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AIMS
To examine the association between statin use before and after intracranial haemorrhage (ICH) and the risk of poststroke epilepsy
(PSE).

METHODS
Patients with new-onset ICH between 2004 and 2012 were identified from the Taiwan National Health Insurance Research Da-
tabase. The main outcome was the occurrence of epilepsy after stroke. Multivariable Cox regression modelling was used to esti-
mate the association between statin use and the risk of PSE, with poststroke medication exposures being treated as time-
dependent variables.

RESULTS
A total of 7435 patients with ICH were enrolled with a median follow-up of 17.6 months. Within the study cohort, 709 patients
developed PSE. Poststroke, but not prestroke, stain use was associated with a reduced risk of PSE (adjusted hazard ratio 0.62, 95%
confidence interval 0.42–0.90, P = 0.01). In subanalyses, a trend of a dose–response relationship was observed. A significant PSE
risk reduction was correlated with a higher cumulative statin dose. Moreover, the risk of PSE was lower in patients receiving
moderate-to-high-intensity statin therapy (adjusted hazard ratio 0.37, 95% confidence interval 0.18–0.75, P = 0.01). Lipophilic
and hydrophilic statins were similar with regard to their associations with the reduced risk of PSE.

CONCLUSIONS
Statin therapy may reduce the risk of PSE after ICH, especially with moderate-to-high therapy intensity. Further research is needed
to understand the mechanisms underlying the potential protective effects of statins against PSE in this patient population.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Poststroke epilepsy (PSE) is a common complication in patients with intracranial haemorrhage (ICH), and prophylactic
use of antiepileptics is not recommended in clinical guidelines.

• Statins have been found to possess neuroprotective effects and may reduce the risk of epilepsy in the elderly as well as
seizure after ischaemic stroke. However, evidence of statins for epilepsy prevention in ICH is scarce.

WHAT THIS STUDY ADDS
• Statin use after ICH was associated with a reduced risk of PSE.
• The risk of PSE was lower in patients with moderate-to-high-intensity statin therapy.
• This study provides evidence on the potential protective effects of statins against post-ICH epilepsy. Further research is
warranted to verify our findings and to determine underlying mechanisms.

Introduction
Stroke is a major cause of epilepsy in adults and the elderly
[1]. The incidence of poststroke epilepsy (PSE) is higher with
intracranial haemorrhage (ICH) than with ischaemic stroke.
Approximately 4.1–11.1% of patients with ICH develop PSE
[2–4], and PSE is often diagnosed within first 3 years after
stroke [2]. Patients with PSE have higher risks of disability
and mortality [5, 6]. Prophylactic use of antiepileptic drugs
(AEDs), however, does not improve neurological outcomes
or mortality and therefore is not recommended [6–8].

Activation of N-methyl-D-aspartate (NMDA) recep-
tors plays an important role in epilepsy [9], and
hydroxymethylglutaryl-CoA reductase inhibitors
(statins), a class of potent lipid-lowering agent, have been
shown to have neuroprotective and antiepileptic effects by
protecting against NMDA-induced excitotoxicity and neuro-
nal damage in animal models and in vitro studies [10–12].
Recent observational studies suggested that statin treatment
may lower the risk of epilepsy in elderly patients and those
with cardiovascular diseases, as well as reduce the risk of
early-onset seizure after ischaemic stroke [4, 13, 14]. How-
ever, the pathophysiology and risk factors of epilepsy in
ICH differs from that in ischaemic stroke [1, 15], and it
remains unknown whether statin use alters the risk of PSE
in patients with ICH. Therefore, we conducted a
population-based cohort study to investigate the association
between statin use and the risk of PSE among patients with
ICH. Further analyses were conducted to examine if the
choice and cumulative dose of statin affect its effects on PSE.

Methods

Data source
The National Health Insurance (NHI) in Taiwan is a universal
health insurance program with over 99.9% coverage of the
total population (23 million). De-identified administrative
and claims data were derived from the NHI program to
generate the National Health Insurance Research Database
(NHIRD), which includes registration files and all medical
claims for inpatient and outpatient services and pharmacy
dispensing. In this study, we used three datasets of the
Longitudinal Health Insurance Database, subsets of the
NHIRD that contains all claims data from three million

subjects who were randomly sampled from all beneficiaries
in the years 2000, 2005 and 2010. Data from 2003 to 2013
were analysed. The study protocol was approved by the Re-
search Ethics Committee of National Taiwan University Hos-
pital. Owing to the anonymous nature of the data, informed
consent was waived.

