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Aims In patients with catecholaminergic polymorphic ventricular tachycardia (CPVT), a rare inherited arrhythmia syndrome, ar-
rhythmic events can be prevented by medication and lifestyle recommendations. In patients who experience breakthrough
arrhythmic events, non-adherence plays an essential role. We aimed to investigate the incidence and potential reasons for
non-adherence to medication and lifestyle recommendations in a large, international cohort of patients with CPVT.

Methods An online multilingual survey was shared with CPVT patients worldwide by their cardiologists, through peer-recruitment,

and results and on social media from November 2022 until July 2023. Self-reported non-adherence was measured using the validated
Medication Adherence Rating Scale (MARS) and a newly developed questionnaire about lifestyle. Additionally, validated
questionnaires were used to assess potential reasons for medication non-adherence. Two-hundred-and-eighteen patients
completed the survey, of whom 200 (92%) were prescribed medication [122 (61%) female; median age 33.5 years (inter-
quartile range: 22—-50)]. One-hundred-and-three (52%) were prescribed beta-blocker and flecainide, 85 (43%) beta-blocker,
and 11 (6%) flecainide. Thirty-four (17%) patients experienced a syncope, aborted cardiac arrest or appropriate implantable
cardioverter defibrillator shock after diagnosis. Nineteen (13.4%) patients were exercising more than recommended. Thirty
(15%) patients were non-adherent to medication. Female sex [odds ratio (OR) 3.7, 95% confidence interval (Cl) 1.3—12.0,
P =10.019], flecainide monotherapy compared to combination therapy (OR 6.8, 95% Cl 1.6-31.0, P =0.010), and a higher
agreement with statements regarding concerns about CPVT medication (OR 1.2, 95% CI 1.1-1.3, P < 0.001) were inde-
pendently associated with non-adherence.
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Conclusion The significant rate of non-adherence associated with concerns regarding CPVT-related medication, emphasizes the poten-
tial for improving therapy adherence by targeted patient education.
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and flecainide combined with lifestyle recommendations (in particular
sports restrictions in high-risk patients) are effective in reducing the
risk for arrhythmic events.>™ As such, these are the mainstay in the
CPVT treatment.® However, a significant number of patients still experi-
ence breakthrough arrhythmic events,”° prompting a next step in
the treatment escalation, ie. a left cardiac sympathetic denervation
and/or implantation of an implantable cardioverter defibrillator.® These
arrhythmic events are frequently associated with medication non-
adherence,*®""""? potentially combined with non-adherence to lifestyle
recommendations. It is thus essential to understand the incidence and
risk factors for therapy non-adherence in the CPVT population. These
insights may ultimately result in interventions to reduce therapy non-
adherence and subsequent risk for arrhythmic events.

Previously, a survey study in patients with an inherited cardiac dis-

What’s new?

® Around 15% of a representative international cohort of catechola-
minergic polymorphic ventricular tachycardia (CPVT) patients is
non-adherent to their CPVT medication.

® Concern about CPVT medication is independently associated with
non-adherence and, therefore, addressing these concerns might
serve as a ground to improve patient education and reduce
non-adherence.

Introduction
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Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a rare
inherited arrhythmia syndrome, in which potentially life-threatening ar-
rhythmic events are often triggered by adrenergic situations, such as ex-
ercise or emotional stress." It is well established that medication,
specifically non-selective beta-blockers, such as nadolol and propranolol,

ease, including 5 (4%) patients with CPVT, showed that a younger
age and an underlying inherited arrhythmia syndrome were associated
with non-adherence to beta-blockers."® Adherence was worse in those
patients who had high concerns and low necessity beliefs about their
beta-blocker."® In a large cohort of congenital long QT syndrome
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patients, an inherited arrhythmia syndrome in which patients are also at
risk for lethal arrhythmic events and beta-blockers are the cornerstone
of treatment, reduced medication adherence was noted in more than a
third of the patients.'* These studies underline the importance of ther-
apy non-adherence in patients with inherited arrhythmia syndromes,
including CPVT.

Additionally, patients with CPVT are usually advised to refrain from
competitive sports, strenuous exercise, and exposure to stressful envir-
onments.® This advice is mainly based on expert opinion, but it has been
suggested that the risk for arrhythmic events during sports participation
in well-treated and well-informed patients is acceptable.’® Accordingly,
other guidelines tend to be more lenient."® This emphasizes that sports
recommendation given by cardiologists may differ worldwide, and, in
addition, patients’ adherence to these recommendations is currently
unknown.

With this international online survey study, we aimed to study the
incidence and risk factors associated with self-reported non-adherence
to medical therapy and lifestyle recommendations within a large cohort
of patients with CPVT.

Methods

Study design and consent

This prospective anonymous survey study was available online from
November 2022 until July 2023 in Dutch, English, and French. The survey
was hosted on an electronic data capture system, Castor."” Patients di-
agnosed with CPVT aged 12 years or older were recruited to enter the
survey. Informed consent of the participants and of the participants’ par-
ents for children between 12 and 16 years of age was obtained. Official
institutional review of this study was waived by the Medical Ethics
Review Committee of the Academic Medical Center, Amsterdam, the
Netherlands.

Questionnaires and primary outcomes

The survey consisted of five sections. The first three sections were manda-
tory, the fourth and fifth were optional.

(1) General CPVT-related questions

This included questions regarding the CPVT diagnosis, therapy,
symptoms, and demographic characteristics. (See Supplementary
Methods for a detailed overview of CPVT related questions.)

