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oBjECTIVES: To summarize the efficacy and safety of mineralocorticoid 
receptor antagonists (MRAs) compared with placebo for the treatment of 
heart failure with reduced ejection fraction (HFrEF) by assessing clinically 
relevant end points of randomized controlled trials.
METhoDS: The Medline, EMBASE, Cochrane Central Register of 
Controlled Trials, Cochrane Database of Systematic Reviews, ACP Journal 
Club, DARE and International Pharmaceutical Abstracts databases were 
searched from inception to June 2014. Three authors independently 
reviewed and identified relevant articles. Included were randomized, double-
blinded, placebo-controlled trials that investigated spironolactone or eplere-
none in adult patients with HFrEF regardless of etiology or symptomatology.
RESulTS: The search strategy identified 726 articles; three met the 
inclusion criteria and included a total of 11,032 participants. The primary 

outcome of death from any cause was statistically significantly reduced 
with MRAs over placebo (risk ratio [RR] 0.81 [95% CI 0.74 to 0.88]; 
P<0.001). Hyperkalemia (serum potassium ≥6.0 mmol/L) was significantly 
higher with MRA therapy (RR 1.41 [95% CI 1.16 to 1.72]; P<0.001). 
Other clinically relevant safety outcomes were not consistently reported. 
With respect to efficacy, MRAs reduced cardiovascular mortality (RR 0.80 
[95% CI 0.73 to 0.87]; P<0.001) and hospitalizations due to heart failure 
(RR 0.76 [95% CI 0.64 to 0.90]; P=0.001), but not all-cause hospitalization 
(RR 0.91 [95% CI 0.79 to 1.06]; P=0.23).
CoNCluSIoNS: The present review highlights the benefit of MRAs 
across the spectrum of HFrEF despite a higher incidence of hyperkalemia. 
Therefore, MRA therapy should not be withheld from appropriately 
selected patients with HFrEF because the risk of adverse events does not 
appear to exceed the overall benefit in mortality reduction.
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Heart failure (HF) is a clinical syndrome associated with significant 
morbidity and mortality. The prevalence of HF is estimated to be 

5.7 million cases in the United States (1). This has been steadily 
increasing over the past two decades, with one of every five men and 
women >40 years of age developing HF in their lifetime. HF is associ-
ated with significant morbidity and is responsible for approximately 
one million hospitalizations in the United States annually. It is also 
notable that the annual mortality rate associated with HF is estimated 
to be between 5% and 50% (1,2). Randomized controlled trials of 
pharmacological therapies have demonstrated reduced morbidity and 
mortality in HF with reduced ejection fraction (HFrEF) (ie, left ven-
tricular ejection fraction [LVEF] ≤40%) with angiotensin-converting 
enzyme inhibitors, angiotensin II receptor blockers and beta-blockers 
(2-5). More recently, mineralocorticoid receptor antagonists (MRAs) 
have demonstrated further benefit at reducing mortality and morbidity 
in addition to established pharmacotherapy. Thus, current clinical 
practice guidelines advocate the use of MRAs in patients with HFrEF 
(3-5). However, guidelines often do not provide an adequate assess-
ment of the potential risks of therapy compared with the potential 
benefits, and the liberal use of MRAs at a population-based level has 
been linked with an increase in hyperkalemia-associated death and 
hospitalization (6). Thus, the purpose of the present meta-analysis was 
to summarize both the safety and efficacy of MRAs, compared with 
placebo, in the treatment of HFrEF by assessing clinically relevant end 
points of randomized controlled trials.

METhoDS
Data selection
A systematic search strategy was used with the aid of a medical librar-
ian. The following databases were queried from inception to June 

2014: Medline and Ovid Medline In-Process & Other Non-Indexed 
Citations, EMBASE, Cochrane Central Register of Controlled Trials, 
Cochrane Database of Systematic Reviews, ACP Journal Club, DARE 
and International Pharmaceutical Abstracts. The search terms “aldo-
sterone antagonist”, “mineralocorticoid receptor antagonist”, 
“spironolactone”, “eplerenone”, “heart failure”, “ventricular dysfunc-
tion” and “myocardial infarction” were used. The search was limited to 
prospective, randomized, placebo-controlled trials involving human 
subjects published in English. A manual search of the references of 
relevant articles was also performed. 

Study inclusion and outcomes
Studies were included if they compared spironolactone or eplerenone 
with placebo in adult (≥18 years of age) patients with HFrEF (defined as 
symptomatic or asymptomatic patients with LVEF ≤40%) that were 
≥12 weeks in duration. Only studies that reported ≥1 clinically relevant 
end point(s) (defined as death from any cause, cardiovascular [CV] 
death, hospitalization for any cause or HF hospitalization) were 
included. The primary outcome was all-cause mortality. The incidence 
of hyperkalemia (defined as serum potassium level ≥6.0 mmol/L) was 
included as the primary safety outcome. Other safety outcomes included 
renal dysfunction (defined as doubling of serum creatinine level from 
baseline), lightheadedness and syncope. Secondary efficacy outcomes 
included CV death, all-cause hospitalization and HF hospitalization. 

