LIABILITY STATEMENT

Signing this form gives us your consent to be in this study. When you sign this form, you do not
give up your legal rights. Researchers or agencies involved in this research study still have
their legal and professional responsibilities to you.

8. PRIVACY AND CONFIDENTIALITY

Protecting your privacy is important to us. Every effort is made to protect your privacy. How

143



ever, we cannot completely guarantee this. There are some specific examples in which we
may have to break confidentiality. These exceptions are no different than when you are in
hospital for non-research reasons. We may have to break confidentiality if we feel that you
are in danger to yourself, others, or if a child is in danger. We may also have to break confi-
dentiality if it is required by law. A copy of this consent will be put in your health records.

When you sign this consent form you give us permission to:
1. Collect information from you
2. Collect information from your health record
3. Share information with the people conducting the study
4

Share information with the people responsible for protecting your safety. This may
also include a substitute decision maker if you have one.

Access to medical records

The members of the research team will see health and study records that identify you by
name or MCP numbers. The research ethics board may need to look at your health records
when supervised by the research team. You can ask for a list of the people who will have ac-
cess to this information.

Use of your study information

The research team will collect and use only the information they need for the purpose of this
study. This information includes:

> Date of birth
Sex
Medical diagnoses and history

Psychiatric diagnoses

Y VY YV YV

Medications
> |Information from study questionnaires

We hope that with the research results we will be able to publish the study and present it at
the Memorial University Research Day in the Department of Psychiatry.

We will protect your privacy and confidentiality by using only password protected usb devices
and computer storage. Any health records that are stored in paper format will be kept under
lock and key in the Department of Clinical Epidemiology under the supervision of Dr. Kathy
Hodgkinson.

Access to your records: You may ask the researcher to see the information that has been col-
lected about you.

9. QUESTIONS OR CONCERNS

You will have phone contact with the investigator (and possibly meet with the investigator or
supervisor of the project if time and location permits) to further discuss the study and this

144



consent form if you would like. Please feel free to bring up any questions or concerns. The
investigator at the St. John’s site is Dr. Magdalena Orzylowski. The supervisor (also at the St.
John’s site) is Dr. Kathy Hodgkinson.

Contact information of Principal Investigator:

Magda Orzylowski, 4th year Psychiatry Resident, Department of Psychiatry, Memorial Universi-
ty

Mo3633@mun.ca, pager number # 758-9028

Contact information of Investigator Supervisor:

Dr. Kathy Hodgkinson, Assistant Professor, Department of Clinical Epidemiology, Memorial Uni-
versity

khodgkin@mun.ca, Telephone #709-864-6694

You can also talk to someone at the Ethics Office. The ethics office is not directly involved in
the study, but they can advise you on your rights as a participant in a research study. Their
contact information:

Health Ethics Research Board, Ethics Officer
info@hrea.ca, Telephone #709-770-8905

10. DECLARATION OF FINANCIAL INTEREST
No financial support has been provided for this project. If this changes, you will be notified.

After you have signed this consent, you will be given a copy by mail.

After you have read the above and agree to participate, please sign and date below and mail
back with completed package as indicated on return postage.

Date

Full name

Signature

Thank you for taking the time to read this! We really appreciate it!
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APPENDIX C

PSYCHOMETRIC SCALES
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PATIENT HEALTH QUESTIONNAIRE-9
(PHQ-9)

Ower the st 2 how often have you been bothered Mors Neary
by any of th problems? Several  Tun nall  evecy
(Use "o fo indicate your anzwer) Notatal cays thedays aay
1. Little inferest or pleasure in dong things 0 1 2 3
2. Fesling cown, depressed, or hopeless 0 1 2 3
3. Trouble falling or staying asieep, or sieeping 100 much 0 1 2 3
4. Feeling tired or having ite energy 0 1 2 3
5. Poor appetite or oversating 0 1 2 3
6. Feeling bad about yoursel — or that you are a falure or
have let yoursef or your famiy down 0 ! 2 3
7. Trouble concentrating on things, such as reading the I 1 > 3
NEWSPIper of watching television
8. Moving or speaiting 5o slowly that other peopie could have
notcad? Or the opposhe — baing so fidgety or restiess 0 1 2 3
thit you hawve been moving around a lot more han ususl
9. Thoughts that you would be better off dead or of hurting 0 1 2 3
yoursel in some way
Fomormczcoome 0 __+ + +
=Total Score

If you checked off gy problems, how Gificult have these problems made it for you to do your
work, take care of things at home, or get dong with other people?

