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Aims Beta-blockers are frequently prescribed to implantable cardioverter–defibrillator (ICD) patients. Beta-blocker
therapy has been proposed to induce emotional distress such as depression and anxiety, but a paucity of studies
has examined the relationship between beta-blockers and distress. We investigated the association between beta-
blocker therapy, including type and dosage, and symptoms of anxiety and depression in a consecutive cohort of
patients receiving an ICD.

Methods
and results

Between 2003 and 2010, 448 consecutively implanted ICD patients were enrolled in the prospective Mood and
personality as precipitants of arrhythmia in patients with an Implantable cardioverter Defibrillator: A prospective
Study (MIDAS), of which 429 completed the Hospital Anxiety and Depression Scale (HADS) and the ICD Patient
Concerns questionnaire (ICDC) at baseline. Eighty per cent of all patients received beta-blocker therapy. In univari-
ate analysis, beta-blocker therapy was not significantly associated with symptoms of anxiety, depression, and ICD
concerns (b ¼ 20.030, b ¼ 0.007, and b ¼ 20.045, respectively; all P’s . 0.36). Type of beta-blocker showed a
trend towards significance for mean levels of ICD concerns (P ¼ 0.09). No association was found between
dosage and emotional distress (all P’s . 0.21). After adjustment for relevant clinical and demographic variables,
the association of beta-blocker therapy and symptoms of anxiety, depression, and ICD concerns remained non-sig-
nificant (b ¼ 0.009, b ¼ 0.037, and b ¼ 0.019, respectively; all P’s . 0.47).

Conclusion In patients receiving an ICD, beta-blocker therapy was not associated with symptoms of anxiety, depression, and ICD
concerns. Research is warranted that further elucidates the link between beta-blocker therapy and emotional distress
in this vulnerable patient group.
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Introduction
The implantable cardioverter–defibrillator (ICD) has evolved to
treatment of first choice in the prevention of arrhythmic death,
both as primary and secondary prevention.1,2 The majority of
ICD patients report acceptable levels of quality of life (QoL),3,4

with patients reporting increases in QoL some months after the

implantation.5 However, a subgroup of patients experience adap-
tation problems, which include the manifestation of depression,
anxiety, concerns about the ICD giving a shock, and posttraumatic
stress.3,6,7

In addition to the ICD implant, ICD patients are often prescribed
beta-blockers, lipid-lowering drugs, calcium antagonists and
angiotensin-converting enzyme (ACE)-inhibitors to treat their

* Corresponding author. Tilburg University, Room P506, PO Box 90153, 5000 LE Tilburg, The Netherlands. Tel: +31 13 466 2503; fax: +31 13 466 2067, Email: s.s.pedersen@uvt.nl

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com.

Europace (2012) 14, 74–80
doi:10.1093/europace/eur295

D
ow

nloaded from
 https://academ

ic.oup.com
/europace/article/14/1/74/511279 by guest on 19 April 2024



underlying heart disease, with beta-blockers being among the most
frequently prescribed drugs.8 Beta-blockers are of major impor-
tance in the treatment of post-myocardial infarction (MI), reducing
the odds of death after long-term use with up to 23%.9 Beta-
blockers also enhance survival in patients with chronic heart
failure,10,11 patients with idiopathic dilated cardiomyopathy12, and
patients with different types of arrhythmias.13 Nevertheless,
despite these well-established benefits, there is an ongoing debate
concerning possible side-effects of beta-blocker therapy on the
central nervous system,14 which include the manifestation of
depression.15–18 However, many of these studies are dated, are
based on small sample sizes, or used prescribed antidepressants
as a marker of depression rather than assessing depression.15,17 In
addition, the evidence is not consistent, with some studies finding
no association between the use of beta-blockers and symptoms of
depression,14,19–22 mixed results depending on beta-blocker
type,23 or even a reduction of depressive symptoms in beta-blocker
users.24,25 In contrast, less research has been conducted on the
association between the use of beta-blockers and symptoms of
anxiety, although there are some indications of beta-blockers
having a protective effect in relation to symptoms of anxiety.26–28

Moreover, most of these studies were conducted in patients with
MI, heart failure, or hypertension. Although a subset of patients
with heart failure are treated with ICD therapy, none of these
studies have focused specifically on patients with an ICD. Therefore,
we investigated the association between beta-blocker therapy and
symptoms of anxiety and depression, and examined whether beta-
blocker type and dosage are correlated with psychological function-
ing in patients implanted with an ICD.

