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Background-—There is insufficient evidence on the effect of statins, particularly high-intensity statins, in patients with acute
ischemic stroke and atrial fibrillation. We investigated the impact of statins on the outcomes in these patients, including those who
might be vulnerable to statin therapy and those without clinical atherosclerotic cardiovascular diseases.

Methods and Results-—A total of 2153 patients with acute ischemic stroke and atrial fibrillation were enrolled in the present
nationwide, multicenter, cohort study. The primary composite end point was the occurrence of net adverse clinical and cerebral
events (NACCE; death from any cause, stroke, acute coronary syndrome, or major bleeding) over a 3-year period based on statin
intensity. NACCE rates were lower in patients receiving low- to moderate-intensity (adjusted hazard ratio 0.64; 95% CI: 0.52-0.78)
and high-intensity statins (hazard ratio 0.51; 95% CI 0.40-0.66) than in those not receiving statin therapy. High-intensity statins
were associated with a lower risk for NACCE than low- to moderate-intensity statins (hazard ratio 0.76; 95% CI 0.59-0.96).
Subgroup analyses showed that the differences in hazard ratio for 3-year NACCE favored statin use across all subgroups, including
older patients, those with low cholesterol levels, patients receiving anticoagulants, and patients without clinical atherosclerotic
cardiovascular diseases. Magnified benefits of high-intensity statins compared with low- to moderate-intensity statins were
observed in patients who underwent revascularization therapy and those under 75 years of age.

Conclusions-—Statins, particularly high-intensity statins, could reduce the risk for NACCE in patients with acute ischemic stroke
and atrial fibrillation; this needs to be further explored in randomized controlled trials. ( J Am Heart Assoc. 2019;8:e013941. DOI:
10.1161/JAHA.119.013941.)
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W ith the aging population and the development of
diagnostic methods, the incidence of atrial fibrillation

(AF) in patients with acute ischemic stroke (AIS) is increas-
ing.1,2 AF is a major risk factor for the recurrence of stroke,
and cardioembolic stroke can be disabling and fatal.3,4

Therefore, attempts have been made to improve the progno-
sis of patients with AIS and AF.5,6 Statins, particularly high-
intensity statins, are one of the most potent treatments for
improving the prognosis of stroke.7,8 Research indicates that
high-intensity statin use is associated with improved
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outcomes and survival in patients with a noncardioembolic
AIS of presumed atherosclerotic origin.9,10 Therefore, current
guidelines recommend high-intensity statins for patients aged
under 75 years who have atherosclerotic cerebrovascular
disease.6,11

Statin therapy in patients with AIS and AF has been
associated with improved survival rates and reduced risk for
future cerebrovascular and cardiovascular events in previous
studies.12-14 However, there is no evidence on the benefits of
statins based on the different intensities in risk reduction of
net adverse clinical events in stroke patients with AF.
Furthermore, there is insufficient evidence for the benefits
of statin therapy, particularly high-intensity statins, in patients
who may be vulnerable to statin therapy and those without
clinical atherosclerotic cardiovascular diseases (ASCVD).
There are also no recommendations for the current guidelines
concerning the use and intensity of statin therapy for patients
with AIS and AF.6,15

Therefore, we systematically investigated the impact of
statin therapy, emphasizing high-intensity statin therapy, on
the occurrence of net adverse clinical events in a nationwide
population with AIS and AF. We also examined the effect of
statin therapy on clinical outcomes in subgroups of patients
who may be vulnerable to statin therapy and those without
clinical ASCVD.

Materials and Methods

Data Availability Statement
Any data not published within the article are available in a
public repository and include digital object identifiers, acces-
sion numbers to the data sets, and anonymized data. These
data will be shared on reasonable request from any qualified
investigator.

Subjects
The present study used data from a prospective, multicenter,
national registry, K-ATTENTION (the Korean Atrial Fibrillation
Evaluation Registry in Ischemic Stroke Patients). K-ATTENTION
is a database of consecutive patients with AIS and AF admitted
to 11 medical centers in South Korea between January 2013
and December 2015. Among the 3213 patients registered in
the database, we identified the patients with AIS and AF over
the age of 20 years who experienced neurologic symptoms or
signs and had a diagnosis of AIS confirmed using brain imaging
(computed tomography or magnetic resonance imaging). The
exclusion criteria included incomplete data for statin intensity,
patients who died during hospitalization, incomplete data for
the constituents of the clinical outcomes over a 3-year period,
and follow-up less than 3 months.

