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Aims There is a paucity of studies investigating a dose-dependent association between beta-blocker therapy and risk of
outcome. In a nationwide cohort of primary prevention implantable cardioverter-defibrillator (ICD) patients, we
aimed to investigate the dose-dependent association between beta-blocker therapy and risk of ventricular tachyar-
rhythmias (VT/VF), heart failure (HF) hospitalizations, and death.

...................................................................................................................................................................................................
Methods
and results

Information on ICD implantation, endpoints, comorbidities, beta-blocker usage, type, and dose were obtained
through Danish nationwide registers. The two major beta-blockers carvedilol and metoprolol were examined in
three dose levels; low (metoprolol <_ 25 mg; carvedilol <_ 12.5 mg), intermediate (metoprolol 26–199 mg; carvedilol
12.6–49.9 mg), and high (metoprolol >_ 200 mg; carvedilol >_ 50 mg). Time to events was investigated utilizing multi-
variate Cox models with beta-blocker as a time-dependent variable. From 2007 to 2012, 2935 first-time ICD devi-
ces were implanted. During follow-up, 399 patients experienced VT/VF, 728 HF hospitalizations and 361 died. As
compared with patients not on beta-blockers, low, intermediate, and high dose had significantly reduced risk of HF
hospitalizations {hazard ratio (HR) = 0.68 [0.54–0.87], P = 0.002; HR = 0.53 [0.42–0.66], P < 0.001; HR = 0.43 [0.34–
0.54], P < 0.001} and death (HR = 0.47 [0.35–0.64], P < 0.001; HR = 0.29 [0.22–0.39], P = 0.001; HR = 0.24 [0.18–
0.33], P < 0.001). For the endpoint of VT/VF, only intermediate and high dose beta-blocker was associated with
significantly reduced risk (HR = 0.58 [0.43–0.79], P < 0.001; HR = 0.53 [0.39–0.72], P < 0.001). No significant differ-
ence was found between comparable doses of carvedilol and metoprolol on any endpoint (P = 0.06–0.94).

...................................................................................................................................................................................................
Conclusion In primary prevention ICD patients, beta-blocker therapy was associated with significantly reduced risk of all end-

points, as compared with patients not on beta-blocker, with the suggestion of a dose-dependent effect. No detect-
able difference was found between comparable doses of carvedilol and metoprolol.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords Carvedilol • Metoprolol • Implantable cardioverter-defibrillator • Metoprolol tartrate • Metoprolol
succinate • Dose • Pharmacotherapy • Beta-blocker

* Corresponding author. Tel: ±45 40177181; fax: ±45 70201281. E-mail address: annechristinehuth@hotmail.com; acruwald@gmail.com

Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2018. For permissions, please email: journals.permissions@oup.com.

Europace (2018) 0, 1–8 CLINICAL RESEARCH
doi:10.1093/europace/euy077

Downloaded from https://academic.oup.com/europace/advance-article-abstract/doi/10.1093/europace/euy077/4978277
by Danish Regions user
on 08 June 2018



Introduction

Beta-blocker therapy, titrated to maximum tolerated dose, is consid-
ered a pre-requisite prior to implantation of a primary prevention
implantable cardioverter-defibrillator (ICD) or cardiac resynchroni-
zation therapy with defibrillator (CRT-D).1,2 Numerous clinical trials
have shown beneficial effects of beta-blockers on heart failure (HF)
symptoms, left ventricular ejection fraction (LVEF), left ventricular
(LV) remodelling, HF hospitalizations, and death.3–6 Additionally,
beta-blockers have been associated with anti-arrhythmic properties,
with reductions in the risk of sudden cardiac death and arrhyth-
mias.6–9 Multiple factors probably contribute to this risk reduction,
with improvements in LV dysfunction, anti-ischaemic properties,
impact on heart rate, and beneficial effects on electrical con-
duction.10,11 One animal trial substantiated the possibility of a direct
anti-arrhythmic effect of beta-blocker therapy, with prolonged con-
duction times and refractory periods, resulting in reduced risk of
atrial and ventricular arrhythmias.12 Furthermore, in patients with HF
it has been postulated that sympathetic overdrive causes intracellular
calcium overload, leading to spontaneous release of calcium waves,
promoting arrhythmias.12,13 Zhou et al.,13 found carvedilol to inhibit
the release of spontaneous calcium waves from the myocardium,
thereby preventing arrhythmia occurrence.

