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P atients with acute ischemic stroke or transient ische-
mic attack (TIA) are at high risk of recurrent stroke and
poor functional outcomes within 3 months.1-3 High lev-

elsof low-density lipoproteincholesterol (LDL-C)andotherath-
erogenic lipoproteins may contribute to this risk.4 The Stroke
Prevention by Aggressive Reduction in Cholesterol Levels
(SPARCL) and the Treat Stroke to Target (TST) trials indicated
that administering intensive statin therapy to lower LDL-C lev-
els in patients with stroke or TIA is effective in reducing the risk
of stroke recurrence.5 Based on previous studies that focused
on the nonacute phase, current guidelines recommend high-
intensity statin therapy for secondary prevention in patients
withatherosclerotic ischemicstroke.6,7 However,guidelines lack
clear recommendations for the timing of statin administration
in the acute phase, which had been discussed in acute coro-
nary syndromes.6-8 Results from the Fast Assessment of Stroke
and TIA to Prevent Early Recurrence (FASTER) study with small
sample size (N = 392) showed no superiority of simvastatin
initiated acutely to placebo.9 The use of immediate or delayed
high-intensity statins within 72 hours of stroke remains con-
troversial, particularly for those patients with acute mild stroke
or high-risk TIA of presumed atherosclerotic cause.10-13 Thus,
the safety and efficacy of immediate high-intensity statin
therapy for reducing early recurrence are still uncertain.

In addition to their LDL-lowering effects, statins have been
foundtopossessvariouscytoprotectivebenefits, includingpro-
tectionofendothelial function,antioxidantproperties,andanti-
inflammatory effects.14,15 Preclinical studies have shown that
administering statins immediately after a stroke can reduce the
size of the infarct and improve neurological outcomes.16,17 In
humans, the SPARCL trial suggests that atorvastatin, 80 mg per
day, may improve functional outcome at 5 years as compared
with placebo in patients with recurrent stroke.3 Meta-analysis
and observational studies have further indicated that early
statin treatment is associated with good functional outcome
and lower mortality.10,18,19 Conversely, discontinuation of statin
treatment after admission has been linked to poorer func-
tional outcomes, increased mortality, and dependence.18,20

However, there is a lack of high-quality RCTs providing evi-
dence for the neuroprotective effects or for the effective
improvementof functionaloutcomesinpatientsreceivingacute
statin treatment.

WeconductedtheIntensiveStatinandAntiplateletTherapy
for High-Risk Intracranial or Extracranial Atherosclerosis
(INSPIRES) trial. This study aimed to determine (1) whether im-
mediate-intensive statin therapy initiated within 72 hours of
symptom onset is safe and can lower the risk of recurrent stroke
compared with delayed therapy in patients with mild ischemic
stroke or high-risk TIA and atherosclerosis and (2) whether im-
mediate-intensive statin therapy improves functional out-
comes in these patients.

Methods
Study Design
The INSPIRES study was a multicenter, double-blind, placebo-
controlled, 2 × 2 factorial, randomized clinical trial in which

patientsat222centers inChinaunderwent randomizationfrom
September 2018 to October 2022. Results of the intensive statin
arm are presented here whereas results of an arm comparing
the combination of clopidogrel with aspirin vs aspirin alone
will be published elsewhere. Details of the rationale and de-
sign of the INSPIRES study have been described previously.21

The protocol, statistical analysis plan, and information on
committees, sites, and investigators are available in Supple-
ment 1, Supplement 2, and the eAppendix in Supplement 3,
respectively. The trial was approved by the ethics committee
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anticoagulationtherapy,orantiplatelet therapyexcept forclopi-
dogrel and aspirin after onset; if they received dual antiplate-
let therapy with aspirin and clopidogrel or intensive statin
therapy within 2 weeks before randomization; or if they had
severe hepatic or kidney dysfunction. A complete descrip-
tion of the inclusion and exclusion criteria for the trial is avail-
able in the eAppendix of Supplement 3.

Randomization and Masking
Eligible participants were randomly assigned in a 1:1:1:1 ratio
into 4 groups as follows: (1) intensive antiplatelet therapy plus
immediate-intensive statin therapy, (2) intensive antiplatelet
therapy plus delayed-intensive statin therapy, (3) standard an-
tiplatelet therapy plus immediate-intensive statin therapy, and
(4) standard antiplatelet therapy plus delayed-intensive statin

therapy. A randomization sequence was computer generated
centrally and stratified by participating centers via block ran-
domization, with a block size of 8 with stratification for study
sites, at the Statistics and Data Centre at the China National
Clinical Research Center for Neurological Diseases (Beijing,
China). All the participants and their representatives, inves-
tigators, the independent clinical event adjudication commit-
tee, and the data safety and monitoring board were masked
to treatment allocation. Participants were assigned a random
number corresponding to a medication package that was ad-
ministered to the patient.