The study subjects were divided into 3 groups based on
whether a statin medication was prescribed on discharge,
according to the American Heart Association/American
College of Cardiology guidelines: no statin, low- to moder-
ate-intensity statin, and high-intensity statin therapy.15 We
assessed high-intensity statins (atorvastatin [40 or 80 mg]
and rosuvastatin [20 or 40 mg]), which typically lower low-
density lipoprotein cholesterol (LDL-C) levels by more than
50%. All other statins were considered low to moderate
intensity. Additionally, study participants were divided into 2
subgroups based on the presence of clinical ASCVD. Based on
current guidelines clinical ASCVD included acute coronary
syndromes, history of MI, stable or unstable angina, coronary
or other arterial revascularization, stroke, transient ischemic
attack (TIA), or peripheral arterial disease presumed to be of
atherosclerotic origin.15 We analyzed the effect of statin
therapy in patients who survived hospitalization and received
statin treatment during both hospitalization and at discharge.

Clinical Perspective

What Is New?

• Statin therapy, particularly high-intensity statin therapy, was
associated with reduced risk of net adverse clinical and
cerebral events and increased the probability of favorable
outcomes compared with no statin therapy in patients with
acute ischemic stroke and atrial fibrillation.

• The benefits of statin therapy were consistent across
various subgroups, including patients who may be vulner-
able to statin therapy and those without atherosclerotic
cardiovascular diseases.

• High-intensity statins were more effective than low- to
moderate-intensity statins in reducing the risk for net
adverse clinical and cerebral events in these patients,
particularly in patients aged ≤75 years and those who
underwent revascularization therapy.

What Are the Clinical Implications?

• Statin therapy may lead to a better prognosis than no statin
therapy in patients with acute ischemic stroke and atrial
fibrillation, including the subgroup of patients who may be
vulnerable to statin therapy and those without atheroscle-
rotic cardiovascular diseases, with high-intensity statin use
leading to more favorable outcomes.

• This study may add to the body of evidence as to which
starting statin, particularly high-intensity statin, will improve
net adverse clinical and cerebral events in stroke patients
with atrial fibrillation.

• Prospective randomized controlled trials are necessary to
assess the effectiveness and safety of various statin dose
regimens in patients with acute ischemic stroke and atrial
fibrillation.
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The present study was approved by the institutional review
boards of all participating centers. The boards waived the
necessity to obtain patient consent because of the retro-
spective nature of the study. All clinical and laboratory
investigations described were conducted in accordance with
the Declaration of Helsinki.

Protocol and Outcome Measures
The primary outcome measure was the occurrence of net
adverse clinical and cerebral events (NACCE; a composite of
death from any cause, stroke, acute coronary syndrome, or
major bleeding) according to statin intensity over a 3-year
period.16 The key secondary outcomes included the con-
stituents of NACCE over the 3-year period and favorable
outcomes after 3 months. We evaluated functional clinical
outcomes using the modified Rankin Scale (mRS), which
consists of 7 levels ranging from 0 (no symptoms) to 6
(death). Favorable outcomes were defined as functional
independence with an mRS score of 0 to 2. Acute coronary
syndrome was defined as unstable angina requiring urgent
revascularization or myocardial infarction.

Information regarding clinical outcomes after discharge
was prospectively obtained from all patients during routine
clinic visits or via telemedicine with patients or caregivers
over a 3-year period. Thromboembolic risk and bleeding risk
were assessed using the CHA2DS2-VASc (Congestive heart
failure, Hypertension, Age over 75 years [doubled], Diabetes
mellitus, Prior Stroke or TIA or Thromboembolism [doubled],
Vascular disease, Age 65-74 years, Sex category) and HAS-
BLED (Hypertension, Abnormal renal and liver function,
Stroke, Bleeding, Labile INR, Age under 65 years, Drugs or
alcohol) scores, respectively. Medication adherence was
assessed through interviews 3 months after index AIS using
the 6-item modified Morisky Medication Adherence Scale at
the largest center.17 High adherence was defined as motiva-
tion and knowledge domain scores greater than 2. Subgroups
of patients who may be vulnerable to statin therapy included
older patients; those with high baseline National Institute of
Health Stroke Scale (NIHSS) score, high HAS-BLED score, or
low baseline LDL; and patients receiving revascularization or
anticoagulant therapies.

