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Atrial fibrillation (AF) is one of the most common 
sustained supraventricular arrhythmias encountered in 
clinical practice, and is significantly associated with a high risk 
of stroke and mortality. The risk of new-onset AF is increased 
in patients with CHF, and is related to CHF severity, with 
a prevalence of 40% in advance CHF.1

The neurohormonal compensatory mechanism of CHF 
includes activation of the sympathetic nervous system and the 
renin-angiotensin-aldosterone system (RAAS), both acting to 
preserve cardiac output by increasing water and salt retention, 
increasing cardiac contractility and arterial vasoconstriction, 
and activating inflammatory cascades that contribute 
to cardiovascular repair and remodeling.2,3 Prolonged 
unregulated neurohormonal activation in CHF may have 
multitude deleterious effects.4 In CHF patients who develop 
AF, the electrical, neurohormonal and structural remodeling 
of the heart increases the risk of persistent arrhythmia. In 
electrical remodeling, the atrial effective refractory period 
is reduced, thus creating a condition conducive to re-entry 

circuit formation. The neurohormonal changes increase 
the concentration of atrial and B-type natriuretic peptides, 
angiotensin II, aldosterone, and epinephrine. The structural 
remodeling causes atrial enlargement, myocyte hypertrophy, 
contractility impairment and development of fibrosis.5

In the study of Pei Da, et al., plasma aldosterone-
receptor expression is higher in the atria of patients with 
AF.6 Harmful actions of aldosterone in the heart include 
the following: changes in the myocyte electrical properties, 
abnormal repolarization, ion channel abnormalities, 
baroreceptor dysfunction, sodium retention, loss of 
potassium and magnesium, catecholamine potentiation, 
ventricular arrhythmias, myocardial fibrosis and hypertrophy, 
vasoconstriction, endothelial dysfunction, prothrombotic 
effects, vascular inflammation and oxidative stress.5

Experimental and clinical studies of aldosterone 
antagonists show potential benefit in the prevention of 
AF.7,8 Spironolactone, a non-selective aldosterone receptor 
antagonist; eplerenone, a selective aldosterone receptor 

BACKGROUND Onset of atrial fibrillation (AF) is related to congestive heart failure (CHF) severity. The renin-
angiotensin-aldosterone system activates the mineralcorticoid receptor in patients with CHF, 
increasing the concentration of aldosterone and cortisol levels. Prolonged, these may cause deleterious 
effects leading to arrhythmia, worsening of CHF and mortality. Aldosterone antagonists may influence 
the atrial fibrosis and remodeling, which may prevent the onset of AF in patients with CHF. 

METHODS Randomized, double-blind trials were searched from PUBMED, Medline, Embase and Cochrane on 
the effect of aldosterone antagonists (i.e., spironolactone, eplerenone, or canrenone) vs placebo on 
the prevention of AF, worsening CHF and deaths from cardiovascular causes. Selected studies were 
subjected to meta-analysis on the effects on incidence of new-onset AF, death from cardiovascular 
causes, hospitalization from CHF, and hypokalemia.

RESULTS Four randomized trials were selected, for a total of 5,114 patients were identified and extracted. 
Aldosterone antagonists reduced the incidence of new-onset AF by 42% (relative risk [RR] 0.58; 
95% CI 0.40, 0.85; p=0.005) vs placebo. Mortality from cardiovascular causes was reduced by 21% 
(RR 0.79; 95% CI 0.65, 0.96; p=0.002). The risk of hospitalization from CHF was reduced by 37% 
(RR 0.63; 95% CI 0.53, 0.76; p=0.00001).

CONCLUSION The additional of aldosterone antagonists to the treatment of CHF significantly reduced the risk of 
new-onset AF, hospitalization from CHF, and deaths from cardiovascular causes.
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antagonist derived from spironolactone; and canrenone, active 
metabolite of spironolactone are now the focus of interest for 
potential benefits in preventing AF.7-11 The possible effects of 
these aldosterone antagonists are the following: shortening of 
the P wave, reduction of atrial hyperexcitability, prevention 
of vascular endothelium changes and oxidative stress, 
attenuation of atrial fibrosis (reduction of type I and III pro-
collagen synthesis), attenuation of volume overload of the left 
atrium, stabilization of electrolyte concentration (potassium 
and magnesium) and autonomic balance, antihypertensive 
properties, reduction of preload, prevention of cardiac 
remodeling (reduction of the dimensions of the left atrium 
and both ventricles), improvement of left atrium and both 
ventricles, improvement of left ventricular function and 
ejection fraction, and prevention of refractory paroxysmal 
and persistent AF.5 

The main objective of this meta-analysis is to test the 
efficacy and safety of aldosterone antagonists in preventing 
AF in adult patients with CHF.