Study population
The study cohort consisted of all patients aged>20 years who
were admitted to the hospital between January 2004 and
December 2012 with a first-ever diagnosis of an ICH
(International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] codes 430 for subarach-
noid haemorrhage, 431 for ICH, and 432 for other and
unspecified ICH). The date of hospital admission was defined
as the index date in each patient, and 1 year before the index
date served as the baseline observational period to determine
prestroke medication exposure and comorbidities. Owing to
the limited clinical information available in the NHIRD, the
stroke severity was determined by the Stroke Severity Index
(SSI) [16], which has been validated to estimate stroke
severity in ICH patients using data from the NHIRD [17].
Subjects were excluded if they: (i) had a history of any type
of stroke, seizure/epilepsy, brain tumour or head trauma dur-
ing or prior to the observational period; (ii) used AEDs prior to
ICH; (iii) had missing registration data or inpatient claims;
(iv) were not continuously enrolled in the NHI program
during the baseline observational period (i.e. 1 year before
the index date; to prevent mis-recording of the baseline
comorbidities and prestroke statin use); or (v) started statins
and were newly diagnosed with seizure or epilepsy within
the same hospital admission (because the temporal sequence
of these events cannot be clarified). The Anatomical
Therapeutic Chemical (ATC) codes for AEDs and ICD-9-CM
codes used in the exclusion criteria are listed in the
Supporting Information (Table S1).

Study outcome
The primary outcome was PSE after the index date. PSE was
defined as having a diagnosis of epilepsy (ICD-9-CM code
345.x, except 345.6: infantile spasms), two diagnoses of
seizure (780.39) on separate dates, or one diagnosis of
seizure with continuous outpatient prescriptions of AEDs
for at least 3 months after ICH [18, 19]. The operational def-
inition was suggested by the International League Against
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Epilepsy for using ICD-coded data in health research. The
supply of each prescription refill for chronic diseases was
typically 28–30 days in Taiwan. Individuals were allowed a
50% grace period on the previous supply timeframe to refill
the next prescription when measuring continuous medica-
tion use.

Follow-up
Patients with ICH were followed from the index date until
PSE development, three years after the index date, death,
withdrawal from the health insurance program, or the end
of data available period (31 December 2013), whichever
occurred first. Since PSE tends to develop within 3 years after
stroke [2, 20, 21], patients were followed for a maximum
period of 3 years to minimize the likelihood of including
epilepsy caused by other factors such as brain tumour and
head injury [14].

Exposure definition
Different approaches were used to study pre- and poststroke
statin exposure. Patients were divided into the following
groups based on prestroke statin use: prestroke current users
(duration of the last prescription covered the index date or
ended within a month prior to the index date – considering
carry-over effect and gaps of refills), prestroke former users
(the last prescription ended between 1 month and 1 year
before the index date) and prestroke nonusers (no statin
prescription within 1 year before the index date). By contrast,
poststroke statin use was analysed as a time-dependent
variable – the presence or absence of statin use was recorded
monthly after the index date and allowed to vary over time.

To evaluate the effects of different statin therapies, we
classified statins by their lipophilicity and treatment
intensity. Lipophilic statins include atorvastatin,
fluvastatin, lovastatin, pitavastatin and simvastatin,
whereas hydrophilic statins include pravastatin and
rosuvastatin [22]. Statin therapy was categorized into low
and moderate-to-high intensity according to the 2013
ACC/AHA Guideline [23]. We further studied the dose–
response effect of statin on PSE in prestroke nonusers, in
consideration of avoiding potential carryover effects of
prestroke therapy. The poststroke cumulative defined daily
dose (cDDD) of statins was calculated monthly for each
patient, with DDD used as the standardized unit of dose for
measuring the total amount of statin exposure [24]. The
poststroke cDDD of statin was classified into four quartiles
at each month and treated as a time-dependent variable in
the regression model [25].

Covariates
Age, sex, SSI, ICH subtypes, comorbidities and concurrent
medications were included as covariates. The respective
diagnosis codes and ATC codes for determining comorbidi-
ties and concurrent medications are listed in the Supporting
Information (Tables S2 and S3). The comorbidities were
identified based on the diagnoses given during the baseline
observational period, including diabetes mellitus, metabolic
disorders, dyslipidaemia, hypertension, heart diseases, kid-
ney dysfunction, liver dysfunction, alcohol abuse, dementia
and schizophrenia. Concurrent use of certain medications

after stroke [including proconvulsant drugs (carbapenems,
antidepressants, antipsychotics), potential neuroprotective
drugs (metformin), and other lipid-lowering agents (fibrates,
ezetimibe)] was treated as time-dependent variable in the
model, allowing for the exposure status of each class of
medications to change over time.

