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Background: Prophylactic implantable cardioverter defibrillator (ICD) therapy prevents sudden cardiac
death (SCD) among young adults with cardiogenetic conditions, but might reduce quality of life (QoL)
due to potential device complications, ongoing medical appointments, and lifestyle restrictions. We
investigated QoL in the first year after ICD implantation for the primary prevention of SCD and compared
QoL scores with population norms.

Methods: Consecutive patients with cardiogenetic conditions (aged 18–50 years) referred to the
Academic Medical Center in Amsterdam to receive ICD therapy for the primary prevention of SCD
between 2007 and 2009 were eligible. Patients completed questions about QoL (Short-Form 36 Health
Survey; SF-36), depressive symptoms (Center for Epidemiologic Studies Depression scale; CES-D), anxiety
(State-Trait Anxiety Inventory; STAI), and the impact of receiving ICD therapy on lifestyle and work,
shortly before ICD implantation and after 2 months, 6 months, and 12 months.

Results: Thirty-five of 47 eligible patients participated. QoL was significantly reduced shortly before
and 2 months after ICD implantation but improved over time and was comparable with population norms
at 6 months and 12 months after ICD implantation. Yet, only about half of the patients believed they had a
normal life like everyone else, and 28% had lost or changed their job due to their cardiogenetic condition
and ICD therapy.

Conclusions: Receiving a diagnosis of a cardiogenetic condition and subsequent ICD implantation
was accompanied with a temporarily reduced QoL and a significant negative impact on professional
life. Clinicians should inform their patients of the possible QoL consequences when deciding about ICD
implantation in primary prevention of SCD in cardiogenetic conditions. (PACE 2015; 38:870–877)

quality of life, cardiogenetic conditions, implantable cardioverter defibrillators, health-related
quality of life

Introduction
Prophylactic implantable cardioverter defib-

rillator (ICD) therapy is an established inter-
vention among young adults with cardiogenetic
conditions at risk for sudden cardiac death (SCD).
ICD therapy comes, however, with potential risks,
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including short-term procedural complications
such as infection and vascular complications,
and lead-related problems during follow-up.1
These potential risks of ICD therapy could have
a negative effect on patients’ quality of life
(QoL). QoL is generally considered to encompass
patients’ physical, psychological, and social func-
tioning, which can be affected by both disease
and treatment. Studies in several settings have
shown that QoL is also influenced adversely in
patients who experience ICD shocks, regardless of
whether shocks are appropriate or inappropriate.2
Additionally, ICD therapy has been associated
with an increased incidence of anxiety and
depression and impaired QoL both in adult
and pediatric populations.3–8

©2015 Wiley Periodicals, Inc.
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The issue of QoL is particularly important
in primary prevention, in which the willingness
to accept a potentially unpleasant therapy for
an uncertain future benefit may be low. ICD
therapy for the primary prevention of SCD is not
expected to improve QoL in the short term, but on
the contrary entails the possibility of harm from
either psychological or physical complications of
therapy.

Primary prevention ICD therapy could have a
particular negative impact on QoL among young
adult patients.9 Procedural risks of ICD implanta-
tion may be lower in a younger population and,
as they are characterized by lower morbidity and
mortality rates, the potential benefit of ICD therapy
may be higher compared to an older population.
On the other hand, younger patients have a higher
risk of receiving inappropriate ICD shocks than
older patients.10 Moreover, studies so far suggest
that although older patients with ICDs have
decreased physical functioning, more comorbid
illness, and worse symptoms that negatively
impacted QoL, younger patients with ICDs tend
to have more difficulty with adjusting to the
ICD.9,11,12 Compared to older patients, younger
patients face decades of life with the ICD and its
restrictions on physical functioning, body image,
driving or working life, and the ongoing medical
appointments may have a more negative impact
on their QoL.