Statistical Analyses
The differences between the groups based on statin use (no
statin versus low- to moderate-intensity versus high-intensity)
were analyzed using either an analysis of variance or the
Kruskal-Wallis test for continuous variables. The chi-squared
or Fisher exact tests were used to analyze categorical
variables and the distribution of mRS scores. Unadjusted

associations of statin intensity, the risk for NACCE, and the
constituents of NACCE were obtained using Kaplan-Meier
curves over the entire study period to account for censoring.
Cox proportional hazards regression models were then
constructed to calculate the adjusted hazard ratios (HR) and
95% CIs for NACCE and its constituents with respect to statin
intensity categories. Adjustments were performed for the
following variables based on their clinical significance and the
results of previous studies: age, sex, hypertension, dyslipi-
demia, diabetes mellitus, current smoking, congestive heart
failure, prior history of stroke or TIA, prior mRS scores, trial of
Org 10 172 in acute stroke treatment classification, and
initial NIHSS scores. Multiple logistic regression analysis was
used to calculate the adjusted odds ratio for favorable
outcomes at 3 months after AIS. A 2-tailed test was used with
a significance level of P<0.05.

A subgroup analysis for heterogeneity of the statin effect
was performed, with subgroups defined according to age (≤75
or >75 years), sex, baseline NIHSS score (<12 or ≥12),
baseline LDL level (≤70 mg/dL or >70 mg/dL), revascular-
ization therapy (“yes” or “no”), oral anticoagulant treatment
(“yes” or “no”), baseline CHA₂DS₂-VASc score (<5 or ≥5),
baseline HAS-BLED score (<3 or ≥3), trial of Org 10 172 in
acute stroke treatment classification (cardioembolism or
undetermined ≥2 etiology: cardioembolism and more), and
clinical ASCVD (“yes” or “no”). Interactions were tested by
entering the selected multiplicative interaction terms between
the subgroups and statin treatment effect into the propor-
tional hazard models. Statistical analyses were performed
using SPSS (version 23.0; IBM, Armonk, NY), SAS (version 9.4;
SAS Institute, Cary, NC), and R software (version 3.3.1; R
Foundation for Statistical Computing, Vienna, Austria).

Results

Patient Characteristics
Our sample comprised 2153 patients with AIS and AF
(Figure S1). Among these, 1100 (51.3%) were previously
diagnosed with AF before index AIS, and 1053 (48.7%) were
first diagnosed with AF during hospitalization. The median
follow-up duration was 17.3 (interquartile range: 4.3-31.3)
months. The clinical and biochemical characteristics of the
patients who received no statin ( n=574, 26.7%), low- to
moderate-intensity statin (n=1013, 47.0%), and high-intensity
statin therapy (n=566, 26.3%) are shown in Table.

Compared with those in the no-statin group, the patients in
the statin groups were more likely to have nonvalvular AF,
history of dyslipidemia, higher total cholesterol and LDL-C
levels, lower initial NIHSS score, higher baseline HAS-BLED
score, clinical ASCVD, and 2 or more stroke etiologies and
were more likely to be taking anticoagulant drugs after
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Table. Baseline Clinical and Biochemical Characteristics According to Statin Intensity

Nonstatin (n=574)
Low- to Moderate-Intensity
Statins (n=1013) High-Intensity Statins (n=566) Total (n=2153) P Value*

Age, y (mean�SD) 72.7�11.0 73.6�9.1 73.2�9.8 73.2�9.8 0.428

Male, n (%) 322 (56.1) 513 (50.6) 285 (50.4) 1120 (52.0) 0.073

Nonvalvular AF, n (%) 557 (97.0) 1001 (98.8) 559 (98.8) 2117 (98.3) 0.019

History of risk factors, n (%)

Hypertension 395 (68.8) 700 (69.1) 409 (72.3) 1504 (69.9) 0.346

Diabetes mellitus 156 (27.2) 269 (26.6) 165 (29.2) 590 (27.4) 0.535

Dyslipidemia 98 (17.1) 269 (26.6) 135 (23.9) 502 (23.3) <0.001

Coronary artery disease 61 (10.6) 127 (12.5) 79 (14.0) 267 (12.4) 0.230

Congestive heart failure 26 (4.5) 26 (2.6) 29 (5.1) 81 (3.8) 0.020

Current smoking 84 (14.6) 117 (11.5) 102 (18.0) 303 (14.1) 0.002

Peripheral artery disease 4 (0.7) 15 (1.5) 4 (0.7) 23 (1.1) 0.214

Prior stroke or TIA 203 (35.4) 298 (29.4) 197 (34.8) 698 (32.4) 0.019

Biochemical variables (mean�SD)

