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Abstract
Background: Although highly effective in preventing arrhythmic death, there is a high prevalence of anxiety, depression
and reduced quality of life among patients who have received an implantable cardioverter defibrillator (ICD). Whether
mortality, ICD shock and readmission are predicted by patient-reported outcomes is unknown.
Aim: The aim of this study was to describe patient-reported outcomes among patients with ICDs compared by: ICD
indication and generator type (ICD or cardiac resynchronisation therapy ICD), and to determine whether patientreported outcomes at discharge predict mortality, ICD therapy and readmission.
Methods: A national cross-sectional survey at hospital discharge (n=998) with register follow-up. Patient-reported
outcomes included the Hospital Anxiety and Depression Scale, Short Form-12, HeartQoL, EQ-5D and Edmonton
Symptom Assessment Scale. Register data: ICD therapy, readmissions and mortality within one year following discharge.
Results: Patients with primary prevention ICDs had significantly worse patient-reported outcomes at discharge
than patients with secondary prevention ICDs. Likewise, patients with cardiac resynchronisation therapy ICDs had
significantly worse patient-reported outcomes at discharge than patients without cardiac resynchronisation therapy.
One-year mortality was predicted by patient-reported outcomes, with the highest hazard ratio (HR) being anxiety
(HR 2.02; 1.06–3.86), but was not predicted by indication or cardiac resynchronisation therapy. ICD therapy and
ventricular tachycardia/ventricular fibrillation were not predicted by patient-reported outcomes, indication or cardiac
resynchronisation therapy. Overall, patient-reported outcomes predicted readmissions, e.g. symptoms of anxiety and
depression predicted all readmissions within 3 months (HR 1.50; 1.13–1.98) and 1.47 (1.07–2.03), respectively).
Conclusion: Patients with primary indication ICDs and cardiac resynchronisation therapy ICDs report worse patientreported outcomes than patients with secondary indication and no cardiac resynchronisation therapy. Patient-reported
outcomes such as mental health, quality of life and symptom burden predict one-year mortality and acute and planned
hospital readmissions.
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Introduction
Treatment with an implantable cardioverter defibrillator
(ICD) is recommended for life-threatening ventricular
arrhythmias and for the prevention of sudden cardiac death,
and has reduced mortality markedly during the past 20
years.1–7 Although highly effective in preventing arrhythmic death, there is a high prevalence of anxiety (11–63%),
depression (10–36%) and reduced quality of life (QoL)
among patients who have received an ICD.2,8,9 There seems
to be a number of reasons for this, including concerns about
the nature and severity of the cardiac condition, uncertainty
about the function and feeling of the ICD, and the unpredictable nature of receiving ICD shocks.8 Despite conflicting results, studies support the finding that distress and
psychological vulnerability may increase the risk of ventricular tachyarrhythmia and mortality in ICD patients.10
As a consequence of increasing treatment with ICDs on
primary prevention indication, the population of patients
with ICDs has gradually become more diverse. In a 2009
review, Pedersen et al.7 identified five studies reporting
patient-reported outcomes (PROs), including anxiety,
depression and disease-specific and general QoL. None of
these studies found associations between ICD indication
and the PROs.7 However, in a later follow-up study,
Pedersen et al.10 found that patients receiving an ICD as
primary prevention experienced a decrease in concerns
about the ICD, which was not rediscovered in patients
receiving an ICD as secondary prevention.3 Similar findings have been reported by Carroll and Arthur, who found
higher uncertainty in patients with secondary prevention
ICDs.4 In general, earlier studies reporting data by ICD
indication used small sample sizes (⩽20). A newer largescale survey from Sweden found no difference in anxiety
and depression between indications and whether cardiac
resynchronisation therapy (CRT) function was included.11
It was a survey that was posted to patients’ homes regardless of the time since implantation or hospitalisation, and
thus the influence of ICD indication and its association
with PROs at hospital discharge remains vague.8
The predictive value of PROs has been established in
other heart conditions by identifying associations between
heart disease, self-reported health and morbidity and mortality.12 The overall aim of this paper was to examine PROs
at hospital discharge in patients with ICDs and their predictive value for adverse outcomes and readmissions.