Methods

Patients and study design
Between August 2003 and February 2010, a consecutive series of 448
patients implanted with an ICD at the Erasmus Medical Center, Rotter-
dam, The Netherlands, were enrolled in the prospective Mood and
personality as precipitants of arrhythmia in patients with an Implanta-
ble cardioverter Defibrillator: A prospective Study (MIDAS). Exclu-
sion criteria included a life-expectancy of ,1 year, being on the
waiting list for heart transplantation, having a history of psychiatric
illness other than affective/anxiety disorders, or insufficient knowledge
of the Dutch language. The Medical Ethics Committee of the Erasmus
Medical Center approved the study. An ICD nurse approached
patients while being admitted to hospital, provided information regard-
ing the study, and asked them to complete a set of standardized and
validated psychological questionnaires at baseline (i.e., 1 day before
ICD implantation). All patients provided written informed consent
before enrollment in the study.

Measures

Demographic and clinical variables
All demographic and clinical variables were collected at baseline.
Demographic variables included gender, age, marital status, and
education. Clinical variables were obtained from patients’
medical records, and included indication for ICD therapy
(primary or secondary prevention), treatment with cardiac

resynchronization therapy (CRT), left ventricular ejection fraction
(LVEF) ≤35%, QRS duration, the presence of coronary artery
disease (CAD), previous MI, prior percutaneous coronary inter-
vention (PCI) and coronary artery bypass grafting (CABG), symp-
tomatic heart failure (defined as New York Heart Association
(NYHA) class III + IV), atrial fibrillation, diabetes, smoking, and
cardiac (i.e., beta-blockers, amiodarone, diuretics, ACE inhibitors,
statins and digoxin) and psychotropic medication. For patients on
beta-blocker therapy, information on type and dosage was also
obtained from patients’ medical records. In order to be able to
compare the dosages of different types of beta-blockers, we
used the maximum recommended therapeutic dosages, as pre-
scribed by the Pharmacotherapeutic Reference Book, a yearly pub-
lished issue by the Dutch National College of Health Insurances.29

Anxiety and depression
Symptoms of anxiety and depression were measured with the
Hospital Anxiety and Depression Scale (HADS), a 14-item self-
report questionnaire, which performs well in screening for separate
symptoms of anxiety and depression in patients in non-psychiatric
hospital settings.30 The scale consists of seven items measuring
symptoms of anxiety (HADS-A) and seven items assessing symp-
toms of depression (HADS-D), all scored on a 4-point Likert
scale. Scores range from 0 to 3, with a score range of 0–21 for
both subscales, with a higher score indicating more symptoms.31

A cut-off score of 8 or above, representing an optimal balance
between sensitivity and specificity, is used to detect patients with
clinically relevant levels of anxiety and depression.30 The HADS is
a valid and reliable scale, with mean Cronbach’s alphas of 0.83 and
0.82 for the HADS-A and HADS-D, respectively, and a sensitivity
score of 0.80 for both subscales.30 Test–retest reliability over
3 weeks is high with a Pearson correlation coefficient of 0.89 and
0.86 for the HADS-A and HADS-D, respectively.32

Implantable cardioverter–defibrillator
concerns
Patient concerns related to ICD treatment were assessed with the
Dutch version of the Patient ICD Concerns questionnaire consist-
ing of eight items (e.g. ‘I am worried about my ICD firing’ and ‘I am
worried about symptoms/pain associated with my ICD firing’;
ICDC).33 Items are rated on a 5-point Likert scale from 0 (not
at all) to 4 (very much so), with a score range from 0 to 32, and
with a higher score indicating more ICD-related concerns. The
ICDC is a disease-specific measure that assesses a different con-
struct than general measures of anxiety and depression. The
measure has also been shown to predict mortality in ICD
patients.34 Both the original and the Dutch translation of the
ICDC have good psychometric properties, with a Cronbach’s
alpha of 0.94 and 0.91, respectively.33,35 For the current study,
scores on the ICDC were divided into equal tertiles and dichoto-
mized into a high score of ≥7 and a low score of ≤6.

Statistical analyses
Baseline demographic and clinical variables for patients on beta-
blocker vs. no beta-blocker therapy were compared with the x2

test (Fisher’s exact test when appropriate) for nominal variables
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and with Student’s t-test for continuous variables, respectively. The
association between beta-blocker therapy and symptoms of
depression and anxiety and ICD concerns was assessed in the
main analysis using univariate and multivariate linear regression. In
multivariate analyses using an enter approach, we adjusted for vari-
ables that have been associated with emotional distress in the
arrhythmia literature, which include atrial fibrillation and sympto-
matic heart failure,36,37 indication for ICD therapy,38 diabetes melli-
tus,39 and the use of amiodarone and psychotropic medication,37

and variables that were expected to be related to emotional dis-
tress, including CAD and age. The rationale for a priori selection
of variables is recommended by others.40 We checked for multicol-
linearity between the independent variables using Spearman’s r,
with a threshold of .0.70 indicating multicollinearity. Results of
the linear regression analyses are presented as b’s with accompany-
ing P values. In a secondary analysis, the association between beta-
blocker type and dosage and emotional distress, and possible inter-
action effects were examined with univariate analysis of variance
(ANOVA), with a post hoc Bonferroni test when the ANOVA
showed a significant main effect to investigate between group differ-
ences. For all tests, a P value ,0.05 (two sided) was considered sig-
nificant. All statistical analyses were performed using SPSS 17.0
statistical software (SPSS Inc., Chicago, IL, USA).

