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Abstract. Stroke is a major cause of mortality and disability
worldwide. During the past three decades, major advances
have occurred in secondary prevention, which have demon-
strated the broader potential for the prevention of stroke.
Risk factors for stroke include previous stroke or transient
ischemic attack, hypertension, high blood cholesterol and
diabetes. Proven secondary prevention strategies are anti-
platelet agents, antihypertensive drugs, statins and glycemic
control. In the present review, we evaluated the secondary
prevention of stroke in light of clinical studies and discuss new
pleiotropic effects beyond the original effects and emerging
clinical evidence, with a focus on the effect of optimal oral
pharmacotherapy.
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1. Introduction

Stroke is one of the leading causes of disability worldwide (1).
In 2002, stroke-related disability was estimated to be the
sixth most common cause of reduced disability-adjusted
life-years (DALYs; the sum of life-years lost as a result of
premature mortality and years lived with disability adjusted
for severity) (2). However, due to the burgeoning elderly
population in Western societies, it has been estimated that
by 2030, stroke-related disability in such societies will be
the fourth most significant cause of DALYs (3). Stroke also
has substantial costs related to complications, including post-
stroke dementia, depression, falls, fractures and epilepsy (4).
Risk factors and sources of stroke must be identified in order
to take steps towards preventing stroke (5). Although primary
prevention is most significant in the reduction of stroke
burden, effective secondary prevention is also essential (4).
Secondary prevention addresses all measures for avoiding
recurrences following a first transient ischemic attack (TIA) or
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stroke, which are becoming more frequent in an increasingly
aging population (5). Risk factors for stroke include old age,
hypertension, previous stroke or TIA, diabetes mellitus (DM),
high blood cholesterol and tobacco smoking (6). Prevention
of recurrent ischemic stroke may involve administration of
antiplatelet agents, control and reduction of hypertension, and
the use of 3-hydroxy-3-methylglutaryl-coenzyme A reductase
inhibitors (statins) (6). Although similar oral agents exist in
each category (antiplatelet agents, antihypertensives, statins
and glycemic control), choosing the optimal agents from these
categories could be significant for the secondary prevention
of stroke.

2. Antiplatelet agents

The antiplatelet agents aspirin, clopidogrel and cilostazol have
been demonstrated to be efficacious in the secondary preven-
tion of stroke.

Aspirin prevents stroke among patients with recent stroke
or TIA (7-9). Aspirin functions by irreversibly acetylating
the cyclooxygenase enzyme; thus suppressing the produc-
tion of thromboxane A2 and inhibiting the activation and
aggregation of platelets (10). In a meta-regression analysis
of placebo-controlled trials of aspirin therapy for secondary
prevention of stroke, the relative risk reduction (RRR) for
any type of stroke (hemorrhagic or ischemic) was estimated
to be 15% [95% confidence interval (CI), 6-23%] (11). The
magnitude of benefit is similar for doses 50-1,500 mg (7-9,12),
although data for doses <75 mg are limited (13). The symp-
toms of toxicity also vary according to the administered dose.
The principal toxicity of aspirin is gastrointestinal hemor-
rhage, and the greater the dose of aspirin, the greater the
risk (8,9). For patients using low-dose aspirin (<325 mg) for
prolonged intervals, the annual risk of serious gastrointestinal
hemorrhage is approximately 0.4%, which is 2.5-fold the risk
for non-users (8.9,14). Although aspirin therapy is associated
with an increased risk of hemorrhagic stroke, the benefits of
using low-dose aspirin for the prevention of ischemic stroke
are greater. Therefore, there is a higher benefit-risk-ratio (15).

