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Abstract
Objective To clarify whether any particular β blocker is superior in
patients with heart failure and reduced ejection fraction or whether the
benefits of these agents are mainly due to a class effect.

Design Systematic review and network meta-analysis of efficacy of
different β blockers in heart failure.

Data sources CINAHL(1982-2011), Cochrane Collaboration Central
Register of Controlled Trials (-2011), Embase (1980-2011),
Medline/PubMed (1966-2011), and Web of Science (1965-2011).

Study selection Randomized trials comparing β blockers with other β
blockers or other treatments.

Data extraction The primary endpoint was all cause death at the longest
available follow-up, assessed with odds ratios and Bayesian random
effect 95% credible intervals, with independent extraction by observers.

Results 21 trials were included, focusing on atenolol, bisoprolol,
bucindolol, carvedilol, metoprolol, and nebivolol. As expected, in the
overall analysis, β blockers provided credible mortality benefits in
comparison with placebo or standard treatment after a median of 12
months (odds ratio 0.69, 0.56 to 0.80). However, no obvious differences
were found when comparing the different β blockers head to head for
the risk of death, sudden cardiac death, death due to pump failure, or
drug discontinuation. Accordingly, improvements in left ventricular
ejection fraction were also similar irrespective of the individual study
drug.

Conclusion The benefits of β blockers in patients with heart failure with
reduced ejection fraction seem to be mainly due to a class effect, as no
statistical evidence from current trials supports the superiority of any
single agent over the others.

Introduction
According to the American Heart Association, heart failure
affects nearly 8.26 million Americans and accounts for 32.8%
of cardiovascular related deaths.1 β blockers have been one of
the mainstays of treatment because of their ability to reverse
the neurohumoral effects of the sympathetic nervous system,
with ensuing prognostic and symptomatic benefits, and different
societies have thus included them in guidelines for management
of heart failure.2-4 Specifically, β adrenergic blockers have been
shown in randomized trials to prolong survival, prevent
arrhythmia, improve symptoms of heart failure and left
ventricular ejection fraction, and control ventricular rate,
especially in patients with chronic heart failure.5

However, controversy exists as to the optimal selection of a
particular β blocker for management of heart failure, as the
available β blockers differ in their selectivity for adrenergic
receptors and their effects on the peripheral circulation.6 In
addition, several of the available studies had a small sample
size with a short duration of follow-up, thereby limiting their
inferential capacity, and publishedmeta-analyses have evaluated
the role of β blockers in heart failure with reduced ejection
fraction in terms of clinical and echocardiographic endpoints.7-9
Moreover, few studies have attempted to answer another crucial
and debated question—that is, the tolerability of β blockers in
heart failure. More importantly, the question of the superior
efficacy of a given β blocker over others in preventing clinically
relevant endpoints has never been assessed in the comprehensive
setting of a systematic review, as only one trial has directly
compared carvedilol and metoprolol tartrate.10
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Network meta-analyses and mixed treatment comparisons
exploit the totality of evidence stemming from randomized trials
focusing on the same clinical topics and sharing, within the
network frame, a common comparator. A networkmeta-analysis
is thus the ideal design for head to head comparison of the
different β blockers tested for heart failure. We therefore did a
comprehensive systematic review and network meta-analysis
to assess the efficacy of β blockers for heart failure with reduced
ejection fraction with reference to participants (patients in heart
failure), interventions (β blockers), comparisons (all
pharmacologically active or inactive/placebo comparators),
outcomes (specific clinical events), and study design
(randomized trials).

Methods
This study was conducted according to the Cochrane
Collaboration and PRISMA statements.11

Data sources and search
We searched for randomized trials in CINAHL (1982-2011),
the Cochrane Collaboration Central Register of Controlled Trials
(-2011), Embase (1980-2011), Medline/PubMed (1966-2011),
and Web of Science (1965-2011). We restricted our searches
to human studies, clinical trials, and controlled or randomized
trials. We used the keywords and medical subject headings
“adrenergic beta-antagonists,” “heart failure,” and “congestive,”
as well as additional text words in combination with an
established search strategy for Medline/PubMed.11 12 We also
hand searched bibliographies of identified studies, recent
meta-analyses of β blockers in heart failure, heart failure
guidelines, and 2008-11 conference proceedings of theAmerican
College of Cardiology, American Heart Association, and
European Society of Cardiology scientific sessions. We
restricted our search to publications in the English language.

Study selection
Two independent reviewers (SC, GBZ) selected studies for
inclusion, with divergences resolved by consensus. They first
scanned citations at the title/abstract level and then retrieved
shortlisted studies in full text. The reviewers considered these
suitable for inclusion if they reported on randomized trials,
compared β blockers versus another β blocker or comparator
in patients with heart failure with reduced ejection fraction, and
reported mortality. Studies were excluded if they were
non-randomized, had less than 100 patients (to exclude small
study effect), or had a follow-up of less than three months.

Data extraction and quality assessment
Two independent reviewers (SC, GBZ) abstracted data and
appraised studies, with divergences resolved by consensus (κ
statistic=0.9). They extracted key characteristics of studies and
patients, including the following outcomes, reported at the
longest available follow-up according to intention to treat
principles: all cause mortality, cardiovascular death, sudden
death, drug discontinuation, and change in left ventricular
ejection fraction from baseline to follow-up. In addition, they
appraised study validity according to the risk of bias tool
recommended by the Cochrane Collaboration.

