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Summary: The study was undertaken to investigate the effect
of metoprolol CR/XL on all-cause mortality in patients with
heart failure in New York Heart Association (NYHA) class
II–IV. In all, 3,991 patients in NYHA class II–IV who were 
stable on standard medical treatment, including angiotensin-
converting enzyme inhibitors, diuretics, and digitalis, were
randomized to metoprolol CR/XL or placebo and uptitrated
from 12.5 or 25 mg to 200 mg over an 8-week period and 
were planned to be followed for a period of 2 years. The study
was stopped earlier than planned due to the significant bene-
fit achieved with metoprolol CR/XL on all-cause mortality.
Treatment with metoprolol CR/XL was associated with a 34%
decrease in all-cause mortality, 38% decrease in cardiovas-
cular mortality, 41% decrease in sudden death, and 49% de-
crease in death due to progressive heart failure. The average
dose of metoprolol CR/XL at the end of the study was 159 mg,
and 64% of the patients were receiving 200 mg of metoprolol
CR/XL. There was no significant difference in the placebo
and active treatment group with regard to permanent discon-
tinuation. Treatment of patients in NYHA class II–IV with
metoprolol CR/XL is associated with a significant decrease in
total mortality.
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Introduction

The introduction of angiotensin-converting enzyme (ACE)
inhibitors has had a profound influence on the treatment of

heart failure in the past decade. Use of these agents has result-
ed in improvements in clinical symptomatology and the rate of
rehospitalization as well as decreasing mortality.1 Neverthe-
less, the annual mortality rate for heart failure remains high,
ranging between 10 and 20%. This is occurring in the face of a
near-epidemic increase in heart failure as a result of the aging
of the population and, therefore, the increased incidence of
both ischemic and nonischemic heart failure. It is estimated
that heart failure accounts for approximately 500,000 new ad-
missions to hospitals each year in the United States, and repre-
sents the largest single cause for hospitalization. As a result,
recent investigations have aimed at improving pharmacologic
therapy in an attempt to lower the mortality and morbidity of
patients with heart failure. 

Observations that the renin-angiotensin system (RAS) and
the sympathetic nervous system (SNS) are activated in heart
failure have led to speculation that modulating these systems
could have an important role in modifying the pathophysi-
ology of heart failure.2 Although ACE inhibitors have been
studied extensively in clinical trials, there has been very little
investigation of pharmacologic modification of the SNS.
Activation of the SNS, and subsequent increases in nore-
pinephrine, occur early in the course of heart failure.2 Serum
concentrations of norepinephrine have been shown to be di-
rectly related to mortality in heart failure.3 Thus, inhibiting or
blocking the SNS may be expected to slow or even reverse
the progression of heart failure. 

Beta-adrenergic blocking agents have been used in a variety
of clinical cardiac syndromes including myocardial infarction,
angina pectoris, and hypertension. In studies of patients who
experienced a myocardial infarction, beta-adrenergic blocking
agents had an overall beneficial effect on mortality and a par-
ticularly significant effect in patients with clinical evidence of
ventricular dysfunction.4 Until recently, however, beta block-
ers have not been used extensively in patients with heart fail-
ure, primarly due to reluctance to use a negative inotropic
agent in patients with insufficient cardiac function. Evidence
now suggests that, when used appropriately, beta blockers im-
prove cardiac function and decrease mortality. 

Metoprolol CR/XL is a lipophilic beta1-selective antagonist
devoid of intrinsic sympathomimetic activity. In the 1970s, a
group in Göteborg demonstrated that metoprolol CR/XL 
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improves symptoms and cardiac function and may prolong
survival, as judged from a matched control study.5, 6 These ob-
servations led to the first prospective placebo-controlled trial
in the treatment of heart failure, the Metoprolol and Dilated
Cardiomyopathy (MDC) trial, which examined the effect of
metoprolol CR/XL in patients with nonischemic heart disease
using a combined endpoint: need for cardiac transplantation,
or death.7 In that study, which included 383 patients, there was
a nonsignificant (34%) decrease in the combined endpoint 
(p = 0.058), predominantly in the need for transplantation.
Following this study, a number of clinical trials examined the
effect of beta-adrenergic blocking agents on cardiac function
and exercise performance.8, 9 Each of these trials has rein-
forced the potential benefit of beta-adrenergic blocking agents
in the treatment of heart failure.