Study selection and data extraction
The present meta-analysis used a three-step process for determining 
studies to be included. One author (ARB) initially screened all rel-
evant titles and abstracts based on the general inclusion criteria (eg, 
randomized controlled trial, human subjects). The second step involved 

review
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an independent assessment of the abstracts of the included articles by 
two authors (ARB, GJP). Finally, articles that met the inclusion cri-
teria were independently reviewed in full by two authors (ARB, SLK). 
Any disagreement among the authors with respect to inclusion was 
discussed until consensus was reached. The following data were 
extracted from each study: study design, inclusion and exclusion cri-
teria, randomization and allocation concealment, total number of 
participants, baseline characteristics, intervention, duration of follow-
up and the prespecified outcomes. 

Statistical analysis
The methodological quality of the included studies was assessed using 
the Jadad score (7). Analysis of the results was performed with Review 
Manager 5.1.4 (The Nordic Cochrane Centre, The Cochrane 
Collaboration, Denmark, 2011). A risk ratio (RR) for each of the 
outcomes was calculated using a Mantel-Haenszel random-effects 
model. Weighted mean differences, including 95% CI, were calculated 
for each outcome. Statistical heterogeneity was assessed using the I2 
statistic, in which >50% was considered to be significantly heterogen-
eous; P<0.05 was considered to be statistically significant.

RESulTS
The search yielded 726 articles, of which a total of 71 were identified 
to be potentially relevant and were screened via abstract. Of the these 
71 articles, most trials were excluded due to lack of a randomized 
design. Only two trials were excluded based on language restriction. 
This yielded 12 articles, which were reviewed in full and matched to 
the inclusion criteria. A total of three articles met the inclusion cri-
teria (8-10). A flow diagram of the study selection process is presented 
in Figure 1. Each of the included trials had a Jadad score of 5, indicat-
ing high methodological quality. There were too few studies included 
to properly assess for publication bias.

The characteristics of the included studies are summarized in 
Table 1. The three included trials enrolled a total of 11,032 partici-
pants and all compared active treatment (eplerenone in two studies, 
spironolactone in one study) with placebo. One trial included patients 
with New York Heart Association (NYHA) class III-IV symptoms and 
one included patients with NYHA class II symptoms (8,10). The third 
trial did not report the NYHA class of the participants (9). The pri-
mary etiology of HF across the trials was myocardial ischemia. The 
majority (73%) of the trial participants were men, with a mean age 

ranging from 64 to 69 years. Most participants were receiving current 
guideline-recommended pharmacotherapy for HF at baseline, with the 
exception of The Effect of Spironolactone on Morbidity and Mortality 
in Patients with Severe Heart Failure (RALES) trial (8). This trial was 
conducted in the era before the routine recommended use of beta-
blockers in HFrEF; thus, only 11% of patients were receiving beta-
blockers at baseline. Patient follow-up ranged from 16 to 24 months 
and all trials used an intention-to-treat analysis. 

The primary outcome of all-cause mortality was statistically signifi-
cantly reduced with MRAs over placebo, with an RR of 0.81 (95% CI 
0.74 to 0.88); P<0.001; I2=24% (Figure 2). This benefit was consistent 
across all three studies. With respect to safety, the only outcome con-
sistently reported across the trials was hyperkalemia, which was statis-
tically significantly higher with MRAs compared with placebo (RR 
1.41 [95% CI 1.16 to 1.72]; P<0.001; I2=0%) (Figure 3). The inci-
dence of renal dysfunction, as defined in the present study, was not 
reported in any of the trials; however, one trial reported renal failure, 
although it was not clearly defined and was not statistically different 
between groups (10). The incidence of lightheadedness or syncope was 
not reported in any of the trials. With respect to efficacy outcomes, 
MRAs were associated with a 20% relative risk reduction in CV 

Figure 1) Study flow diagram

Table 1
Characteristics of included studies

Characteristic
author (reference)

Pitt et al (8) Pitt et al (9) Zannad et al (10)
n 1663 6632 2737
Age, years, mean ± SD 65±12 64±12 69±8
Male sex, % 73 71 78
HF etiology (%) Ischemia (55), nonischemic (45) Ischemia (100) Ischemia (69), nonischemic (31)
Follow-up 24 months (mean) 16 months (median) 21 months (median)
Mean LVEF, %, mean ± SD 25±7 33±6 26±5
New York Heart Association class III–IV Not reported II
Baseline ACEI, % 95