Despite that current guidelines, as well as clinical randomized trials,
recommend target doses of 50 mg carvedilol (or higher) or 200 mg
of metoprolol, only up to a third of real-life ICD patients are titrated
to this level.2,14 Therefore, it is important to investigate whether a
dose-response effect of beta-blockers to prevent serious adverse
events is present. Furthermore, even though both carvedilol and
metoprolol are beta-blockers, they each possess unique pharmaco-
logical properties that could affect the protective capability of the
drugs. Metoprolol is a cardio-selective beta-blocker with a high affin-
ity towards the b1-receptors of the heart, while carvedilol is consid-
ered an unselective beta-blocker with additional anti-oxidative and
anti-proliferative properties that might hold further beneficial effects
in HF patients. Previous studies have investigated this and found car-
vedilol to be associated with a more pronounced benefit as com-
pared with metoprolol.7,15,16 However, these studies, either did not
consider dose, or compared non-equipotent dosages of carvedilol

and metoprolol. Furthermore, these studies did not differentiate
between the two metoprolol salts, metoprolol succinate and meto-
prolol tartrate, or only used metoprolol tartrate, as opposed to the
controlled-release metoprolol succinate used in the major clinical
beta-blocker trials. Thus, controversy remains as to whether carvedi-
lol and metoprolol are associated with similar benefit.

In Denmark, we have unique and complete information on all ful-
filled pharmacy prescriptions, as well as information on all primary
prevention ICD/CRT-D implantations and subsequent device thera-
pies, permitting unparalleled analyses in a complete nationwide popu-
lation of primary prevention ICD recipients.

The current study was designed to investigate the importance of
beta-blocker dose on the risk of ventricular tachyarrhythmias, HF
hospitalizations, and death in a nationwide cohort of real-life ICD and
CRT-D patients, consecutively implanted from 2007 to 2012.
Further, we aimed to investigate whether comparable doses of carve-
dilol and metoprolol are associated with differential risk of outcomes.

Methods

First-time ICD and CRT-D implantations were identified from the Danish
Pacemaker and ICD Register. Since 1 January 2007, data on pre-
implantation LVEF, New York Heart Association (NYHA) class, as well as
data from all device follow-ups, including registration of appropriate
device therapy have been recorded as previously described.14,17

To be included in the study cohort, patients had to have been
implanted with a first-time primary prevention ICD or CRT-D device for
ischaemic or non-ischaemic cardiomyopathy in the period January 2007
through December 2012 (n = 3065). In Denmark, it is not recommended
to implant primary prevention ICD devices in patients with non-
ischaemic cardiomyopathy. During the course of the study period, the
DANISH study randomized patients with non-ischaemic cardiomyopathy
to ICD vs. no ICD implantation.18 These patients are included in our
cohort and explains the inclusion of patients without ischaemic heart
disease.

Patients with a missing date of birth (n = 18), patients under the age of
18 years (n = 6), patients with congenital or hereditary heart disease
(n = 98), and patients who emigrated permanently prior to implantation
(n = 8), were excluded, leaving us with a study population comprising
2935 patients. Follow-up was conducted from the time of implantation
until device explantation (n = 28), permanent emigration (n = 2), death
(n = 361), or end of follow-up (31 December 2012).

From Danish nationwide registers, we obtained information on demo-
graphics (Civil Persons Register), concomitant pharmacotherapy (The
Danish Register of Medicinal Products Statistics), and comorbidities (The
Danish National Patient Register), as previously done.14,17 Detailed defini-
tions for comorbidities and pharmacotherapy as well as descriptions of
the registers have previously been published.14,17

Beta-blocker type and dose
Use of beta-blockers and relevant concomitant pharmacological therapy
was identified through Anatomical Therapeutic Chemical (ATC)
Classification system in the Danish Register of Medicinal Products
Statistics, as previously described.14 Type of beta-blocker was identified
from ATC-codes and categorized as carvedilol (ATC = C07AG02),
metoprolol (ATC = C07AB02), or other beta-blockers (ATC =
C07AB07, C07AB12, C07AB03, C07AA05, C07AA03). Daily doses
were estimated from the tablet strength and number of tablets
prescribed, as well as the time until a new redemption of a prescription.

What’s new?

