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Background and Purpose—Although experimental data suggest that statin therapy may improve neurological outcome 
after acute cerebral ischemia, the results from clinical studies are conflicting. We performed a systematic review and 
meta-analysis investigating the relationship between statin therapy and outcome after ischemic stroke.

Methods—The primary analysis investigated statin therapy at stroke onset (prestroke statin use) and good functional outcome 
(modified Rankin score 0 to 2) and death. Secondary analyses included the following: (1) acute poststroke statin therapy 
(≤72 hours after stroke), and (2) thrombolysis-treated patients.

Results—The primary analysis included 113 148 subjects (27 studies). Among observational studies, statin treatment at 
stroke onset was associated with good functional outcome at 90 days (pooled odds ratio [OR], 1.41; 95% confidence 
interval [CI], 1.29–1.56; P<0.001), but not 1 year (OR, 1.12; 95% CI, 0.9–1.4; P=0.31), and with reduced fatality at 90 
days (pooled OR, 0.71; 95% CI, 0.62–0.82; P<0.001) and 1 year (OR, 0.80; 95% CI, 0.67–0.95; P=0.01). In the single 
randomized controlled trial reporting 90-day functional outcome, statin treatment was associated with good outcome 
(OR, 1.5; 95% CI, 1.0–2.24; P=0.05). No reduction in fatality was observed on meta-analysis of data from 3 randomized 
controlled trials (P=0.9). In studies restricted to of thrombolysis-treated patients, an association between statins and 
increased fatality at 90 days was observed (pooled OR, 1.25; 95% CI, 1.02–1.52; P=0.03, 3 studies, 4339 patients). 
However, this association was no longer present after adjusting for age and stroke severity in the largest study (adjusted 
OR, 1.14; 95% CI, 0.90–1.44; 4012 patients).

Conclusion—In the largest meta-analysis to date, statin therapy at stroke onset was associated with improved outcome, a 
finding not observed in studies restricted to thrombolysis-treated patients. Randomized trials of statin therapy in acute 
ischemic stroke are needed. (Stroke. 2013;44:448-456.)
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In randomized controlled trials (RCTs), hydroymethylgluta-
ryl-CoA reductase inhibitors (statins) are effective for pri-

mary and secondary prevention of stroke and acute coronary 
events.1–4 In addition to lipid-lowering effects, statins exhibit 
pleiotropic actions, including vasodilatory, antithrombotic, 
anti-inflammatory, and antioxidant effects.5–12 Experimental 
and clinical data also provide some evidence that statins 
may have neuroprotective effects after acute cerebral isch-
emia.7–10,13–29 In animal models, treatment with statins either 
before, or early after, cerebral arterial occlusion has been 
associated with reduced infarct volume and improved neuro-
logical function.5–10,13,14

Data are conflicting regarding the relationship between 
acute statin therapy and outcome after human ischemic stroke. 
Some authors have reported improved survival and functional 
outcome associated with statin treatment, but these findings 
have not been consistently replicated.15–28,31–36 Interpretations 
can be difficult because of limited sample sizes in some 
reports and possible bias in statin allocation in other studies, 
particularly those in which statins were allocated in a nonran-
domized fashion. Some authors have also reported worse out-
comes in patients treated with the combination of acute statins 
and intravenous thrombolysis.37–39 However, these results have 
not been consistently reproduced.37–43

Large randomized trials of acute statin therapy after stroke 
may resolve these issues,44 but such trials are expensive and 
require several years to conduct. Meta-analyses of existing 
observational studies and randomized trials may help to clar-
ify the conflicting results of available data and better inform 
the rationale and design of large clinical trials. However, in 
observational studies, acute statin treatment begun after stroke 
onset may be biased in favor of patients with less-severe 
stroke, making comparisons of studies reporting poststroke 
statin treatment difficult to interpret. Therefore, we hypoth-
esized that statin treatment at the time of ischemic stroke onset 
would be associated with greater survival and improved func-
tional outcome at early and late follow-up, and that combina-
tion treatment with thrombolysis might alter this association. 
To investigate these hypotheses, we performed a systematic 
review and meta-analysis of published and unpublished stud-
ies of statin treatment in acute ischemic stroke.

