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Background

Statins reduce the incidence of strokes among patients at increased risk for car-
diovascular disease; whether they reduce the risk of stroke after a recent stroke or 
transient ischemic attack (TIA) remains to be established.

Methods

We randomly assigned 4731 patients who had had a stroke or TIA within one to 
six months before study entry, had low-density lipoprotein (LDL) cholesterol levels 
of 100 to 190 mg per deciliter (2.6 to 4.9 mmol per liter), and had no known coro-
nary heart disease to double-blind treatment with 80 mg of atorvastatin per day 
or placebo. The primary end point was a first nonfatal or fatal stroke.

Results

The mean LDL cholesterol level during the trial was 73 mg per deciliter (1.9 mmol 
per liter) among patients receiving atorvastatin and 129 mg per deciliter (3.3 mmol 
per liter) among patients receiving placebo. During a median follow-up of 4.9 years, 
265 patients (11.2 percent) receiving atorvastatin and 311 patients (13.1 percent) 
receiving placebo had a fatal or nonfatal stroke (5-year absolute reduction in risk, 
2.2 percent; adjusted hazard ratio, 0.84; 95 percent confidence interval, 0.71 to 0.99; 
P = 0.03; unadjusted P = 0.05). The atorvastatin group had 218 ischemic strokes 
and 55 hemorrhagic strokes, whereas the placebo group had 274 ischemic strokes 
and 33 hemorrhagic strokes. The five-year absolute reduction in the risk of major 
cardiovascular events was 3.5 percent (hazard ratio, 0.80; 95 percent confidence 
interval, 0.69 to 0.92; P = 0.002). The overall mortality rate was similar, with 216 deaths 
in the atorvastatin group and 211 deaths in the placebo group (P = 0.98), as were 
the rates of serious adverse events. Elevated liver enzyme values were more com-
mon in patients taking atorvastatin.

Conclusions

In patients with recent stroke or TIA and without known coronary heart disease, 
80 mg of atorvastatin per day reduced the overall incidence of strokes and of cardio-
vascular events, despite a small increase in the incidence of hemorrhagic stroke. 
(ClinicalTrials.gov number, NCT00147602.)
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Despite the efficacy of a variety of 

secondary preventive therapies, patients 
who have had a stroke or transient ische-

mic attack (TIA) remain at risk for stroke as well 
as coronary and other cardiovascular events.1 Ther-
apy with 3-hydroxy-3-methylglutaryl coenzyme A 
reductase inhibitors (statins) reduces the risk of 
stroke among patients with coronary heart disease 
and those at increased risk for cardiovascular dis-
ease.2-8 A meta-analysis of 90,000 patients includ-
ed in these previous statin trials showed that the 
reduction in the risk of stroke was primarily re-
lated to the extent to which low-density lipopro-
tein (LDL) cholesterol levels were lowered.8 No data 
exist to show that statin treatment decreases the 
risk of stroke among patients with a history of 
stroke or TIA.9,10 The Stroke Prevention by Aggres-
sive Reduction in Cholesterol Levels (SPARCL) trial 
was designed to determine whether a daily dose of 
80 mg of atorvastatin would reduce the risk of 
stroke in patients with no known coronary heart 
disease who had had a stroke or TIA within the 
previous six months.

Me thods

The methods of the SPARCL study have been de-
scribed in detail previously.11 The study was ap-
proved by the local research ethics committee or 
institutional review board at each participating 
center (15 of 205 centers excluded otherwise suit-
able patients with an LDL cholesterol level above 
160 mg per deciliter [4.1 mmol per liter], as re-
quired by their institutional review boards), and 
all patients gave written informed consent.

