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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Atrial fibrillation (AF) is the most common

clinically significant cardiac arrhythmia, and
AF is associated with relatively higher
all-cause mortality in both men and women.

• However, there are limited treatment
options for AF.

• Statins are hypothesized to have a benefit
against arrhythmias in addition to
well-established secondary prevention
benefit for atherosclerotic coronary artery
disease, yet the data are inconsistent

WHAT THIS STUDY ADDS
• Statin therapy was significantly associated

with a decreased risk of incidence or
recurrence of AF.

• The benefit of statin therapy seemed more
markedly in secondary prevention than
primary prevention.

• These results provided some evidence for
the benefit of statins beyond their
lipid-lowering activity

AIMS
The use of statins has been suggested to protect against atrial
fibrillation (AF) in some clinical observational and experimental studies
but has remained inadequately explored. This study was designed to
examine whether statins can reduce the risk of AF.

METHODS
Meta-analysis of randomized, controlled trials with use of statins on
incidence or recurrence of AF was performed.

RESULTS
Twenty studies with 23 577 patients were included in the analysis.
Seven studies investigated the use of statins in patients with AF, 11
studies investigated the primary prevention of statins in patients
without AF, and two studies investigated mixed populations of
patients. The incidence or recurrence of AF occurred in 1543 patients.
Overall, statin therapy was significantly associated with a decreased risk
of AF compared with control (odds ratio 0.49, 95% confidence interval
0.37–0.65; P < 0.00001). A beneficial effect was found in the atorvastatin
subgroup and the simvastatin subgroup, but not in the pravastatin
subgroup or the rosuvastatin subgroup. The benefit of statin therapy
appeared to be more pronounced in secondary prevention (odds ratio
0.34, 95% confidence interval 0.18–0.64; P < 0.0008) than in primary
prevention (odds ratio 0.54, 95% confidence interval 0.40–0.74;
P < 0.0001).

CONCLUSIONS
Statin therapy was significantly associated with a decreased risk of
incidence or recurrence of AF. Heterogeneity was explained by
differences in statin types, patient populations and surgery types. The
benefit of statin therapy seemed more pronounced in secondary than
in primary prevention.
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Introduction

Atrial fibrillation (AF) is the most common clinically signifi-
cant cardiac arrhythmia [1–3]. Individuals with AF have a
greater long-term risk of ischaemic stroke and heart
failure. Atrial fibrillation is also associated with relatively
higher all-cause mortality in both men and women [4].
Secular trends show that the number of individuals with
AF is increasing faster than previously projected, under-
scoring an urgent need for therapies that prevent AF [5].

There are, however, limited treatment options for this
purpose. Traditional antiarrhythmic agents, such as amio-
darone, sotalol, flecainide and propafenone, are associated
with potentially serious adverse effects and, in some cases,
increase overall mortality [4]. Safer and more efficacious
agents are needed to prevent AF [5].

The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase inhibitors (statins) are pleiotropic agents
known to reduce inflammation, which are believed to play
a key role in atrial remodelling [6, 7]. Statins are hypoth-
esized to have a benefit against arrhythmias in addition to
the well-established benefit of secondary prevention for
atherosclerotic coronary artery disease, yet the data are
inconsistent. Statins had been suggested to protect
against AF in some clinical and experimental studies, but
this remained inadequately explored. Specifically, observa-
tional studies provided evidence supporting a protective
role of statins against AF [8].

However, previous randomized controlled trials, many
of which were relatively small and perhaps underpowered
to evaluate this end-point adequately, have demonstrated
mixed results [9–28]. A meta-analysis by Fauchier et al. also
provided evidence on antiarrhythmic effect of statins [8],
and a number of randomized trials have been published
since then. Thus, we aimed to conduct a meta-analysis to
evaluate the effect of statin use on the end-point of inci-
dence or recurrence of AF.

Methods

The CONSORT guidelines were followed in the reporting of
the present meta-analysis [29].

Data collection
A PubChem Compound search of all names of HMG-CoA
reductase inhibitors (statins) was carried out. The name of
each drug was searched as a keyword combined with
other relevant keywords, such as ‘HMG-CoA reductase
inhibitors’, ‘statins’, ‘atrial fibrillation’ and ‘random’. We con-
ducted a systematic literature search of Medline (up to 31
December 2010), Embase (up to 2010), the Cochrane Con-
trolled Trials Register (up to 2010) and the ISI (web of
science) database. We looked for randomized controlled
trials that met all of the following specified criteria:

(i) direct comparison between a statin and control treat-
ment or placebo, regardless of the background therapy in
either group; (ii) publication before 31 December 2010,
written in English; and (iii) incidence or recurrence of AF as
a specified event, although not necessarily a primary end-
point. We extracted information on study design, sample
characteristics, sample size, intervention strategies,
outcome measures and other study characteristics from
the included trials. We reviewed the methodological
quality of randomized controlled trials by using a scoring
system developed by Jadad et al. [30]. The number of
events in each trial was extracted on the basis of the
intention-to-treat approach. All the analyses on the end-
point of AF were performed at the trial level, and none of
the data of the individual studies were obtained from
sponsoring institutions.