Data synthesis and analysis
We report categorical outcomes as numbers and continuous
outcomes as median (interquartile range). We derived the raw
event rates from individual studies and constructed 2×2 tables

with raw number of events and total population of the trial. In
trials that did not report raw event rates, investigators reported
the percentage or proportion of patients having the event under
consideration, which we rounded off to whole numbers by using
the sample size of the population; we then calculated the risk
difference by using the formula 1/(1+%OR), where OR=odds
ratio. We calculated number needed to treat and corresponding
absolute risk reduction from the 2×2 tables. We abstracted data
in duplicate, and the inter-rater agreement was good (κ
statistic=0.88). Considering different lengths of follow-up for
individual trials, and to account for censored data, we obtained
the rates of outcomes for all trials with follow-up longer than
12 months and calculated the log hazard ratios (assuming a
constant rate of hazards for individual trials) from the event
rates reported andmean duration of follow-up.We did standard
pair-wisemeta-analysis comparing β blockers with comparators,
with 95% confidence intervals. We also used a random effect
model (DerSimonian and Laird) to calculate prediction intervals
for all cause mortality, using RevMan v5.1 and Stata version
11. We assessed and quantified heterogeneity with the help of
the I2 statistic computed with the Cochran Q test.
We did network meta-analysis with random effect models by
using WinBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge,
UK). Each analysis was based on vague priors for effect sizes
(to yield results that are not too different from conventional
statistical analysis). We checked and confirmed convergence
and lack of autocorrelation after a 100 000 simulation burn-in
phase; finally, we based direct probability statements on an
additional 500 000 simulation phase to identify the best and
most representative data, assuming comparable inter-study
variances for all treatment effects for the same outcomes. We
used deviance and the deviance information criterion to appraise
model fit. We report results of network meta-analysis as odds
ratios with 95% credible intervals for categorical outcomes and
weighted mean differences with 95% credible intervals for
continuous outcomes. We assessed extent of small study
effects/publication bias by visual inspection of funnel plots and
the Harbord’s regression modification of Eggers test, and we
used a trim and fill method to estimate and adjust for any
missing studies, and to calculate an adjusted odds ratio, as if
the studies were present. We also calculated the absolute risk
reduction and the number needed to treat to prevent one death.
We also attempted to evaluate if the different dosages of the
individual β blockers used in a particular trial influenced the
outcomes to a significant extent, as previous studies have been
criticized for non-optimal dosing on various occasions.10 To
assess for this, we identified the different target dosages of a
particular drug used in trials, as well as the different mean
achieved dosages, and then did a weighted meta-regression
analysis using the least squares method, against the log odds
ratios for the mortality outcomes to compute an adjusted odds
ratio. As an additional sensitivity analysis, we did a network
meta-analysis computing hazard ratios with a Poisson regression
model and random effects method, as such analyses explicitly
exploit differences in follow-up between studies, thus
maximizing precision and validity. We used a random effects
rather than a fixed effects model as this is probably the most
appropriate and conservative analysis to account for variance
within and between studies. For the purpose of analysis, given
the variability in the length of follow-up for each of these trials,
we used the rate of outcomes per 1000 person years to obtain
the log hazard ratio of one β blocker relative to another,
assuming a constant rate of hazard. We considered rates, rather
than number of events, as the most appropriate outcome for
these analyses because they incorporate the duration of the trials,
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which was variable. We calculated patient years of follow-up
for each trial by multiplying the trial’s sample size by the mean
duration of follow-up of the trial. We estimated hazard ratios
from themedian and the accompanying 95% credibility intervals
from the 2.5th and 97.5th centiles of the posterior distribution,
assuming a constant rate of hazard for the individual trials.

Results
After screening 720 citations (fig 1⇓), we included 21
studies,10 13-33 with a total of 23 122 patients, treated with
atenolol, bisoprolol, bucindolol, carvedilol, metoprolol,
nebivolol, or placebo/standard treatment. Patients had a median
age of 61 years, 77% were male, ischemic heart failure was
present in 57%, baseline left ventricular ejection fraction was
25%, and patients were followed for a median of 12 months. In
addition to standard anti-heart failure treatment except β
blockers, the control group received placebo in all but two trials
(in which the control group received an angiotensin converting
enzyme inhibitor but no β blocker) (fig 2⇓).16 21 One study
compared carvedilol and metoprolol tartrate directly,10 although
that has been criticized for under-dosing of metoprolol and for
the use of a short acting formulation instead of an extended
release form. Characteristics of studies are summarized in table
1⇓ and appendix table A. All trials had a low risk of bias
according to Cochrane metrics (appendix table B).34

Overall pair-wise meta-analysis confirmed a significant
reduction in mortality with use of β blockers versus all
comparators (both active and placebo)—odds ratio 0.71, 95%
credible interval 0.64 to 0.80; P<0.001 (fig 3⇓). Separate
meta-analyses incorporating odds ratios from individual trials
with shorter duration of follow-up (<12 months) (odds ratio
0.57, 0.46 to 0.70) and hazard ratios from trials with longer
duration of follow-up (>12 months) (hazard ratio 0.70, 0.60 to
0.81) to account for the differential follow-up periods showed
effect sizes consistent with the results of the overall primary
pair-wise meta-analysis (appendix figures A and B).We further
corroborated this with another separate network meta-analysis
of hazard ratios using a random effects Poisson regressionmodel
(appendix table C).
No publication bias was apparent on the funnel plot, or with the
Harbord’s regression modification of Eggers test (two tailed P
value of 0.13), and a trim and fill adjusted odds ratio was
consistent with the primary analysis (0.76, 0.66 to 0.86) (fig
4⇓). We detected no significant heterogeneity for the
appropriately weighted analysis of risk difference (P=0.25;
I2=16%). Sensitivity analysis performed by exclusion of one
study at a time showed consistent mortality benefit with use of
β blockers in heart failure with reduced ejection fraction.
Bayesian analyses confirmed, as expected, that β blockers were
associated with a highly credible reduction in mortality
compared with placebo/standard therapy (odds ratio 0.69, 0.56
to 0.80). β blockers also significantly reduced deaths from
cardiovascular disease as well as sudden deaths, while increasing
ejection fraction by a mean of 4.1% and having a tolerability
profile similar to the comparators (we postulated that drug
discontinuation rates might be a surrogate endpoint reflecting
tolerability of the individual β blockers) (table 2⇓). Similarity
in the directions of the effect size estimates and the overlap of
the 95% confidence intervals of both the standard pair-wise
frequentist and the Bayesian networkmeta-analyses corroborated
our assumptions of consistency.
All β blockers showed improvements in mortality; the
numerically largest effect was seen with carvedilol (lowest odds
ratio). However, when we made a comparison between the