Study Hypothesis and Patient Population

The primary hypothesis of the study was that treat-
ment with 80 mg of atorvastatin per day would re-
duce the risk of fatal or nonfatal stroke among pa-
tients with a history of stroke or TIA. Eligible 
patients were men and women over 18 years of age 
who had had an ischemic or hemorrhagic stroke or 
a TIA (diagnosed by a neurologist within 30 days 
after the event) 1 to 6 months before randomiza-
tion. Patients with hemorrhagic stroke were includ-
ed if they were deemed by the investigator to be at 
risk for ischemic stroke or coronary heart disease. 
Stroke was defined by focal clinical signs of central 
nervous system dysfunction of vascular origin that 
lasted for at least 24 hours; TIA was defined by the 
loss of cerebral or ocular function for less than 24 

hours, presumably owing to atherosclerotic causes. 
Patients had to be ambulatory, with a modified 
Rankin score of no more than 3 (scores can range 
from 0 to 6, with higher scores indicating more 
severe disability or death), and to have an LDL cho-
lesterol level of at least 100 mg per deciliter (2.6 
mmol per liter) and no more than 190 mg per 
deciliter (4.9 mmol per liter).12 The exclusion crite-
ria, which have been described in detail previously, 
included atrial fibrillation, other cardiac sources of 
embolism, and subarachnoid hemorrhage.11 Pa-
tients were enrolled between September 1998 and 
March 2001.

Study Protocol

Patients who were taking lipid-altering drugs had 
to stop these medications 30 days before the screen-
ing phase of the study. Within 30 days after the 
initial screening visit, eligible patients were ran-
domly assigned to double-blind therapy with ei-
ther 80 mg of atorvastatin per day or placebo. To 
ensure that investigators remained unaware of a 
patient’s treatment assignment on the basis of 
changes in LDL cholesterol levels during the study, 
if LDL cholesterol levels dropped below 40 mg per 
deciliter (1.0 mmol per liter) in a patient treated 
with atorvastatin, the investigator for a randomly 
chosen placebo patient was notified and LDL cho-
lesterol levels were remeasured in both patients. 
All patients were counseled to follow the Nation-
al Cholesterol Education Program Step 1 (or sim-
ilar) diet throughout the study.13 Follow-up visits 
were scheduled one, three, and six months after 
enrollment and every six months thereafter. Sur-
viving patients made their last study visit between 
March and June 2005.

Efficacy Outcomes

The primary outcome was the time from random-
ization to a first nonfatal or fatal stroke. There were 
seven prespecified secondary composite outcomes: 
stroke or TIA, major coronary event (death from 
cardiac causes, nonfatal myocardial infarction, or 
resuscitation after cardiac arrest), major cardiovas-
cular event (stroke plus any major coronary event), 
acute coronary event (major coronary event or un-
stable angina), any coronary event (acute coronary 
event plus a coronary revascularization procedure, 
unstable angina, or angina or ischemia requiring 
emergency hospitalization), revascularization pro-
cedure (coronary, carotid, or peripheral), and any 
cardiovascular event (any of the former plus clin-
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ically significant peripheral vascular disease).11 In-
dividual components of the composite end points 
and death from any cause were also prespecified 
secondary outcomes.

Safety Assessments

Full clinical laboratory assessments were per-
formed and electrocardiograms were obtained and 
subsequently interpreted by a central laboratory at 
screening, at regular intervals during the study, and 
on completion of the study. Drug safety was as-
sessed by an evaluation of the type, frequency, se-
verity, and duration of any reported adverse event 
and on the basis of vital signs, physical examina-
tions, and laboratory tests.

Statistical Analysis

The study was designed to have a statistical pow-
er of 90 percent to detect an absolute reduction of 
25 percent in the primary end point in the atorva-
statin group as compared with the placebo group 
during a median follow-up of five years with a two-
sided significance level of P<0.05. Given the speci-
fied statistical power, the enrollment of 4200 pa-
tients, and an assumed annual rate of 3.5 percent 
for the primary end point in the placebo group, the 
study was designed to continue until 540 primary 
end points had occurred.

Seven interim analyses of efficacy were per-
formed during the study, with a stopping bound-
ary corresponding to a two-sided significance level 
of P = 0.0001 for the first analysis and P = 0.001 
thereafter. Because of these interim analyses, the 
final P value had to be less than 0.048 to indicate 
a significant difference.