Hypertension is an important risk factor for ICH. In our
analysis, however, patients with hypertension were
associated with a lower risk of PSE. To control for potential
residual confounding, we further included the average
number of antihypertensive drug classes (as a proxy of the
hypertension severity) and proportion of days covered
(PDC; as a proxy of the hypertension severity and medica-
tion adherence) as covariates in the regression model. The
equations for calculating the average number of antihyper-
tensive drug classes and PDC are listed in the Supporting
Information [26].

Statistical analysis
To compare the differences among patient groups based on
the status of prestroke statin use, ANOVA and χ2 or Fisher’s
exact test were used for continuous and categorical variables,
respectively. Extended Cox regression model was utilized to
estimate the effect of statins on the risk of PSE, with
poststroke statin and concurrent medications treated as
time-dependent variables. A backward elimination procedure
was undertaken to keep the covariates of clinical and statisti-
cal significance; covariates (except for sex, age, SSI, ICH
subtypes and prestroke statin use) that had a P-value >0.2
and changed the effect estimates of statin use by ≤10% were
removed from the final model [27]. For subanalyses,
additional Cox regression models were performed, using
statin nonusers as the reference group, to study the effect of
statin lipophilicity and therapy intensity on PSE. Hazard
ratios for quartiles of cDDDwere compared among the cohort
of prestroke nonusers to explore the dose–response relation-
ship of poststroke statin therapy.

Two additional analyses were conducted to ensure that
the study findings were valid and specific to statin. A
negative tracer analysis was performed with oral proton
pump inhibitors (PPIs) selected as the negative exposure
control. In addition, our study was repeated with acute
gastroenteritis (ICD-9-CM: 558.9) appointed as the nega-
tive outcome control on which statins are not likely to
cause an effect [28].

A series of sensitivity analyses were also conducted to test
the robustness of our study findings. First, to exclude possible
cases of acute symptomatic seizure and to assess the potential
confounding effect by early poststroke seizures, patients with
a diagnosis of seizure or epilepsy within 7 days and 14 days
following the index date were excluded in the Sensitivity
Analyses I-1 and I-2, respectively. Second, a different defini-
tion of PSE, i.e., having at least one diagnosis of epilepsy or
two diagnoses of seizure on separate dates accompanied by
at least one AED prescription, was used as the outcome
endpoint in Sensitivity Analysis II. In Sensitivity Analysis
III, more restrictive definitions of comorbidities were
employed (Supporting Information Table S2). Fourth, the
follow-up period was reduced to 1 and 2 years to minimize
the possibility of counting epilepsy from causes other than
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stroke (Sensitivity Analyses IV-1 and IV-2, respectively). Since
patients may have received AEDs for seizure prophylaxis after
ICH, which could confound the risk of PSE, we excluded
those who were prescribed AEDs, regardless of the indication,
without a diagnosis of PSE during the follow-up period in
Sensitivity Analysis V to assess the potential bias.
Patients who had a diagnosis of ischaemic stroke (ICD-9-
CM: 433–434) during the follow-up period were excluded in
Sensitivity Analysis VI, considering the increased risk of PSE
associated with ischaemic stroke. In addition, we included
only the patients with ICH, the major subtype of ICH, in
Sensitivity Analysis VII. Finally, the time window for defining
time-dependent poststroke statin exposure was extended
from 1month to 2, 3, 6 and 12months in Sensitivity Analysis
VIII, and we expected that the magnitude of the effect
estimate (risk of PSE associated with statin use) would reduce
accordingly.

All P-values were two-sided, and the significance level was
set at 0.05. All analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).

Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetophar-
macology.org, the common portal for data from the
IUPHAR/BPS Guide to PHARMACOLOGY [29], and are
permanently archived in the Concise Guide to PHARMA-
COLOGY 2017/18 [30].