(2) Adherence to medical therapy

Adherence was measured using a validated questionnaire that was
previously used in the field of inherited cardiac diseases, the Medication
Adherence Report Scale-5 (MARS-5)."* The MARS-5 is designed to re-
veal self-reported use of medication and it contains five 5-point Likert
scale questions related to medication intake. The first question reflects
unintentional non-adherence and the subsequent four questions reflect
intentional non-adherence. The MARS-5 showed good internal consist-
ency in adults with various conditions."® The internal consistency of the
MARS-5 in children with asthma was Iow,19 but currently no other va-
lidated alternatives are available for children. The total score of all
MARS-5 5-point Likert scale questions combined was dichotomized
to differentiate adherent (total score >23) from non-adherent (total
score <23) participants. This cut-off was previously defined and is
used in several studies, includin§ studies of patients using cardiovascular
medications and of children. 2!

(3) Thoughts and beliefs about medication and CPVT.

Two questionnaires were used to assess patients’ thoughts and be-
liefs regarding medication and CPVT: the Beliefs about Medications
Questionnaire (Bl"IQ)ZZ23 and the Brief lliness Perception Questionnaire
(BIPQ).*** The BMQ contained a CPVT-specific medication section
and a section about medication in general. Four different subdomains
of questions within the BMQ can be distinguished: concern about spe-
cific medication, necessity of specific medication, overuse of medication
in general, harm of medication in general.* The BIPQ contained seven
questions about the participants’ CPVT experiences, that could be
rated from O (no effect) to 10 (severe effect).

(4) Lifestyle
A self-constructed questionnaire regarding lifestyle was included.
This survey contained questions about the lifestyle advices that the
participants received from their physician, their actual lifestyle, and
the feelings about their lifestyle. (See Supplementary Methods for
complete list of the questions.)

(5) Two self-constructed optional free-text questions asking the partici-
pants about their ideas on improvements for the care for people
with CPVT and on their opinion of the survey. Participants’ quotations
from these questions are shown to illustrate the results.

The original survey was drafted in Dutch. It was translated to English by
one author (PJ.P.) and revised by a native English speaker (S.A.B.C.). The
survey was translated from Dutch to French by two official medical trans-
lators. When available, the official versions of the MARS-5, BMQ, and BIPQ
questionnaires were used.

Study pilot

A pilot version of this survey was completed by four CPVT patients (three
patients aged >16 years, and one patient 12—16 years old who completed
the survey with a parent). With all four participants a phone interview was
conducted to discuss the survey content. Based on the feedback gained, im-
provements in the wording were made to the final version of the survey. In
the survey for children from 12 to 16 years old, the BMQ-general question-
naire was deemed inappropriate for their age and was therefore discarded
in the final version.

Recruitment

As this was an open online survey study, participants were recruited using
three different methods. Firstly, treating physicians from six tertiary referral
centres worldwide promoted the survey in their outpatients clinic and/or
sent an information email about the survey to their CPVT patients.
Secondly, the survey was promoted on social media by CPVT-specific social
media platforms, channelling only patients with CPVT (for details, see
Supplementary Methods). Lastly, after completing the survey, the flyer
and the links to the surveys were shared with participants requesting
them to promote the survey to their family members or other acquain-
tances diagnosed with CPVT.

Study cohort

We aimed to include at least 213 CPVT patients to complete the survey.
This sample size goal was based on previous studies using a similar recruit-
ment method, the estimated prevalence of CPVT, and the number of pa-
tients in the International CPVT Registry.” A detailed breakdown of this
estimated sample size calculation can be found in the Supplementary
Methods.

Response validation

The survey was open to everyone with the link and responses were col-
lected anonymously. To reduce the risk of sampling bias (i.e. the survey
being entered by a participant who does not have CPVT), we focused on
specific CPVT populations when sharing the survey on social media.
Furthermore, multiple checks were built into the survey verifying the
CPVT diagnosis and asking participants to close the survey if they did not
have CPVT. Dependencies were integrated into the survey to ensure the
accuracy of critical responses to important questions (e.g. concerning the
use of CPVT medication, if a participant selected ‘no’ to this question,
Section 2 of the survey was not shown and instead a message prompted:
‘If you don't use any CPVT medicine, please click the button ‘Next’ at the
bottom of this page. If you do use CPVT medicine, click the button
‘Previous’ to correct your answer to question 16 of Part 1 (Do you use
medication for CPVT?)."). Because patients could have potentially received
an invitation through multiple channels and therefore, accessed the survey
twice, all survey entries with the same sex, current age, age at diagnosis,
treating hospital, and age at first start of medication were manually checked
for duplicate entries. The most recent duplicate entry was excluded. Lastly,
we assessed whether the events reported by participants followed a feas-
ible chronological pattern.
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Statistical analysis

Categorical variables are described as numbers and percentages. The cat-
egorical variables of the lifestyle section are described as numbers/total
number of received answers and percentages based on the total number
of received answers. Continuous variables are described as mean =+ stand-
ard deviation (SD) or median [interquartile range (IQR)], as appropriate.
Categorical variables in two groups were compared using a x> test or
Fisher’s exact test, as appropriate, and Bonferroni correction was applied
when necessary. Ordinal variables were compared between two groups
using a 3> test. Continuous variables between two groups were compared
using a Student’s t-test or Mann—Whitney U test, as appropriate. Logistic
regression was performed comparing non-adherent participants vs. adher-
ent participants with demographics, and thoughts and beliefs about CPVT
and medications as independent variables. Variables that differed between
the two groups on a significance level with P < 0.10 were assessed in a multi-
variable model to correct for confounders. R version 4.2.1 (R Project for
Statistical Computing, Vienna, Austria) was used for the statistical analyses.
The following R packages were used for the creation of the figures: ‘ggalu-
vial’ and ‘ggplot’.