• In a nationwide cohort of primary prevention implantable car-
dioverter-defibrillator patients, we investigated the dose-
dependent association between beta-blocker therapy and the
risk of ventricular tachyarrhythmias (VT/VF), heart failure (HF)
hospitalizations, and death.

• Increasing doses of carvedilol or metoprolol was associated
with decreased risk of VT/VF, HF hospitalizations, and death,
supporting the notion of a dose-dependent effect of beta-
blocker therapy.

• No difference was found on either endpoint between compa-
rable doses of carvedilol and metoprolol, suggesting that carve-
dilol and metoprolol are equally effective, if given in optimal
doses.

2 A.C. Ruwald et al.
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This method has previously been used and described in detail.14 In order
to estimate the risk of outcome in patients optimally titrated on beta-
blockers and in patients only on a very low dose, we defined low, inter-
mediate, and high daily dose of metoprolol and carvedilol; metoprolol:
low: <_25 mg, intermediate: 26–199 mg, and high: >_200 mg; carvedilol:
low: <_12.5 mg, intermediate: 12.6–49.9 mg, and high: >_50 mg. These dose
definitions were chosen according to current guideline recommendations
and target doses used in clinical trials.2–4,15

Differentiation between the two metoprolol salts, tartrate and succi-
nate, were available using labelling numbers specific for each of the two
salts.

Endpoints
The primary endpoint was defined as ventricular tachyarrhythmias
(VTA), defined as appropriate ICD therapy (anti-tachycardia pacing or
shock) for ventricular tachycardia (VT) or ventricular fibrillation (VF).
Information on appropriate ICD therapy was ascertained from the
Danish Pacemaker and ICD Register. During the study period, ICD
implantations and follow-up visits were centralized to five ICD centres in
Denmark with the appropriate expertise to evaluate and treat ICD thera-
pies. These centres prospectively report all implantations and follow-up
events to the Danish Pacemaker and ICD Register. Whenever a patient
receives ICD therapy, the ICD record is evaluated by the treating electro-
physiologist, and the reason for the rendered therapy is determined. If
the underlying rhythm is assessed as VT or VF, the ICD therapy is coded
as appropriate.

Secondary endpoints included hospitalizations for HF and all-cause
mortality. Hospitalizations for HF was defined as a hospital admittance
with a primary diagnosis of HF, and identified through diagnoses codes
from the Danish National Patient Register, as previously done.17

Statistics
Clinical characteristics at time of implantation were compared between
patients on low, intermediate, and high dose beta-blockers. Continuous
variables were compared using Kruskal–Wallis where appropriate.
Dichotomous variables were compared by v2.

To assess the risk of the endpoints, we utilized a time-dependent Cox
regression model, taking variations of comorbid status and pharmaco-
therapy over time into account. Thus, for beta-blocker therapy, patients
were allowed to change dose and type of beta-blocker and contribute
with risk time in different groups at different times. For other relevant
concomitant pharmacological therapy, patients were allowed to change
status over time, depending on whether the patients was ‘on’ or ‘off’ the
drug.

Adjustment variables were pre-defined based on possible confounders
or influence on the specific endpoint. All endpoints were adjusted for
sex, CRT-D, or ICD device implanted, age and LVEF at the time of
implant and time-dependent variables of cardiovascular comorbidities,
and treatment with angiotensin converting enzyme inhibitors or
angiotensin-II receptor blockers (ACE/ARB), amiodarone and/or diu-
retics. Further, the endpoint of HF hospitalization was adjusted for treat-
ment with digoxin, and the endpoint of all-cause mortality was adjusted
for chronic kidney disease and chronic obstructive pulmonary disease.
Sensitivity analyses were conducted, analysing comparable dose levels of
carvedilol to metoprolol succinate, and adjusting for metoprolol tartrate
as well as treatment with other beta-blockers. Hazard ratios with their
95% confidence intervals and P-values are reported and illustrated with
forest plots. A P-value below 0.050 was considered statistically significant.

Interactions were tested for a number of pre-specified variables,
including gender, age < 65 years, LVEF < 25%, NYHA Class >II, ischaemic
cardiomyopathy, and device implanted (CRT-D vs. ICD). To account for

multiple comparisons, an interaction P-value below 0.010 was considered
statistical significant.

Analyses were performed using SAS statistical software, version 9.4
(SAS Institute Inc., Cary, NC, USA) and R statistical software version 3.2.

