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Aims: To understand the different influences of statins on the incidence rate of each stroke subtype in associa-
tion with low-density lipoprotein (LDL) cholesterol levels, we performed a post hoc analysis on the data from the
Japan Statin Treatment Against Recurrent Stroke (J-STARS) study.

Methods: Subjects (2=1,578) were divided into three groups according to their mean postrandomized LDL
cholesterol level (<100, 100-120, and > 120 mg/dL) until the last observation before the event or the end of
follow-up. A Cox proportional hazard model for time to events was used for calculating adjusted hazard ratios,
95% confidence intervals, and the trend tests.

Results: The event rates for atherothrombotic stroke did not decrease in accordance with the postrandomized
LDL cholesterol level subgroups of either the control or the pravastatin group (p=0.15 and 0.33 for the trend,
respectively). In the control group, however, no atherothrombotic stroke event was observed in the subgroup of
the low postrandomized LDL cholesterol level (less than 100 mg/dL). The event rates for atherothrombotic
stroke were lower in the middle postrandomized LDL cholesterol level subgroup (100-120 mg/dL) of the pravas-
tatin group than that of the control group. The event rates for lacunar stroke decreased in the lower postrandom-
ized LDL cholesterol level subgroup of the control group but not of the pravastatin group (»=0.004 and 0.06 for
the trend, respectively).

Conclusions: Statins showed different influences on the risks of atherothromobotic and lacunar stroke accord-
ing to postrandomized LDL cholesterol levels.

Key words: Statin, Lacunar stroke, Atherothrombotic stroke, Intracranial hemorrhage, Cholesterol

cholesterol by atorvastatin in stroke patients'?. Stroke

Introduction . : :
is a heterogeneous disease with a range of causes and

It has been reported that the outcomes of recur- may present with or without underlying atheroscle-
rent stroke or cardiovascular disease were reduced with rotic pathologies. In clinical studies, the composite
intensive reduction of low-density lipoprotein (LDL) results with statins could stand on balance on the
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influences of statins in reducing the risks for each
stroke subtype depending on the composite outcomes
of stroke or cardiovascular disease based on balances of
their risks for stroke subtypes. In clinical settings,
treatment would be considered for reducing the risk
of the most probable stroke subtypes. In non-cardio-
genic ischemic stroke, control of both LDL cholesterol
and C-reactive protein has appeared to be effective for
preventing recurrent stroke and transient ischemic
attack (TTA)*”. Previously, we reported that the inci-
dences of stroke or TIA and all vascular events were
low in the subgroup of participants with postrandom-
ized LDL cholesterol levels of 80—100 mg/dL adjusted
for statin usage®. No desirable postrandomized LDL
cholesterol level was detected for the prevention of
atherothrombotic stroke and intracranial hemorrhage,
although the desirable level was 100-120 mg/dL to
prevent lacunar stroke. Although not statistically sig-
nificant, the incidence of atherothrombotic stroke
shifted toward a decrease with statin usage after adjust-
ment for postrandomized LDL cholesterol levels, but
the incidences of lacunar stroke and intracranial hem-
orrhage increased.

Thus, the benefits of statins might be different
among at-risk stroke subtypes. We hypothesized that
the trends of incidence rates could differ with LDL
cholesterol levels among stroke subtypes, separating
the pravastatin group and the no statin group. To
understand the influence of pravastatin on the inci-
dence rate of each stroke subtype, we conducted a post

hoc analysis using J-STARS data.

Methods

Standard Protocol Approvals, Registrations, and
Patient Consents

Details of the rationale, study design, characteris-
tics of the participants, and principal results in
J-STARS have been published elsewhere®®. This study
was conducted as a post hoc analysis of J-STARS
under the health insurance system of Japan and in
accordance with the Declaration of Helsinki and Ethi-
cal Guidelines on Clinical Studies of the Ministry of
Health, Labour and Welfare of Japan. This study was
approved by the Institutional Review Board of each
participating center, and written informed consent
was obtained from all patients. This trial is registered

at ClinicalTrials.gov under number NCT00221104.

Patients

Briefly, patients aged 45-80 years with a history
of noncardioembolic ischemic stroke within the pre-
ceding 1 month-3 years were enrolled from 123 cen-
ters between March 2004 and February 2009. At
enrollment, all patients had a total cholesterol level
between 180 and 240 mg/dL (4.65 and 6.21 mmol/L)
without the use of statins. The exclusion criteria
included ischemic stroke of determined rare etiology,
ischemic stroke associated with catheterization or sur-
gery, and preferred use of statins for the treatment of
comorbid coronary artery disease.