Methods
Search Strategy
Search terms (controlled vocabulary and free text) were identified 
for each of the following categories: (1) statins, (2) stroke, and (3) 
fatal and functional outcomes (Search Strategy in the online-only 
Data Supplement). These were combined to identify studies featur-
ing statins and stroke and outcome, published before August 2011. 
Databases searched included PubMed, CINAHL, Embase, Scopus, 
Web of Science, Cochrane Library, and SciFinder Scholar. Searches 
were limited to human studies, published in English, in any year. 
Reference lists of relevant studies were searched by hand. The 2 prin-
cipal investigators (D.N.C., P.K.) both reviewed titles and abstracts 
identified by the database searches and together decided which ar-
ticles should be retrieved. These retrieved articles were reviewed by 
both authors to identify suitable studies. Eligibility queries were re-
solved by discussion to achieve consensus. In the case of published 
studies (including abstracts) that reported stroke outcomes accord-
ing to statin use but did not meet our explicit inclusion criteria, we 
contacted the authors to see whether data regarding statin use and 

our specified outcome measures were available. Completeness of our 
search was ensured by searching multiple sources, including large 
databases, hand-searching bibliographies of published research ar-
ticles and reviews, and repeating the search. Inclusion and exclusion 
criteria were prespecified.

Inclusion Criteria
Observational studies (prospective and retrospective) and RCTs 
were eligible for inclusion where outcomes of patients with isch-
emic stroke (incident or recurrent stroke) receiving statin therapy at 
the time of stroke onset were compared with those of patients not 
receiving statin therapy before stroke. Prespecified outcomes were 
death and good functional outcome, defined as a modified Rankin 
Score (mRS) 0 to 2, assessed at 30 days (or at hospital discharge, 
when 30-day outcome was not provided), 90 days, and 1 year after 
stroke onset. Ischemic stroke was defined according to the World 
Health Organization definition, with brain imaging confirmation. 
Studies including patients with transient ischemic attack or hem-
orrhagic stroke were eligible for inclusion where ischemic stroke 
constituted ≥80% of the total sample. We included studies in which 
other lipid-lowering agents were investigated if statins accounted for 
≥90% of all lipid-lowering therapy. Studies were defined as prospec-
tive where data regarding statin exposure were collected before out-
come status was determined, and retrospective where statin exposure 
data were collected after outcome status was determined. Studies 
restricted to patients receiving intravenous thrombolysis and statins 
were included and analyzed separately in a prespecified secondary 
analysis.

Exclusion Criteria
Exclusion criteria for our primary analysis were as follows: (1) un-
availability of numbers of patients alive or with good functional out-
come at 30 days (or hospital discharge), 90 days, or 1 year; (2) studies 
restricted to highly selected patients, such as those undergoing revas-
cularisation for carotid stenosis, or those with cerebral vasculitis; (3) 
inclusion of statin therapy only as a covariate in statistical models, 
with neither raw data nor risk estimates relating outcomes to statin 
use provided; and (4) unavailability of a statin-untreated comparison 
group.

Primary and Secondary Analyses
In our prespecified primary analysis, we investigated the associa-
tion between statin therapy at the time of stroke onset (ie, patients 
on statin treatment immediately before stroke onset), good function-
al outcome (mRS 0–2), and all-cause fatality at early and late time 
points after stroke. Because there may be greater likelihood of bias in 
observational studies, we conducted the primary analysis separately 
in observational studies and randomized trials.

Prespecified secondary analyses included the following: (1) stud-
ies confined to patients who received intravenous (IV) thrombolysis, 
categorized by statin treatment at the time of stroke onset (prestroke 
statin use); and (2) the association of any statin exposure in the early 
poststroke period (0 to 72 hours) on survival and functional outcome, 
regardless of whether statins were continued after stroke onset or 
begun de novo after stroke, because our main hypothesis was that 
any early statin treatment may be associated with benefit in acute 
ischemic stroke.

Statistical Analysis
For each study, unadjusted odds ratios (ORs) were derived from pa-
tient numbers with each outcome categorized by statin exposure. The 
total number included in each analysis reflects the number of patients 
for whom outcome data were available, which was sometimes fewer 
than the sum of total subjects in each of the included studies. Pooled 
ORs were calculated from meta-analysis of risk estimates from in-
dividual studies. For analyses of fatality, ORs <1.0 indicated lower 
probability of death. For analyses of functional outcome, ORs >1.0 
indicated higher probability of good functional outcome (mRS 0–2). 
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Between-study heterogeneity was estimated using the Cochran Q test 
and I2 value. Cochran Q P values <0.1 and I2 ≥25% were considered 
as indicating significant heterogeneity.45,46 A P value threshold of 
<0.1 was selected because the Cochran Q test may be suboptimal at 
detecting true heterogeneity when the traditional threshold (P<0.05) 
for statistical significance is applied, particularly when the sample 
size of some studies is small or when few studies are available for 
analysis.45,46

Where significant heterogeneity existed, pooled risk estimates were 
calculated using the DerSimonian-Laird random-effects model, ad-
justing for within-study and between-study variation. A fixed-effects 
(Mantel-Haenszel) model was used where there was no evidence of 
significant heterogeneity, adjusting for within-study heterogeneity 
only. Assessment of publication bias was performed using visual in-
spection of funnel plots, Begg rank correlation test, and Egger regres-
sion asymmetry test. Statistical analyses were performed using Stata 
v9.0. Sensitivity analyses were conducted to assess whether any ob-
served associations would be affected by location (European versus 
non-European studies) or by proportion of patients with atrial fibril-
lation (≥25% vs <25%).