Procedures
Participants in the immediate-intensive statin therapy group
received atorvastatin, 80 mg daily, for days 1 to 21, followed

Figure 1. Enrollment and Randomization of Patients

11 431 Patients with ischemic stroke or 
TIA were assessed for eligibility

3050 Received immediate 
intensive statin and were 
intention-to-treat population

3050 Received delayed
intensive statin and were
intention-to-treat population

2816 Included in the 
per-protocol population

2820 Included in the 
per-protocol population

5331 Excluded

981 Had ischemic stroke with NIHSS score >3 or TIA with
lower risk (ABCD2 score <4) at enrollment

21 With dysphagia

1458 Received thrombolysis, endovascular or antithrombotic
therapy after onset, or dual antiplatelet or intensive statin
therapy within 14 d before randomization

600 With hemorrhagic transformation or history of ICH/SAH

1847 Had other reasons

424 Did not provide informed consent

230 Excluded

1

Enrolled inappropriately

11 Received study drug after 72 h 
after onset

10 Were <35 y or >80 y

19 Had a stroke with NIHSS score >5
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Was diagnosed as stroke by mistake
1 Had a TIA with ABCD2 score <4

0

1 Took intensive statin therapy within 
14 d before randomization

1 With mRS score>2 before onset

With contraindication for study drug

6 Took dual antiplatelet therapy with 
aspirin and clopidogrel after onset

2

Premature permanent drug discontinuation

16 Needed prohibited concomitant medications
71 Were nonadherent to trial protocol
74 Had adverse event or serious adverse event

178

Lost to follow-up2
Had other reasons

15 Were withdrawn by physician

234 Excluded

2

Enrolled inappropriately

14 Received study drug after 72 h 
after onset

6 Were <35 y or >80 y

18 Had a stroke with NIHSS score >5
44

Was diagnosed as stroke by mistake
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1

1

Took intensive statin therapy within 
14 d before randomization

0 With mRS score >2 before onset
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2 Took dual antiplatelet therapy with 
aspirin and clopidogrel after onset

4

Premature permanent drug discontinuation

25 Needed prohibited concomitant medications

72 Were nonadherent to trial protocol
59 Had adverse event or serious adverse event

186

Lost to follow-up4
Had other reasons

26 Were withdrawn by physician

6100 Underwent randomization

Patients who were enrolled inappropriately or discontinued trial drug were
included in the intention-to-treat analysis, as were patients who died of a cause
other than stroke or were lost to follow-up. The ABCD2 score assess the risk of
stroke on the basis of age, blood pressure, clinical features, duration of transient

ischemic attack (TIA), and presence of diabetes (range, 0-7, higher scores
indicating higher risk of stroke) ICH indicates intracerebral hemorrhage; mRS,
modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SAH,
subarachnoid hemorrhage.
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by 40 mg daily for days 22 to 90. Participants in the delayed-
intensive statin therapy group received an atorvastatin pla-
cebo for days 1 to 3, followed by atorvastatin placebo and ator-
vastatin, 40 mg daily, for days 4 to 21, and then 40 mg daily
for days 22 to 90. After the 3-month study therapy, partici-
pants received standard care based on the latest guidelines at
the discretion of the local investigator, and outcomes were fol-
lowed up for an additional 9 months with continued informa-
tion collection, which has yet to undergo analysis. A detailed
flowchart of the assessment schedule is provided in the pro-
tocol (Supplement 1).

Outcomes
The primary efficacy outcome was any new stroke (ischemic or
hemorrhagic) at 90 days. Secondary efficacy outcomes in-
cluded composite vascular event (stroke, myocardial infarc-
tion [MI], or vascular death), ischemic stroke, TIA, MI, vascular
death, and poor functional outcome (mRS score of 2-6) within
3 months. The new stroke or TIA was also measured using a
6-levelorderedcategoryscale that incorporatedvascularevents
with mRS score: 6 = death, 5 = fatal stroke (stroke with subse-
quent death), 4 = severe stroke (stroke followed by mRS score
of 4 or 5), 3 = moderate stroke (stroke followed by mRS score of
2 or 3), 2 = mild stroke (stroke followed by mRS score of 0 or 1),
1 = TIA, and 0 = neither stroke nor TIA at 3 months.22 Defini-
tions for efficacy outcomes can be found in Supplement 1.

The primary safety outcome was moderate to severe bleed-
ing defined by the standards from the Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Oc-
cluded Coronary Arteries (GUSTO) criteria.23 The secondary
safety outcomes included hepatotoxicity (alkaline phospha-
tase or aspartate aminotransferase level more than 3 times the
upper limit of normal range), muscle toxicity (creatine kinase
level more than 10 times the upper limit of normal range, pres-
ence of muscle pain, myopathy, or rhabdomyolysis), all-
cause mortality, intracranial hemorrhage, any bleeding, and
additional adverse or severe adverse events within 90 days.

All efficacy and safety outcome events were confirmed by
an independent clinical event adjudication committee whose
members were unaware of the study group assignments. The
committee physicians adjudicated ischemic stroke subtypes,
MI, and death according to available medical records, includ-
ing imaging examinations.