Results
Study population

A total of 222 surveys were completed. Four survey entries were ex-
cluded: one survey participant was the parent of a child that was de-
ceased, and three survey entries were identified as duplicate entries
from the same participant and were excluded. All remaining survey en-
tries (n = 218) followed a feasible chronological order of events. Most
participants (n =121, 55.5%) were referred to the survey by their
treating physician, followed by 38 (17.4%) participants through social
media, 34 (15.6%) through a newsletter, and 24 (11.0%) were referred
to the survey by an acquaintance. Patients worldwide responded to the
survey, and the majority of the patients were from either the
Netherlands [n =83 (38.1%)] or the USA [n=71 (32.6%), Figure 1].
The median age of the survey participants was 34 [22.0-51.0] years,
133 (61.0%) participants were female, and 78 (35.8%) participants
were initially evaluated as part of family screening, while 103 (47.2%)
were initially evaluated due to cardiac symptoms (Table 7).

Eighteen (8.3%) participants did not use CPVT medication. Of these,
10 (55.6%) were intentionally not prescribed medication by their
(paediatric) cardiologist and 6 (33.3%) refused to take medication or
stopped medication due to side effects.

Participants using medication

A total of 200 participants (median age 33.5 [22.0-50.0] years) used
medication for CPVT, of whom 122 (61.0%) were female and 109
(54.5%) reported to be a carrier of a RYR2 gene variant. Most partici-
pants (n =103, 47.2%) first visited the cardiologist due to symptoms;
32 (17.0%) experienced a sudden cardiac arrest, and 62 (31.0%) had
a syncopal event prior to the diagnosis. Forty-six (23.0%) participants
had an implantable cardioverter defibrillator, and 28 (14.0%) had under-
gone left cardiac sympathetic denervation. Most participants [n =103
(51.8)] used beta-blocker and flecainide combination therapy, 85
(42.7%) used beta-blocker monotherapy, and 11 (5.5%) used flecainide
monotherapy. After diagnosis, 34 (17.0%) had an arrhythmic event (de-
fined as syncope, appropriate implantable cardioverter defibrillator
shock, or sudden cardiac arrest), of whom 23 (11.5%) had a near-fatal
arrhythmic event (defined as all of the above except for syncope).
Characteristics of this population are presented in Table 2.

Non-adherence to medication

The median total MARS-5 score of the participants was 24 [23-25].
Sixty-three (31.5%) participants had a total MARS-5 score of 25, re-
flecting perfect adherence. Thirty (15.0%) participants were defined

Table 1 Demographics and CPVT characteristics of all survey
respondents

Complete
cohort
(n=218)

Current age (median [IQR]) 34.0 [22.0-51.0]

Gender, female (%) 133 (61.0)
Genotype (%)
Unknown 38 (17.4)
Genotype-negative 12 (5.5)
Genotype-positive 168 (77.1)
RYR2 variant carrier (%) 116 (69.0)
Age at diagnosis (median [IQR]) 25.0 [13.0-40.0]
Autism (%) 14 (7.2)
Reason of presentation (%)
CPVT cascade screening 78 (35.8)
Incidental finding 20 (9.2)
Screening because of sudden cardiac death in 17 (7.8)
family
Cardiac symptoms 103 (47.2)
Worst symptom prior to diagnosis (%)
Aborted cardiac arrest 36 (16.5)
Asymptomatic 82 (37.6)
Palpitations 27 (12.4)
Syncope 73 (33.5)
Symptoms after diagnosis® (%) 37 (17.0)
Near-fatal symptoms after diagnosis® (%) 24 (11.0)
ICD implanted (%) 49 (22.5)
Left cardiac sympathetic denervation (%) 29 (13.3)
Follow-up frequency (%)
Never 13 (6.0)
Once per 2 or 3 years 34 (15.6)
Once a year 109 (50.0)
More than once a year 49 (22.5)
Other 13 (6.0)

?Defined as syncope, aborted cardiac arrest, or appropriate implantable cardioverter
defibrillator shock.

®Defined as aborted cardiac arrest or appropriate implantable cardioverter defibrillator
shock.

CPVT, catecholaminergic polymorphic ventricular tachycardia; ICD, implantable
cardioverter defibrillator; IQR, interquartile range.

as non-adherent to medical therapy. Only three (10.0%) non-adherent
participants answered the unintentional non-adherence statement ('l
forget to take my medicine’) with ‘never’, while for the intentional ad-
herence statements the percentage of non-adherent patients rating
‘never’ ranged from 40.0% to 63.3% (Table 3). In comparison, 74
(43.5%) adherent participants answered all the unintentional non-
adherence statements with ‘never’. Only two (6.7%) non-adherent par-
ticipants had a maximum score of 20 on the intentional non-adherence
statements, meaning they had perfect intentional adherence and were
defined as non-adherent based on their low score on the unintentional
non-adherence statement. The median total score of the intentional ad-
herence questions in the non-adherent patients was 17 [15-18].
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Table 2 Demographics and CPVT characteristics of participants using CPVT medication

Adherent participants Non-adherent All participants using P-value
(n=170) participants (n = 30) medication (n =200)