Not difficult Somewhat Very Extromely
at difficult difficult difficult
™) ") a (w)

Deveiopan Dy DIS. RODEr L. SPEDer, Janst B W, WM, Kurt KIDSNKE 3nd CONIgUES, WITN 3 SOUCIRON grant Tom
Ploe InC. NO permission sequired 10 sproduce. Yansiate, Gpiay of Gsirtute.
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BT . N 1
Zung Anxiety Self-Assessment Scale Newer Somsof Good Muter
aleth of the time of o

1. 1 feel more nervous and anxious than usual
2 | feed afraid for no reason at all E-_mmm
1 [gutapeet sy o ol panachy (HrACacn
4 1 feed like I'm falling apart and going to pleces o 1 I 2 e 3 I 4 |
5. 1 feel that everything is all right and nothing bad will happen msim:im2Im |
6
T
8
9

My arms an lgs shake a tremble (A ECECE
| am bothered by headaches, neck and back pains A A\
Lol weak and ge tied ety
I feed calm and and can st still easily m
10. 1 can feel my heart beating fast [—-_mm
1.1 am bothered by diry spll m - Tw o TwsTe
12, | have fanting spells or feed faint i Im o im a4
13 1 can beeath in and out easily METAE
14. 1 get feelings of numbness and tingling in my fingers and toes (A AEA|n;m
15. 1 am bothered by stomachaches or indigestion
16. 1 have to empty my bladder often E-_mmm
17._ My hands are wually dry and waem i T o T > T
18 My face gets hot and blushes i Im 2 imim 4
19, 1 fall asleep casily and get a good night's rest msim:im2 e |
3 Khus spiasscs (ArArEre
Converting Raw Score Total 1o Anxiety Index

RAN ANDETY  RON 0 ADGETY AW ATy | Raw Scoee Total D Asvdety Index D
sCORr MNOEX SO08E INDEX SOOer DX
» ) « "] © ™
B 8 & &8 & & the Ansiety Tndex
a a - - s . Interpreting Anxiety
" x “ b “ © . . .
» n & b 2 g Anxiety Index  Climical Interpeetation
: 3 : : 2 : Below 45 “’H}mnamln?
» % - H Y : 45 - 59 Minamal to moderate aroaety
,x.‘ : :‘l’ : :? v &0 - 74 Marked to severe aradety
g : ﬁ : g .’: 75 and over Mt extreme anxiety
0 a “ @ 1 ©
: :: : : 2 : * Check that all stsements have been answered
v “ 3] n n - * Scoring values are primted next to the response
: : : ;: g : * Add up the Raw Total Score

© 1 * Convert the Raw Total 1o the Arsdety Index

Instraction for use: (Zung Asmadety Assessment Tool)

1. The soves commgpons hunch! mbossbuins Shin lost wash (e 5 Avwanr dl pamtewm by pharing o churk bn tue fvn b ther bk of ther mervber

Owsen oar prdersbay [ B e i
8 ..-.-:-.: e o e e & Add the Rew Scoem v (mumbers o the righe of dw chech)

T amerce dwoadd 1veve cdmsddy e b ol paitonn wnel movend Vb betad o thee "R SOORE TOTAL” b
- :L'ﬁ‘:lzm - e 7. Commpans e vow waws b B mnninty babin wn S wmvvamiion Suet wd
L ] “h——ﬁmm-th'mn INDRX Son

R e B R e e S R

Cossul Phuees 1556 11 Sagl &) &7
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PTSD Checklist (PCL)

Pagetof 1

Patiert Name- Date:
¥ an event listed on the Life Events Checkist happenad to you or you withessed it, please complete e
ams Dalow. If more Than one event happenad, please chooss the one that 5 most troudiesoms 10 you now.,

The event you experienced was on
L e

Instructions: Below & a It of problems and complaints that people sometimes have in response 1o stress-
4 e experances. Please read each one cansfully, than circle one of the numbers 10 the night 10 Indicate
how much you have been bothered by the problem in the past month,

