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Background: Because of renin-angiotensin-aldosterone system (RAAS) activation, the patients with 
chronic heart failure (CHF) manifest increased ventricular stress, with impaired left ventricular function, and 
a slowing down in systemic venous drainage. More importantly, a reduction of the patient's life expectancy 
has been proven in the case of RAAS overstimulation. For these reasons, huge efforts have been made to 
obtain molecules able to efficaciously antagonize the RAAS overstimulation, such as aldosterone receptor 
antagonists (ARAs). These drugs have been shown to improve clinical outcomes in patients with heart failure 
with reduced left ventricular ejection fraction (HFREF), but not in those with preserved left ventricular 
ejection fraction (HFpEF). In order to study this topic more deeply, we carried out a meta-analysis of 
selective and nonselective ARAs in HFREF and HFpEF. 
Methods: Only randomized controlled trials (RCTs) were incorporated in our meta-analysis. Studies 
were included if they satisfied the following criteria: experimental groups included patients with CHF 
treated with ARAs in addition to the conventional therapy; control groups included patients with CHF 
receiving conventional therapy without ARAs. Outcomes of interest were all-cause mortality, cardiovascular 
hospitalizations, hyperkalemia, or gynecomastia. 
Results: Overall, 15 RCTs including a total of 15,671 patients were eligible for inclusion in the meta-
analysis. ARA use in patients with heart failure was associated with a significant reduction in adverse 
outcomes. Indeed, a significant reduced odds of all-cause death among CHF patients treated with ARAs 
compared to controls was found [odds ratio (OR) =0.79; 95% CI: 0.73–0.87]. Subgroup analysis based on the 
heart failure (HF) type revealed a statistically significant benefit as regards all- cause death for patients with 
HFREF (OR =0.77; 95% confidence interval (CI): 0.69–0.84), but not for those with HFpEF (OR =0.91; 
95% CI: 0.76–1.1). Furthermore reduced odds of CV hospitalizations was detected in the entire group 
of CHF patients under treatment with ARAs (OR =0.73; 95% CI: 0.61–0.89) as well as among HFREF 
patients treated with ARAs, compared to controls (OR =0.66; 95% CI: 0.51–0.85). Hyperkalemia was 
significantly more frequent with ARA use. Besides, ARA use was shown to be associated with the occurrence 
of gynecomastia. In particular, selective ARAs didn’t induce significant amounts of gynecomastia compared 
to controls (OR =0.74; 95% CI: 0.43–1.27), while nonselective ARAs did (OR =8.22; 95% CI: 4.9–13.81). 
Conclusions: Based on this meta-analysis, ARAs should be systematically used in patients with HFREF, in 
whom these drugs proved to reduce all-cause mortality and hospitalizations from cardiac cause. Conversely, 
ARA usage in HFpEF patients is questionable since in this CHF setting no significant improvement in 
clinical endpoints has been demonstrated so far. New selective ARAs are devoid of the risk of gynecomastia, 
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Introduction

Background

The renin-angiotensin-aldosterone system (RAAS) is 
activated during chronic heart failure (CHF) but this 
activation implies unfavorable changes of hemodynamics 
and cardiac work. In short, the pathophysiological 
mechanisms underlying the overactivation of the RAAS 
share some elements with the pathophysiologic dynamics 
involved in the stimulation of antidiuretic hormone 
release from the posterior pituitary (1). In fact, a common 
trigger, as regards the stimulation of the two systems, is 
represented by the relative condition of underfilling of the 
arterial vascular compartment with a simultaneous increase 
in the volume of blood contained in the systemic venous 
compartment. Underfilling of the arterial circulation due to 
reduced cardiac output results in unloading of the arterial 
baroreceptors, which will increase non-osmotic vasopressin 
release and activate the sympathetic nervous system (SNS) 
and RAAS. This adrenergic surge promotes additional 
stimulation of the RAAS.