Because data for individual patients were not available, pooled 
analyses of the association between statin therapy and outcome after 
adjustment for other variables could not be performed. Neither was 
it considered valid to pool adjusted risk estimates provided in indi-
vidual studies, because different independent variables were used in 
each of the multivariable analyses. Therefore, the results of adjusted 

analyses are presented separately for individual studies, along with 
the covariates included in each multivariable analysis.

Results
Search Results
The initial search led to identification of 13 116 paper and 
conference abstract titles. Review of titles and abstracts, and 
exclusion of duplicate studies, led to retrieval of 156 poten-
tially eligible reports (148 articles, 8 abstracts).

For the primary analysis, 24 studies fulfilled eligibility crite-
ria for inclusion in the primary analysis. Correspondence with 
authors of relevant papers yielded additional data for 12 of 
the previously published studies,4,17,20,21,35,47–53 plus 3 additional 
unpublished data sets (1 of which has since been accepted for 
publication),54 giving a total of 27 studies included in the pri-
mary analysis (Figure 1).

For our prespecified secondary analysis of studies of statin 
therapy at stroke onset in patients treated with IV thromboly-
sis, 5 studies were eligible for inclusion (all observational; 
Figure I in the online-only Data Supplement). Nine stud-
ies were eligible for inclusion in the secondary analysis of 

Titles/Abstracts Reviewed 

13,116

Database Searches

Pubmed: 1464 Scopus: 3865

Embase: 4730 Cochrane: 593

Web of Science: 1465 CINAHL: 222

SciFinder Scholar: 777

Retrieved

156

Papers: 148;

Abstracts (no papers 

Reference searches 

available): 8

Correspondence with 
Authors

Excluded from Primary 
Analysis

132

24 Studies
Duplication of data: 6

Unpublished data

Additional data for 12
published papers;

New datasets from 3
groups

Published papers/presentation
abstracts No primary research data 

(reviews, letters): 31

Abstracts with insufficient 
data: 9

Highly select cohort: 11

Non ischaemic stroke: 3
Included in Primary Analysis

TOTAL 27 Studies
Subclinical ischaemia: 5

Association statin & 
outcome not investigated : 

10

Multifactorial intervention: 1

Observational

24

Prospective: 23

Retrospective: 1

RCT

3

No non-statin group: 2

Non-eligible outcome 
measure: 45

Non-acute post-stroke statin 
use only: 2

Eligible secondary 
analyses only: 7

Figure 1. Flow diagram of search results 
for primary analysis of statin at stroke 
onset and outcome. RCT indicates ran-
domized, controlled trial.
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poststroke statin therapy (5 observational studies, 4 RCTs; 
Figure I in the online-only Data Supplement).

Characteristics of the studies included in the primary analy-
sis (statin at stroke onset and outcome) are detailed in Table 
I (in the online-only Data Supplement). Twenty-four were 
observational (23 prospective), whereas 3 were RCTs.4,31,47 
In all, 113 148 patients were included, with 86 651 (76.6%) 
from the Swedish Stroke Registry (Riks-Stroke) and 26 497 
(23.4%) from other studies. Ninety-nine percent (112 192) 
of subjects were included in observational studies and 956 
(0.8%) in RCTs. In individual studies, the proportion of sub-
jects on statin treatment at stroke onset ranged from 4% to 
48%. Stroke severity was reported in 16 studies, 14 report-
ing the National Institutes of Health Stroke Scale (NIHSS; 
range of median values at stroke onset 1–5; see Results in the 
online-only Data Supplement). In 2 of the 3 RCTs, patients 
were randomized to statin therapy for primary prevention of 
stroke and other major vascular events,4,47 whereas the other 
study randomized patients with previous stroke or TIA to 
statins for secondary stroke prevention.31

Primary Analysis: Statin Treatment at Stroke Onset 
and Outcome

Observational Studies
Among observational studies, statin treatment at the time 
of stroke onset was associated with a pooled OR for good 

outcome (mRS 0–2) of 1.64 (95% confidence interval [CI], 
1.14–2.36; P=0.008; data from 9 studies, 17 512 patients) at 
30 days or hospital discharge. At 90 days, the pooled OR was 
1.41 (95% CI, 1.29–1.56; P<0.001; data available from 9 stud-
ies, 17 606 patients; Figure 2). However, this relationship was 
not observed at 1 year (pooled OR, 1.12; 95% CI, 0.90–1.40; 
P=0.31; 3 studies, 2306 patients).