87
78

Baseline ARB, % Not reported 19
Baseline beta-blocker, % 11 75 87
Baseline diuretic, % 100 60 85
Intervention Spironolactone 25 mg PO daily (increased 

to 50 mg PO daily if patient showed signs 
or symptoms of HF progression without 
evidence of hyperkalemia at 8 weeks)

Eplerenone 25 mg PO daily 
(increased to 50 mg PO daily if  
K ≤5.5 mmol/L after 4 weeks)

Eplerenone 25 mg PO daily 
(increased to 50 mg PO daily if 
K ≤5.0 mmol/L after 4 weeks)

Jadad score 5 5 5
ACEI Angiotensin converting enzyme inhibitor; ARB Angiotensin receptor blocker; HF Heart failure; K Serum potassium level; LVEF Left ventricular ejection fraction; 
NR Not reported; PO Per oral
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mortality (RR 0.80 [95% CI 0.73 to 0.87]; P<0.001; I2=0%) (Figure 4). 
Hospitalization due to HF was also reduced by 24% (RR 0.76 [95% CI 
0.64 to 0.90]; P=0.001; I2=73%) but was associated with high statis-
tical heterogeneity (Figure 5). The rate of hospitalization from any 
cause was only reported in two of the trials and was not statistically 
significantly different between groups (RR 0.91 [95% CI 0.79 to 1.06]; 
P=0.23; I2=85%) (Figure 6). Sensitivity analyses were not performed 
due to the small number of trials included.

DISCuSSIoN
The present meta-analysis of large, well-designed randomized con-
trolled trials demonstrates that MRAs reduce all-cause mortality in 

adult patients with HFrEF. To our knowledge, the present review 
included the largest pooled patient population for MRAs in HFrEF, and 
is the first to include the Eplerenone in Patients with Systolic Heart 
Failure and Mild Symptoms (EMPHASIS-HF) trial (10). Overall, 
there was a 19% relative risk reduction observed in death from any 
cause in patients treated with an MRA compared with placebo. CV 
mortality was also reduced by 20%. This was similar to the results of 
a systematic review published by Ezekowitz et al (11), which included 
approximately 10,000 patients and demonstrated a 20% reduction 
in all-cause mortality. The mechanism of how MRAs decrease mor-
tality in HFrEF is unknown; however, it likely extends beyond the 
blocking of aldosterone-mediated retention of sodium and water. In 

Figure 3) Forest plot for hyperkalemia. AA Aldosterone antagonist; EMPHASIS-HF The Eplerenone in Mild Patients Hospitalization and Survival Study in 
Heart Failure; EPHESUS Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction; RALES 
The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure

Figure 4) Forest plot for cardiovascular mortality. AA Aldosterone antagonist; EMPHASIS-HF The Eplerenone in Mild Patients Hospitalization and Survival 
Study in Heart Failure; EPHESUS Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction; 
RALES The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure

Figure 2) Forest plot for all-cause mortality. AA Aldosterone antagonist; EMPHASIS-HF The Eplerenone in Mild Patients Hospitalization and Survival 
Study in Heart Failure; EPHESUS Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction; 
RALES The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure

Figure 5) Forest plot for heart failure hospitalization. AA Aldosterone antagonist; EMPHASIS-HF The Eplerenone in Mild Patients Hospitalization and 
Survival Study in Heart Failure; EPHESUS Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial 
Infarction; RALES The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure
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animal models of HF, MRAs have been demonstrated to have a direct 
effect on pathogenic processes associated with HF, such as inhibiting 
catecholamine-mediated cardiac fibrosis, reducing superoxide formation 
and oxidative stress, increasing natriuresis and lowering left ventricular 
end diastolic pressure (12-15). These agents have also been associated 
with improved endothelial function and increased nitric oxide bio-
activity in HF patients (15,16).

The safety of MRAs in HFrEF must be interpreted with caution due 
to the incomplete reporting of clinically relevant adverse events. Not 
surprisingly, the incidence of hyperkalemia was higher with MRAs. 
The risk of renal dysfunction or potassium derangements with MRAs is 
potentiated in HFrEF by the concomitant use of angiotensin-convert-
ing enzyme inhibitors and/or angiotensin II receptor blockers. When 
interpreting and applying these data to clinical practice, it should be 
noted that all patients with renal impairment (serum creatinine level 
>220 µmol/L or estimated glomerular filtration rate <30 mL/min) or 
hyperkalemia (serum potassium level >5.0 mmol/L) at baseline were 
excluded. After the publication of the RALES trial, a Canadian popu-
lation-based cohort study demonstrated an increase in hyperkalemia-
related hospitalizations and death that coincided with an increase in 
outpatient spironolactone prescribing (6). However, this risk may be 
mitigated in practice by increasing the frequency of bloodwork monitor-
ing. A subsequent longitudinal population-based study from the United 
Kingdom (17) demonstrated that increased monitoring of serum cre-
atinine and potassium, in parallel with increased prescribing of spironol-
actone, did not result in an increased rate of hyperkalemia-related 
hospitalizations. Therefore, careful selection of appropriate patients in 
which to initiate MRAs and frequent follow-up is imperative.

