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Abstract

Background: Statin therapy is considered an effective measure for the prevention of ischemic stroke. Several
recent studies have indicated that treatment with statins, prior to the onset of acute ischemic stroke, may also
substantially reduce the severity of stroke and the degree of patient disability. The purpose of the present review is
to systematically evaluate the effectiveness of statin pretreatment on functional outcome of acute ischemic stroke
and to assess potential adverse events associated with statin use.

Methods: Relevant articles on the role of statins in acute ischemic stroke were identified via MEDLINE/PubMed,
EMBASE, CENTRAL, and by manual searches of the references of identified papers. Clinical studies (most were
prospective cohort studies) assessing statin therapy for acute ischemic stroke were selected for the review. Only
two randomized controlled clinical trials met the criteria to be included in the analysis. Clinical outcome was
assessed based on the degree of disability determined with the modified Rankin Scale (mRS) and Barthel index (BI).
The National Institutes of Health Stroke Scale (NIHSS) was used to measure stroke severity. Recurrence of stroke in
patients who had suffered from a previous stroke was analyzed with and without statin therapy. Incidence and
severity of adverse reactions was reviewed. Because there were too many differences in study outcome measures,
a quantitative analysis of data was deemed inappropriate. A qualitative summary of the data was consequently
completed.

Results: Thirteen reports were systematically reviewed to evaluate the efficacy and safety of statins in the
pretreatment of acute ischemic stroke. Pretreatment with statins was found to reduce the recurrence of stroke and
to result in more favorable outcomes for patients. The beneficial effects of prior statin therapy in acute ischemic
stroke were shown to be especially profound in whites, diabetics, elderly patients with hypertension and other
vascular diseases, and in patients with ideal low density lipoprotein (LDL) levels. There were few incidences of
adverse reactions with statin pretreatment, most of which were not statistically significant.

Conclusions: Pretreatment with statins was associated with a favorable outcome in acute ischemic stroke, with
few incidences of adverse reactions.

Background
3-hydroxy-3-methyl-glutaryl-Coenzyme A (HMG-CoA)
reductase inhibitors (statins) play an important role in
the therapeutic management of coronary heart disease
(CHD) as lipid lowering agents [1-6]. Several large, ran-
domized trials have shown that lowering LDL choles-
terol with statins reduces coronary mortality and
morbidity. The Scandinavian Simvastatin Survival Study,
a randomized, double-blind, placebo-controlled trial [1]
showed that simvastatin reduced the risk of death by

30% over the median follow-up period of 5.4 years in
patients with previous myocardial infarction or stable
angina pectoris. In the Heart Protection Study [6], sim-
vastatin given daily over the course of 5 years to high-
risk individuals was demonstrated to reduce coronary
death rate by 18% compared to placebo. Statin therapy
was also shown to prevent major adverse cardiovascu-
lar events in asymptomatic subjects at high cardiovas-
cular risk [2,5]. While the role of dyslipidemia in
coronary heart disease is clearly well established, the
effect of lowering plasma cholesterol levels on the inci-
dence of stroke has been less definitive [7]. Observa-
tional cohort studies showed no clear relationship* Correspondence: slakhan@gnif.org
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between serum cholesterol and stroke. A meta-analysis
of individual data from 61 prospective studies that
included a total of 900,000 adults without previous dis-
ease did not find a positive and independent associa-
tion of cholesterol with stroke mortality [8]. However,
a meta-analysis of 90,000 patients in previous rando-
mized statin trials showed that the reduction in the
risk of stroke was related to the extent to which LDL
cholesterol levels were lowered [9]. Recent interven-
tional trials with cholesterol-lowering statins taken for
several years show significant decreases in stroke inci-
dence, with relative risk reductions ranging from 20%
to 30% [10-12]. Even in the absence of concurrent
CHD, the vast majority of patients with previous
ischemic stroke may benefit significantly from long-
term statin therapy [13].
Studies have also indicated that patients receiving sta-

tin therapy before the incidence of stroke suffer less
severe strokes and have better clinical outcomes.
Although various reports [14-21] and literature reviews
[7] have suggested the beneficial role of pretreatment
with statin therapy, a systematic review of recent clinical
studies is required to evaluate both efficacy and safety of
this treatment.

Methods
The current analysis systematically reviews the efficacy
and safety of statins in the pretreatment of acute ischemic
stroke, based on previously published research papers.