Beta Blockers in Heart Failure 

Recent studies have investigated the use of carvedilol, a
nonselective beta blocker with alpha-blocking effects, in heart
failure. A series of four small studies,10, 11 which together
comprised the US Carvedilol program,12 demonstrated that
carvedilol had no effect on exercise performance and quality
of life, the studies’ primary objective, but did appear to de-
crease mortality. These studies were relatively short-termed,
less than 6 months, but provided information suggesting that
carvedilol, and possibly other beta blockers, could have a sig-
nificant benefit on mortality and morbidity in patients with
heart failure. Subsequently a study conducted in Australia and
New Zealand (ANZ),13 which included patients in New York
Heart Association class I–II heart failure with ischemic heart
disease, demonstrated a decrease in the combined endpoint of
mortality and rehospitalization. At approximately the same
time, a pilot study, the Cardiac Insufficiency Bisoprolol Study-
I, (CIBIS-I)14 failed to demonstrate a significant mortality
benefit using bisoprolol, a beta1-selective beta blocker. This
trial was followed by a much larger trial (CIBIS-II), which 
included 2,647 patients in NYHA class III and IV heart fail-
ure.15 That study demonstrated for the first time a significant
benefit on mortality, with a decrease in overall mortality of
34% and in sudden death of 44%. The Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Failure
(MERIT-HF)16 was initiated at the same time as CIBIS-II.
Both CIBIS-II and MERIT-HF were designed as mortality tri-
als and exam-ined the effect of beta1-selective beta blockers 
in patients with heart failure. 

Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure (MERIT-HF)

The final results of MERIT-HF have recently been pub-
lished in full;16 a brief overview of the trial and mortality re-
sults is provided here. The MERIT-HF trial examined the 
effect of metoprolol CR/XL on all-cause mortality and the
combined endpoint of all-cause mortality and hospitalization

in 3,991 patients. There was a total of 313 investigation sites in
13 European countries and in the United States. MERIT-HF
was a randomized, double-blind, placebo-controlled study in
which patients between 40 and 80 years of age in NYHA class
II–IV were randomized to metoprolol CR/XL or placebo.
Before randomization, patients had to be stable and receiving
optimal medical therapy for heart failure, including ACE 
inhibitors or other vasodilators, digitalis, or diuretics. Patients
were required to have left ventricular ejection fraction of
≤ 40% determined within the 3 months before recruitment.
Patients with an ejection fraction between 36 and 40% were
eligible only if they had an exercise limitation during a 6-min
walk of < 500 yards. In addition, patients had to have a supine
resting heart rate > 68 beats/min and a systolic blood pressure
> 100 mmHg. Patients were excluded if they had unstable
angina or myocardial infarction within 28 days of randomiza-
tion, any contraindications to beta blockade including the use
of amiodarone, heart failure secondary to systemic disease, 
or alcohol abuse. In addition, patients who were scheduled for
transplantation or other cardiac surgical procedures, or those
who had percutaneous transluminal angioplasty within 4
months of enrollment, were excluded. Patients were also ex-
cluded if they had atrioventricular block, unless the patient
had an implanted pacemaker. 

After a 2-week placebo run-in phase, patients were ran-
domized to metoprolol CR/XL 25 mg or placebo once daily.
Patients in NYHA class III or IV were recommended to start
on metoprolol CR/XL 12.5 mg once daily (decided by the in-
vestigators). The dosage was doubled at 2 weeks until a final
dosage of 200 mg was reached. 

An independent endpoint committee was established to
identify mortality and morbidity events. Tolerance was de-
fined as overall permanent discontinuation of treatment with
study medication. The primary endpoint was all-cause mor-
tality and the combination of all-cause mortality plus hospi-
talization for any cause.

This study was ended prematurely approximately 18
months after the initiation of randomization, when the prede-
termined stopping boundary for all-cause mortality demon-
strated that the benefit of metoprolol CR/XL compared with
placebo had been exceeded. A total of 3,991 patients had been
recruited at the time of termination of the study. 

Mortality Results

Patient demographics are shown in Table I. There was an
excellent balance between patients receiving placebo and
those receiving metoprolol CR/XL. The population consisted
predominantly of men with ischemic heart disease NYHA
class II and III (Tables I and II). Mean ejection fraction in both
groups was 0.28 (Table III). Most patients were receiving an
ACE inhibitor or an angiotensin receptor blocker (ARB), and
63% were receiving digitalis (Table IV).