To date, evidence on the impact on QoL of
receiving an ICD for the primary prevention of SCD
among young adults is limited. Most studies have
investigated QoL in a cross-sectional study design
among populations including both younger and
older primary and secondary prevention patients
who had their ICD implanted up to 5 years
ago.9,12,13–15 Several studies have investigated the
effect of ICD implantation on QoL in a prospective
design, but the mean age of patients enrolled in
these studies was older than 50 years.1,16–19 Thus,
it remains largely unclear how an ICD affects QoL
in young adult patients who receive a primary
prevention ICD.

Therefore, we aimed to prospectively inves-
tigate the impact on QoL in the first year after
receiving an ICD for the primary prevention of
SCD among young adults between 18 years and
50 years of age with a cardiogenetic condition.
Furthermore, we compared their QoL scores with
available population norms.

Methods
Participants and Procedure

Participants were adult patients, aged be-
tween 18 years and 50 years, who were referred
to the Department of Cardiology of the Academic

Medical Center in Amsterdam, the Netherlands,
to receive ICD therapy for the primary prevention
of SCD between December 2007 and March 2009.
Eligible patients were diagnosed or presumed
to have a cardiogenetic condition or a genetic
defect predisposing for such a condition. In the
latter case, the family history had to indicate at
least one first-degree family member with SCD or
aborted SCD. Patients with cognitive impairment,
a comorbid condition resulting in a life expectancy
of less than 6 months, or no informed consent
were excluded from participation. Consecutive
eligible patients who were scheduled for ICD
implantation were asked to participate in the
study. Participation in the study consisted of
completing a questionnaire on QoL prior to ICD
implantation and at 2 months, 6 months, and
12 months after implantation. Patients completed
the questionnaire at home and returned the
questionnaire in a prestamped envelope.

The study was exempted for ethical approval
by the central ethics committee of our institution.
The committee decided that the Medical Research
Involving Human Subjects Act does not apply to
the study. The study was conducted according
to the Declaration of Helsinki Principles of
1983. Informed consent was obtained from all
participating patients.

Measurements

Information on demographic (age, gender,
working status, having a partner and/or children,
education, driver’s license) and clinical variables
(underlying cardiogenetic condition, symptoms
before ICD implantation, prescribed medication
after ICD implantation, delivery of appropriate
or inappropriate ICD shocks) were obtained from
self-report questions in the first questionnaire and
medical records, respectively.

QoL was assessed using the medical outcomes
study Short-Form 36 Health Survey (SF-36).20 The
SF-36 contains 36 items covering eight dimensions
of QoL: physical functioning, role limitations
owing to physical problems, role limitations
owing to emotional problems, social functioning,
mental health, health perceptions, vitality, and
bodily pain. Scores for each domain range from
0 to 100, with higher scores reflecting better QoL.
Normative data from the Dutch general population
are available.21

Depressive symptoms were assessed using the
Center for Epidemiologic Studies Depression scale
(CES-D).22 The CES-D contains 20 items asking
about depressive symptoms in the past week. Scale
scores range from 0 to 60, with higher scores
indicating a higher level of depressive symptoms.
A score of 16 or higher has been proposed to
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indicate clinically significant levels of depressive
symptoms.

We assessed the presence of symptoms of
general anxiety using the state scale of the State-
Trait Anxiety Inventory (STAI). The STAI state
scale consists of 20 items. The scale ranges from
20 to 80, with higher scores indicating higher
levels of state anxiety.23 A cut-off score of 40 or
higher was previously used to indicate clinically
elevated levels of general anxiety among ICD and
myocardial infarction patients.24

We designed a number of statements to
explore the impact of receiving ICD therapy for
a cardiogenetic condition. The topics covered by
the statements were made up by an expert panel
consisting of physicians and nurses with exten-
sive experience with young adult ICD patients.
The statements were the following: the ICD
makes me feel protected against my cardiogenetic
condition, the ICD has more negative than positive
effects, I worry about my ICD firing when nobody
is around, I feel less attractive because of my
ICD, my ICD influences the way I dress, I can
no longer do the things I enjoy, and I have a
normal life like everyone else. It also included the
following statements: my cardiogenetic condition
and ICD therapy have a negative influence on my
professional career, have an important influence
on the decision to have (more) children, and have
a negative impact on the relationship with my
partner. Response options for each statement were:
agree, neither agree or disagree, disagree, and not
applicable.