individual β blockers, the mortality advantage conferred by each
was not statistically different from another. Carvedilol also had
the best numerical advantage in tolerability (lowest pooled
discontinuation rates), while not being statistically superior to
other β blockers. Bucindolol improved the ejection fraction to
the greatest extent in our analysis, but it was not significantly
superior to the other drugs in its class. Exclusion of trials with
pharmacologically active comparators did not alter our findings
to a significant effect.10 16 21 We also determined the absolute
risk reductions and the numbers needed to treat to prevent one
death for each of the β blockers assessed (appendix table D).
Congruent with our primary analysis, the absolute risk reduction
for mortality was greatest with carvedilol—6.6% reduction,
with a number needed to treat of 15 to prevent one death. Our
analysis also showed that different target dosages of individual
β blockers used in the randomized trials, as well as the mean
doses achieved, did not influence the logarithm of the odds ratio
of mortality, as determined by weighted meta-regression
analysis. An exploratory sub-analysis of trials conducted in the
United States only showed significant reduction in mortality
with β blocker use in the US (odds ratio 0.48, 0.29 to 0.82)
(appendix figure C). The consistency and directionality of the
effect persisted even when we relaxed our inclusion criteria to
include smaller studies of sample size 50 or above (appendix
figure D).

Discussion
β blockers, as a class, provided credible mortality benefits in
comparison with placebo or standard treatment in patients with
heart failure, and the beneficial effects on mortality persisted
irrespective of the duration of treatment. However, we found
no obvious differences when comparing the different β blockers
head to head for the risk of death, sudden cardiac death, death
due to pump failure, or drug discontinuation byway of a network
meta-analysis or mixed treatment comparison. Accordingly,
improvements in left ventricular ejection fraction were also
similar irrespective of the individual study drug.
β blockers have long been shown to have unequivocal mortality
benefits in chronic heart failure, especially with long term
follow-up, although this is slightly controversial as most of the
landmark randomized controlled trials of β blockers have been
stopped prematurely.35 Several large trials and meta-analyses
have assessed the mortality benefit of β blockers in chronic
heart failure with reduced ejection fraction and have shown a
mortality benefit of β blocker use in chronic heart failure as
well as in ischemic and non-ischemic cardiomyopathy.36Various
studies have looked at important reduction in clinically relevant
endpoints such as sudden death, pump failure, and hospital
readmission rates with β blockers in heart failure.37-39
Retrospective analyses have compared different β blockers and
their effect on clinical endpoints in chronic heart failure, and
no superiority was found for one individual class over another
in reducing mortality or readmissions.40 41 When the surrogate
endpoint of improvement in ejection fraction has been
investigated, superiority of any one class of β blockers could
not be definitely established.42With this robust evidence in favor
of β blockers in chronic heart failure, we decided to assess the
efficacy of one β blocker over another by comparing them using
a Bayesian network meta-analysis, in view of paucity of head
to head trial data, except for the COMET study.10

Also, to our knowledge, the question of tolerability and
premature discontinuation of β blockers in chronic heart failure
has not been investigated, except in isolated trials, so we decided
to pool the data from different trials to assess the important
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question of tolerability and the discontinuation rates of different
β blockers in heart failure with reduced ejection fraction.43 Our
analysis reassuringly shows that overall, the tolerability, as
indicated by discontinuation rates in different randomized trials,
of β blockers as a class of drugs is generally good and
comparable to a range of pharmacologically active and inactive
comparators.
Our analysis shows that among the different β blockers in
current use, bisoprolol, carvedilol, and metoprolol all had
significant mortality benefit compared with placebo/standard
heart failure treatment. However, our data additionally indicate
that carvedilol was not only superior to placebo/standard heart
failure treatment for all cause mortality but also had the lowest
cardiac mortality numerically among all β blockers tested,
although this was not statistically significant, indicating a benefit
for its use in patients with cardiovascular comorbidities as an
empiric initial treatment of choice. This finding was congruent
in our analysis with the results and subgroup analyses from
COMET,10 44 possibly as a result of a beneficial effect of
carvedilol on endothelial function, its stimulatory effects on β
arresting signaling, and its anti-oxidant properties.45-47Carvedilol
has also been found to be superior to metoprolol in maintaining
a favorable glycemic profile in patients with diabetes, improved
insulin sensitivity, and decreased progression to
microalbuminuria, all of which have been shown to have
cardioprotective effects.48 Considering the lack of differences
in improvement of mortality with use of individual β blockers
in chronic heart failure, as shown in our data, we consider it
pragmatic to infer that, although the data may be limited, we
have three agents (bisoprolol, sustained release metoprolol
succinate, and carvedilol) that have been testedmore extensively
and have been shown to be superior to placebo in our analysis
(95% credible interval did not include 1). Hence, one of these
three agents should be chosen as the empiric drug of choice in
treatment of chronic heart failure with reduced ejection fraction.
Our analysis indicates that the cost of individual β blocker
treatment for patients can possibly be reduced by choosing the
least expensive agent. Another significant finding was that
tolerability, as measured by premature discontinuation rates in
trials, was also numerically the best with carvedilol (although
again the difference did not reach statistical significance),
making a case for its increased use among sicker patients
needing a β blocker. This could be a crucial point in patients
taking many different drugs, as non-adherence to treatment is
the most frequent reason for hospital admission for acute heart
failure, with important implications for clinical management
and potentially for prognosis.49 In harmony with the current
American College of Cardiology/American Heart Association
recommendations, and a previous Bayesian analysis,50 51 our
analysis shows mortality benefit with use of β blockers in
chronic heart failure—especially for bisoprolol, carvedilol, and
sustained release metoprolol succinate—and their use should
be recommended for all stable patients with current or previous
symptoms of heart failure and reduced left ventricular ejection
fraction, unless contraindicated.