Procedures

The 1,578 patients were randomly allocated to
the pravastatin group (10 mg/day) or the control
group (793 vs. 785 subjects, respectively). In the ran-
domization process, the prevalence rates of stroke sub-
type (atherothrombotic stroke), high blood pressure
(2 150/90 mmHg), and comorbidity of diabetes were
dynamically balanced between the treatment groups.
The measurements of total cholesterol, LDL choles-
terol, triglyceride, and high-density lipoprotein choles-
terol levels were performed as previously described” .
Treatment compliance was monitored at every clinical
visit. The primary endpoint was the onset of stroke or
TIA. Secondary endpoints included the onset of each
stroke subtype, myocardial infarction, vascular acci-
dent, death, or hospitalization.

Statistical Analysis

In accordance with the intention-to-treat (ITT)
principle, we defined the analysis set as the ITT popu-
lation, including all randomized patients. The distri-
bution of the baseline characteristics among the post-
randomized LDL cholesterol level groups was com-
pared usmg analysis of variance (for continuous vari-
ables) or x? tests (for discrete variables).

In this post hoc analysis, regarding events such as
stroke, atherothrombotic stroke, lacunar stroke, and
intracranial hemorrhage, we evaluated the associations
of three LDL cholesterol levels, the baseline LDL cho-
lesterol level, the postrandomized LDL cholesterol
level and the reduced LDL cholesterol level from base-
line. The postrandomized LDL cholesterol was
defined as the mean value of LDL cholesterol within
the patient until the last observation prior to the event
or the end of follow-up, excluding the baseline. Sub-
jects were divided into three groups according to both
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Table 1. Baseline characteristics with postrandomized LDL cholesterol level for events of stroke

Postrandomized LDL cholesterol level

Characteristic

<100 mg/dL 100-120 mg/dL 120 < mg/dL
n =408 n=478 n=631 pvalue

Group

Pravastatin, 7 (use of statin agents, 7) 338 (331) 261 (254) 163 (152) <0.001

Control, 7 (use of statin agents, 7) 70 (10) 217 (33) 468 (50)
Age, years 66.9%8.4 66.4+8.4 65.7%8.6 0.08
Male, 7 (%) 295 (72.3) 337 (70.5) 413 (65.5) 0.043
Body mass index, kg/m* 23.6+3.0 23.9%3.3 23.8+2.9 0.26
Hypertension, 7 (%) 333 (81.6) 356 (74.5) 469 (74.3) 0.013
Diabetes mellitus, 7 (%) 109 (26.7) 124 (25.9) 116 (18.4) 0.001
Coronary artery disease, 7 (%) 19 (4.7) 26 (5.5) 4 (5.4) 0.84
Chronic kidney disease, 7 (%) 113 (27.7) 109 (22.8) 145 (23.0) 0.15
Smoker, 7 (%) 232 (56.9) 267 (55.9) 318 (50.4) 0.07
Ischemic stroke subtype

Atherothrombot ic stroke, 7 (%) 100 (24.5) 115 (24.1) 163 (25.9)

Lacunar infarction, 7 (%) 261 (64.0) 307 (64.2) 407 (64.5) 0.89

Undetermined etiology, 7 (%) 47 (11.5) 56 (11.7) 61 (9.7)
Use of antiplatelet agents, 7 (%) 379 (92.9) 434 (90.8) 573 (90.8) 0.44
LDL cholesterol level at baseline, mg/dL 115.2%21.1 128.1+£23.2 139.8+22.7 <0.001

their baseline LDL cholesterol level (<120, 120- 140,
and > 140 mg/dL) and postrandomized LDL choles-
terol level (<100, 100-120, and > 120 mg/dL) and
divided into tertiles based on their reduced LDL cho-
lesterol level. Patients were excluded from the evalua-
tion of postrandomized LDL cholesterol levels if they
experienced an incident of interest before the first fol-
low-up evaluation of LDL cholesterol levels. We used
a Cox proportional hazard model with each LDL cho-
lesterol level and selected covariates for time to events
to estimate the adjusted hazard ratio (HR), 95% con-
fidence interval (CI), and trend test of the LDL cho-
lesterol levels for the events. Factors with »p<0.20
compared with the distribution of baseline character-
istics among the groups of postrandomized LDL cho-
lesterol levels were selected as covariates. In addition,
the baseline LDL cholesterol level was added as a
covariate to analyze the postrandomized and reduced
LDL cholesterol levels. Among the LDL cholesterol
level subgroups, the subgroup with the high LDL cho-
lesterol level served as the reference. For the reduced
LDL cholesterol level subgroups, the subgroup with
the low level served as the reference.

The adjusted HR (95% CI) for the pravastatin
group relative to the control group and the interaction
test between the randomized group and the LDL cho-
lesterol levels were calculated using a Cox proportional
hazard model for time to events after adjusting for the
stratification factors at randomization, in particular,
stroke subtype (atherothrombotic stroke vs. others),

high blood pressure (> 150/90 mmHg vs. not), and
diabetes mellitus (presence vs. absence). The baseline
LDL cholesterol level was also added as a covariate in
these analyses of the postrandomized and reduced
LDL cholesterol levels. The incidence rates (per 100
person-years) for each event in the pravastatin group
and control group were also estimated using the per-
son-years method.