Purpose
The objectives of this study are: (a) to describe PROs at
discharge among patients with an ICD compared by: ICD

indication and generator type (ICD or cardiac resynchronisation therapy ICD (CRT-D)); and (b) to determine whether
PROs predict mortality, ICD therapy and readmission
within one year of follow-up.

Methods
Study design
The DenHeart study was designed as a national cross-sectional survey with register follow-up. All patients across
cardiac diagnostic groups who were discharged from a
heart centre were asked to fill out a questionnaire to evaluate PROs. The DenHeart study is described in more detail
in a published study protocol.13

Setting and participants
In one year (15 April 2013 to 15 April 2014) all patients
discharged or transferred from one of the five Danish heart
centres were included in the DenHeart study. This paper
focuses on included patients discharged with an ICD
regardless of whether this was the first ICD implantation,
a shift of battery, shock or other reasons for admission.
Eligibility criteria. All patients were consecutively included
in the DenHeart study. Patients under 18 years of age,
patients without a Danish civil registration number and
patients who did not understand Danish were excluded
from the study. For ethical reasons, patients who were
unconscious when transferred were also excluded.
Recruitment. Patients were recruited and informed consent
was obtained by a ward nurse or by a research assistant
nurse. The questionnaire was distributed with a postage
pre-paid envelope for the return of the questionnaire.
Patients were asked to complete and return the questionnaire before they left the hospital or to do so at home
within 3 days of discharge and return it by mail. Assistance
with completion of the questionnaire was allowed.

Variables
The DenHeart questionnaire consisted of six validated
questionnaires and a number of ancillary questions, with a
total of 80 questions.
The Short Form-12 (SF-12) is a brief measure of overall health status that generates a physical component score
(PCS) and a mental component score (MCS) ranging from
0 to 100 with higher scores indicating better health status.14 The SF-12 has been validated with a Cronbach’s
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alpha of 0.87 and 0.84 for PCS-12 and MCS-12, respectively, in a population of coronary heart disease patients.15
The Hospital Anxiety and Depression Scale (HADS) is a
14-item questionnaire that assesses levels of anxiety and
depression symptoms in medically ill patients; HADS-anxiety
(HADS-A) and HADS-depression (HADS-D). Scores of 8 to
10 suggest the presence of a mood disorder, scores of 11 or
greater indicate the probable presence of a mood disorder.16 A
mean Cronbach’s alpha of 0.83 and 0.82 for the HADS-A and
HADS-D, respectively, have been reported.17
The EuroQol Five Dimensions 5 Levels Health Status
Questionnaire (EQ-5D) is a standardised instrument for
use as a measure of current health status that provides a
simple descriptive profile and a single index value that can
be used in the clinical and economic evaluation of healthcare and in population health surveys, higher scores indicate better health status.18 A Cronbach’s alpha of 0.73 for
the overall score has been found in a population of coronary heart disease patients.15
HeartQoL is a disease-specific questionnaire that measures QoL in cardiac patients and produces a global score
and two subscales, a physical scale and an emotional scale
ranging from 0 to 3, with higher scores indicating better
QoL status.19–21 The questionnaire has proved to be a reliable instrument with a Cronbach’s alpha between 0.90 and
0.94 for the global score and each subscale in cardiac
patients.22,23
The Edmonton Symptom Assessment Scale (ESAS) is
a 10-item questionnaire that allows patients to rate their
symptoms on a visual numeric scale, higher scores indicate the presence and intensity of the symptoms.24 The survey also included nine questions about health and health
behaviour from the Danish National Health Survey.25,26
ESAS has proved to be a valid instrument in cancer
patients, with an overall Cronbach’s alpha of 0.79.24
Data from the DenHeart survey were combined with
data from the Danish Civil Registration System27 and the
Danish National Patient Register,28 to obtain information
on diagnosis, marital status and comorbidity at baseline
and on vital status and readmission after one year.
Information on comorbidity was obtained for all
patients from the National Patient Register going back 10
years, not including the index discharge. Both primary and
secondary diagnoses were included. The Tu comorbidity
index29 score was calculated.
Furthermore, data on ICD indication and ICD therapy
were obtained from the Danish ICD Register that holds
information on all national ICD and CRT-D device implantations since 1989.