Sample Size Calculation
The minimal sample size for the trial is determined by the
necessity that a clinically meaningful difference in effective-
ness between treatment and control groups has to be de-
tected. Based on previous studies, the risk of new stroke dur-
ing 90 days is presumed to be 11.5% in the group with aspirin
(with half delayed-intensive statin therapy and half immediate-
intensive statin therapy) and 11.5% in the delayed-intensive
statin therapy group (with half aspirin and half dual antiplate-
let therapy), and 13% in the group with aspirin plus delayed-
intensive statin therapy, dual antiplatelet therapy, and imme-
diate-intensive statin therapy can reduce this risk by 22%. The
effects of dual antiplatelet and immediate-intensive statin
therapy will be similar and additive.24-28 We determined that

Table 1. Baseline Characteristics of the Patients

Characteristic

Immediate-
intensive statin
(n = 3050)

Delayed-
intensive statin
(n = 3050)

Age, median (IQR), y 65 (57-71) 65 (57-71)

Sex, No. (%)

Women 1056 (34.6) 1129 (37.0)

Men 1994 (65.4) 1921 (63.0)

Body mass index, median (IQR)a 24.5 (22.6-26.7) 24.4 (22.6-26.6)

Medical history, No. (%)

Hypertension 2044 (67.0) 2039 (66.9)

Diabetes 813 (26.7) 845 (27.7)

Dyslipidemia 115 (3.8) 111 (3.6)

Previous ischemic stroke 927 (30.4) 882 (28.9)

Previous TIA 47 (1.5) 50 (1.6)

Previous myocardial infarction 53 (1.7) 60 (2.0)

Current smoker, No. (%) 876 (28.7) 907 (29.7)

Application of agents before events,
No. (%)b

Lipid-lowering agents 302 (9.9) 285 (9.3)

Aspirin 403 (13.2) 390 (12.8)

Clopidogrel 22 (0.7) 21 (0.7)

Qualifying event, No. (%)

TIA 429 (14.1) 372 (12.2)

Acute single ischemic infarction 583 (19.1) 591 (19.4)

Acute multiple ischemic
infarctions

2038 (66.8) 2087 (68.4)

With ≥50% symptomatic stenosis,
No./total No. (%)c

Yes 2446/2979 (82.1) 2469/2989
(82.6)

No 533/2979 (17.9) 520/2989 (17.4)

NIHSS in qualifying ischemic stroke,
No./total No. (%)d

≤3 2000/2621 (76.3) 2033/2678
(75.9)

>3 621/2621 (23.7) 645/2678 (24.1)

ABCD2 score among patients with
TIA, No./total No. (%)e

≤5 339/429 (79.0) 302/372 (81.2)

>5 90/429 (21.0) 70/372 (18.8)

LDL-C level at baseline, mean (SD),
mmol/L

2.56 (0.78) 2.67 (0.79)

LDL-C level at 90 d, mean (SD),
mmol/L

1.98 (0.66) 1.99 (0.70)

Clopidogrel-aspirin assignment,
No. (%)

1525 (50) 1525 (50)

Abbreviations: LDL-C, low-density lipoprotein cholesterol; NIHSS, National
Institutes of Health Stroke Scale; TIA, transient ischemic attack.

SI conversion factor: To convert LDL-C to milligrams per deciliter, divide by
0.0259.
a Calculated as weight in kilograms divided by height in meters squared.
b Patients received medication within 1 month before symptom onset.
c Data were missing in 132 cases due to the absence of both intracranial and

extracranial arterial vascular assessments, or participants did not have more
than 50% stenosis in intracranial (or extracranial) arteries but were missing in
extracranial (or intracranial) vascular assessments.

d Scores on the NIHSS range from 0 to 42 for patients with ischemic stroke, with
higher scores indicating more severe stroke.

e The ABCD2 score assesses the risk of stroke on the basis of age, blood
pressure, clinical features, duration of TIA, and the presence or absence of
diabetes mellitus for patients with transient ischemic attack, with scores
ranging from 0 to 7 and higher scores indicating greater risk.
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a total of 6100 participants would provide 80% power to de-
tect a relative risk reduction of 20% in the risk of stroke in the
immediate intensive statin group, with a final 2-sided signifi-
cance level of .05, assuming 5% overall rate of dropouts. The
type I error level of the statistical significance was set at a
2-sided α of .05 in the final analysis.