Total-C, mg/dL 159.7�35.0 160.5�36.9 169.2�41.1 162.6�37.7 <0.001

LDL-C, mg/dL 94.6�30.9 97.1�32.2 104.8�37.6 98.6�33.7 <0.001

Triglyceride, mg/dL 98.0�76.2 91.9�48.9 96.2�51.0 94.7�57.7 0.658

HDL-C, mg/dL 47.8�16.1 47.1�15.5 49.7�24.3 48.0�18.5 0.087

Glycated hemoglobin, % 6.1�1.1 6.0�1.1 6.2�1.2 6.1�1.1 0.256

Admission glucose, mg/dL 141.1�57.2 138.9�95.5 141.5�56.9 140.2�77.4 0.926

Prestroke mRS 0 to 2, n (%) 485 (84.5) 814 (80.4) 493 (87.1) 1792 (83.2) 0.002

Initial NIHSS, median (IQR) 8 (2;16) 7 (2;14) 7 (2;14) 7 (2;14) 0.037

Intravenous alteplase, n (%) 142 (24.7) 230 (22.7) 140 (24.7) 512 (23.8) 0.481

Mechanical thrombectomy, n (%) 54 (9.4) 111 (11.0) 70 (12.4) 235 (10.9) 0.276

CHA₂DS₂-VASc score, median (IQR) 5 (4; 6) 5 (4; 6) 5 (4; 6) 5 (4; 6) 0.054

CHA₂DS₂-VASc score ≥5, n (%) 343 (59.8) 632 (62.4) 367 (64.8) 1342 (62.3) 0.208

HAS-BLED score, median (IQR) 2 (1; 3) 2 (2; 3) 2 (2; 3) 2 (2; 3) 0.017

HAS-BLED score ≥3, n (%) 214 (37.3) 435 (42.9) 248 (43.8) 897 (41.7) 0.043

Cerebral atherosclerosis, n (%) 250 (51.5) 536 (57.1) 263 (52.7) 1049 (54.6) 0.087

TOAST classification

CE 499 (86.9) 846 (83.5) 448 (79.2) 1793 (83.3) 0.002

UD (2 or more) 75 (13.1) 167 (16.5) 118 (20.8) 360 (16.7)

Clinical ASCVD†, n (%) 129 (22.5) 276 (27.2) 180 (31.8) 585 (27.2) 0.002

Anticoagulation, n (%)

Warfarin 311 (54.2) 679 (67.0) 355 (62.7) 1345 (62.5) <0.001

NOAC 95 (16.6) 114 (11.3) 107 (18.9) 316 (14.7)

AF indicates atrial fibrillation; ASCVD, atherosclerotic cardiovascular disease; CE, cardioembolism; CHADS2, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, stroke
(double weight) score; HAS-BLED, Hypertension, Abnormal renal and liver function, Stroke, Bleeding, Labile INR, Age under 65 years, Drugs or alcohol; HDL-C, high-density lipoprotein
cholesterol; IQR, interquartile ranges; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale;
NOAC, non–vitamin K antagonist oral anticoagulant; TIA, transient ischemic attack; TOAST, trial of Org 10 172 in acute stroke treatment classification; Total-C, total cholesterol; UD, stroke
of undetermined etiology; VASc, vascular.
*Continuous variables were compared between the groups using 1-way analysis of variance (ANOVA) or Mann-Whitney U tests. The chi-squared test was used for noncontinuous variables.
†Clinical ASCVD includes acute coronary syndromes, history of MI, stable or unstable angina, coronary or other arterial revascularization, stroke, TIA, or peripheral arterial disease
presumed to be of atherosclerotic origin
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discharge. Compared with other groups, the patients in the
low- to moderate-intensity statin group were less likely to
have a history of congestive heart failure, current smoking,
and prior stroke or TIA. No significant differences were
observed between the groups in the age, the number of
undergone acute revascularization therapies (intravenous
alteplase and mechanical thrombectomy), or history of
hypertension and diabetes mellitus. Information on medica-
tion adherence after 3 months was available for the largest
center, and high adherence to the same intensity statin
therapy was observed in 96.3% (602/625) of the patients.

