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Statin Dose and the Risk of Intracerebral
Hemorrhage: A Population-Based Longitudinal
Study in Taiwan

Shih-Jie Jhuo,l Wei-Chung Tsai,l Tsung-Hsien Lin,l’2 Wen-Chol Voon,l’z Wen-Ter Lai™? and Sheng-Hsiung Sheu™?

Background: In the last 15 years, there has been considerable interest in statin use as a means to reduce the
likelihood of vascular events. Several clinical trials have shown that high-dose statin (HDS) treatment could reduce
vascular events. In high-risk populations, lipid treatment guidelines have generally suggested prescribing statin up
to the highest recommended dosage. However, there remains concern about the risk of intracerebral hemorrhage
(ICH) with HDS treatment.

Methods: This was a national population-based cohort study from the National Health Insurance Research
Database of Taiwan extending from July 2001 to December 2008. Patients with cerebrovascular or cardiovascular
disease were enrolled. The HDS group was defined as those patients receiving more than 420 mg per year of
atorvastatin or an equivalent potency statin. Moderate dose statin group (MDS) was defined as those patients
receiving atorvastatin in amounts between 196-420 mg per year or an equivalent potency statin. Low dose statin
(LDS) group was defined as those receiving less than 196 mg per year of atorvastatin or an equivalent statin. The
primary endpoint is ICH. The secondary endpoints are myocardial infarction (Ml), ischemic stroke (IS) and
new-onset DM (NDM).

Results: A total of 5459 patients were enrolled in our study, with study participant ages ranging from 62.91+11.85
years and a mean follow-up time of 2039 + 6 days. After adjusting for age, gender, diabetes and hypertension, Cox
regression analysis found ICH risk was lower in HDS and MDS groups compared with LDS (HR 0.49, 95% ClI
0.26-0.91, p = 0.0246 and HR 0.45, 95% Cl 0.24-0.86, p = 0.0157). The risk of IS is lower in patients with HDS
treatment (HR 0.68, 95% Cl 0.55-0.83, p < 0.01). However, the risk of MI and NDM incidence are not statistically
significant between the different dose groups.

Conclusions: In the real-world data provided by Taiwan’s National Health Insurance research database, it was
shown that patients who received a higher dose of statin had a reduced and not elevated risk of intracerebral
hemorrhage.
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INTRODUCTION

Statin, the 3-hydroxy-3methyglutaryl coenzyme A
inhibitor, is widely used in the treatment of cardiovascu-
lar and cerebrovascular disease. The JUPITER trial re-
vealed that statin is effective in the primary prevention
of cardiovascular disease." The PROVE-IT and TNT trials
also showed that statin use is beneficial in secondary
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prevention.”® Moreover, several clinical trials showed
that statin use could reduce the incidence of patient
stroke, transient ischemic attack (TIA) and improve clini-
cal outcomes.>® According to the 2011 ESC/EAS guide-
lines, people with high-risk characteristics should be
prescribed the highest tolerable statin dose to reduce
the incidence of cardiovascular disease.” The 2013 ACC/
AHA guideline for dyslipidemia also suggests using high
to moderate-intensity statin for primary and secondary
prevention in high-risk populations.?

However, there are some concerns about the safety
of high dose statin on intracerebral hemorrhage (ICH)
and new-onset diabetes mellitus (NDM). Especially,
post hoc analysis of the SPARCL trial and some other
studies revealed that statin therapy might increase
intracerebral hemorrhage risk.”** However, in real
world practice, there is scarce data to show the relative
risk of ICH when statins are prescribed in different
doses. Therefore, we analyzed the data from the Tai-
wan National Health Insurance database (NHIRD) and
investigated the association between the incidences of
intracerebral hemorrhage (ICH), myocardial infarction
(M1), ischemic stroke (IS), NDM and different statin
dose use.

MATERIALS AND METHODS

We enrolled patients from the Taiwan National
Health Research Database (NHIRD). The Taiwan National
Health Insurance (NHI) program, which has operated
since 1995, enrolls virtually all the residents of Taiwan. It
offered a comprehensive, unified, and universal health
insurance program to all citizens. Those citizens who
have established a registered domicile for at least 4
months in the Taiwan area should be enrolled in NHI
program. By the end of 2004, the coverage rate in Tai-
wan was 99%. Therefore, the NHIRD is one of the largest
and most complete nationwide population-based data-
sets in Taiwan and there were no statistically significant
differences in age, sex, or health care costs between the
sample group and all beneficiaries under the NHI pro-
gram. In cooperation with the Bureau of NHI, the Na-
tional Health Research Institute (NHRI) of Taiwan ran-
domly sampled a representative database of 1,000,000
patients from the year 2005 registry of all NHI enrollees
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using a systematic sampling method for research pur-
poses.

