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Abstract Inconsistent findings in the studies have been

observed concerning the higher dose of statins use in the

acute phase of ischemic stroke and transient ischemic

attack (TIA). Therefore, we performed a systematic review

to assess this issue. A computerized literature search in

PubMed, Cochrane Library databases, and EMBASE for

randomized controlled trials (RCTs) was conducted. The

efficacy outcome indicators were National Institutes of

Health Stroke Scale (NIHSS) score, infarct volume, and

recurrence of stroke; the safety outcome indicators were

intracranial hemorrhage events, cardiovascular and cere-

brovascular events, and all-cause death. Pre-specified

subgroup analyses were carried out. A total of seven RCTs

with 1089 patients were included. Six studies reported the

results of the NHISS score. A great reduction was found in

NIHSS score in the statins group, and the difference is

statistically significant [mean difference (MD) -1.15, 95%

confidence interval (CI) -1.64 to -0.66, P\ 0.00001].

However, no significant differences in the effect on

recurrence of stroke [odds ratio (OR) 1.05, 95% CI

0.65–1.69, P = 0.85] (available in 3 studies), infarct vol-

ume [std. mean difference (SMD) 0.04, 95% CI -0.55 to

0.63, P = 0.89] (available in 2 studies), intracerebral

hemorrhage events (OR 3.25, 95% CI 0.34–31.52,

P = 0.31) (available in 2 studies), cardiovascular and

cerebrovascular events (OR 0.70, 95% CI 0.35–1.43,

P = 0.33) (available in 2 studies), and all-cause death (OR

1.18, 95% CI 0.60–2.35, P = 0.63) (available in 2 studies)

were found. High-dose statin therapy in the acute phase of

ischemic stroke and TIA significantly reduce the NIHSS

score and improve short-term functional outcome without

increasing related adverse events.

Keywords High-dose statins � Ischemic stroke � TIA �
Acute phase � Systematic review

Introduction

Transient ischemic attack and ischemic stroke are major

healthcare problems around the world. Over the past four

decades, incidence rates of stroke in middle- and low-in-

come countries have increased more than high-income

countries [1]. Meanwhile, stroke is a main cause of dis-

ability [2]. Thrombolysis and mechanical thrombectomy

are the most effective treatment measures for the opening

of occluded vessels. However, as a result of the limitation

of the time window, equipment, and technology, most of

the patients cannot take advantage of these treatment

opportunities. Therefore, to explore safe and reliable

medical treatment has been a focus of attention for neu-

rological physicians.

The inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme

A reductase (‘‘statins’’) have potential neuroprotective

effects in pleiotropic aspects [3], which might play a useful

role in the acute phase of ischemic stroke. Statins have

benefits that are not only related to changes in lipid level,

but also a positive effect on immune-modulation of T

lymphocytes and endothelial progenitor stem cells and on

vascular inflammation [4]. For example, a neuroprotective
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effect might regulate cerebral perfusion and improve

endothelial function and the stabilization of atherosclerotic

plaques [5]. However, early statin therapy is commonly

used in ischemic heart disease, and the advantage of statin

intake in the acute phase of stroke is controversial [6].

Meanwhile, inconsistent findings in studies have been

observed about the efficacy and safety of statins in the

acute phase of ischemic stroke and TIA using higher dose

of statins [7–9]. Tuttolomondo et al. [7] provide evidence

that atorvastatin administered in the acute phase of stroke

might improve the functional and prognostic profile.

Likewise, a recent study shows that more aggressive statin

treatment is associated with a better long-term functional

outcome of acute ischemic stroke patients than less

aggressive treatment [10]. Nevertheless, data from study of

Muscari [9] seem to not entirely support the above point,

and the results indicate that there is no short-term benefit of

high-dosage statins for patients in the acute phase of

ischemic stroke, but a possible beneficial functional effect

at 3 months. Therefore, we included the relevant RCTs and

conducted a systematic review to assess the efficacy and

safety of high-dose statins in the acute phase of ischemic

stroke and TIA.

Methods

This systematic review was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines [11].