BOTWERID BY n-:nu AL(-.;TU MCCEFATHY ?"TT‘ FITREMELY
1. Repeated csburting memonies, thoughts, or
Images of I sheasiul aepatencs? 1 2 3 < 5

2 REpedEq, GUDSTNG 3WAMS Of Te STesss
peton

3 Sudderty acfing o fasiing as ¥ e shestl
EXONanco were "Ippening agan (2 1 you

wars sbwng 1?7 1 2 3 4 5
& FeMINg very Upost when SOmEtTing remingsd

YOu of e shesl esperience? 1 2 3 4 5
5 Having physical reactions (2.3, heart poending,

ook Or SWsating when something

TUTINGR] YO Of T STRETLS ApEnance? 1 2 3 e B
6. Awokdng Rirking sbout or eiing sbout e

sireszh expenience or avoidng haning feelings

rolated fo K7 1 2 3 B s
7. Awchang achvites or Siuations Decass thay

TEMING YOu OF T STRGST Sxpenancy? 1 2 3 B 1
8. Toutle rememDannyg important parts of e

sireezh experience? 1 2 3 - 5
9. Loss of Inferect In actvies Tat you used o

enoy? 1 2 3 e 5
0. Fesing GRtant or Cut OF TOM O Dacpie? 1 2 3 B
11. Fesling emotionally numb or being sradie o

harve loving feelings for thoze close to you? 1 2 3 4 s

12. Faalng 25 ¥ your R8s wil SOMARO be Ot
2o

13 Toudle faing of staying mieep?
14 Fesing Imiatie of having angry outburss?
15 Having Lty concentraang?
16 BEing “Spar Mt of WRCTIS OF O QUART?
17. Fesing Mmpy of easly statiad?

il =]
NiNIwIRINIS
Wwiwlw |w|lwle
LR N O
ajlaajv v

OO OCOFRFING DIROADFRE PROGAA. SOFETNING AND ARSFRRVENT
et = S putie v Daphowting S et ©r parsomel o TR (e . peerite "

149



APPENDIX D

TELEPHONE SCRIPT FOR ICD PATIENTS
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Telephone Script for ICD

Telephone Script for Dr. Kathy Hodgkinson (or one of the genetic counsellors with
more recent contact : Ashley Collier, Sarah Predham or Fiona Curtis)

The above named individuals know the affected ICD patients and their families
well. The only ICD patients we will contact are those who actively follow witht eh
ICD clinic at the Health Sciences Centre and participated in the large cardiomyopa-
thy / SCD dataset (HREB 00-176).

The above named individuals will make initial contact with the ICD patients to in-
form them of the research study.

Hello, may | please speak to (insert name)?

When desired person is on the phone:

Hello [first name], this is XXXXX calling, how are you? | am calling to let you know
about a new ARVC research project we are starting that might be of interest to you.

We want to ask about the psychological wellbeing of ICD patients like yourself. This is
to try and understand how these issues might affect you.

This requires you to fill out three very short questionnaires, which | can mail out to
you (with return postage).

There is certainly no requirement at all that you should take part. This study has
nothing to do with the care you or your family receives from the cardiac clinic. But if
you would like to know more about the study, would it be okay if one of the research
team members involved in the study gives you a call? She can give you more detail
about the surveys and mail them out to you.

If refusal: Okay, no problem. Thank you for taking the time to speak with me.
If yes: Okay, is there a time that works best for you? | will give Magda your telephone

number and she will contact you. Thanks for your time, and good to speak with you
again.
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APPENDIX E

OTHER SUPPORTING DOCUMENTS
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Support Information

Useful numbers for individuals taking part in the research project.

Mental Health Crisis Line
24 hour crisis support
1-888-737-4668

CHANNEL Warm Line

Non-judgemental telephone peer support
Available 11am to 11pm

1-855-753-2560

Dr. Kathy Hodgkinson

Associate Professor, Clinical Epidemiology/Genetics
Memorial University

khodgkin@mun.ca

709 864 6694

Dr. Holly Etchegary

Assistant Professor, Faculty of Medicine
Memorial University
holly.Etchegary@med.mun.ca

709 864 6605

Dr. Magda Orzylowski

Psychiatry Resident, Memorial University
mo3633@mun.ca

709 758 9028

Dr. Mandeep Grewal

Psychiatrist, Eastern Health
mandeep.grewal@easternhealth.ca
709 777 8665
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