Results

Participants vs. non-participants
A total of 448 patients were enrolled in the MIDAS study. Of these,
19 refused to participate. All remaining 429 patients (response
rate ¼ 95.8%) filled in sufficient items to obtain summary scores
on the psychological measures and thus were eligible for analysis.
Patients who refused to participate were more likely to have ischae-
mic heart disease, atrial fibrillation, and diabetes (all P’s , 0.05). No
systematic differences in medication use between responders and
non-responders were demonstrated (all P’s . 0.05).

Baseline characteristics
Baseline characteristics for the total patient sample and stratified
by beta-blocker use are listed in Table 1. Of all patients, 342
(80%) were on beta-blocker therapy compared with 87 (20%)
without beta-blocker therapy. The mean age was 58.4+12.1
years, 78.6% of the patients were male. Mean scores of anxiety,
depression, and ICD concerns were 5.53 (+4.00), 4.99 (+3.97)
and 9.97 (+7.71), respectively. Beta-blocker users were more
likely to have had a previous MI (P ¼ 0.02), and were more
often treated with ACE-inhibitors (P , 0.001) and statins (P ,

0.001). In contrast, beta-blocker users were less likely to be
treated with amiodarone compared with patients not on beta-
blocker therapy (P , 0.001). No differences on symptoms of
depression, anxiety, and ICD concerns between beta-blocker
users and non-beta-blocker users were found (all P’s . 0.36).

Univariate analyses
Baseline scores on the HADS-A, HADS-D, and ICDC of beta-
blocker users were compared with those of non beta-blocker
users. In univariate analysis, there was no significant association

between beta-blocker therapy and symptoms of anxiety
(b ¼ 20.030, P ¼ 0.54), depression (b ¼ 0.007, P ¼ 0.89), and
ICD concerns (b ¼ 20.045, P ¼ 0.36). In order to investigate
the relationship between beta-blocker type and dosage and pos-
sible interaction effects with emotional distress, we performed uni-
variate ANOVA analyses. The association between beta-blocker
type and emotional distress is presented in Figure 1, whereas
descriptive data on beta-blocker dosage stratified by type are dis-
played in Table 2. Overall, type of beta-blocker was significantly
associated with higher scores on the ICDC only (F ¼ 2.681, P ¼
0.03). After performing a post hoc Bonferroni test, sotalol and biso-
prolol were the only types of beta-blockers showing a trend
towards significant differences in mean levels of ICD concerns.
However, the difference fell short of significance (P ¼ 0.09). No
association between beta-blocker dosage and emotional distress
was found (all P’s . 0.21), nor an interaction effect between type
of beta-blocker and percentage of the maximum recommended
therapeutic dosage in relation to distress (all P’s . 0.06). As
there was no association between beta-blocker type and dosage
and emotional distress, respectively, these variables were not
included in multivariate analysis.

Multivariate analyses
Prior to multivariate analysis, we checked for multicollinearity
between the independent variables using Spearman’s r. There
were no problems with multicollinearity as all Spearman’s r’s
were ,0.36. Adjusting for the a priori selected covariates, we
composed a four-step model. In Step 1, variables significantly
associated with beta-blocker therapy and variables showing a
trend towards an association with beta-blocker therapy were
included (CAD, atrial fibrillation, and amiodarone). In step 2,
ICD indication, NYHA functional class, diabetes mellitus, psycho-
tropic medication and age were added. Because we had no infor-
mation on LVEF for 13.5% of patients, LVEF was added in Step 3. In
order to assess the unique association between beta-blocker
therapy and emotional distress, beta-blocker use was added in
the final model (Step 4, Table 3). The association between beta-
blocker therapy and symptoms of anxiety, depression, and ICD
concerns remained non-significant (b ¼ 0.009, b ¼ 0.037, and
b ¼ 0.019, respectively; all P’s . 0.47) when controlling for the
appropriate covariates.

Discussion
In the present study, we examined the association between beta-
blocker therapy and emotional distress in a consecutive cohort
of patients receiving an ICD. Our results neither support a
relationship between beta-blocker use and symptoms of anxiety,
depression, and ICD concerns, respectively, nor a type- or dose-
dependent relationship. The relationship between beta-blocker
use and symptoms of depression has been previously studied,
specifically in post-MI patients.14,21,22 However, little is known
about the relationship between beta-blocker therapy and anxiety
in the general cardiovascular literature. In addition, to our knowl-
edge this study is one of the first to investigate this relationship in
patients implanted with an ICD.
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In order to induce neuropsychological side-effects, beta-
blockers have to be able to cross the blood2brain barrier and
thus be lipophylic.14 Therefore, hydrophilic beta-blockers cannot
induce an anxiolytic effect due to their inability to bind on
b-receptors in the brain, while lipophylic beta-blockers would.