 Aldosterone, produced by the zona glomerulosa of 
the adrenal cortex, promotes avid reabsorption of sodium 
and water at the level of the collecting duct in the distal 
nephron. In CHF, increased volume of extracellular fluids, 
elicited by aldosterone through the increase in sodium 
and water reabsorption in the distal nephron, would be 
aimed at retrieving an effective arterial blood volume, so 
as to potentiate the cardiac pump function through the 
Frank–Starling mechanism (2-5). However, retrieval of 
the pump effectiveness is not really achieved, because 
increased preload causes a deleterious aggravation of the 
cardiac work in the decompensated left ventricle, which 
entails a progressively increasing defaillance of the working 
myocardial fibers. So in the failing heart an increase in 
left ventricular end-diastolic pressure occurs as a result 
of the increase in circulating fluid volume, induced by 
aldosterone; however, this does not result in any increase 
in cardiac output but rather causes a state of hemodynamic  

congestion (6), initially subclinical, then clinically evident 
(dyspnea on minimal efforts, peripheral edema, etc.).

Because of RAAS activation, the CHF patient manifests 
increased ventricular stress, with impaired left ventricular 
systolic function, and impaired systemic venous drainage, 
i.e., slowing down of systemic venous flow.

Thus, RAAS overactivation is mirrored by clinical
worsening of heart failure with aggravation of dyspnea 
and edema; more importantly, a reduction of the patient’s 
life expectancy has been proven in the case of RAAS 
overstimulation. For these reasons, huge efforts have 
been made to obtain molecules that have the property 
to efficaciously antagonize RAAS overstimulation. ACE 
inhibitors, angiotensin receptor blockers (ARBs), and 
aldosterone receptor antagonists (ARAs) are the three 
classes of drugs that have been proven to effectively counter 
the RAAS overstimulation typically found in CHF.

Several studies showed that despite maximal RAAS 
blockage with ACE inhibitors and/or ARBs, plasma 
aldosterone levels remain elevated in patients with 
heart failure (7-9). Thus ARAs were introduced in the 
therapy of CHF, following the demonstration of their 
protective effect on the failing heart. Indeed, several trials 
documented improved survival for patients treated with 
ARAs, compared with controls who received only beta-
blockers, diuretics, and ACE inhibitors (10-12). The 
aldosterone receptor blockers include both nonselective 
(spironolactone, canrenone) and selective antagonists 
(eplerenone, finerenone). Eplerenone was synthesized 
through chemical modification of spironolactone in order 
to enhance binding of mineralocorticoid receptors while 
reducing off-target binding to progesterone or androgen 
receptors (13). Eplerenone is associated with lower rates of 
impotence, gynecomastia, or breast pain in comparison to 
spironolactone (11,12).

Aims 

The aim of this meta-analysis of randomized controlled 

while are similar to nonselective ARAs with regard to the efficacy profile as well as to the risk of eliciting 
hyperkalemia.
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trials (RCTs) was to verify the impact of ARAs on some 
hard endpoints (all-cause death and hospitalizations from 
cardiovascular cause), making a comparative evaluation 
of these outcomes in CHF patients with reduced left 
ventricular ejection fraction (HFREF) and in those with 
preserved left ventricular ejection fraction (HFpEF), 
respectively. The meta-analysis was then extended to the 
comparison between nonselective and selective ARAs, with 
regard to their respective effects on the above-mentioned 
clinical endpoints, and also as regards the respective side 
effects, such as hyperkalemia or gynecomastia.

Methods

Eligibility criteria

In our meta-analysis we considered exclusively RCTs. These 
studies were included if they met the following criteria: 
experimental groups included patients with CHF treated 
with ARAs in addition to the conventional therapy; control 
groups included patients with CHF receiving conventional 
therapy without ARAs. In addition, the studies selected 
for the meta-analysis only included patients older than 18 
years. Animal experimental studies as well as case reports of 
ARA administration in patients with CHF were eliminated 
from the meta-analysis. Similarly, all studies not written in 
English, duplicated studies, non-randomized studies, review 
articles, editorials, and expert opinions were excluded.