Statistical Analysis
The main efficacy and safety analyses were based on the in-
tention-to-treat analysis principle. The cumulative risks of the
primaryoutcomeofstrokeeventsduringthe90-dayperiodwere
assessed with Kaplan-Meier analyses and the log-rank test. Un-
adjusteddifferencesbetweenthe2groupsinincidencesofstroke
within 90 days were estimated by using a Cox proportional-
hazards method, with pooled study centers (those with <20 en-
rolled participants were pooled together) set as a random effect,
and hazard ratio (HR) and 95% CI were reported. Assessment of
the interaction between the trial group and a logarithmic func-
tionofsurvival timeandproportionalitywasconductedtoverify
thatnoevidenceagainsttheproportionalhazardsassumptionwas
found. Participants were reviewed at their last follow-up evalu-
ation when they experienced a clinical event, at the end of the
trial, at the time of withdrawal from the trial, or at the last visit
if primary outcome data were missing. If there were multiple
eventsofthesametype,thetimetothefirsteventwasused.Simi-
lar methods were applied to compare the secondary efficacy
outcomes of composite vascular events, ischemic stroke, hem-
orrhagic stroke, myocardial infarction, TIA, bleeding, and mor-
tality.Shiftanalysiswasconductedforcomparisonofthesecond-
ary outcomes of ordinal stroke or TIA combined with the mRS
outcome between 2 treatment groups using ordinal logistic re-
gression, with the proportionality assumption met, and the
common odds ratio (OR) and its 95% CI were calculated. Poor
functional outcome, hepatotoxicity, and muscle toxicity were
compared using binary logistic regression with pooled study
centers set as a random effect, and the OR and its 95% CI were
calculated.Becauseofthelowratesofmortalityineachtrialgroup,
we did not conduct a competing risk analysis. Other adverse
events and serious adverse events were compared using the χ2

test or Fisher exact test. Interactions between treatment assign-
mentandprespecifiedsubgroupsfor theprimaryoutcomewere
estimated by including terms for treatment, subgroup, and
treatment-by-subgroup interaction in the Cox model.

The statistical analysis plan did not include a provision for
correcting for multiplicity when performing tests for second-
ary or other outcomes; results are reported as point estimates
and 95% CIs. The widths of the CIs have not been adjusted for
multiplicity; therefore, the intervals should not be used to infer
definitive treatment effects for secondary outcomes. All statis-
tical analyses were performed with SAS software, version 9.4
(SAS Institute Inc).
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poor functional outcome, there were significant interaction
effects with statin treatment × diabetes (P value for interac-
tion = .01), indicating possible treatment effect in partici-
pants without diabetes (eFigure 2 in Supplement 3).

Adverse Events
The primary safety outcome, moderate to severe bleeding
defined by the GUSTO criteria, occurred in 23 participants
(0.8%) in the immediate-intensive statin group and 17 par-
ticipants (0.6%) in delayed-intensive statin group (HR, 1.36;
95% CI, 0.73-2.54; P = .34) (Figure 2B and Table 2). The rate
of secondary safety outcomes was similar across the 2
groups, including hepatotoxicity, muscle toxicity, all-cause
mortality (Table 2), other adverse events (eTable 4 in
Supplement 3), and severe adverse events (eTables 5 and 6
in Supplement 3). The overall adverse event occurred in 693
participants (22.7%) in the immediate-intensive statin group
and 605 participants (19.8%) in the delayed-intensive statin
group (P = .006) (eTable 4 in Supplement 3). The results of
the per-protocol analysis of safety were consistent with
those of the primary intention-to-treat analysis (eTable 3 in
Supplement 3).

Discussion

In this doubled-blind, placebo-controlled, randomized clinical
trial in Chinese patients with mild ischemic stroke or high-risk
TIA presumed to be caused by atherosclerosis, immediate-
intensive statin therapy showed no significant difference com-
pared with delayed-intensive statin therapy in reducing the risk
of stroke. However, secondary analysis suggested that immedi-
ate treatment may be associated with reduced risk of poor func-
tional outcome at 90 days, compared with delayed-intensive
statin therapy. There were no substantial differences observed
in the incidence of adverse events, such as bleeding, hepatotox-
icity, or muscle toxicity, between the 2 groups.

Currently, guidelines recommend high-intensity statins for
secondary prevention for patients with ischemic stroke.7 The
mechanisms of improving outcomes by statins after ischemic
eventsmayincludeLDL-Clowering,neuroprotectiveeffects,and
enhancing endothelial function.29,30 However, evidence for the
effect of statins in reducing stroke recurrence after immediate
administration in patients with acute ischemic stroke remains
unclear, particularly in the acute phase (within 72 hours). Pre-

Figure 2. Cumulative Probability of Stroke (Primary Efficacy Outcome) and Moderate to Severe Bleeding
and Distribution of Modified Rankin Scale (mRS) Score
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stroke.34 Our study demonstrated that immediate-intensive
statin therapy was marginally associated with improved func-
tional outcomes at 90 days, different from the results of the
Stroke Treatment With Acute Reperfusion and Simvastatin
(STARS) and Administration of Statin on Acute Ischemic Stroke
Patient (ASSORT) trials.11,13 Moreover, patients without a his-
tory of diabetes or dyslipidemia might receive the pronounced
clinicalbenefit fromimmediate-intensivestatinwithbetterfunc-
tional outcome. The discrepant results may be attributed to the

differences in sample sizes of each trial, stroke etiology differ-
ences, and inadequate doses of statins in previous studies. Our
study provides some evidence of the benefits of early intensive
statin therapy for patients with acute ischemic stroke, but re-
sults will need to be repeated in a trial focused on functional
outcome as a primary outcome.