There were 145 deaths in the metoprolol CR/XL group and
217 in the placebo group. The annual mortality rate in the
metoprolol CR/XL group was 7.2% compared with 11.0% in
the placebo group (p = 0.00009 and p = 0.006 when adjusted
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for interim analysis) (Fig. 1), a decrease of 34% (Fig. 2).
Mortality relative to NYHA classification is shown in Table V.
The mortality rate in patients receiving placebo was 7.1, 13.2,
and 24.9% in class II, III, and IV, respectively, compared with
5.3, 8.1, and 16.7%, respectively, in the metoprolol CR/XL-
treated group. There was a decrease in cardiovascular deaths
by 38%, with 128 cardiovascular deaths in the metoprolol
CR/XL group compared with 203 in the placebo group (Fig.
3). Sudden deaths were also decreased by 41% by metoprolol
CR/XL, with 79 sudden deaths occurring in the metoprolol
CR/XL versus 132 in the placebo group. There were 30 deaths
due to heart failure in the metoprolol CR/XL group and 58 in
the placebo group, representing a 49% decrease. The results
of predefined subgroup analysis demonstrated that metopro-
lol CR/XL was associated with a mortality reduction that was
consistent across all subgroups (Fig. 4).

The average daily dose of metoprolol CR/XL at closure was
159 mg. At study closure, 64% of pateints receiving metopro-
lol CR/XL had achieved the target dose of 200 mg daily.
Permanent early discontinuation of the study medication in
metoprolol CR/XL-treated patients was 13.9% compared with
15.3% in the placebo group [relative risk (RR) 0.90, 95% con-
fidence interval (CI) 0.77–1.06].

TABLE I Patient demographics

Metoprolol  
CR/XL Placebo

(n = 1990) (n = 2001)

Sex (%)  
Male 77 78

Age (years)
40 to 60 36 37
61 to 70 36 37
≥ 71 28 27

Mean age, years (SD) 63.9 (9.6) 63.7 (9.7)
Race (%)
White 94 94
Black 5 5
Other 1 1

Current daily tobacco smokers (%) 14 15

Abbreviation: SD = standard deviation.

TABLE II Medical history

Metoprolol  
CR/XL Placebo

(n = 1990) (n = 2001)

Heart failure etiology (%)
Ischemic 65 66
Nonischemic 35 34

NYHA class (%)
II 41 41
III 56 55
IV 3 4

Previous MI (%) 48 49
Time since last MI (%)
< 1 year 8 7
1 to 5 years 17 18
≥ 5 years 23 23

Atrial fibrillation (%) 16 17
Hypertension (%) 44 44
Diabetes mellitus (%) 25 24

Abbreviation: MI = myocardial infarction.

TABLE III Cardiovascular measurements

Metoprolol 
CR/XL Placebo

(n = 1990) (n = 2001)

Ejection fraction (mean ± SD) 0.28 ± 0.07 0.28 ± 0.07
Heart rate (beats/min) (mean ± SD) 82.4 ± 10.1 80.7 ± 15.9
Systolic BP (mmHg) (mean ± SD) 130 ± 17.0 129 ± 17.3
Diastolic BP (mmHg) (mean ± SD) 78.4 ± 9.2 78.1 ± 9.1

Abbreviations: SD = standard deviation, BP = blood pressure.

TABLE IV Drug therapy

Metoprolol CR/XL Placebo
Agent (%) (n = 1990) (n = 2001)

Diuretics 91 90
ACE inhibitor 89 90
ARB 7 6
ACE inhibitor or ARB 95 96
Digitalis 63 64
Aspirin 46 46
Lipid-lowering agents 25 27

Abbreviations: ACE = angiotensin-converting enzyme, ARB = an-
giotensin receptor blocker.
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FIG. 1 Kaplan-Meier curves of cumulative percentage of total mor-
tality (p value adjusted for two interim analyses).
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Discussion

The results of the study indicate that metoprolol CR/XL
significantly decreases mortality in patients in NYHA class
II–IV heart failure who were clinically stable on treatment
with ACE inhibitors, digitalis, and diuretics. All-cause mor-
tality was decreased by 34% and cardiovascular mortality by
38% compared with placebo-treated patients. In addition,
metoprolol CR/XL decreases sudden death by 41% and death
due to progressive heart failure by 48%. Metoprolol CR/XL
also was well tolerated.

Previous meta-analyses of smaller studies suggested that
beta-blockade reduces mortality 30 to 35%.17, 18 The CIBIS II,
which included patients in NYHA class III–IV and mean ejec-
tion fraction of 27.5%, reported an overall decrease in total
mortality of 34% with bisoprolol, a selective beta1-receptor
blocker. Similarly, there was a reduction in sudden death by
41% in MERIT-HF and 44% in CIBIS II. Death due to wors-
ening heart failure decreased by 49 and 26% in MERIT-HF
and CIBIS II, respectively. A major difference between these
two studies related to the severity of heart failure in the patients
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FIG. 2 The relative reduction in mortality achieved during 1-year
follow-up in MERIT.