Statistical methods
In order to compare means between patients with primary and secondary prevention ICDs we used Student’s
t-test (or the Cochrane method when the variances were

unequal) and for comparisons of frequencies the Pearson
χ2 test was used.
Two patients did not have an address in Denmark.
Hence, these two patients were not eligible for the followup analyses.
The associations between the potential predicting factors (PROs, ICD indication and generator type) and the
risk of one-year, all-cause mortality within one year of
hospital discharge were assessed using Cox proportional
hazards models. Follow-up was continued until death,
emigration or end of follow-up.
Cox proportional hazards models were also used to
examine the associations between the potential predicting
factors (PROs, ICD indication and generator type) and
appropriate ICD shocks, appropriate anti-tachycardia pacing (ATP) and ventricular tachycardia/ventricular fibrillation (VT/VF), respectively, within one year of hospital
discharge. The same analytical approach was used to
assess the associations between the potential predicting
factors (PROs, ICD indication and generator type) and the
risk of readmission 0–3 and 3–12 months after discharge.
Follow-up was continued until the first relevant event:
death, emigration or end of follow-up.
Age was used as the underlying time scale in all models. The analyses were adjusted for sex, marital status and
Tu comorbidity score. Results are reported as hazard ratios
(HRs) with 95% confidence intervals (CIs).
All analyses were conducted using SAS version 9.3.

Ethics approval
The study complies with the Declaration of Helsinki.
Under the terms of the relevant Danish legislation, surveys
are not approved by an ethics committee system (H-42013-FSP) but rather by the Danish Data Protection
Agency (2007-58-0015/30-0937). The use of register data
was permitted by the Danish National Board of Health
(FSEID-0001131). DenHeart is registered at ClinicalTrials.
gov (NCT01926145) and approved by the institutional
boards of the heart centres. Patients signed an informed
consent. All authors had full access to all data in the study.

Results
A total of 998 patients with an ICD or CRT-D (58%)
answered the survey. The mean age was 63.8 years, 80%
were men and 65% were married. The majority of responders (63%) had a primary prevention ICD. More nonresponders had a Tu comorbidity of 3 or greater compared
with responders (Table 1).
One year after hospital discharge, the overall percentage of mortality was 4.3% (n=43). In all, 313 patients
(31.4%) were readmitted for any cause within 3 months of
discharge and 400 patients (40.7%) were readmitted for
any cause between 3 and 12 months of discharge.
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Table 1. Socio-demographic and clinical profile.

n
Male, %
Age, mean
Married, %

Nonresponders

Responders

Primary
prevention
indication

Secondary
prevention
indication

CRT-D

ICD
(no CRT)

732
82
63.2
59

998
80
63.8
65

625
80
65.3
63

373
80
61.5
69

322
82
67.9
63

676
79
61.9
66

1

1

1

1

0

2

22
2

21
2

22
1

20
3

29
1

17
2

2
63
11

3
64
9

1
70
5

8
53
16

1
66
4

4
63
11

11
21
36
32

12
25
36
27

7
25
38
30

19
26
34
22

3
17
40
40

15
30
34
21

1
66
25
74
11
6

1
66
27
77
12
6

1
65
23
69
11
7

1
68
28
76
10
7

1
65
24
73
12
6

Diagnosis, %
Arrhythmogenic
right ventricle
Cardiomyopathy
Congenital heart
disease
Idiopathic ventricular fibrillation
Ischaemic heart disease
Other/ unknown
Tu comorbidity score, %
0
1
2
⩾3
Life style factors, %*
BMI<18.5
BMI⩾25
BMI⩾30
Ever smoked
Smokes daily
Alcohol intake above high risk limit#

*Information about BMI, smoking and alcohol consumption was included in the DenHeart questionnaire. Therefore, these parameters are only
presented for the responders.
# The Danish National Board of Health defines the high risk limit for alcohol consumption as a weekly intake of more than 21 standard drinks for
men and more than 14 standard drinks for women.