METHODS OF REVIEW
Selection criteria

Two reviewers performed the selection of the studies. 
Only randomized controlled studies comparing the 
clinical efficacy and safety of aldosterone antagonists (i.e., 
spironolactone, eplerenone or canrenone) in preventing AF 
in patients with CHF were selected. Patients had to be adult 
patients of either sex with CHF; had no history of previous 
AF; had left ventricular ejection fraction of at least 45%; and 
were of either New York Heart Association Class II or Class 
III-IV. Studies had to compare oral aldosterone antagonists 
with placebo. Intervention duration was from 21months to 
36 months. Outcome measures were: incidence of new-onset 
AF; deaths from cardiovascular reasons; hospitalization for 
worsening of CHF; and adverse event of hyperkalemia.

Search strategy for identification of studies
A limited literature search was conducted on PUBMED, 

Medline, Embase and The Cochrane Library. The search 
terms used were “aldosterone antagonist”, “spironolactone”, 
“eplerenone”, “canrenone”, “arrhythmia”, “atrial fibrillation”, 
“heart failure”, “congestive heart failure”, “randomized”, 
“randomized clinical trial”, and “randomized controlled trial”. 
The studies were limited to human subjects. Only studies 
that fit the inclusion criteria mentioned above were selected.

Quality assessment and extraction of data
Critical appraisal for treatment was performed on selected 

studies on the basis of randomization, allocation concealment, 
blinding, sequence generation, adequacy of follow-up, and 
intention to treat analysis. Methodological qualities were 
assessed by two reviewers in terms of inclusion and exclusion 
criteria, number of subjects randomized, number of drop-
outs, intention to treat analysis, interventions used, and 
outcome results. Conflicting issues were resolved by the third 
reviewer. Selection bias assessment was also done, and only 
grade A and B studies were included. 

Statistical analysis
The statistical analyses for this meta-analysis were 

performed using Review Manager 5.0 software. Dichotomous 
data were analyzed using the Mantel-Haenzel test. Statistical 
heterogeneity was tested using the Q statistics devised by 
Cochrane, with significance set at p less than 0.01. Magnitude 
of effect of heterogeneity was assessed by means of I2, which 
ranges from 0% to 100%, using an associated 95% confidence 
interval. 

RESULTS
Ten trials were initially extracted from the data search. 

After evaluation, only four studies were included.7-10 The 
baseline characteristics of each included study are described in 
Table 1.The Eplerenone in Mild Patients Hospitalization and 
Survival Study in Heart Failure (EMPHASIS-HF) 2012 was 
a sub-study of EMPHASIS-HF 2011, where in the incidence 
of new-onset AF was analyzed as the primary outcome.8,10 

Two studies evaluated the effect of aldosterone 
antagonists on the risk of new-onset AF.7,8 Figure 1 shows 
that aldosterone antagonists significantly reduced the relative 
risk (RR) of new-onset AF in patients with CHF (RR 0.58; 
95% CI 0.40,0.85; p=0.005), occurring in 38 out of 969 
aldosterone antagonist-treated patients (3.9%) vs 64 out of 
941 placebo-treated patients (6.8%). 

Two studies evaluated the effect of aldosterone 
antagonists in cardiovascular deaths.9,10 Figure 2 shows that 
in patients with CHF, aldosterone antagonists significantly 
reduced risk of death by 21% (RR 0.79; 95% CI 0.65, 0.96; 
p=0.02). The same two studies also showed that aldosterone 
antagonist-treated CHF patients had a 37% lower risk of 
hospitalization due to CHF worsening (RR 0.63; 95% CI 
0.53,0.76; p=0.00001).
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Table 1. Baseline characteristics of included studies.

STUDY Method and 
sample size

Patient Criteria Interventions Follow-up

Inclusion Exclusion

Gao et al., 20077 Single center, 
randomized, double-
blind, placebo 
controlled trial 

N=116

1. Ischemic cardiomyopathy, 
dilated cardiomyopathy, 
hypertensive heart disease 
or alcohol associated 
cardiomyopathy
2. Met Framingham diagnosis 
standard for CHF within the 6 
months before the enrollment 
and had not been treated with 
spironolactone before
3. NYHA class II-IV
4. LVEF <45%

1. Severe liver and renal 
malfunction with serum 
creatinine ≥221µmol/L 
or serum potassium of 
≥5.5mmol/L
2. Had unstable angina or 
acute myocardial infarction in 
less than 3 months
3. Were using insulin, 
NSAIDS, or steroids

Oral spironolactone 
20mg once daily (n=58) 
versus placebo (n=58)

3 years

Boccanelli et al, 
20089

Multicenter, 
Randomized, 
double-blind, 
placebo-controlled 
trial

N=467

1. Adult age 18-80 years
2. NYHA II, stable, optimized 
therapy according to European 
Society of Cardiology criteria
3. LVEF <45%