Statistical analysis
Analyses were conducted based on the intention-to-treat
principle. We calculated the odds ratio (OR) for each study
outcome to allow for pooling of similar outcomes. We cal-
culated ORs and 95% confidence intervals (CIs) for inci-
dence or recurrence of AF of each trial separately and for
combinations of studies according to fixed-effect and
random-effect models. We used a chi-squared test to
assess heterogeneity. In the presence of statistical homo-
geneity, defined as a chi-squared test P value > 0.10, we
analysed the data using fixed-effect models. Pooled ORs
and 95% CIs for fixed-effect models were calculated on the
basis of the Mantel–Haenszel method [31]. Otherwise, we
used random-effect models [32]. The P value threshold for
statistical significance was set at 0.05 for effect sizes.

Sensitivity analysis was performed by omitting studies on
the basis of a quality assessment and checking the consis-
tency of the overall effect estimate. Publication bias was
evaluated using the funnel plot and Egger’s regression
method [33].Statistical calculations were performed by using
RevMan, version 5.0.25.0 (The Cochrane Collaboration,
Oxford, UK) and STATA 10.0 (STATA Corp., College Station, TX,
USA). No funding source had a role in the design of the study
or in the decision to submit the manuscript for publication.

Results

Twenty studies [9–28] with 23 577 patients were included
in the analysis. Seven studies [10, 14, 18, 19, 22, 26, 28]
investigated the use of statins in patients with a history of
AF undergoing electrical cardioversion (EC; AF recurrence,
n = 5) [10, 18, 22, 26, 28] or pharmacological care (n = 2) [14,
19], 11 studies [11–13, 15, 16, 20, 21, 23–25, 27] investigated
the use of statins in primary prevention of AF in patients
with cardiac surgery (postoperative AF, n = 8) [11–13, 16,
20, 21, 23, 24] or implantation of a pacemaker (postopera-
tive AF, n = 1) [25] or pharmacological treatment (new-
onset AF, n = 2) [15, 27], while the MIRACL study [17] and
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the ALLHAT study [9] included both AF patients and
non-AF patients. MIRACL 1 and 2 indicated the effect of
statin in subgroups of patients in the MIRACL study with or
without a previous AF, respectively. The study of García-
Fernández A et al. [34] also met the inclusion criteria, but
the results of this trial are not provided in the article.
Table 1 summarizes the characteristics of the 20 trials.

All included trials were randomized and received Jadad
scores of 1 (n = 2) [9, 28], 2 (n = 4) [12, 18, 19, 25], 3 (n = 5)
[14, 20, 24, 26, 27], 4 (n = 3) [13, 16, 22] or 5 points (n = 6) [10,
11, 15, 17, 21, 23]. The 20 eligible trials included 11 836
patients randomized to statins and 11 741 patients ran-
domized to a placebo or control regimen. The following
statins were studied: atorvastatin (n = 11) [10, 11, 13, 14, 17,
18, 20–23, 25], rosuvastatin (n = 3) [15, 16, 28], pravastatin
(n = 4) [9, 12, 26, 27] and simvastatin (n = 2) [19, 24]. Inter-
vention doses for statins were variable. Comparisons were
made with placebo (n = 10) [10, 11, 13–16, 21–23, 27] or
usual care (n = 3) [9,19,26]; control groups were not exactly
described in seven studies [12, 17, 18, 20, 24, 25, 28].

In most of the trials, AF was diagnosed through ECG
and/or 24 h Holter at several specific time points after ran-
domization. In addition, in four trials [15, 20, 23, 28] partici-
pants were also asked to undergo ECG and/or 24 h Holter
at any time if they had symptoms of AF. In the study of Tsai
et al. [25], AF was diagnosed by pacemaker.The other trials
did not mention this as a specific requirement.

Statin vs. non-statin – meta-analysis
Combination of the results of the 20 trials [9–28] revealed
that statin users had a significantly lower risk of AF com-
pared with nonstatin users (OR 0.49; 95% CI 0.37–0.65).
Heterogeneity was substantial as assessed by the I2 statis-
tics (Q(d.f. = 19) = 61.05, P < 0.00001, I2 = 69%) (Figure 1).

Subgroup analysis
In order to address heterogeneity, two subgroup analyses
were performed. In the subgroup analysis assessing the
effect of different statins in the prevention of AF, atorvas-
tatin (OR 0.38; 95% CI 0.24–0.61) and simvastatin (OR 0.12;
95% CI 0.04–0.40) had a preventive effect on AF occur-
rence, while pravastatin (OR 0.93; 95% CI 0.71–1.20) and
rosuvastatin (OR 0.53; 95% CI 0.26–1.05) did not reduce the
occurrence of AF. Heterogeneity remained substantial in
the atorvastatin subgroup (Q(d.f. = 10) = 34.43, P = 0.0002,
I2 = 71%) and in the rosuvastatin subgroup (Q(d.f. = 2) = 7.61,
P = 0.02, I2 = 74%); studies in the provastatin subgroup
(Q(d.f. = 3) = 2.95, P = 0.40, I2 = 0%) and the simvastatin sub-
group (Q(d.f. = 1) = 0.41, P = 0.52, I2 = 0%) were very homoge-
neous (Figure 2).