Statin treatment at stroke onset was also associated with 
reduced likelihood of all-cause death at 30 days/discharge in 
observational studies (pooled OR for death, 0.63; 95% CI, 
0.54–0.74; P<0.001; data available from 18 studies, 109 837 
subjects). Similarly, statin use at stroke onset was associated 
with reduced likelihood of death at 90 days (pooled OR, 0.71; 
95% CI, 0.62–0.82; P<0.001; 11 studies, 101 615 patients; 
Figure 2) and at 1 year (pooled OR, 0.80; 95% CI, 0.67–0.95; 
P=0.01; 9 studies, 101 664 patients).

To explore whether these findings were mainly attributable 
to the Riks-Stroke cohort (86 651 patients),48 we repeated the 
analyses after excluding the Riks-Stroke data. In this analy-
sis, our findings were unchanged (Figure 2 and the Table). 
Statin use at stroke onset remained associated with good 
functional outcome at 90 days after exclusion of Riks-Stroke 
(pooled OR, 1.32; 95% CI, 1.08–1.61; P=0.007; 8 stud-
ies, 3077 patients). As functional data were not available at 
30 days or 1 year from the Riks-Stroke sample, these results 
were unchanged. Similarly, after excluding Riks-Stroke, the 

Figure 2. Forest plots of 
90-day outcomes (good func-
tional outcome and death) 
with statin treatment at stroke 
onset, in observational stud-
ies, with and without inclusion 
of Riks-Stroke data. A, Good 
functional outcome at 90 days, 
observational studies only. 
Greater likelihood of good 
outcome indicated by OR >1. 
B, Good functional outcome at 
90 days, observational studies 
only, excluding Riks-Stroke. 
Greater likelihood of good 
outcome indicated by OR >1. 
C, Death (all-cause fatality) at 
90 days, observational studies 
only. Greater likelihood of death 
indicated by OR >1. D, Death 
(all-cause fatality) at 90 days, 
observational studies only, 
excluding Riks-Stroke. Greater 
likelihood of death indicated by 
OR >1. CI indicates confidence 
interval; mRS, modified Rankin 
scale; and OR, odds ratio.

0.66 (0.37, 1.17)

0.66 (0.26, 1.69)

3.27 (0.68, 15.84)

0.85 (0.76, 0.95)

0.65 (0.34, 1.21)

0.56 (0.07, 4.58)

0.15 (0.02. 1.10)

0.71 (0.67, 0.74)

0.44 (0.21, 0.92)

0.58 (0.47, 0.72)

1.00 (0.51, 1.98)

0.71 (0.62, 0.82)

Ní Chróinín

Milionis

Pikija

RCSN

Cuadrado-Godia

Marti-Fabregas

Elkind

RISK-Stroke 2006-2009

Chitravas

Asberg

Ois

Overall (95% CI)

Study

1 100.1

Odds ratio
(95% CI)

Better outcome Poorer outcome
OR for Death

1.14 (0.76, 1.72)

1.57 (0.89, 2.75)

0.30 (0.03, 2.65)

1.39 (0.91, 2.11)

1.48 (0.56, 3.96)

1.34 (0.79, 2.25)

1.29 (0.75, 2.22)

1.54 (0.71, 3.32)

1.32 (1.08, 1.61)

Ní Chróinín

Milionis

Pikija

Cuadrado-Godia

Marti-Fabregas

Ois

Blanco

Brea

Overall (95% CI)

Study

1 100.1

Odds ratio
(95% CI)

Poorer outcome Better outcome
OR for Good Functional Outcome

0.66 (0.37, 1.17)

0.66 (0.26, 1.69)

3.27 (0.68, 15.84)

0.65 (0.34, 1.21)

0.56 (0.07, 4.58)

1.00 (0.51, 1.98)

0.85 (0.76, 0.95)

0.15 (0.02. 1.10)

0.44 (0.21, 0.92)

0.82 (0.74, 0.91)

Ní Chróinín

Milionis

Pikija

Cuadrado-Godia

Marti-Fabregas

Ois

RCSN

Elkind

Chitravas

Overall (95% CI)

Study

1 100.1

Odds ratio
(95% CI)

Better outcome Poorer outcome
OR for Death

1.14 (0.76, 1.72)

1.57 (0.89, 2.75)

0.30 (0.03, 2.65)

1.39 (0.91, 2.11)

1.48 (0.56, 3.96)

1.44 (1.30, 1.60)

1.34 (0.79, 2.25)

1.29 (0.75, 2.22)

1.54 (0.71, 3.32)

1.41 (1.29, 1.55)

Ní Chróinín

Milionis

Pikija

Cuadrado-Godia

Marti-Fabregas

Asberg (RIKS-Stroke 2005)

Ois

Blanco

Brea

Overall (95% CI)