Current age (median [IQR]) 34.0 [22.0-52.0] 32.5[22.8-42.0] 33.5[22.0-50.2] 0.614
Gender, female (%) 98 (57.6) 24 (80.0) 122 (61.0) 0.035
Genotype (%) 0.787

Unknown 31(182) 4(13.3) 35(17.5)

Genotype-negative 9 (5.3) 2 (6.7) 11 (5.5)

Genotype-positive 130 (76.5) 24 (80.0) 154 (77.0)
RYR2 variant carrier (%) 91 (53.5) 18 (60.0) 109 (54.5) 0.647
Age at diagnosis (median [IQR]) 24.0 [12.0-40.0] 21.0[15.2-35.8] 24.0 [13.0-40.0] 0.969
Autism (%) 11(7.1) 3(13.0) 14 (7.9) 0.566
Reason of presentation (%) 0.320

CPVT cascade screening 60 (35.3) 9 (30.0) 69 (34.5)

Incidental finding 17 (10.0) 1(33) 18 (9.0)

Screening because of sudden cardiac death in 13 (7.6) 1(3.3) 14 (7.0)

family

Cardiac symptoms 80 (47.1) 19 (63.3) 99 (49.5)
Worst symptom prior to diagnosis (%) 0.203

Aborted cardiac arrest 27 (15.9) 7(233) 34 (17.0)

Asymptomatic 68 (40.0) 6 (20.0) 74 (37.0)

Palpitations 19 (11.2) 5(16.7) 24 (12.0)

Syncope 56 (32.9) 12 (40.0) 68 (34.0)
Symptoms after diagnosis® (%) 30 (17.6) 4(13.3) 34 (17.0) 0.752
Near-fatal symptoms after diagnosis® (%) 22 (12.9) 1(3.3) 23 (11.5) 0.226
Current oral medication (%)° <0.001

Beta-blocker and flecainide 86 (50.9) 17 (56.7) 103 (51.8)

Beta-blocker monotherapy 78 (46.2) 7(23.3) 85 (42.7)

Flecainide monotherapy 5 3.0 6 (20.0) 11 (5.5)
Beta-blocker type; beta-1 selective (%) 53 (32.3) 5(20.8) 58 (30.9) 0.368
Daily intake medicines more than once a day (%) 65 (38.2) 18 (60.0) 83 (41.5) 0.042
ICD implanted (%) 41 (24.1) 5(16.7) 46 (23.0) 0.510
Left cardiac sympathetic denervation (%) 22 (12.9) 6 (20.0) 28 (14.0) 0.458
Follow-up frequency (%) 0.797

Never 5(29) 2(6.7) 7 (3.5)

Once per 2 or 3 years 25 (14.7) 5(16.7) 30 (15.0)

Once a year 87 (51.2) 16 (53.3) 103 (51.5)

More than once a year 40 (23.5) 5(16.7) 45 (22.5)

Other 13 (7.6) 2(6.7) 15 (7.5)

?Defined as syncope, aborted cardiac arrest, or appropriate implantable cardioverter defibrillator shock.
®Defined as aborted cardiac arrest or appropriate implantable cardioverter defibrillator shock.

For one participant, the currently used CPVT medication was not known.
CPVT, catecholaminergic polymorphic ventricular tachycardia; ICD, implantable cardioverter defibrillator; IQR, interquartile range.

Demographics and catecholaminergic polymorphic ventricular tachycardia

characteristics

There were significantly more females in the non-adherent group com-
pared to the adherent group [24 (80.0%) vs. 98 (57.6%), P=0.035].
Furthermore, the prescribed medication differed between the two

a day compared to adherent participants [18 (60.0%) vs. 65 (38.2%),

P=0.042]. The self-reported rate of symptoms after diagnosis was

similar between non-adherent
30 (17.6%), P=0.752; Table 2].

and adherent patients [4 (13.3%) vs.
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Beliefs about medication and illness perception

Non-adherent patients had a significantly higher agreement with state-
ments regarding concerns about CPVT medication compared to

groups: 6 (20.0%) non-adherent patients used flecainide monotherapy
vs. 5 (3.0%) adherent patients (P < 0.001), and significantly more non-
adherent patients had to take their CPVT medicines more than once
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Table 3 MARS-5 questionnaire: intentional and unintentional non-adherence

Adherent participants

Non-adherent All participants using CPVT
participants (n = 30) medication (n = 200)

(n=170)
Median total MARS-5 score [IQR] 24 [24-25]
Unintentional adherence
Median total score [IQR] 4 (4-5)
| forget to take my medicine (%)
Very often 0 (0.0
Often 0 (0.0)
Sometimes 15 (8.8)
Rarely 81 (47.6)
Never 74 (43.5)

Intentional adherence
Median total score [IQR] 20 [20-20]

| alter the dose of my medicines (%)

Very often 0 (0.0)
Sometimes 1(0.6)
Rarely 14 (8.2)
Never 155 (91.2)
| stop taking my medicines for a while (%)
Very often 0 (0.0
Sometimes 1(0.6)
Rarely 2(1.2)
Never 167 (98.2)
| decide to miss out a dose (%)
Very often 0 (0.0)
Often 0 (0.0)
Sometimes 0 (0.0)
Rarely 4(24)
Never 166 (97.6)
| take less than instructed (%)
Very often 0 (0.0)
Sometimes 0 (0.0)
Rarely 0 (0.0)
Never 170 (100.0)

21 [19-22] 24 [23-25]
3(3-4) 4 (4-5)
1(33) 1(0.5)
4(133) 4(20)