The antiplatelet agent, clopidogrel, effectively inhibits
adenosine diphosphate-induced activation and aggregation
of the platelets by selectively and irreversibly blocking the
P2Y receptor (12) on the platelet membrane (14). Clopidogrel
was studied in a randomized, blinded trial of clopidogrel vs.
aspirin in patients at risk of ischemic events (CAPRIE) (14).
In the study, 19,185 patients with ischemic stroke, myocardial
infarction (MI) or peripheral vascular disease were randomized
to 75 mg of clopidogrel vs. 325 mg of aspirin (14). Clopidogrel
monotherapy proved to be more effective than aspirin mono-
therapy (RRR, 8.7; 95% CI, 0.3-16.5; p=0.043) and is thus
possibly more effective than aspirin against vascular disease
affecting the heart and the peripheral circulation. However, the
overall improvement in outcome was small and 108 patients
needed to be treated in 2 years in order to prevent a major
vascular event (stroke, MI or vascular death) (14).

Although the exact prevalence of antiplatelet resistance in
ischemic stroke is not known, estimates concerning the two
most widely used antiplatelet agents, aspirin and clopidogrel,
suggest that it is high, irrespective of the definition used and
the parameters measured (16). Inadequate antiplatelet respon-

siveness correlates with an increased risk of recurrent ischemic
vascular events in patients with stroke (16). Meanwhile, the
addition of cilostazol has been demonstrated to reduce the
biological resistance to aspirin and clopidogrel in clinical
trials (17,18).

In a previous study, Al-Qudah ef al summarized the find-
ings of major clinical trials and the efficacy of cilostazol in
preventing ischemic stroke in comparison with other more
commonly used antiplatelet medications, including aspirin and
clopidogrel (19). Cilostazol is a relatively new antiplatelet agent
that has been thoroughly investigated in Japan with promising
outcomes for the secondary prevention of stroke (12,19). The
efficacy of cilostazol was revealed in certain major clinical
trials (19). Cilostazol, a selective inhibitor of phosphodies-
terase 3 (PDE3), prevents the inactivation of the intracellular
second messenger cyclic adenosine monophosphate (cAMP),
and irreversibly inhibits platelet aggregation and vasodila-
tion (20). It has been used as a general antithrombotic agent
and for stroke prevention in certain Asian countries (10). In the
USA and certain European Union countries, cilostazol is only
approved for the treatment of peripheral arterial disease (10).

Previously, the effectiveness of cilostazol (100 mg,
twice daily) compared with aspirin (81 mg, once daily) was
examined in a randomized, double-blind pilot study that
enrolled 720 patients with recent ischemic stroke (20). During
12-18 months of follow-up, stroke was observed in 12 patients
assigned to cilostazol per year compared with 20 patients
assigned to aspirin per year (p=0.18) (20). Episodes of brain
bleeding were significantly more common in the aspirin group
than in the cilostazol group (7 vs. 1, p=0.034) (20).

The aim of the cilostazol stroke prevention study
(CSPS)2 (21) was to directly compare the efficacy and safety of
cilostazol (100 mg, twice daily) and aspirin (81 mg, once daily)
in secondary prevention of stroke in a total of 2757 Japanese
patients. The incidence of the primary endpoint of stroke was low
in the two groups, but was significantly lower in the cilostazol-
treated group [hazard ratio (HR), 0.743; 95% CI, 0.564-0.981;
p=0.0357] (21). The incidence of hemorrhagic events was lower
in the cilostazol group compared with the aspirin group (HR,
0.458; 95% CI, 0.296-0.711; p=0.0004) (21). The cilostazol-
aspirin therapy against recurrent stroke with intracranial artery
stenosis study (CATHARSIS) is an ongoing study. This study
is evaluating the effect of aspirin (100 mg, daily) plus cilostazol
(200 mg, daily), and aspirin (100 mg, daily) alone on the progres-
sion of intracranial arterial stenosis in 200 patients with chronic
stroke and 50-99% stenosis; the patients will be followed-up for
up to 2 years (22). Thus, further data are required to assess the
efficacy of cilostazol in stroke prevention in comparison with
aspirin and clopidogrel (particularly in a multi-ethnic popula-
tion) (10). According to various clinical studies of secondary
prevention of stroke, cilostazol could be the most effective
antiplatelet agent.