Limitations of study
Our analysis was limited by the data in the included studies and
the structure of the reported data. Meta-analysis of rare events
is known to produce erroneous results. This is further
compounded in network meta-analysis if few trials per
comparison are available, as was the case with a few of the β
blockers. Therefore, extra caution should be exercised when
interpreting the treatment rankings for the primary outcome
(mortality). Furthermore, outcomes were not consistently

reported across the ensemble of trials. An individual participant
meta-analysis might overcome this limitation, even if this might
reduce the sample size. Although we feel reasonably confident
of our search strategy, some trials, such as potentially some
non-English language trials, may not have been included. The
results may also be limited by the modeling assumptions.
Because of the multitude of doses used for many trials, we did
a weighted meta-regression analysis by target and achieved
doses of individual drugs and their effects on the natural log of
the calculated odds ratio, which did not alter the outcomes.
Another potential limitation of our study stems from the
interesting analysis in a recent paper,52 which suggested that β
blockade was associated with a lower magnitude of survival
benefit in the United States than was seen in the rest of the
world. Non-availability of patient level data prevents us from
commenting definitively on the effect of geographic distribution
on the outcomes seen with β blockers; however, our preliminary
analysis using trial level data does refute the phenomenon. In
the absence of patient level data, an adequately rigorous analysis
to assess the effect of geographic location with use of β blockers
is extremely difficult to do, and future efforts should focus on
explaining or refuting this interesting phenomenon.

Comparison with other studies
A previous retrospective study attempted to compare different
β blockers in clinical use by using data from an administrative
database.53 The authors concluded that atenolol and acebutolol
were superior to metoprolol in reducing mortality in patients,
whereas carvedilol and bisoprolol were not superior to
metoprolol in improving survival. The population studied in
that analysis was quite different from the population of
randomized trials assessed in our study—the mean age of the
population of that study was 77 years, whereas the mean age of
the population in our analysis was 61 years, and the percentage
of male patients was 49% in the study, whereas male patients
comprised 76% of the population in our analysis. Also, ejection
fraction was not accounted for in the analysis of the retrospective
study, whereas the mean ejection fraction of the population in
our analysis was 26%. Hence, the difference from our study,
which pooled data from randomized trials only, can likely be
explained by differences in the population studied and
differences in the analytic methods.

Conclusions
Our analysis, using one of the largest sample sizes of β blockers
in chronic heart failure with reduced ejection fraction and a
novel analytic method of comparing individual β blockers by
using Bayesian network meta-analysis, suggests that β blockers
are safe and tolerable for patients with chronic heart failure and
that the mortality benefit and other clinically relevant effects,
as well as the improvement in ejection fraction, are a class effect
of β blockers and superiority of one over another cannot be
determined with the currently available data. More head to head
comparisons of individual β blockers are needed to definitively
answer the question of whether one agent is clearly superior.
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What is already known on this topic

β blockers are useful in preventing deaths in patients with heart failure
Carvedilol, bucindolol, and metoprolol succinate are the only β blockers shown in randomized trials to be of benefit in lowering mortality
in patients with heart failure
A previous study has contended that β blockers may not be as effective in preventing mortality in the US as in rest of the world

What this study adds

This study, using novel methods in the framework of a Bayesian analysis, computes the relative mortality benefit of β blockers in patients
with heart failure as 20-35%
The mortality benefits observed with the individual β blockers seems to be largely due to a “class effect,” with no evidence of a clearly
superior agent among individual β blockers
The extent of reduction in mortality seen in trials conducted solely in the US was comparable to that seen in trials conducted in the rest
of the world

Funding: None.
Competing interests: All authors have completed the Unified Competing
Interest form at http://www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare: no support from
any organization for the submitted work; no financial relationships with
any organizations that might have an interest in the submitted work in
the previous three years; no other relationships or activities that could
appear to have influenced the submitted work.
Ethical approval: Not needed.
Data sharing: Technical appendix, statistical code, and dataset are
available from the corresponding author at
sauravchatterjeemd@gmail.com.

1 Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et al, for the
American Heart Association Statistics Committee and Stroke Statistics Subcommittee.
Executive Summary: heart disease and stroke statistics—2012 update: a report from the
American Heart Association. Circulation 2012;125:188-97.