Concerns have been raised about whether statins in-
crease the risk of bleeding, especially in patients with prior in-
tracerebral hemorrhage.35-38 Previous studies have produced

Figure 3. Hazard Ratio (HR) for the Stroke According to Prespecified Subgroups

P  for 
interaction

Immediate intensive 
statin better

Delayed intensive 
statin better

0.25 210.5
HR (95% CI)

No. of patients
Immediate 
intensive statinSubgroup HR (95% CI)

Age, y
6100 245 (8.0)Overall 0.95 (0.80-1.13)

3140 121 (7.7)<65 1.03 (0.80-1.33)
2960 124 (8.3)≥65 0.88 (0.69-1.12)

Sex
3915 153 (7.7)Men 0.96 (0.77-1.20)
2185 92 (8.7)Women 0.95 (0.72-1.26)

Systolic blood pressure, mm Hg
2140 71 (6.6)<140 0.92 (0.67-1.27)
3947 174 (8.8)≥140 0.97 (0.78-1.19)

Hypertension
4083 170 (8.3)Yes 0.90 (0.73-1.11)
2017 75 (7.5)No 1.07 (0.77-1.48)

Diabetes
1658 86 (10.6)Yes 1.13 (0.83-1.54)
4442 159 (7.1)No 0.88 (0.71-1.09)

Dyslipidemia
226 9 (7.8)Yes 0.77 (0.32-1.86)
5874 236 (8.0)No 0.96 (0.80-1.15)

With ≥50% symptomatic stenosis
4915 218 (8.9)Yes 1.03 (0.85-1.25)
1053 24 (4.5)No 0.65 (0.39-1.09)

Previous antiplatelet therapy
821 38 (9.1)Yes 1.13 (0.72-1.76)
5279 207 (7.9)No 0.74 (0.61-0.89)

Previous statin therapy
565 22 (7.6)Yes 0.74 (0.42-1.29)
5535 223 (8.1)No 0.98 (0.81-1.18)

Antiplatelet therapy assignment
3050 116 (7.6)Clopidogrel to aspirin 1.10 (0.84-1.43)
3050 129 (8.5)Aspirin 0.85 (0.67-1.08)

Qualifying event
801 11 (2.6)TIA 0.59 (0.28-1.28)
1174 31 (5.3)Acute single infarction 0.97 (0.59-1.59)

4125 203 (10.0)Acute multiple infarctions 1.01 (0.83-1.22)
NIHSS in qualifying ischemic stroke

1883 70 (7.7)0-1 1.15 (0.82-1.61)
2150 93 (8.5)2-3 0.91 (0.68-1.20)

1266 71 (11.4)>3 0.98 (0.71-1.35)

Time to randomization, h
783 41 (10.5)<24 0.72 (0.48-1.07)
2552 111 (8.6)24-48 1.09 (0.83-1.43)

2765 93 (6.8)

Delayed 
intensive statin
256 (8.4)

118 (7.5)
138 (9.4)

153 (8.0)
103 (9.1)

77 (7.2)
179 (9.1)

185 (9.1)
71 (7.0)

79 (9.3)
177 (8.0)

11 (9.9)
245 (8.3)

212 (8.6)
36 (6.9)

40 (9.9)
216 (8.2)

28 (10.1)
228 (8.2)

106 (7.0)
150 (9.8)

16 (4.3)
32 (5.4)

208 (10.0)

66 (6.8)
98 (9.3)

76 (11.8)

56 (14.3)
100 (7.9)

100 (7.2)>48 0.94 (0.71-1.25)

.37

.96

.81

.38
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.58
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.22

.10
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.36

.16

The trial was not powered to allow definite conclusions based on the results of
the subgroup analyses. Systolic blood pressure data were missing in 8 patients
in the immediate statin group and 5 patients in the delayed statin group. Data

on 50% or greater symptomatic stenosis were missing in 71 patients in the
immediate statin group and 61 patients in the delayed statin group. NIHSS
indicates National Institutes of Health Stroke Scale.
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conflicting results on this matter. The SPARCL trial and the
Heart Prevention Study reported an increased risk of bleed-
ing with statin treatment in patients with prior stroke, whereas
other studies have found no evidence of such a risk.35,39-41 We
found that immediate-intensive statin therapy did not in-
crease the risk of bleeding within 90 days and appeared to be
safe in the short term. This study did not provide evidence of
increased risk of bleeding within 90 days in immediate-
intensive statin therapy group.