The analysis plan was prespecified and per-
formed on an intention-to-treat basis with the 
inclusion of all patients who underwent random-
ization. Efficacy analyses were also performed ac-
cording to the treatment actually received in a 
prespecified population consisting of a group of 
all randomized patients who had an entry event 
within six months before randomization, were 
compliant with the study treatment for at least six 
months after randomization, and did not start 
statin therapy that was not specified by the study 
until at least six months after randomization. Ini-
tially, the log-rank test was used to compare the 
time from randomization to the first occurrence of 
a particular event in the two groups. To account 
for baseline factors thought to be related to the 
risk of events, prespecified Cox proportional-haz-

ards models were used to calculate treatment-
related hazard ratios, 95 percent confidence inter-
vals, and P values, with adjustment for geographic 
region, entry event (stroke or TIA), time since entry 
event (as a continuous variable), sex, and age at 
baseline (as a continuous variable). Five patients 
were excluded from the prespecified adjusted 
analyses because of missing data on the entry 
event (including one patient in the placebo group 
who had a nonfatal stroke followed by a fatal 
stroke). For a given composite outcome, deaths 
that were not included in the composite were 
treated as censoring events. Events that occurred 
after the prespecified end-of-study censoring date 
for each patient were not included in the analysis; 
inclusion of these events did not alter the infer-
ences of the data presented. Lipid and lipoprotein 
levels in patients receiving treatment were deter-
mined in linear models with terms for treatment 
and month of measurement. The absolute reduc-
tions in risk and the numbers needed to treat were 
determined from five-year Kaplan–Meier rates. All 
P values were two-sided, with no adjustment for 
multiple testing.

The SPARCL steering committee developed the 
study protocol with the sponsor and takes re-
sponsibility for the data and data analyses. Med-
pace (Cincinnati) managed all data. Medpace, 
Charles River Laboratories Clinical Services (Brus-
sels), and the sponsor provided site monitoring 
throughout the study. Two independent end-point 
committees (one for neurologic and one for car-
diovascular end points) adjudicated all potential 
end points without knowledge of the patients’ 
treatment status or cholesterol levels. A data and 
safety monitoring board with independent sta-
tistical support performed interim monitoring 
analyses for safety and efficacy.

R esult s

Of 6670 screened, eligible patients, 4731 (70.9 per-
cent) fulfilled the inclusion criteria and underwent 
randomization (Fig. 1). The median duration of fol-
low-up was 4.9 years (range among survivors, 4.0 to 
6.6). Among survivors, there was no significant dif-
ference in the number of patients in each treatment 
group lost to follow-up (P = 0.42). More patients in 
the placebo group than in the atorvastatin group 
withdrew consent after randomization (P = 0.07), 
permanently discontinued study treatment (20.2 
percent vs. 15.4 percent of follow-up time for the 
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primary end point, respectively; P = 0.07), and be-
gan open-label, nonstudy statin therapy (7.5 per-
cent vs. 1.0 percent of follow-up time for the pri-
mary end point, respectively; the net difference 
in statin use between groups was 78.1 percent). 
During the trial, the treatment assignment of 
nine patients (three assigned to atorvastatin and 
six assigned to placebo) was revealed to the study 
physician.

After randomization, the patients also took 
aspirin or other antiplatelet drugs (94.1 percent 
of patients in the placebo group and 93.6 percent 
of patients in the atorvastatin group); angioten-
sin-converting–enzyme inhibitors (46.8 percent 
and 46.9 percent, respectively); dihydropyridine 
derivatives (29.6 percent and 27.8 percent, respec-
tively); beta-blockers (33.4 percent and 31.5 per-
cent, respectively); angiotensin II–receptor antago-

nists (14.8 percent and 14.1 percent, respectively); 
vitamin K antagonists, including warfarin (12.4 
percent and 12.2 percent, respectively); or open-
label statins (25.4 percent and 11.4 percent, re-
spectively). Atorvastatin was the most frequent-
ly used nonstudy, open-label statin in both study 
groups.

The mean (±SE) LDL cholesterol levels were 
similar in the two groups at baseline (Table 1). 
One month after randomization, the LDL choles-
terol level in the atorvastatin group had decreased 
to 61.3±0.4 mg per deciliter (1.58±0.01 mmol per 
liter) (a decrease of 53 percent, P<0.001) and was 
unchanged in the placebo group at 133.5±0.5 mg 
per deciliter (3.45±0.01 mmol per liter) (P = 0.65). 
The mean lipid values during the course of the 
trial were as follows: LDL cholesterol, 72.9±0.5 mg 
per deciliter (1.89±0.01 mmol per liter) in the ator-
vastatin group, as compared with 128.5±0.5 mg 
per deciliter (3.32±0.01 mmol per liter) in the pla-
cebo group (P<0.001); high-density lipoprotein 
(HDL) cholesterol, 52.1±0.3 as compared with  
51.0±0.3 mg per deciliter (1.35±0.01 vs. 1.32±0.01 
mmol per liter), respectively (P = 0.006); total 
cholesterol, 147.2±0.6 as compared with 208.4±0.6 
mg per deciliter (3.81±0.02 vs. 5.39±0.02 mmol 
per liter), (P<0.001); and triglycerides, 111.5±1.3 
as compared with 145.0±1.3 mg per deciliter 
(1.26±0.01 vs. 1.64±0.01 mmol per liter), respec-
tively (P<0.001).