Clinical Outcomes
Overall, 514 patients were identified to have had a NACCE
during follow-up. Figure 1 presents the Kaplan-Meier analysis
showing that statin medication use (high- and low- to
moderate-intensity statins) resulted in a better overall
NACCE-free survival than not using statin medication. The
crude incidence rates of the primary outcome in patients
with AIS and AF were 11.92 NACCE per 100 person-years
for high-intensity statin users, 15.52 NACCE per 100 person-
years for low- to moderate-intensity statin users, and 24.56
NACCE per 100 person-years for the patients in the no-statin
group. The unadjusted risks using the Cox proportional
hazards modeling showed that patients with AIS and AF in
the low- to moderate-intensity statin group had a 35% lower
risk of NACCE (HR 0.65; 95% CI 0.53-0.78), whereas those
in the high-intensity statin group had a 51% lower risk of
NACCE (HR 0.49; 95% CI 0.38-0.63) than the patients in the
no-statin group (Table S1). The use of high-intensity statins
was associated with a 25% lower risk of NACCE risk in AIS
patients with AF compared with the use of low- to moderate-
intensity statins (HR 0.75; 95% CI 0.59-0.96; Figure 1 and
Table S1).

Regarding the key secondary outcomes, the rate of
mortality was lower in the low- to moderate-intensity statin
and high-intensity statin groups than in the no-statin group
(Figure 2A and Table S1). The rates of the individual end points
of recurrent stroke (Figure 2B) and acute coronary syndrome
(Figure 2C) were not significantly different among the 3 groups
(Table S1). The rate of major bleeding was significantly lower in
the low- to moderate-intensity statin users than among the no-
statin users (Figure 2D and Table S1). The risk for major
bleeding was also lower in the high-intensity statin group than
in the no-statin group, but it did not reach statistical
significance (Figure 2D and Table S1).

To better identify the effect of statin therapy on risk for a
NACCE and its constituents in patients with AIS and AF, we
adjusted for confounds. In the multivariable Cox regression
analyses, compared with patients who did not receive statin,
those who received low- to moderate-intensity statins had a

significantly lower risk for NACCE (HR 0.64; 95% CI 0.52-0.78;
P<0.001), mortality (HR 0.61; 95% CI 0.48-0.77; P<0.001), and
major bleeding (HR 0.27; 95% CI 0.11-0.69; P=0.006;
Figure 3A). Similarly, those who received high-intensity statins
had a lower risk for NACCE (HR 0.51; 95% CI 0.40-0.66;
P<0.001) and mortality (HR 0.47; 95% CI 0.35-0.63; P<0.001;
Figure 3B). The risks for recurrent stroke and major bleeding
were lower in the high-intensity statin group than in the no-
statin group but were not statistically significant (HR 0.64; 95%
CI 0.39-1.06; P=0.087 and HR 0.45; 95% CI 0.18-1.12;
P=0.088, respectively; Figure 3B). Among the patients receiv-
ing statins, those in the high-intensity statin group had lower
risks for NACCE (HR 0.76; 95% CI 0.59-0.96; P=0.025) and
mortality (HR 0.70; 95% CI 0.53-0.94; P=0.018) than those in
the low- to moderate-intensity statin group (Figure 3C). There
were no differences in the risks for recurrent stroke, acute
coronary syndrome, or major bleeding between the 2 statin
therapy groups (Figure 3C).

Next, we analyzed the other key secondary outcome,
favorable outcomes at 3 months after AIS. The chi-squared
test revealed that as the statin intensity increased, the
number of patients with favorable outcomes increased
significantly (44.3% versus 50.4% versus 57.4% in the no-
statin, low- to moderate-intensity statin, and high-intensity
statin groups, respectively; Figure 4A). After adjustment for
confounds, the use of high-intensity statins was still associ-
ated with favorable outcomes compared with the use of low-
to moderate-intensity statins in the multiple logistic regres-
sion analysis (odds ratio 1.37; 95% CI 1.05-1.78; P=0.020)
and no-statin use (odds ratio 1.81; 95% CI 1.35-2.44;
P<0.001; Figure 4B).

In the subgroup analyses the beneficial effect of the statin
therapy on the risk for NACCEwas uniform across all subgroups
examined, including the patients who may be vulnerable to
statin therapy and those without clinical ASCVD (Figure 5A).
Among the patients receiving statins, the treatment effect
heterogeneity for NACCE that showed amagnified benefit of the
high-intensity statins compared with the low- to
moderate-intensity statins was observed in patients treated
with revascularization therapy (HR 0.52; 95% CI 0.32-0.84;
Pinteraction=0.042; Figure 5B) and in relatively younger patients,
aged ≤75 years (HR 0.57; 95% CI 0.39-0.86; Pinteraction=0.044;
Figure 5B). High-intensity statin use was associated with a
significantly lower risk of NACCE compared with low- to
moderate-intensity statins in patients without clinical ASCVD
(HR 0.72; 95% CI 0.54-0.95; P=0.024; Figure 5B).