Limitations
One of the major limitations was that the population studied
(mainly Han Chinese patients) may imply differences in prior
and concurrent exposures and ethnocultural practices as com-
pared with other populations, with low statin use at baseline.
There may be limitation of potential underpower for in-
teraction within the 2 × 2 design. Thus, we might necessarily
assume no interaction here between antiplatelet therapy and
lipid-lowering therapy. The large number of statistical tests in
this study, lack of control for multiple hypothesis tests, small

sample size in subgroups, lack of generalizability, low propor-
tion (36%) of women enrolled, and site-to-site variability also
need to be considered as potential limitations. Furthermore, we
did not have enough power for the secondary outcome of func-
tional outcome. With a negative primary outcome, the results
of the secondary outcome (functional outcome) must be evalu-
ated as hypothesis generating.

Conclusions
In conclusion, this randomized clinical trial in Chinese pa-
tients with acute mild ischemic stroke or high-risk TIA from
atherosclerosis revealed that immediate-intensive statin
therapy administered within 72 hours after symptom onset did
not significantly reduce the risk of subsequent stroke as com-
pared with delayed-intensive statin therapy within 90 days.
However, immediate-intensive statin therapy may be related
to improved functional outcomes with no increase in risk of
bleeding at 90 days as compared with delayed therapy.

ARTICLE INFORMATION

Accepted for Publication: March 29, 2024.

Published Online: May 28, 2024.
doi:10.1001/jamaneurol.2024.1433

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2024 Gao Y et al. JAMA Neurology.

Author Affiliations: Department of Neurology,
Beijing Tiantan Hospital, Capital Medical University,
Beijing, China (Gao, Pan, Chen, Jing, C. Wang, Y. Yang,
T. Wang, Han, Meng, X. Zhao, L. Liu, Yongjun Wang,
Yilong Wang); China National Clinical Research
Center for Neurological Diseases, Beijing, China
(Jiang, Pan, Jing, C. Wang, Meng, Lin, X. Zhao,
L. Liu, Yongjun Wang, Yilong Wang); Department of
Neurology, University of California, San Francisco
(Johnston); Department of Neurology and Stroke
Center, Assistance Publique-Hôpitaux de Paris,
Bichat Hospital, INSERM LVTS-U1148, University of
Paris, Paris, France (Amarenco); Population Health
Research Institute, McMaster University, Hamilton,
Ontario, Canada (Amarenco); Stroke Trials Unit,
Mental Health & Clinical Neuroscience, University of
Nottingham, Nottingham, United Kingdom (Bath);
Department of Neurology, Weihai Wendeng District
People’s Hospital, Weihai, China (J. Zhao);
Department of Neurology, Sui Chinese Medical
Hospital, Shangqiu, China (Y. Li); Department of
Neurology, Qinghe People’s Hospital, Xingtai, China
(Zang); Department of Neurology, Biyang People’s
Hospital, Zhumadian, China (Zhang); Department
of Neurology, Jiyuan Chinese Medical Hospital,
Jiyuan, China (H. Yang); Department of Neurology,
The First Affiliated Hospital of Xi’an Jiaotong
University, Xi’an, China (J. Yang); Department of
Neurology, The Affiliated Shuyang Hospital of
Xuzhou Medical University, Shuyang Hospital,
Suqian, China (Yuanwei Wang); Department of
Neurology, Mengzhou People’s Hospital, Jiaozuo,
China (D. Li); Department of Neurology, Hejian
People’s Hospital, Cangzhou, China (Yanxia Wang,
D. Liu); Department of Neurology, Xiuwu People’s
Hospital, Jiaozuo, China (Kang); Advanced
Innovation Center for Human Brain Protection,
Capital Medical University, Beijing, China

(Yongjun Wang, Yilong Wang); National Center for
Neurological Disorders, Beijing, China
(Yongjun Wang, Yilong Wang); Research Unit of
Artificial Intelligence in Cerebrovascular Disease,
Chinese Academy of Medical Sciences, Beijing,
China (Yongjun Wang); Chinese Institute for Brain
Research, Beijing, China (Yilong Wang); Beijing
Laboratory of Oral Health, Capital Medical
University, Beijing, China (Yilong Wang); Beijing
Municipal Key Laboratory of Clinical Epidemiology,
Capital Medical University, Beijing, China
(Yilong Wang).