A primary end point (any nonfatal or fatal 
stroke) occurred in 265 patients in the atorvastatin 
group and 311 in the placebo group (unadjusted 
P = 0.05) (Table 2). The absolute difference in Kap-
lan–Meier rates at five years was 2.2 percent (95 
percent confidence interval, 0.2 to 4.2 percent). A 
total of 136 patients in the placebo group and 
154 patients in the atorvastatin group died from 
causes other than stroke before they could have 
a nonfatal stroke. After prespecified adjustment 
for baseline factors, atorvastatin was associated 
with a 16.0 percent relative reduction in the risk 
of nonfatal or fatal stroke (hazard ratio, 0.84; 95 
percent confidence interval, 0.71 to 0.99; P = 0.03) 
(Table 2 and Fig. 2). Prespecified analysis of 4162 
patients according to the protocol showed an 
18.0 percent relative reduction in the risk of stroke 
in the atorvastatin group, as compared with the 
placebo group (hazard ratio, 0.82; 95 percent con-
fidence interval, 0.69 to 0.98; P = 0.03).

Analysis of secondary end points showed re-
ductions in the combined risk of stroke and TIA. 

4731 Underwent randomization

6670 Selected for screening visit

1939 Excluded
1591 Did not meet entry

criteria
250 Withdrew consent
54 Excluded for other or 

administrative reasons
44 Had an adverse event

or reached an end point
during screening phase 

2365 Assigned to 80 mg of
atorvastatin per day

2272 Followed for end points
through end of study

63 Withdrew consent, vital
status unknown

15 Withdrew consent, vital
status known

15 Lost to follow-up

2365 Included in efficacy analysis
and safety analysis

2366 Assigned to placebo

2253 Followed for end points
through end of study

69 Withdrew consent, vital
status unknown

34 Withdrew consent, vital
status known

10 Lost to follow-up

2366 Included in efficacy analysis
and safety analysis

Figure 1. Screening, Enrollment, and Outcomes.
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The risk of cardiovascular events, including major 
coronary events and revascularization procedures, 
was reduced substantially (Table 2). There was no 
significant difference between treatment groups 
in overall mortality (including cancer-related mor-
tality). Kaplan–Meier estimates for selected com-

ponents of the secondary end points are given in 
Figure 3.

Post hoc analyses indicated significant differ-
ences in the treatment effect (hazard ratios) based 
on the type of stroke occurring during the trial 
(ischemic, hemorrhagic, or unclassified stroke) 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Atorvastatin
(N = 2365)

Placebo
(N = 2366)

Age — yr 63.0±0.2 62.5±0.2

Male sex — no. (%) 1427 (60.3) 1396 (59.0)

Systolic blood pressure — mm Hg 138.9±0.4 138.4±0.4

Diastolic blood pressure — mm Hg 82.0±0.2 81.4±0.2

Body-mass index† 27.5±0.1 27.4±0.1

Entry event — no. (%)

Stroke 1655 (70.0) 1613 (68.2)

Ischemic 1595 (67.4) 1559 (65.9)

Hemorrhagic 45 (1.9) 48 (2.0)

Other type or not determined 15 (0.6) 6 (0.3)

TIA 708 (29.9) 752 (31.8)

Unknown 2 (0.1) 1 (<0.1)

Time since entry event — days 87.1±1.0 84.3±1.0

Risk factors — no. (%)

Current smoker 452 (19.1) 456 (19.3)

Former smoker 963 (40.7) 918 (38.8)

Systemic hypertension 1476 (62.4) 1452 (61.4)

History of diabetes mellitus 395 (16.7) 399 (16.9)

