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Background: It is unclear whether statin agents provide clinical benefit in preventing the relapse of atrial fibrillation (AF) af-
ter electrical cardioversion (EC). The purpose of this study was to assess the effect of statin agents on the re-
currence of AF after EC by conducting a meta-analysis of randomized controlled trials (RCTs).

Material/Methods: We conducted a systematic literature search of Medline, EMBASE, ISI Web of Science, and Cochrane databas-
es. RCTs comparing clinical endpoint of the recurrence of AF associated with statin administration vs. no statin
treatment (placebo or conventional medical therapy) in patients with AF after EC were eligible. Combined re-
sults are presented as risk ratios (RRs) with 95% confidence intervals (Cls).

Results: A total of 5 trials with 524 patients were available for analysis. The pooling analysis showed that statin agents
significantly reduced the recurrence of AF after EC compared with no statin treatment (RR=0.76, 95% CI 0.63-0.92;
p=0.004; 12=44%). The beneficial effect was shown both in AF subjects receiving atorvastatin or rosuvastatin
treatment (atorvastatin 80 mg: RR=0.82, p=0.05; atorvastatin 10 mg: RR=0.27, p=0.03; rosuvastatin: RR=0.38,
p=0.04) and in younger patients (<65 years; RR=0.58, p=0.0005). Furthermore, the benefit of statin agents on
preventing AF recurrence after EC was demonstrated within 3-month follow-up (p=0.03), and the clinical ben-
efit seemed likely to remain until no less than 12 months after EC (p=0.05).

Conclusions: Based on the currently available data, administration of statin agents, especially atorvastatin or rosuvastatin,
is beneficial in lowering the frequency of AF recurrence after EC.
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Background

Atrial fibrillation (AF) is the most common cardiac arrhythmia
and is associated with increased morbidity and mortality [1].
It is important to identify appropriate management to prevent
AF recurrence and improve these patients’ clinical prognosis.
Electrical cardioversion (EC) is commonly used to restore si-
nus rhythm in patients with AF [2]. The restoration and main-
tenance of sinus rhythm might prevent electrical and struc-
tural remodeling of the atria as well as improve hemodynamic
function and quality life [3]. However, among these AF set-
tings successfully receiving EC, about 25% will experience an
AF relapse within 1 week after EC [4]. Currently available an-
tiarrhythmic agents have limited efficacy in preventing AF re-
currence, and the benefit appears to be offset by their proar-
rhythmic adverse effects. Thus, there is a growing interest to
the “upstream” therapy of AF, such as hydroxymethylgluta-
ryl-CoA reductase inhibitor (statins) [5]. Statins exert diverse
cholesterol-independent effects throughout the cardiovascular
system, encompassing enhancement of nitric oxide synthesis,
improvement of endothelial function, inhibition of inflamma-
tory cytokines, and restoration of impaired autonomic func-
tion, which are believed to contribute to the pathogenesis of
AF [6-8]. Several relevant meta-analyses have evaluated the
relationship between statin therapy and AF recurrence in pa-
tients with AF, but they provide conflicting results. Furthermore,
they did not specifically investigate the effect of statins on re-
ducing AF recurrence after EC [9-11]. Therefore, we performed
a meta-analysis of the available data from RCTs to detect the
efficacy of statins in preventing the recurrence of AF in pa-
tients with AF successfully undergoing EC.

Material and Methods

Search Strategy

To identify the eligible studies, we systematically searched
Medline, EMBASE, ISI Web of Science, and Cochrane databas-
es through Oct 2013 using the search terms statin, HMG-CoA
reductase inhibitors, atrial fibrillation, cardioversion, random-
ized, and human. Searches were restricted to English-language
literature. In addition, reference lists of all eligible articles and
previous systematic reviews were hand-searched for other rel-
evant papers.