Discussion
The present study highlights the beneficial effect of statin
therapy, particularly with high-intensity statins, in reducing
the risk for NACCE in patients with AIS and AF. This was a
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nationwide study from a prospective multicenter registry that
investigated whether different statin intensities had a signif-
icant effect on the incidence of NACCE and functional
outcomes in patients with AIS and AF. Notably, the risk for
NACCE during the 3-year period in patients who were
receiving high-intensity statin therapy decreased by 50%
compared with those not receiving statin therapy, and by 25%
compared with those receiving low-to-moderate-intensity
statin therapy. This is despite patients in the high-intensity
statin group having a higher prevalence of risk factors, such
as congestive heart failure, current smoking, and prior stroke
or TIA, than those in the low- to moderate-intensity statin
group. The beneficial effect of statin treatment in reducing the
risk for NACCE was driven by the reduction in mortality.

Previous studies have demonstrated that statin therapy
has been associated with reduced mortality or reduced
number of future cardiovascular events in AF patients with or
without stroke.12-14,18 However, net adverse clinical events
and functional outcomes according to the different intensities
of statins in AF patients with AIS were not previously
systematically investigated. Furthermore, it was unclear
whether statin therapy, particularly high-intensity statin

therapy, was beneficial in reducing the risk of NACCE in
these patients with vulnerability to statin therapy or without
clinical ASCVD. The present study involved a large cohort of
patients with AIS and AF, who were prescribed statins in real-
world practice. Our population-based study showed that high-
intensity statin therapy was associated with a reduced risk for
NACCE, reduced mortality rates, and increased probability of
favorable functional outcomes compared with no-statin ther-
apy and low- to moderate-intensity statin therapy in patients
with AIS and AF.

Current guidelines recommend high-intensity statins for
patients who have clinical ASCVD presumed to be of
atherosclerotic origin.6,15 Since patients with AF were
excluded from a previous trial that was the foundation for
these recommendations, it is still unclear whether statin
therapy is effective in AF patients with AIS, especially those
without clinical ASCVD.10 We investigated the effects of
statins in AF patients without clinical ASCVD presumed to be
of atherosclerotic origin and considered the various etiologies,
such as atherosclerotic disease, that can accompany AF.
Notably, statin therapy was associated with a significantly
reduced risk of NACCE, and high-intensity statins were found

Figure 1. Kaplan-Meier curves for the primary composite outcome according to statin intensity. Adjusted
variables: age, sex, hypertension, dyslipidemia, diabetes mellitus, current smoking, congestive heart failure,
prior history of stroke or transient ischemic attack, prior mRS scores, TOAST classification, and initial
NIHSS scores. H intensity statin indicates high-intensity statin; L-M intensity statin, low- to moderate-
intensity statin; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; TOAST, trial
of Org 10 172 in acute stroke treatment.
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to be more effective than the low-to-moderate-intensity
statins in reducing this risk in AF patients without clinical
ASCVD. Moreover, we demonstrated that statin therapy was
effective in reducing the risk for NACCE not only in patients
with 2 or more etiologies including large-artery atherosclero-
sis and cardioembolism but also in patients with pure
cardioembolic stroke due to AF. There was no treatment
effect heterogeneity of the high-intensity statin therapy for
NACCE between the patients with pure cardioembolic stroke
due to AF and those with 2 or more etiologies (large-artery
atherosclerosis and cardioembolism).

In addition, we investigated the effect of statins in patients
who may be vulnerable to statin therapy. There is a concern
that statin therapy may increase the risk of intracerebral
hemorrhage.19 Therefore patients who are older, undergoing

anticoagulant treatment, have a low baseline LDL-C, with high
initial NIHSS or HAS-BLED scores, and who underwent
revascularization therapy may be at a higher risk for
intracerebral hemorrhage when using statins, particularly
high-intensity statins.20-24 Moreover, patients in Asian popu-
lations may benefit more from low- to moderate-intensity
statins and may be more vulnerable to the side effects of
high-intensity statin therapy compared with those in Western
populations.25,26 Therefore, there may be a concern about the
use of high-intensity statins among Asian patients with AIS
and AF, particularly those who may be considered to be
susceptible to statins.

