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Abstract
Background and purpose Conflicts exist regarding relationship between prior/new statin use, cholesterol, and early poststroke
intracranial hemorrhage (ICH) in acute ischemic stroke (AIS) patients. This meta-analysis is aimed at evaluating the safety of
prior/new statin use, cholesterol level and risk of ICH in AIS patients.
Methods We searched PubMed and Embase for studies examining relation between statin use, cholesterol level, and early
poststroke ICH in AIS. Included studies should report risk of early poststroke symptomatic ICH (sICH) or overall ICH. A
random-effects model was used to pool the data.
Results Twenty-five articles involving 26,327 participants were included, among whom 925 had sICH. Prior statin use was not
associated with overall ICH (adjusted odds ratio (OR), 1.478; 95% confidence interval (CI), 0.924–2.362; p = 0.103) and sICH in
patients who received thrombolysis (adjusted OR, 1.567; 95% CI, 0.994–2.471; p = 0.053) or overall ICH in patients, most of
whom had not received recanalization therapy (crude OR, 1.342; 95% CI, 0.872–2.065; p = 0.181). New statin use was associ-
ated with decreased sICH after recanalization therapy (crude OR, 0.292; 95% CI, 0.168–0.507; p < 0.001).Cholesterol level was
not associated with overall ICH.
Conclusion Prior/new statin use and lower cholesterol level are not risk factors for sICH and overall ICH in AIS patients, whether
or not the patient has received recanalization therapy. New statin use is likely associated with decreased sICH.
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Introduction

Early poststroke intracranial hemorrhage (ICH) is a serious
complication worsening outcome in acute ischemic stroke
(AIS) patients, especially those receiving thrombolysis [1].
Previous meta-analysis associated statin use before or during
the acute stage of stroke with better functional outcome and

reduced mortality [2], but concerns exist about the potentially
increased risk of ICH. In AIS patients, statin pretreatment was
an independent predictor of symptomatic ICH (sICH) after
intravenous thrombolysis (IVT) [3, 4]. However, these results
have not been validated [5, 6].

Adequate cholesterol levels are important for the integrity
of small blood vessels and their resistance to rupture [7].
Lower cholesterol levels were associated with increased risk
of hemorrhagic transformation in AIS patients [[8–10]]. A
meta-analysis found that ICH tended to occur more often in
ischemic stroke patients with lower low-density lipoprotein
cholesterol (LDL-C) levels [11]. However, these results have
not been consistently replicated [12–14, 15].

The relationship between statin, cholesterol, and early ICH
in AIS patients is controversial. This study is aimed at evalu-
ating the influence of prior/new statin use and cholesterol
levels on the risk of sICH and overall ICH in AIS patients
who received recanalization therapy and in those who did not.
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Method

This study was performed according to the guidelines recom-
mended by the “Meta-analysis of Observational Studies in
Epidemiology” [16] statements. This study did not require
approval by the Institutional Review Board, because the data
used was published and publicly available.

Search strategy

PubMed and Embase were searched for studies examining the
relation between statin, cholesterol, and early poststroke ICH
in AIS patients, published in English from January 1966 to
May 2018. PubMed search strategy: (“Intracranial
Hemorrhages” [Mesh] or “hemorrhagic stroke” or “hemor-
rhagic transformation” or hemorrhag* or haemorrhag*) and
(stroke [Mesh] or stroke or “brain ischemia” [Mesh] or (brain
infarct*) or (cerebral infarct*) or “brain ischemia” or “brain
ischaemia” or “cerebral ischemia” or “cerebral ischaemia” or
(cerebrovascular accident*) or (cerebrovascular disorder*) or
(cerebrovascular disease*) or (brain embol*) or (brain
thromb*) or (cerebral embol*) or (cerebral thromb*) or (intra-
cerebral embol*) or (intracerebral thromb*) or (intracranial
e m b o l * ) o r ( i n t r a c r a n i a l t h r o m b * ) ) a n d
(“Hydroxymethylglutaryl-CoA Reductase Inhibitors” [Mesh]
or statin or statin* or pravastatin or lovastatin or atorvastatin or
simvastatin or fluvastatin or cerivastatin or rosuvastatin or
pitavastatin or lipids [Mesh] or lipid* or Cholesterol[Mesh]
or cholesterol or LDL or HDL or TG or TC or triglyceride or
“dyslipidemias” [Mesh]). And the Embase search strategy
was derived from PubMed search strategy. Two investigators
(W. Z. and J. J) examined the titles and abstracts to identify
potential eligible articles. More studies were screened in ref-
erence lists of retrieved articles and relevant reviews.