In our sample however, we found no significant differences
between the various types of beta-blockers. Moreover, the ques-
tion remains whether beta-blockers are able to cross the blood2

brain barrier in the first place, which also depends on the size of
their molecules.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics for the total study population and stratified by use of beta-blocking agentsa

Total Beta-blocker users Non-beta-blocker users P value

n 429 (100) 342 (79.7) 87 (20.3)

Demographics

Mean age (+SD) 58.43 (12.1) 58.84 (11.5) 56.83 (14.5) 0.17

Men 337 (78.6) 268 (78.4) 69 (79.3) 0.85

Single/no partnerb 28 (6.6) 20 (5.9) 8 (9.2) 0.27

Lower educationc 245 (58.2) 194 (57.7) 51 (60.0) 0.71

Clinical risk factors

Primary prevention indication 282 (65.7) 231 (67.5) 51 (58.6) 0.12

CRT 122 (28.4) 103 (30.1) 19 (21.8) 0.13

LVEF ≤35%d 318 (85.7) 263 (86.8) 55 (80.9) 0.21

Mean QRS (+SD)e 129.89 (36.4) 130.65 (36.2) 126.92 (37.1) 0.39

CAD 247 (57.6) 204 (59.6) 43 (49.4) 0.09

Previous MI 210 (49.0) 177 (51.8) 33 (37.9) 0.02

Previous PCI 111 (25.9) 91 (26.6) 20 (23.0) 0.49

Previous CABG 87 (20.3) 71 (20.8) 16 (18.4) 0.62

Symptomatic heart failuref 137 (31.9) 113 (33.0) 24 (27.6) 0.33

Atrial fibrillation 95 (22.1) 69 (20.2) 26 (29.9) 0.05

Diabetes 62 (14.5) 54 (15.8) 8 (9.2) 0.12

Smokingg 46 (10.8) 37 (10.9) 9 (10.3) 0.89

Medication use

Amiodarone 80 (18.6) 51 (14.9) 29 (33.3) ,0.001

Diuretics 244 (56.9) 201 (58.8) 43 (49.4) 0.12

ACE inhibitors 307 (71.6) 264 (77.2) 43 (49.4) ,0.001

Statins 253 (59.0) 225 (65.8) 28 (32.2) ,0.001

Digoxin 65 (15.2) 52 (15.2) 13 (14.9) 0.95

Psychotropic medicationh 70 (16.5) 55 (16.2) 15 (17.4) 0.79

Antidepressantsi 14 (3.3) 2 (2.3) 12 (3.5) 0.57

Benzodiazepines 29 (6.8) 8 (9.2) 21 (6.1) 0.31

Hypnotics 5 (1.2) 0 (0.0) 5 (1.5) 0.26

.1 type 4 (0.9) 1 (1.1) 3 (0.9) 0.81

Psychological functioning

Mean depression (+SD) 4.99 (3.97) 5.00 (4.00) 4.93 (3.88) 0.89

Depression score ≥ 8j 108 (25.2) 84 (24.6) 24 (27.6) 0.56

Mean anxiety (+SD) 5.53 (4.00) 5.47 (3.95) 5.76 (4.19) 0.54

Anxiety score ≥ 8j 119 (27.7) 95 (27.8) 24 (27.6) 0.97

Mean ICD concerns (+SD) 9.97 (7.71) 9.79 (7.53) 10.65 (8.41) 0.36

ICD concerns ≥ 12j,k 161 (37.5) 124 (36.3) 37 (42.5) 0.53

aResults are presented as n (%), unless otherwise indicated.
b3 of 429 (0.7%) missing.
cEducation less than or equal to 13 years, 8 of 429 (1.9%) missing.
d58 of 429 (13.5%) missing. e1 of 429 (0.2%) missing.
fDefined as NYHA class III and IV.
g2 of 429 missing (0.5%).
h4 of 429 missing in general (0.9%), in 18of 70 (25.7%) type of psychotropic medication was missing.
iSSRI (n ¼ 11), TCA (n ¼ 1), lithium (n ¼ 1), serotonergic/noradrenergic antidepressant (n ¼ 1).
jBased on common used cut-off scores.
k4 of 429 missing (0.9%).
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Overall, we found no indication that beta-blocking agents may
be linked to anxiety, although this could be due to differences in
pharmacokinetic characteristics of the various types of beta-
blockers. Swartz28 found rapid improvements in levels of anxiety
and obsessive–compulsive disorder symptoms after administration
of the lipophylic beta-blocker betaxolol,28 which is a long-acting
beta-blocker. In general, the type of beta-blockers prescribed to
our patients are short-acting agents,29 which could explain the
absence of an anxiolytic effect. Although results from studies in
both animals and humans indicate that the b1-adrenoceptor in
the basolateral amygdalae plays an important role in anxiety-like
behaviour,27,41 suggesting that inhibition of this receptor by selec-
tive beta-blocking agents could produce anxiolytic effects, the rela-
tively short half-life time of the beta-blockers prescribed to our
patients might reduce this effect. In addition, beta-blocker
dosages may also play a role. One might hypothesize that auto-
nomic arousal involved in the somatic experience of anxiety is