All analyses were conducted using SAS version
9.3 (Cary, NC, USA). The level of significance was set
at p<0.05 (2-tailed).

Data Availability

The data that supported the findings of this
study are available from the corresponding author
upon reasonable request.

Results

Baseline characteristics are presented in Table 1.
Among the postrandomized LDL cholesterol level
subgroups, considerable differences were observed
across the following characteristics: treatment group,
age, gender, hypertension, diabetes mellitus, chronic
kidney disease, smoking, and baseline LDL cholesterol
(»<0.20, Table 1).

The adjusted HRs for stroke, atherothrombotic
stroke, lacunar stroke, and intracranial hemorrhage
were not different among the baseline LDL cholesterol
level subgroups of either the control or pravastatin
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Fig.1. Event rates (A), adjusted HR (B) for stroke stratified by
the postrandomized LDL cholesterol levels, and adjusted
HR (C) of the pravastatin group in reference to the con-
trol group in each postrandomized LDL cholesterol level
subgroup

The subgroup with the high postrandomized LDL cholesterol levels
was used as a reference (B). LDL, low-density lipoprotein. *»<0.05.

groups (data not shown). Furthermore, no significant
difference was detected for any events between the
treatment groups in any baseline LDL cholesterol level
subgroup (data not shown).

In the control group, the adjusted HRs for stroke
decreased in the postrandomized LDL cholesterol level
subgroup of less than 100 mg/dL compared with
those in the subgroup of 120 mg/dL or more after
adjustment for the factors, showing a considerable dif-
ference among the postrandomized LDL cholesterol
level subgroups (p=0.022 for the trend, Fig. 1B, Sup-
plemental Table 1, 3). However, no significant reduc-
tion in the incidence of stroke was detected in the low
postrandomized LDL cholesterol level subgroup of the
pravastatin group. In the postrandomized LDL cho-
lesterol level subgroup (less than 100 mg/dL), the
pravastatin group showed a high adjusted HR of
stroke compared with the control group (»=0.010 for
the interaction, Fig.1C, Supplemental Table 1, 3).
No significant trend in the adjusted HR for stroke was
observed in accordance with the reduced LDL choles-
terol level subgroup of either treatment group
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Fig.2. Event rates (A), adjusted HR (B) for stroke stratified by

the reduced LDL cholesterol levels, and adjusted HR (C)
of the pravastatin group in reference to the control group
in each reduced LDL cholesterol level subgroup

The subgroup with the low reduced LDL cholesterol levels was used
as a reference (B). LDL, low-density lipoprotein. *»<0.05.

(Fig. 2B, Supplemental Table 2, 4).

Analyses of atherothrombotic stroke, lacunar
stroke, and intracerebral hemorrhage were also per-
formed to examine differences in the incidence of
stroke subtype influenced by pravastatin treatment.
The adjusted HR for atherothrombotic stroke did not
decrease in accordance with the postrandomized LDL
cholesterol level subgroups of either the control or
pravastatin group (p=0.15 and 0.33 for the trend,
Fig.3B, Supplemental Table 1, 3). In the control
group, however, no atherothrombotic stroke event was
observed in the subgroup of low postrandomized LDL
cholesterol levels (less than 100 mg/dL). The event
rates for atherothrombotic stroke were lower in the
postrandomized LDL cholesterol level subgroup
(100-120 mg/dL) of the pravastatin group than in the
same subgroups of the control group (Fig.3C, Sup-
plemental Table 1, 3). No significant trend in the
adjusted HR for atherothrombotic stroke was
observed in accordance with the reduced LDL choles-
terol level subgroup of either treatment group (Sup-

plemental Table 2, 4).
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Fig.3. Event rates (A), adjusted HR (B) for atherothrombotic
stroke stratified by the postrandomized LDL cholesterol
levels, and adjusted HR (C) of the pravastatin group in
reference to the control group in each postrandomized
LDL cholesterol level subgroup

The subgroup with the high postrandomized LDL cholesterol levels
was used as a reference (B). The HR was kept blank when the event
rate was 0/100 person-year. LDL, low-density lipoprotein. *»<0.05.