Study selection

We included observational (cohort or nested case-control)
studies and randomized control trials (RCTs). Studies that
reported early poststroke ICHwas included. Studies involving
cholesterol, effect estimates (risk ratio, hazard ratio, or odds
ratio (OR)), and 95% confidential intervals (CIs) for > 2 cate-
gories of cholesterol concentrations must be reported for com-
paring different concentration levels or analyzing the results
per 1 mmol/L increment. Excluding criteria were: (1) no ICH
data available or ICH occurred > 2 weeks from stroke onset
and (2) no full text. Among studies based on the same cohort,
the one with most complete data was included.

Data extraction and quality assessment

Two authors (H.W., W.P) independently extracted the follow-
ing data: author, publication year, study design, nation

(continent if multiple countries were involved), sample size,
age, sex, exposure, covariates in the adjusted model, event,
comparison categories and corresponding relative risk, hazard
ratio, or OR with 95% CI, and other risk factors for ICH.
Disagreement was resolved by consensus. We did not contact
authors of the studies for incomplete or unpublished data.
Newcastle-Ottawa Scale (NOS) was used to evaluate method-
ological quality of studies [17].

Definitions of outcome

Early poststroke sICH defined as any hemorrhage on the
follow-up CT/MRI scan with NIHSS score increase ≥ 4 or
leading to death within 14 days [18]. Early ICH was defined
as ICH occurring within 2 weeks post-AIS onset.

Statistical analysis

Considering variability in sample sizes and ineffectiveness of
confounder control in observational studies, a random-effects
(DerSimonian-Laird) model was used to pool adjusted ORs.
Crude ORs were calculated based on patient numbers. ORs
were recorded as OR (95% CI). Heterogeneity was estimated
using Cochran’s Q test and I2 value [19]. If heterogeneity
existed, subgroup analysis and sensitivity analysis were
performed.

Meta-regression was performed to detect the source of het-
erogeneity, including study design, sample size (< 500, 500–
1500, > 1500), proportions of atrial fibrillation (AF), and car-
diac embolism (CE) (< 25%, ≥ 25%). Egger’s test was used to
assess publication bias. All statistical analyses were performed
using STATA software (version 13.0; Stata Corporation,
College Station, USA). p < 0.1 was considered with signifi-
cant heterogeneity or publication bias [20]. p < 0.05 was con-
sidered statistically significant.

Results

Search result

Ten thousand ninety-one records (2401 from PubMed) were
identified. After excluding duplicates and irrelevant studies,
74 studies remained. After detailed evaluations, 27 studies
were included. After search of reference lists of studies, an-
other one study was identified [21] (Fig. 1). However, 3 stud-
ies [4, 15, 21] were excluded due to duplicate data from 1
study [5]; as a result, 25 studies were included finally.

Study characteristics

Twenty-five articles were included, comprising 3 prospective
cohort studies [22–24], 14 retrospective cohort studies [3, 5, 6,

2268 Neurol Sci (2019) 40:2267–2275



9, 10, 14, 25–27, 28–32], 6 nested case-control studies [8, 12,
13, 33–35] and 2 RCTs [36, 37]. Including 5260 statin users
and 18,492 non-users as well as 925 sICH events (258 in statin
users), 26,327 participants were included. Among these stud-
ies, 7 reported relation between cholesterol and ICH [8–10,
12, 13, 14, 25], 7 reported relation between new statin use and
ICH [[25, 28, 29, 30, 32, 36, 37], and 16 reported relation
between prior statin use and ICH [3,5, 6, 8, 9, 12, 13,
22–24, 26, 27, 31–35]. AIS patients in 21 studies all received
recanalization therapy, in 5 studies partly received recanaliza-
tion therapy [10, 32, 33, 36,37], and in 2 studies received no
recanalization therapy [9, 24]. One study [32] reported effect
of potent statins on the incidence of sICH (Table 1).