In the subgroup analysis assessing the effect of statin
therapy in different populations, statin therapy showed a
greater preventive effect in the AF population (OR 0.34,
95% CI 0.18–0.64; P = 0.0008) than in the non-AF popula-
tion (OR 0.54, 95% CI 0.40–0.74; P = 0.0001) and the mixed
population (OR 1.02, 95% CI 0.75–1.39; P = 0.90; Figure 3).

Heterogeneity remained substantial in the AF population
subgroup (Q(d.f. = 7) = 26.90, P = 0.0003, I2 = 74%) and the
non-AF population subgroup (Q(d.f. = 11) = 20.93, P = 0.03,
I2 = 47%).

Post hoc analysis
Heterogeneity was not addressed well through subgroup
analyses; therefore, post hoc analyses were performed to
elucidate the matter further.

1 We divided the seven trials [10, 14, 18, 19, 22, 26, 28] that
assessed the preventive effect in AF populations into two
subgroups on the basis of whether patients underwent
EC. The MIRACL study [17], which was only published in
abstract form, was removed from the analysis. Patients
without EC (OR 0.08, 95% CI 0.03–0.19; P < 0.00001) had a
significantly lower risk of recurrent AF compared with
patients who underwent EC (OR 0.51, 95% CI 0.29–0.92;
P = 0.03; Figure 4). The I2 statistics showed that both the
EC group (Q(d.f. = 4) = 7.55, P = 0.11, I2 = 47%) and the
without EC group (Q(d.f. = 1) = 0.33, P = 0.57, I2 = 0%) were
very homogeneous.

2 We divided the 11 trials [11–13, 15, 16, 20, 21, 23–25, 27]
that assessed the preventive effect in non-AF popula-
tions into two subgroups on the basis of whether
patients underwent coronary surgery. The MIRACL study
[17], which was only published in abstract form, was
removed from the analysis. The benefits of statin
therapy seemed to be more marked in patients with
coronary surgery (OR 0.40, 95% CI 0.29–0.55;
P < 0.00001) than in patients without coronary surgery
(OR 0.81, 95% CI 0.68–0.96; P = 0.01; Figure 5). The I2 sta-
tistics showed that both the coronary surgery group
(Q(d.f. = 7) = 0.52, P = 1.00, I2 = 0%) and the without coro-
nary surgery group (Q(d.f. = 2) = 4.00, P = 0.14, I2 = 50%)
were very homogeneous.

Sensitivity analysis and publication bias
Finally, results were similar when ORs were calculated after
exclusion of the MIRACL study [17], which was only pub-
lished in abstract form (OR 0.45, 95% CI 0.33–0.61;
P < 0.00001, on the end-point of either incidence or recur-
rence of AF; Supporting Information Figure S1), or when
studies with Jadad score <3 were removed from the analy-
sis (OR 0.53, 95% CI 0.39–0.72; P < 0.0001; Supporting Infor-
mation Figure S2).

Publication bias was evaluated using the funnel plot
and Egger’s regression test when the subgroup and post
hoc analyses were performed. In the subgroup analysis
assessing the effects in different populations (i.e. AF popu-
lation, non-AF population and mixed population), publica-
tion bias was not evident in the AF population subgroup
[t = -2.23, P = 0.076, 95% CI -3.00 to 0.21 (Egger’s Test)]
and, in post hoc analyses, publication bias was not evident
in the subgroup of AF population with EC [t = -0.16,
P = 0.883, 95% CI -4.16 to 3.71(Egger’s Test)] and the
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non-AF population with coronary surgery [t = 0.12,
P = 0.907, 95% CI -0.226 to 0.250 (Egger’s test; Figure 6].

Discussion

The results of our meta-analysis suggested that statin
therapy reduced the occurrence or recurrence of AF. Statin
therapy had significant effects on prevention of AF in the
AF population or the non-AF population, but no significant
effects in the mixed population. Statin therapy showed a
greater preventive effect in the AF population than in the
non-AF population and the mixed population.

Study design
Duration of follow-up in the 20 studies was variable
because different types of AF have varying expected times
for development or onset. In each study, patients were
appropriately monitored on the basis of the type of AF.
Recurrence of paroxysmal AF or AF after EC frequently
occurred within the first month [4]. All of the patients with
recurrent AF [10, 14, 18, 19, 22, 26, 28] included in our analy-
sis had a follow-up period >1 month (44 days to 1 year).
Postoperative AF patients [11–13, 16, 20, 21, 23, 24] were
followed for at least 7 days and up to 37 days. As the risk of

developing postoperative AF is greatest on postoperative
days 2 and 3 and lower after day 10, these periods of
follow-up were sufficient [35]. The MIRACL study [17] was
the only one that did not show a clear reduction in AF with
atorvastatin therapy, particularly in the subgroup of
patients who had new-onset AF without coronary artery
bypass grafting, with a relatively short follow-up of 16
weeks. This duration of follow-up (considering new-onset
AF) might partly explain why a beneficial effect against AF
was not observed in this study. However, the GISSI-HF
study [15], with a relatively long follow-up of 3.7 years,
showed a weak reduction in AF occurrence. It is very pos-
sible that the antiarrhythmic effect of statins in AF did not
depend on the duration of follow-up.