Differences in PROs at discharge by ICD
indication and generator type

and significantly worse symptom burden (P=0.002) compared with patients with ICDs (Table 2).

Significant differences were found on the SF-12 PCS
between patients with primary prevention ICDs and
secondary prevention ICDs, with secondary prevention reporting the best score (P<0.001) (Table 2).
Similar results were found for QoL measured by
EQ-5D and the HeartQoL scales. Patients with primary
prevention ICDs reported significantly worse scores
on HADS-D (P<0.001) and symptom burden (P=0.05)
(Table 2).
Patients with ICDs reported significantly better SF-12
PCS compared with patients with CRT-D (P<0.001)
(Table 2). The same was the case for the EQ-5D and
HeartQoL scales. Furthermore, patients with CRT-D
reported significantly worse HADS-D scores (P<0.001)

Predictors of mortality
Mortality after one year was predicted by self-rated health
as a one-point increase on SF-12 PCS, and SF-12 MCS
showed a reduced mortality risk of 6% and 4%, respectively. The mortality risk among patients with HADS-A of
8 or greater was shown to be double that of patients with
HADS-A of 8 or less. An increase on the EQ-5D visual
analogue score (VAS) scale and the HeartQoL global scale
was also shown to be associated with a reduced risk of
mortality of 3% and 58%, respectively. Furthermore, a
one-point increase in ESAS was associated with an
increase in mortality risk of 4% (Table 3). Further adjustment for smoking behaviour eliminated HADS-A as a
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Table 2. Quality of life, anxiety and depression among all patients with an ICD and by ICD indication and generator type.

SF-12, PCS mean (SD)
SF-12, MCS mean (SD)
EQ-5D 5L crosswalk mean (SD)
EQ-5D VAS mean (SD)
HADS-A mean (SD)
HADS-A (%)
0-7
8-10
⩾11
HADS-D mean (SD)
HADS-D (%)
0-7
8-10
⩾11
HeartQoL global mean (SD)
HeartQoL physical mean (SD)
HeartQoL emotional mean (SD)
ESAS Score mean (SD)

ICD
population

Primary
prevention
indication

Secondary
prevention
indication

p (1)

CRT-D

ICD

p (1)

39.2
(11.0)
48.3
(10.9)
0.73
(0.16)
64.3
(20.3)
5.5
(4.2)

37.7
(10.7)
47.8
(10.9)
0.72
(0.17)
61.9
(20.4)
5.5 (4.2)

41.7
(11.0)
49.1
(11.0)
0.75
(0.14)
68.3
(19.4)
5.4 (4.2)

<0.001

35.3
(9.9)
47.8
(11.4)
0.70
(0.16)
59.4
(20.8)
5.7
(4.3)

41.1
(10.9)
48.5
(10.7)
0.75
(0.16)
66.7
(19.6)
5.4
(4.1)

<0.001

71
18
12
4.5
(3.8)

70
18
12
4.8
(3.9)

72
16
12
4.0
(3.4)

70
17
13
5.3
(4.0)

71
18
11
4.2
(3.6)

0.68

81
11
8
1.66
(0.78)
1.48
(0.88)
2.12
(0.83)
22.6
(16.9)

79
11
10
1.55
(0.76)
1.35
(0.84)
2.08
(0.84)
23.5
(16.8)