Statin and early poststroke sICH

No association between prior statin use and sICH in patients
who underwent recanalization therapy

Twelve observational studies involving 11,828 patients were
eligible [3, 5 , 6, 8, 12, 22, 23, 26, 32–35]. Prior statin use was
associated with sICH (crude OR, 1.507 (1.235–1.839);
p < 0.0001) (Fig. 2a). No significant heterogeneity or publica-
tion bias was detected (I2 = 6.0%, p = 0.387, Egger’s test p =
0.185). Combined adjusted results available in 7 studies
(Table 2) (all patients received IVT) [5, 6, 12, 26, 32, 34,
35], revealed no association between prior statin use and

sICH (adjusted OR 1.567 (0.994–2.471); p = 0.053) with no
significant publication bias (Egger’s test p = 0.982) but obvi-
ous heterogeneity (I2 = 65.2%, p = 0.008) (Fig. 2b). Meta-
regression identified no source of heterogeneity (sample size
(< 500 versus 500–1500, p = 0.419; < 500 versus > 1500, p =
0.647), study design (p = 0.192), and AF or CE (p = 0.192)).
Further sensitivity analysis found no association between pri-
or statin use and sICH after excluding the 3 case-control stud-
ies (adjusted OR 1.213 (0.922–1.597); p = 0.168) (Fig. 2c),
without heterogeneity (I2 = 0.0%, p = 0.397).

New statin use may decrease early poststroke sICH

Three cohort studies [28–30] (2758 participants) reported the
influence of new statin use on sICH in patients who received
recanalization therapy. New statin treatment was significantly
associated with decreased sICH (crude OR, 0.292 (0.168–
0.507); p < 0.001) without evident heterogeneity (I2 = 0%,
p = 0.535) (Fig. 2d).

Two RCTs [36, 37] reported new statin use in AIS patients
who partly received IVT (3.11% and 52.9%, respectively),
and there was no difference in sICH incidence between statin
users and controls.

Cholesterol and early sICH post AIS

Three observational studies [12, 14,15] reported association
between cholesterol and sICH in AIS patients who received
IVT.We cannot pool the ORs because the authors reported the
results in different ways: some reported ORs and 95% CIs
between low versus high levels of cholesterol, while others
per 1 mmol/L increment of cholesterol concentration.

Levels of total cholesterol (TC), LDL, and high-density
lipoprotein (HDL) were not reported as risk factors of sICH
after AIS [14], only 1 nested case-control study associated
high triglyceride (TG) levels with higher risk of sICH [12];
however, the other 2 cohorts with obviously larger samples
failed to replicate this finding [14, 15].

Statins and overall ICH

No association between prior statin use and overall ICH
in recanalization patients

Six observational studies [3, 5, 8, 13, 23, 27] involving 4074
patients were eligible. The crude ORwas 1.215 (1.032–1.430)
(p = 0.019) without significant heterogeneity or publication
bias (I2 = 0.0%, p = 0.584, Egger’s test p = 0.508) (Fig. 3a).
However, combined adjusted results available in 3 studies [5,
13, 23] (Table 2) showed no significant association (adjusted
OR 1.478 (0.924–2.362); p = 0.103) with moderate heteroge-
neity (I2 = 51.0%, p = 0.130).
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No association between prior statin use and overall ICH
in patients who partly received recanalization

Four studies [,9, 24, 32, 33] involving 10,999 patients
(24% received recanalization therapy) were eligible.
Patients in 2 studies partly received recanalization therapy
[, 32, 33]. Prior statin use was not associated with overall
ICH (crude OR 1.342 (0.872–2.065); p = 0.181) with
moderate heterogeneity (I2 = 36.1%, p = 0.195) (Fig. 3b).
Sensitivity analysis by excluding the study with largest
sample size [32] presented stable result (crude OR 1.011
(0.593–1.724); p = 0.967) without evident heterogeneity
(I2 = 0.0%, p = 0.493).

New statin use and overall ICH

Only one study [25] revealed no association between new
statin use and risk of overall ICH (adjusted OR 1.5 (0.95–
4.1)).