Study sample

This study population enrolled all patients having in-
patient claims with a diagnosis of cerebrovascular or
cardiovascular disease, including intracerebral hemor-
rhage (ICD-9-CM: 430.xx, 431.xx, 767.0, 772.2), acute or
chronic ischemic cerebrovascular disease (434.xx, 436.
xx, V17.1), and coronary heart disease (CHD, ICD-9-CM:
410.xx, 411.xx, 412.xx, 414.xx) between July 1, 2001,
and December 31, 2008. During that period, all patients
should have received statin treatment if they were
otherwise eligible. The data of a patient’s first claim
with cardiovascular or cerebrovascular disease diagnosis
was considered the index date. In accordance with the
Anatomical, Therapeutic and Chemical Classification
System with Defined Daily Dose (ATC/DDD), we selected
simvastatin, lovastatin, atorvastatin, fluvastatin, prava-
statin, and rosuvastatin as the major study drugs of in-
terest. The equivalent potency of statin other than
atorvastatin was that simvastatin was 0.5, lovastatin and
pravastatin were 0.25, fluvastatin was 0.125 and rosuva-
statin was 2 by ATC/DDD definition. Claims for treat-
ment were identified in the 365 days after each pa-
tient’s index date. In order to reveal the different effects
of statin dose, we calculated accumulated dose per year
of atorvastatin or equivalent potency statin dosage of
patients and equally divided dosages into high-dose
statin (HDS), moderate-dose statin (MDS) and low-dose
statin (LDS) groups. The HDS group was defined as those
patients taking more than atorvastatin 420 mg equivalent
potency statin per year. The MDS group was defined as
those taking atorvastatin 196-420 mg per year or equiva-
lent potency statin. The LDS group was defined as those
taking equal to or less than atorvastatin 196 mg equiva-
lent potency statin per year from the NHIRD records.

We analyzed the end-points of this study in two
ways. First, we classified all enrolled patients into HDS,
MDS and LDS groups (Figure 1), and then prospectively
followed the incidence of intracerebral hemorrhage,
myocardial infarction, ischemic stroke and new-onset
diabetes events after statin treatment as end-points.
Second, because hyperlipidemia was a significant risk
factor for cardiovascular and cerebrovascular disease,
we initially separated two sub-groups of patients with or
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Total 61,784 patients diagnosed cerebrovascular
or cardiovascular disease were enrolled

Excluded no statin use or less than one

\
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Low dose statin use less Moderate dose statin use
than 196mg per year
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than 420 mg per year
(n=2177)

Figure 1. Flow chart of study method.

without hyperlipidemia diagnosis (ICD-9-CM code: 272.2,
272.4, 272.9) and re-calculated the incidence of end-
points to exclude baseline confounding factor.

Statistical analysis

The Chi-square test and one-way ANOVA were used
to compare the distribution of categorical and continu-
ous characteristics between different dose statin treat-
ments. Time-to-event analysis involved estimating the
probability that an event will occur at different time
points. The follow-up time for events began at the date
of diagnosis and ended at the date of different events as
they developed, or upon last observation up to Decem-
ber 31, 2008. The Kaplan-Meier estimates were com-
puted for the risk among different categories compared
by Log-rank tests. The primary endpoint was intracere-
bral hemorrhage, and the secondary end-points were
myocardial infarction, ischemic stroke and new-onset
DM.

Two sets of hazard rate ratios (HR) were computed
for analysis factors by Cox regression analyses. The
univariate HR was estimated from separate Cox regres-
sions focusing on one analysis factor at a time. The
multivariable-adjusted HR is computed from Cox regres-
sion with additional variable adjustments including gen-
der, age, diabetes and hypertension (ICD-9: 401-405).
All data processing and statistical analysis were per-
formed with SAS 9.2 software. The p value less than
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0.05 is considered statistically significant.