Our analysis ignored varying doses of statins and
varying durations of therapy, as in most meta-analyses. As
populations were different, it was inappropriate to
compare the OR in each trial and to draw precise conclu-
sions on dose effect. However, the benefit against AF did
not seem to be clearly related to the statin dose. For
example, ORs were not lower in the study by Almroth et al.
[10], the MIRACL study [17] and the SToP AF study [22], in
which a high dose of atorvastatin was used (80 mg day-1).
Equivalence doses of the statins were calculated by
Fauchier [36] according to the meta-analysis published by

Study or Subgroup 
Statin Control

Weight
Odds Ratio

M-H, Random, 95% CI
Odds Ratio

M-H, Random, 95% CI Events Total Events Total

Almroth et al.[10]
Caorsi et al.[12]

54 111 64 111 7.6% 0.70 [0.41, 1.18]

Chello et al.[13]
Dernellis et al.[14]

5 21 8 22 3.1% 0.55 [0.14, 2.06]

Haywood et al.[9]

2 20 5 20 2.0% 0.33 [0.06, 1.97]

Macfarlane&Norrie [27]

14

12

40 36 40 3.5% 0.06 [0.02, 0.20]

Maggioni et al.[15]

85

258 1855 294 1835 10.0% 0.85 [0.71, 1.02]
3302 21 3293 6.3% 0.57 [0.28, 1.16]
4327 82 4255 9.3% 1.02 [0.75, 1.39]

Mannacio et al.[16] 18 100 35 100 6.7% 0.41 [0.21, 0.78]
Negi et al.[22]

35
Ozaydin et al.[18] 3 24 11 24 2.8% 0.17 [0.04, 0.72]

Qian et al.[19]
Patti et al.[11]

30 49 47 50 3.2% 0.10 [0.03, 0.37]
101 56 99 7.3% 0.41 [0.23, 0.72]

Schwartz et al.[17]
8

93
62 17 62 4.9% 0.39 [0.15, 0.99]

1539 96 1548 9.4% 0.97 [0.72, 1.31]
Song et al.[20]

2 25 4 25 2.0% 0.46 [0.08, 2.75]Spadaccio et al.[21]

22 33 26 31 3.6% 0.38 [0.12, 1.28]

Sun et al.[23] 10 71 23 69 5.4% 0.33 [0.14, 0.76]
Tamayo et al.[24] 0 22 1 22 0.7% 0.32 [0.01, 8.25]
Tsai et al.[25] 3 51 10 52 3.0% 0.26 [0.07, 1.02]

Tveit et al.[26] 18 51 17 51 5.5% 1.09 [0.48, 2.47]
Xia et al.[28] 5 32 13 32 3.6% 0.27 [0.08, 0.89]

Total (95% CI) 11836 11741 100.0% 0.49 [0.37, 0.65]
Total events 677 866
Heterogeneity: Tau2 = 0.20; Chi2 = 61.05, df = 19 (P < 0.00001); I2= 69%
Test for overall effect: Z = 5.00 (P < 0.00001) 0.01 0.1

Favours experimental Favours control
1 10 100

Figure 1
Effect of statin treatment on atrial fibrillation. Abbreviations: ALLHAT, antihypertensive and lipid-lowering treatment to prevent heart attack trial; ARMYDA-3,
atorvastatin for reduction of myocardial dysrhythmia after cardiac surgery study; MIRACL, myocardial ischemia reduction with aggressive cholesterol
lowering study; SToP AF trial, statin therapy for the prevention of atrial fibrillation trial; WOSCOPS, west of scotland coronary prevention study
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Law [37]. There was no significant correlation between OR
and statin dose used. The effect of statins on atrial fibrilla-
tion was possibly not dose dependent [36]. The beneficial
effect was also found in the studies performed with simv-

astatin, but not found in the studies performed with prav-
astatin and rosuvastatin. The benefits obtained against AF,
at least at some extent, were different for the different
statins.

2.1.1 Atorvastatin
Almroth et al.[10] 54 111 64 111 7.6% 0.70 [0.41, 1.18]

35 101 56 99 7.3% 0.41 [0.23, 0.72]

Chello et al.[13] 2 20 5 20 2.0% 0.33 [0.06, 1.97]
Dernellis et al.[14] 14 40 36 40 3.5% 0.06 [0.02, 0.20]
Negi et al.[22]

93 1539 96 1548 9.4% 0.97 [0.72, 1.31]

Ozaydin et al.[18] 3 24 11 24 2.8% 0.17 [0.04, 0.72]
Patti et al.[11]

8 62 17 62 4.9% 0.39 [0.15, 0.99]
Schwartz et al.[17]

2 25 4 25 2.0% 0.46 [0.08, 2.75]
Song et al.[20]

22 33 26 31 3.6% 0.38 [0.12, 1.28]

Sun et al.[23]
Spadaccio et al.[21]