2 Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, et al, for the
American College of Cardiology Foundation and the American Heart Association. 2009
focused update incorporated into the ACC/AHA 2005 guidelines for the diagnosis and
management of heart failure in adults: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines developed
in collaboration with the International Society for Heart and Lung Transplantation. J Am
Coll Cardiol 2009;53:e1-90.

3 Lindenfeld J, Albert NM, Boehmer JP, Collins SP, Ezekowitz JA, Givertz MM, et al, for
the Heart Failure Society of America. Executive summary: HFSA 2010 comprehensive
heart failure practice guideline. J Card Fail Jun 2010;16:e1-194.

4 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, et al. ESC
guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: the
Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of
the European Society of Cardiology developed in collaboration with the Heart Failure
Association (HFA) of the ESC. Eur Heart J 2012;33:1787-847.

5 Bristow MR. Treatment of chronic heart failure with β-adrenergic receptor antagonists: a
convergence of receptor pharmacology and clinical cardiology.Circ Res 2011;109:1176-94.

6 Lechat P, Packer M, Chalon S, Cucherat M, Arab T, Boissel JP. Clinical effects of
beta-adrenergic blockade in chronic heart failure: a meta-analysis of double-blind,
placebo-controlled, randomized trials. Circulation 1998;98:1184-91.

7 Doughty RN, Rodgers A, Sharpe N, MacMahon S. Effects of beta-blocker therapy on
mortality in patients with heart failure: a systematic overview of randomized controlled
trials. Eur Heart J 1997;18:560-5.

8 Heidenreich PA, Lee TT, Massie BM. Effect of beta-blockade on mortality in patients with
heart failure: a meta-analysis of randomized clinical trials. J AmColl Cardiol 1997;30:27-34.

9 McAlister FA, Wiebe N, Ezekowitz JA, Leung AA, Armstrong PW. Meta-analysis:
beta-blocker dose, heart rate reduction, and death in patients with heart failure. Ann Intern
Med 2009;150:784-94.

10 Poole-Wilson PA, Swedberg K, Cleland JG, Di Lenarda A, Hanrath P, Komajda M, et al,
for the Carvedilol Or Metoprolol European Trial Investigators. Comparison of carvedilol
and metoprolol on clinical outcomes in patients with chronic heart failure in the Carvedilol
Or Metoprolol European Trial (COMET): randomised controlled trial. Lancet 2003;362:7-13.

11 Moher D, Liberati A, Tetzlaff J, Altman DG, for the PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
2009;6:e1000097.

12 Biondi-Zoccai GG, Agostoni P, Abbate A, Testa L, Burzotta F. A simple hint to improve
Robinson and Dickersin’s highly sensitive PubMed search strategy for controlled clinical
trials. Int J Epidemiol 2005;34:224-5.

13 Australia/New Zealand Heart Failure Research Collaborative Group. Randomised,
placebo-controlled trial of carvedilol in patients with congestive heart failure due to
ischaemic heart disease. Lancet 1997;349:375-80.

14 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.

15 Bristow MR, O’Connell JB, Gilbert EM, French WJ, Leatherman G, Kantrowitz NE, et al.
Dose-response of chronic beta-blocker treatment in heart failure from either idiopathic
dilated or ischemic cardiomyopathy. Circulation 1994;89:1632-42.

16 Komajda M, Lutiger B, Madeira H, Thygesen K, Bobbio M, Hildebrandt P, et al, for the
CARMEN Investigators and Co-ordinators. Tolerability of carvedilol and ACE-inhibition
in mild heart failure: results of CARMEN (Carvedilol ACE-Inhibitor Remodelling Mild CHF
EvaluatioN). Eur J Heart Fail 2004;6:467-75.

17 Cohn JN, Fowler MB, Bristow MR, Colucci WS, Gilbert EM, Kinhal V, et al. Safety and
efficacy of carvedilol in severe heart failure. J Card Fail 1997;3:173-9.

18 Cleland JG, Pennell DJ, Ray SG, Coats AJ, Macfarlane PW, Murray GD, et al, for the
Carvedilol Hibernating Reversible Ischaemia Trial: Marker of Success Investigators.
Myocardial viability as a determinant of the ejection fraction response to carvedilol in
patients with heart failure (CHRISTMAS trial): randomised controlled trial. Lancet
2003;362:14-21.

19 CIBIS Investigators and Committees. A randomized trial of beta-blockade in heart failure:
the Cardiac Insufficiency Bisoprolol Study (CIBIS). Circulation 1994;90:1765-73.

20 The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet
1999;353:9-13.

21 Willenheimer R, van Veldhuisen DJ, Silke B, Erdmann E, Follath F, Krum H, et al, for the
CIBIS III Investigators. Effect on survival and hospitalization of initiating treatment for
chronic heart failure with bisoprolol followed by enalapril, as compared with the opposite
sequence: results of the randomized Cardiac Insufficiency Bisoprolol Study (CIBIS) III.
Circulation 2005;112:2426-35.

22 Colucci WS, Packer M, Bristow MR, Gilbert EM, Cohn JN, Fowler MB, et al. Carvedilol
inhibits clinical progression in patients with mild symptoms of heart failure. Circulation
1996;94:2800-6.

23 Packer M, Coats AJ, Fowler MB, Katus HA, Krum H, Mohacsi P, et al, for the Carvedilol
Prospective Randomized Cumulative Survival Study Group. Effect of carvedilol on survival
in severe chronic heart failure. N Engl J Med 2001;344:1651-8.