14 (46.7) 29 (14.5)
8 (26.7) 89 (44.5)
3(10.0) 77 (38.5)

17 [15-18] 20 [20-20]
2(6.7) 2.(10)
9 (30.0) 10 (5.0)
7(233) 21 (10.5)

12 (40.0) 167 (83.5)
2(6.7) 2(10)
5 (16.7) 6 (3.0)
4(133) 6 (3.0)

19 (63.3) 186 (93.0)
2(6.7) 2.(10)
1(33) 1(0.5)
3 (100) 3(15)
7(233) 11 (5.5)

17 (56.7) 183 (91.5)
3 (100) 3(15)
7(233) 7 (3.5)
5 (16.7) 5 (2.5)

15 (50.0) 185 (92.5)

This table shows the five 5-point Likert scale questions of the medication adherence rating scale (MARS-5) questionnaire. The first question reflects unintentional non-adherence. The

subsequent questions reflect intentional non-adherence.
CPVT, catecholaminergic polymorphic ventricular tachycardia; IQR, interquartile range.

adherent patients [18.0 (15.2-21.8) vs. 14.0 (11.0-18.0), P < 0.007;
Table 4]. Specifically, the agreement of non-adherent participants
compared to adherent participants with the following statements
was significantly different: ‘Having to take medications worries me’
(P <0.001), ‘I sometimes worry about the long-term effects of my
CPVT medications’ (P <0.001), ‘My CPVT medications disrupt my
life’ (P =0.010), ‘These medicines cause me unpleasant adverse events’
(P=0.010) (Figure 2). This was underlined by the answers of some par-
ticipants to the optional free-text question ‘Do you have ideas on how
the care for people with CPVT could be improved?” at the end of the
survey. One non-adherent participant mentioned: ‘I would like to
know long-term effects of my beta-blocker, at the moment my cardi-
ologist said to take for the rest of my life. How will that help me in

the future and will there be adverse issues?. Another non-adherent
participant wrote: ‘I'd love to only have to take meds once a day but
honestly if they had fewer side effects I'd take them however | needed
to.” A wide range of side effects, such as fatigue, nausea, mental pro-
blems including libido disorder, cold extremities, and dizziness, was re-
ported by the participants. Fatigue was most commonly reported as a
side effect by 76 (38.0%) participants.

Non-adherent participants rated the statement ‘How much does
CPVT affect you emotionally? of the illness perception questionnaire
significantly higher compared to adherent participants [6.0 (4.0-8.0)
vs. 5.0 (2.0-7.0), P=0.032, Table 5]. One non-adherent participant
mentioned in the final question regarding ideas on improvements in
CPVT care: ‘It is a difficult condition, because | feel fine without meds
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Table 4 Beliefs about medication

Adherent patients (n = 170) Non-adherent patients (n = 30) P-value
Concern about CPVT medication [IQR] 14.0 [11.0-18.0] 18.0 [15.2-21.8] <0.001
Necessity CPVT medication [IQR] 18.0 [15.0-21.0] 19.0 [14.0-21.0] 0.806
Overuse medication in general [IQR] 8.0 [7.0-10.5] 5[6.8-11.2] 0.724
Harm medication in general [IQR] 8.0 [6.0-10.0] 5[6.8-11.0] 0.679

In this table, the median [IQR] of the total score of the beliefs about medication 5-point Likert questions are shown.
CPVT, catecholaminergic polymorphic ventricular tachycardia; IQR, interquartile range.

Beliefs in medicine questionnaire - concern

Adherent (n=170) | [ Non-adherent (n=30) |

N:
B :
E
M-
Os

My CPVT medications are a mystery to me

Adherent (n = 170) I | Non-adherent (n = 30) I

Adherent (n=170) | [ Non-adherent (n=30) | Adherent (1=170) | [ Non-adherent (n=30) |
1.00 4 1.00 A 1.00
s 0.75 A - 1§ 0.75 - - 1S 0.75
: H: : H:
3 0.50 - 3 g 0.50 - - 3 g 0.50
o [N o
025 o -
.25 4 D 0.25 - D 5 0.25
0.00 A 0.00 - 0.00
Having to take medications worries me | sometimes worry aboul the long-term effects of my CPVT medications
Adherent (n = 170) | | Non-adherent (n = 30) I Adherent (n = 170) I | Non-adherent (n = 30) I
1.00 1.00 A 1.00
.5 0.75 - N E 0.75 - - 1 .5 0.75 -
5 W: s W: s
5 0.50 - 3 9 0.50 - - 3 9 0.50
o a o
o o
0.25 0.25 - 0.25
Os Os
0.00 0.00 - 0.00

T T T T
My CPVT medications disrupt my life | sometimes worry about becoming too dependent on my CPVT medications

T
These medicines cause me unpleasant adverse events

The responses of adherent and non-adherent patients to the beliefs in medication questionnaire - category concern.

Legend: 1 = Strongly Disagree; 2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree

Figure 2 Agreement of adherent vs. non-adherent participants with statements regarding. The responses of adherent and non-adherent patients to
the Beliefs about Medications Questionnaire, subcategory concern. Legend: 1 = strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; 5 = strongly
agree. The left columns represent the proportion of adherent patients (n = 170), and the right columns represent the non-adherent patients (n = 30).

