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Background: Statin treatment improves clinical outcomes in patients with ischemic strokes, 
although there is no evidence regarding the safety of statin therapy in patients with intracer
ebral hemorrhage (ICH). This study aimed at evaluating the effects of continuing statin 
treatment after ICH.
Methods: Data were obtained from the National Health Insurance Research Database in 
Taiwan. We retrospectively compared the data of patients with and without statin exposure 
after ICH. The outcomes of interest were recurrence of hemorrhagic stroke and mortality 
during a follow-up period of 10 years.
Results: During the 10-year follow-up period, the mortality rate was 32.73% in the statin 
group and 42.77% in the non-statin group. Statin therapy in patients with acute ICH with 
dyslipidemia can decrease mortality.
Conclusion: Statin therapy reduced the risk of 10-year mortality in patients who experi
enced acute hemorrhagic stroke.
Keywords: statin, hemorrhagic stroke, mortality

Background
Intracerebral hemorrhage (ICH) causes only approximately 10–20% of all strokes,1 and 
this stroke subtype does not have a scientifically proven treatment. Intracerebral 
hematoma volume, expansion of intracerebral hematoma, age, Glasgow Coma Scale, 
and intracerebral hematoma location are the factors influencing ICH mortality and 
outcomes, of which only the expansion of intracerebral hematoma can be biologically 
modified.1,2 Therefore, ICH has a high case fatality rate and poor functional outcome.

3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitors or “statins” are 
effective in lowering low-density lipoprotein cholesterol (LDL-C). They can also 
improve endothelial function, modulate thrombogenesis, attenuate inflammatory 
and oxidative stress damage, and facilitate angiogenesis. Therefore, statins have 
been proven to significantly decrease the risk of ischemic stroke and improve 
clinical outcomes.3 Furthermore, there exists a noteworthy association between 
low cholesterol levels and ICH. The lower the cholesterol level, the higher the 
risk of ICH, suggesting a possible U-shaped association between cholesterol and 
stroke.4 This has led some clinical practitioners to avoid the use of statins in cases 
of ICH survivors, particularly in men with hypertension. Therefore, there is no 
conclusive evidence to suggest the safety of statins in ICH survivors.

The goal of our study was to determine whether statin treatment has an effect on 
the recurrence of ICH and mortality in patients with a history of ICH.
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Methods
Database
In this retrospective cohort study, data were obtained from 
the National Health Insurance Research Database 
(NHIRD), which almost covers the entire 23 million popu
lation of Taiwan.5,6 Taiwan officially commenced its 
National Health Insurance (NHI) program on 1 March, 
1995 to finance healthcare for all its citizens. At the end 
of 2012, 23.0 million individuals, representing 99% of the 
Taiwanese population, had been enrolled in this program. 
The NHIRD comprises de-identified secondary data that 
are publicly available for research purposes. Details on 
database generation, monitoring, and maintenance are pub
lished online (http://nhird.nhri.org.tw/). The Research 
Ethics Committee of E-da Hospital approved the study 
protocol (EDAD 2014).

Study Sample
Patients to be included in the study were selected from 
the database using the International Classification of 
Disease, 9th Revision, Clinical Modification diagnostic 
code for ischemic stroke (433, 434) and ICH (431) on 
the basis of their hospitalization discharge records from 
January 1, 2000 to December 31, 2012.6–8 Those patients 
must have a catastrophic illness certificate of ischemic 
stroke or ICH in Taiwan. We excluded patients who died 
within 1 year, patients with ischemic stroke, and patients 
aged <50 years to restrict the study to the assessment of 
high risk of rebleeding. We also excluded patients who 
had a recurrence of ICH within 1 year because of the 
difficulty in examining the effects of statin administra
tion. Because patients who quit taking statins 3–6 
months after having an ischemic stroke were 42% more 
likely to experience a second stroke within 6–18 
months.9 There was no increased risk for people who 
continued to take statins at a reduced dose. Therefore, 
patients prescribed with statin treatment <6 months after 
the index ICH were excluded. Finally, the remaining 
patients were included for further analysis. After match
ing propensity scores, 1702 patients were enrolled in the 
statin group and 1702 patients were enrolled in the non- 
statin group, and their clinical outcomes were analyzed.