Search strategy

We searched in MEDLINE (* June, 2016), Cochrane

Library databases (* June, 2016), and EMBASE (* June,

2016) for RCTs. Medical Subject Heading (MeSH) terms

and free-text terms were used to search in databases,

including ‘‘Hydroxymethylglutaryl-CoA Reductase Inhi-

bitors’’, ‘‘statins’’, ‘‘atorvastatin’’, ‘‘rosuvastatin’’, ‘‘sim-

vastatin’’, ‘‘fluvastatin’’, ‘‘lovastatin’’, ‘‘pitavastatin’’,

‘‘pravastatin’’, ‘‘cerivastatin’’, ‘‘stroke’’, ‘‘dose’’, and ‘‘in-

tensive’’. No other restrictions were applied.

Selection criteria

Two reviewers (W.W. and Y.L.) screened the records

independently. The including criteria were: (1) randomized

controlled trials (RCTs); (2) patients who were using high-

dose statins (Rosuvastatin 20 mg, Atorvastatin C80 mg,

Simvastatin C40 mg) in the acute phase (within the first

2 weeks of onset) of ischemic stroke or TIA; (3) reporting

the relevant outcomes (NIHSS score, infarct volume,

recurrence of stroke, intracerebral hemorrhage (ICH)

events, cardiovascular and cerebrovascular events (is-

chaemic stroke and ICH were included), and all-cause

death); (4) no diet intervention; and (5) full-text available.

The final inclusion was obtained by discussion.

Data extraction

Three authors (J.X.F., Y.L., and W.W.) used a standardized

extraction form to extract the data independently. Dis-

crepancies were solved by discussion. Following informa-

tion was extracted from each study: (1) basic

characteristics of included studies (author, publication

year, design, previous thrombolysis, the previous statins

use, date of NIHSS score measurement, disease, treatment

time, drug type, dose and patient number in per arm,

NIHSS score baseline, and outcome indicators in each

study); (2) outcomes of included studies:NIHSS score (3, 5,

7 days), infarct volume, recurrence of stroke, intracerebral

hemorrhage (ICH) events, cardiovascular and cerebrovas-

cular events (ischaemic stroke and ICH were included), and

all-cause death; (3) information about the risk of bias.

When essential data were not reported, we communicated

with the original author of the study to get the desired data.

Quality assessment

Two authors (J.X.F. and G.C.) assessed the risk of bias

independently. Disagreements were resolved by discussion.

Risk of bias in each study was evaluated with the Cochrane

risk-of-bias tool [12].

Data synthesis

Risk ratios and odds ratios are similar when the control

intervention risks are low and effects are small [12].

Therefore, the endpoints, the results of recurrence of

stroke, intracerebral hemorrhage events, cardiovascular and

cerebrovascular events, and all-cause death were assessed

using the risk ratio (OR) with the 95% CI as dichotomous

variables. The endpoint, NIHSS score, was assessed using

the mean difference (MD) with the 95% CI as continuous

variable. Because of the considerable differences in means

between the two groups, we chose the standard mean dif-

ference (SMD) with the 95% CI as the summery pooled

statistic in the endpoint of infarct volume as continuous

variable.

Statistical analysis

A two-tailed P\ 0.05 was considered statistically signifi-

cant, and 95% confidence intervals were calculated. The

Cochran Q test was used to evaluate the magnitude of

heterogeneity between the studies. Meanwhile, the I2
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statistic was also used to quantify inconsistency. A fixed-

effect model was used to calculate pooled estimate; how-

ever, Cochran’s P B 0.10 and I2[ 50% were considered

as having significant heterogeneity, and the random-effects

model was used to pool the data. Due to the limited number

(\10) of included studies, we did not assess the publication

bias. Sensitivity analyses were undertaken to test the

robustness of the results. We compared the fixed-effects

model results with the random-effects model to conduct the

sensitivity analyses. Review Manager Software version 5.3

was used to conduct meta-analyses.