83
11
6
1.84
(0.79)
1.70
(0.90)
2.20
(0.81)
21.3
(16.9)

76
13
11
1.39
(0.72)
1.14
(0.78)
2.04
(0.86)
25.2
(16.5)

83
10
7
1.79
(0.78)
1.64
(0.88)
2.16
(0.82)
21.5
(16.9)

0.11
0.015
<0.001
0.54

0.70

<0.001

0.05

<0.001
<0.001
0.03
0.055

0.34
<0.001
<0.001
0.28

<0.001

0.02

<0.001
<0.001
0.03
0.002

ICD = implantable cardioverter defibrillator; CRT = cardiac resynchronization therapy; SF-12 = Short Form-12; PCS = Physical Component
Summary; MCS = Mental Component Summary; SD =standard deviation; HADS-A = Hospital Anxiety and Depression Scale-Anxiety; HADS-D =
Hospital Anxiety and Depression Scale-Depression, ESAS = Edmonton Symptom Assessment Scale.
T-test using the Cochran approximation when variances were unequal and pooled method when variances were equal. Differences in proportions
were tested by the chi2-test.

predictor of mortality, but otherwise did not change the
results (data not shown).

Predictors of ICD shocks, ATP, VT/VF
None of the tested PROs predicted ICD shocks, ATP and
VT/VF (see Supplementary Table 1 online).

Predictors of readmission 0–3 months after
discharge
Self-rated health predicted readmission as a one-point
increase on SF-12 PCS was associated with a 2% reduced
risk of acute cardiac readmission 0–3 months after discharge. An increase on SF-12 MCS also reduced the risk of
all readmissions by 2% as well as acute and planned
(scheduled) cardiac readmissions by 3% and 2%, respectively. Having scores of 8 or greater on HADS-A or

HADS-D increased the risk of all readmissions by approximately 50%. A 10-point increase in EQ-5D VAS indicated
a decreased risk of all, acute and planned, cardiac readmissions of 1%, 1% and 2%, respectively (Table 4). A onepoint increase on HeartQoL was associated with a reduced
risk of all readmissions of 28%, 31% for acute cardiac
readmissions and 41% for planned cardiac readmissions.
Furthermore, a higher symptom burden showed an
increased risk of all readmissions and acute and planned
cardiac readmissions. Patients with primary prevention
ICDs were almost twice as likely to experience planned
cardiac readmission compared with patients with secondary prevention ICDs (HR 1.81). No predictors of acute
non-cardiac readmissions were found (Table 4). After further adjustment for smoking behaviour, HADS-A of 8 or
greater also predicted acute non-cardiac readmissions
while primary prevention with ICDs increased the risk of
all readmissions by 31% (data not shown).
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Table 3. Predictors of one year mortality.

SF-12, PCS (3)
SF-12, MCS (3)
HADS-A⩾8
HADS-D⩾8
EQ-5D VAS (4)
HeartQoL global (3)
ESAS (3)
Primary vs. secondary
prevention indication
CRT-D vs. ICD

Unadjusted (1)

Adjusted (2)

0.93 (0.89-0.96)**
0.95 (0.92-0.98)**
2.34 (1.24-4.39)*
2.02 (1.05-3.88)*
0.97 (0.95-0.98)**
0.34 (0.21-0.55)**
1.04 (1.02-1.06)**
0.83 (0.44-1.60)

0.94 (0.91-0.98)*
0.96 (0.93-0.99)*
2.02 (1.06-3.86)*
1.56 (0.81-3.05)
0.97 (0.96-0.99)**
0.42 (0.25-0.68)**
1.04 (1.02-1.05)**
0.71 (0.37-1.37)

1.87 (1.00-3.48)*

1.50 (0.78-2.86)

SF-12 = Short Form-12; PCS = Physical Component Summary; MCS
= Mental Component
Summary; HADS-A = Hospital Anxiety and Depression Scale-Anxiety;
HADS-D = Hospital Anxiety and Depression Scale-Depression; CRT
= cardiac resynchronization therapy, ESAS = Edmonton Symptom
Assessment Scale.
*, p<0.05; **, p<0.001.
(1) Cox regression model with age as underlying time.
(2) Cox regression model with age as underlying time and adjusted for
sex, marital status, and Tu co-morbidity index score.
(3) The effect of increase by 1 on the on the SF-12, HeartQoL and ESAS.
(4) The effect of increase by 10 on the EQ-VAS scale.