Results

Patient characteristics
The initial cohort consisted of 13 498 subjects who were
admitted for ICH from 2004–2012. The median observation
duration for exclusion screening was 5.4 years before the
index date. After excluding patients who did not meet the
study criteria, a total of 7435 patients were included in the fi-
nal analyses (Figure 1). The mean age of the participants was
61.3 (standard deviation 15.0) years, 39.7% were female, and
the mean SSI was 14.7 (standard deviation 6.1). About 74%
of the patients were diagnosed with ICH. Hypertension was
the most common comorbid disease. As shown in Table 1, >
90%of these patients did not use statin prior to the ICH event.
Compared to prestroke former and current statin users,
prestroke statin nonusers were younger, and less likely to be
female or have comorbidities such as diabetes, dyslipidaemia,
cardiovascular diseases and kidney dysfunction.

The median follow-up duration was 17.6 months for total
patients included in the study (a median of 5 months for pa-
tients with PSE and a median of 22 months for those without
PSE). A total of 709 patients (9.5%) developed PSE, and more
than half (57.2%) of the PSE occurred within 6 months after
ICH. Among the 6838 prestroke statin nonusers, 868 initiated
statin at different time points during the follow-up period,
and 461 (53.1%) had a diagnosis of dyslipidaemia. In
prestroke statin nonusers who developed PSE, only 5.5%
(36/659) had initiated statin prescriptions during their

Figure 1
Flow diagram of the study
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follow-up period; in those who did not develop PSE, 13.4%
(832/5347) had initiated statin. Atorvastatin and rosuva-
statin were the most commonly used statins, and lovastatin
and pitavastatin were used the least (Supporting Informa-
tion Table S4).

Multivariable analysis and model selection
The multivariable Cox regression model showed that youn-
ger age, higher SSI, alcohol abuse, and dementia were

associated with higher risk of PSE (Table 2), whereas hyper-
tension was linked to a lower risk of PSE, even after adjusting
for proxies of the hypertension severity and medication
adherence. After the backward elimination procedure, age,
gender, SSI, ICH subtypes, hypertension (along with the
number of medication classes and PDC), coronary artery dis-
ease, atrial fibrillation, kidney dysfunction, liver dysfunction,
alcohol abuse, dementia, schizophrenia, use of serotonin–
norepinephrine reuptake inhibitors and antipsychotics were

Table 1
Patient baseline characteristics

Variable
Overall
n = 7435

Prestroke statin use

P valueaNonuser n = 6838 Former user n = 250 Current user n = 347

Age (mean ± SD) 61.3 ± 15.0 61.0 ± 15.1 64.6 ± 12.4 65.6 ± 12.2 <0.001b

Female, n (%) 2954 (39.7) 2654 (38.8) 126 (50.4) 174 (50.1) <0.001

SSI (mean ± SD) 14.7 ± 6.1 14.7 ± 6.1 14.7 ± 6.5 14.4 ± 6.3 0.57b

ICH subtype, n (%)

Subarachnoid haemorrhage 1194 (16.1) 1096 (16.0) 39 (15.6) 59 (17.0) 0.12

Intracerebral haemorrhage 5511 (74.1) 5084 (74.3) 187 (74.8) 240 (69.2)

Other and unspecified intracranial
haemorrhage

730 (9.8) 658 (9.6) 24 (9.6) 48 (13.8)

Measures of stroke severity, n (%)

Airway suctioning 2269 (30.5) 2082 (30.4) 77 (30.8) 110 (31.7) 0.88

Bacterial sensitivity test 2251 (30.3) 2065 (30.2) 81 (32.4) 105 (30.3) 0.76

General ward stay 6166 (82.9) 5666 (82.9) 205 (82.0) 295 (85.0) 0.54

Intensive care unit stay 5921 (79.6) 5460 (79.8) 192 (76.8) 269 (77.5) 0.30

Nasogastric intubation 4019 (54.1) 3697 (54.1) 136 (54.4) 186 (53.6) 0.98

Osmotherapy 5124 (68.9) 4752 (69.5) 167 (66.8) 205 (59.1) <0.001

Urinary catheterization 3996 (53.7) 3659 (53.5) 138 (55.2) 199 (57.3) 0.34

Comorbidities, n (%)

