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Abstract 

Background: It is a controversy whether statins therapy could be beneficial for the oc-
currence of atrial fibrillation (AF) in acute coronary syndrome (ACS). To clarify this problem, 
we performed a meta-analysis with the currently published literatures. 
Methods: The electronic databases were searched to obtain relevant trials which met the 
inclusion criteria through October 2011. Two authors independently read the trials and 
extracted the related information from the included studies. Either fixed-effects models or 
random-effects models were assumed to calculate the overall combined risk estimates ac-
cording to I2 statistic. Sensitivity analysis was conducted by omitting one study in each turn, 
and publication bias was evaluated using Begg’s and Egger’s test. 
Results: Six studies were eligible to inclusion criteria, of the six studies, 161305 patients were 
included in this meta-analysis, 77920 (48.31%) patients had taken the statins therapy, 83385 
(51.69%) patients had taken non-statins therapy. Four studies had investigated the effect of 
statins therapy on occurrence of new-onset AF in ACS patients, another two had described 
the association between statins therapy and occurrence of AF in ACS patients with AF in 
baseline. The occurrence of AF was reduced 35% in statins therapy group compared to that in 
non-statins group (95% confident interval: 0.55-0.77, P<0.0001), and the effect of statins 
therapy seemed more beneficial for new-onset AF (RR=0.59, 95%CI: 0.48-0.73, p=0.096) than 
secondary prevention of AF (RR=0.70, 95%CI: 0.43-1.14, p=0.085). There was no publication 
bias according to the Begg’s and Egger’s test (Begg, p=0.71; Egger, p=0.73). 
Conclusion: Statins therapy could reduce the risk of atrial fibrillation in patients with ACS. 
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Introduction 
Atrial fibrillation (AF) is a common arrhythmia 

associated with acute coronary syndrome (ACS) and 
the estimates were up to 20% in acute myocardial 
infarction (AMI) patients [1-4]. The ACS patients de-
veloped AF may have poor prognosis. Previous 
studies had showed that ACS patients associated with 

AF may have longer in-hospital duration, higher rates 
of stroke, and increase the short and long-term mor-
tality [2, 4-7]. Therefore, the treatment or prevention 
of AF may improve the prognosis in ACS patients. 
Accumulating evidences have been demonstrated that 
statins, hydroxymethylglutary-CoA reductase inhib-
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itors, can reduce the incidence of AF in coronary ar-
tery disease (CAD) patients [8-10], nevertheless other 
studies showed that statins therapy was nearly no 
beneficial to prevent AF in patients with acute coro-
nary disease [11], isolated coronary artery bypass 
grafting [12], undergoing cardiac surgery [13]. In or-
der to elucidate whether statins are beneficial to ACS 
patients complicated with AF, we performed a me-
ta-analysis to clarify this problem through analyzing 
the currently published literatures. 

Methods 
Retrieval strategy 

In order to obtain relevant trials, we searched 
through EMbase, PubMed, Medline, ISI Web of Sci-
ence for all cohort studies or randomized controlled 
trials through October 2011, using the following 
terms: statins, hydroxymethylglutary-CoA reductase 
inhibitors, HMG-CoA reductase inhibitors, lipid low-
ering therapy, coronary disease, coronary heart dis-
ease, coronary artery disease, acute coronary syn-
drome, ACS, atrial fibrillation, AF. The retrieval 
strategies were presented in table 1 with restrictions 
to English language studies only. We also manually 
searched the relevant studies from related review 
articles and meta-analyses. 