Our present study demonstrated that statin therapy could
provide a better prognosis than no-statin therapy in all
subgroups of patients who may be vulnerable to statin

Figure 2. Kaplan-Meier curves for (A) death from any cause, (B) recurrent stroke, (C) acute coronary syndrome, and (D) major bleeding
according to the statin intensity. P1, no statin vs low- to moderate-intensity statins; P2, no statin vs high-intensity statins; P3, low- to moderate-
intensity statins vs high-intensity statins. H intensity indicates high intensity; L-M intensity, low to moderate intensity.
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therapy. Furthermore, we found that statins, both high and low
to moderate intensity, might not significantly increase the risk
for major extracranial bleeding and intracerebral hemorrhage,
even in patients with higher baseline HAS-BLED scores.
Instead, the patients who were taking statins had fewer major
hemorrhages during their follow-up than those who were not
taking statins. Safety assessments revealed that there were no
significant differences between the high- and low-to-moderate-
intensity groups in the incidence of major hemorrhages. High-
intensity statin therapy showed a better prognosis in terms of
NACCE than low-to-moderate-intensity statin therapy. Our
results suggest that high-intensity statins may be beneficial in
younger patients (age ≤75 years) with AF and AIS treated with
revascularization therapy.

There are several aspects of the benefits of statins in
patients with AIS and AF that should be considered. The
benefits of statin therapy in the patients with atherosclerotic
cerebro/cardiovascular disease result from the reduction in

the risk for cerebral infarction, which may be mainly
attributable to the reduction in LDL-C levels and stabilization
of the atherosclerotic plaques.10,27,28 However, the incidence
of recurrent vascular events was not different between the
statin groups in patients with AF-associated stroke in our
study and a previous study.12 Conversely, the survival rates
during a 3-year period and the functional outcome after
3 months were significantly better in the patients treated with
statins with a dose-response relationship. Therefore, these
results highlight the importance of the pleiotropic effect
(neuroprotective, collateral circulation promoting, anti-inflam-
matory, and antioxidant effects) of statins that may have a
more significant positive impact on functional recovery and
long-term survival than preventive effects against recurrent
vascular events in patients with AIS and AF.7,8,28-30 The
greater efficacy of high-intensity statins could also be related
to the improved collateral flow, arteriogenesis, and restoration
of the endothelial dysfunction induced by statins.30-32

Figure 3. Cox proportional hazards regression analyses for primary and secondary outcomes.
Adjusted hazards ratios for low- to moderate- (A) and high- (B) intensity statins compared with
no statin. C, Comparison of the effect of statins with different intensities among statin users.
Adjusted variables were age, sex, hypertension, dyslipidemia, diabetes mellitus, current
smoking, congestive heart failure, prior history of stroke or transient ischemic attack, prior mRS
scores, TOAST classification, and initial NIHSS scores. HR indicates hazards ratio; mRS, modified
Rankin Scale; NIHSS, National Institute of Health Stroke Scale; TOAST, trial of Org 10 172 in
acute stroke treatment.
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Our study has several limitations; therefore, the findings
must be interpreted with caution. First, because this was a
cohort study with a retrospective analysis of prospectively
registered data with no randomization, our data are prone to
possible residual bias, confounding, and important method-
ologic shortcomings. Second, the compliance with prescribed
statin therapy and the duration for which the statin was used
were not ascertained using a pill count or during direct
interview. In addition, information on medication adherence
after 3 months was available only for the study population in
the largest center; however, �96% of the patients whose
medication adherence information was available reported a
high adherence with the same intensity statin therapy.
Because patients followed up for less than 3 months, who

may have low adherence, were excluded, high adherence can
be expected in all of the study population. Third, we did not
collect detailed information on the change in LDL-C levels and
the associated treatment dose during the follow-up period.
Fourth, the effect of statins in reducing the risk of NACCE
could be related to the impact of statins on the risk derived
from the AIS event rather than from the AF. Fifth, although
this study was a large, nationwide study, the patient cohort
was restricted to a South Korean population; studies in other
races or ethnic groups are needed so that the results can be
generalized. However, the present study may be necessary for
that; it was conducted among Asians in whom statins may
have a different pharmacokinetic effect compared with that in
Westerners.

Figure 4. Functional outcome according to the statin intensity after 3 months. A, Distribution
of the modified Rankin Scale (mRS) scores according to statin intensity. Blue lines indicate
differences in mRS categories between the groups for favorable (mRS scores 0-2 vs 3-6)
outcomes. B, The adjusted odds ratio for favorable outcome 3 months after an acute ischemic
stroke according to the statin intensity. P1, no statin vs low- to moderate-intensity statins; P2, no
statin vs high-intensity statins; P3, low- to moderate-intensity statin vs high-intensity statins.
Adjusted variables are age, sex, hypertension, dyslipidemia, diabetes mellitus, current smoking,
congestive heart failure, prior history of stroke or transient ischemic attack, prior mRS scores,
TOAST classification, and initial NIHSS scores. NIHSS indicates National Institutes of Health
Stroke Scale; TOAST, trial of Org 10 172 in acute stroke treatment classification.
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Conclusions
Our findings suggest that statin therapy, particularly high-
intensity statin therapy, could be associated with a reduced
risk for NACCE, reduced mortality rates, and increased
probability of favorable functional outcomes compared with
no-statin therapy in patients with AIS and AF. These benefits
of statin therapy were consistent across various subgroups of
patients, including those who are older patients, had low
baseline LDL-C levels, receiving anticoagulant treatment, and
without clinical ASCVD. Among the statins, high-intensity