Searching for studies
In April 2009, PubMed/Medline, EMBASE, and the
Cochrane Central Register of Controlled Trials (CEN-
TRAL) were searched comprehensively using different
combinations of the following MeSH and free text
terms: acute ischemic stroke, statins, HMG-CoA reduc-
tase inhibitors, atorvastatin, simvastatin, pravastatin, flu-
vastatin, lovastatin, rosuvastatin. Additional studies were
identified via the manual searching of references of
identified papers. Unpublished data were not sought
and abstracts, letters, case reports, and review articles
were excluded. (See Additional file 1 for a quality of
reporting of meta-analyses (QUOROM) statement
checklist.)

Selection of studies
Clinical studies assessing statin therapy for acute
ischemic stroke were selected for the review. Animal
studies, studies that did not yield any findings specifi-
cally related to ischemic stroke, and studies comparing
two different statins without a placebo or treatment
control were excluded. Clinical response was defined in
terms of the modified Rankin Scale (mRS) and the
Barthel Index (BI) which measure patient disability, and

the National Institutes of Health Stroke Scale (NIHSS)
was used to assess severity of stroke.
The BI evaluates independence in activities of daily

living and ranges from severe dependence (score > 40)
and assisted independence (score < 60) to a score of 100
which reflects no disability. The mRS assesses functional
outcome with scores ranging from 0 to 6 (0, no symp-
toms; 1, no significant disability despite symptoms and
able to carry out all usual duties and activities; 2, slight
disability, unable to carry out all previous activities but
able to look after own affairs without assistance; 3, mod-
erate disability requiring some help but able to walk
without assistance; 4, moderate severe disability, unable
to walk without assistance, and unable to attend to
own bodily needs without assistance; 5, severe disabil-
ity; bedridden, incontinent, and requiring constant
nursing care and attention; and 6, death). The NIHSS
measures stroke severity on a scale of 1-42 with a
score of 0 for no stroke, 1-4 = minor stroke, 5-15 =
moderate stroke, 15-20 = moderate/severe stroke and
21-42 = severe stroke.
An additional outcome measure was the incidence and

severity of adverse events.

Data abstraction
The authors independently extracted the data, and any
disagreements were resolved by consensus. The extracted
information from each study included: study type, study
objective, sample size, controls, type and amount of stain
used, study duration, outcome measures, and reported
adverse events.

Analysis
There were too many differences in outcome measures
of studies so a quantitative analysis of data was deemed
inappropriate. A qualitative summary of the data was
consequently completed.

Results
Study characteristics
Electronic searches found 26 reports that were poten-
tially relevant to the present review. 5 articles were
excluded because they discussed animal studies. Six
reports were excluded for not yielding any findings speci-
fically related to ischemic stroke. Two studies compared
two different statins without a placebo or treatment
control and were excluded. (See Figure 1 for a flow
diagram of included studies.). Three reports analyzed
different patient subtypes or different aspects of the
same clinical trial.
A total of 13 studies were reviewed. Eight studies (see

Tables 1 and 2) assessed the efficacy of statin therapy
[14-21] and 5 articles (Table 3) evaluated the safety of
statin therapy [12,22-24]. One report [21] analyzed both
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efficacy and safety. The length of studies ranged from 1
week to 6 years. Outcome measures included odds ratio
(OR), mRS scores, BI and NIHSS scores.

Clinical responses observed
As reported in Martí-Fàbregas (2004), statins may
improve long-term outcome when administered before
the onset of cerebral ischemia [14]. This prospective
study showed that patients who were already being trea-
ted with statins at the time of stroke were less affected
neurologically and had a better long-term functional out-
come than patients who were not receiving statins.
Favorable outcomes, defined as a mRS of 0 to 1 and a BI
score of 95 to 100 at 3 months were more frequent in the
statin group (80% vs. 61.3%, P = 0.059 with the mRS;
76.7% versus 51.8%, P = 0.015 with the BI). Mortality was
not significantly different in the two groups (3.4% in the
statin group and 6.6% in the nonstatin group).
An observational study of 436 patients by Yoon et al

(2004) reported that 51% of patients taking statins
before hospital admission for stroke had a good out-
come at discharge (defined as a Rankin score < 2) com-
pared to 38% of patients not taking statins (P = 0.03).
The mortality rate from acute ischemic stroke was 6/84
(7.1%) in patients with statin pretreatment, compared to
30/309 (9.7%) in patients without statin pretreatment
[15]. Greisenegger (2004) performed a cross-sectional
study of 1691 stroke patients and evaluated clinicalFigure 1 Flow diagram of included studies.