Table 1 Retrieval strategies 

Pubmed #1 statins 
  #2 hydroxymethylglutary-CoA reductase inhibi-

tors 
  #3 HMG-CoA reductase inhibitors 
  #4 lipid lowering therapy 
  #5 #1 or #2 or #3 or #4 
  #6 atrial fibrillation 
  #7 AF 
  #8 #6 or #7 
  #9 coronary disease 
  #10 coronary heart disease 
  #11 coronary artery disease 
  #12 acute coronary syndrome 
  #13 ACS 
  #14 #9 or #10 or #11 or #12 or #13 
  #15 #5 and #8 and #14 
ISI Web of 
Science, Med-
line, Embase 

#1 statins or hydroxymethylglutary-CoA reductase 
inhibitors or HMG-CoA reductase inhibitors or 
lipid lowering therapy 

  #2 atrial fibrillation or AF 
  #3 coronary disease or coronary heart disease or 

coronary artery disease or acute coronary syn-
drome or ACS 

  #4 #1 and #2 and #3 
Note: We searched the references according to the sequence of the number. 

  

With these key words, 1634 abstracts were re-
trieved. Full text reviews were obtained when the 
studies had possible relevance to this study. For the 
unavailable data, we did not contact the authors. 

Study selection 
We firstly excluded the reduplicated studies us-

ing Endnote software, then screened the studies ac-
cording to the titles or abstracts. The second screening 
was preformed based on the full-text reviews. We 
looked for the studies that met all the specific criteria: 
(1) the study design was cohort study or randomized 
controlled trial; (2) the study subjects were the pa-
tients with acute coronary syndrome; (3) patients with 
statins therapy compared to those with non-statins 
therapy; (4) clinical outcome was occurrence or 
new-onset atrial fibrillation; (5) the data for extraction 
in the original article were available. Articles were 
excluded if they met one of the following criteria: (1) 
acute coronary syndrome patients with extensive or 
high dose statins therapy compared to those with 
traditional statins therapy; (2) patients who were un-
der coronary artery bypass grafting or coronary artery 
disease; (3) reviews. If one trial had published two or 
more publications with different durations, we would 
choose the publication with the longest duration. Two 
authors (Xue Zhou and Jia Yuan) independently read 
the titles, abstracts, and/or full texts to determine 
whether they were satisfied with the inclu-
sion/exclusion criteria (figure 1). For the disagree-
ment or uncertainty, we got to resolve by discussion 
or consensus of a third reviewer. 

Data extraction 
The key exposure variable was the presence 

(statins therapy group) or absence of statin use 
(non-statins therapy group) at baseline. 

The quality of the non-randomized studies was 
assessed by using the Newcastle-Ottawa Scale (NOS) 
with slight modification [14]. The quality of the stud-
ies was evaluated by examining three items: patient 
selection, comparability and assessment of outcome 
(Table 2). 

The data extraction was performed inde-
pendently more than twice by two authors (Xue Zhou 
and Jianlin Du) in order to get the exact information. 
The following information were extracted from each 
retrieved article: first author, year, study population, 
women, design, type of statin, endpoint type of AF, 
duration, total patients (patients in statin 
group/non-statin group), the total incidence of 
AF(patients in statin group/ non-statin group), Dia-
betes Mellitus, heart failure, renal insufficiency, hy-
perlipidemia, hypertension, ACEI or ARB, be-
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ta-blocker (Table 3). For the disagreement or uncer-
tainty, it was resolved by consensus.  

Statistical analysis 
Relative ratio (RR) was used to measure the ef-

fect size. Heterogeneity test was performed using I2 

statistic, which is a quantitative measure of incon-
sistency across studies [15]. Pooled RR were calcu-
lated for statins therapy group versus non-statins 
therapy group, using either fixed-effects models or 
random-effects models according to I2 statistic, if I2 is 
less than 50%, we would choose fixed-effects models; 
otherwise the random-effects models would be used. 
The 95% confident interval(CI) was also calculated. 
Sensitivity analysis was conducted by omitting one 
study in each turn in order to investigate the influence 
of a single study on the overall risk estimate and test 
the stability of the results. Publication bias was eval-
uated using Begg’s and Egger’s test. All statistical 
analyses were performed using STATA version 11.0 
(StataCorp LP, College Station, Texas). A p value<0.05 
was considered statistically significant, except where 
otherwise specified. 