Study selection

Studies were considered for eligibility if: (1) they recruited pa-
tients with a diagnosis of persistent AF, and successfully receiv-
ing EC; (2) the enrolled participants were randomly assigned to
receive either statins (statin treatment group) or placebo/no-
statin therapy (the control group); and (3) they reported the
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efficacy endpoint of the recurrence of AF with or without safe-
ty outcomes (e.g., all-cause death or adverse effects). Studies
were excluded if they were observational studies or post-hoc
analyses of RCTs, or if the information on study design (e.g.,
randomization methods, allocation concealment, description
of withdrawals, or intent-to-treat analysis) was unavailable.
Two investigators reviewed all studies and citations in dupli-
cate to identify the potentially eligible studies. Disagreements
were resolved by consensus.

Data extraction and quality assessment

Two investigators independently assessed study eligibility and
quality and extracted the data on study characteristics, patient
demographics, the risk factors of AF, therapy strategy, and fol-
low-up duration. Predefined clinical endpoints were also ex-
tracted from each of the eligible studies. All eligible studies
were assessed for the following quality criteria: randomiza-
tion methods, blinding, and description of withdrawals and
dropouts. The quality of included trials was evaluated with a
5-point Jadad scale [12].

Statistical analysis

The Mantel-Haenszel methods for fixed-effects models were
used to investigate the combinations of the individual studies.
Combined results are presented as risk ratios (RRs) with their
95% confidence intervals (Cls). To examine the robustness of
the effect, sensitivity analyses were performed by omitting
each trial 1 at a time from analysis and thereafter comput-
ing overall estimates for the remaining studies. Heterogeneity
across studies was quantified using the I-squared statistic with
a scale of 0-100% (>50% indicated a statistical between-study
inconsistency, and >75% represented very large heterogene-
ity). Data stratified according to mean age, statin class, left
atrial diameters (LAD), and follow-up duration were analyzed
by subgroup analyses to verify these clinical factors impact-
ing predefined clinical outcomes. We qualitatively assessed
publication bias using the funnel plot method. Pooling analy-
ses were performed with RevMan 5.1 software (The Cochrane
Collaboration, Copenhagen, Denmark). A P value of <0.05 was
considered statistically significant. This work was organized
as the guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [13]

Results

The flow of the selection process for potentially eligible trials
and reasons for exclusion are shown in Figure 1. After elab-
orative screening, 5 studies were eligible for inclusion in the
analysis [14-18] and no additional relevant study was identi-
fied from the references and citations of the eligible articles.
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Figure 1. Flowchart of selection of studies for inclusion.
RCTs — randomized controlled trials.

Study design and baseline characteristics for each of the qual-
ifying trials are shown in Table 1. A total of 524 patients with
persistent AF, with the mean follow-up duration ranging from
2 months to 12 months, were included for analysis. All of the
AF patients successfully received EC, and the assigned thera-
py was initiated immediately or 3—6 weeks after randomiza-
tion and continued throughout the whole follow-up period.
Among them, 264 patients were randomly allocated to the
statin (atorvastatin, pravastatin, or rosuvastatin) treatment
group and 260 to the control group. Left atrial enlargement
in the 5 studies had a mean LAD of 41.6-46.1 mm. The lev-
el of evidence for each article was graded with a score of 2-5
according to the Jadad quality score (Table 1).

Pooling analyses showed that, compared with the control,
statin treatment significantly reduced the recurrence of AF in
persistent AF after electrical cardioversion (RR=0.76, 95% Cl:
0.63-0.92, p=0.004; 1?=44%, Figure 2). When the analysis was
restricted to patients over age 65, there was no significant in-
ter-group difference in this clinical endpoint (RR=0.88, p=0.27,
Table 2). However, statin therapy was likely to provide a ben-
efit in decreasing the frequency of AF recurrence in patients
less than 65 years old (RR=0.58, p=0.0005) and in those with
mean LAD of no less than 45 mm (RR=0.64, p=0.006, Table 2).
Moreover, administration of atorvastatin regardless of dose as
well as rosuvastatin 20 mg daily markedly reduced the inci-
dence of recurrent AF compared with no-statin treatment (ator-
vastatin 80 mg: RR=0.82, p=0.05; atorvastatin 10 mg: RR=0.27,
p=0.03; rosuvastatin 20 mg: RR=0.38, p=0.04, Table 2). In ad-
dition, the beneficial effect was similar during 2-3-month fol-
low-up (RR=0.63, p=0.03) and during 6-12-month follow-up
(RR=0.82, p=0.05, Table 2). All of the enrolled studies report-
ed the good safety and tolerability of statin treatment, but
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there were no concrete data available. Thus, pooling analyses
of safety endpoint were not performed in this meta-analysis.