Predictors of readmission 3–12 months after
discharge
An increase in PCS was shown to reduce the risk of all readmissions within 3–12 months by 2%, 3% for acute cardiac
readmissions, 2% for planned cardiac readmissions and 3%
for acute non-cardiac readmissions. MCS predicted acute
non-cardiac readmissions only. Increases in EQ-5D VAS and
HeartQoL resulted in a reduced risk of all, acute and planned
cardiac and non-cardiac readmissions. A one-point increase
on ESAS resulted in an increased risk of all, acute cardiac and
acute and planned non-cardiac readmissions of 1% (Table 4).

Discussion
Patients with primary prevention ICDs had significantly
worse PROs at discharge compared with patients with secondary prevention ICDs. Likewise, patients with CRT-D
had significantly worse PROs at discharge compared with
patients without CRT. This was seen in all outcomes measured except for anxiety, in which frequencies of 28–30%
were found across all subgroups. One-year mortality was
predicted by patient-reported physical and mental health,
anxiety, QoL and symptom burden, but was not predicted
by indication or generator type. ICD shock, ATP and VT/
VF were not predicted by PROs, indication or generator
type. PROs predicted readmission.

Strengths and weaknesses
Patients who were too ill or did not speak or understand
Danish were excluded. Furthermore, responders and

non-responders have similar sociodemographic and clinical
characteristics. There were higher mortality rates among
non-responders.30
Study population. The five heart centres implant most of
the ICDs in Denmark; however, they also treat the most
critically ill patients, which is why they may be slightly
overrepresented in the study. Patients were included in the
study at hospital discharge. Some patients were admitted
for first ICD implantation, others for upgrade or change of
battery, and others again due to a cardiac event. Even
though all had an ICD, patients were at different stages of
disease and treatment.
Variables. The majority of the outcome measures included
in the questionnaire were validated and standardised
instruments used to assess PROs, which enhances the
validity of the results. However, in the interpretation of the
results, it must be taken into account that patients differ
regarding how much their health status and/or health
behaviour had changed prior to admission to hospital, and
that some of the instruments have long recall, up to 4
weeks.
Confounding factors. Self-reported outcomes are by nature
not objective and, therefore, sources of bias may exist.
Social desirability bias can be an issue, as respondents
answer according to what they believe is socially acceptable.31,32 Data were received from the National Patient Register, which is internationally recognised to be the most
comprehensive of its kind and is a very important register
for biomedical and public health research.28
Non-response. Age plays a significant role in nonresponse.26 The patients treated at the heart centres are
often aged and severely ill, which may be reflected in the
response rate of 58%. Furthermore, some questionnaires
were not handed out by the nurses when the clinic was too
busy.
Even though the responders and the non-responders
were similar regarding sociodemographic data, a much
higher mortality rate was found among non-responders.30
It is natural that the most severely ill would be overrepresented among non-responders and that they have more
comorbidity.