Cholesterol and overall ICH

LDL and overall ICH (dose–response analysis) Four observa-
tional studies [8, 10, 13, 14] involving 2817 patients reported
ICH incidence increase per 1 mmol/L LDL reduction
(Table 2). The adjusted OR was 0.950 (0.836–1.078) (p =

Table 1 Characteristics of studies included in meta-analysis

Study Study design Region Size Female Age Recanalization Exposure ICH NOS
score

Montaner 2016 RCT Spain 104 48 74
(62.5–82)

Partly Simvastatin ICH/sICH –

Heo 2016 RCT Korea 289 126 65 ± 12.3 Partly Rosuvastatin Overall ICH –

Paciaroni 2008 Prospective nested
case-control

Italy 1125 495 76 Partly Statin (prior) Overall ICH 9

Bang 2007 Nested case-control USA 104 53 70 Combined Statin (prior)
LDL

Overall
ICH/sICH

9

D’Amelio 2011 Retrospective cohort Italy 215 101 No report No Statin (prior) TC,
LDL

Overall ICH 9

Meier 2009 Prospective cohort Switzerland 311 134 63 IAT Statin (prior) Overall
ICH/sICH

9

Scheitz 2016 Retrospective cohort Europe 8535 3904 69.8 Partly Statin
(prior/new)

sICH 9

Makihara 2011 Nested case control Japan 489 171 70 ± 11.6 IVT Statin (prior)
LDL

Overall ICH 8

Kim 2009 Retrospective cohort Korea 377 143 66 ± 1.7 Partly TC, LDL Overall ICH 9

Meseguer 2012 Retrospective cohort France 606 259 68 IVT/IA/both Statin (prior) sICH 9

Erdur 2018 Prospective nested case
control

Germany 1336 650 No report IVT Statin (prior) sICH 9

Kang 2015 Retrospective cohort Korea 337 149 69 ± 12.4 IVT/IA/both Statin (new) sICH 9

Engelter 2011 Retrospective cohort Europe 4012 1753 69 IVT Statin (prior) Overall ICH/
sICH

9

Cougo-Pinto 2012 Nested case control Brazil 113 54 63 ± 12.8 IVT Statin (prior) sICH 9

Georgiadis 2009 Retrospective cohort USA 77 39 66 ± 14 Combined Statin (prior) Overall ICH 9

Martinez-Ramirez
2011

Retrospective cohort Spain 182 83 68 ± 11.4 IVT Statin (prior) Overall
ICH/sICH

9

Nardi 2012 Retrospective cohort Europe 1847 747 70
(58–78)

IVT TC, LDL, TG,
HDL

sICH 9

Restrepo 2009 Retrospective cohort Korea 142 69 68 ± 17 IAE, PME Statin (new)
TC,LDL

Overall ICH 7

Tsivgoulis 2015 Retrospective cohort Europe 1660 681 67 ± 13 IVT Statin (prior) sICH 9

Yi 2016 Prospective cohort China 1124 503 69 No Statin (prior) Overall ICH 8

Miedema 2010 Retrospective cohort Netherlands 476 219 69 IVT Statin (prior) sICH 8

Tong 2015 Retrospective cohort China 367 136 69 IVT Statin (new) sICH 9

Zhao 2014 Prospective cohort China 193 69 65 ± 10.3 IVT Statin (prior) sICH 8

Cappellari 2013 Retrospective cohort Italy 2054 862 66 ± 12.5 IVT Statin (new) sICH 8

Uyttenboogaart
2008

Nested case control Netherlands 252 116 68 ± 15 IVT Statin (prior) TC,
TG

sICH 8
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0.424) with moderate heterogeneity (I2 = 35.5%; p = 0.199)
(Fig. 3c).

TC and overall ICH (dose–response analysis) Four observa-
tional studies [10, 12–14] involving 2965 patients reported
ICH incidence increase per 1 mmol/L TC reduction
(Table 2). The adjusted OR was 0.941 (0.810–1.094) (p =
0.431) without significant heterogeneity (I2 = 0%, p = 0.594)
(Fig. 3d). After excluding 1 study investigating patients who
partly received recanalization therapy, the adjusted OR was
0.981 (0.821–1.173) (p = 0.835) without heterogeneity (I2 =
0%, p = 0.555).

Discussion

This meta-analysis included 26,327 patients and discussed the
overall effect of statins and cholesterol on AIS. Strengths of
our analysis include large sample size and performance of
sensitivity analysis. Furthermore, the starting time of statin
use and whether patients received recanalization therapy were
stratified.

We found that (1) prior statin use, LDL, and TC were not
associated with risk of sICH and overall ICH after recanaliza-
tion therapy; (2) new statin use may decrease the risk of sICH
after recanalization therapy; (3) prior statin use was not asso-
ciated with overall ICH in patients who partly (24%) received
recanalization therapy; and (4) new statin use, LDL, and TC
were not associated with overall ICH.