Main Outcome Measures
The primary outcomes included all-cause mortality and 
recurrence of ICH. All-cause mortality was defined by 
withdrawal from the NHI program. Recurrence of ICH 

outcomes was defined as a principle diagnosis for hospi
talization for ICH 1 year after the index date. The patients 
were followed-up until their death or the end of the study 
(December 31, 2015), whichever occurred first.

Statistical Analyses
We performed propensity score matching to reduce treat
ment selection bias with a 1:1 ratio in which each patient 
in the statin group was matched with a corresponding 
patient in the non-statin group. The patient characteristics 
between the study groups were compared using the chi- 
square test for categorical variables and the t-test for con
tinuous variables. Then, we compared those characteristics 
between the study groups using the multivariate Cox 
regression analysis controlling for demographic data, and 
medications. A p-value <0.05 was considered to be statis
tically significant. All statistical analyses were performed 
using a commercial software (SAS 9.4, SAS Institute, 
Cary, NC, USA).

Results
After applying the exclusion criteria, a total of 51,442 ICH 
patients with at least one incident of ICH were included in 
the analysis. After matching propensity scores, 1702 
patients who received statins after ICH were compared 
with 1702 patients who did not receive statins. There 
were no significant differences in the majority of the base
line characteristics between the two groups. Only cerebro
vascular disease was significantly different between the 
non-statin and statin groups. In terms of medication, the 
statin group had higher prescription rates of anticoagulant 
agents, antihypertensive agents, non-steroidal anti- 
inflammatory drugs (NSAIDs) (including cyclooxygen
ase-2 inhibitors), and selective serotonin reuptake 
inhibitors (SSRIs) than the non-statin group (Table 1).

The all-cause mortality rate was 32.73% in the statin 
group and 42.77% in the non-statin group after 10 years of 
follow-up. There was no significant difference in the rate 
of recurrent ICH between the two groups at the 10 years 
follow-up (Table 2, and Figure 1). Both the statin therapy 
and anticoagulant therapy resulted in significantly lower 
10-year mortality rates (Table 3 and Figure 2). During the 
10-year follow-up period, there was higher mortality due 
to ischemic stroke in the non-statin group than in the statin 
group (Table 4). We performed two subgroup analyses, 
wherein we first analyzed ICH and mortality stratified 
using the 23 pre-specified baseline characteristics. The 
results showed that the observed protective effect against 
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ICH was more apparent in the younger age group and in 
female subjects (Table 5).

Discussion
There have long been concerns about the association 
between statin treatment and ICH. This study showed 
that mortality improved and did not worsen the recurrence 

of ICH in patients receiving statin treatment after ICH 
compared with those not receiving statin treatment. 
During the 10-year follow-up period, the mortality rate 
was 32.73% in the statin group and 42.77% in the non- 
statin group. There were no significant differences in the 
rate of recurrent ICH between the two groups at 10-year 
follow-up evaluation (10.05 vs 8.99; p=0.293, respec
tively). Our study also demonstrates that female patients 
appear to benefit more than male patients. These results 
indicate that statin therapy in acute ICH patients with 
dyslipidemia can decrease mortality.

Atherosclerosis arises due to the accumulation of LDL- 
C leading to inflammatory processes in the endothelial 
cells of the vessel wall.9 These processes can stretch the 
muscle cells of the blood vessels, compensating for the 
additional bulk. Furthermore, the endothelial lining thick
ens, increasing the separation between the plaque and 
lumen,10,11 that can ultimately cause a heart attack, stroke, 
or peripheral vascular disease. Statins have a variety of 
properties, including anti-inflammatory, anti-thrombotic, 
and antioxidant effects, stabilization of atherosclerotic pla
que, and enhancement of clot lysis.2,12–15 In addition to the 
positive effect of statin therapy has shown an association 
between statin therapy and reductions in a variety of other 
endpoints, including ischemic stroke, heart failure, and 
coronary artery disease. Stroke patients often have other 
comorbidities and die from other causes (infarction, 
ischemic stroke, thromboembolism, etc.) that have been 
shown to be influenced by the use of statins. Therefore, 
statin treatment was used not only to prevent ischemic 
stroke but also to improve functional outcome.