We asked patients if they had lost their job or
changed jobs due to their cardiogenetic condition
and ICD therapy. We also asked patients if they
were temporarily unable to do their job or had
reduced their hours of paid work because of
their cardiogenetic condition and ICD therapy.
Response options for these questions were: yes,
no, or not applicable.

The questionnaire on QoL administered
shortly before ICD implantation included the
questions about demographics, the SF-36, CES-
D, and the STAI. The questionnaire administered
at 2 months, 6 months, and 12 months after ICD
implantation included the SF-36, CES-D, STAI,
and the statements and questions about the ICD.

Statistical Analyses

We calculated mean scale scores for the
SF-36 dimensions, the CES-D, and the STAI.
The eight dimensions of the SF-36 score were
converted to standard scores on the basis of the
scores of an age- and gender-matched represen-
tative reference sample of the Dutch population.
Standard scores were calculated by dividing the
difference between the patients’ SF-36 score and
the mean age- and gender-matched score of the

reference population by the standard deviations
of the reference population. A standard score
thus indicates how many standard deviations
the observed SF-36 score falls below or above the
score of the reference population. Consequently,
scores of the reference population are set at
zero. Given the similarity with effect sizes (ES)
calculation, mean standard scores of 0.20, 0.50,
and 0.80 were considered to indicate small,
medium, and large deviations from the reference
population, respectively.25 Additionally, standard
scores of all patients were compared to the Dutch
general population using one sample t-tests. We
calculated the percentage of patients who had
a score equal or higher than the cut-off on the
CES-D and the STAI. We investigated the course
of these percentages over time using generalized
estimating equations.

We investigated the course of mean scores on
the SF-36, CES-D, and STAI over time using mixed
linear models. We included time as fixed effect.
To account for the fact that multiple patients from
the same family could participate, we included
family as random effect. To explore the impact
of experiencing an ICD shock, we repeated the
analyses including having experienced an ICD
shock in the period preceding questionnaire
completion as time-dependent covariate.

We calculated the percentage of patients
who agreed with or responded confirmative to
the statements or questions about the ICD and
investigated the course of these percentages over
time using generalized estimating equations.

All statistical calculations were conducted
using SPSS version 20 (IBM Corp., Armonk, NY,
USA). Two-sided P values <0.05 were considered
to indicate statistical significance.

Results
Between December 2007 and March 2009,

a total of 47 consecutive young adult patients
referred to receive primary prevention ICD therapy
were asked to participate in the study, of whom
45 agreed. ICD implantation was postponed in
one patient, four patients failed to complete the
baseline questionnaire, and five patients failed to
complete the follow-up questionnaires, resulting
in a sample size of 35 patients. There were no sig-
nificant differences between 35 patients who par-
ticipated in the study and 10 patients who did not
participate in age (mean age: 37 years vs 34 years,
P = 0.044) and gender (percentage of males: 50%
vs 51%, P = 1.0). The median (interquartile range)
duration of time between receiving a diagnosis of
a cardiogenetic condition and ICD implantation
was 95 days (31–163 days; n = 20). Characteristics
at baseline are shown in Table I. In addition to
the prescribed medicines shown in Table I, one
patient was prescribed antiretroviral medication,

872 July 2015 PACE, Vol. 38



QUALITY OF LIFE IN YOUNG ADULT ICD PATIENTS

Table I.