Results

We included 2935 patients implanted with a first-time primary pre-
vention ICD or CRT-D device. Overall, patients had a median age of
66.4 [58.6, 72.7] and were predominately male (81%) with ischaemic
cardiomyopathy (85%). Most patients received ACE/ARB (82%) and/
or diuretics (72%) at the time of implantation. At the time of device
implantation, carvedilol or metoprolol were prescribed to the major-
ity of patients (2260, 77%), with carvedilol being the most frequently
prescribed of the two (1263, 56%). Only a minority (167, 6%) were
prescribed other beta-blockers, while 508 (17%) were not taking any
beta-blockers.

Of the patients prescribed carvedilol or metoprolol, 32% were
titrated to high dose, 39% to intermediate, and 28% to low dose
(Table 1). Patients on high dose more often received ACE/ARB and
diuretics, were younger, with less severe HF symptoms and less
ischaemic aetiology (Table 1).

Effect of beta-blocker therapy on the risk
outcomes
Over a mean follow-up of 2.2 ± 1.5 years, 399 (14%) patients experi-
enced at least one episode of VT/VF, 728 (25%) patients one or
more HF hospitalizations and 361 (12%) patients died.

When adjusted for relevant variables and compared with no beta-
blocker therapy, the overall class effect of beta-blocker therapy, was
associated with a decreased risk of VT/VF (HR = 0.60 [0.46–0.79],
P < 0.001), HF hospitalizations (HR = 0.52 [0.43–0.64], P < 0.001),
and death (HR = 0.31 [0.25–0.40], P < 0.001).

When examining the dose-dependent effect, we found an associa-
tion between higher dosage levels of beta-blocker and decreased risk
of all endpoints (Figure 1). When examining intergroup differences,
we were not able to show a significant difference between intermedi-
ate and high dose beta-blocker for the endpoints of VT/VF and death.
Furthermore, for the endpoint of VT/VF, no significant difference in
risk was evident between low dosage levels and no beta-blocker
therapy. The dose-dependent effect of beta-blockers was also evi-
dent when investigating days spent in hospital for worsening HF, with
significantly fewer days in hospital the higher the dose (Figure 2).

Similar results were found when further dividing the intermediate
group into two separate dose groups (Supplementary material
online, Figure S1). Interactions were systematically examined, and
none were found. Notable, no risk difference was evident between
patients implanted with an ICD or a CRT-D device for any of the
three endpoints (P = 0.40–0.86).

Estimating risk differences for
comparable dosages of carvedilol and
metoprolol
After adjustment for relevant variables, we were unable to detect a
risk difference between comparable dosage levels of carvedilol or
metoprolol on the risk of VT/VF, HF hospitalizations, or all-cause
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mortality (Figure 3). Further, no significant risk difference between
comparable dosages of carvedilol and metoprolol was evident
between the pre-defined variables of ICD vs. CRT-D, age < 65 years,
male vs. female gender, LVEF < 25%, ischaemic heart disease, or
NYHA Class >II.

At time of implantation, valid information on metoprolol salt used
was available in 984 out of 997 (99%) of patients, with the majority
treated with metoprolol succinate (858 patients, 87%). In sensitivity
analyses using only metoprolol succinate, we found similar results for
all endpoints as for overall metoprolol, with no risk difference
between carvedilol and metoprolol succinate in low, intermediate, or
high doses, respectively. Furthermore, we investigated whether there
was a difference in risk between the two metoprolol salts, succinate
and tartrate, and found no significant difference on the endpoints of
VT/VF (HR = 1.47 [0.77–2.82], P = 0.245), HF hospitalizations
(HR = 1.40 [0.86–2.28], P = 0.171), or all-cause mortality (HR = 0.97
[0.51–1.82], P = 0.917), although this could be due to lack of statistical
power, as the metoprolol tartrate group was relatively small. The
same was true for all endpoints, when analysing comparable doses of
the two metoprolol salts, using succinate in low, intermediate, and
high doses as reference.

Discussion

In this nationwide cohort study involving first-time primary preven-
tion ICD/CRT-D implantations, we found the suggestion of a dose-
dependent effect of beta-blocker therapy, with higher dosage levels
being associated with significant reductions in the risk of VT/VF, HF
hospitalizations, and all-cause mortality. When comparing compara-
ble doses of the two most commonly used beta-blockers, carvedilol
and metoprolol, we found no difference in risk of any of the three
endpoints, suggesting similar benefit of carvedilol as compared with
metoprolol. Of note, no significant difference was found between
metoprolol succinate and metoprolol tartrate, suggesting similar
efficacy.