Sensitivity analysis by omitting each trial 1 at a time from
analysis did not show any relevant influence on the overall
results, which further confirmed the findings in direction and
magnitude in the present study. Funnel plots were performed
and essential symmetry regarding the frequency of recurrent
AF was found, suggesting that there was no publication bias
in the meta-analysis (Supplementary Material).

Discussion

The present study pooled the available data from RCTs focus-
ing on the relapse of AF associated with statin treatment in
patients with persistent AF after EC. The results revealed that
statin treatment significantly reduced the recurrence of AF
compared with no-statin treatment. Subgroup analyses further
showed that the beneficial effect of statin was noted both in AF
subjects receiving atorvastatin or rosuvastatin treatment and
in the younger patients (<65 years). Furthermore, the benefit
of statin agents on preventing AF recurrence after EC was dem-
onstrated within 3-month follow-up, and the clinical benefit
seemed likely to remain until no less than 12 months after EC.

The positive effect of statins on reducing cardiovascular mor-
bidity and mortality, which was demonstrated by large clinical
trials [19,20], might not be entirely explained by the lipid-low-
ering effect itself. Alternatively, anti-inflammatory, antipro-
liferative, and anti-oxidative effects might also play a role
[21-23]. Recent studies have demonstrated the possible in-
volvement of inflammation and oxidative stress in the patho-
genesis of AF [24], and statins had a potentially positive effect
on AF [15,25]. Indeed, treatment with statins significantly re-
duced the incidence of new-onset AF in primary and second-
ary prevention [26]. In the condition of AF, patients had in-
creased C-reactive protein (CRP) levels in their blood [27-29]
and the blood concentration of CRP seemed likely to be asso-
ciated with the total amount of time that the patient experi-
enced AF [30]. Statin agents were able to exert anti-inflamma-
tory effect by significantly inhibiting interleukin-6 (IL-6) and
tumor necrosis f actor o (TNF-o) production, as well as nucle-
ar factor kappa B (NF-kB) activation [31]. Several studies have
indicated that statins might play a role in antiarrhythmic ef-
fects through improving endothelial nitric oxide (NO) avail-
ability and reducing inflammation, oxidative stress, and neu-
rohormonal activation [32,33].

As in a previous clinical data [34], the present study dem-
onstrated the superior efficacy of statin agents on the re-
currence frequency of AF after cardioversion. Moreover, the
benefit was more significant, especially in patients receiving
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Table 1. Baseline characteristics of randomized controlled trials included in the meta-analysis.

Hypert Mean Mean
No. Mean Men, e::ion Diabetes, Mean left atrial Statin Control  follow-up JEGET
enrolled age % % ¢ % LVEF,% diameter, type group duration, score
° mm months
Almroth H, Atorvastatin
2009 234 65 75 47 8.5 NA 44 80 mg Placebo 6 5
Ozaydin M, Atorvastatin No statin
2006 48 63 60 40 22.9 62 45 10 mg treatment 3 3
Stop AF, 64 585 829 50 8 48 461 Norvastatin o ebo 12 4
2011 80 mg
Tveit A, Pravastatin No statin
2004 114 68 77 43 6.5 NA 44 9 s treatment 2 3
Xia W, Rosuvastatin No statin
2009 64 61.5 66 0 0 59 41.6 20 mg treatment 3 2
LVEF — left ventricular ejection fraction; NA — not available.
Statin treatment Control Risk ratio Risk ratio