1. Creatinine >2.5mg/dL
2. Serum potassium >5mEq/L
3. Valvular heart disease 
amenable to surgical treatment
4. Congenital heart disease
5. Unstable angina or acute 
myocardial infarction or 
coronary revascularization 
procedure within 3 months  
before enrolment
6. Treatment with lithium 
salts, potassium-sparing 
diuretics, TNF-a antagonists, 
or aldosterone receptor 
antagonists during last 3 
months
7. History of resuscitated 
ventricular arrhythmia
8. Other clinical or general 
contraindicating participation 
in clinical trial

Oral canrenone 25mg-
50mg once daily versus 
placebo

34 months

EMPHASIS-HF, 
201110

Multicenter, 
randomized, double 
blind trial

N= 2,737

1. At least 55 y/o
2. NYHA II symptoms
3. LVEF <30% (or if >30% 
to 35% with QRS duration of 
>130msec)
4. Treatment with ACE-I, 
ARB or both; and beta-
blockers

1. Acute MI
2. NYHA III-IV
3. Potassium >5mmol/L
4. GFR <30ml/min
5. Need for potassium-sparing 
diuretics
6. Other co-existing 
conditions

Oral eplerenone 25mg 
once daily (n=911) 
versus placebo (n=883)

21 months

EMPHASIS-HF, 
20128

Multicenter, 
randomized, double 
blind trial

N=1,794

Inclusion:
1. At least 55 y/o
2. NYHA II symptoms
3. LVEF <30% (or if >30% 
to 35% with QRS duration of 
>130msec)
4. Treatment with ACE-I, 
ARB or both and Beta-
blockers

Exclusion:
1. Acute myocardial infarction
2. NYHA III-IV
3. Potassium >5mmol/L
4. GFR <30ml/min
5. Need for K-sparing 
diuretics
6. Other co-existing 
conditions

Oral eplerenone 25mg 
once daily (n=911) 
versus placebo (n=883)

21 months

CHF=congestive heart failure; NYHA=New York Heart Association; LVEF=left ventricular ejection fraction; NSAIDS=non-steroidal anti-inflammatory drugs; 
TNF=tumor necrosis factor; EMPHASIS-HF=Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure; GFR=glomerular filtration 
rate; ACE-I=angiotensin-converting enzyme inhibitor; ARB=angiotensin receptor blocker.
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Figure 1. Forest plot of the effect of oral aldosterone antagonists vs placebo on the incidence of new-onset atrial fibrillation.

Figure 2. Forest plot of the effect of oral aldosterone antagonists vs placebo on death from cardiovascular causes.

Figure 3. Forest plot of the effect of oral aldosterone antagonists vs placebo in hospitalization for heart failure.

Figure 4. Forest plot of the effect of oral aldosterone antagonists vs placebo on hypokalemia.
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The evaluation of hypokalemia was conducted in 
three studies.7,9,10 There are fewer patients who developed 
hyperkalemia in the placebo group (59 out of 1663 patients) 
than in the aldosterone antagonist group (134 of 1649 
patients), with a RR of 2.29 (95% CI 1.70, 3.09; p<0.00001) 
favoring placebo.

DISCUSSION
AF is an important complication of CHF, and is related 

to CHF severity. This meta-analysis showed that patients 
will benefit with aldosterone antagonist in reducing the risk 
of new-onset AF by 42%.  Although, the mechanism behind 
this is uncertain, the hypothesis is that blocking aldosterone 
may prevent atrial remodeling and fibrosis contributed by 
the RAAS through the mineralocorticoid pathway. In these 
studies, patients received optimal treatment for CHF, which 
includes giving angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers. However, these agents do 
not directly inhibit the action of mineralcorticoid receptors 
unlike aldosterone antagonists. Hence, it is suggestive that the 
addition of an aldosterone antagonist to the usual treatment 
of CHF will decrease the incidence of AF and improve the 
severity of CHF. Furthermore, if AF can be prevented, the 
need for anticoagulation for stroke prevention is less, and 
consequent bleeding may be avoided. 

Improvement of CHF and prevention of arrhythmia may 
contribute to the risk reduction for cardiovascular disease by 
21%, and hospitalization from worsening CHF by 37%. In 
this case, treatment can be cost-effective and life expectancy 
will be longer. 

One of the theories of RAAS activation is that it affects 
the level of serum potassium; hence, the risk of cardiac 
instability is affected by increasing level of potassium. Thus, 
careful monitoring of the renal function of patient with CHF 
should be monitored closely to prevent more fatal arrhythmia 
in those patients.

CONCLUSION
Aldosterone antagonists are associated with a significant 

reduction of new-onset AF, deaths from cardiovascular 
causes, and hospitalization from worsening CHF. However, 
a significant risk of hyperkalemia was also observed. Thus, 
it is recommended to closely monitor the renal function of 
patients with CHF treated with aldosterone antagonists.
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