Characteristics at Baseline

n = 35

Age, mean (SD) 36.7 (8.6)
Males, number (%) 18 (51%)
Working status

Employed 29 (82%)
Student 3 (9%)
Unemployed/not working 3 (9%)

For work dependent on driver license
Yes 15 (43%)
No 17 (49%)
Not applicable 3 (8%)

Marital status
Married 25 (71%)
Divorced 3 (9%)
Single 6 (18%)
Unknown 1 (2%)
Has children 24 (69%)

Cardiogenetic condition
DPP6 21 (60%)
Brs 4 (11%)
LQTS 1 (3%)
HCM 5 (14%)
ARVC 3 (9%)
Family history of (resuscitated) SCD 1 (3%)

(n = 33)

Symptoms
No symptoms 24 (69%)
Dizziness 1
Fainting 5
Palpitations 4
Chest pain 3
Hyperventilation 1
Arrhythmias 1

(n = 29)

Medication
No medication 25 (86%)
Antihypertensive 1
β-Blocker 3
Diuretics 2
ACE inhibitor 1

ARVC = arrhythmogenic right ventricular cardiomyopathy; Brs =
Brugada syndrome; DPP6 = dipeptidyl-peptidase 6; LQTS =
long QT-interval syndrome; HCM = hypertrophic cardiomyopathy;
SCD = sudden cardiac death; SD = standard deviation.

one patient antimigraine medication, and one
patient an antihistamine and a bronchodilator.

QoL Compared with Norm Scores

Patients completed the baseline questionnaire
on average 3 days prior to ICD implantation.
Shortly before ICD implantation, patients had a
significantly worse QoL on the SF-36 dimensions
vitality (ES = –0.68), social functioning (ES =
–0.54), role functioning emotional (ES = –0.66),
and mental health ES = –0.78) than age- and
gender-matched Dutch population norms, with ES
being medium to large (Fig. 1). Two months after
ICD implantation, patients had significantly worse
QoL on all SF-36 dimensions with the exception
of bodily pain and role-emotional compared with
the Dutch population norms. The deviation from
the Dutch population norms was most pronounced
in magnitude for role-physical (ES = –1.14),
vitality (ES = –0.53), and social functioning
(ES = –0.60). At six months and 12 months after
ICD implantation, patients’ QoL on the SF-36
dimensions was not significantly worse than age-
and gender-matched Dutch population norms.

Before ICD implantation, 29% of the patients
had a depression score (CES-D) higher than the
cut-off score of 16. After 2 months, 6 months, and
12 months, this percentage was 23%, 9%, and
13%, respectively (time effect, P = 0.12).

Before ICD implantation, 71% of the patients
had an anxiety score (STAI state) higher than
the cut-off of 40. After 2 months, 6 months, and
12 months, this percentage was 40%, 32%, and
34%, respectively (time effect, P = 0.001).

QoL over Time

We observed a statistically significant change
over time in mean scores on physical functioning
(P = 0.041), role functioning physical (P <
0.001), bodily pain (P = 0.002), social functioning
(P = 0.013), mental health (P < 0.001), role
functioning emotional (P = 0.005), vitality (P =
0.006), depressive symptoms (P = 0.001), and
anxiety (P < 0.001). For physical functioning,
role functioning physical (Fig. 2A), and bodily
pain, QoL was significantly worse at 2 months
following ICD implantation than at 12 months
following ICD implantation. For social functioning
(Fig. 2B), mental health, and role functioning
emotional, QoL was significantly worse before and
at 2 months following ICD implantation than at
12 months following ICD implantation. Vitality
was significantly worse, and depressive symptoms
(Fig. 2C) and anxiety (Fig. 2D) were significantly
higher before ICD implantation than at 12 months
after ICD implantation.

A total of three patients experienced an ICD
shock during the 12-month follow-up period,
which was delivered inappropriately in two
patients and appropriately in one patient. Patients
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Figure 1. Quality of life in ICD patients compared with age- and gender-matched Dutch general population. A = role
functioning physical; B = social functioning; C = depressive symptoms (CES-D); D = anxiety symptoms (STAI); ICD
= implantable cardioverter defibrillator.

experiencing an inappropriate ICD shock in the
period prior to questionnaire completion reported
worse QoL on the subsequent questionnaire for
physical functioning (P < 0.001), bodily pain (P =
0.050), social functioning (P = 0.016), and vitality
(P = 0.08) than patients not experiencing ICD
shocks. The negative impact on QoL was less
pronounced when the patient experiencing an
appropriate shock was also considered.