Table 2 Check List for Quality Assessment and Scoring of 
Nonrandomized Studies 

Check list 
Selection 
1. The exposed cohort was truly or somewhat representative of the 
average described in the community? (If yes, one star) 
2. The non-exposed cohort was drawn from the same community as 
the exposed cohort? (If yes, one star) 
3. The exposure was ascertained through secure record or struc-
tured interview? (If yes, one star) 
4. The outcome of interest was not present at start of study? (If yes, 
one star) 
Comparability 
1. Group comparable for statins therapy. (If yes, one star) 
2. Group comparable for age, gender, medical history (such as 
diabetes mellitus, hypertension, hyperlipidemia, prior treatments). 
(If yes, one star) 
Outcome assessment 
1. Assessment of outcome. (If outcome was independent blind 
assessment, one star) 
2. Adequacy of follow-up. (One star if follow-up>95%) 

 

 

Table 3 The characteristics of the included studies in the meta-analysis 

 Ramani[16] Vedre [17] Dachin [18] Dziewierz[19] Ozaydin[20] Bang* [21] 
Year 2007 2009 2010 2010 2010 2011 
Study population ACS/NSTEMI NSTEMI/STEMI

/UA 
NSTEMI/STEMI NSTEMI/STEMI/U

A 
NSTEMI/STEMI/UA MI 

Women 52(3.41%) 21340(33.00%) 1056(31.1%) 461(46.1%) 245(24.5%) N/A 
Design retrospective prospective 

multinational 
prospective  
multicentre 

prospective  
Multicentre 

prospective prospective 

Type of statins# simvastatin any type rosuvastatin  
atorvastatin 

any type 154atorvastatin,27fluv
astatin,10 
pravastatin,9rosuvasta
tin,41 simvastatin 

any type 

Endpoint-type of AF new-onset AF recurrence AF new-onset AF new-onset AF recurrence AF new-onset AF 
Duration(year) 4.1 8 5 1 3 10 
Total patients 1526 64679 3396 1001 1000 89703 
Statin group 601 17636 2551 847 241 56044 
Non-statin group 925 47043 845 154 759 33659 
The incidence of AF 10.80% 7.78% 4.68% 2.40% 8.80% 11.94% 
Statin group 6.80% 6.90% 3.90% 1.89% 5% 10.00% 
Non-statin group 13.30% 8.20% 7.00% 5.20% 10% 15.00% 
Diabetes Mellitus 39.84% 24.90% 35.48% 23.38% 23.60% N/A 
Heart Failure 17.63% 10.13% 5.04% 23.88% 5.90% N/A 
Hyperlipidemia 50.26% 48.02% N/A 57.54% N/A N/A 
Renal insufficiency N/A 7.55% 5.48% 6.00% 0.50% N/A 
Hypertension 69.40% 61.66% 45.67% 78.92% 55% N/A 
ACEI or ARB 42.60% 64.71% N/A 75.52% 29.10% N/A 
beta-blocker 55.90% 82.20% N/A 80.72% 26.40% N/A 
Note: 1.*just abstract available. 2. ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; N/A: non-available; NSTEMI: non-ST 
elevation myocardial infarction; STEMI: ST elevation myocardial infarction; UA: unstable angina pectoris. 3.# The dose of statins was not available. 
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Figure 1 Flow chart showing the process of screening references. 

 
 
 

Results 
A meta-analysis with data derived from six co-

hort studies, which applying with statins in patients 
with ACS or suspected ACS for preventing atrial fi-
brillation, was conducted. The endpoint was occur-
rence or new-onset AF. Among the six references, five 
references were full-text reviews and another one was 
abstract. Four studies had investigated the effect of 
statins therapy on occurrence of new-onset AF in ACS 
patients, another two had described the association 
between statins therapy and occurrence of AF in ACS 

patients without AF free in baseline. Of the six eligible 
trials, 161305 patients were included in this me-
ta-analysis, 77920 (48.31%) patients had taken the 
statins therapy, 83385 (51.69%) patients had taken 
non-statins therapy. All six trials reported AF out-
comes. Incidence or recurrence of AF occurred in 
16176 patients: 7070 of 77920 in patients treated with 
statins versus 9106 of 83385 in control subjects. The 
characteristics of these included studies were pre-
sented in table 3 and the quality assessment was per-
formed according to NEWCASTLE - OTTAWA 
QUALITY ASSESSMENT SCALE (Table 4).  
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Table 4 Assessment of quality of included studies 