Study

A B

C D

1 100.1

Odds ratio
(95% CI)

Poorer outcome Better outcome
OR for Good Functional Outcome

 by guest on January 13, 2014http://stroke.ahajournals.org/Downloaded from 

http://stroke.ahajournals.org/
http://stroke.ahajournals.org/


452  Stroke  February 2013

association persisted between statin use at stroke onset and 
reduced fatality at 30 days/discharge (pooled OR, 0.61; 95% 
CI, 0.49–0.78; P<0.001; 16 studies, 23 186 patients) and 90 
days (pooled OR, 0.82; 95% CI, 0.74–0.91; P<0.001; 9 stud-
ies, 14 964 patients; Figure 2), but not at one year (pooled OR, 
0.90; 95% CI, 0.66–1.24; P=0.53; 7 studies, 15 013 patients).

Studies in which adjusted 90-day outcomes were reported are 
summarized in Table II (in the online-only Data Supplement). 
Although different covariates were included in each multi-
variable model, in most studies the association between statin 
therapy at stroke onset with improved 90-day outcome was no 
longer apparent after adjustment for age and stroke severity.

Randomized Trials
Of the 3 identified RCTs reporting outcome after stroke 
in patients randomized to statin treatment before stroke 
onset,4,31,47 only 1 included an assessment of good functional 
outcome at 90 days (492 patients).31 No RCT data were avail-
able for functional outcome at 30 days/discharge or 1 year. All 
3 RCTs reported fatality at 90 days (956 patients), whereas 2 
described fatality at 30 days/discharge and 1 year.

In the single RCT that reported functional outcome at 90 
days, the OR of good functional outcome with statin use was 
1.5 (95% CI, 1.0–2.24; P=0.05; 492 patients).31 No associa-
tion was observed between statin treatment at stroke onset 
and all-cause fatality at 30 days/discharge (pooled OR, 0.93; 
95% CI, 0.60–1.43; P=0.73; data available for 464 patients), 
90 days (pooled OR, 0.98; 95% CI, 0.67–1.42; P=0.9; 956 
patients), or 1 year (pooled OR, 0.87; 95% CI, 0.57–1.31; 
P=0.5; 464 patients).

Secondary Analyses

Combination Therapy With Statins and Stroke 
Thrombolysis
Five studies (4993 patients) provided data on statin therapy at 
ischemic stroke onset (prestroke statin use) specifically among 
patients who were also treated with intravenous thrombolysis 
(Table III in the online-only Data Supplement).37–40,43 All were 
observational studies (3 prospective) and reported tissue plas-
minogen activator as the thrombolytic agent. The mean age of 
patients was 68.6 years, with 22.3% (1114 patients) treated 
with statins at onset.

In thrombolysis-treated patients, no association was 
observed between statin therapy and good functional out-
come at 90 days (OR, 1.01; 95% CI, 0.88–1.15; P=0.93; data 

available from 5 studies, 4993 patients). Statin therapy at 
stroke onset was associated with increased likelihood of all-
cause death at 90 days (pooled OR, 1.25; 95% CI, 1.02–1.52; 
P=0.03; 3 studies, 4339 patients). No functional or fatality data 
were available for 30 days/discharge or 1 year. In a sensitivity 
analysis, these findings were unchanged after exclusion of the 
largest study (Table IV in the online-only Data Supplement).38

Four studies reported adjusted data for 90-day functional 
outcome (Table V in the online-only Data Supplement). After 
adjusting for age, stroke severity, and other potential con-
founding variables, no association was observed between 
statin therapy at stroke onset and functional outcome in 
thrombolysis-treated patients (2 studies), nor between statin 
therapy and 90-day death (OR, 1.14; 95% CI, 0.90–1.44; 1 
study, 4012 patients).38

Poststroke Statin Treatment and Outcome
Nine studies (5 observational, 4 RCTs), including 5444 
patients, reported outcome according to use of statins in the 
acute poststroke period (within 72 hours), including both con-
tinuation of prestroke statin treatment and statin therapy initi-
ated de novo after stroke onset.22,23,25,34,50,53–56 The mean age of 
included patients was 71.3 years, with 14% to 71% treated 
with statins acutely after stroke.

Among observational studies, acute poststroke statin treat-
ment was associated with good functional outcome (mRS 0–2) 
at 90 days (pooled OR, 1.84; 95% CI, 1.37–2.48; P<0.001; 
data available from 3 studies, 1324 patients). Statin treat-
ment in the acute poststroke period was also associated with 
reduced likelihood of death at 90 days (pooled OR, 0.29; 95% 
CI, 0.19–0.45; P<0.001; 3 studies, 1324 patients). Similar 
findings were noted for both functional and fatal outcomes at 
30 days/discharge and 1 year (P≤0.001 for all; Table VI in the 
online-only Data Supplement).