Table 5 lliness perception questionnaire

Adherent Non-adherent All participants using  P-value
participants participants (n = 30) CPVT medication

(n=170) (n=200)
How much does CPVT affect your life? [IQR] 0 [4.0-8.0] 8.0 [5.0-8.0] 0 [4.0-8.0] 0.102
How much control do you feel you have over CPVT? [IQR] 0 [4.0-8.0] 5.0 [3.2-8.0] 0 [4.0-8.0] 0.617
How much do you think your treatment can help CPVT? [IQR] 0 [7.0-10.0] 8.0 [5.0-10.0] 0 [7.0-10.0] 0.322
How much do you experience symptoms of CPVT? [IQR] 0[1.0-5.0] 3.5[2.0-5.8] 0[1.0-5.0] 0.123
How concerned are you about CPVT? [IQR] 0 [3.0-8.0] 5.5 [4.0-8.0] 0 [3.0-8.0] 0.459
How well do you feel you understand your illness? [IQR] 0 [6.0-9.0] 8.0 [5.0-9.8] 0 [6.0-9.0] 0.689
How much does CPVT affect you emotionally? (e.g. does it 0[2.0-7.0] 6.0 [4.0-8.0] 0[2.0-7.0] 0.032

make you angry, scared, upset, or depressed?) [IQR]

This table shows the median [IQR] of the self-reported agreement with above-mentioned statements on a scale from 0 to 10.
CPVT, catecholaminergic polymorphic ventricular tachycardia; IQR, interquartile range.
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Table 6 Multivariable logistic regression non-adherent vs.
adherent participants

OR 95%Cl P-value

Female sex 3.7 1.3-120 0.019

CPVT medicine (reference: beta-blocker and flecainide combination

therapy)
Beta-blocker monotherapy 06 02-15 0.266
Flecainide monotherapy 68 1.6-31.0 0.010
More than one daily intake of CPVT 22 09-57 0.100
medicine
BMQ: concern 12 1113 <0.001
BIPQ: emotionally affected 1.0 09-1.2 0.980

BIPQ, Brief lliness Perception Questionnaire; BMQ, Beliefs about Medications
Questionnaire; Cl, confidence interval; CPVT, catecholaminergic polymorphic
ventricular tachycardia; OR, odds ratio.

and when | visit the cardiologist, | am reminded | could die and it takes
some weeks to find my balance with this again.” Another participant
wrote: ‘We need help for the stress/anxiety as it can be overwhelming’
Generally, a need for peer and psychological support was expressed by
many participants.

Independent associations with non-adherence

In multivariable analyses, female sex [odds ratio (OR) 3.7, 95% confi-
dence interval (Cl) 1.3-12.0, P = 0.019], flecainide monotherapy com-
pared to flecainide and beta-blocker combination therapy (OR 6.8, 95%
Cl 1.6-31.0, P=0.010), and a higher agreement with statements re-
garding concern about CPVT medication (OR 1.2, 95%Cl 1.1-1.3,
P < 0.001) were independently associated with a higher odds for non-
adherence (Table 6).

Adherence to lifestyle recommendations

The questions in the lifestyle section of the survey were not mandatory.
Therefore, not all participants answered every question. Percentages
are based on the total number of participants that provided an answer
to the specific question.

Most patients (n=143/215 [66.8%]) had received lifestyle recom-
mendations from their cardiologist, 63/215 (29.3%) patients did not re-
ceive lifestyle recommendations and 9/215 (4.1%) were unaware if
recommendation had been given. Of the patients who received lifestyle
recommendations, 14/142 (9.9%) participants were advised against
practicing any sports, while 73/142 (51.4%) were allowed to practice
non-competitive sports, and 34/142 (23.9%) were allowed to exercise
using a heart rate monitor, while 21/142 (14.8%) were allowed to par-
ticipate in sports activities without any constraints. Thirteen (10.7%) of
the 121 participants who received a restrictive sports recommendation
—i.e. either to use a heart rate monitor, to refrain from competitive
sports, or to refrain from practicing any sports—were involved in
sports without any limitation (Figure 3).

Prior to diagnosis, 152 patients had a median duration of sports per-
formance of 6 [3—10] h/week. At present, 141 CPVT patients reported
a median duration of sports performance of 4 [3—7] h/week. Most par-
ticipants (n = 119/147, 81.0%) currently practiced sports on a recreational
level, while 10 (6.8%) participants performed sports on a regional, nation-
al, or international level. Eighty-six of 209 (41.1%) participants noted being
a little or very afraid of practicing sports. Furthermore, 112/207 (54.1%)
participants wanted to be more involved in sports than they currently

were, including 30 patients who indicated anxiety as one of the reasons
that limited their sports participation.

Discussion

This study is the first to assess adherence to medication and lifestyle re-
commendations in a large and representative international cohort of
CPVT patients. Our results show that 15% of the participants were
non-adherent to their prescribed medication. Female sex, flecainide
monotherapy compared to flecainide, and beta-blocker combination
therapy, and a high concern about CPVT medication were independ-
ently associated with non-adherence to medical therapy. Additionally,
11% of the participants who received a restrictive sports recommenda-
tion were involved in sports without any limitation. This knowledge
could guide patient education aimed at therapy and lifestyle recommen-
dations adherence and thereby hopefully also decrease arrhythmic
events associated with non-adherence in patients with CPVT.