Diabetes mellitus 1490 (20.0) 1186 (17.3) 110 (44.0) 194 (55.9) <0.001

Metabolic disorders 485 (6.5) 442 (6.5) 25 (10.0) 18 (5.2) 0.05

Dyslipidaemia 803 (10.8) 411 (6.0) 158 (63.2) 234 (67.4) <0.001

Hypertension 4984 (67.0) 4461 (65.2) 218 (87.2) 305 (87.9) <0.001

Heart failure 374 (5.0) 302 (4.4) 25 (10.0) 47 (13.5) <0.001

Coronary artery disease 804 (10.8) 622 (9.1) 61 (24.4) 121 (34.9) <0.001

Peripheral artery disease 70 (0.9) 57 (0.8) 1 (0.4) 12 (3.5) <0.001c

Atrial fibrillation 202 (2.7) 173 (2.5) 9 (3.6) 20 (5.8) 0.001

Kidney dysfunction 512 (6.9) 412 (6.0) 50 (20.0) 50 (14.4) <0.001

Liver dysfunction 78 (1.0) 75 (1.1) 2 (0.8) 1 (0.3) 0.43c

Alcohol abuse 196 (2.6) 188 (2.7) 3 (1.2) 5 (1.4) 0.12

Dementia 169 (2.3) 151 (2.2) 8 (3.2) 10 (2.9) 0.43

Schizophrenia 37 (0.5) 37 (0.5) 0 (0.0) 0 (0.0) 0.33c

aP value for comparing the difference among three groups of prestroke statin use.
bANOVA F-test
cFisher’s exact test
SD, standard deviation
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kept in the final model. All covariates in the final model had a
variance inflation factor <10 and tolerance >0.1, which
indicated that multicollinearity among the independent
variables was less likely to exist.

Statin use and risk of PSE
The hazard ratios for statin use on PSE risk were estimated
based on the final model after backward elimination
(Table 3). After adjusting for the covariates, poststroke statin
use was associated with a reduced risk of PSE; patients with
recent statin use (within a month) had a lower risk of PSE
than statin nonusers [adjusted hazard ratio (aHR) 0.62, 95%
confidence interval (CI) 0.42–0.90, P = 0.01]. However, no
significant effect was found with prestroke, either current or
former, statin use. In the subanalysis in which poststroke
statin therapy was classified by the intensity of lipid-lowering
therapy (Table 4), only moderate-to-high intensity was asso-
ciated with a significantly decreased risk of PSE compared to
nonusers (aHR 0.37, 95% CI 0.18–0.75, P = 0.01). In the
subanalysis of the lipophilicity, the lipophilic statins were sig-
nificantly associated with reduced risk of PSE (aHR 0.63, 95%
CI 0.40–0.98, P = 0.04), while a similar trend was found in
hydrophilic statins (aHR 0.59, 95% CI 0.30–1.16, P = 0.13).
The dose–response relationship of poststroke statin was fur-
ther explored using the cohort of prestroke statin nonusers.
In general, the risk of PSE was lower for patients with higher
quartiles of cDDD, although the effect was only statistically
significant for the third quartile of cDDD (Table 4).

Additional analysis and sensitivity analysis
The analysis with negative exposure control showed no
association between PPI use and PSE risk (Supporting
Information Table S5). In addition, post-ICH statin use was
not associated with either an increased or decreased risk of
acute gastroenteritis, the negative control of study outcome.
The results of the sensitivity analyses are given in Supporting
Information Tables S6 and S7. Using different definitions of
PSE and comorbidities (Sensitivity Analyses I to III) or
restricting the maximum length of follow-up period to 1 or
2 years (Sensitivity Analysis IV) did not significantly alter
the magnitude of the association between statin use and the
risk of PSE. Moreover, after excluding individuals taking AEDs
without a diagnosis of PSE (43.0% of non-PSE cases;
Sensitivity Analysis V) or patients who developed ischaemic
stroke after the index date (6.4%; Sensitivity Analysis VI), or
when only patients with ICH were enrolled (Sensitivity Anal-
ysis VII), the trend of negative association between poststroke
statin use and PSE remained. In Sensitivity Analysis VIII, the
adjusted HR for poststroke statin use increased toward the
null, as expected, while extending the time window for
defining the exposure.