Results

Search results

We identified 1164 studies initially, 463 records from

PUBMED, 220 records from Cochrane Library, and 481

records from EMBASE database. 326 studies were dupli-

cate studies that were removed. After screening titles and

abstracts, 52 potentially relevant studies were identified.

After reviewing the full text, seven studies [6–9, 13–15]

were included. The selected procedure was shown in

Fig. 1.

Characteristics of the included studies

We enrolled a total of 1089 participants: 541 (49.7%) in the

intervention group and 548 (50.3%) in the control group.

All the control groups were placebo groups. The data of

NIHSS score in study Hoe [8], Muscari [9], and Montaner

[14], and infarct volume in study Hoe 2016 and Muscari

2011, were obtained by communicating with the author-

ship. All patients were in acute phase of ischemic stroke or

TIA within 48 h except two studies [9, 13] was 96 h and

1 week, respectively. The characteristics of the included

trials were shown in Table 1.

Risk of bias in included studies

The risk-of-bias assessment results were presented in

Table 2. All studies described the random sequence gen-

eration (e.g., randomization table and a computer-gener-

ated random list) and were regarded as having a low risk of

bias. Five studies [7, 8, 13–15] stated the allocation con-

cealment process. One study [6] was considered as ‘‘un-

clear risk’’, because we were unclear whether the envelopes

were concealed. Blinding of participants and personnel and

outcome assessment in four studies [6, 7, 9, 14] were

identified as an unclear risk, because there is no description

in these studies. In the domain of incomplete outcome data

and selective reporting, all studies were regarded as having

a low risk of bias. Meanwhile, in the domain of other

biases, all the studies were deemed to have an unclear risk

except for two studies [14, 15].

Efficacy outcomes

NIHSS score

Of the seven included studies, six studies [6–9, 13, 14]

with 672 participants report the results of the NIHSS

score within 7 days. Although use of a clinically relevant

cutoff would be the most proper way of dealing with

NIHSS data, such data were not available. Therefore, we

used the NIHSS score value reported in each study that

was expressed as mean ± standard deviation (SD). A

fixed-effects model was used in this item. We compared

the NIHSS score within 7 days between placebo and

statin groups. There was a great reduction in the NIHSS

score in statins group than placebo, and the difference is

statistically significant (MD -1.15, 95% CI -1.64 to

-0.66, P\ 0.00001). No significant heterogeneity was

observed across the six studies (P = 0.78, I2 = 0%) The

effect of statins may well be different when given

shortly after the stroke as compared to a later time.

Therefore, we conducted a subgroup analysis according

to the time of statins use. The results show that statins

significantly reduce the NHISS score when statins used

within 48 h of disease onset (MD -1.15, 95% CI -1.65

to -0.66, P\ 0.00001), and there is no significant

reduction in NHISS score when statins used [48 h of

disease onset (MD -0.97, 95% CI -3.88 to 1.94,

P = 0.51). The difference between the two subgroups

(B48 vs.[48 h) is not statistically significant (P = 0.90,

test for subgroup differences) (Fig. 2a).

Infarct volume

Two studies [8, 9] (n = 351) provide data on infarct vol-

ume. Because of the considerable differences in means

between the two groups, we chose the standardized mean

difference (SMD) with the 95% CI as the summery

statistic. There is no significant difference between the two

groups (SMD 0.04, 95% CI -0.55–0.63, P = 0.89) with a

high heterogeneity (P = 0.03, I2 = 78%) (Fig. 2b).

Recurrence of stroke

The data of recurrence of stroke are available in three

studies [6, 8, 15] (n = 889). Moderate heterogeneity is

found (P = 0.16, I2 = 45%). There is no significant dif-

ference between the two groups in the effect on recurrence

of stroke (OR 1.05, 95% CI 0.65–1.69; P = 0.85) using the

fixed-effects model (Fig. 2c).
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Safety outcomes

Intracerebral hemorrhage events

Two studies [6, 8] (n = 497) investigated the incidence of

intracerebral hemorrhage events. There is no significant

difference between the two groups (OR 3.25, 95% CI

0.34–31.52, P = 0.31), and without heterogeneity

(I2 = 0%, P = 0.97) (Fig. 3a).