10 71 23 69 5.4% 0.33 [0.14, 0.76]
Tsai et al.[25] 3 51 10 52 3.0% 0.26 [0.07, 1.02]
Subtotal (95% CI) 2077 2081 51.5% 0.38 [0.24, 0.61]
Total events 246 348

2.1.2 Provastatin
Caorsi et al.[12] 5 21 8 22 3.1% 0.55 [0.14, 2.06]

Tveit et al.[26]

Haywood et al.[9]

18 51 17 51 5.5% 1.09 [0.48, 2.47]

85 4327 82 4255 9.3% 1.02 [0.75, 1.39]
Macfarlane&Norrie [27] 12 3302 21 3293 6.3% 0.57 [0.28, 1.16]

Subtotal (95% CI) 7701 7621 24.2% 0.93 [0.71, 1.20]
Total events 120 128

2.1.3 Rosuvastatin
Maggioni et al.[15] 258 1855 294 1835 10.0% 0.85 [0.71, 1.02]
Mannacio et al.[16] 18 100 35 100 6.7% 0.41 [0.21, 0.78]
Xia et al.[28] 5 32 13 32 3.6% 0.27 [0.08, 0.89]
Subtotal (95% CI) 1987 1967 20.3% 0.53 [0.26, 1.05]
Total events 281 342

2.1.4 Simvastatin
Qian et al.[19] 30 49 47 50 3.2% 0.10 [0.03, 0.37]
Tamayo et al.[24] 0 22 1 22 0.7% 0.32 [0.01, 8.25]
Subtotal (95% CI) 71 72 3.9% 0.12 [0.04, 0.40]
Total events 30 48

Total (95% CI) 11836 11741 100.0% 0.49 [0.37, 0.65]
Total events 677 866
Heterogeneity: Tau2 = 0.20; Chi2 = 61.05, df = 19 (P < 0.00001); I2 = 69%
Test for overall effect: Z = 5.00 (P < 0.00001)
Test for subgroup differences: Chi2 = 19.75, df = 3 (P = 0.0002), I2 = 84.8%

Study or Subgroup 
Statin Control

Weight
Odds Ratio

M-H, Random, 95% CI
Odds Ratio

M-H, Random, 95% CI Events Total Events Total

Heterogeneity: Tau2 = 0.37; Chi2 = 34.43, df = 10 (P = 0.0002); I2= 71%
Test for overall effect: Z = 3.99 (P < 0.0001)

Heterogeneity: Tau2 = 0.00; Chi2 = 2.95, df = 3 (P = 0.40); I2= 0%
Test for overall effect: Z = 0.57 (P = 0.57)

Heterogeneity: Tau2 = 0.00; Chi2 = 0.41, df = 1 (P = 0.52); I2= 0%
Test for overall effect: Z = 3.47 (P = 0.0005)

Heterogeneity: Tau2 = 0.26; Chi2 = 7.61, df = 2 (P = 0.02); I2= 74%
Test for overall effect: Z = 1.81 (P = 0.07)

0.01 0.1
Favours experimental Favours control

1 10 100

Figure 2
Effects of treatment with different statins on atrial fibrillation. Abbreviations: ALLHAT, antihypertensive and lipid-lowering treatment to prevent heart attack
trial; ARMYDA-3, atorvastatin for reduction of myocardial dysrhythmia after cardiac surgery study; MIRACL, myocardial ischemia reduction with aggressive
cholesterol lowering study; SToP AF trial, statin therapy for the prevention of atrial fibrillation trial; WOSCOPS, west of scotland coronary prevention study
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Secondary prevention
Seven trials [10, 14, 18, 19, 22, 26, 28] were designed to
evaluate the effects of statin therapy on AF as secondary
prevention (AF population subgroup). The combined
results of these seven trials revealed that statins had a
significant preventive effect, but there was obvious hetero-
geneity between the results (Figure 3). Therefore, post hoc
analyses were performed in order to address the hetero-

geneity and to identify some factors influencing the effect.
Five studies [10, 18, 22, 26, 28] investigated patients who
underwent EC, and they were homogeneous.We therefore
divided the seven trials that assessed the preventive effect
in AF populations into two subgroups on the basis of
whether patients underwent EC. Statin therapy had a
benefit for both the EC group and the without EC group
(Figure 4).

3.1.1 AF population
Almroth et al.[10] 54 111 64 111 7.2% 0.70 [0.41, 1.18]

Dernellis et al.[14] 14 40 36 40 3.3% 0.06 [0.02, 0.20]

Negi et al.[22]

68 118 73 108 7.1% 0.65 [0.38, 1.12]

Ozaydin et al.[18] 3 24 11 24 2.6% 0.17 [0.04, 0.72]

Qian et al.[19] 30 49 47 50 3.1% 0.10 [0.03, 0.37]

Schwartz et al 1.[17]

22 33 26 31 3.4% 0.38 [0.12, 1.28]

Tveit et al.[26] 18 51 17 51 5.3% 1.09 [0.48, 2.47]
Xia et al.[28] 5 32 13 32 3.5% 0.27 [0.08, 0.89]
Subtotal (95% CI) 458 447 35.5% 0.34 [0.18, 0.64]
Total events 214 287