24 Edes I, Gasior Z, Wita K. Effects of nebivolol on left ventricular function in elderly patients
with chronic heart failure: results of the ENECA study. Eur J Heart Fail 2005;7:631-9.

25 Hjalmarson A, Goldstein S, Fagerberg B, Goldstein S, Fagerberg B, Hjalmarson A, et al.
Effects of controlled-release metoprolol on total mortality, hospitalizations, and well-being
in patients with heart failure: the Metoprolol CR/XL Randomized Intervention Trial in
congestive heart failure (MERIT-HF). JAMA 2000;283:1295-302.

26 Wikstrand J, Hjalmarson A, Waagstein F, Fagerberg B, Goldstein S, Kjekshus J, et al,
for the MERIT-HF Study Group. Dose of metoprolol CR/XL and clinical outcomes in
patients with heart failure: analysis of the experience in metoprolol CR/XL randomized
intervention trial in chronic heart failure (MERIT-HF). J Am Coll Cardiol 2002;40:491-8.

27 Bristow MR, Gilbert EM, Abraham WT, Adams KF, Fowler MB, Hershberger RE, et al.
Carvedilol produces dose-related improvements in left ventricular function and survival
in subjects with chronic heart failure. Circulation 1996;94:2807-16.

28 Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, et al. The effect
of carvedilol on morbidity and mortality in patients with chronic heart failure. N Engl J Med
1996;334:1349-55.

29 Packer M, Colucci WS, Sackner-Bernstein JD, Liang CS, Goldscher DA, Freeman I, et
al. Double-blind, placebo-controlled study of the effects of carvedilol in patients with
moderate to severe heart failure: the PRECISE Trial. Circulation 1996;94:2793-9.

30 Effects of metoprolol CR in patients with ischemic and dilated cardiomyopathy: the
randomized evaluation of strategies for left ventricular dysfunction pilot study. Circulation
2000;101:378-84.

31 Flather MD, Shibata MC, Coats AJ, Van Veldhuisen DJ, Parkhomenko A, Borbola J, et
al, for the SENIORS Investigators. Randomized trial to determine the effect of nebivolol
on mortality and cardiovascular hospital admission in elderly patients with heart failure
(SENIORS). Eur Heart J 2005;26:215-25.

32 Sturm B, Pacher R, Strametz-Juranek J, Berger R, Frey B, Stanek B. Effect of beta 1
blockade with atenolol on progression of heart failure in patients pretreated with high-dose
enalapril. Eur J Heart Fail 2000;2:407-12.

33 Waagstein F, BristowMR, Swedberg K, Camerini F, Fowler MB, Silver MA, et al. Beneficial
effects of metoprolol in idiopathic dilated cardiomyopathy. Lancet 1993;342:1441-6.

34 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al, for the Cochrane
Bias Methods Group and the Cochrane Statistical Methods Group. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928.

35 MacGregor JF, Wachter SB, Munger M, Stoddard G, Bristow MR, Gilbert EM. Carvedilol
produces sustained long-term benefits: follow-up at 12 years. Congest Heart Fail
2009;15:5-8.

36 Waagstein F, Strömblad O, Andersson B, Böhm M, Darius M, Delius W, et al. Increased
exercise ejection fraction and reversed remodeling after long-term treatment with metoprolol
in congestive heart failure: a randomized, stratified, double-blind, placebo-controlled trial
in mild to moderate heart failure due to ischemic or idiopathic dilated cardiomyopathy.
Eur J Heart Fail 2003;5:679-91.

37 Brodsky MA, Allen BJ, Bessen M, Luckett CR, Siddiqi R, Henry WL. Beta-blocker therapy
in patients with ventricular tachyarrhythmias in the setting of left ventricular dysfunction.
Am Heart J 1988;115:799-808.

38 Jafri SM. The effects of beta blockers on morbidity and mortality in heart failure. Heart
Fail Rev 2004;9:115-21.

39 Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M, Greenberg BH, et
al, for the OPTIMIZE-HF Investigators and Coordinators. Influence of beta-blocker
continuation or withdrawal on outcomes in patients hospitalized with heart failure: findings
from the OPTIMIZE-HF program. J Am Coll Cardiol 2008;52:190-9.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2013;346:f55 doi: 10.1136/bmj.f55 (Published 16 January 2013) Page 5 of 10

RESEARCH

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.f55 on 16 January 2013. D
ow

nloaded from
 

http://www.icmje.org/coi_disclosure.pdf
http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


40 Go AS, Yang J, Gurwitz JH, Hsu J, Lane K, Platt R. Comparative effectiveness of different
beta-adrenergic antagonists on mortality among adults with heart failure in clinical practice.
Arch Intern Med 2008;168:2415-21.

41 Go AS, Yang J, Gurwitz JH, Hsu J, Lane K, Platt R. Comparative effectiveness of
beta-adrenergic antagonists (atenolol, metoprolol tartrate, carvedilol) on the risk of
rehospitalization in adults with heart failure. Am J Cardiol 2007;100:690-6.

42 Fung JW, Chan SK, Yeung LY, Sanderson JE. Is beta-blockade useful in heart failure
patients with atrial fibrillation? An analysis of data from two previously completed
prospective trials. Eur J Heart Fail 2002;4:489-94.

43 Deedwania PC, Gottlieb S, Ghali JK, Waagstein F, Wikstrand JC, for the MERIT-HF Study
Group. Efficacy, safety and tolerability of beta-adrenergic blockade with metoprolol CR/XL
in elderly patients with heart failure. Eur Heart J 2004;25:1300-9.