A meta-analysis reported positive relationship between pri-
or statin use and sICH [38], but it included replicated data.

Furthermore, the authors did not perform sensitivity analysis,
which may allow bias. We performed sensitivity analysis by
excluding case-control studies, which likely contribute to bias
due to their smaller number and less strict design.

sICH seems to be a result of multiple factors such as recan-
alization therapy, time to treatment, stroke severity [1, 33, ],
and multiple vascular risk factors [5, 39, 40]. These factors
were not randomized, which may explain the following find-
ings: (1) The crude OR of prior statin use on sICH were sig-
nificant, while after adjustment and excluding case-control
studies, the significance disappeared. (2) The crude OR of
prior statin use on overall ICH were significant in patients
who all received IVT, but the increase disappeared in studies
where only a small number of patients received IVT, indicat-
ing a relationship between IVT and ICH rather than statin use.
The evidence was strengthened by post hoc analysis [41] of a
large RCT in which vascular risk factors were randomized,
showing that lipid-lowering pretreatments (most with statins)
decreased the risk of sICH. However, in the lipid-lowering
pretreatment group, the time from stroke onset to IVT was
shorter and more patients received low-dose IVT. These fac-
tors may affect the results of this study.

Data [42] showed that statin treatment starting within 24 h
after IVT, but not before stroke, improved outcomes without
increasing sICH. Similarly, we found that new statin use de-
creased the risk of sICH after IVT. It is possible that statin
decrease ICH risk by suppressing MMP9, a predictor of ICH
which could be elevated by rtPA [22, 43, 44].

Statins can improve cerebral perfusion by opening collat-
erals [45] and have neuroprotective effects [46]; these may
decrease sICH. The difference between prior and new statin

Fig. 2 a Crude odds ratio (OR) of
prior statin use and sICH in pa-
tients who received recanaliza-
tion. bAdjusted OR of prior statin
use and sICH in patients who re-
ceived recanalization. c
Sensitivity analysis by excluding
case-control studies of prior statin
and sICH in patients who re-
ceived recanalization. d Crude
OR of new statin use and sICH in
patients who received
recanalization

Neurol Sci (2019) 40:2267–2275 2271
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use on the outcome of AIS may be due to “saturation effect”;
in that case, a tolerance to the beneficial effect of statins de-
velops over time such that their effects are conferred only
during the initial few weeks of usage [42]. However, new
statin use may not be associated with ICH because such asso-
ciation was not observed in two RCTs. This strengthens the
notion that uncontrolled factors can be a source of bias.

This meta-analysis did not associate cholesterol levels with
ICH, which is contrary to a previous meta-analysis [47] which
found inverse association between cholesterol levels and risk
of hemorrhagic stroke. Different from the previous meta-anal-
ysis, we focused on cholesterol levels on ICH inAIS; but short
follow-up period of exposure to low cholesterol levels in our
meta-analysis may underestimate risk of ICH [10].
Additionally, our result is in accordance with a recent meta-
analysis that found further lowering LDL-C levels in patients
with median LDL-C levels of 1.8 mmol/L or less is not asso-
ciated with increased risk of hemorrhagic stroke [48].

Our study has several limitations. First, the results were
derived from data obtained in observational studies, which
can introduce bias; in addition, the number of studies was
limited for studies with cholesterol and with patients who
partly received recanalization therapy and new statin users.
Thus, the results might be insufficient for drawing definite
conclusions. Second, we included only studies written in
English and might therefore have missed relevant articles in
non-English journals. Third, data regarding the duration of
and compliance with prior statin treatment and the duration
of cholesterol exposure were not available, but these may
affect outcome; information on whether statin use was contin-
ued or switched after stroke onset was not available. Finally,

evidence about dose-related analysis and statin type was not
sufficient to draw relevant interpretations.

Conclusion

This meta-analysis showed that statin use (prior or new) and
low cholesterol levels are not risk factors of sICH in AIS
patients, irrespective of whether the patients received recana-
lization therapy. However, new statin use is likely associated
with a decreased risk of sICH. sICH is likely to be affected by
multiple factors, including recanalization therapy, time to
treatment, stroke severity, and vascular risk factors other than
statin. However, due to the limitations mentioned above, fur-
ther evidence from large RCTs is needed.
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