 Outcomes of interest were all-cause mortality, 
cardiovascular hospital izations,  hyperkalemia,  or 
gynecomastia. The efficacy endpoints, i.e., mortality and 
hospitalizations, as well as the safety endpoints, namely 
episodes of hyperkalemia or occurrence of gynecomastia, 
were evaluated in both patients with heart failure with 
HFREF and those with HFpEF as compared to control 
groups. Moreover, a comparison was made between 
nonselective ARAs (e.g., spironolactone, canrenone) and 
selective ARAs (e.g., eplerenone or finerenone) with regard 
to efficacy outcomes as well as side effects.

Study selection

A systematic search using some related terms was conducted 
using the PubMed and Scopus electronic archives (from 
June 1995 to June 30 2016). 

The study was performed according to the guidelines 
and recommendations expressed in the PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta-

Analyses) (14) statement. Search terms included “ARAs”, 
“mineralocorticoid receptor antagonists”, “spironolactone”, 
“canrenone”, “eplerenone”, “all-cause mortality”, 
“hospitalization”, “hyperkalemia”, and “gynecomasty” 
variously combined by means of the Boolean operators 
AND and odds ratio (OR). Titles and abstracts of all 
identified citations were reviewed independently by the 
two authors (R.D.V. and C.C.) and any candidate study was 
selected for further screening of the full text. We extracted 
the following items from each study: population (type of 
heart failure, study size), intervention (ARA type), control 
(placebo, none, other), and outcomes (all-cause mortality, 
cardiovascular mortality, hospitalizations, hyperkalemia, and 
gynecomastia).

Statistical analysis

Statistical analysis was performed using Review Manager 
5.0.4 software (available from Cochrane Collaboration at 
http://www.cochrane.org) and Stata version 10 (Stata Corp 
LP, College station, TX, USA). For all of the considered 
efficacy or safety endpoints, the effect size, i.e., the effect 
of therapy with ARAs plus conventional therapy (ACE 
inhibitors, beta-blockers, and loop diuretics) versus 
conventional therapy alone was presented as an OR with 
a 95% confidence interval (CI).We used a random effects 
model to pool results, and inverse variance as the weighting 
method. For quantifying statistical heterogeneity, the 
calculation of the I2 statistic (I2) was also used, to represent 
the percentage of variability due to between-study variability. 
We rated I2 of less than 25%, 25–50%, and more than 
50% as low, moderate, and high amounts of heterogeneity, 
respectively. Publication bias was assessed using Begg’s 
funnel plot. Results were regarded as statistically significant 
if P was less than 0.05.

Results

One thousand seven hundred sixty citations were found; 
from these, in total, 36 studies were selected. Among them, 
21 were eliminated after reading the article in full, due to 
incomplete or unavailable data, or because of ascertained 
inconsistency with our inclusion criteria. In particular, 
we excluded articles from the meta-analysis because of 
treatment in a non-HF setting (four studies), lack of 
relevant outcomes (13 studies), study duplication (three 
studies), and not an RCT design (one study; see Figure 1).

Overall, 15 RCTs comprising a total of 15,671 patients 
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were eligible for inclusion in the meta-analysis. ARA use in 
patients with heart failure was associated with a significant 
reduction in adverse outcomes. Indeed, significantly reduced 
odds of all-cause death among CHF patients treated with 
ARAs compared to controls was found (OR =0.79; 95% CI: 
0.73–0.87; I2 =30.67 [moderate heterogeneity]; see Figure 2). 
Subgroup analysis based on the HF type—whether HFREF 
or HFpEF—revealed a statistically significant benefit for 
patients with HFREF (OR =0.77; 95% CI: 0.69–0.84), 
whereas a protective effect against all-cause death was 
not attained by ARAs in the HFpEF subset (OR =0.91; 
95% CI: 0.76–1.1; see Figure 3). Moreover, use of either a 
nonselective or selective ARA yielded a similarly significant 
reduction in all-cause mortality (Figure 4).