In contrast, among RCTs, no benefit of acute poststroke 
statin treatment on 90-day functional outcome or fatality 
was observed. The pooled OR for good functional outcome 
was 1.57 (95% CI, 0.88–2.81; P=0.12; data available from 3 
RCTs, 211 subjects) and for death was 1.71 (95% CI, 0.74–
3.97; P=0.2; 3 RCTs, 146 patients).

Analysis for Publication Bias
Inspection of funnel plots did not reveal any evidence of pub-
lication bias among observational studies or RCTs included in 
the primary analyses of statin treatment at stroke onset. This 

Table. Comparison of Statin at Stroke Onset and Fatality From Observational Studies With and Without Inclusion of Riks-Stroke 
Data (n=86 651)

Including Riks-Stroke (n=113 148) Excluding Riks-Stroke (n=26 497)

n OR (95% CI) P Value n OR (95% CI) P Value

Good functional  
outcome (mRS 0–2)

30 days/ discharge 17 512 1.64 (1.14–2.36) 0.008 17 512 1.64 (1.14–2.36) 0.008

90 days 17 606 1.41 (1.29–1.56) <0.001 3077 1.32 (1.08–1.61) 0.007

1 yr 2306 1.12 (0.90–1.40) 0.31 2306 1.12 (0.90–1.40) 0.31

Fatality 30 days/ discharge 109 837 0.63 (0.54–0.74) <0.001 23 186 0.61 (0.49–0.78) <0.001

90 days 101 615 0.71 (0.62–0.82) <0.001 14 964 0.82 (0.74–0.91) <0.001

1 yr 101 664 0.80 (0.67–0.95) 0.01 15 013 0.90 (0.66–1.24) 0.53
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was supported by the results of Begg and Egger tests (P>0.2 
for all). Similarly, there was no evidence of publication bias 
favoring larger positive studies of statin treatment after stroke 
or statin combination therapy with intravenous thrombolysis 
(Begg and Egger P>0.2 for all).

For additional sensitivity analyses, please see the online-
only Data Supplement.

Discussion
In this meta-analysis, including data from >113 000 patients, 
associations were seen between statin treatment at stroke 
onset, functional independence, and survival after stroke. 
These associations were most evident at early time intervals 
after stroke, on analysis of observational studies; we cannot 
rule out an association between statin therapy at stroke onset 
and functional outcome at 1 year. An association was also 
seen between statin use at stroke onset and good functional 
outcome (mRS 0–2) in a single randomized trial,31 although 
no association was found with benefit measured by other 
methods (Barthel, National Institutes of Health Stroke Scale). 
Among observational studies, but not randomized trials, 
improved functional outcome and survival were also observed 
when statin therapy was commenced acutely (within 72 hours) 
after stroke onset.

It is possible that these findings represent a true benefit of 
statins on outcomes after stroke. This interpretation is sup-
ported by the consistency of the association between statin 
therapy and good outcome, and between observational studies 
and randomized trials. These findings are further supported 
by the results of animal studies, where early statin treat-
ment has been associated with reduced infarct volume and 
improved neurological function. This could potentially be 
mediated through antioxidant, antiapoptotic, antithrombotic, 
anti-inflammatory, or neuroprotective statin mechanisms or 
via enhanced cerebral repair.5–10,12–14 There is further support 
from clinical studies in which statin-treated patients show 
cerebrovascular benefits, including enhanced collateral circu-
lation, improved cerebrovascular reactivity to acetazolamide 
challenge, and in some but not all studies, improved infarct 
volumes.29,30,57–59 Statins may also have indirect benefits by 
reducing the frequency of recurrent stroke, coronary events, 
and infection.21–23,60

In most studies, the observed benefits of statin therapy were 
no longer apparent after adjustment for age, stroke severity, 
and other potential confounding variables. This finding might 
be explained if some of the observed benefit of statin therapy 
is mediated through an effect on stroke severity. Experimental 
data and some clinical studies indicate that statins may reduce 
infarct volume and stroke severity.7–10,13–29 However, it is also 
possible that statin therapy is a marker for other factors related 
to improved stroke outcome. We cannot fully exclude the pos-
sibility that undetected bias or confounding may contribute 
to the observed association. Statin treatment has been associ-
ated with greater prevalence of factors such as diabetes mel-
litus and atrial fibrillation,25 which are associated with poorer 
outcome after stroke, but statins may also be associated with 
unmeasured factors that may promote favorable outcome such 
as better socioeconomic status, medication compliance, life-
style habits, or health-care access.61–63 Such a healthy cohort 

effect is a recognized difficulty in interpreting studies of treat-
ment effects.64