Any prior statin therapy — no. (%) 57 (2.4) 63 (2.7)

Concomitant therapy — no. (%)

Aspirin or other antiplatelet drug, excluding heparin 2067 (87.4) 2063 (87.2)

ACE inhibitor 683 (28.9) 667 (28.2)

Dihydropyridine derivative 350 (14.8) 359 (15.2)

Beta-blocker 414 (17.5) 422 (17.8)

Angiotensin II–receptor antagonist 110 (4.7) 102 (4.3)

Vitamin K antagonist, including warfarin 139 (5.9) 154 (6.5)

Lipids — mg/dl‡

LDL cholesterol 132.7±0.5 133.7±0.5

HDL cholesterol 50.0±0.3 50.0±0.3

Total cholesterol 211.4±0.6 212.3±0.6

Triglycerides 144.2±1.9 143.2±1.4

Apolipoprotein A1 149.1±0.6 149.6±0.6

Apolipoprotein B 133.1±0.5 134.1±0.5

* Plus–minus values are means ±SD in the case of age and means ±SE in the case of lipid levels. ACE denotes angioten-
sin-converting–enzyme, LDL low-density lipoprotein, and HDL high-density lipoprotein.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ To convert values for cholesterol to millimoles per liter, multiply by 0.02586. To convert values for triglycerides to milli-

moles per liter, multiply by 0.01129.
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when the other types were treated as censoring 
events (P = 0.01 by the likelihood-ratio test). The 
cause-specific adjusted hazard ratios in the ator-
vastatin group, as compared with the placebo 
group, were 0.78 (95 percent confidence interval, 
0.66 to 0.94) for ischemic stroke, 1.66 (95 percent 
confidence interval, 1.08 to 2.55) for hemorrhagic 
stroke, and 0.55 (95 percent confidence interval, 
0.21 to 1.40) for unclassified stroke. Of the 492 
patients who had at least one ischemic stroke, 
218 were in the atorvastatin group and 274 were 
in the placebo group; of the 88 patients who had 

at least one hemorrhagic stroke, 55 were in the 
atorvastatin group and 33 were in the placebo 
group; and of the 19 patients who had at least 
one unclassified stroke, 7 were in the atorvastatin 
group and 12 were in the placebo group. The in-
cidence of fatal hemorrhagic stroke did not differ 
significantly between the groups (17 in the ator-
vastatin and 18 in the placebo group).

Safety assessments revealed no significant dif-
ferences between groups in the incidence of seri-
ous adverse events (Table 3). There were five cases 
of rhabdomyolysis, two in the atorvastatin group 

Table 2. Estimates of the Hazard Ratio for the Primary and Secondary Efficacy Outcome Measures.

Outcome*
Atorvastatin
(N = 2365)

Placebo
(N = 2366)

Unadjusted 
P Value† Prespecified Adjusted Model‡

HR (95% CI) P Value

no. (%)