RESULTS

Clinical characteristics

A total of 5459 patients were enrolled, with a mean
age of 62.91 + 11.85 years; the mean follow-up time
was 2039 £ 6 days. Patients in the HDS group were
younger and had a higher incidence of CHD. There were
4256 patients with and 1203 patients without any his-
tory of hyperlipidemia. There were 2177 patients taking
more than 420 mg atorvastatin or equivalent potency
statin per year which comprised the HDS group. Also,
1617 patients taking 196-420 mg atorvastatin or equiva-
lent potency statin per year were in the MDS group.
Lastly, 1665 patients taking less than 196 mg atorva-
statin or equivalent potency statin per year were deemed
the low statin (LDS) treatment group. The baseline char-
acteristics of patients are shown in Table 1. The total of
the followed patient cardiovascular, cerebrovascular and
new-onset DM events of enrolled patients are listed in
Table 2.

Intracerebral hemorrhage

In the entire studied population, Kaplan-Meier sur-
vival analysis showed that patients in the LDS had a
higher risk of ICH (p = 0.0251) (Figure 2). Cox regression
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Table 1. Baseline characteristics of study patients

Total patient LDS MDS HDS
Variable, n (%) otal patients group group group p-value
(n = 5459) (n =1665) (n=1617) (n=2177)
Gender Female 2309 730 (43.8) 719 (44.5) 860 (39.5) 0.003
Male 3150 935 (56.2) 898 (55.5) 1317 (60.5)
Age 62.91+11.85 63.62+11.92 62.87 £11.80 62.40 £ 11.82 0.007
Hypertension 4041 1240 (74.5) 1167 (72.2) 1634 (75.1) 0.12
Hyperlipidemia 3893 1123 (67.4) 1132 (70.0) 1638 (75.2) <0.001
Diabetes mellitus 2458 764 (45.9) 733 (45.3) 961 (44.1) 0.54
HDS, high-dose statin; LDS, low-dose statin; MDS, moderate-dose statin.
Table 2. Cardiovascular and cerebrovascular events during follow-up
. Total patients event LDS group MDS group HDS group
Variable, n (% -value
(%) (n = 5459) (n = 1665) (n=1617) (n=2177) P
ICH 59 31(1.9) 13 (0.8) 15 (0.7) <0.001
Myocardial Infarction 1664 552 (33.2) 532(32.9) 580 (26.6) <0.001
Ischemic stroke 584 233 (14.0) 191 (11.8) 160 (7.3) <0.001
New-onset DM 436 143 (17.8) 141 (18.1) 152 (14.3) 0.05

HDS, high-dose statin; ICH, intracerebral hemorrhage; LDS, low-dose statin; MDS, moderate-dose statin.

Log-rank p-value=0.0251

Accumulated ICH Event (%)

T T 1
2000 3000 4000

Follow-up days

= T
0 1000

Figure 2. The Kaplan-Meier figure of the intracerebral hemorrhage
(ICH) among different dose groups. HDS, high-dose statin; LDS, low-dose
statin; MDS, moderate-dose statin.

found that both HDS and MDS use was associated with a
lower risk of ICH compared with LDS (HR 0.49, 95% ClI
0.26-0.91, p = 0.02, and HR 0.45, 95% Cl 0.24-0.86, p =
0.02) (Table 3) after adjustment for gender, age, hyper-
tension, diabetes and hyperlipidemia. The subgroup
analysis found that reduction of the ICH incidence is sig-
nificant in patients with hyperlipidemia history and MDS
treatment (HR 0.47, 95% CI 0.23-1.95, p = 0.03). In the
HDS group, there was a trend towards a lower risk of
ICH in patients with hyperlipidemia compared with the
LDS group (HR 0.54, 95% Cl 0.28-1.04, p = 0.06). How-
ever, for patients without a history of hyperlipidemia,
there was no reduction effect of ICH incidence in both
the HDS and MDS groups compared with the LDS group
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(HR 0.24, 95% C1 0.03-1.99, p = 0.18 and HR 0.39, 95% Cl
0.08-1.94, p = 0.25).

Myocardial infarction

Kaplan-Meier survival analysis showed that there
was no significant difference in risk of Ml between the
different statin dose groups (p = 0.09) (Figure 3). There
was no significant reduction of Ml in both HDS and MDS
groups compared with the LDS group in the Cox regres-
sion analysis (HR 0.97, 95% Cl 0.86-1.09, p = 0.55 and
HR 1.02, 95% Cl 0.90-1.15, p = 0.78) (Table 3). Further-
more, the subgroup analysis found there was a trend to-
wards a lower risk of Ml in patients without history of
hyperlipidemia and HDS treatment compared with the
LDS group (HR 0.72, 95% CI 0.52-1.00, p = 0.051).