The event rates for lacunar stroke decreased in
the lower postrandomized LDL cholesterol level sub-
group of the control group but not in the pravastatin
group (»p=0.004 and 0.06 for the trend, respectively,
Fig.4B, Supplemental Table 1, 3). A significant
interaction in the adjusted HR for lacunar stroke was
observed in accordance with the postrandomized LDL
cholesterol level subgroups between the treatment
groups (p=0.002 for the interaction, Fig. 4C, Supple-
mental Table 1, 3). The event rate of lacunar stroke
decreased in accordance with the reduced LDL choles-
terol levels in the control group but not in the pravas-
tatin group (p=0.004 and 0.11 for the trend, respec-
tively, Supplemental Table 2, 4). Moreover, a signifi-
cant interaction in the adjusted HR for lacunar stroke
was observed in accordance with the reduced LDL
cholesterol level subgroups between the treatment
groups (p=0.006 for the interaction, Supplemental
Table 2, 4). However, no significant trend in the
adjusted HR for intracranial hemorrhage was observed
in accordance with the postrandomized or reduced
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Fig.4. Event rates (A), adjusted HR (B) for lacunar stroke strati-
fied by the postrandomized LDL cholesterol levels, and
adjusted HR (C) of the pravastatin group in reference to
the control group in each postrandomized LDL choles-
terol level subgroup

The subgroup with the high postrandomized LDL cholesterol levels
was used as a reference (B). The HR was kept blank when the event
rate was 0/100 person-year. LDL, low-density lipoprotein. *»<0.05.

LDL cholesterol level subgroups in either treatment

group (Supplemental Table 1-4).

Discussion

Despite the event rates of major cardiovascular
events having been expected to decrease, the event
rates of stroke did not decrease in accordance with
lower postrandomized LDL cholesterol levels or
higher reduced LDL cholesterol levels under pravas-
tatin treatment in our results. Conversely, the event
rates of stroke decreased in the low postrandomized
LDL cholesterol level (less than 100 mg/dL) in the
control group. Stroke is a heterogeneous disease with
different etiologies. In our study, stroke events were
mostly composite of atherothrombotic stroke, lacunar
stroke, and intracranial hemorrhage. Their frequencies
and proportions that occurred in the studied cohort
may influence the composite results because statin
effects may differ among them. In this study, lacunar
stroke events consisted of around half of stroke events
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and atherothrombotic stroke approximately 20%. To
understand the influence of statin on composite stroke
prevention, we need to consider the influence of statin
on each stroke subtypes and their at-risk proportions.

From the Hisayama study, the LDL cholesterol
level was associated with the development of athero-
thrombotic stroke”. We reported that the events of
atherothrombotic stroke could be reduced with
pravastatin treatment, among the main results of
J-STARS?. Pravastatin treatment reduced the progres-
sion of carotid intima-media thickness, which could
be associated with a reduced risk of atherothrombotic
stroke'?. In this post hoc analysis of J-STARS, no sig-
nificant trend was observed for the association of post-
randomized LDL cholesterol level with the event of
atherothrombotic stroke in the control group.
Although no atherothrombotic stroke was observed in
the low postrandomized LDL cholesterol level (less
than 100 mg/dL) of the control group, the number of
patients in this range of postrandomized LDL choles-
terol levels in the control group was small. In the mid-
dle and high postrandomized LDL cholesterol level
subgroups (100-120 mg/dL and 120 mg/dL or more),
the pravastatin group showed lower HRs for athero-
thrombotic stroke than the control group, and the dif-
ference was significant in the middle postrandomized
LDL cholesterol level subgroup (100-120 mg/dL).
From our results, pravastatin treatment showed pre-
ventive effect for atherothrombotic stroke indepen-
dent of postrandomized LDL cholesterol levels. More-
over, non-statin treatment also showed a preventive
effect for atherothrombotic stroke in the low postran-
domized LDL cholesterol level (less than 100 mg/dL).
It could be feasible to control for LDL cholesterol
level in the group with less than 100 mg/dL with
either statin or non-statin treatment. In addition, even
when LDL cholesterol level was maintained between
100 and 120 mg/dL, statins were still beneficial for
preventing atherothrombotic stroke.

A post hoc analysis of the Heart Protection Study
indicated that the incidence of hemorrhagic stroke
shifts toward an increase with simvastatin treatment in
patients with a history of cerebrovascular disease'".
Furthermore, in the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels trial, the atorvastatin
treatment was independently associated with the risk
of hemorrhagic stroke after adjusting for covariates,
including postrandomization blood pressure'?. How-
ever, the postrandomization LDL cholesterol level was
not independently associated with the risk of hemor-
rhagic stroke in the atorvastatin group, with a mean
postrandomization LDL cholesterol level of 72.9+0.5
mg/dL. In the J-STARS study, a significant increase in

the risk of intracranial hemorrhage was not observed
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in any postrandomized LDL cholesterol level sub-
group of either the control or pravastatin group. In
addition, no significant differences in the rate of intra-
cranial hemorrhage were observed in any postrandom-
ized LDL cholesterol level subgroup between the
pravastatin and control groups. Therefore, we postu-
late that the risk of intracranial hemorrhage may not
increase in individuals with LDL cholesterol levels less
than 100 mg/dL who receive pravastatin treatment.
We note that a limited number of patients had an out-
come of intracranial hemorrhage in the J-STARS
study; therefore, conclusive evidence for this hypothe-
sis could not be obtained from our results.