only suppressed by beta-blockers at higher dosages. As the subjec-
tive, cognitive/affective experience of anxiety always follows the
somatic arousal in response to fear,42 suppression of the subjective
experience of anxiety—which patients report in the question-
naires—by beta-blockers may not occur at low dosages. In our
sample, patients were prescribed relatively low percentages of
the maximum therapeutic recommended dosage (ranging from
19 to 48% depending on beta-blocker type), which could explain
the absence of an anxiolytic effect.

Twenty per cent of the patients in the present study did not
receive beta-blocker therapy. There were no indications that
absence of beta-blocker therapy was due to problems with toler-
ating the beta-blockers. The prescription rates in the present
patient cohort were comparable with those in other cohorts of
ICD patients.43,44

The absence of an association between beta-blocker therapy
and symptoms of depression is concurrent with the results of mul-
tiple recent studies.14,19– 22 In contrast to early findings in this field,
when the hypothesis of the depression-inducing effect of beta-
blockers was developed, more recent results find no support for
this hypothesis. Rabiner et al.45 reported that there are certain
beta-blockers, including pindolol and penbutolol, that bind to ser-
otonin receptors in the brain, thereby increasing the amount of
free serotonin, which could explain the absence of a negative
effect of beta-blockers on mood.45 In addition, arguments have
been made that physical symptoms, including fatigue, are some-
times being misinterpreted as depression.46 This could lead to an
overestimation of the prevalence of depressive symptoms.
Besides, instead of examining the presence of depressive symp-
toms, a number of studies have investigated the relationship
between beta-blocker therapy and the use of antidepressants,
with antidepressant use serving as a proxy measure for
depression.15,17 Although symptoms of depression and the use
of antidepressants are likely to be correlated, as was the case in
our study, recent research suggests that ICD patients with clinical
significant levels of depressive symptoms are undertreated.47 It is
unclear as to whether these studies15,17 have used standardized
and psychometrically sound instruments to measure depressive
symptoms, or whether they did not assess these symptoms at
all. In a recent comprehensive review on studies mainly investi-
gating patients with hypertension, MI or heart failure, Verbeek
et al.48 concluded that the risk of a beta-blocker-induced

Figure 1 Association between beta-blocker type and
emotional distress (unadjusted analysis).
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Table 2 Descriptives beta-blockersa

Typeb Bisoprolol Metoprolol Carvedilol Sotalol Nebivolol P value

n 107 117 86 18 6 –

Daily dosage (mg) 3.89 (3.61) 86.44 (63.67) 27.99 (22.07) 144.44 (74.06) 4.79 (3.00) –

% maximum therapeutic dosagec 19.45 (18.06) 21.69 (15.96) 37.32 (29.43) 45.14 (23.14) 47.92 (30.02) ,0.001

aDaily dosages and percentages of the maximum therapeutic dosages are presented as mean+ SD.
bAtenolol, labetalol, and pindolol were omitted from the analysis because n ¼ 1; in total, information on dosage missing in 8 of 342 patients (2.3%).
cMaximum recommended therapeutic dosages as prescribed by the Pharmacotherapeutic Reference Book, a yearly published issue by the Dutch National College of Health
Insurances 30
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depression is small and that only in vulnerable subpopulations,
including patients with a positive personal or family history of
depression, one should stay vigilant with prescribing certain
types of beta-blockers, in particular propranolol.48

The results of this study should be interpreted with some caution.
First, there was a relatively large difference between the number of
patients who were prescribed beta-blocker therapy and the number
of patients not using beta-blockers. However, this reflects clinical
practice. Second, as in most studies of this kind, we had no infor-
mation on the compliance rate, and thus an underestimation of
the real taken medication cannot be ruled out. Third, we used a
cross-sectional study design given that we did not have information
about changes in beta-blocker use—including type and dose—over
time. Hence, we are not able to draw conclusions about cause and
effect, and long-term effects of beta-blockers on emotional func-
tioning remain unclear. Fourth, we relied on self-report measures
to assess anxiety and depression rather than a clinical diagnostic
interview. However, the instruments we used have good psycho-
metric properties, enabling standardized, well-validated and reliable
assessment, and have been frequently used in ICD patients.30– 33,35