Dose-dependent effect of beta-blockers
Numerous studies have proven the beneficial effects of beta-blockers
on VT/VF, HF hospitalizations, and death; however, most of these
studies did not investigate the possibility of a dose-dependent associ-
ation with risk reduction.3–6,8

In the current study, we found increasing dose of beta-blocker to
be associated with lower risk, with risk reduction for low,

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

Table 1 Clinical characteristics at the time of device implantation

No beta-blocker

n 5 508

Low dose

n 5 642

Intermediate

dose n 5 890

High dose

n 5 728

Age at implant (years) 61.8 ± 13.9 66.0 ± 10.6 65.1 ± 10.4 64.1 ± 9.4*,¶

Male 401 (78.9) 517 (81) 732 (82) 606 (83)

CRT-D 175 (34.4) 268 (42) 344 (39) 284 (39)

Left ventricular ejection fraction at implant (%) 30.3 ± 14.6 25.2 ± 8.9 25.6 ± 8.3 25.5 ± 7.3¶

NYHA Class > IIa 186 (40.2) 251 (42) 335 (40) 248 (35)*

Comorbidities at implantation

Prior percutaneous coronary intervention 191 (38) 309 (48) 439 (49) 311 (43)*,¶

Ischaemic heart disease 378 (74.4) 577 (90) 792 (89) 606 (83)*,¶

Prior myocardial infarction 284 (55.9) 441 (69) 619 (70) 425 (58)*,¶

Atrial fibrillation 108 (21.3) 154 (24) 240 (27) 162 (22)

Diabetes 103 (20.3) 149 (23) 222 (25) 196 (27)

Chronic obstructive pulmonary disease 107 (21.1) 119 (19) 139 (16) 119 (16)

Chronic kidney disease 21 (4.1) 39 (6) 38 (4.3) 24 (3.3)*

Moderate/severe liver disease <3 (<0.5)b <3 (<0.5)b 5 (1) <3 (<0.5)b

Peripheral vascular disease 68 (13.4) 112 (17) 136 (15) 87 (12)*,¶

Cerebrovascular disease 75 (14.8) 105 (16) 140 (16) 100 (14)

Pharmacotherapy at implantation

ACE/ARB 259 (51.0) 550 (86) 774 (87) 668 (92)*,¶

Diuretics 257 (50.6) 483 (75) 669 (75) 583 (80)*,¶

Digoxin 52 (10.2) 82 (13) 112 (13) 92 (13)

Amiodarone 14 (2.8) 33 (5) 37 (4) 24 (3)

Statins 234 (46.1) 476 (74) 687 (77) 549 (75)¶

Data presented as mean ± SD or numbers and percentages. Beta-blocker therapy is defined as treatment with carvedilol or metoprolol at the time of implantation. A minority
(n = 167 (6%)) were treated with other types of beta-blockers. Low dose indicates metoprolol <_ 25 mg or carvedilol <_ 12.5 mg. Intermediate dose indicates metoprolol 26–
199 mg or carvedilol 12.6–49.9 mg. High dose indicates metoprolol >_ 200 mg or carvedilol >_ 50 mg.
ACE/ARB, angiotension converting enzyme inhibitors or angiotensin-II receptor blockers; CRT-D, cardiac resynchronization therapy with defibrillator; NYHA, New York Heart
Association.
aMissing values for 171 patients.
bAccording to Danish law, register-based research cannot report precise numbers below three in order to protect patient anonymity.
*P < 0.05 between low, intermediate, and high beta-blocker dose.
¶P < 0.05 between no beta-blocker, low dose, intermediate dose, and high dose beta-blocker.
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intermediate, and high dose of 19%, 42%, and 47% for VT/VF, 32%,
47%, and 57% for HF hospitalizations and 53%, 71%, and 76% for
death, respectively. For the endpoint of VT/VF, no significant differ-
ence in risk was evident between patients on low dose beta-blocker
and those not treated with beta-blocker, although the risk estimate
pointed towards a beneficial effect. By increasing beta-blocker dose,