3.1.2 non-AF population

Patti et al.[11] 35 101 56 99 6.9% 0.41 [0.23, 0.72]

Caorsi et al.[12] 5 21 8 22 3.0% 0.55 [0.14, 2.06]
Chello et al.[13] 2 20 5 20 1.9% 0.33 [0.06, 1.97]

Maggioni et al.[15] 258 1855 294 1835 9.4% 0.85 [0.71, 1.02]
Mannacio et al.[16] 18 100 35 100 6.3% 0.41 [0.21, 0.78]

Schwartz et al 2.[17] 25 1421 23 1440 6.9% 1.10 [0.62, 1.95]
Song et al.[20] 8 62 17 62 4.6% 0.39 [0.15, 0.99]
Spadaccio et al.[21] 2 25 4 25 1.9% 0.46 [0.08, 2.75]
Sun et al.[23] 10 71 23 69 5.2% 0.33 [0.14, 0.76]
Tymayo et al.[24] 0 22 1 22 0.7% 0.32 [0.01, 8.25]
Tsai et al.[25] 3 51 10 52 2.9% 0.26 [0.07, 1.02]

Macfarlane&Norrie [27] 12 3302 21 3293 5.9% 0.57 [0.28, 1.16]

Subtotal (95% CI) 7051 7039 55.7% 0.54 [0.40, 0.74]
Total events 378 497

3.1.3 mix population
Haywood et al.[9] 85 4327 82 4255 8.8% 1.02 [0.75, 1.39]
Subtotal (95% CI) 4327 4255 8.8% 1.02 [0.75, 1.39]
Total events 85 82

Total (95% CI) 11836 11741 100.0% 0.50 [0.38, 0.65]
Total events 677 866

Study or Subgroup 
Statin Control

Weight
Odds Ratio

M-H, Random, 95% CI
Odds Ratio

M-H, Random, 95% CI Events Total Events Total

Heterogeneity: Tau2 = 0.57; Chi2 = 26.90, df = 7 (P = 0.0003); I2= 74%
Test for overall effect: Z = 3.35 (P = 0.0008)

Heterogeneity: Tau2 = 0.11; Chi2 = 20.93, df = 11 (P = 0.03); I2= 47%
Test for overall effect: Z = 3.86 (P = 0.0001)

Heterogeneity: Not applicable
Test for overall effect: Z = 0.12 (P = 0.90)

Heterogeneity: Tau2 = 0.20; Chi2 = 59.34, df = 20 (P < 0.00001); I2 = 66%
Test for overall effect: Z = 5.01 (P < 0.00001)
Test for subgroup differences: Chi2 = 13.39, df = 2 (P = 0.001), I2 = 85.1%

0.01 0.1
Favours experimental Favours control

1 10 100

Figure 3
Primary and secondary prevention of atrial fibrillation with statins. Abbreviation: AF, atrial fibrillation; ALLHAT, antihypertensive and lipid-lowering treatment
to prevent heart attack trial; ARMYDA-3, atorvastatin for reduction of myocardial dysrhythmia after cardiac surgery study; MIRACL, myocardial ischemia
reduction with aggressive cholesterol lowering study; SToP AF trial, statin therapy for the prevention of atrial fibrillation trial; WOSCOPS, west of scotland
coronary prevention study
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During recent years, statins have emerged as one
of the most effective treatments to reduce the burden
of cardiovascular disease worldwide. Owing to their
remarkably good safety profile and declining costs,
there has been some interest in the potential use of
statins as direct antiarrhythmic or anti-inflammatory
drugs.

Previously conducted observational studies [38–40]
have shown a benefit of statin therapy on recurrence rates
of AF after EC, which is consistent with the overall conclu-
sion of our meta-analysis. However, the meta-analysis of
Bhardwaj et al. [41] disagreed with the results of our meta-
analysis. The SToP AF trial [22] and the study of Xia et al.
[28], which showed a significant preventive effect of statin
therapy, were not included in the meta-analysis of Bhard-
waj et al. A letter commenting by García-Fernández A et al.
[34] showed different points on statin therapy, but the
results of their trial were not provided in the comments.

Primary prevention
Eleven trials [11–13, 15, 16, 20, 21, 23–25, 27] were designed
to evaluate the effects of statins on AF as primary preven-
tion (non-AF population subgroup). The combined results
of these 11 trials revealed that statins had significant pre-

ventive effects, but there was obvious heterogeneity
within the results (Figure 3). Statin therapy showed a
greater preventive effect in the AF subgroup than in the
non-AF subgroup (Figure 3).

Therefore, post hoc analyses were performed in order to
address the heterogeneity and to identify some factors
influencing the effect. Eight studies [11–13, 16, 20, 21, 23,
24] investigated patients who underwent cardiac surgery,
and they were homogeneous. We therefore divided the 11
trials into two subgroups on the basis of whether patients
underwent cardiac surgery. Statin therapy was beneficial
for both the cardiac surgery group and the without cardiac
surgery group (Figure 5).