We also acknowledge the possibility of undetected bias in 
statin prescribing (confounding by indication). This is most 
likely to occur in observational studies of patients prescribed 
statins after stroke onset, where patients with milder stroke 
severity are more likely to be prescribed statins for second-
ary prevention. This may partially explain the difference in 
benefit seen between studies in which patients were treated 
with statins at stroke onset, and those where statin treatment 
was begun (or continued) after stroke had occurred. However, 
the influence of stroke severity on physician prescribing is 
unlikely to account for the benefits seen in patients on statins 
before the stroke occurred. The consistent benefit observed 
among observational studies and randomized trials of patients 
on statin treatment before the onset of their stroke, supported 
by pathophysiological data from experimental and human 
imaging studies, also suggest that these findings may not be 
fully explained by prescribing bias. Any association between 
prestroke statin use and outcomes is not only of clinical inter-
est, but also provides a rationale for investigation of acute post-
stroke statin use, as if a neuroprotective effect is exerted by 
statins taken before the onset of stroke, it is possible that statins 
given very early after stroke might exert a similar benefit.

In contrast to studies of unselected patients, we found no 
association between statin therapy and improved functional 
outcome in studies limited to patients treated with tissue plas-
minogen activator. In unadjusted analyses, we found higher 
early fatality rates in this group, although this association 
was not observed after adjustment for potential confounders. 
Conflicting data have been reported on outcomes of patients 
receiving combination therapy with statins and tPA. Some 
studies have suggested that statin use at stroke onset may 
be associated with increased rates of symptomatic intrace-
rebral hemorrhage (ICH) after intravenous or intra-arterial 
thrombolysis.37–39,65,66 In RCTs, a small increased risk of ICH 
associated with statin therapy has also been observed in tPA-
untreated patients,1,66 possibly mediated via antithrombotic 
effects of statins on endothelium, leucocytes, and platelets, 
and increased levels of endogenous tPA.5,11,12 Others have not 
confirmed an independent association between prestroke statin 
use and post-thrombolysis ICH after adjustment for factors 
known to increase ICH risk, similar to findings in the largest 
study of tPA-statin combination therapy included in our meta-
analysis.38,39,41,42 Randomized trials and individual-patient data 
from large registries will be required to resolve this issue.

Two recent studies, published after completion of our 
systematic review, also reported an association between early 
statin treatment and improved outcomes.67,68 The relationship 
of statins and early functional stroke outcome has also been 
the subject of an earlier meta-analysis, in which an association 
between statin therapy and good functional outcome was also 
reported (pooled OR, 1.62; 95% CI, 1.39–1.88).17 Although 
this provided valuable information, it included relatively few 
patients (11 695 patients from 12 studies), from observational 
studies only, with heterogenous definitions of outcome. 
By comparison, strengths of our analysis include the large 
sample size (32 studies, 118 000 patients overall), inclusion of 
published and unpublished data, stratification by observational 
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and randomized trial design, standardized outcome definitions 
(including fatality), and analysis of early and late outcomes. 
We performed sensitivity analyses to assess whether results 
were primarily influenced by single large studies and analyzed 
studies of tPA-treated patients separately. To aid interpretation, 
we further reported adjusted analyses for individual studies, 
but did not pool results because these studies adjusted for 
differing predictor variables.

We acknowledge some limitations. Few randomized tri-
als were available, and consequently, most data included 
were from nonrandomized observational studies. However, 
although observational studies may be subject to undetected 
bias, their findings complement data from RCTs and experi-
mental studies. Findings from observational studies may 
also suggest benefits or adverse effects of medications not 
detected in randomized trials, and may provide useful infor-
mation about medication effects in clinical practice.63,69–71 We 
acknowledge that reproducibility of our analysis could be lim-
ited by the inclusion of unpublished data, although these data 
came from well-recognized large registries. Other limitations 
are unavailability of information regarding cause of death and 
stroke recurrence stratified by statin treatment, and unavail-
ability of individual-patient data to establish the influence of 
statin withdrawal, dose–response relationships, or any asso-
ciation between lipophilic status and outcome.