Interpretation and implications
The prevalence of anxiety and depression symptoms are
rather high. In the present study the prevalence was 30%,
mean score 5.5 for anxiety. This confirms previous findings in which the prevalence of anxiety was found to be
19.2%,11 16%,33 26%34 and mean scores on HADS-A of
3.9634 and 3.84 were found.35 We found depression to be
19% and the mean score 4.5. This is also in line with the
previously found high prevalence of 18%,36 19%,33 20%34
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Table 4. Predictors of readmissions within 0-3 and 3-12 months after discharge.
All
readmissions

Acute cardiac
readmissions

Planned
cardiac
readmissions

Acute or
planned noncardiac
readmissions

HR (CI) (1)

HR (CI) (1)

HR (CI) (1)

HR (CI) (1)

0.98
(0.96-1.00)*
0.97
(0.96-0.99)*
1.29
(0.90-1.84)
1.37
(0.92-2.04)
0.99
(0.98-1.00)*
0.69
(0.55-0.87)*
1.02
(1.01-1.03)*
1.26
(0.87-1.82)

0.98
(0.96-1.01)
0.98
(0.96-1.00)*
1.45
(0.92-2.27)
1.79
(1.09-2.95)*
0.98
(0.97-0.99)**
0.59
(0.44-0.79)**
1.01
(1.00-1.03)*
1.81
(1.13-2.90)*

0.97
(0.95-1.00)
0.98
(0.95-1.00)
1.59
(1.00-2.55)
1.30
(0.74-2.26)
0.99
(0.98-1.00)
0.80
(0.58-1.11)
1.01
(0.99-1.02)
1.01
(0.62-1.64)

1.20
(0.85-1.72)

0.83
(0.52-1.33)

1.23
(0.75-2.01)

0.97
(0.96-0.99)**
0.99
(0.98-1.01)
1.25
(0.92-1.70)
1.19
(0.84-1.66)
0.99
(0.98-1.00)**
0.65
(0.53-0.80)**
1.01
(1.01-1.02)*
1.21
(0.89-1.64)

0.98
(0.96-1.00)*
0.99
(0.97-1.00)
0.95
(0.65-1.37)
1.36
(0.92-2.01)
0.99
(0.98-1.00)*
0.78
(0.63-0.97)*
1.01
(1.00-1.02)
1.30
(0.91-1.85)

0.97
(0.95-0.98)**
0.98
(0.97-1.00)*
1.33
(0.97-1.81)
1.20
(0.85-1.68)
0.99
(0.98-1.00)*
0.66
(0.54-0.81)**
1.01
(1.00-1.02)*
1.11
(0.82-1.50)

1.11
(0.82-1.50)

0.94
(0.65-1.35)

0.77
(0.56-1.06)

Readmissions within 0-3 months after discharge
SF-12, PCS (2)
0.99
(0.97-1.00)
SF-12, MCS
0.98
(2)
(0.97-1.00)*
HADS-A⩾8
1.50
(1.13-1.98)*
HADS-D⩾8
1.47
(1.07-2.03)*
EQ-5D VAS (3)
0.99
(0.98-1.00)*
HeartQoL
0.72
global (2)
(0.60-0.86)**
ESAS (2)
1.01
(1.01-1.02)*
Primary vs.
1.32
secondary
(1.00-1.76)
prevention
indication
CRT-D vs. ICD
1.11
(0.84-1.47)
Readmissions within 3-12 months after discharge
SF-12, PCS (2)
0.98
(0.96-0.99)**
SF-12, MCS
0.99
(2)
(0.98-1.00)
HADS-A⩾8
1.18
(0.94-1.49)
HADS-D⩾8
1.20
(0.93-1.55)
EQ-5D VAS (3)
0.99
(0.99-1.00)*
HeartQoL
0.72
global (2)
(0.62-0.83)**
ESAS (2)
1.01
(1.00-1.02)*
Primary vs.
1.09
secondary
(0.88-1.36)
prevention
indication
CRT-D vs. ICD
0.95
(0.75-1.19)