Atrial fibrillation is a common complication after
cardiac surgery and has important implications [42]. Post-
operative AF leads to prolonged hospital stays and
increases hospitalization costs and utilization [42]. The
ability of statins to reduce postoperative AF in patients
undergoing cardiac surgery has been evaluated in two
observational studies [43, 44]. Meta-analysis by Liakopou-
los et al. [45, 46] and Takagi and Umemoto [47] also pro-
vided evidence that preoperative statin therapy was
associated with a reduction in the incidence of AF after
cardiac surgery.

4.1.1 with EC
Almroth et al.[10] 54 111 64 111 28.6% 0.70 [0.41, 1.18]

Ozaydin et al.[18] 3 24 11 24 8.4% 0.17 [0.04, 0.72]
Negi et al.[22] 22 33 26 31 7.8% 0.38 [0.12, 1.28]

Tveit et al.[26] 18 51 17 51 9.6% 1.09 [0.48, 2.47]

Xia et al.[28] 5 32 13 32 9.6% 0.27 [0.08, 0.89]

Subtotal (95% CI) 251 249 63.9% 0.58 [0.40, 0.85]

Total events 102 131

4.1.2 without EC
Dernellis et al.[14] 14 40 36 40 20.4% 0.06 [0.02, 0.20]
Qian et al.[19] 30 49 47 50 15.7% 0.10 [0.03, 0.37]
Subtotal (95% CI) 89 90 36.1% 0.08 [0.03, 0.19]

Total events 44 83

Total (95% CI) 340 339 100.0% 0.40 [0.29, 0.56]

Total events 146 214

Study or Subgroup 
Statin Control

Weight
Odds Ratio

M-H, Fixed, 95% CI
Odds Ratio

M-H, Fixed, 95% CI Events Total Events Total

Heterogeneity: Chi2 = 7.55, df = 4 (P = 0.11); I2= 47%
Test for overall effect: Z = 2.84 (P = 0.005)

Heterogeneity: Chi2 = 0.33, df = 1 (P = 0.57); I2= 0%
Test for overall effect: Z = 5.60 (P < 0.00001)

Heterogeneity: Chi2 = 25.36, df = 6 (P = 0.0003); I2 = 76%
Test for overall effect: Z = 5.45 (P < 0.00001)
Test for subgroup differences: Chi2 = 16.69, df = 1 (P < 0.0001), I2 = 94.0%

0.01 0.1
Favours experimental Favours control

1 10 100

Figure 4
Secondary prevention of atrial fibrillation with statin therapy, either in the with EC group and in the without EC group. Abbreviations: EC, electrical
cardioversion; SToP AF trial, statin therapy for the prevention of atrial fibrillation trial
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Mechanisms of preventive effects of statins
on AF
The mechanisms involved in the reduction of AF associ-
ated with statin therapy are unknown. One possible
pathway involves inflammation, which has been recog-
nized as an accomplice and a potential trigger for AF [48].
The capacity of statins to reduce inflammation and
C-reactive protein levels is relatively well established.
Seven studies [12–14, 16, 18, 22, 23] in our meta-analysis
proved that statin treatment reduced biomarkers of
inflammation, which might also explain a potentially ben-
eficial effect of statins against AF.

Although inflammation has been proposed to have a
pivotal role in postoperative AF, other systems are impli-
cated in the pathophysiology of the development of AF.
More recently, antioxidative actions have been hypoth-
esized to prevent electrical remodelling [42]. This antioxi-
dative effect was demonstrated with the use of ascorbate
as an antioxidant administered before and after cardiac
surgery, which was associated with a reduced incidence of
postoperative AF [49]. Administration of statins signifi-
cantly decreased generation of reactive oxygen species in
vitro and in vivo [50].

Atrial remodelling of the extracellular matrix has been
associated with the development and maintenance of AF.
In the study of Marin et al. [43], statins prevented the devel-
opment of AF by modulating extracellular remodelling.
Statins modified extracellular components by regulating
the expression of matrix metalloproteinases or their
inhibitors.

Additionally, in the postoperative setting following
cardiac surgery, it has been theorized that statins may
downregulate the renin–angiotensin system and modu-
late autonomic nervous system-induced increases in
sympathetic activity, which has been shown to promote
atrial remodelling. Other potential mechanisms of action
include stabilization of the atherosclerotic plaque, preven-
tion of endothelial dysfunction and neurohormonal acti-
vation, and alteration of membrane fluidity and ion
channel conductance [8, 36].

Statins have been shown to reduce the AF risk in the
non-AF population as well as significantly to reduce the
recurrence of AF in the non-AF population. However, statin
therapy showed a greater preventive effect in the AF sub-
group than in the non-AF subgroup and the mixed popu-
lation subgroup (Figure 3). The reasons for this difference

5.1.1 with coronary surgery

Patti et al.[11] 35 101 56 99 9.2% 0.41 [0.23, 0.72]

Caorsi et al.[12] 5 21 8 22 1.5% 0.55 [0.14, 2.06]
Chello et al.[13] 2 20 5 20 1.1% 0.33 [0.06, 1.97]
Mannacio et al.[16] 18 100 35 100 7.2% 0.41 [0.21, 0.78]