Author Contributions: Drs Y.L. Wang and Y.J. Wang
had full access to all of the data in the study and
take responsibility for the integrity of the data and
the accuracy of the data analysis. Drs Gao and Jiang
contributed equally to this work.
Concept and design: Chen, Jing, C. Wang, Johnston,
T. Wang, X. Zhao, L. Liu, Yongjun Wang, Yilong
Wang.
Acquisition, analysis, or interpretation of data: Gao,
Jiang, Pan, Chen, C. Wang, Johnston, Amarenco,
Bath, Y. Yang, T. Wang, Han, Meng, Lin, J. Zhao, Y.
Li, Zang, Zhang, H. Yang, J. Yang, Yuan-Wei. Wang,
D. Li, Yanxia Wang, D. Liu, Kang, Yongjun Wang,
Yilong Wang.
Drafting of the manuscript: Gao, Jiang, Chen, Y.
Yang, Yilong Wang.
Critical review of the manuscript for important
intellectual content: Pan, Chen, Jing, C. Wang,
Johnston, Amarenco, Bath, T. Wang, Han, Meng,
Lin, X. Zhao, L. Liu, J. Zhao, Y. Li, Zang, Zhang, H.
Yang, J. Yang, Yuan-Wei. Wang, D. Li, Yanxia Wang,
D. Liu, Kang, Yongjun Wang, Yilong Wang.
Statistical analysis: Pan.
Obtained funding: Yilong Wang.
Administrative, technical, or material support: Chen,
C. Wang, Y. Yang, T. Wang, Han, Meng, Lin, H. Yang,
Yongjun Wang, Yilong Wang.
Supervision: C. Wang, T. Wang, X. Zhao, L. Liu, H.
Yang, Yongjun Wang, Yilong Wang.

Conflict of Interest Disclosures: Dr Johnston
reported receiving advisory board/trial leadership
fees from AstraZeneca, Johnson & Johnson, and
BMS outside the submitted work. Dr Amarenco

reported receiving grants from the French
government, AstraZeneca, and Pfizer and speaker/
advisory board fees from Novartis, Amgen, and
Sanofi outside the submitted work. Dr Bath
reported receiving advisory board fees from
CoMind, Roche, and DiaMedica and nonfinancial
support from Phagenesis (devices) outside the
submitted work. Dr Yilong Wang reported receiving
grants from Sanofi and Beijing Jialin
Pharmaceuticals during the conduct of the study.
No other disclosures were reported.

Funding/Support: The study was supported by
grant 81825007 from the National Natural Science
Foundation of China, grants 2017YFC1307900 and
2017YFC1307905 from the National Key R&D
Program of China, grant BJJWZYJH01201910025030
from the Beijing Outstanding Young Scientist
Program, grant 010 from the Youth Beijing Scholar
Program, grant 2018A12 from the Beijing Talent
Project–Class A: Innovation and Development,
National Ten-Thousand Talent Plan–Leadership of
Scientific and Technological Innovation, Sanofi, and
Jialin Pharmaceutical.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Group Information: A full list of the INSPIRES
Investigators appears in Supplement 4.

Meeting Presentation: This work was the plenary
oral presentation at the 9th European Stroke
Organisation Conference; May 26, 2023; Munich,
Germany.

Data Sharing Statement: See Supplement 5.

Additional Contributions: We thank and
acknowledge the contributions of all patients and
trial team members at each study site.

REFERENCES
1. Shahjouei S, Sadighi A, Chaudhary D, et al.
A 5-decade analysis of incidence trends of ischemic
stroke after transient ischemic attack: a systematic

Immediate- or Delayed-Intensive Statin in Acute Cerebral Ischemia Original Investigation Research

jamaneurology.com (Reprinted) JAMANeurology Published online May 28, 2024 E9

Downloaded from jamanetwork.com by guest on 05/28/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2024.1433?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2024.1433?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2024.1433?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433


review and meta-analysis. JAMA Neurol. 2021;78(1):
77-87. doi:10.1001/jamaneurol.2020.3627
2. Park TH, Lee JK, Park MS, et al. Neurologic
deterioration in patients with acute ischemic stroke
or transient ischemic attack. Neurology. 2020;
95(16):e2178-e2191. doi:10.1212/WNL.
0000000000010603
3. Goldstein LB, Amarenco P, Zivin J, et al; 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(11):3526-3531. doi:10.1161/STROKEAHA.109.
557330
4. Lau KK, Chua BJ, Ng A, et al. Low-density
lipoprotein cholesterol and risk of recurrent
vascular events in Chinese patients with ischemic
stroke with and without significant atherosclerosis.
J Am Heart Assoc. 2021;10(16):e021855. doi:10.1161/
JAHA.121.021855
5. Amarenco P, Bogousslavsky J, Callahan A III,
et al; 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(6):549-559.
doi:10.1056/NEJMoa061894
6. Kleindorfer DO, Towfighi A, Chaturvedi S, et al.
2021 Guideline for the prevention of stroke in patients
with stroke and transient ischemic attack: a guideline
from the American Heart Association/American
Stroke Association. Stroke. 2021;52(7):e364-e467.
doi:10.1161/STR.0000000000000375
7. Powers WJ, Rabinstein AA, Ackerson T, et al. Guide-
lines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines
for the early management of acute ischemic stroke:
a guideline for healthcare professionals from the
American Heart Association/American Stroke Asso-
ciation. Stroke. 2019;50(12):e344-e418. doi:10.1161/
STR.0000000000000211
8. Schwartz GG, Olsson AG, Ezekowitz MD, et al; Myo-
cardial Ischemia Reduction with Aggressive Choles-
terol Lowering (MIRACL) Study Investigators. Effects
of atorvastatin on early recurrent ischemic events in
acute coronary syndromes: the MIRACL study: a ran-
domized controlled trial. JAMA. 2001;285(13):1711-1718.
doi:10.1001/jama.285.13.1711
9. Kennedy J, Hill MD, Ryckborst KJ, Eliasziw M, Dem-
chuk AM, Buchan AM; FASTER Investigators. Fast
assessment of stroke and transient ischemic attack to
prevent early recurrence (FASTER): a randomised
controlled pilot trial. Lancet Neurol. 2007;6(11):
961-969. doi:10.1016/S1474-4422(07)70250-8
10. Ní Chróinín D, Callaly EL, Duggan J, et al.
Association between acute statin therapy, survival,
and improved functional outcome after ischemic
stroke: the North Dublin Population Stroke Study.
Stroke. 2011;42(4):1021-1029. doi:10.1161/
STROKEAHA.110.596734
11. Montaner J, Bustamante A, García-Matas S,
et al; STARS Investigators. Combination of
Thrombolysis and statins in acute stroke is safe:
results of the STARS randomized trial (Stroke
Treatment With Acute Reperfusion and
Simvastatin). Stroke. 2016;47(11):2870-2873.
doi:10.1161/STROKEAHA.116.014600
12. Heo JH, Song D, Nam HS, et al; EUREKA
Investigators. Effect and safety of rosuvastatin in
acute ischemic stroke. J Stroke. 2016;18(1):87-95.
doi:10.5853/jos.2015.01578
13