Table 1 Clinical outcome in patients taking statins before the incident of stroke

Study NIHSS mRS Other clinical measures (BI, imaging)

Martí-Fàbregas 2004
[14]

Not significantly different mRS of 0-1 in 80% in statin
group vs. 61.3% in non-statin
group, P = 0.059

BI of 95-100 in 76.7% in statin group vs. 51.8% in
non-statin group, P = 0.015

Yoon 2004 [15] N/A 51% in statin group vs. 38% in
non-statin group had mRS < 2;
P = 0.03

Greisenegger 2004 [16] N/A 6% in statin group vs. 14% in
non statin group had a mRS of
5 or 6

Moonis 2005 [17] Significantly more patients had
NIHSS ≤ 2 in statin group vs.
non-statin, P = 0.008

Significantly more patients had
mRS ≤ 2 in statin group vs.
non-statin, P = 0.045

Reeves 2008 [18] N/A 35.9% in statin group had mRS ≥
4 vs. 44.3% in non-statin group

Nicholas 2008 [19] N/A N/A Statin pretreatment in patients with diabetes
resulted in a smaller than median infarct volume
after ischemic stroke (P = 0.01).

Stead 2009 [20] Not significantly different Patients on statins were
significantly more likely to have a
mRS ≤ 2

Goldstein 2009 [21] Not significantly different a trend toward reduced disability
with stains based on mRS
(P = 0.0647)

BI, Barthel Index; mRS, modified Rankin Scale; N/A, not available; NIHSS, National Institutes of Health Stroke Scale.
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severity using the mRS. It was noted that severe acute
ischemic stroke (defined as a mRS of 5 or 6) was less
frequent in patients receiving statin treatment before the
event (6% vs. 14%, OR = 0.37, 95% CI = 0.19-0.74, P =
0.004). Statin pretreatment seems to be associated with
reduced stroke-induced disability, most notably in
patients with diabetes [16].
Moonis (2005) evaluated the potential effects of statins

initiated at least 4 weeks before acute ischemic stroke.
Multivariate logistic regression analysis demonstrated
that post-stroke statins were associated with a significant
probability of a favorable outcome at 12 weeks [NIHSS
(P = 0.002; OR = 1.92; CI = 1.27-2.91) and mRS (P =
0.033; OR = 1.57; CI = 1.04-2.38)], whereas pre-stroke
statins demonstrated a trend toward significance [17].
Reeves (2008) found that pretreatment with statins

was associated with lower odds of poor outcome (OR =
0.74, 95% CI 0.52-1.02) and also reported a significant
interaction (P < 0.01) between statin use and race. In

whites, statins were associated with statistically signifi-
cantly lower odds of poor outcome, defined as a
modified Rankin score ≥ 4 at discharge (OR = 0.61, 95%
CI = 0.42-0.86). In blacks, statins were associated with a
non-statistically significant increase in poor outcome
(OR = 1.82, 95% CI = 0.98-3.39) [18]. In-hospital mor-
tality was found to be lower among the statin users:
2.3% (n = 7) of the 309 subjects on statins before admis-
sion died in-hospital, compared to 6.6% (n = 69) of the
1051 subjects not on statins.
Nicholas (2008) conducted a retrospective cohort analy-

sis of stroke patients to examine infarct size with magnetic
resonance diffusion-weighted imaging. They reported a
smaller than median infarct volume after ischemic stroke
in diabetic patients who were taking statins at onset of
ischemic stroke [19].
In a prospective cohort study, Stead (2009) evaluated

508 patients presenting with an acute ischemic stroke
and measured their lipid profiles during a 22-month

Table 2 Study design and odds ratio

Study Study design # of
patients

Follow up
period

OR, 95% CI, P value Measures

Martí-Fàbregas 2004 [14] cohort 167 3 months OR = 5.55; 95% CI = 1.42-17.8;
P = 0.012

Favorable outcome (NIHSS,
mRS ≤ 2, BI)

Yoon 2004 [15] observational 436 2 years OR = 2.9; 95% CI = 1.2-6.7,
P = 0.03

Favorable outcome (mRS ≤ 2)

Greisenegger 2004 [16] cohort 1691 1 week OR = 0.37; 95% CI = 0.19-0.74;
P = 0.004

Poor stroke outcome (mRS of
5 or 6)

Moonis 2005 [17] cohort 852 12 weeks OR = 1.57; 95% CI = 1.04-2.38;
P = 0.033

Favorable outcome (mRS ≤ 2)

Reeves 2008 [18] cohort 1360 6 months OR 0.74, 95% CI = 0.52-1.02 Poor stroke outcome
(mRS ≥ 4 at discharge)

Stead 2009 [20] cohort 508 22 months OR = 1.91; 95% CI = 1.05-3.47 Favorable outcome (NIHSS,
mRS ≤ 2)

Goldstein 2009 [21] Exploratory analysis of
SPARCL trial data

576 3 months N/A Favorable outcome (NIHSS,
mRS)

mRS, modified Rankin Scale; N/A, not available; NIHSS, National Institutes of Health Stroke Scale. OR, Odds Ratio; CI, Confidence Interval.