Non-adherence measures in other

populations

A previous study in patients with congenital long QT syndrome used
pharmacy dispensing data from 68 patients and defined non-adherence
as <80% of follow-up days with dispensed beta-blocker.?® With this
method, 35 (51%) non-adherent patients were identified, which is sig-
nificantly higher than we found in our study. Another more recent and
large study regarding adherence to beta-blockers in 500 patients with
congenital long QT syndrome used a similar approach of prescription
data and nationwide registries and found that 38.4% of the patients
were non-adherent, defined as patients with a treatment break of
>60 days,'* Both studies presumably used a more objective method
for measuring therapeutic non-adherence than in our study. The self-
reported adherence questionnaire used in the current study reflects
other aspects of adherence besides dispensing rates. Studies in other
populations—elderly,”’ patients using biologicals,*® and patients using
statins chronically’’—that also use MARS-5 to identify non-adherent
patients, show more similar non-adherence rates (13%, 11%, and 7%,
respectively). Indeed, in a large Swedish cohort of patients with a statin
prescription after an ischaemic stroke, who had both filled in the
MARS-5 questionnaire and whose dispensing rate was measured, the
proportion of non-adherent patients was higher when using the dis-
pensing rate method compared to the MARS-5 questionnaire (22%
vs. 13%, respectively).”? In self-reported adherence questionnaires, par-
ticipants might overestimate their adherence to the prescribed drug.
Furthermore, it is conceivable that non-adherent patients were less
motivated to participate in this survey. Conversely, picking up a pre-
scription does not necessarily mean that a patient is actually taking
the medication.

In clinical practice, self-reported adherence questionnaires in add-
ition to dispensing rates and an unexpected increase in the presence
and severity of ventricular arrhythmia on the exercise stress test>*—2
might help a cardiologist to identify patients that are non-adherent to
their CPVT medication.

Intentional vs. unintentional

non-adherence

The aforementioned different aspects of non-adherence might also be
in part illustrated by the unintentional and intentional non-adherence
questions within the MARS-5 itself. In our cohort, both adherent and
non-adherent patients most frequently selected another option than
‘never’ to the unintentional non-adherence question ‘| forget to take
my medicine’. This indicates that a significant number of patients in
both groups tend to forget to take their medication occasionally.
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Recommended versus actual sports participation

No sports

Heart rate monitor

No competitions

Unlimited

Recommendation

No sports

Heart rate monitor

No competitions

Unlimited

Actual

Figure 3 Physician recommended sports participation vs. actual sports participation. This figure shows the recommended (left) vs. actual (right) par-
ticipation in sports of the survey participants. From top to bottom; no sports, meaning recommended/actually not involved in sports at all; heart rate
monitor, meaning recommended/actually wearing a heart rate monitor; no competitions, meaning recommended/actually involved in sports, but not on
a competitive level; unlimited, meaning recommended/actually involved in sports without any constraints. The vertical height of the categories and the
thickness of the lines between the left and right panes represent the number of participants.

With respect to intentional non-adherence, only two (6.7%) non-
adherent participants responded with ‘never’ to every intentional non-
adherent statement. Conversely, among the adherent participants, the
majority (n= 149, 87.6%) rated all intentional non-adherence state-
ments with ‘never’. This emphasizes the significant proportion of delib-
erate non-adherence within our cohort, highlighting the opportunity to
reduce it.

Factors associated with non-adherence

Female sex, flecainide monotherapy compared to beta-blocker and fle-
cainide combination therapy and a higher agreement with statements
related to concern about CPVT medication were independently asso-
ciated with non-adherence. Alleviating concerns about CPVT medica-
tion might be of particular interest to reduce non-adherence. The
association between concern about medication and intentional non-
adherence has been previously reported in patients with inherited
cardiac diseases'® and in other populations33 in combination with a
low necessity belief about medication.

In our cohort, the higher concerns of CPVT medication in non-
adherent participants was partially attributed to four statements.

Importantly, non-adherent participants showed a greater level of agree-
ment with statements related to having to take medication in general
and apprehensions about the long-term effects of their medication.
These apprehensions may contribute to the intentional non-adherence.
This finding is particularly noteworthy because both beta-blockers and
flecainide are essential and frequently used components of the cardiol-
ogist’s treatment arsenal. Despite common side effects, which were
also observed by our study cohort, there is no evidence for long-term
negative effects of these medications. Addressing the discrepancy be-
tween patients’ beliefs about their medicines and the evidence could
potentially ease some of the concerns that lead to non-adherence to
CPVT medication. In addition, open discussions between the cardiolo-
gist and the patient are essential to ensure that concerns from patients
are being relayed to their physicians, and that recommendations given
are understood.

The Cls of the ORs of flecainide monotherapy and female sex were
very wide. This reflects either the small total number of non-adherent
participants or a reduced robustness of the effect, and these associa-
tions should thus be regarded with caution. However, the knowledge
of these associations might help clinicians to identify their non-adherent
patients.
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The majority of the non-adherent patients were in the reproductive
age period (median age 32.5 [22.8-42.0] years). Therefore, one could
speculate that women tend to be less adherent to their medication
in the reproductive age, when concern about medication extends
beyond themselves to their (potentially future) offspring. Non-
adherence to medication during pregnancy is well-described in other
conditions requiring chronic use of medication.>*

Generally, flecainide monotherapy is prescribed in patients after
they suffered from significant side effects on beta-blocker mono-
therapy or beta-blocker and flecainide combination therapy. Thus,
the subgroup of patients on flecainide monotherapy is biased:
some of these patients have probably already suffered from side ef-
fects, and, therefore, they might have bigger concerns about their
medication compared to a previously treatment naive CPVT popu-
lation in whom CPVT medication is initiated, increasing the risk of
non-adherence.