statins were more effective than low- to moderate-intensity
statins in reducing the risk for NACCE in these patients,
particularly in patients aged under 75 years and those being
treated with revascularization therapy. Our results support
the beneficial effect of statins, particularly high-intensity
statins, in patients with AIS and AF, including the subgroup of
patients who may be vulnerable to statin therapy and those
without clinical ASCVD. These findings require further inves-
tigation and confirmation in prospective randomized con-
trolled trials.

Figure 5. Subgroup analyses of the primary outcome. The forest plot shows the differences in the hazard ratios (HR) for net adverse clinical
and cerebral events (NACCE) over a 3-year period in the subgroups. Adjusted variables are age, sex, hypertension, dyslipidemia, diabetes
mellitus, current smoking, congestive heart failure, prior history of stroke or transient ischemic attack, prior mRS scores, TOAST classification,
and initial NIHSS scores. ASCVD indicates atherosclerotic cardiovascular disease; CE, cardioembolism; HR, hazards ratio; LDL, low-density
lipoprotein; NIHSS, National Institute of Health Stroke Scale; TOAST, trial of Org 10 172 in acute stroke treatment; UD, stroke of undetermined
etiology.
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Table S1. Event rates and association estimates from Cox proportional hazards 

modeling according to statin intensity. 

  Statin groups (vs No statin group)  HI group (vs LMI)  

Clinical outcomes 
No statin 

(n = 574) 

LMI statin 

(n = 1,013) 

HR (95% CI); 

p value 

HI statin 

(n = 566) 

HR (95% CI);  

p value 
 

HR (95% CI); 

p value 

Primary outcome         

Net adverse clinical and cerebral events   
0.65 (0.53−0.78); 

< 0.001 
 

0.49 (0.38−0.63);  

< 0.001 
 

0.75 (0.59−0.96);  

0.021 

Number of events 185 232  97    

Incidence per 100 person-years  24.56 15.52  11.92    
        

Secondary outcomes        

Death from any cause   
0.59 (0.47−0.73); 

< 0.001 
 

0.43 (0.32−0.58); 

< 0.001 
 

0.73 (0.55−0.97);  

0.034 

Number of events 149 167  68    

Incidence per 100 person-years  18.44 10.59  7.95    

Any stroke   
0.88 (0.61−1.27);  

0.506 
 

0.73 (0.47−1.14);  

0.169 
 

0.83 (0.55−1.23);  

0.364 

Number of events 45 77  35    

Incidence per 100 person-years  5.86 5.13  4.27    

Recurrent ischemic stroke   
0.89 (0.59−1.35);  

0.899 
 

0.71 (0.43−1.17);  

0.180 
 

0.79 (0.50−1.24);  

0.308 

Number of events 36 63  27    

Incidence per 100 person-years  4.65 4.17  3.29    

Intracranial hemorrhage   
1.66 (0.70−3.88);  

0.243 
 

1.37 (0.52−3.60);  

0.522 
 

0.82 (0.39−1.75);  

0.624 

Number of events 7 22  10    

Incidence per 100 person-years  0.87 1.42  1.19    

Acute coronary syndrome   
1.06 (0.57−1.95);  

0.852 
 

0.88 (0.42−1.83);  

0.740 
 

0.83 (0.44−1.56);  

0.568 

Number of events 15 31  14    

Incidence per 100 person-years  1.89  2.01  1.68    

Major bleeding   
0.24 (0.10−0.60);  

0.002 
 

0.45 (0.18−1.10);  

0.081 
 

1.82 (0.64−5.20);  

0.260 

Number of events 15 7  7    

Incidence per 100 person-years  1.88  0.45   0.83    

 

LMI = low to moderate intensity; HR = hazard ratio; CI = confidence interval; HI = high intensity. 
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Figure S1. Study population enrollment flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MACE = major adverse cerebro/cardiovascular events. 
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