Primary outcome

Nonfatal or fatal stroke§ 265 (11.2) 311 (13.1) 0.05 0.84 (0.71–0.99) 0.03

Nonfatal stroke 247 (10.4) 280 (11.8) 0.14 0.87 (0.73–1.03) 0.11

Fatal stroke 24 (1.0) 41 (1.7) 0.04 0.57 (0.35–0.95) 0.03

Secondary outcomes

Stroke or TIA 375 (15.9) 476 (20.1) <0.001 0.77 (0.67–0.88) <0.001

TIA 153 (6.5) 208 (8.8) 0.004 0.74 (0.60–0.91) 0.004

Major coronary event§ 81 (3.4) 120 (5.1) 0.006 0.65 (0.49–0.87) 0.003

Death from cardiac causes 40 (1.7) 39 (1.6) 0.90 1.00 (0.64–1.56) 1.00

Nonfatal myocardial infarction 43 (1.8) 82 (3.5) 0.001 0.51 (0.35–0.74) <0.001

Resuscitation after cardiac arrest 1 (<0.1) 1 (<0.1) — — —

Major cardiovascular event 334 (14.1) 407 (17.2) 0.005 0.80 (0.69–0.92) 0.002

Acute coronary event 101 (4.3) 151 (6.4) 0.001 0.65 (0.50–0.84) 0.001

Any coronary event 123 (5.2) 204 (8.6) <0.001 0.58 (0.46–0.73) <0.001

Revascularization¶ 94 (4.0) 163 (6.9) <0.001 0.55 (0.43–0.72) <0.001

Any cardiovascular event 530 (22.4) 687 (29.0) <0.001 0.74 (0.66–0.83) <0.001

Death 216 (9.1) 211 (8.9) 0.77 1.00 (0.82–1.21) 0.98

Death from cardiovascular disease 78 (3.3) 98 (4.1) 0.14 0.78 (0.58–1.06) 0.11

Death from cancer 57 (2.4) 53 (2.2) 0.67 1.05 (0.72–1.53) 0.80

Death from infection 26 (1.1) 20 (0.8) — — —

Accidental or violent death 11 (0.5) 6 (0.3) — — —

Death from other causes 23 (1.0) 15 (0.6) — — —

Unclassified deaths 21 (0.9) 19 (0.8) — — —

* Only the first event for each patient is counted. 
† Unadjusted P values were calculated by the log-rank test.
‡ Treatment hazard ratios (HRs) and P values are from the Cox regression model with adjustment for geographic region, 

entry event, time since entry event, sex, and age at baseline. CI denotes confidence interval.
§ Numbers of patients in the outcome subgroups do not total the number for the overall outcome because some pa-

tients had multiple events or the outcome could not be subclassified.
¶ Revascularization includes coronary, carotid, and peripheral revascularization.
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and three in the placebo group. Persistent ele-
vation of alanine or aspartate aminotransferase 
(>3 times the upper limit of the normal group on 
two consecutive occasions) was more frequent in 
the atorvastatin group (51 patients, or 2.2 percent) 
than in the placebo group (11 patients, or 0.5 per-
cent; P<0.001 by the chi-square test). There were 
no cases of liver failure.

Discussion

This prospective, randomized, placebo-controlled 
trial demonstrated that treatment with 80 mg of 
atorvastatin per day reduced the risk of subsequent 
stroke in patients without known coronary heart 

disease and with LDL cholesterol levels of 100 to 
190 mg per deciliter who had had a recent stroke 
or TIA. The study was not powered to assess the 
effect of treatment on the risk of death from any 
cause or on fatal and nonfatal stroke separately, but 
the risk of fatal stroke was significantly reduced. 
The reduction in the risk of nonfatal stroke was 
consistent with the treatment effect, but not sig-
nificant.

Although at enrollment, patients had no known 
coronary heart disease, the risk of cardiovascu-
lar events, including major coronary events and 
revascularization procedures, was also substan-
tially reduced. On the basis of our data, 46 pa-
tients (95 percent confidence interval, 24 to 243) 
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Figure 2. Kaplan–Meier Curves for Stroke and TIA.

Results are shown on an intention-to-treat basis with prespecified adjustments for geographic region, entry event (stroke or TIA), time 
since entry event, sex, and baseline age for the first occurrence of a fatal or nonfatal stroke (Panel A), fatal stroke (Panel B), nonfatal 
stroke (Panel C), and stroke or TIA (Panel D). HR denotes hazard ratio, and CI confidence interval.
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would need to be treated for five years to prevent 
one stroke, 29 patients (95 percent confidence in-
terval, 18 to 75) to prevent one major cardiovas-
cular event, and 32 patients (95 percent confidence 
interval, 22 to 59) to avoid one revascularization 
procedure. These benefits were observed despite 
the increased use of open-label nonstudy statins 
during the study, a result suggesting that the effect 
is robust.

As expected, the beneficial effect of statin 
therapy on the risk of recurrent stroke was due to 
a reduction in the risk of cerebral infarction, the 

mechanism of which largely has been attributed to 
a reduction in LDL cholesterol levels.8 The lower 
average LDL cholesterol level achieved in the ator-
vastatin as compared with the placebo group is 
consistent with this hypothesis. Other putative 
mechanisms include a variety of possible pleiotro-
pic effects.14

Our results contrast with those of the Heart 
Protection Study (HPS), which found no reduction 
in the risk of stroke among patients with prior 
cerebrovascular disease (10.4 percent of patients 
in the statin group had a recurrent stroke, as com-
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Figure 3. Kaplan–Meier Curves for Coronary and Cardiovascular Events.