Discussion
The study showed that poststroke statin exposure was
associated with a reduced risk of PSE in patients with ICH,
whereas statin use prior to the incidence of ICH was not
associated with such beneficial effects. While exploring the
dose–response relationship using the cohort of prestroke

Table 2
Multivariable analysis of variables associated with poststroke epilepsy
among intracranial haemorrhage patients (full model)

†

Covariate HR (95% CI) P value

Age (years)
‡

0.99 (0.98–0.99) <0.001

Female
‡

0.90 (0.77–1.05) 0.19

Stroke Severity Index
‡

1.10 (1.08–1.11) <0.001

Intracranial haemorrhage
subtypes

Intracerebral haemorrhage Reference

Subarachnoid haemorrhage 0.82 (0.66–1.02) 0.07

Other and unspecified
intracranial haemorrhage

1.07 (0.81–1.40) 0.65

Average number of types of
antihypertensive agents

‡
0.95 (0.83–1.09) 0.47

PDC of antihypertensive
therapy (for every 10% change)

‡
0.92 (0.64–1.34) 0.68

Comorbidities

Diabetes mellitus 0.99 (0.78–1.25) 0.94

Metabolic disorders 1.11 (0.83–1.47) 0.47

Dyslipidaemia 0.86 (0.62–1.20) 0.36

Hypertension
‡

0.82 (0.69–0.98) 0.03

Heart failure 0.76 (0.49–1.17) 0.22

Coronary artery disease
‡

1.27 (0.97–1.66) 0.08

Peripheral artery disease 1.10 (0.49–2.46) 0.83

Atrial fibrillation
‡

0.58 (0.30–1.09) 0.09

Kidney dysfunction
‡

1.31 (0.96–1.79) 0.09

Liver dysfunction
‡

1.79 (0.95–3.39) 0.07

Alcohol abuse
‡

1.48 (1.00–2.18) 0.05

Dementia
‡

2.37 (1.57–3.60) <0.001

Schizophrenia
‡

1.72 (0.81–3.65) 0.16

Poststroke comedications

Potential epileptogenics

Carbapenems 0.95 (0.63–1.43) 0.81

TCAs �§

0.94

SSRIs 0.99 (0.63–1.55) 0.96

SNRIs
‡

1.43 (0.92–2.22) 0.11

Antipsychotics
‡

0.83 (0.64–1.08) 0.16

Metformin 0.90 (0.66–1.24) 0.52

Lipid-lowering agents
other than statins

Fibrates 0.73 (0.37–1.41) 0.35

Ezetimibe 0.94 (0.13–6.81) 0.95

CI, confidence interval; HR, hazard ratio; HTN, hypertension; PDC,
proportion of days covered; SNRIs, serotonin–norepinephrine re-
uptake inhibitors; SSRIs, selective serotonin reuptake inhibitors;
TCAs, tricyclic antidepressants.
†The hazard ratios for prestroke and poststroke statin use are pre-
sented in Table 3.
‡Covariates included in the final model.
§The confidence interval was too wide to provide a precise effect
estimate
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statin nonusers, there was a trend toward reduced PSE risk
with a higher cumulative dose of poststroke statin therapy.
A similar trend of dose-dependent protective effects of
statins against seizure or epilepsy was observed previously
in an animal model and in patients with cardiovascular
diseases [13, 31].

Although the risk of PSE may be reduced by statin therapy
in both ischaemic stroke and ICH [4], the aetiology of PSE
differs in these two stroke types [1]. The pathogenesis of PSE
in ICH has not yet been clearly elucidated, but the deposition
of haemosiderin, a product of blood metabolism, has been
proposed to be accountable [1]. The deposition of haemosi-
derin in brain parenchyma could generate free radicals and
lipid peroxides, resulting in excitotoxicity of the adjacent

neurons and proliferation of glial tissues through disrupting
receptor activity, calcium homeostasis and neurotransmitter
levels (e.g. glutamate, aspartate and phosphorylethano-
lamine) [32]. Dysregulation of calcium homeostasis,
mediated by the activation of NMDA receptors and a subse-
quent influx of calcium ions into the neurons, can lead to
Ca2+-calmodulin-dependent activation of neuronal nitric
oxide synthetase, which is associated with seizure attack
[33, 34]. It has been shown that statins can reduce the
association between subunit-1 of NMDA receptors and lipid
rafts, thereby protecting against NMDA-induced excito-
toxicity and neuronal damage [12]. Moreover, statins can
lower the levels of proinflammatory/proconvulsant cyto-
kines such as interleukin (IL)-1β, tumour necrosis

Table 3
Associations between statin treatment and risk of poststroke epilepsy in patients with intracranial haemorrhage

Crude HR (95% CI) P value
Adjusted HR† (95% CI)
in the full model P value

Adjusted HR§ (95% CI)
in the final model P value

Prestroke statin use

Nonuser Reference Reference Reference

Former user 0.82 (0.52–1.30) 0.41 1.12 (0.68–1.85) 0.66 1.00 (0.63–1.60) 0.99

Current user 0.91 (0.63–1.30) 0.60 1.50 (0.97–2.34) 0.07 1.32 (0.89–1.97) 0.17

Poststroke statin use (time-dependent variable)

0.52 (0.36–0.74) <0.001 0.64 (0.43–0.94) 0.02 0.62 (0.42–0.90) 0.01

CI, confidence interval; HR, hazard ratio.