Song et al.[20] 8 62 17 62 3.7% 0.39 [0.15, 0.99]
Spadaccio et al.[21] 2 25 4 25 0.9% 0.46 [0.08, 2.75]
Sun et al.[23] 10 71 23 69 5.0% 0.33 [0.14, 0.76]
Tamayo et al.[24] 0 22 1 22 0.4% 0.32 [0.01, 8.25]
Subtotal (95% CI) 422 419 28.9% 0.40 [0.29, 0.55]
Total events 80 149

5.1.2 without coronary surgery

Maggioni et al.[15] 258 1855 294 1835 63.4% 0.85 [0.71, 1.02]
Tsai et al.[25] 3 51 10 52 2.3% 0.26 [0.07, 1.02]

Macfarlane&Norrie [27] 12 3302 21 3203 5.3% 0.55 [0.27, 1.13]

Subtotal (95% CI) 5208 5090 71.1% 0.81 [0.68, 0.96]
Total events 273 325

Total (95% CI) 5630 5509 100.0% 0.69 [0.59, 0.80]
Total events 353 474

Study or Subgroup 
Statin Control

Weight
Odds Ratio

M-H, Fixed, 95% CI
Odds Ratio

M-H, Fixed, 95% CIEvents Total Events Total

Heterogeneity: Chi2 = 0.52, df = 7 (P = 1.00); I2= 0%
Test for overall effect: Z = 5.53 (P < 0.00001)

Heterogeneity: Chi2 = 4.00, df = 2 (P = 0.14); I2= 50%
Test for overall effect: Z = 2.44 (P =0.01)

Heterogeneity: Chi2 = 18.65, df = 10 (P = 0.04); I2 = 46%
Test for overall effect: Z = 4.82 (P < 0.00001)
Test for subgroup differences: Chi2 = 14.04, df = 1 (P = 0.0002), I2 = 92.9%

0.01 0.1
Favours experimental Favours control

1 10 100

Figure 5
Primary prevention of atrial fibrillation with statins in patients with or without coronary surgery. Abbreviations: ARMYDA-3, atorvastatin for reduction of
myocardial dysrhythmia after cardiac surgery study; WOSCOPS, west of scotland coronary prevention study
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in different populations are unknown. Population charac-
teristics were different in the AF subgroup and the non-AF
subgroup. The recurrence rate of AF was 55.36% (501 of
905) in the AF population, while the occurrence rate of AF
was 11.23% (842 of 7495) in the non-AF population. Most
people in the AF group underwent EC, while some people
in the non-AF group underwent coronary surgery. The
mechanisms of atrial fibrillation after EC and coronary
surgery were different. Combined medication of different
population groups were not provided in the articles, and
the effect of Combined medication could not be analysed.
Further studies are needed to explore the reasons why

statin therapy appeared to be more effective in secondary
prevention than in primary prevention of AF.

Study limitations
Jadad scores were low in some studies, but results were
similar after studies with Jadad score <3 were removed. It is
noteworthy that the results of the MIRACL study with AF
have not been published in a full-text article to date.
However, results were similar when the MIRACL study was
not included in our analysis.

We were unable to assess the impact of routine use of
already proven medications (i.e. class Ic and III antiarrhyth-

0

Meta-analysis of 20 RCTs
Q2=61.05, p<0.00001, I2=69%

AF population (7 RCTs)
Q=25.36, p=0.0003, I2=76%
t=–2.23, P=0.076, 95%CI:–3.00 to
0.21 (Egger’s Test)*

not AF population (11 RCTs)
Q=18.56, p=0.05, I2=46%
t=–4.04, P=0.004, 95%CI:–1.39 to
–0.38 (Egger’s Test)

AF population with EC (5 RCTs)
Q=7.55, p=0.11#, I2=47%
t=–0.16, P=0.883, 95%CI:–4.16 to 3.71
(Egger’s Test)*

not AF population with CABG (8 RCTs)
Q2=0.52, p=1.00#, I2=0%
t=0.12, P=0.907, 95%CI:–0.226 to 0.250
(Egger’s Test)*
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Figure 6
Evaluation of heterogeneity and publication bias. * Publication bias is not evident; # heterogeneity is not evident; and † the number of trials was too small
to allow for evaluation of heterogeneity
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mics,angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers [4]) on our conclusions because
drug utilization data were not reported consistently.

We were only able to identify a handful of published
randomized controlled trials and might have missed rel-
evant unpublished information. If trials where information
on AF had not previously been published were included,
the results of our meta-analysis would be more persuasive.

Conclusions and implications for clinicians and
future researchers
Statin therapy was significantly associated with a
decreased risk of incidence or recurrence of AF. There was
substantial heterogeneity among the trials included in this
analysis, which was explained by differences in statin
types, patient populations (AF population, non-AF popula-
tion and mixed population), and whether EC or coronary
surgery was done. The benefit of statin therapy seemed to
be more marked in secondary prevention than in primary
prevention. These results provided some evidence for the
benefit of statins beyond their lipid-lowering activity.
However, large-scale,prospective, randomized clinical trials
are still needed to establish whether statins bring a similar
benefit and are an appropriate therapeutic option in all
subgroups of patients for the management of AF.
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