Table 3 Adverse events in studies testing statin pretreatment

Study Study design # of
patients

Follow up
period

Findings

PROSPER Study
(Shepherd 2002 [22])

Randomized controlled trial 8804 3.2 years 25% increased incidence of cancers (P = 0.020) in patients receiving
statin compared to placebo. Meta-analysis of previous pravastatin and
other statin trials showed no overall increase in cancer risk.

CTT study (Baigent
2005 [12])

Prospective meta-analysis of
14 randomized trials

90 056 5 years No evidence of increased the incidence of cancer by statins (OR =
1.00, 95% CI 0.95-1.06; P = 0.9). Excess risk for rhabdomyolysis with
statin not significant.

SPARCL Trial
(Amarenco 2006 [13],

Double-blind, randomized, 4731 Median
4.9 years

Hemorrhagic stroke was more frequent in statin group, in those with
a hemorrhagic stroke as an entry event. Total and LDL cholesterol
levels did not affect the risk of hemorrhagic stroke.

Goldstein 2008 [23] Multicenter trial

Meier 2009 [24] Prospective cohort study 311 3 months More patients with ICH were on statins (30% vs. 15%, P = 0.005).
Frequency of ICH is associated with previous statin use (OR = 3.1;
95% CI = 1.53-6.39; P = 0.004).

ICH, intracranial hemorrhage; LDL, Low-Density-Lipoprotein; OR, Odds Ratio; CI, Confidence Interval.
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period. Patients with LDL less than or equal to 100 mg/
dL and receiving statins (n = 100) were significantly
more likely to have a good functional outcome, defined
as modified Rankin scale score of 0-2, when compared
with those not on the medication (OR = 1.91; 95% CI =
1.05-3.47) [20].
The Stroke Prevention by Aggressive Reduction in

Cholesterol Levels (SPARCL) study [13] was the first
randomized controlled trial specifically designed to
investigate the effect of the reduction in cholesterol
levels with atorvastatin in secondary stroke prevention.
This trial included a total of 4,731 patients who had a
stroke or transient ischemic attack (TIA) 1-6 months
before study entry. The patients were randomized to
atorvastatin or placebo, with a mean follow-up period of
4.9 years. The results showed a 16% relative risk reduc-
tion of recurrent stroke with atorvastatin [13]. Goldstein
(2009) performed a secondary analysis of data from the
SPARCL study, focusing on the severity and functional
outcome of recurrent stroke [21]. There was a trend
toward lower disability with treatment based on the
mRS score (P = 0.0647) - 218 patients in the atorvasta-
tin group had an ischemic stroke versus 274 in the pla-
cebo group - but no difference in stroke severity based
on the NIHSS was found.
Overall, the studies reviewed indicated that statin pre-

treatment results in favorable outcome in stroke
patients; however a quantitative analysis of this effect
was not feasible because the outcome measures in the
studies listed were too variable. An attempt at compar-
ing the quality of the individual studies was made by
plotting the OR and 95% CI for reduced disability
(mRS) from the studies for which these values were
available (Figure 2).

Adverse reactions observed
Four studies assessed adverse events in patients on sta-
tin therapy before the stroke onset (Table 3). In the
PROSPER (PROspective Study of Pravastatin in the
Elderly at Risk) study, a randomized controlled trial,
there was a 25% increased incidence of cancer (P =
0.020) in patients receiving pravastatin for 3 years com-
pared to placebo [22]. However, a meta-analysis of can-
cer rates in previous pravastatin and other statin trials
showed no overall increase in cancer risk. [23]. The
CTT study (Cholesterol Treatment Trialists’ Collabora-
tion), a prospective meta-analysis of data from 90,056
individuals in 14 randomized trials of statins [12], found
no evidence that statins increased the overall incidence
of cancer. The 5-year excess risk for rhabdomyolysis
with statin was small and not significant. A significant
increase of brain hemorrhages in atorvastatin-treated
patients was observed in the SPARCL trial in which sec-
ondary stroke prevention was analyzed, whereas total
and LDL cholesterol levels did not affect the risk of
hemorrhagic stroke [13,23]. The risk for brain hemor-
rhage was also analyzed by Meier (2009) who looked at
311 patients who received intra-arterial thrombolysis
[24]. They showed that the overall frequency of intracra-
nial hemorrhage was higher in patients receiving statin
therapy before their stroke compared to those without
(34.5% vs. 17.6%, P = 0.005). Clinical outcome after 3
months did not differ significantly between the statin
and non-statin groups.