There have been several reports of the association
of LDL cholesterol levels with the risk of lacunar
stroke. The Hisayama study reported that the inci-
dence rates of both atherothrombotic stroke and lacu-
nar stroke were higher in patients with higher LDL
cholesterol levels”. The Atherosclerosis Risk in Com-
munities (ARIC) study reported that the LDL choles-
terol level is associated with large lacunar stroke (8
mm or more) but not with small stroke (7 mm or
less)'?. It has also been reported that elevated LDL
cholesterol is more prevalent in nocturnal lacunar
strokes, especially when combined with a reduced
nocturnal dipping of blood pressure'¥. However, few
studies have evaluated the association of on-treatment
LDL cholesterol level or its reduced levels with the
risk of lacunar stroke. From our results, the incidence
rates of lacunar stroke decreased in association with
lower postrandomized and higher reduced LDL cho-
lesterol levels in the control group but not in the
pravastatin group. Recently, lacunar stroke has been
considered to present an etiology similar to that of
intracerebral hemorrhage: so-called cerebral small ves-
sel disease'. In contrast, pericyte degeneration has
been reported to cause white-matter dysfunction and
to disrupt white-matter microcirculation, triggering
losses of myelin, axons, and oligodendrocytes'®.
Statins induce dose-dependent apoptosis in the peri-
cyte cell line'”, and statin-induced apoptosis in peri-
cytes is mediated by cholesterol, caspase-3, and cas-
pase-7. It might be possible that statin treatment
diminished the reduction in the risk of lacunar stroke
in accordance with lower postrandomized LDL cho-
lesterol levels. However, our post hoc results are incon-
clusive, and further studies are needed to confirm our
results on the influence of statins on the association of
LDL cholesterol with the risk of lacunar stroke and to
evaluate their pharmacological mechanisms.

The current study has certain limitations. First,
this project was a post hoc analysis of a prospective,
randomized, open, blinded endpoints (PROBE)
design study. Therefore, it is difficult to draw a defini-
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tive conclusion. Second, the small study sample size in
each subgroup might not provide sufficient statistical
power to adequately assess the effects of pravastatin.
Third, post hoc analysis may lead to the possibility of
type I and II errors.

In conclusion, statins were detected to have dif-
ferent influences on the associations of atherothrom-
botic stroke and lacunar stroke with LDL cholesterol
levels. Although it may still need to be confirmed by
other studies, the differences in these associations may
influence the effects of statins on reducing stroke
recurrence, since at-risk stroke subtypes can differ
among patients.
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Different Influences of Statin Treatment

Supplemental Table 1. Event rates and adjusted hazard ratio stratified by postrandomized LDL cholesterol levels

Postrandomized Subjects, Events, Event rate Hazard ratio P for Hazard ratio P for
LDL cholesterol n n (/ 100 person-yeas) (95% CI) trend (95% CI) interaction
Stroke
Control <100 70 1 0.31 0.10 (0.01 to0 0.70)  0.022 REF
100.0-120.0 217 26 2.48 0.89 (0.53 to 1.49) REF
>120.0 468 49 2.21 REF REF
Pravastatin = < 100 338 43 2.75 1.75 (0.83 to0 3.69)  0.10 10.04 (1.37 to 73.35)  0.010
100.0-120.0 261 23 1.84 1.17 (0.56 to 2.45) 0.72 (0.39 to 1.33)
>120.0 163 11 1.45 REF 0.77 (0.40 to 1.50)
Atherothrombotic Stroke
Control <100 77 0 0 0.00 0.15 REF
100.0-120.0 219 7 0.63 0.83 (0.32 to 2.18) REF
>120.0 467 16 0.70 REF REF
Pravastatin < 100 337 4 0.24 3.25 (0.26 to 40.26) 0.33 - 0.18
100.0-120.0 266 2 0.15 1.66 (0.14 to 19.78) 0.15 (0.03 t0 0.81)
>120.0 165 1 0.13 REF 0.21 (0.03 to 1.62)
Lacunar Stroke
Control <100 75 0 0 0.00 0.004 REF
100.0-120.0 220 8 0.73 0.42 (0.18 to 1.00) REF
>120.0 467 26 1.15 REF REF
Pravastatin = < 100 342 25 1.53 2.43 (0.84 to 7.03)  0.06 = 0.002
100.0-120.0 259 12 0.95 1.31 (0.45 to 3.82) 2.16 (0.80 to 5.87)
>120.0 163 5 0.64 REF 0.66 (0.25 to 1.75)
Intracranial Hemorrhage
Control <100 79 1 0.27 1.03 (0.09 to 11.95) 0.69 REF
100.0-120.0 224 5 0.44 2.42 (0.53 to 11.03) REF
>120.0 460 3 0.13 REF REF
Pravastatin <100 337 6 0.36 2.93(0.29 t0 29.29) 0.40 2.11 (0.24 t0 18.71)  0.84
100.0-120.0 267 4 0.30 2.64 (0.29 to 24.22) 0.43 (0.10 to 1.77)
>120.0 165 1 0.13 REF 1.13 (0.11 to 11.23)
Myocardial Infarction
Control <100 80 1 0.27 0.44 (0.04 to 5.42) 0.29 REF
100.0-120.0 221 0 0 0.00 REF
>120.0 462 4 0.17 REF REF
Pravastatin <100 399 2 0.12 1.34 (0.08 to 21.61) 0.84 0.46 (0.04 to 5.22) 0.81
100.0-120.0 364 1 0.08 0.54 (0.03 to 10.05) -
>120.0 166 1 0.12 REF 0.80 (0.09 to 7.26)
All Vascular Events
Control <100 69 6 1.92 0.34 (0.14 t0 0.81) 0.012 REF
100.0-120.0 203 32 3.36 0.75 (0.48 to 1.18) REF
>120.0 475 72 3.28 REF REF
Pravastatin = < 100 335 52 3.40 1.66 (0.97 to 3.17)  0.12 1.84 (0.79 to 4.30) 0.050
100.0-120.0 258 34 2.83 1.35 (0.72 t0 2.51) 0.83 (0.51 t0 1.36)
>120.0 165 15 1.97 REF 0.66 (0.38 to 1.15)