44 Remme WJ, Torp-Pedersen C, Cleland JG, Poole-Wilson PA, Metra M, Komajda M, et
al. Carvedilol protects better against vascular events than metoprolol in heart failure:
results from COMET. J Am Coll Cardiol 2007;49:963-71.

45 Intengan HD, Schiffrin EL. Disparate effects of carvedilol versus metoprolol treatment of
stroke-prone spontaneously hypertensive rats on endothelial function of resistance arteries.
J Cardiovasc Pharmacol 2000;35:763-8.

46 Wisler JW, DeWire SM,Whalen EJ, Violin JD, DrakeMT, Ahn S, et al. A uniquemechanism
of beta-blocker action: carvedilol stimulates beta-arrestin signaling. Proc Natl Acad Sci
U S A 2007;104:16657-62.

47 Mochizuki M, Yano M, Oda T, Tateishi H, Kobayashi S, Yamamoto T, et al. Scavenging
free radicals by low-dose carvedilol prevents redox-dependent Ca2+ leak via stabilization
of ryanodine receptor in heart failure. J Am Coll Cardiol 2007;49:1722-32.

48 Bakris GL, Fonseca V, Katholi RE, McGill JB, Messerli F, Phillips RA, et al, for the GEMINI
Investigators. Metabolic effects of carvedilol vs metoprolol in patients with type 2 diabetes
mellitus and hypertension: a randomized controlled trial. JAMA 2004;292:2227-36.

49 Fitzgerald AA, Powers JD, Ho PM, Maddox TM, Peterson PN, Allen LA, et al. Impact of
medication nonadherence on hospitalizations and mortality in heart failure. J Card Fail
2011;17:664-9.

50 Jessup M, Abraham WT, Casey DE, Feldman AM, Francis GS, Ganiats TG, et al. 2009
focused update: ACCF/AHA guidelines for the diagnosis and management of heart failure
in adults: a report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines: developed in collaboration with the
International Society for Heart and Lung Transplantation.Circulation 2009;119:1977-2016.

51 Brophy JM, Joseph L, Rouleau JL. Beta-blockers in congestive heart failure: a Bayesian
meta-analysis. Ann Intern Med 2001;134:550-60.

52 O’Connor CM, Fiuzat M, Swedberg K, Caron M, Koch B, Carson PE, et al. Influence of
global region on outcomes in heart failure β-blocker trials. J Am Coll Cardiol
2011;58:915-22.

53 Lazarus DL, Jackevicius CA, Behlouli H, Johansen H, Pilote L. Population-based analysis
of class effect of β blockers in heart failure. Am J Cardiol 2011;107:1196-202.

Accepted: 28 December 2012

Cite this as: BMJ 2013;346:f55
This is an open-access article distributed under the terms of the Creative Commons
Attribution Non-commercial License, which permits use, distribution, and reproduction in
any medium, provided the original work is properly cited, the use is non commercial and
is otherwise in compliance with the license. See: http://creativecommons.org/licenses/by-
nc/2.0/ and http://creativecommons.org/licenses/by-nc/2.0/legalcode.

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2013;346:f55 doi: 10.1136/bmj.f55 (Published 16 January 2013) Page 6 of 10

RESEARCH

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.f55 on 16 January 2013. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/2.0/
http://creativecommons.org/licenses/by-nc/2.0/
http://creativecommons.org/licenses/by-nc/2.0/legalcode
http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/


Tables

Table 1| Key features of included studies

Outcomes
reported*

Follow-up
(months)

Baseline
LVEF (%)

Ischemic
heart failure

(%)Male (%)
Age

(years)
Control group
treatment

Experimental group
treatmentPatientsTrial

1,2,3,4,51929888067PlaceboCarvedilol415ANZ13

1,2,3,4,53623587760PlaceboBucindolol2708BEST14

1,2,3,4,5326296256PlaceboBucindolol139Bristow et al15

1,2,422<40687762EnalaprilCarvedilol381CARMEN16

1,4,5622445460PlaceboCarvedilol105Carvedilol
Efficacy/Cohn et al17

1,4,5630899062PlaceboCarvedilol387CHRISTMAS18

1,2,3,42325568360PlaceboBisoprolol641CIBIS19

1,2,3,41628508161PlaceboBisoprolol2647CIBIS II20

1,42429616672EnalaprilBisoprolol1010CIBIS III21

1,3,4,51223448655PlaceboCarvedilol366Colucci et al22

1,2,3,45826517962MetoprololCarvedilol3029COMET10

1,41020677963PlaceboCarvedilol2289COPERNICUS23

1,2,4,51225607072PlaceboNebivolol260ENECA24

1,41228657764PlaceboMetoprolol3991MERIT HF 2000 and
200225,26

1,2,3,4623527660PlaceboCarvedilol345MOCHA/Bristow et al27

1,2,3,41223487758PlaceboCarvedilol1094Packer et al28

1,4,5622507459PlaceboCarvedilol278PRECISE29

1,2,4,5628697962PlaceboMetoprolol426RESOLVD30

1,2,3,42136697276PlaceboNebivolol2128SENIORS31

1,2,3,42417318751PlaceboAtenolol100Sturm et al32

1,3,4,51822NA7549PlaceboMetoprolol383Waagstein et al-MDC33

LVEF=left ventricular ejection fraction.
*1=death; 2=cardiovascular death; 3=sudden death; 4=drug discontinuation; 5=change in LVEF (%).
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Table 2| Head to head comparisons between different β blockers (reported as point estimates of odds ratios or weighted mean differences
with 95% credible intervals, with number of studies contributing to network)