Furthermore,  as  regards hospital izat ions from 
cardiovascular cause (CV hosp), Figures 5 and 6 illustrate 
that significantly reduced odds of CV hosp were detected 
in the entire group of CHF patients under treatment with 
ARAs (OR =0.73; 95% CI: 0.61–0.89) as well as among 
HFREF patients treated with ARAs, compared to controls 
(OR =0.66; 95% CI: 0.51–0.85). High heterogeneity was 
found as an accompanying feature (I2 =64.20%). Our a priori 
subgroup analysis partially explained the heterogeneity 
within this outcome, as a significant reduction in CV hosp 
was found in the HFREF (Figure 6) and nonselective ARA 
subgroups (Figure 7), whereas reduction in CV hosp in the 
selective ARA subset did not reach statistical significance 

(Figure 7). Hyperkalemia was significantly more common 
with ARA use (Figure 8).

In addition, subgroup analysis by ARA type documented 
that both nonselective and selective ARAs were similarly 
associated with increased odds of episodes of hyperkalemia 
compared to controls (Figure 9).

ARA use was shown to be associated with the occurrence 
of gynecomastia (Figure 10). In particular, selective ARAs 
proved not to produce significant amounts of gynecomastia 
compared to controls (OR =0.74; 95% CI: 0.43–1.27), while 
nonselective ARAs did (OR =8.22; 95% CI: 4.9–13.81; see 
Figure 11).

Discussion

In this meta-analysis we tried to assess the impact of ARAs 
on several efficacy and safety endpoints by maintaining 
distinct the outcomes detected in HFREF from those 
associated with HFpEF. Furthermore, for both efficacy 
and safety outcomes in the setting of CHF, separate meta-
analyses were performed for RCTs centered on nonselective 
ARAs and for those which had investigated selective ARAs.

ARA use in patients with heart failure was associated 
with a significant reduction in all-cause death (OR =0.79; 
95% CI: 0.73–0.87; Figure 2) and CV hosp (OR =0.73; 
95% CI: 0.61–0.89; Figure 5). However, judging by our 
subgroup analysis, the favorable effects of ARAs on the 
efficacy endpoints were limited to HFREF; conversely, 
ARA-related reductions concerning all-cause mortality 
and CV hosp in HFpEF patients did not reach statistical 
significance (Figures 3 and 6, respectively). Both selective 
and nonselective ARAs increased the risk of hyperkalemia 
in a similar manner. Instead, gynecomastia was limited to 
nonselective ARAs; indeed, nonselective ARAs exhibited 
an OR of 8.22 (95% CI: 4.9–13.81), as opposed to selective 
ARAs which showed a non-significant OR of 0.74 (95% 
CI: 0.43–1.27; Figure 11).

Overall, the evidence supporting ARA use in HFREF 
was based on a large number of trials with significant effect 
sizes for reducing adverse cardiac events. In contrast, the 
evidence for ARA use in HFpEF was based on a relatively 
small number of trials, only one of which had a significant 
reduction in CV hosp but no significant effect on all-cause 
mortality (15). Finally, our conclusions supporting ARA 
use in HFREF are in keeping with current American Heart 
Association guidelines which recommend ARAs for patients 
with HFREF and NYHA class II–IV symptoms or following 
acute MI complicated by HF and LVEF ≤40% (16).

Figure 1 Flow diagram for meta-analysis. Overview of process 
used to identify studies suitable for inclusion in the meta-analysis.

Articles screened
(no. =1,760)

Full-text articles
assessed for eligibility

( no=36)

Studies included in the
meta-analysis

(no. =15)

Excluded full-text articles (no. =21)
-non-HF setting (4 studies)
-lack of relevant outcomes (13 studies)
-duplicated study (3 studies)
-not an RCT (one study)

Articles excluded
(no. =1,724)

R E T R A C T E D



276 De Vecchis and Ariano. ARAs for treatment of chronic heart failure

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(3):272-287cdt.amegroups.com

Figure 2 Forest plot of all-cause mortality with ARA use in HF. Eight trials reported all-cause mortality rates with ARA use in HF patients 
compared to controls. ARA, aldosterone receptor antagonist; HF, heart failure.