Discussion
The aim of this systemic review was to determine the
effect of statin pretreatment on the severity of acute
ischemic stroke and on the degree of post-stroke
functional disability. Additionally, the safety of statin
pretreatment was evaluated. The evidence from cross-
sectional, observational and prospective studies as well
as randomized placebo-controlled trials was promising,
yielding significant findings that suggest that prior statin
therapy is associated with favorable outcome and few
adverse events.
Statins inhibit HMG-CoA reductase, an enzyme that

converts HMG-CoA to mevalonate, a precursor of cho-
lesterol [25]. In acute ischemic stroke, the cholesterol
lowering potential of statins comes into action. How-
ever, the link between serum cholesterol level and the
incidence of stroke remains to be fully established. Sev-
eral reports [26-28] indicate that in comparison with
patients with normal cholesterol levels, patients with
high cholesterol levels had a lower risk of death and a
lower risk of poor functional outcome. It is becoming
clear that the clinical action of many cholesterol-
lowering drugs is the result of pleiotropic effects rather
than simply a reduction in cholesterol. These pleiotropic

Figure 2 Odds Ratio for disability based on mRS scores. Note
that Greisenegger 2004 supplied data for the reduced frequency of
patients with a higher mRS (enhanced disability) and Reeves 2008
analyzed patients with a mRS ≥4, whereas the other studies defined
reduced disability as a mRS of ≤2.
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effects include attenuation of vascular inflammation,
improved endothelial cell function, stabilization of ather-
osclerotic plaque, decreased vascular smooth muscle cell
migration and proliferation, and inhibition of platelet
aggregation [28,29]. For example, simvastatin, when
administered within 24 hours of the acute ischemic
stroke onset, can also inhibit the increase in serum
TNF-a, a mediator of inflammation [30] which may
have significant clinical impact. There is also evidence,
most prominently from the JUPITER trial [31] that sta-
tins lower the levels of C-reactive protein (CRP) and
may reduce the risk of coronary events independently of
the effect of statins on lipid levels. Because increased
levels of CRP have been associated with arterial-wall
inflammation, statins can prevent ischemia by both inhi-
biting deposition of lipids and decreasing inflammation.
The stroke protection activity of statins may also be

due to the fact that statins improve cerebrovascular
reactivity [32].
In acute ischemic stroke, the occurrence and size of

cerebral infarction is influenced by the collateral circula-
tion in the brain [33]. Pre-stroke statin use may improve
the pretreatment angiographic collateral grade among
acute ischemic stroke patients presenting with occlusion
of a major cerebral artery. In the cardiovascular system,
prior statin treatment enhances the collateralization of
coronary arteries and thereby improves the outcome of
coronary artery disease. In the cerebrovascular system,
statin associated enhancement of collateralization of cer-
ebral arteries leads to a better outcome in acute
ischemic stroke. Pretreatment with atorvastatin was
associated with better outcome after an ischemic stroke
mainly in atherothrombotic and lacunar infarctions,
with no significant effect on other stroke subtypes [34].
While pretreatment with statins was associated with

better stroke outcomes in whites, there was no evidence
of a beneficial effect of statins in black patients [18]. In
patients with diabetes, prior statin therapy for acute
ischemic stroke was found to be particularly beneficial
[16]. The lipid lowering as well as anti-inflammatory
effects of statins may have a role in controlling diabetes,
which in itself is a risk factor for acute ischemic stroke.
Statin withdrawal, in patients receiving pretreatment

with statins for ischemic stroke, was associated at 90
days with increased risk of death or dependency from
acute ischemic stroke. This suggests that statin therapy
should be continued during the acute phase of ischemic
stroke [35].
Few incidences of adverse reactions were reported in

clinical studies. The risk of cancer in patients taking statins
was evaluated but was found not to be significantly
increased [12,22]. Although statins appear to be beneficial
for ischemic stroke, the risk for hemorrhagic stroke was
increased in patients pre-treated with statins [13,23,24],

particularly those with a prior hemorrhagic stroke, male
sex, advanced age, and stage 2 hypertension. Therefore,
the benefits of statins in preventing ischemic stroke and
cardiovascular events have to be weighed carefully against
the possibility that they may increase the risk for hemor-
rhagic stroke.
Prior statin use by patients admitted to hospitals with