Study Selection Comparability Outcome Score 
Ramani[16] ★★★ ★★ ★★ ★★★★★★★ 
Vedre[17] ★★★ ★★ ★★ ★★★★★★★ 
Dachin[18] ★★★

★ 
★★ ★★  ★★★★★★★

★ 
Dziewierz[19] ★★★

★ 
★★ ★  ★★★★★★★

★ 
Ozaydin[20] ★★★ ★★ ★★ ★★★★★★★ 
Note: For the study by Bang C.N. was only abstract available, we did not get 
further to assess the quality. 

 
 
The occurrence of AF was reduced 35% in statins 

therapy group compared to that in non-statins group 
(95% confident interval: 0.55-0.77, P<0.0001) with high 
heterogeneity (I2=87.9%, p<0.01), therefore we as-
sumed random-effects models (Fig 2). After we omit-

ted the study with abstract available, the remaining 
studies showed the similar results (OR 0.58, 95%CI: 
0.42-0.80; p=0.001), with substantial evidence of het-
erogeneity (I2=79.6%) (Fig 3). The effect of statins 
therapy seemed more beneficial for new-onset AF 
(RR=0.59, 95%CI: 0.48-0.73, p=0.096) than secondary 
prevention of AF (RR=0.70, 95%CI: 0.43-1.14, p=0.085) 
(Fig 4). In order to explore potential sources of heter-
ogeneity and test the stability of the results, we per-
formed sensitivity analysis by excluding any single 
study, and the result did not materially alter the 
overall combined RR, with a range from 0.58 (95%CI: 
0.42 to 0.80; p=0.001) to 0.68 (95%CI: 0.57 to 0.81; 
p<0.001). Publication bias was evaluated using Begg’s 
and Egger’s test, and there was no publication bias 
among the include studies (Begg, p=0.71; Egger, 
p=0.73). 

 
 

 
Fig 2 Statins and the risk of atrial fibrillation (AF). Forest funnel showed the association of statins therapy and the risk of AF in patients presented with acute 
coronary syndrome with random-effects model. RR=relative ratio; CI=confidence interval. 
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Fig. 3 Statins and the risk of atrial fibrillation. Studies with only abstract available were excluded from this analysis, and forest funnel showed the association 
of statins therapy and the risk of AF in patients presented with acute coronary syndrome. Abbreviations as in figure 2. 

 
Fig. 4 Subgroup analysis was conducted according to the type of AF, and forest funnel showed the association of statins therapy and the occurrence of AF 
in patients presented with acute coronary syndrome. 0= new-onset AF group, and 1 = recurrence AF group. Abbreviations as figures 2 and 3. 
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Discussion 
This meta-analysis derived from six cohort 

studies suggested that statins therapy was associated 
with a 35% reduction in the risk of new-onset or re-
currence AF in patients with ACS compared to those 
with non-statins therapy, after we excluded the study 
with only abstract available, the beneficial effect was 
nearly the same. The reduction effect seemed more 
advantageous in the prevention of new-onset AF than 
in the prevention of recurrence AF. 