On the whole, no significant effects of ARAs on efficacy 
outcomes (all-cause mortality, CV hosp) concerning 
HFpEF were demonstrated by the present meta-analysis. 
Furthermore, ARAs were associated with a significantly 
increased risk of some harmful side-effects, such as 
hyperkalemia and gynecomastia. In this meta-analysis, 
selective ARAs proved to offer a slight benefit in terms 
of no significant gynecomastia while having equivalent 
reductions in adverse cardiac outcomes with respect to 
nonselective ARAs. Based on our meta-analysis, we would 
advise continued usage of ARAs in HFREF, where there 
is a significant reduction in adverse cardiac outcomes, 

such as all-cause mortality and CV hosp. Instead, based 
on the present meta-analysis, in our opinion the choice of 
administering an ARA to patients with HFpEF is rather 
questionable, because in this type of CHF the ARAs-related 
reductions in adverse cardiovascular outcomes did not reach 
statistical significance. 

Hyperkalemia during ARA therapy: a challenging issue

Our meta-analysis was not specifically aimed at evaluating 
the approach with ARAs in the setting of cardio-renal 
syndromes, i.e., the conditions characterized by the 
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Figure 3 The forest plot of all-cause mortality with ARA use has been subdivided according to HF type. ARA, aldosterone receptor 
antagonist; HF, heart failure.

Heterogeneity: I2=28.10%; Q=6.954, P=0.224

Heterogeneity: I2=0.00%; Q=0.52, P=0.4705
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Figure 4 The forest plot of all-cause mortality has been subdivided according to ARA type (whether nonselective or selective). ARA, 
aldosterone receptor antagonist.

Heterogeneity: I2=44.45%; Q=9, P=0.109

Heterogeneity: I2=0.00%; Q=0.297, P=0.5853
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Figure 5 Forest plot of hospitalizations from cardiovascular cause with ARA use in HF. Ten trials reported cardiovascular hospitalization 
rates with ARA use in HF patients compared to controls. ARA, aldosterone receptor antagonist; HF, heart failure.
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Figure 6 The forest plot of cardiovascular hospitalizations has been subdivided according to HF type. HF, heart failure.

Heterogeneity: I2=72.88%; Q=22.12, P=0.0011

Heterogeneity: I2=19.57%; Q=2.486, P=0.2884
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Figure 7 The forest plot of cardiovascular hospitalizations has been subdivided according to ARA type (whether nonselective or selective). 
ARA, aldosterone receptor antagonist.

Heterogeneity: I2=62.21%; Q=15.879, P=0.0144

Heterogeneity: I2=69.16%; Q=6.484, P=0.039
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Figure 8 Forest plot of hyperkalemia with ARA use in HF. Fifteen trials reported hyperkalemia rates with ARA use in HF patients compared 
to controls. ARA, aldosterone receptor antagonist; HF, heart failure.
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Figure 9 The forest plot of hyperkalemia has been subdivided according to ARA type (whether nonselective or selective). ARA, aldosterone 
receptor antagonist.

Heterogeneity: I2=0.00%; Q=5.907, P=0.8229

Heterogeneity: I2=0.00%; Q=2.3337, P=0.5053
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Figure 10 Forest plot of gynecomastia with ARA use in HF. Eight trials reported gynecomastia rates with ARA use in HF patients compared 
to controls. ARA, aldosterone receptor antagonist; HF, heart failure.
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Figure 11 The forest plot of gynecomastia has been subdivided according to ARA type (whether nonselective or selective). ARA, aldosterone 
receptor antagonist.