we also found a significant reduction in days spent in hospital for wor-
sening HF. This supports the evidence of a dose-dependent effect of
beta-blockers. We were not able to detect a significant difference
between intermediate and high dose beta-blocker for the endpoints
of VT/VF and death. This could merely represent a power issue,
although we have to acknowledge that dose tolerance is individual
and that some patients may have been titrated to their optimal dose,
which might explain the lack of significant difference between inter-
mediate and high dose. The lack of significant difference between
intermediate and high dose could also be due to the large range of
the intermediate dose. However, in sensitivity analyses, similar results
were found when further dividing the intermediate group. Even
though adjustments for LVEF, cardiovascular comorbidities and phar-
macotherapy were included, one cannot neglect the possibility that
differences in HF severity by beta-blocker dose, might at least be part
of the explanation for the reduction in days spent in hospital, as well
as the reduction in risk of outcome by increasing doses. In Denmark,
ICD devices are generally programmed with ATP on and a high rate
therapy zone > 180–200 b.p.m. However, since data on programming
of the devices or arrhythmias occurring in the monitor zone were
not available, we cannot take these elements into account. This rep-
resents a major limitation of our study, and we cannot exclude the
fact that higher doses of beta-blocker might merely have resulted in a
lower rate VT, not subject to the therapy zone of the ICD. As the

Outcome
Number
of events

Hazard Ratio
[95% CI] P-value

VT/VF

HF hospitalizations

All-cause mortality

No beta-blocker

Beta-blocker low

Beta-blocker intermediate

Beta-blocker high

68

77

116

116

REF

0.216*

<0.001

<0.001

REF

0.81 [0.58–1.13]

0.58 [0.43–0.79]

0.53 [0.39–0.72]

No beta-blocker

Beta-blocker low

Beta-blocker intermediate

Beta-blocker high

118

146

227

184

REF

0.002*

<0.001*

<0.001

REF

0.68 [0.54–0.87]

0.53 [0.42–0.66]

0.43 [0.34–0.54]
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Hazard Ratio [95% CI]
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No beta-blocker
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0.29 [0.22–0.39]

0.24 [0.18–0.33]
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<0.001
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Figure 1 Association between dosage-dependent beta-blocker therapy and risk of outcomes. Forest plots depicting the association between
increasing beta-blocker dose and the risk of VT/VF, HF hospitalizations, and all-cause mortality. Beta-blocker therapy was considered as a class effect,
defined as treatment with either metoprolol or carvedilol, adjusted for treatment with other types of beta-blockers. Adjusted hazard ratios are
reported (see Methods). No beta-blocker therapy was used as a reference. Dose definitions as in Table 1. CI, confidence interval; HF, heart failure;
VF, ventricular fibrillation; VT, ventricular tachycardia.
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Figure 2 Days in hospital for worsening heart failure. Bar-chart
showing the days in hospital for worsening heart failure per patient,
calculated as the sum of all days hospitalized for heart failure in each
dose group, divided by the number of patients in each group. Dose
definitions as in Table 1.
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MADIT-RIT study elegantly showed, higher rate cut-offs are asso-
ciated with better prognosis.19,20 Therefore, we do not believe
this to have affected our results significantly. Several studies have
supported the beneficial effect of beta-blockers on HF deteriora-
tion and death3–5; however, the matter of anti-arrhythmic effect
of beta-blocker is somewhat more controversial, as only a few
studies have investigated this aspect. In a small single-centre study
of 61 patients, Deftereos et al.9 found increasing beta-blocker
dose to be associated with attenuated risk of appropriate ICD
therapy. Friedman et al.21 found lack of beta-blocker therapy to be
a significant predictor of ventricular arrhythmias in a study of 269
CRT-D patients. Furthermore, a few basic science studies have
showed direct anti-arrhythmic effects of beta-blockers on con-
duction and intracellular calcium levels, thus supporting our
results.12,13 The anti-arrhythmic effects of beta-blocker therapy is
probably multifactorial, with positive effects on reverse remodel-
ling, LVEF, ischaemia, and direct effects on electrical conduction,
with increased conduction times and refractory periods, decreas-
ing the risk of malignant arrhythmias, as well as increasing the
chance of early termination of an arrhythmic episode.10–12

In HF patients, the sympathetic drive is heightened, resulting in del-
eterious effects on the myocardium and electrical conduction, as well
as increased risk of ischaemia, leading to increased risk of VT/VF and
death as well as deterioration in HF. Beta-blockers inhibit the sympa-
thetic drive, leading to full or partial reversal of the deleterious effects

of the heightened sympathetic drive. A dose-dependent effect of
beta-blockers seems clinically plausible as one would expect higher
doses to be associated with increased inhibition of the sympathetic
drive. Three other studies have investigated the aspect of a dose-
dependent effect of beta-blockers on VT/VF, HF hospitalizations, and
death, reporting similar results to ours.7,9,16 Whether the beneficial
effect of higher dosages is due to more pronounced positive remod-
elling of the heart, electrophysiological properties, or reduced ischae-
mia remains unknown. One might assume, the higher the dose, the
more pronounced response on sympathetic inhibition, conduction
times, and refractory periods, although this is a matter in need of fur-
ther investigation.