Study or subgroup Events  Total Events  Total Weight M-H, fixed, 95% M-H, fixed, 95% I

Almroth H 2009 54 118 64 116 48.8% 0.83[0.64, 1.07] :

Negi $2011 22 33 26 31 20.3% 0.79[0.60, 1.06]

0Ozaydin M 2006 3 24 1 24 8.3% 0.2710.09, 0.86] ——

Tveit A 2004 18 57 17 57 12.8% 1.06[0.61,1.84] -

XiaW 2009 5 32 13 32 9.8% 0.38[0.16,0.95] B —

Total (95% CI) 264 260 100.0% 0.76[0.63, 0.92] .

Total events 102 131

Heterogeneity: Chi’=7.15, df=4 (P=0.13); ’=44% [} + t {

Test for overall effect: 7=2.86 (P=0.004) 0.01 0.1 1 10 100

Favours statin Favours control

Figure 2. Forest plot of risk ratios of recurrence frequency of AF in patients treated with statin compared with no statin.

Cl — confidence intervals; MH — Mantel-Haenszel method.

atorvastatin or rosuvastatin and in those aged less than 65
years old. However, no relevant studies directly addressing
class- or age-related efficacy of statins in preventing AF re-
currence after successful EC have been reported to date. The
potential mechanism underlying the age-related efficacy of
statin remains uncertain. Older patients may not achieve the
same improvement in endothelial function and immunomod-
ulation from statin treatment compared with their young-
er counterparts [6,35]. It could be difficult for older patients
to improve clinical outcomes following statin treatment. We
therefore needed to further carry out the classification of AF
populations to identify the specific patients who could ben-
efit to the greatest extent from statin therapy. In addition,
the beneficial effect on statin agents on reducing AF relapse
found in the present study was consistent with that ob-
served in a recent meta-analysis [36]. However, of note, there
are several differences in methodology between these that

meta-analysis and the present study. The previous meta-anal-
ysis did not conduct subgroup analyses, sensitivity analyses,
and publication bias analyses, which was necessary to con-
firm the reliability of the conclusions. Also drug-class, age-
related, and observation period-related effect of statins were
not observed in that study.

Methodologically, no publication bias and relatively low sta-
tistical heterogeneities among the included trials might en-
sure the robustness of conclusions from the current study.
Moreover, there were relatively strict criteria for inclusion in
the present meta-analysis, by which we excluded a random-
ized trial [37] due to the absence of concrete information on
study design. However, due to the limited number of studies
and the sample size, the findings of subgroup analyses were
not sufficiently robust. Thus, the subgroup results should be
interpreted with caution. Large-scale studies are required to
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Table 2. Subgroup analyses based on the data on recurrence of AF.

Factors

META-ANALYSIS

Recurrence of AF

Age 265 2

6 to 12-month follow-up 2

0.82 [0.67, 1.00] 0.05

AF — atrial fibrillation; Cl — confidence interval; LAD — left atrial diameter; RR — risk ratio.

SE (log[RR])
0.0

02
04
06 e

0.8

10 / | RR
0.01 0.1 1 10 100

Supplemental material. Publication bias analysis by funnel plot.

further verify the findings and conclusions of subgroup anal-
yses in the present study. Moreover, the clinical outcomes of
all-cause mortality and cardiovascular death were not report-
ed in the present study’s included RCTs. Therefore, the present
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meta-analysis did not demonstrate the effect of statin agents
on the clinical prognosis of AF after EC.

Conclusions

This study evaluated the current evidence from RCTs compar-
ing clinical efficacy of statin vs. no-statin treatment in lowering
AF relapse after EC. Compared with no-statin therapy, statin
therapy significantly decreased the frequency of AF recurrence
after successful EC in patients with persistent AF. Moreover,
the use of atorvastatin or rosuvastatin was associated with
the lower risk of AF relapse compared with other statin class-
es, especially in the younger patients.
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