Ischemic stroke

Additionally, Kaplan-Meier survival analysis showed
that higher dose of statin use was associated with lower
risk of IS (p = 0.009) (Figure 4). Cox regression analysis
showed that HDS use was associated with a lower risk of
ischemic stroke occurrence compared with LDS group
(HR 0.68, 95% Cl 0.55-0.83, p < 0.01) (Table 3). The ben-
eficial effect of HDS use in reduction of IS risk was found
in patients with hyperlipidemia (HR 0.63, 95% Cl 0.51-
0.79, p < 0.01). For patients without a history of hyper-
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Table 3. Risk of intracerebral hemorrhage, ischemic stoke, myocardial infarction and new-onset DM of study patients

1
Intracerebral hemorrhage

"Myocardial infarction

YIschemic stroke ’New-onset DM

Class

Crude Adjust Adjusted Crude Adjust Adjusted CrudeAdjus Adjusted Crude Adjust Adjusted
HR HR  95% Cl HR HR  95%Cl HR tHR 95%Cl HR HR  95%Cl ue
Total LDS 1 1 1 1 1 1 1 1 1 1 1 1
population (n = 1665)
MDS 0.45 045 0.24- 0.02 101 102 090- 078 0.85 0.87 0.72- 0.12 1.05 1.04 0.83- 0.72
(n=1617) 0.86 1.15 1.05 1.32
HDS 0.49 049 0.26- 0.02 0.96 0.97 0.86- 0.55 0.66 0.68 0.55- <0.001 1.13 1.14 0.90- 0.28
(n=2177) 0.91 1.09 0.83 1.43
! Adjusted variables including gender, age, diabetes and hypertension; 2 Adjusted variables including gender, age, and hypertension.
Cl, confidence interval; HDS, high-dose statin; HR, hazard ratio; LDS, low-dose statin; MDS, moderate-dose statin.
— LDS
0 — DS o mgss
--- MDS
----- HDS

Log-rank p-value=0.0888

T U 1
2000 3000 4000

Follow-up days

T
0 1000

Accumulated Myocardial Infarction(%)

Figure 3. The Kaplan-Meier figure of the myocardial infarction among
different dose groups. HDS, high-dose statin; LDS, low-dose statin; MDS,
moderate-dose statin.

lipidemia, there was no significantly lower IS risk whe-
ther HDS and MDS were prescribed compared with LDS
use (HR 0.93, 95% Cl 0.53-1.64, p = 0.79 and HR 1.03,
95% Cl 0.59-1.8, p = 0.92).

New-onset diabetes

We didn’t find a significant association between
statin treatment and risk of NDM both in the Kaplan-
Meier survival and Cox regression analysis (Figure 5 and
Table 3). In the subgroups analysis, even with HDS treat-
ment, there was no statistical significance of the in-
crease of NDM risk in patients with hyperlipidemia or
non-hyperlipidemia compared with LDS use (HR 1.12,
95% Cl 0.87-1.42, p = 0.38 and HR 1.16, 95% CI 0.58-
2.32, p = 0.68).

DISCUSSION

There are three major findings in our perspective
study. First, we found that a higher dose of statin use is
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Log-rank p-value=0.0092

Accumulated Ischemic Stroke

2000 3000 4000

Follow-up days

"o 1000

Figure 4. The Kaplan-Meier figure of the ischemic stroke among dif-
ferent dose groups. HDS, high-dose statin; LDS, low-dose statin; MDS,
moderate-dose statin.
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Figure 5. The Kaplan-Meier figure of the new-onset diabetes among

different dose groups. HDS, high-dose statin; LDS, low-dose statin; MDS,
moderate-dose statin.

associated with lower but not higher risk of ICH. Second,
patients who received a higher dose of statin had a
lower risk of ischemic stroke. Third, we didn’t find statin
dose was associated with occurrence of new onset of
diabetes.

In recent studies, a moderate to high intensity of
statin use showed cardiovascular benefit in high-risk pa-
tients for secondary prevention.3’12 Therefore, the 2011
ESC/EAS and 2013 ACC/AHA guidelines suggested high
to moderate statin intensity for preventing recurrent
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cardiovascular or cerebrovascular disease. In this real
world study, patients who received a higher dose of
statin treatment had a lower risk of ischemic stroke
compared with the low statin group. Surprisingly, for pa-
tients without hyperlipidemia at baseline, there was no
similarly beneficial effect of statin treatment in reducing
the incidence of ischemic stroke, even under high-dose
statin treatment. This implies that the protective effect
of statin in ischemic stroke is significant for patients with
hyperlipidemia, especially for those receiving high-dose
statin. A possible explanation is that people without
hyperlipidemia are at a relatively low risk. Thus, for pa-
tients without hyperlipidemia, the potential benefit of
higher dose of statin treatment may require further
evaluation for secondary prevention.