The incidence of hospitalization due to HF was significantly 
reduced with MRAs; however, a benefit was not observed in hospital-
izations from any cause. Notably, both hospitalization outcomes were 
associated with high statistical heterogeneity. This is likely due to dif-
ferences in the populations studied. Hospitalization from any cause 
was only reported in two of the three studies and was primarily driven 
by the Eplerenone, a Selective Aldosterone Blocker, in Patients with 
Left Ventricular Dysfunction after Myocardial Infarction (EPHESUS) 
trial, which enrolled patients with new-onset HF after an acute myo-
cardial infarction (MI) (9). In this trial, eplerenone reduced HF hospi-
talizations compared with placebo but did not reduce overall 
hospitalizations, which occurred at a much higher rate (10% versus 
45%, respectively). Therefore, hospitalization unrelated to HF 
occurred more frequently in these patients, which was not mitigated 
by eplerenone. This result was not unforeseen because patients who 
develop HF post-MI will often require multiple repeat hospitalizations, 
as demonstrated in a large cohort study involving patients ≥65 years of 
age admitted for an acute MI (18). Patients who developed HF while 
in hospital post-MI, as opposed to those who did not, had a higher 
incidence of rehospitalization for ischemic heart disease, atrial fibrilla-
tion and ventricular arrhythmias over a five-year period.

With appropriate monitoring, it appears that MRAs are safe and, 
overall, result in a significant reduction in death from any cause, which 
could be interpreted as a balanced assessment of benefit versus risk. 
This conclusion is consistent with current guideline recommendations 

advocating the use of MRAs in patients with HFrEF (2-5). Despite 
these recommendations, the use of MRAs in practice remains low, 
potentially due to safety concerns. An observational cohort analysis of 
43,000 patients in the United States (19) demonstrated the use of 
MRAs in indicated HF patients was only 34%, although this analysis 
was unable to account for patients with hyperkalemia or renal dysfunc-
tion. A more recent treatment gap analysis from the United States 
determined that if all patients with HF and an indication for an MRA 
received appropriate therapy (based on the assumption that 64% of 
eligible patients are not currently treated), approximately 21,000 
deaths would be prevented per year (20). 

The primary strengths of the present review are the comprehensive 
systematic search strategy and the inclusion of only placebo-controlled 
trials with clinically relevant end points. That only three studies were 
included demonstrates a large number of trials in the published literature 
are of poor methodological quality (ie, not randomized) or only investi-
gate surrogate end points, which may not translate into clinical efficacy. 
Although the present review was limited to studies published in English, 
only two studies were excluded based on this restriction, and the enroll-
ment of both studies combined was small (73 patients) and unlikely to 
have impacted the results. A potential perceived limitation is the inclu-
sion of clinically heterogeneous HFrEF patient populations. However, 
the aim of the present review was to include any patients with a reduced 
LVEF so the safety and efficacy results would be generalizable to all 
HFrEF patients. As with all meta-analyses, the results are restricted by 
the inherent limitations of the design and reporting of the included 
studies. These primarily consist of incomplete reporting of adverse 
events and short duration of follow-up (up to a mean of 24 months).

The present meta-analysis demonstrates that MRA therapy in 
patients with HFrEF reduced all-cause mortality by 19% despite a 1.4-
fold higher incidence of hyperkalemia. The rates of other clinically rel-
evant safety outcomes were not consistently reported. The rate of CV 
mortality and hospitalization due to HF were also reduced by 20% and 
24%, respectively, although the latter was associated with high statistical 
heterogeneity. The rate of hospitalization for any cause was not signifi-
cantly reduced with MRA therapy. Overall, the present review highlights 
the benefit of MRAs across the spectrum of HFrEF, which encompasses 
patients with multiple etiologies and symptom severity, despite a higher 
incidence of hyperkalemia. Therefore, MRA therapy should not be with-
held from appropriately selected patients (based on the inclusion criteria 
of the included trials) because the risk of adverse events does not appear 
to exceed the overall benefit in mortality reduction.
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Figure 6) Forest plot for all-cause hospitalization. AA Aldosterone antagonist; EMPHASIS-HF The Eplerenone in Mild Patients Hospitalization and Survival 
Study in Heart Failure; EPHESUS Eplerenone, a Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after Myocardial Infarction
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