Furthermore, the high burden of side effects stresses the need for
alternative therapeutic options for these patients. Catecholaminergic
polymorphic ventricular tachycardia patients are generally young and
active and frequent side effects such as fatigue or dizziness can have a
huge impact on their life. Left cardiac sympathetic denervation is
currently reserved for those patients who have had a syncope or
documented ventricular tachycardia despite treatment with a beta-
blocker and flecainide.® Future studies should assess whether this
procedure could be an effective treatment strategy in non-adherent
patients who are less symptomatic and whether this could safely be
accompanied by less medication or lower dosages. These studies
should take into account the invasiveness of this procedure and
the risk of long-term complications, such as left-sided dryness, unilat-
eral facial flush, and contralateral hyperhidrosis.35 Yet, the majority of
patients who had undergone a left cardiac sympathetic denervation
reported they were satisfied with the procedure and would recom-
mend it to others>® Additionally, it is well-known that drug
responses differ between individuals and are associated with var-
iants in genes encoding enzymes involved in metabolizing drugs.
Recently, it has been shown that a pharmacogenetic-guided drug
prescription, taking these genetic factors into account, decreases
the occurrence of side effects.*® This breakthrough might especially
be useful for the CPVT patient population, in whom genetic testing
for CPVT variants is already performed for regular care. Until then,
improved patient education about CPVT medication is of the ut-
most importance.

Although it did not reach statistical significance in multivariable ana-
lyses, non-adherent participants were prescribed medication they had
to take more than once daily significantly more often compared to ad-
herent participants. Given the availability of long-acting formulations
without disadvantages compared to more than once-daily prescrip-
tions, these alternatives should be favoured within the CPVT
population.

Lastly, the emotional impact of CPVT was not independently asso-
ciated with non-adherence. Nevertheless, emotional and psychologic-
al care deserves the attention of the CPVT caretakers worldwide. In
addition to a higher self-rated emotional impact of CPVT in the non-
adherent participants, a substantial number of participants men-
tioned, without being specifically asked, that there currently is a lack
of and a need for psychological care. In a survey that was excluded be-
cause it was filled in by the parent of a CPVT patient that was tragically
deceased, the participant mentioned ‘My son’s CPVT was well-
managed. He had returned to sport. He lived every day in fear of ‘dying
again’ after cardiac arrest mid-swim race which led to his diagnosis. He
took his own life ... . Mental health support for patients is severely lim-
ited and lacking....”. This is also supported by a small cross-sectional
study about psychosocial implications of living with CPVT, that under-
lined the importance of psychosocial support especially for young
|:>atients.37

Lifestyle recommendations

We showed that the lifestyle recommendations received by the pa-
tients are very diverse and many patients (29%) did not receive—or
could not recall receiving—lifestyle recommendations. Around half of
the patients who did receive lifestyle recommendation were advised
to avoid sports on a competitive level, in accordance with current
European guidelines,6 while other guidelines are less stringent.16
Ideally, there should be an internationally uniform approach to lifestyle
recommendations. However, this should not compromise an individua-
lized and shared-decision making approach, as some patients may want
to be more involved in sports than others, and in asymptomatic patients
the CPVT phenotype might permit a more lenient approach. Also, it has
been shown previously that the occurrence of events in well-informed
and well-treated patients who remained competitive athletes was simi-
lar to non-athletes in a cohort of 63 CPVT patients."® Indeed, some ex-
perts in the field advocate the continuation of competitive sports in
some CPVT athletes when well-treated and well-informed."®
Additionally, experimental data in CPVT mice suggest that exercise
training might actually reduce ventricular arrhythmia.38 The underlying
mechanisms remain unclear. On the other hand, other stressful experi-
ences, such as stimulating video games, may also trigger arrhythmic
events in CPVT .39 Lastly, participating in sports is—understandably
—accompanied by anxiety in many patients, and in our cohort 30 pa-
tients were less involved in sports that they would have liked, partly
due to anxiety.

In summary, there is currently a lack of knowledge of lifestyle adap-
tion in CPVT patients. Future studies are on the horizon that will shine
more light on this topic, and will hopefully provide more evidence-
based grounds for future guidelines and shared-decision making tools
regarding lifestyle recommendations in CPVT.*!

Study limitations

Due to the study design, our results might have been biased due to non-
responders. Non-adherent patients might generally be less likely to re-
spond to a survey such as this one. We tried to make the risk as low
possible by keeping the survey short, not stating the goal of the survey
prior to entering, and by keeping it completely anonymous. Anonymity
additionally reduces the risk of participants giving socially desirable an-
swers and thereby acquiescence bias. Furthermore, MARS-5 is de-
signed to reduce social desirability bias and sets a tone where
non-adherence is considered normal.'® Lastly, due to the nature of
the disease, non-adherent patients have a higher risk of symptoms
and might therefore be deceased, leading to a survival bias.

Conclusion and clinical implications

Non-adherence to medical therapy in CPVT patients is a significant
challenge associated with higher concern regarding CPVT medications,
including concerns about their long-term effects. Addressing these con-
cerns might serve as a foundation to improve patient education aimed
at therapy adherence. This should be a topic of open discussion during
patient visits. In line with this, when initiating a treatment, a CPVT pa-
tient should be informed about the short- and long-term effects of their
medication. Moreover, enhancing CPVT care could involve prescribing
exclusively once-daily medication regimens, and integrating psycho-
logical support, and supportive discussions about optimizing safe sports
participation. Future research should focus on establishing evidence-
based lifestyle recommendations in CPVT.

Supplementary material

Supplementary material is available at Europace online.
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