Cardiovascular and cerebrovascular events

Among the studies, two studies [6, 8] (n = 497) report the

events of cardiovascular and cerebrovascular. No differ-

ence is found between the two groups (OR 0.70, 95% CI

0.35–1.43, P = 0.33). No heterogeneity is found, as well.

(I2 = 0%, P = 0.33) (Fig. 3b).

All-cause death

Data on all-cause death are available in two studies [6, 14]

(n = 239). The pooled data indicate that there is no

significant difference (OR 1.18, 95% CI 0.60–2.35,

P = 0.63) between statins and placebo group about the

effect on all-cause death. Moderate heterogeneity is found

(P = 0.19, I2 = 42%) in this item (Fig. 3c). We, therefore,

used a fixed-effects model.

Discussion

Our systematic review interrogates the related literature to

compare the efficacy and safety of high-dose statins in the

acute phase (within the first 2 weeks of onset) of ischemic

stroke or TIA, and we had the main findings as following:

(1) high-dose statins may significantly reduce the NIHSS

score, and this means that high-dose statins may improve

the short-term neural functional prognosis of acute

ischemic stroke. (2) No significant difference is found

between the high-dose statins and placebo group in the

effect on infarct volume, recurrence of stroke, intracerebral

hemorrhage events, cardiovascular and cerebrovascular

events, and all-cause death.

Fig. 1 Flow chart of the study selection procedure
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Table 2 Risk-of-bias assessment of included studies

Study Random sequence

generation

Allocation

concealment

Blinding of participants

and personnel

Blinding of

outcome

assessment

Incomplete

outcome data

Selective

reporting

Other

bias

Heo et al. [8] Low Low Low Low Low Low Unclear

Tuttolomondo

et al. [7]

Low Low Unclear Unclear Low Low Unclear

Yakusevich

et al. [6]

Low Unclear Unclear Unclear Low Low Unclear

Beer et al. [13] Low Low Low Low Low Low Unclear

Muscari et al.

[9]

Low Low Unclear Unclear Low Low Unclear

Montaner et al.

[14]

Low Low Unclear Unclear Low Low Low

Kennedy et al.

[15]

Low Low Low Low Low Low Low

Fig. 2 Meta-analyses of efficacy outcomes: a NIHSS score, b infarct volume, c recurrence of stroke. NIHSS National Institutes of Health Stroke

Scale, CI confidence interval, IV inverse variance
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Statins have potential beneficial effects lipid profile and

inflammation [4, 16]. Stroke Prevention by Aggressive

Reduction in Cholesterol Levels (SPARCL) [17] study had

confirmed the beneficial effects of statins in patients with

the previous stroke. A recent study shows that pretreatment

with statins is directly associated with spontaneous neu-

rological recovery at hospital discharge in patients with the

first-ever ischemic stroke who do not receive thrombolytic

therapy [18]. Pleiotropic effects of statins may be dose-

dependent [19]. High-dose statin therapy can bring extra

clinical effects to patients with coronary artery diseases, so

there is a trend to use high-dose statins [20]. A meta-

analysis also indicates that in comparison with the con-

ventional doses of statins, intensive lipid lowering treat-

ment might make a greater reduction in the risk of future

stroke after coronary artery disease [21]. The past meta-

analysis always evaluated the effect of high-dose statins in

coronary heart disease [22] or diabetes patients [23];

however, there is no meta-analysis to assess high-dose

statins used in acute phase of ischemic stroke. At the same

time, a recent meta-analysis shows that higher dose of

statins are associated with the risk of ICH [24], which

triggers debates about the feasibility of high-dose statins.

Hence, we conducted this meta-analysis to evaluate high-

dose statins used in patients in acute phase of ischemic

stroke.

National Institute of Health stroke scale (NIHSS) score

is a good predictive value for the neurological function of

patients with acute cerebral infarction [25], which can

estimate the basic neurological abnormalities, conscious-

ness level, and elementary cognitive functions [6]. Our

results suggest that high-dose statin therapy used in the

acute phase of ischemic stroke and TIA could improve

short-term prognosis. An observational study also con-

firmed the benefit of high-dose statin, and the results sug-

gest that high-dose statin therapy for patients after

recanalization is related to a better functional outcome

without a higher risk of intracranial hemorrhage [26].