Despite these caveats, the findings from this comprehensive 
literature review and meta-analysis of multiple studies, includ-
ing a large number of stroke patients, suggests a relationship 
between statins and improved stroke outcome. We emphasize 
that we do not recommend routinely prescribing statins for 
acute neuroprotection. Because this was an exploratory analy-
sis based on largely observational studies, with inherent limi-
tations, it remains unclear whether very early statin use after 
ischemic stroke provides benefit compared with commence-
ment later during hospitalization, nor do these data indicate 
that thrombolysis should be withheld in otherwise eligible 
statin-treated patients with acute ischemic stroke. Rather, when 
taken together, our data provide a compelling case underlining 
the need for large randomized trials to further investigate the 
efficacy and safety of statin therapy in acute ischemic stroke. 
Ongoing studies such as NEUSTART II (Neuroprotection 
with Statin Therapy for Acute Recovery Trial II), EUREKA 
(The Effects of Very Early Use of Rosuvastatin in Preventing 
Recurrence of Ischemic Stroke) and STARS07 (Stroke 
Treatment with Acute Reperfusion and Simvastatin) may pro-
vide valuable safety and efficacy information in this regard.72–74
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A correction is for “Statin Therapy and Outcome After Ischemic Stroke: Systemic Review and 
Meta-Analysis of Observational Studies and Randomized Trials” by Ní Chróinín et al, which pub-
lished ahead-of-print on January 3, 2013 and is in the February 2013 issue of the journal (Stroke. 
2013; 44:448-456). In Figure 2, In Figure 2, the labels for Poorer Outcome and  Better Outcome 
in Panels C and D were reversed. This change has been made to the online version and is correct 
in the print version.
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Abstract

背景および目的：動物実験データによると，スタチン治療
によって急性脳虚血後の神経学的転帰が改善されることが
示唆されるが，臨床試験の結果は一致を見ない。そこで我々
は系統的レビューとメタ解析を行って，スタチン治療と虚
血性脳卒中後の転帰の関係を調べた。
方法：主解析では，脳卒中発症時のスタチン治療（発症前
にスタチンを使用），良好な機能転帰（修正 Rankin スコア
0 ～ 2），および死亡について調べた。さらに副解析では，

（1）急性脳卒中後のスタチン治療（脳卒中後 72 時間以内）
と，（2）血栓溶解療法を受けた患者についても調べた。
結果：主解析には 113,148 例を登録した（27 試験）。観察
試験では，脳卒中発症時のスタチン治療により 90 日目の
機能転帰は良好［統合オッズ比（OR） ＝ 1.41；95％信頼
区間（CI）： 1.29 ～ 1.56；p ＜ 0.001］であったが，その
関係は 1 年後には見られなかった。（OR ＝ 1.12；95％
CI：0.9 ～ 1.4；p ＝ 0.31）。また，90 日目の死亡率低下

（統合 OR ＝ 0.71；95％ CI：0.62 ～ 0.82；p ＜ 0.001）お

よび 1 年目の死亡率低下（OR ＝ 0.80：95％ CI：0.67 ～
0.95；p ＝ 0.01）と関連があった。90 日目の機能転帰を報
告するランダム化対照試験 1 件では，スタチン治療と良好
な転帰の関係が認められた（OR ＝ 1.5；95％ CI：1.0 ～
2.24；p ＝ 0.05）。ランダム化対照試験 3 件のデータをメ
タ解析した結果，死亡率低下はなかった（p ＝ 0.9）。血栓
溶解療法を受けた患者に限定した試験では，スタチン治療
と 90 日目の死亡率上昇の間に関係が認められたが（統合
OR ＝ 1.25；95％ CI：1.02 ～ 1.52；p ＝ 0.03，3 件の試験，
4,339 例），この関係は，最大規模試験において年齢およ
び脳卒中の重症度で調整した後は認められなかった（調整
OR ＝ 1.14；95％ CI：0.90 ～ 1.44；4,012 例）。
結論：これまでで最大のメタ解析であるこの研究では，脳
卒中発症時のスタチン治療と転帰の改善に関係が認められ
たが，血栓溶解療法を受けた患者に限定した試験ではその
関係は見られなかった。急性虚血性脳卒中におけるスタチ
ン治療のランダム化試験を実施する必要がある。

Stroke 2013; 44: 448-456

表 スタチン治療に関して Riks-Stroke 注）のデータを採用した観察試験と採用しなかった観察試験における脳卒中発症と死亡率の比較

Riks-Stroke を含める（n ＝ 113,148） Riks-Stroke 除外（n ＝ 26,497） 
n OR（95%CI） p 値 n OR（95%CI） p 値 

機能転帰良好
（mRS 0 ～ 2） 

30 日・退院 17 512 1.64（1.14～2.36） 0.008 17 512 1.64（1.14～2.36） 0.008
90 日 17 606 1.41（1.29～1.56） < 0.001 3 077 1.32（1.08～1.61） 0.007
1 年 2 306 1.12（0.90～1.40） 0.31 2 306 1.12（0.90～1.40） 0.31

死亡率 30 日・退院 109 837 0.63（0.54～0.74） < 0.001 23 186 0.61（0.49～0.78） < 0.001
90 日 101 615 0.71（0.62～0.82） < 0.001 14 964 0.82（0.74～0.91） < 0.001
1 年 101 664 0.80（0.67～0.95） 0.01 15 013 0.90（0.66～1.24） 0.53

注：�Riks-Stroke 試験はメタ解析の対象となった試験で症例数（n=86,651）が飛び抜けて多かった。