For the subject with no restriction of CHD, a 
previous meta-analysis by Rahimi K showed that 
statins therapy had no evidence of a reduction in the 
risk of atrial fibrillation [22]. For the CHD patients, the 
impact of statins therapy on prevention AF was con-
flicting. The MIRACL trial demonstrated that statins 
use was nearly no beneficial to prevent AF in patients 
with acute coronary disease (OR 0.97, 95%CI: 
0.72-1.31) [11], statins therapy was not associated with 
a decrease in the risk of AF in patients after coronary 
artery bypass grafting [23], in patients with CHD [24]. 
While some studies had showed statins therapy could 
reduce the risk of AF in patients with CHD [8-10]. 
And the present meta-analysis, which demonstrated 
statins therapy would decrease the risk of new-onset 
or recurrence AF in patients with ACS, might be more 
credible for its large subjects, and may provide some 
advice to the clinical practice. Therefore, the effect of 
statins therapy on preventing AF is not beneficial to 
patients with no restriction, and is conflicting in CHD 
patients, but is beneficial to ACS patients in the pre-
sent meta-analysis. 

The underlying mechanism behind the protec-
tive effects of statin on the risk of developing AF in 
CHD patients is unclear. Both AF and CHD are an 
inflammatory condition in which myeloperoxidase 
(MPO) is known to play a significant role [25, 26]. 
What is more, in the condition of AF or CHD, patients 
have increased C-reactive protein (CRP) levels in their 
blood [27, 28], the concentration of CRP in the blood 
seems to be associated with the total amount of time 
that patient experiences AF [29] and directly correlate 
with adverse effects in CHD patients. Statins can in-
hibit interleukin-6 (IL-6) and tumor necrosis factor α 
(TNF-α) production and nuclear factor kappa B (NF- 
κB) activation, and are anti-inflammatory in nature 
[30], and they may decrease the production of MPO 
and MPO-accompanied fibrosis and initiation and 
progression of AF and atherosclerosis. A systematic 
literature written by Oliver Adam [31] and a research 
reported by Reilly SN [32] showed statins can play a 
role in antiarrhythmic effects through improving en-
dothelial nitric oxide (NO) availability and reducing 

inflammation, oxidative stress, and neurohormonal 
activation. 

Source of heterogeneity 
The heterogeneity was observed in the present 

meta-analysis, sensitivity analysis by omitting every 
single study was performed to explore the potential 
source of heterogeneity, but the result did not materi-
ally alter the overall combined RR, which means our 
results are stable. The meta-regression on sample size 
was performed for the sample size in present me-
ta-analysis ranges from 1000 to 89703, whereas the 
result showed the sample-size was not the source of 
heterogeneity (p=0.138). The baseline characteristics 
of subjects may result in heterogeneity in present 
meta-analysis: (1)underlying disease associated with 
heart is an important factor to affect the incidence of 
AF, for heart related basic disease may lead to the 
changes of heart structure, which may influence the 
electrophysiology of heart; (2)the gender is another an 
important factor, for aged-female is much easier to 
have CAD and the prognosis may be more poor than 
aged-male, whereas the amount of women in in-
cluded studies changes quite a lot, and this may lead 
to heterogeneity; (3) the basic treatments could also 
affect the heterogeneity. 

Limitations 
It is noteworthy that the results of the study by 

Bang et al. [21] have not been published in a full text 
review to date. However results were similar when 
the study [21] was not included in the present analy-
sis. The substantial heterogeneity was observed in our 
meta-analysis, although sensitivity analysis and me-
ta-regression were conducted to detect the source of 
heterogeneity, we could not identify the exact source 
of heterogeneity. Only GRACE study reported by 
Vedre et al. [17] had study the effect of statins therapy 
on death, cardiac arrest, ventricular fibrillation in pa-
tients with ACS, the majority of studies included in 
present meta-analysis were focus on the occurrence of 
AF, so it is unclear whether the early statins therapy in 
ACS patients could really improve the prognosis or 
not, and need more studies to clarify. We do not study 
the effect of different type and/or does of statins on 
prevention AF in ACS patients, for the type and/or 
does of statins in some studies were unclear, we could 
not make further efforts to identify the association 
between type and/or does of statins and AF. 

Conclusion 
The statins therapy was associated with a 35% 

reduction in the risk of new-onset or recurrence AF in 
patients with ACS compared to those with non-statins 
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therapy, and the beneficial effect may more marked in 
prevention new-onset AF than in prevention recur-
rence AF.  
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