All vascular events included recurrent stroke, transient ischemic attack, myocardial infarction, and vascular accidents, such as aortic dissection/rup-
ture, pulmonary embolism, cardiac failure, organ/limb infarction, carotid endarterectomy, stenting, extracranial-intracranial bypass, and coronary
artery bypass graft/intervention. A Cox proportional hazard model with each LDL cholesterol level and selected covariates for time to events was
used to estimate the adjusted hazard ratio, 95% confidence interval (CI), and trend test of the LDL cholesterol levels for the events. The adjusted
hazard ratio (95% CI) for the pravastatin group relative to the control group and the interaction test between the randomized group and the LDL
cholesterol levels were calculated using a Cox proportional hazard model for time to events after adjusting for the stratification factors at random-
ization, i.e., stroke subtype (atherothrombotic stroke vs. others), high blood pressure (= 150/90 mmHg vs. not), and diabetes mellitus (presence vs.

absence).

LDL, low-density lipoprotein; CI, confidence interval; REF, reference.

457



Hosomi et al.

Supplemental Table 2. Event rates and adjusted hazard ratio stratified by reduced LDL cholesterol levels

Reduced LDL  Subjects, Events, Event rate Hazard ratio P for Hazard ratio P for
cholesterol n n (/ 100 person-yeas) (95% CI) trend (95% CI) interaction
Stroke
Control <4.50 387 46 2.52 REF 0.10 REF
4.50-24.75 257 20 1.65 0.61 (0.35 to 1.07) REF
>24.75 98 9 1.82 0.61 (0.27 to 1.38) REF
Pravastatin ~ <4.50 106 9 1.82 REF 0.33 0.60 (0.29 to 1.26) 0.21
4.50-24.75 240 27 2.40 1.59 (0.72 to 3.51) 1.42 (0.76 to 2.63)
> 24.75 401 41 2.18 1.64 (0.71 t0 3.78) 1.17 (0.55 to 2.45)
Atherothrombotic Stroke
Control <4.63 389 13 0.67 REF 0.30 REF
4.63-24.88 262 6 0.47 0.49 (0.18 to 1.36) REF
> 24.88 98 4 0.80 0.61 (0.16 to 2.30) REF
Pravastatin =~ <4.63 111 1 0.18 REF 0.69 0.32 (0.04 to 2.55) 0.55
4.63-24.88 239 1 0.08 0.41 (0.02 to 7.04) 0.15 (0.02 to 1.34)
> 24.88 403 5 0.25 1.08 (0.09 to 12.91) 0.58 (0.14 to 2.38)
Lacunar Stroke
Control <4.60 388 25 1.34 REF 0.004 REF
4.60-25.00 263 7 0.55 0.35 (0.14 t0 0.86) REF
> 25.00 97 1 0.20 0.11 (0.01 to 0.90) REF
Pravastatin ~ <4.60 110 4 0.76 REF 0.11 0.58 (0.20 to 1.73) 0.006
4.60-25.00 237 13 1.13 1.99 (0.62 to 6.41) 2.13 (0.80 to 5.67)
> 25.00 402 25 1.30 2.69 (0.80 0 9.02) 4.88 (0.65 0 36.58)
Intracranial Hemorrhage
Control <4.86 390 6 0.31 REF 0.80 REF
4.86-25.00 262 1 0.08 0.34 (0.04 to 3.09) REF
>25.00 98 2 0.40 1.98 (0.29 to 13.38) REF
Pravastatin =~ <4.86 111 2 0.37 REF 0.33 0.67 (0.13 to 3.38) 0.90
4.86-25.00 239 3 0.25 1.59 (0.72 to 3.51) 3.78 (0.35 to 41.19)
> 25.00 404 6 0.30 1.64 (0.71 to 3.78) 0.91 (0.18 to 4.69)
Myocardial Infarction
Control <4.86 389 B) 0.15 REF 0.63 REF
4.86-24.88 262 1 0.08 0.75 (0.07 to 8.55) REF
> 24.88 98 1 0.20 2.62 (0.18 to0 38.17) REF
Pravastatin =~ <4.86 111 0 0 REF 0.71 0.00 0.78
4.86-24.88 240 2 0.17 — 2.20 (0.20 to 24.41)
> 24.88 403 2 0.10 - 0.46 (0.04 to 5.09)
All Vascular Events
Control <4.17 388 67 3.78 REF 0.07 REF
4.17-24.14 254 32 2.73 0.73 (0.46 t0 1.14) REF
>24.14 92 10 2.17 0.55 (0.26 to 1.15) REF
Pravastatin =~ <4.17 104 9 1.86 REF 0.28 0.48 (0.24 to 0.96) 0.045
4.17-24.14 238 37 3.40 2.06 (0.97 to 4.41) 1.23 (0.77 to 1.98)
> 24.14 403 55 2.96 1.90 (0.86 to 4.22) 1.36 (0.69 to 2.68)