Moreover, we used a disease-specific measure of anxiety, which is
generally more sensitive to tap symptoms pertinent to patients.49

In conclusion, we found no association between beta-blocker
use and symptoms of anxiety, depression, and ICD concerns,
and thus no evidence that beta-blockers might have an anxiolytic
effect, nor induce depressive symptoms in ICD patients. Given
the major reduction in morbidity and mortality associated with
beta-blocker therapy, beta-blocker therapy should not be withheld
from patients. Since anxiety and depression are common problems
in ICD patients, which have been associated with decreased QoL,4

and risk of tachyarrhythmias and mortality,34,50 we should strive for
treatment of both the physical and psychological problems of these
patients. Research is warranted that further elucidates the link

between anxiety and depression and beta-blocker therapy in this
specific patient group.

Acknowledgements
We would like to thank Agnes Muskens-Heemskerk for inclusion
of the patients into the study and Simone Traa, Martha van den
Berg, and Belinda de Lange for their help with data management.

Conflict of interest: D.A.M.J.T. has received study grants from
Biotronik, Guidant/Boston Scientific, and St Jude Medical. L.J. has
received research grants from Biotronik, ELA/Sorin, Guidant/
Boston Scientific, Medtronic, and St Jude Medical.

Funding
This research was supported with a VENI (451-05-001) from the
Netherlands Organization for Scientific Research (NWO)
and a VIDI (91710393) grant from the Netherlands Organization
for Health Research and Development (ZonMw), The Hague,
The Netherlands to Dr S.S.P.

References
1. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R et al. Sudden Cardiac

Death in Heart Failure Trial (SCD-HeFT) Investigators. Amiodarone or an implan-
table cardioverter-defibrillator for congestive heart failure. N Engl J Med 2005;
352:225–37.

2. The Antiarrhythmics versus Implantable Defibrillators (AVID) Investigators. A
comparison of antiarrhythmic-drug therapy with implantable defibrillators in
patients resuscitated from near-fatal ventricular arrhythmias. N Engl J Med 1997;
337:1576–83.

3. Pedersen SS, Theuns DAMJ, Muskens-Heemskerk A, Erdman RA, Jordaens L.
Type-D personality but not implantable cardioverter–defibrillator indication is
associated with impaired health-related quality of life 3 months post-implantation.
Europace 2007;9:675–80.

4. Sears SF, Conti JB. Quality of life and psychological functioning of ICD patients.
Heart 2002;87:488–93.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Multivariate associations between beta-blocker therapy and emotional distress

Anxiety Depression ICD concerns

b P b P b P

Step 1

CAD 20.001 0.98 0.028 0.59 0.030 0.57

Atrial fibrillation 20.091 0.09 0.069 0.20 20.064 0.23

Amiodarone 0.043 0.42 0.013 0.82 0.056 0.29

Step 2

ICD indication 0.038 0.49 0.056 0.32 20.018 0.76

NYHA 0.023 0.66 0.117 0.03 20.087 0.11

DM 0.068 0.18 0.022 0.67 0.032 0.54

Psychotropic medication 0.285 ,0.001 0.281 ,0.001 0.219 ,0.001

Age 20.146 0.01 20.036 0.53 20.138 0.02

Step 3

LVEF≤35% 20.108 0.047 20.059 0.28 20.021 0.71

Step 4

Beta-blocker 0.009 0.86 0.037 0.47 0.019 0.72

CAD, coronary artery disease; DM, diabetes mellitus; ICD, implantable cardioverter–defibrillator; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NYHA,
New York Heart Association functional class.

Beta-blockers and emotional distress in ICD patients 79
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/14/1/74/511279 by guest on 19 April 2024



5. Godemann F, Butter C, Lampe F, Linden M, Werner S, Behrens S. Determinants
of the quality of life (QoL) in patients with an implantable cardioverter/defibrilla-
tor (ICD). Qual Life Res 2004;13:411–6.

6. Ladwig K-H, Baumert J, Marten-Mittag B, Kolb C, Zrenner B, Schmitt C. Posttrau-
matic stress symptoms and predicted mortality in patients with implantable car-
dioverter–defibrillators: results from the prospective living with an implanted
cardioverter–defibrillator study. Arch Gen Psychiatry 2008;65:1324–30.

7. Versteeg H, Theuns DAMJ, Erdman RAM, Jordaens L, Pedersen SS. Posttraumatic
stress in implantable cardioverter defibrillator patients: the role of pre-
implantation distress and shocks. Int J Cardiol 2011;146:438–9.

8. Ermis C, Zadeii G, Zhu AX, Fabian W, Collins J, Lurie KG et al. Improved survival
of cardiac transplantation candidates with implantable cardioverter defibrillator
therapy. J Cardiovasc Electrophysiol 2003;14:578–83.

