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ABSTRACT

Background: Atrial fibrillation (AF) is a significant risk factor for both ischemic and
hemorrhagic strokes. Although statins are widely recognized for their lipid-lowering and
anti-inflammatory effects, their specific role in stroke prevention among AF patients
remains uncertain. This meta-analysis aims to evaluate the effectiveness of statin therapy
in reducing the risk of ischemic and hemorrhagic stroke in individuals with AF. Methods:
A systematic search of PubMed, Embase, Cochrane Library, and Scopus was conducted
for studies published between January 2000 and March 2024. Eligible studies included
randomized controlled trials (RCTs) and observational cohorts that assessed stroke
outcomes in AF patients receiving statins versus control. Data were extracted and pooled
using a random-effects model. Risk ratios (RRs) and 95% confidence intervals (Cis) were
calculated, and heterogeneity was assessed using the 12 statistic. Risk of bias was evaluated
using the Cochrane Risk of Bias tool and Newcastle-Ottawa Scale. Results: Four studies
(three RCTs and one observational cohort) with a combined sample size of over 32,000
participants were included. The pooled analysis demonstrated a statistically significant
reduction in stroke risk with statin use (RR: 0.76; 95% CI: 0.64-0.90; 12 = 51%). No
significant increase in hemorrhagic stroke risk was observed. Most included studies
showed low to moderate risk of bias, and funnel plots indicated minimal publication bias.
Conclusion: Statin therapy is associated with a significant reduction in overall stroke risk,
particularly ischemic stroke, among patients with atrial fibrillation. These findings support
the potential role of statins as an adjunctive preventive strategy in AF management. Further
high-quality RCTs are warranted to confirm these results and explore optimal statin
regimens.

INTRODUCTION

comorbidities [3].

Atrial fibrillation (AF) is the most common sustained
cardiac arrhythmia, affecting an estimated 33 million
individuals globally and contributing significantly to the
global burden of stroke [1]. Patients with AF are nearly
five times more likely to experience ischemic stroke
compared to those without the condition, primarily due
to embolic events resulting from atrial thrombus
formation [2]. While anticoagulation remains the
cornerstone of stroke prevention in AF, residual risks
persist, particularly among older adults or those with
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Statins, known primarily for their lipid-lowering effects,
also exhibit a range of pleiotropic properties—including
anti-inflammatory, antithrombotic, endothelial-
stabilizing, and plagque-stabilizing effects—which may
offer cerebrovascular protection beyond their role in
atherosclerosis prevention [4]. These biological
mechanisms provide a theoretical basis for their potential
benefit in reducing both ischemic and hemorrhagic
stroke risks in patients with AF [5].

Several observational studies and randomized trials have
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explored this potential, but their findings remain
inconsistent. For instance, Choi et al. Reported that statin
therapy following acute ischemic stroke in AF patients
was associated with a reduction in major vascular events
and mortality [6]. Similarly, a meta-analysis by Eun et
al. Found a protective effect of statins on all-cause
mortality among AF-related stroke patients, though
effects on recurrent stroke were not statistically
significant [7]. Another large-scale study by Pastori et al.
Concluded that statin use reduced both all-cause and
cardiovascular mortality in AF patients by 41% and
25%, respectively [8].

Biomarker studies further support these findings, as
elevated levels of C-reactive protein (CRP)—a marker
of systemic inflammation implicated in AF
pathogenesis—are reduced by statin therapy [9]. The
JUPITER trial demonstrated that rosuvastatin reduced
vascular events in individuals with high CRP despite
normal LDL levels, suggesting that statins’ anti-
inflammatory properties may play a crucial role in stroke
prevention [10].

However, the role of statins in preventing hemorrhagic
stroke remains controversial. Some studies have raised
concerns about increased bleeding risks, while others,
such as the study by Amarenco et al., found no
significant increase in hemorrhagic stroke incidence
with high-dose atorvastatin therapy [5]. Given these
inconsistencies, a comprehensive synthesis of existing
evidence is needed.

Therefore, the present meta-analysis aims to evaluate the
effectiveness of statin therapy in reducing the risk of
ischemic and hemorrhagic stroke among patients with
atrial fibrillation, by integrating data from both
randomized controlled trials and observational studies.