All vascular events included recurrent stroke, transient ischemic attack, myocardial infarction, and vascular accidents, such as aortic dissection/rup-
ture, pulmonary embolism, cardiac failure, organ/limb infarction, carotid endarterectomy, stenting, extracranial-intracranial bypass, and coronary
artery bypass graft/intervention. A Cox proportional hazard model with each LDL cholesterol level and selected covariates for time to events was
used to estimate the adjusted hazard ratio, 95% confidence interval (CI), and trend test of the LDL cholesterol levels for the events. The adjusted
hazard ratio (95% CI) for the pravastatin group relative to the control group and the interaction test between the randomized group and the LDL
cholesterol levels were calculated using a Cox proportional hazard model for time to events after adjusting for the stratification factors at random-
ization, i.e., stroke subtype (atherothrombotic stroke vs. others), high blood pressure (= 150/90 mmHg vs. not), and diabetes mellitus (presence vs.

absence).

LDL, low-density lipoprotein; CI, confidence interval; REF, reference.
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Supplemental Table 3. Event rates and adjusted hazard ratio stratified by postrandomized LDL cholesterol levels analyzed in per-
protocol set

Postrandomized Subjects, Events, Event rate Hazard ratio P for Hazard ratio P for
LDL cholesterol n n (/100 person-yeas) (95% CI) trend (95% CI) interaction
Stroke
Control <100 60 1 0.36 0.12 (0.02 to 0.95) 0.08 REF
100.0-120.0 182 19 2.18 0.99 (0.54 to 1.81) REF
>120.0 413 32 1.63 REF REF
Pravastatin <100 274 31 2.25 1.29 (0.55 to 3.01) 0.45 6.20 (0.84 to 45.47) 0.18
100.0-120.0 222 18 1.61 0.97 (0.42 t0 2.22) 0.70 (0.36 to 1.34)
>120.0 123 9 1.47 REF 0.99 (0.47 to 2.08)
Atherothrombotic Stroke
Control <100 63 0 0 0.00 0.15 REF
100.0-120.0 181 5 0.55 0.73 (0.23 to 2.29) REF
>120.0 415 11 0.54 REF REF
Pravastatin <100 274 2 0.14 0.99 (0.06 to 106.41) 0.96 = 0.69
100.0-120.0 226 2 0.17 1.38 (0.11 to 16.64) 0.22 (0.04 to 1.18)
>120.0 124 1 0.16 REF 0.33 (0.04 to 2.58)
Lacunar Stroke
Control <100 64 0 0 0.00 0.05 REF
100.0-120.0 183 6 0.66 0.61 (0.23 to 1.64) REF
>120.0 413 17 0.85 REF REF
Pravastatin <100 277 18 1.26 2.00 (0.59 to 6.84) 0.22 = 0.049
100.0-120.0 221 11 0.97 1.35 (0.41 to 4.47) 1.55 (0.57 to 4.21)
>120.0 122 4 0.64 REF 0.83 (0.28 to 2.48)
Intracranial Hemorrhage
Control <100 66 1 0.33 0.84 (0.06to 11.24) 0.99 REF
100.0-120.0 186 3 0.32 1.79 (0.28 to 11.55) REF
>120.0 409 2 0.10 REF REF 0.97
Pravastatin <100 275 5 0.34 2.11 (0.19 to 23.48) 0.38 0.98 (0.11 to 8.43)
100.0-120.0 225 1 0.08 0.56 (0.03 t0 9.26) 0.21 (0.02 to 2.14)
>120.0 124 1 0.15 REF 1.50 (0.13 to 17.00)