Total mortality

NYHA II
NYHA III
NYHA IV
EF lower tertile
EF middle + upper tertile
Ischemic etiology
Nonischaemic etiology
Nonsmoker
Smoker
Age upper tertile
Age middle + lower tertile
Male
Female
Previous MI
No previous MI
Diabetes mellitus
No diabetes mellitus
Previous hypertension
No previous hypertension
HR lower tertile
HR middle + upper tertile
Systolic BP lower tertile
Systolic BP middle + upper tertile
Distolic BP lower tertile
Diastolic BP middle + upper tertile

Number
of deaths

103
232
27
186
176
264
98
306
56
153
209
298
64
196
166
110
252
158
204
126
236
172
190
144
217

Metoprolol
CR/XL better

Placebo
better

0 0–5 1–0 1–5
Relative risk (95% CI)
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filled symbols, indicating low power. Diastolic blood pressure at base-
line not available in one patient who died later. NYHA = New York
Heart Association, EF = ejection fraction, MI = myocardial infarction,
HR = heart rate, BP = blood pressure, CI = confidence intervals.

FIG. 3 Kaplan-Meier curves of cumulative percentage of cardiovas-
cular deaths, sudden deaths, and deaths from worsening heart failure.
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enrolled. MERIT-HF included patients classified as being in
NYHA class II–IV, and therefore the results can be applied to
a somewhat broader group of patients with heart failure.
Patients in NYHA class II–III comprised 97% of the total pa-
tients included in MERIT-HF. CIBIS II, in contrast, restricted
its enrollment to NYHA class III–IV, although left ventricular
ejection fractions in the two studies were very similar.

Analysis of predefined subgroups (Fig. 6) indicates that
there was a consistent benefit. Some subgroups were too small
(<180 deaths) to provide sufficient power in which to examine
statistical significance.

The observations in these two studies confirm the benefit
on mortality of beta1-selective adrenergic blocking agents in
the treatment of heart failure when added to standard therapy
that largely included ACE inhibitors. Certain distinctions be-
tween the effect of beta blockade and ACE inhibition should
be emphasized. In trials with patients with heart failure, the
beneficial effects of ACE inhibitors appear to be limited to pa-
tients with left ventricular ejection fraction <30%. In contrast,
MERIT-HF included patients with ejection fraction ≥ 40%,
and subgroup analysis showed that the benefit appeared to be
similar regardless of ejection fraction. 

Sudden death represents approximately two-thirds of the
mortality events in MERIT-HF. This is largely a result of the
fact that a vast majority of patients were in class II–III in this
study. These observations emphasize that in this mild-to-mod-
erate heart failure group mortality is predominantly manifest-
ed by sudden death rather than by progressive heart failure.
The overall effect of beta-adrenergic blocking agents in reduc-
ing all-cause death was due, in part, to this decrease in sudden
death. The role of adrenergic beta-blocking agents on preven-
tion of sudden death has been supported by animal and human
studies, which together have shown that some lipophilic beta
blockers prevent ventricular fibrillation19 and sudden death.20

Previous studies with beta blockers in post infarction patients
with clinical symptoms of heart failure have demonstrated a
decrease in sudden death.4

The role of beta blockers in preventing progression of heart
failure was also demonstrated in MERIT-HF. Clinical21 and
animal22 studies have shown that beta-adrenergic blocking
agents improve cardiac function and prevent remodeling,

which is an adverse factor in patients with ischemia and is-
chemia cardiomyopathies. The mechanisms by which adren-
ergic beta-blocking agents improve cardiac function are not
well established. Nonetheless, beta blockers have been dem-
onstrated to improve cardiac function and increase left ven-
tricular ejection fraction in humans21 and prevent myocyte
apoptosis in animal models.23

This preparation of metoprolol CR/XL demonstrated excel-
lent tolerability. The preparation includes hundreds of coated
pellets of metoprolol CR/XL succinate in the tablet, which
provides a stable therapeutic concentration of drug over a 24-h
period.24 The consistent drug concentration during a 24-h 
period may explain the excellent tolerance of the drug in the
study. It is also important, as it provides a significant blood 
level in the early morning hours at a time when the circadian
increase in sudden death occurs. 25

Conclusion

The results of MERIT-HF indicate that the cardioselective
beta blocker metoprolol CR/XL has a profound effect on mor-
tality in patients in NYHA class II–IV heart failure of both is-
chemic and nonischemic origin. The observations confirm
benefits based on the analysis of previous clinical trials with
beta blockers, especially the CIBIS-II trial. The MERIT-HF
trial provides a strong basis for the role of adrenergic beta
blocking in the treatment of heart failure when added to stan-
dard heart failure therapy.
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