In contrast, a U-shaped association exists between cho
lesterol and stroke. LDL is positively associated with risk 
of ischemic stroke and negatively associated with risk of 
hemorrhagic stroke. In a population-based prospective 
study, a significant correlation was observed between 
lower LDL-C levels and higher ICH risk, especially 
when LDL-C level was <70 mg/dL.16,17 Additionally, 
low LDL-C levels are strongly and independently asso
ciated with increased risk of cancer, cerebrovascular dis
ease, and all-cause mortality.18,19 Therefore, the influence 
of statin treatment after ICH on functional outcomes, 
mortality, or risk of recurrence is unknown.20–26 Our 
nationwide cohort study of patients with newly diagnosed 
ICH demonstrated that patients receiving statin therapy 
had better all-cause mortality outcomes and did not display 
an increase in the risk of recurrent ICH.

Table 1 Baseline Characteristics of the Intracerebral Hemorrhage 
Population

Non-Statin 
Cohort 
N=1702

Statin 
Cohort 
N=1702

p-value

Age 63.55±9.03 63.78±9.15 0.4574

Gender >0.9999
Female 774(45.48) 774(45.48)

Male 928(54.52) 928(54.52)

Medication

Antithrombotic agents 0(0.00) 0(0.00) -

Anticoagulant agents 15(0.88) 35(2.06) 0.0044

Antihypertensive agents 1184(69.57) 1546(90.83) <0.0001

NSAIDs 274(16.10) 495(29.08) <0.0001

SSRIs 564(33.14) 767(45.06) <0.0001

Comorbidities

Myocardial infarct 63(3.70) 78(4.58) 0.1970

Congestive heart failure 104(6.11) 127(7.46) 0.1170

Peripheral vascular disease 47(2.76) 45(2.64) 0.8326

Cerebrovascular disease 562(33.02) 629(36.96) 0.0160

Dementia 45(2.64) 51(3.00) 0.5345

Chronic lung disease 445(26.15) 438(25.73) 0.7843

Connective tissue disease 34(2.00) 20(1.18) 0.0548

Ulcer 464(27.26) 501(29.44) 0.1594

Chronic liver disease 252(14.81) 249(14.63) 0.8846

Diabetes 483(28.38) 482(28.32) 0.9697

Diabetes with end organ 

damage

136(7.99) 132(7.76) 0.7991

Hemiplegia 24(1.41) 22(1.29) 0.7665

Moderate or severe 

kidney disease

117(6.87) 126(7.40) 0.5491

Tumor, leukemia, lymphoma 67(3.94) 72(4.23) 0.6650

Malignant tumor, metastasis 10(0.59) 9(0.53) 0.8180

AIDS 0(0.00) 0(0.00) -

Table 2 Outcome of the Intracerebral Hemorrhage Population

Non-Statin 
Cohort N=1702

Statin Cohort 
N=1702

p-value

Intracerebral 

hemorrhage

171(10.05) 153(8.99) 0.2931

Death 728(42.77) 557(32.73) <0.0001
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In our study, we found that crude and adjusted HRs for 
mortality related to ICH were higher in old group. Stroke 
is far more common in the geriatric population, and asso
ciations between risk factors for acute stroke and the 
clinical outcomes are stronger among older adults. 
However, the knowledge gleaned from research on older 
adults cannot always be applied to younger adults. The 
cause of these elevated LDL levels in most younger people 
is probably genetic as opposed to lifestyle factors. The 
genetic factors increase the need to prescribe statins. 
Furthermore, our study may encourage planning of rando
mized placebo-controlled trials on statin use in young ICH 
patients to definitively confirm the effectiveness of statins 
as secondary prevention after stroke at young age.