SF-12 = Short Form-12; PCS = Physical Component Summary; MCS = Mental Component.
Summary; HADS-A = Hospital Anxiety and Depression Scale-Anxiety; HADS-D = Hospital Anxiety and Depression Scale-Depression; CRT =
cardiac resynchronization therapy, ESAS = Edmonton.
Symptom Assessment Scale.
*, p<0.05; **, p<0.001.
(1) Cox regression model with age as underlying time adjusted for sex, marital status and Tu co-morbidity index score.
(2) The effect of increase by 1 on SF-12, HeartQoL and ESAS.
(3) The effect of increase by 10 on the EQ-VAS scale.
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and mean scores of 2.9935 and 3.51.34 Perceived health was
also affected with SF-12 scores of 39.2 points on PCS,
which is close to a previous report of 40.8 points.37 Mental
health also seems to be affected, with a MCS score of 48.3
points compared with previous reports of 45.5 points.37
QoL measured by HeartQoL was 1.66 points compared
with 1.94 points in a previous study.34 In summary, the present scores were in line with previous findings, with a tendency towards marginally worse outcome scores.
The present study showed significant differences in
PROs between patients with ICDs implanted for primary
versus secondary prevention. Previous studies have shown
conflicting results, with most studies showing no difference between groups,7,37 but the largest showed no difference.11 The timing of the survey might be relevant as our
study finds a difference at hospital discharge and maybe
the difference disappears after return to home.11 Primary
prevention patients and patients with CRT function have
heart failure, which is known to be the most burdensome
diagnostic group.38 Heart failure patients are especially
vulnerable and should be offered referral to rehabilitation,
heart failure clinics, home care nursing or other relevant
initiatives.
Anxiety, QoL and perceived health, but not depression
or indication predicted one-year mortality, which confirms
our previous findings in a smaller study.34 Also, high levels
of ICD concerns have previously been found to predict
mortality.39
We did not find PROs to predict ICD shock, ATP or VT/
VF. This confirms our previous study.34 Conflicting evidence exists about the effect of shock on QoL.10
To our knowledge this is the first study to investigate
the predictive value of PROs at discharge on readmission
in patients with ICDs. Both acute and planned readmissions were predicted by both physical and mental outcomes at discharge.
Although there are diagnostic tests that can help quantify physical status, most aspects of patient health status
are best captured by patients’ self-reporting.12 In addition,
there may be significant discrepancies between providerassessed and patient-reported health status,12,40 and screening tools might be used better to guide outpatient care and
follow-up. The biomedical approach to risk factor evaluation in which only physical factors such as left ventricular
ejection fraction and diagnoses are evaluated as risk factors for mortality41 is not adequate and misses the full picture. Patient involvement in disease management is critical
and mental factors should not be overlooked. Symptoms of
anxiety and depression at hospital discharge must be recognised and treated in this patient population, as evidence
of an association with mortality and readmission is building. The discovery of symptoms after discharge and the
opportunity for intervening is increasingly difficult due to
home monitoring and fewer face-to-face visits with healthcare providers. This calls for alternative strategies in which
technology might be helpful, with apps or other electronic
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systems used to organise screening and facilitate contact
with staff. ICD rehabilitation or cognitive therapy might
be helpful strategies.42–44

Generalisability
This national study was carried out in Denmark where
international guidelines for ICD treatment are followed.
The response rate was 58%, which is not unexpected in a
population of severely ill patients; however, this may cause
concerns regarding representativeness.

Conclusion
Patients with primary indication ICDs and with CRT-D
have worse PROs than patients with secondary indication
ICDs and ICDs without CRT. PROs at discharge such as
mental health, QoL and symptom burden predict one-year
mortality and acute and planned hospital readmissions.
Patient involvement in disease management is critical and
mental factors must be considered and treated.

Implications for practice
•• Patients with primary indication implantable
cardioverter defibrillators and with cardiac
resynchronisation therapy implantable cardioverter defibrillators have worse patient-reported
outcomes than patients with secondary indication implantable cardioverter defibrillators and
implantable cardioverter defibrillators without
cardiac resynchronisation therapy.
•• Mortality and readmissions were predicted by
both physical and mental outcomes at
discharge.
•• Patient involvement in disease management is
critical and mental factors should not be overlooked. Anxiety and depression must be treated
and taken seriously in this patient population as
evidence of an association with mortality and
readmission is building.
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