Several lines of evidence have demonstrated that cilostazol
has pleiotropic neuroprotective effects on atherogenesis trig-
gered by platelets. For example, atherogenesis is associated with
the monocyte chemoattractant protein-1 (MCP-1), intercellular
adhesion molecule (ICAM) and CD62P (P-selectin) (19). The
central role of inflammation in the pathogenesis of atherothrom-
bosis highlights the significance of inflammatory markers as
prognostic tools (23). Several inflammatory markers, including
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(but not limited to) MCP1, ICAM and P-selectin, are associated
with the progression of atherosclerotic lesions and thrombosis,
as well as an increased risk of ischemic events (23). Based on
experiments conducted on human umbilical vein endothelial
cells, cilostazol was demonstrated to increase intracellular
levels of cCAMP and modulate the expression of MCP-1 in
vascular endothelial cells (24). Cilostazol reduces the harmful
actions of neutrophils by decreasing the expression of ICAM
and P-selectin (25). Furthermore, cilostazol inhibits the interac-
tion of platelets and leukocytes along with vascular endothelial
cells, a role mediated by P-selectin (24). Additionally, cilostazol
is neuroprotective through several mechanisms. Firstly, it
increases the levels of B-cell lymphoma (Bcl)-2, which is an
antiapoptotic antioxidant promoter in the rat transient middle
cerebral artery occlusion (MCAO) model (26). Secondly, it
reduces the levels of the apoptotic protein, Bax, cytochrome ¢
and tumor necrosis factor (TNF)-a, which mediate inflamma-
tory and thrombotic effects in brain ischemia (26). Moreover,
magnetic resonance imaging studies have revealed increased
cerebral blood flow and cerebral blood volume following 2 and
24 h of MCAO in rats receiving cilostazol (27).

3. Antihypertensive drugs

As hypertension is a major risk factor for stroke (28), anti-
hypertensive treatment is recommended for the secondary
prevention of stroke. A systematic assessment of clinical data
revealed that a significant reduction in recurrent stroke could
be achieved with diuretics [odds ratio (OR)=0.93; 95% CI,
0.5-0.92], and diuretics plus angiotensin-converting enzyme
(ACE) inhibitors (OR=0.55; 95% CI, 0.44-0.68), but not with
[B-blockers or ACE inhibitors alone (29). Although p-blockers
are widely used as a first-line treatment for hypertension, a
meta-analysis of 13 trials (n=105,951) found a 16% (p=0.009)
relative increase in the risk of stroke in patients using
[-blockers as opposed to other antihypertensive agents (30).

For anumber of patients, multiple antihypertensive therapies
could confer great benefit (31). The tesults of the perindopril
protection against recurrent stroke study (PROGRESS) have
demonstrated that 6,105 patients with a prior stroke or TIA
who received a combination of perindopril (ACE inhibitor)
plus indapamide (thiazide diuretic) had a greater risk reduc-
tion of recurrent stroke compared with patients who received
perindopril alone (43 vs. 5%) (32).

Few clinical trials have directly compared various classes of
blood pressure-lowering drugs following TIA or stroke (4). In
the morbidity and mortality after stroke, eprosartan compared
with nitrendipine for secondary prevention (MOSES) trial,
1,450 hypertensive patients with a stroke or TIA within
the previous 2 years were randomly assigned to eprosartan
[angiotensin II receptor blocker (ARB)] or nitrendipine
(calcium-channel blocker) (33). Blood-pressure reductions
were similar for the two agents, but the risk of stroke and TIA
was lower with eprosartan [incidence density ratio (IDR), 0.75;
95% CI, 0.58-0.97; p=0.03] (33). However, the majority of the
benefit was due to fewer TIAs, with no significant effect on
ischemic stroke (33).