Heterogeneity: I2=0.00%; Q=0.228, P=0.9987

Heterogeneity: I2=0.00%; Q=0.0129, P=0.9095
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coexistence of cardiac and renal failure (17-19). However, 
some points would deserve more thorough awareness 
in the medical community. In particular, current rough 
epidemiological calculations (20) indicate that about a third 
of the general population aged >70 years is affected by a 
reduction in the estimated glomerular filtration rate (eGFR) 
of <60 mL/min/1.73 m2 and therefore has a chronic kidney 
disease (CKD) by definition (21). However, a stable low 
eGFR in the elderly, when it is physiologically sufficient 
to satisfy the homeostatic demands, is not a disease per se 
and seldom progresses up to an advanced renal failure (21).  
Moreover, it would be appropriate to underline that a 
large proportion of patients with CHF and concomitant 
renal insufficiency may have a simple overlapping of the 
two dysfunctions, cardiac and renal, with no possibility of 
documenting a cardiorenal syndrome type 2.

Notably, the most important RCTs incorporated in 
our meta-analysis did not exclude CHF patients with 
concomitant mild- to moderate renal insufficiency. For 
instance, in the EMPHASIS-HF study by Zannad et al. (12)  
as well as in the TOPCAT study by Pitt et al. (15), only 
severe renal dysfunction was excluded, as opposed to mild-
to-moderate renal insufficiency. Indeed, in the Methods 
of both studies it is affirmed that severe renal dysfunction 
(an eGFR of <30 mL/min/1.73 m2 of body surface area 
or a serum creatinine ≥2.5 mg/dL) was an exclusion 
criterion. Instead, the recruitment of CHF patients  with a 
lesser degree of renal dysfunction was not banned. So it is 
reasonable to affirm that the populations of these studies 
did not consist of “enclaves” isolated from the real world. In 
fact in these patients, the comorbidity “renal failure” (due 
to atherosclerotic ischemic renal disease, hypertensive or 
diabetic nephropathy, etc.) was adequately represented.

Nevertheless, an effective and safe dosing modulation 
concerning evidence—based therapies for CHF, i.e., beta-
blockers, ACE-inhibitors, ARBs and ARAs, remains a 
challenging problem, which requires wise clinical choices, 
in addition to the adherence to few inclusion and exclusion 
criteria. In particular, with regard to the conditions in 
which ARA treatment has to be banned, an important one 
is avoiding ARA therapy in CHF patients with advanced 
renal insufficiency (GFR <30 mL/min/1.73 m2), in whom 
even the use of reduced doses of ACE-inhibitor, e.g., 
enalapril at a dose of 2.5–5 mg per day, cannot be regarded 
as a sufficient precaution to avert the risk of hyperkalemia. 
Thus, in advanced CKD as well as in any case of acute 
kidney injury superimposed on a condition of chronic 
cardiac decompensation, ARA use should be mandatorily 

avoided in order to prevent the impending risk of dangerous 
episodes of hyperkalemia.

However, in CHF patients with only mild or moderate 
CKD [GFR calculated between 30 and 60 mL/min/1.73 m2  
by using the modified diet in renal disease (MDRD) 
equation (22)] the simultaneous use of various types of 
drugs blocking the RAAS—in particular, ACE-inhibitors 
plus ARAs or, alternatively, ARBs plus ARAs—should not 
be impeded but rather it should be adequately modulated 
and carefully monitored (17).

Proper patient selection, including patients with 
diminished LV ejection fraction and excluding ones with 
moderate CKD (creatinine level ≥2.5 mg/dL) or serum  
K+ >5 mEq/L, would help minimize potential life-
threatening hyperkalemia (23).

Conclusions

In addition to already existing supportive data, our meta-
analysis provides further evidence that ARAs should 
be systematically used in patients with HFREF, where 
they improve some hard clinical endpoints, such as all-
cause mortality and hospitalizations from cardiac cause. 
Conversely, based on the present meta-analysis, ARA usage 
in HFpEF patients is questionable since in this CHF setting 
no significant improvement in clinical endpoints has been 
demonstrated so far, in the face of the well-known risks 
of hyperkalemia and/or gynecomastia that chronic ARA 
therapy entails. Furthermore, new selective ARAs are not 
burdened by significant risk of gynecomastia, while they 
are similar to nonselective ARAs with regard to the efficacy 
profile as well as to the risk of eliciting hyperkalemia.
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