Our study had some advantages. First, high cholesterol 
levels contribute to blood vessel disease that often leads to 
ischemic stroke. Statins do not just lower cholesterol 
levels but also reduce the risk of fatty plaques breaking 
off from the walls of the arteries, reducing the risk of 
ischemic stroke.27 However, previous research exploring 
the statin-associated risk of ICH in populations with 

a history of ischemic stroke, not ICH. Therefore, in our 
study, we focused on the safety of statin treatment after 
ICH. Second, we selected patients with ICH based on 
a catastrophic illness certificate. In Taiwan, an individual 
can apply for a catastrophic illness certificate after being 
diagnosed with a condition classified as a catastrophic ill
ness by the Ministry of Health and Welfare. Patients with 
catastrophic illness certification who receive care for the 
illness or related conditions within the validity period of 
the certificate do not need to pay a co-payment for out
patient or inpatient care. Therefore, information on ICH 
diagnoses had high authenticity, limiting the risk of infor
mation bias.

Our study also has some limitations. First, we matched 
the patients with potential confounders. The selected baseline 
characteristics were balanced between the study groups, 
except for cerebrovascular disease, anticoagulant agents, 
antihypertensive agents, NSAIDs, and SSRIs. Patients from 
the statin group displayed these characteristics more than 
patients from the non-statin group. Despite this imbalance, 
the all-cause mortality was lower in statin users. Second, the 

Figure 1 Survival probability between statin and non-statin cohorts.

Table 3 Survival Probability Between Statin and Non-Statin Cohorts

No. at Risk Start 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Non-Statin 1702 1547 1436 1336 1247 1084 945 807 684 557 451

Statin 1702 1627 1549 1471 1413 1299 1115 956 811 692 557
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NHI program was initiated in 1995 in Taiwan, and the NHI 
Database only allows us to trace the use of medical services 
as far back as 1996. We could not rule out the patients who 
were diagnosed with previous stroke before 1996. The NHI 
database also does not include important parameters such as 
values of lipid level or lifestyle variables, including smoking 
or drinking. We could not directly evaluate the association 
between LDL-C level and ICH incidence. Statins seem to 
have different effects depending on the cause of the stroke, 

either ischemic or hemorrhagic. Also, there are different 
statins with different dosages.27 In addition, high-intensity 
statins have more benefits for secondary prevention of cardi
ovascular disease. Statin withdrawal may have a harmful 
effect on the long-term neurologic outcome. However, statin 
intensity might have been influenced by underlying demo
graphics, clinical presentation at admission, baseline lipid 
values, and physician’s preference.28,29 Therefore, it is hard 
to detect the statin dosage effect. Third, the patients were not 
randomly assigned to either the statin-treatment or non- 
treatment group in our cohort study. It was impossible to 
monitor when the patients started to take statins. Lastly, the 
location of the hematoma or cerebral amyloid angiopathy 
might be associated with the risk of recurrent ICH and long- 
term functional outcome. ICD 9 Codes cannot reliably iden
tify hemorrhagic transformation of ischemic stroke. 
However, the information were unavailable in the claims 
database.

Conclusion
Our nationwide cohort study demonstrated the protective 
effects of statins on all-cause mortality in patients with 
newly diagnosed ICH. We also found that recurrence of 
ICH after the primary ICH event was not significantly 
different based on whether patients received statins. Our 
findings suggest that statin therapy post ICH may be safe. 
A careful interpretation of our findings is needed, 

Figure 2 Cumulative Incidence of re-intracerebral hemorrhage between statin and non-statin cohorts.

Table 4 All-Cause Mortality of the Intracerebral Hemorrhage 
Population

All-Cause Mortality Intracerebral Hemorrhage

Non-Statin Statin

All-cancer 105 97

CVD
CHD 62 74

Ischemic stroke 151 61

Hemorrhagic stroke 25 22

Diabetes 71 63

Injury 6 7
Respiratory diseases 28 12

Liver cirrhosis 14 6

Kidney diseases 20 26
Suicide 2 6

Other 244 183
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considering that the interpretations of our results are lim
ited. Large-scale randomized controlled trials are needed 
to further confirm our findings.
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