Of note, patients not treated with beta-blockers exhibited
increased risk of VT/VF, HF hospitalizations, and death, compared
with patients on beta-blockers. There were some differences in clini-
cal characteristics between patients on beta-blockers and those not
on beta-blockers. Patients not on beta-blockers were younger, with
less ischaemic heart disease and less advanced left ventricular dys-
function, which should indicate better prognosis and less arrhythmic
myocardial substrate. There was no difference in severity of HF
symptoms, and they received less optimal pharmacological HF man-
agement (no beta-blocker and only 50% on ACE/ARB). We can only
speculate as to the reason for the increased risk, although it seems
plausible that the lack of pharmacological therapy with ACE/ARB and
beta-blockers, could have contributed to the adverse prognosis seen.

Outcome
(carvedilol vs. metoprolol)

Number
of events

Hazard Ratio
[95% CI] P-value

VT/VF

Low dose

Intermediate dose

High dose

77

116

116

0.587

0.317

0.426

1.13 [0.72–1.78]

0.83 [0.57–1.20]

0.85 [0.57–1.27]

HF hospitalizations

Low dose

Intermediate dose

High dose

146

227

184

0.086

0.227

0.877

0.74 [0.53–1.04]

0.85 [0.65–1.11]

0.98 [0.71–1.34]

All-cause mortality

Low dose

Intermediate dose

High dose

79

88

67

0.064

0.907

0.942

0.64 [0.40–1.03]

0.98 [0.64–1.49]

0.98 [0.59–1.63]

0.1 0.5 1.0

Hazard Ratio [95% CI]

1.5 2.0

Figure 3 Association between equipotent dosage levels of carvedilol and metoprolol and the risk of outcomes. Forest plots comparing equipotent
doses carvedilol and metoprolol on the risk of VT/VF, HF hospitalizations, and all-cause mortality. Model adjustments and dose definitions as in Figure
1. Low carvedilol is used as a reference in the overall model. Further, P-values are shown, comparing equipotent dosages of carvedilol and metopro-
lol. HR < 1 favours carvedilol, whereas HR > 1 favours metoprolol. CI, confidence interval; HF, heart failure; HR, hazard ratio; VF, ventricular fibrilla-
tion; VT, ventricular tachycardia.
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Comparing carvedilol and metoprolol
Metoprolol and carvedilol are the most commonly used beta-
blockers for HF patients.7,14,16,22 Given the difference in pharmaco-
logical properties between carvedilol and metoprolol, carvedilol has
been hypothesized to be associated with more pronounced
benefit.15

In the current study, we compared comparable doses of carvedilol
to metoprolol in low, intermediate, and high doses, and found no dif-
ference in the risk of VT/VF, HF hospitalizations, or death, suggesting
equal benefit of carvedilol and metoprolol. The COMET trial
randomized patients in a head-to-head comparison of carvedilol and
metoprolol in patients with HF and found carvedilol to be associated
with a 17% reduction in all-cause mortality and 19% reduction in sud-
den cardiac death.8,15 However, the study has been criticized for not
using comparable doses of carvedilol and metoprolol (target dose for
metoprolol was only 100 mg), and for using metoprolol tartrate
instead of the more clinically relevant metoprolol succinate. Thus,
the results were never accepted in the clinical setting. Previous stud-
ies on real-life HF patients, comparing guideline suggested optimal
target doses of carvedilol to metoprolol found equal benefit on the
risk of HF hospitalizations and death,22,23 thus supporting our results,
while other studies found carvedilol to be associated with added ben-
efit on these endpoints.8,15,16 Therefore, evidence supporting a differ-
ential effect of carvedilol over metoprolol remains conflicting, with
most of the previous studies having methodological points of
criticism. Some studies did not have access to information on LVEF
and NYHA class, and may represent a certain level of heterogeneity
in terms of HF severity, which may have influenced the effects of
beta-blockers.16,22 Some only analysed data based on baseline drug
utilization and did not consider possible shift from one beta-blocker
to another or change of dose during follow-up,7 while others did not
compare comparable dosages.8,15 Finally, metoprolol tartrate was
included in some studies,8,15,16 while metoprolol succinate is the only
guideline recommended metoprolol salt.2 In the current study, beta-
blocker therapy was treated as a time-dependent variable, thus
allowing patients to contribute with risk time in the specific dose- or
beta-blocker type group that they were in at any given time.
Therefore, changes in type and/or dose over time was taken into
account. Of interest, in a previous study from our group, we found
that patients rarely switched beta-blocker type, with only 11% of
patients switching within the first year after implantation.14