9. Freemantle N, Cleland J, Young P, Mason J, Harrison J. Beta-blockade after myo-
cardial infarction: systematic review and meta regression analysis. BMJ 1999;26:
1730–37.

10. MERIT-HF Study Group. Effect of metoprolol CR/XL in chronic heart failure:
Metoprolol CR/XL Randomised Intervention Trial in-Congestive Heart Failure
(MERIT-HF). Lancet 1999;353:2001–7.

11. Packer M, Coats AJS, Fowler MB, Katus HA, Krum H, Mohacsi P et al. Effect of
carvedilol on survival in severe chronic heart failure. N Engl J Med 2001;344:
1651–8.

12. Di Lenarda A, Sabbadini G, Salvatore L, Sinagra G, Mestroni L, Pinamonti B et al.
Long-term effects of carvedilol in idiopathic dilated cardiomyopathy with persist-
ent left ventricular dysfunction despite chronic metoprolol. J Am Coll Cardiol 1999;
33:1926–34.

13. Bangalore S, Messerli FH, Kostis JB, Pepine CJ. Cardiovascular protection using
beta-blockers: a critical review of the evidence. J Am Coll Cardiol 2007;50:563–72.

14. van Melle JP, Verbeek DEP, van den Berg MP, Ormel J, van der Linde MR, de
Jonge P. Beta-blockers and depression after myocardial infarction: a multicenter
prospective study. J Am Coll Cardiol 2006;48:2209–14.

15. Avorn J, Everitt DE, Weiss S. Increased antidepressant use in patients prescribed
beta-blockers. JAMA 1986;255:357–60.

16. Cremona-Barbaro A. Propranolol and depression. Lancet 1983;321:185.
17. Thiessen BQ, Wallace SM, Blackburn JL, Wilson TQ, Bergman U. Increased pre-

scribing of antidepressants subsequent to beta-blocker therapy. Arch Intern Med
1990;150:2286–90.

18. Waal HJ. Propranolol-induced depression. Br Med J 1967;2:50.
19. Bright RA, Everitt DE. Beta-blockers and depression. Evidence against an associ-

ation. JAMA 1992;267:1783–87.
20. Carney RM, Rich MW, tevelde A, Saini J, Clark K, Freedland KE. Prevalence of

major depressive disorder in patients receiving beta-blocker therapy versus
other medications. Am J Med 1987;83:223–6.

21. Ko DT, Hebert PR, Coffey CS, Sedrakyan A, Curtis JP, Krumholz HM. b-Blocker
therapy and symptoms of depression, fatigue, and sexual dysfunction. JAMA 2002;
288:351–7.

22. Schleifer SJ, Slater WR, Macari-Hinson MM, Coyle DA, Kahn M, Zucker HD et al.
Digitalis and beta-blocking agents: effects on depression following myocardial
infarction. Am Heart J 1991;121:1397–402.

23. Luijendijk HJ, van den Berg JF, Hofman A, Tiemeier H, Stricker BH. b-blockers and
the risk of incident depression in the elderly. J Clin Psychopharmacol 2011;31:
45–50.

24. Beta-Blocker Evaluation of Survival Trial Investigators. A trial of the beta-blocker
bucindolol in patients with advanced chronic heart failure. N Engl J Med 2001;344:
1659–67.

25. Baxter AJ, Spensley A, Hildreth A, Karimova G, O’Connell JE, Gray CS. b Blockers
in older persons with heart failure: tolerability and impact on quality of life. Heart
2002;88:611–4.

26. Bulpitt CJ, Connor M, Schulte M, Fletcher AE. Bisoprolol and nifedipine retard in
elderly hypertensive patients: effect on quality of life. J Hum Hypertens 2000;14:
205–12.

27. Fu A, Li X, Zhao B. Role of beta1-adrenoceptor in the basolateral amygdala of rats
with anxiety-like behavior. Brain Res 2008;1211:85–92.

28. Swartz CM. Betaxolol in anxiety disorders. Ann Clin Psychiatry 1998;10:9–14.
29. College voor Zorgverzekeringen (CVZ). b-receptorblokkerende sympathiolytica

[College of health care insurances. b-receptor blocking sympathiolytics]. In:

Sitsen JMA (ed). Farmacotherapeutisch Kompas 2010. [Pharmacotherapeutic Refer-
ence Book]. Utrecht: Roto Smeets Utrecht 2010. p.323–38.

30. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety
and Depression Scale: an updated literature review. J Psychosom Res 2002;52:69–77.

31. Zigmond AS, Snaith RP. The Hospital Anxiety and Depression Scale. Acta Psychiatr
Scand 1983;67:361–70.

32. Spinhoven P, Ormel J, Sloekers PP, Kempen GI, Speckens AE, Van Hemert AM. A
validation study of the Hospital Anxiety and Depression Scale (HADS) in different
groups of Dutch subjects. Psychol Med 1997;27:363–70.