acute ischemic stroke is increasingly common [15]. This
trend can be expected to continue due to continuing
reports of the beneficial effects of statins on stroke pre-
vention in elderly individuals with hypertension and vas-
cular disease [36,37]. The American Heart Association/
American Stroke Association now recommends the
administration of statin therapy with intensive lipid-
lowering effects in patients with atherosclerotic ischemic
stroke or TIA and without known coronary heart dis-
ease to reduce the risk of stroke and cardiovascular
events [38,39]
This systematic review concludes that administration of

statin treatment before acute ischemic stroke is clinically
justified, particularly in whites, diabetics and patients
with ideal LDL levels. However, more randomized dou-
ble-blind placebo-controlled trials are required to defini-
tively evaluate the safety of statin pretreatment, and
to compare the efficacy and dosage of individual
statin types.

Additional material

Additional file 1: QUOROM statement checklist. Quality of Reporting
of Meta-analyses (QUOROM) statement checklist.

Abbreviations
BI: Barthel Index; CENTRAL: Cochrane Central Register of Controlled Trials;
CHD: coronary heart disease; CI: confidence interval; CR: clinical response;
CRP: C-reactive protein; HMG-CoA: 3- hydroxy-3-methylglutaryl coenzyme A;
mRS: modified Rankin scale; NIHSS: National Institutes of Health Stroke Scale;
OR: odds ratio; QUOROM: quality of reporting of meta-analyses; SE: standard
error.

Acknowledgements
The authors wish to thank GNIF research assistants/consultants Nirali Shah,
Elissa Hamlet, Cyndi Laird, and Violeta Osegueda for their suggestions and
editing support.

Authors’ contributions
All authors participated in the preparation of the manuscript, and read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 1 August 2010 Accepted: 29 September 2010
Published: 29 September 2010

References
1. Scandinavian Simvastatin Survival Study Group: Randomised trial of

cholesterol lowering in 4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S). Lancet 1994, 344:1383-1389.

Lakhan et al. International Archives of Medicine 2010, 3:22
http://www.intarchmed.com/content/3/1/22

Page 6 of 7

http://www.biomedcentral.com/content/supplementary/1755-7682-3-22-S1.PDF
http://www.ncbi.nlm.nih.gov/pubmed/7968073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7968073?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7968073?dopt=Abstract


2. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown L,
Warnica JW, Arnold JM, Wun CC, Davis BR, Braunwald E: The effect of
pravastatin on coronary events after myocardial infarction in patients
with average cholesterol levels. N Engl J Med 1996, 336:1001-1009.

3. The Long-Term Intervention with Pravastatin in Ischemic Disease (LIPID)
Study Group: Prevention of cardiovascular events and death with
pravastatin in patients with coronary heart disease and a broad range
of initial cholesterol levels. N Engl J Med 1998, 339:1349-1357.

4. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane PW,
McKillop JH, Packard CJ: Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia. N Engl J Med 1995,
333:1301-1307.

5. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, Beere PA,
Langendorfer A, Stein EA, Kruyer W, Gotto AM Jr: Primary prevention of
acute coronary events with lovastatin in men and women with average
cholesterol levels. JAMA 1998, 279:1615-1622.

6. Heart Protection Study Collaborative Group: MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin in 20 536 high-risk
individuals: a randomised placebo controlled trial. Lancet 2002, 360:7-22.

7. Fuentes B, Martínez-Sánchez P, Díez-Tejedor E: Lipid-lowering drugs in
ischemic stroke prevention and their influence on acute stroke
outcome. Cerebrovasc Dis 2009, 27(Suppl 1):126-33.

8. Prospective Studies Collaboration, Lewington S, Whitlock G, Clarke R,
Sherliker P, Emberson J, Halsey J, Qizilbash N, Peto R, Collins R: Blood
cholesterol and vascular mortality by age, sex, and blood pressure: a
meta-analysis of individual data from 61 prospective studies with 55,000
vascular deaths. Lancet 2007, 370:1829-1839.

9. Amarenco P, Labreuche J, Lavallee P, Touboul PJ: Statins in stroke
prevention and carotid atherosclerosis: systematic review and up to-
date meta-analysis. Stroke 2004, 35:2902-2909.

10. Blauw GJ, Lagaay AM, Smelt AH, Westendorp RG: Stroke, statins, and
cholesterol. A meta-analysis of randomized, placebo-controlled, double-
blind trials with HMG-CoA reductase inhibitors. Stroke 1997, 28:946-950.