A Cox proportional hazard model with each LDL cholesterol level and selected covariates for time to events was used to estimate the adjusted haz-
ard ratio, 95% confidence interval (CI), and trend test of the LDL cholesterol levels for the events. The adjusted hazard ratio (95% CI) for the
pravastatin group relative to the control group and the interaction test between the randomized group and the LDL cholesterol levels were calcu-
lated using a Cox proportional hazard model for time to events after adjusting for the stratification factors at randomization, i.c., stroke subtype
(atherothrombotic stroke vs. others), high blood pressure (= 150/90 mmHg vs. not), and diabetes mellitus (presence vs. absence). Per-protocol set
was limited subjects to whom met protocol. Subjects in control group should not take any statin. Subjects in pravastatin group should take pravas-
tatin more than 1/4 of their follow-up duration. LDL, low-density lipoprotein; CI, confidence interval; REF, reference.
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Supplemental Table 4. Event rates and adjusted hazard ratio stratified by reduced LDL cholesterol levels analyzed in per-protocol set

Reduced LDL  Subjects, Events, Event rate Hazard ratio P for Hazard ratio P for
cholesterol n n (/ 100 person-yeas) (95% CI) trend (95% CI) interaction
Stroke
Control <4.50 353 35 2.09 REF 0.15 REF
4.50-24.75 227 13 1.22 0.59 (0.30 to 1.17) REF
> 24.75 64 4 1.23 0.59 (0.19 to 1.82) REF
Pravastatin <4.50 76 6 1.57 REF 0.45 0.70 (0.29 to 1.66) 0.26
4.50-24.75 193 22 2.29 1.71 (0.66 to 4.45) 1.85 (0.93 to 3.70)
> 24.75 341 30 1.75 1.49 (0.53 to 4.22) 1.41 (0.50 to 4.02)
Atherothrombotic Stroke
Control <4.63 356 9 0.51 REF 0.84 REF
4.63-24.88 230 5 0.45 0.78 (0.24 to 2.52) REF
> 24.88 62 2 0.63 0.97 (0.17 to 5.46) REF
Pravastatin <4.63 80 1 0.24 REF 0.96 0.45 (0.06 to 3.55) 0.89
4.63-24.88 194 1 0.10 0.32 (0.02 to 5.57) 0.22 (0.03 to 1.85)
> 24.88 341 3 0.17 0.45 (0.06 to 16.41) 0.36 (0.06 t0 2.21)
Lacunar Stroke
Control <4.60 355 18 1.04 REF 0.013 REF
4.60-25.00 232 5 0.45 0.36 (0.12 to 1.04) REF
>25.00 62 0 0 0.00 REF
Pravastatin <4.60 78 B) 0.75 REF 0.22 0.69 (0.20 to 2.34) 0.021
4.60-25.00 192 10 1.01 1.76 (0.45 t0 6.87) 2.17 (0.73 t0 6.38)
> 25.00 341 20 1.15 2.37 (0.56 to 6.84) -
Intracranial Hemorrhage
S <486 359 5 0.28 REF 0.93 REF
4.86-25.00 229 0 0 0.00 REF
> 25.00 62 1 0.31 2.59 (0.23 to 28.78) REE
Pravastatin | <4.86 80 1 0.24 REF 085  0.79(0.09t0677) 074
4.86-25.00 193 3 0.30 1.69 (0.14 to 20.03) -
> 25.00 342 3 0.17 1.50 (0.08 to 28.27) 0.57 (0.06 to 5.53)

A Cox proportional hazard model with each LDL cholesterol level and selected covariates for time to events was used to estimate the adjusted haz-
ard ratio, 95% confidence interval (CI), and trend test of the LDL cholesterol levels for the events. The adjusted hazard ratio (95% CI) for the
pravastatin group relative to the control group and the interaction test between the randomized group and the LDL cholesterol levels were calcu-
lated using a Cox proportional hazard model for time to events after adjusting for the stratification factors at randomization, i.c., stroke subtype
(atherothrombotic stroke vs. others), high blood pressure (= 150/90 mmHg vs. not), and diabetes mellitus (presence vs. absence). Per-protocol set
was limited subjects to whom met protocol. Subjects in control group should not take any statin. Subjects in pravastatin group should take pravas-
tatin more than 1/4 of their follow-up duration. LDL, low-density lipoprotein; CI, confidence interval; REF, reference.
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