Change in LVEF (%)
(secondary

Odds ratio

Agent

Drug discontinuation
(secondary outcome)

(n=21)

Sudden death
(secondary outcome)

(n=12)

Cardiovascular death
(secondary outcome)

(n=13)
Death (primary
outcome) (n=21)

outcome) (n=10)
(weighted mean

difference)

Any β blocker versus
placebo/standard treatment:

4.2% (3.1% to 4.9%)0.88 (0.78 to 0.98)0.73 (0.61 to 0.88)0.76 (0.70 to 0.84)0.71 (0.64 to 0.80)Standard pair-wise
frequentist analysis

4.1% (3.4% to 4.8%)1.12 (0.99 to 1.31)0.70 (0.49 to 0.92)0.71 (0.49 to 0.95)0.69 (0.56 to 0.80)Bayesian analysis

Atenolol versus:

NA0.75 (0.39 to 1.41)0.41 (0.05 to 2.82)0.64 (0.11 to 3.60)0.53 (0.15 to 1.83)Placebo/standard
treatment

NA0.80 (0.39 to 1.61)0.64 (0.06 to 5.16)0.90 (0.12 to 6.42)0.83 (0.22 to 2.94)Bisoprolol

NA0.59 (0.18 to 1.85)0.49 (0.05 to 4.44)0.79 (0.10 to 6.05)0.62 (0.16 to 2.22)Bucindolol

NA0.91 (0.46 to 1.79)0.73 (0.09 to 6.36)1.30 (0.19 to 8.85)0.95 (0.25 to 3.33)Carvedilol

NA0.89 (0.45 to 1.75)0.46 (0.05 to 4.09)0.76 (0.09 to 5.31)0.76 (0.20 to 2.70)Metoprolol

NA0.72 (0.35 to 1.51)0.68 (0.06 to 6.96)0.74 (0.09 to 5.15)0.62 (0.16 to 2.27)Nebivolol

Bisoprolol versus:

NA0.94 (0.70 to 1.20)0.65 (0.25 to 1.84)0.70 (0.28 to 1.79)0.65 (0.47 to 0.89)Placebo/standard
treatment

NA0.75 (0.26 to 1.96)0.76 (0.19 to 3.63)0.86 (0.22 to 3.59)0.74 (0.44 to 1.27)Bucindolol

NA1.15 (0.83 to 1.54)1.10 (0.40 to 5.16)1.42 (0.46 to 4.85)1.15 (0.79 to 1.69)Carvedilol

NA1.12 (0.77 to 1.56)0.73 (0.18 to 3.29)0.84 (0.20 to 3.06)0.93 (0.61 to 1.39)Metoprolol

NA0.91 (0.61 to 1.41)1.07 (0.21 to 5.93)0.83 (0.21 to 3.10)0.76 (0.44 to 1.23)Nebivolol

Bucindolol versus:

4.5% (4.1% to 4.8%)1.26 (0.50 to 3.40)0.86 (0.28 to 2.43)0.82 (0.28 to 2.23)0.87 (0.57 to 1.28)Placebo/standard
treatment

0.3% ( to 3.7% to
4.2%)

1.54 (0.59 to 4.17)1.46 (0.44 to 6.49)1.65 (0.47 to 6.11)1.53 (0.98 to 2.43)Carvedilol

0.9% (−2.8% to 4.6%)1.51 (0.57 to 4.16)0.96 (0.19 to 4.26)0.98 (0.21 to 3.78)1.23 (0.76 to 2.04)Metoprolol

2.0% (−2.0% to 5.9%)1.22 (0.46 to 3.57)1.42 (0.24 to 7.46)0.96 (0.21 to 3.78)1.02 (0.56 to 1.75)Nebivolol

Carvedilol versus:

4.2% (2.0% to 6.4%)0.83 (0.67 to 0.99)0.58 (0.21 to 1.11)0.49 (0.22 to 0.97)0.56 (0.44 to 0.71)Placebo/standard
treatment

0.6% (−2.1% to 3.4%)0.99 (0.75 to 1.23)0.67 (0.19 to 1.49)0.59 (0.20 to 1.39)0.80 (0.59 to 1.08)Metoprolol

1.7% (−1.1% to 4.5%)0.79 (0.56 to 1.20)0.97 (0.17 to 3.71)0.58 (0.16 to 1.80)0.66 (0.39 to 1.02)Nebivolol

Metoprolol versus:

3.6% (1.9% to 5.2%)0.84 (0.67 to 1.06)0.90 (0.31 to 2.59)0.84 (0.32 to 2.41)0.71 (0.53 to 0.92)Placebo/standard
treatment

1.1% (−1.7% to 3.8%)0.80 (0.57 to 1.28)0.68 (0.27 to 8.25)0.98 (0.25 to 4.06)0.82 (0.49 to 1.32)Nebivolol

2.5% (0.3% to 4.7%)1.04 (0.71 to 1.38)0.61 (0.16 to 2.29)0.85 (0.33 to 2.32)0.78 (0.43 to 1.33)Nebivolol versus
placebo/standard treatment

LVEF=left ventricular ejection fraction; NA=not available or applicable or reported.
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Figures

Fig 1 Review profile. RCT=randomized controlled trial

Fig 2 Evidence network
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Fig 3 Standard pair-wise meta-analysis of β blockers and effect on mortality in chronic heart failure

Fig 4 Trim and fill adjusted odds ratio (calculated by imputing effect of possible missing studies)—shown to be less than
1, indicating robust and conclusive evidence in favor of mortality benefit with β blocker use in heart failure
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