Table 4
Associations between different statins and poststroke epilepsy and the dose–response relationship among patients with intracranial haemorrhage

Poststroke use of statins Crude HR (95% CI) P value Adjusted HR
†

(95% CI) P value

By lipophilicity
‡

No statin use Reference Reference

Lipophilic statins 0.52 (0.34–0.79) 0.002 0.63 (0.40–0.98) 0.04

Hydrophilic statins 0.53 (0.27–1.02) 0.06 0.59 (0.30–1.16) 0.13

By intensity of statin therapy

No statin use Reference Reference

Low 0.75 (0.47–1.18) 0.21 0.93 (0.58–1.49) 0.76

Moderate to high 0.30 (0.15–0.60) <0.001 0.37 (0.18–0.75) 0.01

By cumulative defined daily dose (cDDD)
§

0 Reference Reference

Lowest quartile 0.96 (0.58–1.61) 0.89 1.10 (0.66–1.85) 0.70

Second quartile 0.65 (0.35–1.21) 0.17 0.73 (0.39–1.37) 0.33

Third quartile 0.32 (0.13–0.78) 0.01 0.38 (0.16–0.92) 0.03

Highest quartile 0.39 (0.17–0.87) 0.02 0.50 (0.22–1.12) 0.09

CI, confidence interval: HR, hazard ratio.
†HR adjusted for the covariates in the final model.
‡Lipophilic statins include atorvastatin, fluvastatin, lovastatin, pitavastatin, and simvastatin. Hydrophilic statins include pravastatin and rosuvastatin.
§This analysis was conducted in prestroke statin nonusers.
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factor-α and IL-6 while increasing the synthesis of anti-in-
flammatory/neuroprotective cytokine IL-10 [10, 35].

In the present study, lipophilic and hydrophilic statins
showed a similar trend in the association between their use
and the risk of PSE. The nonsignificance in hydrophilic
statins group might be due to the limited sample size while
most statin users in the study were under lipophilic statins
(about 70% of the person–time with statin use, Supporting
Information Table S4). Because cholesterol metabolism in
the central and peripheral nervous systems are regulated
independently, there is a weak correlation between serum
cholesterol and cerebral cholesterol [36, 37]. If the use of
hydrophilic statins was truly linked to a decreased risk of
epilepsy, this would imply that the neuroprotectionmediated
by statins could be operated through mechanisms other than
reducing the cholesterol levels in neurons, the effect of which
should correlate with the drug ability to penetrate blood–
brain barrier after the acute phase of ICH. There was also a
trend that a moderate-to-high intensity of statin therapy
was associated with a lower risk of PSE; however, the correla-
tion between the intensity of statin therapy and cholesterol
level in the brain remains unclear. Due to the limited sample
size in individual statin groups, we were unable to determine
the effect of individual statin on PSE prevention. Further
studies are needed to elucidate the biological mechanisms
underlying these observations and to investigate how the
neuroprotective activity and anticonvulsant effect differ
among the individual statins.

It is well established that hypertension is a major risk fac-
tor for ICH; unexpectedly, however, the present study re-
vealed that hypertension was associated with a lower risk of
PSE in the multivariable analysis after adjusting for antihy-
pertensive medication use. A prior study by Hundozi et al.
had similar findings [38]. In their study, patients with hyper-
tension when admitted for stroke had a lower risk of
poststroke seizure. Although no definite pathophysiological
mechanism could explain the results [38], we propose several
possibilities herein. First, brain haemorrhages are often
associated with uncontrolled high blood pressure [39], but
patients might not be diagnosed with hypertension before
stroke because of unawareness of their elevated blood
pressure. Second, hypertensive cerebral haemorrhage is fre-
quently located in deep brain structures such as basal ganglia,
putamen, thalamus, cerebellum and pons, which are less
likely to cause seizures [40, 41]. The bleeding sites in
nonhypertensive ICH (such as cerebral amyloid angiopathy
or arteriovenous malformations), on the contrary, tend to in-
volve the superficial cortical areas of the brain andmight lead
to a higher rate of stroke recurrence, worse prognosis, and
elicit seizure [40, 41]. Despite the possible explanations, this
finding should be carefully interpreted in case there are un-
measured confounders that were not controlled in themodel.