11. Hebert PR, Gaziano JM, Chan KS, Hennekens CH: Cholesterol lowering with
statin drugs, risk of stroke, and total mortality. An overview of
randomized trials. JAMA 1997, 278:313-321.

12. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al:
Efficacy and safety of cholesterol-lowering treatment: prospective meta-
analysis of data from 90,056 participants in 14 randomised trials of
statins. Lancet 2005, 366:1267-1278.

13. Amarenco P, Bogousslavsky J, Callahan A, Goldstein LB, Hennerici M,
Rudolph AE, Sillesen H, Simunovic L, Szarek M, Welch KM, Zivin JA, Stroke
Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL)
Investigators: High-dose atorvastatin after stroke or transient ischemic
attack. N Engl J Med 2006, 355:549-559.

14. Martí-Fàbregas J, Gomis M, Arboix A, Aleu A, Pagonabarraga J, Belvís R,
Cocho D, Roquer J, Rodríguez A, García MD, Molina-Porcel L, Díaz-Manera J,
Martí-Vilalta JL: Favorable outcome of ischemic stroke in patients
pretreated with statins. Stroke 2004, 35:1117-21.

15. Yoon SS, Dambrosia J, Chalela J, Ezzeddine M, Warach S, Haymore J,
Davis L, Baird AE: Rising statin use and effect on ischemic stroke
outcome. BMC Medicine 2004, 2:4-7.

16. Greisenegger S, Müllner M, Tentschert S, Lang W, Lalouschek W: Effect of
pretreatment with statins on the severity of acute ischemic
cerebrovascular events. J Neurol Sci 2004, 221:5-10.

17. Moonis M, Kane K, Schwiderski U, Sandage BW, Fisher M: HMG-CoA
Reductase Inhibitors Improve Acute Ischemic Stroke Outcome. Stroke
2005, 36:1298-1300.

18. Reeves MJ, Gargano JW, Luo Z, Mullard AJ, Jacobs BS, Majid A, Paul
Coverdell National Acute Stroke Registry Michigan Prototype Investigators:
Effect of pretreatment with statins on ischemic stroke outcomes. Stroke
2008, 39:1779-85.

19. Nicholas JS, Swearingen CJ, Thomas JC, Rumboldt Z, Tumminello P,
Patel SJ: The effect of statin pretreatment on infarct volume in ischemic
stroke. Neuroepidemiology 2008, 31:48-56.

20. Stead LG, Vaidyanathan L, Kumar G, Bellolio MF, Brown RD Jr, Suravaram S,
Enduri S, Gilmore RM, Decker WW: Statins in ischemic stroke: just low-
density lipoprotein lowering or more. J Stroke Cerebrovasc Dis 2009,
18:124-7.

21. Goldstein LB, Amarenco P, Zivin J, Messig M, Altafullah I, Callahan A,
Hennerici M, MacLeod MJ, Sillesen H, Zweifler R, Michael K, Welch A, Stroke

Prevention by Aggressive Reduction in Cholesterol Levels Investigators:
Statin Treatment and Stroke Outcome in the Stroke Prevention by
Aggressive Reduction in Cholesterol Levels (SPARCL) Trial. Stroke 2009,
40:3526-353.

22. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, Ford I,
Gaw A, Hyland M, Jukema JW, Kamper AM, Macfarlane PW, Meinders AE,
Norrie J, Packard CJ, Perry IJ, Stott DJ, Sweeney BJ, Twomey C,
Westendorp RG, PROSPER study group: PROspective Study of Pravastatin
in the Elderly at Risk: Pravastatin in elderly individuals at risk of vascular
disease (PROSPER): a randomised controlled trial. Lancet 2002,
360:1623-30.

23. Goldstein LB, Amarenco P, Szarek M, Callahan A, Hennerici M, Sillesen H,
Zivin JA, Welch KM, SPARCL Investigators: Hemorrhagic stroke in the
Stroke Prevention by Aggressive Reduction in Cholesterol Levels study.
Neurology 2008, 70:2364-70.

24. Meier N, Nedeltchev K, Brekenfeld C, Galimanis A, Fischer U, Findling O,
Remonda L, Schroth G, Mattle HP, Arnold M: Prior statin use, intracranial
hemorrhage, and outcome after intra-arterial thrombolysis for acute
ischemic stroke. Stroke 2009, 40:1729-37.

25. Tobert JA: Lovastatin and beyond: the history of the HMG-CoA reductase
inhibitors. Nat Rev Drug Discov 2003, 2:517-26.