Although many large clinical trials had shown that
statin use provided benefits in reduction of cardiovascu-
lar and cerebrovascular events both in the primary and
secondary prevention,”**** questions regarding the inci-
dence of ICH after statin prescription remain unre-
solved.>*>*® Previous studies indicated that statin use
increases the incidence of ICH, especially in patients
with a history of hemorrhagic stroke, old age or high
blood pressure.’’'® Even for patients with ischemic
stroke, the incidence of ICH has been found to be asso-
ciated with statin use but not with basic cholesterol
level.”® Low LDL level and statin treatment were consid-
ered to play a role in increasing fibrinolytic activity, and
an independent risk factor for intracerebral bleeding in
some clinical outcome studies.’®?*
study, we analyzed real world data from Taiwan’s NHIRD
and found that there was a significant reduction in the
incidence of ICH in those patients with HDS and MDS
treatment compared with LDS treatment. This repre-
sents a different result as compared with previous inves-
tigations. In some earlier studies, higher dose of statin
provided a proven benefit for cerebrovascular disease,
including acting to reduce vasospasm, anti-inflammatory,
angiogenesis, neurogenesis and synaptogenesis.zz'23 It
also decreased the peri-hematomal cell death after
ICH.?* The outcome of one clinical study was also re-

However, in our

vealed that inpatient statin cessation would be associ-
ated with worse outcomes and after ICH.” The use of a
high dose of statin may not only decrease the occur-
rence of ICH, but also create a better prognosis after
ICH.
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The beneficial effect of higher dose of statin treat-
ment for M|l was not statistical demonstrated in this
study. One possible explanation is that most people in
Taiwan received a relatively low dose of statin. Alterna-
tively, some physicians may have discontinued statin
prescription in 3-6 months pursuant to limitations caused
by National Health Insurance reimbursement. Although
recent guidelines and studies have shown that high-po-
tency statin use could effectively reduce cardiovascular
events,g'26 some reports revealed that the lower dose of
statin use is actually beneficial for the Asian popula
tion.?”?® Statin response for different races, especially
for Asian population, may be a possible explanation for
our results. However, this proposition needs more inves-
tigation for further confirmation.

In recent years, there have been many studies show-
ing the increase of risk of NDM after statin use.”>*° Al-
though it may be related to attenuated adipocyte matu-
ration and glucose transporter-4 expression, the mecha-
nisms are still unclear.*"*> We found there is no signifi-
cant difference of NDM in MDS or HDS use compared
with LDS treatment, no matter whether patients were
with or without a history of hyperlipidemia in this study.
A possible explanation is that there are confounding fac-
tors between statin therapy and NDM such as body
weight, lipid profile and glucose levels which were not
obtained in the NHIRD. Besides, patients may have li-
mited lifestyle modification or weight loss after cerebro-
vascular and cardiovascular events in Taiwan. These
modifications may also reduce the risk of NDM. In the
WOSCOPS trial, it was shown that lifestyle modification
and statin prescription reduces progression to DM by
30%.”

LIMITATIONS

There were some limitations in our study. First, all
of the encoded data in the national health insurance da-
tabase is provided for administrative purpose, not for
scientific use. However, the accuracy of prescription
data about statin use and dosage has been proved in
previous NHIRD research. Second, the national health
insurance database could not reveal certain personal
profile information such as smoking habit, body mass in-
dex or baseline lipid profiles. Therefore, we were not in
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the position to know with specificity the exact change of
lipid profile after different statin dosage. Third, the dos-
age of statin provided to patients may be restricted by
the insurance system itself. Therefore, this may result in
the underestimation of the benefit of high dose statin
prescription. Fourth, this study was designed as a se-
condary prevention clinical trial. For patients without
cardiovascular or cerebrovascular disease, the benefits
of statin, especially for ICH, still require further investi-
gation. Fifth, many factors were associated with clinical
endpoints such as the presence of atrial fibrillation,
antiplatelet and anticoagulant agents. We only adjusted
for gender, age, diabetes, and hypertension. However,
our study did provide valuable preliminary real-world
data about the use of statins in Taiwan. Further large-
scale study may be needed to confirm our findings.

CONCLUSIONS

In our review of the data provided through the
NHIRD, we have provided an analysis of real-world usage
of statin drug in Taiwan. The results we derived from such
study suggest that higher statin dose treatment was
associated with a lower, and not a higher, risk of ICH.
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