We found that dyslipidaemia was the main reason for
statin-naïve patients to initiate statin after ICH. Many other
patients have initiated statin for secondary prevention of ath-
erosclerotic cardiovascular disease or primary prevention for
major cardiovascular events (if having major risk factors)
since statins could be reimbursed for these patients based
on the criteria by the National Health Insurance Administra-
tion in Taiwan. It is noteworthy that despite the positive find-
ings of the current study, the overall benefit of statins for

epilepsy prevention in this patient population could be
partially offset by an increased risk of ICH. The post hoc
analysis of Stroke Prevention by Aggressive Reduction in
Cholesterol Levels trial showed an increased risk of ICH in
patients with recent stroke or transient ischaemic attack
who were receiving high-dose atorvastatin treatment [42].
However, a more recent study has failed to find an association
between statins and the risk of ICH in Asians [25]. It remains
controversial to use statins in patients with a history of ICH;
therefore, routine use for secondary prevention in all patients
is not recommended. Physicians should carefully weigh the
balance of risks and benefits of statin therapy for individuals
with ICH in their clinical practice.

To the best of our knowledge, this study was the first to
focus on the association between statin use and post-ICH
epilepsy. We used a nationwide claims database with a
representative sample that had a sufficient size. The extended
Cox regression with time-dependent variables was used to
model the effect of statins and concurrent drugs to prevent
exposure misclassification or immortal time bias, especially
considering the exposure of these medications could vary
over time during the follow-up period [43]. Our results
showed that more than half of the PSE occurred within 6
months after ICH, and the follow-up duration was appropri-
ate to detect most PSE cases. A series of sensitivity analyses
were also conducted to validate the results of our study. Of
note, we found that although prophylactic AED use is not
recommended in the guideline, approximately half of the
patients without PSE have used AEDs during the follow-up
period. The negative relationship between statin use and
PSE occurrence remained significant after excluding patients
with prophylactic AEDs (Sensitivity Analysis V). Moreover,
the negative findings of analyses with negative exposure
and outcome controls confirm that the current results are
specific to statin and PSE, respectively.

This study has several limitations. First, as in most admin-
istrative claims databases, detailed clinical information is
lacking in the NHIRD, and some data, such as the lipid
profile, stroke location, cortical involvement, haemorrhage
volume, blood pressure, type of epilepsy, and laboratory
results, are not available. Although we have controlled for
the stroke severity (using SSI as a proxy), ICH subtypes,
prestroke statin use, comorbidities and other covariates in
the regression model to minimize selection bias, residual
confounding remains possible. Second, no validation study
on the accuracy of epilepsy diagnosis in the NHIRD was
available, and there was no gold standard algorithm to
identify epilepsy using administrative claims data [44].
Therefore, we adopted the definition of epilepsy suggested
by the International League Against Epilepsy and conducted
several sensitivity analyses including using different defini-
tions of PSE or excluding possible cases of acute symptomatic
seizure. Third, due to the ICD-9-CM coding structure and
insufficient details in the diagnosis codes, we could not
distinguish the type of seizure for most of the PSE cases to
understand the role of statins on different types of seizures.
Fourth, as detailed data on the exact time of diagnoses and
prescriptions during hospital admissions are not available in
the NHIRD, we were unable to distinguish between early-
and late-onset PSE or to study the effect of statins during
the acute phase of stroke. However, only 18 PSE cases were

Statin and risk of epilepsy after ICH

Br J Clin Pharmacol (2018) 84 1970–1979 1977

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5074
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=4998
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=4975


excluded because they were diagnosed with seizure or epi-
lepsy and started on statins during the same hospitalization.
Moreover, using the claims database as the data source, we
only have pharmacy records for medications that have been
prescribed and filled; therefore, the data may not fully
represent patients’ actual medication adherence.

Conclusions
Our study showed that the use of statins, especially statins of
moderate-to-high intensity, was associated with a lower risk
of PSE after ICH. Although routine use of statins is not recom-
mended at this point and the decision for statin therapy
should be based on individualized assessment of the risks
and benefits, this study provided more evidence on the
anticonvulsant effect of statins. Further research is required
to prove causation and understand the biological mecha-
nisms for the neuroprotective and anticonvulsant effects of
statins in ICH.
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