We conducted a sensitivity analyses, comparing carvedilol to
metoprolol succinate and found no differential risk between compa-
rable doses on any endpoint. Furthermore, we compared metoprolol
succinate to metoprolol tartrate on the endpoints and found similar
benefit of the two salts. Given the minority of metoprolol tartrate
treated patients, the results comparing the two metoprolol salts
should be interpreted with caution.

To the best of our knowledge, the current study remains the first
study to compare the effects of comparable doses of carvedilol and
metoprolol on the risk of VT/VF in a population of primary preven-
tion ICD/CRT-D patients.

Clinical impact
Guidelines state that patients should receive maximum tolerated
dose of beta-blockers with target daily dosages of 50 mg carvedilol

and 200 mg metoprolol. Our results emphasize the importance of
optimal dose up-titration of beta-blockers in patients implanted with
a primary prevention ICD. As long as optimal dose is reached, carve-
dilol and metoprolol seem to be associated with equal beneficial
effects on outcome. However, the question of differential tolerability
of the two beta-blockers has been raised, with previous results from
our group suggesting improved tolerability of carvedilol over meto-
prolol, with more patients reaching target doses on carvedilol than
metoprolol, as well as fewer patients discontinuing carvedilol14.
Given the importance of reaching maximum tolerated doses shown
in this study, it might be meaningful to switch beta-blocker from
metoprolol to carvedilol in patients were up-titration is difficult.

Limitations
The current study is a retrospective register-based study and as such,
should be interpreted within the inherent limitations. Due to the
non-randomized nature of the study, there is a risk of unmeasured
confounding. Weight, height, and heart rate were not uniformly avail-
able, why we were unable to consider these measures. Information
on indication for prescription of pharmacotherapy was not available,
thus, confounding-by-indication is a limitation. Doses of beta-block-
ers were estimated and as such, the results should to be evaluated
with care. Furthermore, we cannot eliminate the possibility that
patient tolerability issues regarding dose of beta-blocker, may have
influenced our results. Reporting on appropriate ICD therapy to the
Danish ICD Register is conducted by pace technicians or electro-
physiologists at each follow-up visit or from home-monitoring read-
ings, thus the risk of under-reporting is present. Individual data on the
percentage of patients on home-monitoring were not available,
which theoretically might have resulted in a few un-reported cases of
ICD therapy occurring during the final phases of the follow-up
period. Programming of the ICD device is unfortunately not
recorded in the Danish Pacemaker and ICD Register, and therefore
we cannot take programming changes into account. This represent a
major limitation as programming of the device has a significant effect
on the rendering of ICD therapy,19,24 which may have impacted our
results on the endpoint of VT/VF. No data on arrhythmias in the
monitoring zone (below the VT zone cut-off) is available.
Unfortunately, information on type of ICD implanted (single vs. dual
chamber) or main rhythm at implant was not available. Finally, this is a
retrospective cohort study and as such, we are unable to draw any
affirmative conclusions on causality, and the results should merely be
treated as hypothesis generating. Further clinical studies are needed
to confirm the findings.

Conclusion

In a nationwide cohort of primary prevention ICD recipients, we
found the suggestion of a dose-dependent association between beta-
blocker therapy and the risk of VT/VF, HF hospitalizations, and death,
with higher dosages being associated with a more pronounced risk
reduction. No difference in risk of VT/VF, HF hospitalizations, or
death was evident between comparable dosages of carvedilol and
metoprolol, nor between metoprolol succinate and metoprolol tar-
trate, indicating equal benefit of carvedilol and metoprolol, as well as
metoprolol succinate and tartrate.
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