The percentage of questionnaires on which
patients agreed with statements about the ICD
were the following: the ICD makes me feel
protected against my cardiogenetic condition:

87%; my ICD has more negative than positive
effects: 11%; I worry about my ICD firing when
nobody is around: 22%; I feel less attractive
because of my ICD: 8%; my ICD influences the
way I dress: 16%; I can no longer do the things I
enjoy: 19%; and I have a normal life like everyone
else: 52%.

The percentage of patients who agreed with
the additional statements about their ICD did
not change significantly over time. We therefore
report the mean percentage of patients across
time points. The percentage of patients agreeing
with additional statements were the following:
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Figure 2. Quality of life in ICD patients before and after
ICD implantation. A = before ICD implantation; B =
after 2 months; C = after 6 months; D= after 12 months;
ICD = implantable cardioverter defibrillator.

my cardiogenetic condition and ICD therapy: have
a negative influence on my professional career:
34%; have an important influence on the decision
to have (more) children: 36%; and have a negative
impact on the relationship with my partner: 2%.

A total of 29 patients had a paid job at
baseline. Of those, eight patients (28%) had lost
their job or changed jobs due to their cardio-
genetic condition and ICD therapy. Some patients

spontaneously exemplified their responses. One
patient mentioned previously being a technician
working on hoisting cranes at 7–9 m above the
ground and now having become a house man.
Another patient mentioned previously working as
police officer on a patrol car and now working
as an adviser. Yet another patient mentioned no
longer being allowed to work as a chauffeur due to
driving license restrictions for persons with ICDs.
Five (17%) other patients were temporarily unable
to do their job. A total of nine patients (31%) re-
ported that they reduced their hours of paid work.

Discussion
In our prospective study among young adult

patients with a cardiogenetic condition receiving
ICD therapy for the primary prevention of SCD,
QoL was significantly reduced shortly before and
2 months after ICD implantation but improved
over time and was comparable with population
norms at 6 months and 12 months after ICD
implantation. Nevertheless, only about half of the
patients believed they had a normal life like ev-
eryone else, about one-third experienced elevated
levels of anxiety, about one-third believed their
cardiogenetic condition and ICD therapy had a
negative effect on their professional life, and 28%
had lost their job or changed jobs due to their
cardiogenetic condition and ICD therapy.

To the best of our knowledge, the impact on
QoL among young adults (<50 years) receiving
an ICD for primary prevention has not previously
been investigated in a prospective longitudinal
study. A few cross-sectional studies, assessing
QoL several years after ICD implantation, have
included varying percentages of young primary
prevention patients among their entire study
population.9,12,14,15 These cross-sectional studies
have shown that up to 5 years after ICD
implantation, the vast majority of patients have
levels of QoL, anxiety, and depression that are
within the range of normative general population
data. Results from this study are consistent with
these prior results, and add that levels of QoL,
anxiety, and depression return within the normal
range already 6–12 months after ICD implantation
in the majority of patients, although about one-
third of the patients experienced persistently
elevated levels of anxiety. Despite having levels
of QoL within the normal range, considerable
numbers of patients in this study and in a previous
study15 reported problems in their professional
life. Previously, it was found that reduced QoL
related to ICD implantation is greater in active
young patients and that these patients frequently
complain about alteration of their professional
career.15 Results from this study are in line with
these findings.
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We found that experiencing an ICD shock
appeared to have a significant negative impact on
the more physical aspects of QoL, such as physical
functioning, bodily pain, vitality, and social
functioning rather than on the more psycholo-
gical aspects, such as mental health, anxiety, and
depression. Studies reporting about the associa-
tion between experiencing ICD shocks and QoL
have reported divergent results. In some studies,
it was found that ICD shocks were associated with
posttraumatic stress9 and anxiety symptoms,9,12

whereas others have found associations with a
reduced physical QoL but not with a reduced
mental health or increased anxiety/depression
symptoms.17 Because the numbers of patients
experiencing shocks are usually low, the specific
effects on QoL detected within studies may vary
due to limited statistical power.