Another study [10] shows that more aggressive statin

therapy in acute ischemic stroke patients obtain a better

long-term functional outcome. Our results indicate that

there was no significant difference between the high statins

and placebo group in the effect on infarct volume, recur-

rence of stroke, and related adverse events. However, these

results may be inconsistent with other studies entirely. The

SPARCL study [17] shows that high-dose atorvastatin can

reduce the recurrence of stroke; however, in another study,

high-dose simvastatin has no effect on recurrent stroke

Fig. 3 Meta-analyses of safety outcomes: a intracerebral hemorrhage events, b cardiovascular and cerebrovascular events, and c all-cause death.
CI confidence interval, IV inverse variance
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[27]. A meta-analysis shows that more aggressive statin

treatment reduces major vascular events more than less

intensive regimens in patients with coronary artery disease

[28]. As for intracerebral hemorrhage events, there are

some disagreements. The results of study Scheitz et al. [29]

show that statin use prior to acute ischemic stroke (AIS)

does not increase the early hemorrhagic complications, and

may be associated with a reduced mortality. A meta-anal-

ysis of 31 randomized controlled trials also concludes that

statin therapy does not increase ICH events, but rather

produces a significant reduction in all-cause mortality [30],

which is identical with the results of Tziomalos et al. [10]

On the contrary, a meta-analysis by Pandit et al. [24]

indicates that high-dose statin treatment increases the risk

of ICH. However, another study [31] reports that statin

therapy decreases the risk of intracerebral hemorrhage

events in patients with stroke.

Thus, the benefit of statins in acute stroke remains

uncertain and is an issue of great importance to clinical

doctors. This study is the first meta-analysis to estimate the

effects of high-dose statins for patients in the acute phase

of ischemic stroke and transient ischemic attack. The pre-

vious reviews and meta-analysis did not pay attention to

the high-dose statins in acute ischemic stroke, so we con-

ducted this meta-analysis to provide a reference for clinical

medication practice.

There are some limitations in our present meta-analysis.

First of all, although we had searched all the relevant

studies in this field, the study number is limited, and the

total number of patients is not large; thus, the power of our

analyses might be restricted. We included seven studies in

total in this meta-analysis, and the total participants’

number is 1089. Only one meta-analysis has been con-

ducted considering seven studies. All the remaining anal-

yses have been conducted considering two or three studies.

However, the limitation is determined by the number of the

studies we searched. There are some related studies in

which the full text or the data we needed were not avail-

able. We tried to contact the authors to obtain the full-text

of these studies; however, no reply was received. This

might have caused a publication bias [32, 33]. Second, the

heterogeneity of infarct volume is significant. It may be

due to the different starting time of statin therapy. We

compared the fixed-effects model results with the random-

effects model to conduct the sensitivity analyses in other

results, and the results were not changed significantly. This

shows that our results were robust. In addition, by reason of

the small number of included studies, we do not have

enough ability to evaluate any publication bias. Moreover,

some data on clinically relevant outcomes such as longest

follow-up mortality, long-term outcome, and muscu-

loskeletal adverse events, such as myalgia, myopathy, and

rhabdomyolysis, were not reported in available studies.

The available results of NIHSS score in the study of

Kurzepa et al. [34] were not obtained. In addition, the

modified Rankin Scale score (mRS) was available in two

studies [7, 9], but was evaluated at a different time. Last

but not least, analyzing NIHSS score as a continuous

variable is an additional limitation of our review, but

unfortunately means (± SD) were the only data available in

the included studies.

Conclusion

Our meta-analysis emphasizes that high-dose statins ther-

apy in the acute phase of ischemic stroke and TIA might

significantly reduce the NIHSS score and improve short-

term functional outcome without increasing safety issues.

Nevertheless, given the above limitations, the results

should be interpreted with caution.
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