33. Pedersen SS, van Domburg RT, Theuns DAMJ, Jordaens L, Erdman RAM.
Concerns about the implantable cardioverter defibrillator: a determinant of
anxiety and depressive symptoms independent of experienced shocks.
Am Heart J 2005;149:664–9.

34. Pedersen SS, van den Broek KC, Erdman RAM, Jordaens L, Theuns DAMJ. Pre-
implantation implantable cardioverter defibrillator concerns and Type D person-
ality increase the risk of mortality in patients with an implantable cardioverter
defibrillator. Europace 2010;12:1446–52.

35. Frizelle DJ, Lewin B, Kaye G, Moniz-Cook ED. Development of a measure of the
concerns held by people with implanted cardioverter defibrillators: The ICDC.
Br J Health Psychol 2006;11:293–301.

36. Dorian P, Jung W, Newman D, Paquette M, Wood K, Ayers GM et al. The impair-
ment of health-related quality of life in patients with intermittent atrial fibrillation:
implications for the assessment of investigational therapy. J Am Coll Cardiol 2000;
36:1303–9.

37. Johansen JB, Pedersen SS, Spindler H, Andersen K, Nielsen JC, Mortensen PT.
Symptomatic heart failure is the most important clinical correlate of impaired
quality of life, anxiety, and depression in implantable cardioverter–defibrillator
patients: a single-centre, cross-sectional study in 610 patients. Europace 2008;
10:545–51.

38. Pedersen SS, Van Den Berg M, Erdman RAM, Van Son J, Jordaens LUC,
Theuns DAMJ. Increased anxiety in partners of patients with a cardioverter–
defibrillator: the role of indication for ICD therapy, shocks, and personality.
Pacing Clin Electrophysiol 2009;32:184–92.

39. Nouwen A, Winkley K, Twisk J, Lloyd C, Peyrot M, Ismail K et al. Type 2 diabetes
mellitus as a risk factor for the onset of depression: a systematic review and
meta-analysis. Diabetologia 2010;53:2480–6.

40. Babyak MA. What you see may not be what you get: a brief, nontechnical intro-
duction to overfitting in regression-type models. Psychosom Med 2004;66:411–21.

41. Bremner JD, Krystal JH, Southwick SM, Charney DS. Noradrenergic mechanisms
in stress and anxiety: II. Clinical studies. Synapse 1996;23:39–51.

42. LeDoux JE. The Emotional Brain. Malden, MA, USA: Blackwell Publishers; 1998.
43. Lampert R, Shusterman V, Burg M, McPherson C, Batsford W, Goldberg A et al.

Anger-induced T-wave alternans predicts future ventricular arrhythmias in
patients with implantable cardioverter–defibrillators. J Am Coll Cardiol 2009;53:
774–8.

44. Verma A, Wulffhart Z, Lakkireddy D, Khaykin Y, Kaplan A, Sarak B et al. Incidence
of left ventricular function improvement after primary prevention ICD implan-
tation for non-ischaemic dilated cardiomyopathy: a multicenter experience.
Heart 2010;96:510–5.

45. Rabiner EA, Gunn RN, Castro ME, Sargent PA, Cowen PJ, Koepp MJ et al. Beta-
blocker binding to human 5-HT(1A) receptors in vivo and in vitro: implications
for antidepressant therapy. Neuropsychopharmacology 2000;23:285–93.

46. Patten SB, Barbui C. Drug-induced depression: a systematic review to inform
clinical practice. Psychother Psychosom 2004;73:207–15.

47. Suzuki T, Shiga T, Kuwahara K, Kobayashi S, Suzuki S, Nishimura K et al. Preva-
lence and persistence of depression in patients with implantable cardioverter
defibrillator: a 2-year longitudinal study. Pacing Clin Electrophysiol 2010;33:
1455–61.

48. Verbeek DEP, Van Riezen J, De Boer RA, Van Melle JP, De Jonge P. A review on
the putative association between beta-blockers and depression. Heart Fail Clin
2011;7:89–99.

49. Hevey D, McGee HM, Horgan J. Responsiveness of health-related quality of life
outcome measures in cardiac rehabilitation: comparison of cardiac rehabilitation
outcome measures. J Consult Clin Psychol 2004;72:1175–80.

50. van den Broek KC, Nyklı́cek I, van der Voort PH, Alings M, Meijer A, Denollet J.
Risk of ventricular arrhythmia after implantable defibrillator treatment in anxious
type D patients. J Am Coll Cardiol 2009;54:531–7.

M.T. Hoogwegt et al.80
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/14/1/74/511279 by guest on 19 April 2024