This study has several limitations. We cannot
distinguish between the impact on QoL of receiv-
ing a diagnosis of a cardiogenetic condition and
of the ICD implantation. Half of the patients had
received their diagnosis only up to 3 months ago.
Because QoL was already significantly impaired
compared with general population norms shortly
before ICD implantation, it can be inferred that
receiving such diagnosis and/or the knowledge
that ICD therapy is required already has a
significant negative impact on QoL. It is known
that receiving a cardiogenetic diagnosis also has
a temporarily negative impact on QoL.26 Patients
completed the baseline questionnaire on average
3 days before ICD implantation. Consequently, the
baseline assessment was most likely also biased
by preimplantation distress. Obtaining QoL data
at the time of diagnosis, but remote from the time
of ICD implantation, may give a better picture
of the separate impact on patient’s QoL of the
diagnosis and ICD implantation. However, this
was not feasible in this study since we only
recruited patients once they became eligible for
ICD implantation. Moreover, dipeptidyl-peptidase
6 (DPP6) patients became eligible for ICD implan-
tation as soon as they received their diagnosis with
a consequent short duration between diagnosis
and ICD implantation.

In spite of having QoL within the normal
population range as from 6 months after ICD
implantation, only about half of the patients
believed they had a normal life like everyone else.
The latter may have been due to the problems
patients experienced in their professional life. It
could also suggest that the SF-36 does not capture
the ways in which an ICD decreases QoL in ICD
patients. Nowadays, several validated ICD-specific
QoL questionnaires exist. However, at the time this
study started, that is, in 2007, these questionnaires
were not yet widely known and used.

The majority of patients in our study consisted
of those with familial ventricular fibrillation due
to the DPP6 haplotype. These patients are prone
to develop idiopathic ventricular fibrillation.
Otherwise, these patients are asymptomatic. Fifty
percent of the risk haplotype carriers experienced
an event of ventricular fibrillation before the age
of 60.27 Currently, the implantation of an ICD is
the only effective treatment. DPP6 patients and
patients with other cardiogenetic conditions have
in common the risk of SCD without ICD therapy,
and the risk of device complications, ongoing
medical appointments, and lifestyle restrictions
after ICD implantation which could reduce their
QoL. However, unlike DPP6 patients, patients
with hypertrophic cardiomyopathy, arrhythmo-
genic right ventricular cardiomyopathy, long QT-
interval syndrome, and Brugada syndrome are still
at risk of developing disease-related morbidity
after ICD implantation which could have a
negative impact on their QoL. We found that DPP6
patients had a better QoL with respect to social
functioning, mental health, and role functioning
emotional, and had less depressive symptoms than
patients with other cardiogenetic conditions (data
not shown). These effects remained even after
adjustment for age and gender. Possibly, this better
QoL in DPP6 patients can be explained by the
absence of the risk of developing disease-related
morbidity after ICD implantation. The impact on
QoL of ICD therapy may thus be underestimated
in this study.

Only a small number of patients were
included in our study. As cardiogenetic conditions
are rare, and only a small subset of clinically
diagnosed individuals requires an ICD, the num-
ber of individuals meeting inclusion criteria was
limited. Another limitation is that this is a single-
center study.

In conclusion, among young adult patients
with a genetic predisposition for SCD, the
decision to implant an ICD requires a careful
weighing of potential risk and benefits associated
with this therapy. With this study, we show
evidence about the short-term and longer term
consequences for patients’ QoL of receiving a
diagnosis of having a cardiogenetic condition with
subsequent ICD implantation. These results may
inform clinicians about the possible QoL conse-
quences when deciding about ICD implantation
in primary prevention of SCD in cardiogenetic
conditions and they should inform patients
accordingly.
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