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2020.3627?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://dx.doi.org/10.1212/WNL.0000000000010603
https://dx.doi.org/10.1212/WNL.0000000000010603
https://dx.doi.org/10.1161/STROKEAHA.109.557330
https://dx.doi.org/10.1161/STROKEAHA.109.557330
https://dx.doi.org/10.1161/JAHA.121.021855
https://dx.doi.org/10.1161/JAHA.121.021855
https://dx.doi.org/10.1056/NEJMoa061894
https://dx.doi.org/10.1161/STR.0000000000000375
https://dx.doi.org/10.1161/STR.0000000000000211
https://dx.doi.org/10.1161/STR.0000000000000211
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.285.13.1711?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://dx.doi.org/10.1016/S1474-4422(07)70250-8
https://dx.doi.org/10.1161/STROKEAHA.110.596734
https://dx.doi.org/10.1161/STROKEAHA.110.596734
https://dx.doi.org/10.1161/STROKEAHA.116.014600
https://dx.doi.org/10.5853/jos.2015.01578
https://dx.doi.org/10.1161/STROKEAHA.117.017623
https://dx.doi.org/10.1161/CIRCRESAHA.116.308537
https://dx.doi.org/10.1038/s44161-023-00267-1
https://dx.doi.org/10.1161/01.STR.32.4.980
https://dx.doi.org/10.1002/ana.10555
https://dx.doi.org/10.5853/jos.2015.17.3.282
https://dx.doi.org/10.1212/WNL.0000000000002493
https://dx.doi.org/10.1212/WNL.0000000000002493
https://dx.doi.org/10.1161/STROKEAHA.111.627729
https://dx.doi.org/10.1136/svn-2022-002084
https://dx.doi.org/10.1016/S0140-6736(17)32849-0
https://dx.doi.org/10.1016/S0140-6736(17)32849-0
https://dx.doi.org/10.1056/NEJM199309023291001
https://dx.doi.org/10.1056/NEJM199309023291001
https://dx.doi.org/10.1212/WNL.0000000000001972
https://dx.doi.org/10.1212/WNL.0000000000001972
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2018.0247?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2018.0247?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://dx.doi.org/10.1056/NEJMoa1105335
https://dx.doi.org/10.1056/NEJMoa1215340
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2015.4315?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433
https://dx.doi.org/10.1016/j.drudis.2022.07.010
https://dx.doi.org/10.1016/j.drudis.2022.07.010
https://dx.doi.org/10.1007/s00204-023-03492-6
https://dx.doi.org/10.1007/s00204-023-03492-6
https://dx.doi.org/10.1056/NEJMoa1910355
https://dx.doi.org/10.1161/JAHA.116.003413
https://dx.doi.org/10.1161/STROKEAHA.122.040536
https://dx.doi.org/10.1007/s12975-019-00750-7
https://dx.doi.org/10.1161/STROKEAHA.108.534107
https://dx.doi.org/10.1161/STROKEAHA.108.534107
https://dx.doi.org/10.1161/STROKEAHA.113.002751
https://www.ncbi.nlm.nih.gov/pubmed/24285296
https://dx.doi.org/10.1161/STROKEAHA.121.034576
https://dx.doi.org/10.1161/STROKEAHA.119.027301
https://dx.doi.org/10.1212/WNL.0000000000002606
https://dx.doi.org/10.1212/WNL.0000000000002606
https://dx.doi.org/10.1016/S0140-6736(04)15690-0
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2024.1433