Results are shown on an intention-to-treat basis with prespecified adjustments for geographic region, entry event (stroke or TIA), time 
since entry event, sex, and baseline age for the first occurrence of any coronary event (acute coronary event plus coronary revasculariza-
tion procedure, unstable angina, or angina or ischemia requiring emergency hospitalization) (Panel A), any major coronary event (death 
from cardiac causes, nonfatal myocardial infarction, resuscitation after cardiac arrest) (Panel B), any major cardiovascular event (prima-
ry event plus any major coronary event) (Panel C), and any cardiovascular event (any of the former plus clinically significant peripheral 
vascular disease) (Panel D). HR denotes hazard ratio, and CI confidence interval.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission. 



H I G H - D O S E  A T O R V A S T A T I N  A F T E R  S T R O K E  O R  T R A N S I E N T  I S C H E M I C  A T T A C K

n engl j med 355;6 www.nejm.org august 10, 2006 557

pared with 10.5 percent of patients in the placebo 
group).10 A possible explanation for this difference 
in results is that patients in the HPS were enrolled 
an average of 4.3 years after the index event, 
whereas the risk of recurrence is highest within 
the first years after stroke.10,15,16 Another expla-
nation may be the larger reduction in LDL cho-
lesterol in our study than in the HPS (56 mg per 
deciliter [1.4 mmol per liter] vs. 39 mg per deci-
liter [1.0 mmol per liter]).10 Other differences be-
tween the trials have been reviewed previously.9

Although patients with known coronary heart 
disease were excluded at baseline, 9.2 percent 
(434 patients) had a coronary event or a noncoro-
nary revascularization procedure during the tri-
al. Treatment with atorvastatin reduced the risk 
of these events. This observation adds to evidence 
from previous studies involving patients at in-
creased risk for cardiovascular disease showing 
that statin treatment reduces atherosclerotic com-
plications.2-7 Our results support the concept that 
from the standpoint of statin treatment, stroke 
or TIA should be considered a coronary heart dis-
ease risk equivalent.

In our study, the overall benefit in terms of the 
reduction in the risk of stroke was significant de-
spite an increase in hemorrhagic stroke in the 
atorvastatin group. Statistical heterogeneity was 
observed in the effects of atorvastatin on ischemic 
and hemorrhagic stroke. An increase in the inci-
dence of hemorrhagic stroke among patients with 
cerebrovascular disease treated with simvastatin 
(40 mg) was noted in the HPS.10 Epidemiologic 
studies have suggested an association between low 
cholesterol levels and brain hemorrhage.17-19 Statin 
trials conducted largely in patients without cere-
brovascular disease have reduced LDL cholesterol 
levels to 70 mg per deciliter (1.8 mmol per liter) 
or below, with no increase in the incidence of hem-
orrhagic stroke.20-22 The small number of patients 
with brain hemorrhage at entry in our study pre-
cludes any meaningful conclusions regarding the 
relative risks and benefits of statin treatment in 
this population. The potential risk of recurrent 
hemorrhage should be considered when one is 
deciding whether to administer a statin to patients 
who have had a hemorrhagic stroke.

In conclusion, in patients with a recent stroke 
or TIA, treatment with 80 mg of atorvastatin per 
day decreased the risk of stroke, major coronary 
events, and revascularization procedures. These 

results support the initiation of atorvastatin treat-
ment soon after a stroke or TIA.
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Table 3. Incidence of Adverse Events and Elevated Laboratory Values.*

Variable
Atorvastatin
(N = 2365)

Placebo
(N = 2366)

no. (%)

Adverse event

Any adverse event 2199 (93.0) 2156 (91.1)

Any serious adverse event 988 (41.8) 975 (41.2)

Any adverse event resulting in discontinua-
tion of study treatment

415 (17.5) 342 (14.5)

Musculoskeletal adverse events

Myalgia 129 (5.5) 141 (6.0)

Myopathy 7 (0.3) 7 (0.3)

Rhabdomyolysis† 2 (0.1) 3 (0.1)

Adverse events with incidence of ≥10% 
in either group
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Creatine kinase >10× ULN at 2 consecu-
tive measurements

2 (0.1) 0

* ALT denotes alanine aminotransferase, AST aspartate aminotransferase, and 
ULN upper limit of the normal range.

† There was no preset definition of rhabdomyolysis.
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