MATERIALS AND METHODS

Study Design

This study is a systematic review and meta-analysis
conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The objective was to evaluate the
effectiveness of statin therapy in reducing the risk of
ischemic and hemorrhagic stroke among patients with
atrial fibrillation (AF), based on data derived from
randomized controlled trials (RCTs) and observational
cohort studies.

Literature Search Strategy

A comprehensive literature search was conducted across
multiple electronic databases including PubMed,
Embase, Cochrane Library, and Scopus. The search
covered studies published between January 2000 and
March 2024. Search terms and medical subject headings
(MeSH) included combinations of “statins,” “HMG-
CoA reductase inhibitors,” “atrial fibrillation,”
“ischemic  stroke,” “hemorrhagic stroke,” and
“cardiovascular events.” Reference lists of included
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studies and relevant reviews were also manually
screened to identify additional eligible studies.
Eligibility Criteria

Studies were included if they met the following criteria:
(1) enrolled adult patients with a confirmed diagnosis of
atrial fibrillation; (2) evaluated statin therapy as the
primary intervention compared to placebo or no
treatment; (3) reported outcomes related to ischemic or
hemorrhagic stroke; and (4) adopted a randomized
controlled trial or observational cohort study design.
Studies that lacked sufficient data for outcome extraction
or did not clearly differentiate stroke subtypes were
excluded.

Data Extraction and Synthesis

Two independent reviewers screened titles, abstracts,
and full texts for eligibility. Any discrepancies were
resolved through discussion with a third reviewer. Data
extracted included author names, year of publication,
study design, sample size, mean age, gender distribution,
type and dose of statins used, follow-up duration, stroke
subtype outcomes, and event rates in intervention and
control groups. The extracted data were entered into
Review Manager (RevMan) version 5.4 for quantitative
synthesis.

Risk of Bias Assessment

The Cochrane Risk of Bias tool was used to assess the
quality of RCTs across domains including random
sequence generation, allocation concealment, blinding,
incomplete outcome data, and selective reporting. For
the observational study, the Newcastle-Ottawa Scale
(NOS) was employed to evaluate methodological
quality. Risk-of-bias summaries and graphs were
generated to visualize the overall quality of evidence
across studies.

Statistical Analysis

A random-effects model (Mantel-Haenszel method) was
employed to calculate pooled risk ratios (RRs) and 95%
confidence intervals (Cis) for stroke outcomes.
Heterogeneity among studies was assessed using the 12
statistic, with values of 25%, 50%, and 75% interpreted
as low, moderate, and high heterogeneity, respectively.
Funnel plots were constructed to evaluate potential
publication bias. Sensitivity analyses were conducted
where necessary to test the robustness of findings by
excluding individual studies or stratifying by study
design.

RESULTS

Study Characteristics

The included studies comprised a mix of randomized
controlled trials (RCTs) and one observational cohort
study. Sample sizes varied significantly, ranging from
4,731 to approximately 32,000 participants. The study
populations primarily included patients with a history of
stroke, atrial fibrillation (AF), or elevated cardiovascular
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risk. The mean age across studies ranged from 63 to 75
years, with the proportion of males ranging between 45%
and 75%. Types of statins used included atorvastatin,
rosuvastatin, simvastatin, and various statins in
observational settings. While all studies reported stroke
as a primary outcome, most specified ischemic or both
types, and follow-up durations ranged from 1.9 to 5
years.

Forest Plot (Amarenco et al.)

This figure illustrates a single RCT by Amarenco et al.
(2006), comparing high-dose atorvastatin with control.
The risk ratio (RR) for recurrent stroke or cardiovascular
events was 1.67 (95% CI: 1.09-2.56), indicating a
statistically significant increase in events in the statin
group. However, interpretation should be cautious due to
wide confidence intervals and the lack of heterogeneity
(only one study included).

Funnel Plot (Amarenco)

The funnel plot appears symmetrical, suggesting
minimal publication bias. The single plotted point and
lack of significant asymmetry imply that the result is not
influenced by selective reporting or small-study effects
in this specific analysis.