26. Vauthey C, de Freitas GR, van Melle G, Devuyst G, Bogousslavsky J: Better
outcome after stroke with higher serum cholesterol levels. Neurology
2000, 23:1944-9.

27. Dyker AG, Weir CJ, Lees KR: Influence of cholesterol on survival after
stroke: retrospective study. BMJ 1997, 314:1584-1588.

28. Amarenco P: Hypercholesterolemia, lipid-lowering agents, and the risk
for brain infarction. Neurology 2001, 57:S35-S44.

29. Amarenco P, Moskowitz MA: The dynamics of statins: from event
prevention to neuroprotection. Stroke 2006, 37:294-296.

30. SzczepaÅ„ska-Szerej A, Kurzepa J, Wojczal J, Stelmasiak Z: Simvastatin-
induced prevention of the increase in TNF-alpha level in the acute
phase of ischemic stroke. Pharmacol Rep 2007, 59:94-7.

31. Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ,
Koenig W, Libby P, Lorenzatti AJ, Macfadyen JG, Nordestgaard BG,
Shepherd J, Willerson JT, Glynn RJ, JUPITER Trial Study Group: Reduction in
C-reactive protein and LDL cholesterol and cardiovascular event rates
after initiation of rosuvastatin: a prospective study of the JUPITER trial.
Lancet 2009, 373:1175-82, Epub 2009 Mar 28.

32. Murakami M, Fujioka S, Hirata Y, Kuratsu J: Low-dose of statin treatment
improves cerebrovascular reactivity in patients with ischemic stroke:
single photon emission computed tomography analysis. J Stroke
Cerebrovasc Dis 2008, 17:16-22.

33. Ovbiagele B, Saver JL, Starkman S, Kim D, Ali LK, Jahan R, Duckwiler GR,
Viñuela F, Pineda S, Liebeskind BS, Liebeskind DS: Statin enhancement of
collateralization in acute stroke. Neurology 2007, 68:2129-2131.

34. Martínez-Sánchez P, Rivera-Ordóñez C, Fuentes B, Ortega-Casarrubios MA,
Idrovo L, Díez-Tejedor E: The beneficial effect of statins treatment by
stroke subtype. Eur J Neurol 2009, 16:127-33.

35. Colivicchi F, Bassi A, Santini M, Caltagirone C: Discontinuation of statin
therapy and clinical outcome after ischemic stroke. Stroke 2007, 38:2652.

36. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane PW,
McKillop JH, Packard CJ: Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia. West of Scotland
Coronary Prevention Study Group. N Engl J Med 1995, 333:1301-1307.

37. Collins R, Armitage J, Parish S, Sleight P, Peto R: Effects of cholesterol-
lowering with simvastatin on stroke and other major vascular events in
20 536 people with cerebrovascular disease or other high-risk
conditions. Lancet 2004, 363:757-767.

38. The Stroke Council: Statins after ischemic stroke and transient ischemic
attack: an advisory statement from the Stroke Council, American Heart
Association and American Stroke Association. Stroke 2004, 35:1023.

39. Adams RJ, Albers G, Alberts MJ, Benavente O, Furie K, Goldstein LB, et al:
Update to the AHA/ASA recommendations for the prevention of stroke
in patients with stroke and transient ischemic attack. Stroke 2008,
39:1647-1652.

doi:10.1186/1755-7682-3-22
Cite this article as: Lakhan et al.: Statins and clinical outcome of acute
ischemic stroke: a systematic review. International Archives of Medicine
2010 3:22.

Lakhan et al. International Archives of Medicine 2010, 3:22
http://www.intarchmed.com/content/3/1/22

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/9841303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9841303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9841303?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7566020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7566020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9613910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9613910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9613910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12114036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12114036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12114036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19342842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19342842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19342842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18061058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18061058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18061058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18061058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15514180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15514180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15514180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9158630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9158630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9158630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9228438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9228438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9228438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16214597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16899775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16899775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15073403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15073403?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15035663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15035663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15178206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15879346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15879346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18369173?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18560243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18560243?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19251188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19251188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19745172?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19745172?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12457784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12457784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12457784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18077795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19265056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12815379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12815379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9169402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9169402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11552053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11552053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16410465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16410465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17377212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17377212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17377212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18190816?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17562834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17562834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19049507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19049507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17761916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17761916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7566020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7566020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7566020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15016485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15016485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15016485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15016485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18322260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18322260?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Searching for studies
	Selection of studies
	Data abstraction
	Analysis

	Results
	Study characteristics
	Clinical responses observed
	Adverse reactions observed

	Discussion
	Acknowledgements
	Authors' contributions
	Competing interests
	References