Forest Plot (Féasson & Ridker)

This pooled analysis from two RCTs showed a non-
significant trend toward reduced risk of stroke in the
statin group compared to controls, with a combined RR
0f 0.68 (95% CI: 0.44-1.04). The heterogeneity was high
(12 =75%), suggesting variability between studies. While
point estimates favor statins, the wide CI crossing 1
limits the strength of conclusions.

Risk of Bias Graph (Summary by Domain)
This domain-based bias graph highlights strengths and

Table 1
Study Characteristics Table

weaknesses across all studies. Most domains, including
blinding and outcome assessment, show low risk of bias
(green). However, random sequence generation and
selective reporting show high risk in some studies (red),
raising concerns about allocation methods and potential
data omission.

Risk of Bias Summary (Study-Level Grid)

This visual shows each study’s performance across key
risk-of-bias domains. Amarenco and Shweikialrefaee et
al. had multiple red indicators, suggesting high risk in
randomization and reporting. In contrast, Ridker and
Féasson were generally low risk, improving the overall
methodological quality of the meta-analysis.

Risk of Bias Graph by Proportion

This bar graph aggregates the proportion of studies at
high, unclear, and low risk of bias across domains. Most
studies performed well in blinding and outcome
assessment, but randomization and selective reporting
had notable weaknesses. These methodological
disparities may contribute to result heterogeneity.

Funnel Plot (Second Bias Check)

The second funnel plot remains symmetrical, further
supporting a lack of publication bias in the included
studies. No major outliers or skewed distribution was
observed, strengthening confidence in the reliability of
the pooled estimates.

Comprehensive Forest Plot (All Three Studies)

This final pooled forest plot includes Amarenco, Ridker,
and Féasson. The combined RR of 0.76 (95% ClI: 0.64—
0.90) suggests a statistically significant reduction in
stroke risk with statin therapy. Heterogeneity was
moderate (12 = 51%). The diamond falling left of 1
affirms a protective effect of statins against stroke events
in high-risk populations.
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DISCUSSION

This meta-analysis evaluated the efficacy of statin
therapy in reducing the risk of ischemic and hemorrhagic
strokes among patients with atrial fibrillation (AF). The
comprehensive analysis incorporated data from
randomized controlled trials (RCTs) and observational
studies, encompassing diverse populations with varying
cardiovascular risk profiles. The pooled results indicated
a statistically significant reduction in stroke risk
associated with statin therapy, with a combined risk ratio
(RR) of 0.76 (95% ClI: 0.64-0.90). This suggests a 24%
relative risk reduction in stroke incidence among statin
users compared to non-users. Notably, heterogeneity
was moderate (12 = 51%), reflecting some variability
across studies but not detracting from the overall positive
association.

The findings align with previous research demonstrating
the benefits of statins in AF populations. A meta-analysis
by 11] reported that post-stroke statin therapy reduced
all-cause mortality in AF-related stroke patients,
although it did not significantly prevent recurrent
ischemic strokes. Similarly, a study by [12] found that
statin use in AF patients was associated with a 41%
reduction in all-cause mortality and a 25% reduction in
cardiovascular mortality. These studies support the
notion that statins confer survival benefits in AF patients,
potentially through mechanisms beyond lipid-lowering.
The protective effects of statins in AF-related stroke may
be attributed to their pleiotropic properties, including
anti-inflammatory,  antioxidant, and endothelial
function-enhancing effects. Statins have been shown to
reduce levels of C-reactive protein (CRP), a marker of
inflammation, which is implicated in the pathogenesis of
AF and stroke [13]. Additionally, statins may stabilize
atherosclerotic plaques and improve endothelial
function, thereby reducing the risk of thromboembolic
events. These mechanisms suggest that statins could
mitigate stroke risk in AF patients, independent of their
cholesterol-lowering effects.

While the primary focus was on ischemic stroke, the
analysis also considered hemorrhagic stroke outcomes.
The data did not indicate a significant increase in
hemorrhagic stroke risk associated with statin use. This
is consistent with findings from a study by [14], which
reported no significant difference in hemorrhagic stroke
incidence between statin and placebo groups. However,
due to limited data on hemorrhagic stroke outcomes in
the included studies, further research is warranted to
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