The recently published ongoing telmisartan alone and in
combination with ramipril global endpoint trial (ONTARGET)
compared ramipril (ACE inhibitor), telmisartan (ARB)
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and a combination of the two drugs in 25,611 patients with
vascular disease or high-risk DM over a median follow-up of
56 months (34). Approximately 21% of the patients in each treat-
ment group had history of a stroke or TIA (34). Telmisartan,
ramipril and the combination therapy proved to be equivalent
with regard to the primary outcome parameter (mortality from
cardiovascular causes, M1, stroke or hospitalization for heart
failure) and prevalence of recurrent stroke (34). However, the
prevention regimen for effectively avoiding second strokes
(PRoFESS) trial failed to demonstrate a benefit for telmis-
artan in reducing the risk of recurrent stroke compared with a
placebo (35). Therefore, evidence revealing the superiority of
specific antihypertensive agents in the secondary prevention of
stroke is currently insufficient.

4. Statins

In contrast to several large randomized studies demonstrating
that statins significantly decrease recurrent coronary events
in patients with coronary heart disease, only two trials using
statins have been undertaken for the secondary prevention of
TIA/stroke (36).

The heart protection study (HPS) compared simvastatin
(40 mg/day) and a placebo in 20,536 patients with coronary
artery disease, other occlusive vascular diseases (16% of the
study population had a history of TIA/stroke), DM, arterial
hypertension or other risk factors, during a treatment period
of 5 years (37). Although the trial demonstrated a significant
overall reduction in stroke recurrence (25%; 95% CI1,0.15-0.34),
the difference was not significant in the cohort of patients
with pre-existing TIA/stroke (10.4 vs. 10.5%) (37). However,
patients with previous TIA/stroke demonstrated a significant
reduction in the prevalence of any major vascular event (major
coronary events, stroke and revascularization procedure) (37).

The stroke prevention by aggressive reduction in choles-
terol levels (SPARCL) study compared atorvastatin and a
placebo (38). The SPARCL trial was the first study dedicated
to evaluating the role of statins in the secondary prevention
of stroke (38). Overall, 4,731 patients who had experienced a
TIA or minor stroke within the previous 6 months and had a
level of low-density lipoprotein cholesterol of 100-190 mg/dl
were randomized to receive a high dose of atorvastatin
(80 mg/day) or a placebo. Following a mean period of 4.9 years,
there was a 16% RRR in subsequent fatal or non-fatal stroke
in patients treated with atorvastatin. The discrepancy in the
prevalence of recurrent ischemic stroke between the HPS and
SPARCL trials could be due to the fact that patients in the
HPS were recruited (on average) 4.3 years following the initial
vascular event, whereas it was only 6 months in the SPARCL
trial (36).

Several lines of evidence have revealed that atorvastatin (a
lipid-soluble HMG-CoA reductase inhibitor) has pleiotropic
effects. Following short-term and low-dose therapy in patients
with chronic cerebrovascular disease and hyperlipidemia,
atorvastatin was revealed to lower lipid levels, significantly
decrease collagen-induced platelet aggregation, significantly
improve whole blood viscosity, deformability of red blood cells
and activity of von Willebrand factor and improve hemorheo-
logical parameters, platelet aggregation and endothelial
dysfunction (39). Furthermore, atorvastatin decreased markers
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of oxidative stress in hypercholesterolemic patients (40), and
inhibited inflammatory angiogenesis in mice through the
downregulation of vascular endothelial growth factor, TNF-a
and transforming growth factor-p1 (41). The complex benefi-
cial effects of atorvastatin could prevent secondary stroke.
According to various clinical studies of secondary prevention
of stroke, atorvastatin could be the most effective statin.

5. Glycemic control

Individuals with DM have an increased risk of stroke (42). In
the prospective pioglitazone clinical trial in macrovascular
events (PROACTIVE) study (43), pioglitazone reduced fatal
or non-fatal stroke (HR, 0.53; event prevalence, 5.6% piogli-
tazone vs. 10.2% placebo), as well as other vascular events in a
subgroup of 948 stroke patients within a total of 5,238 patients
with type-2 diabetes mellitus (T2DM). Pioglitazone had
pleiotropic effects in the patients with T2DM (44), including
inhibiting oxidative stress, increasing adiponectin levels (45),
and improving endothelial dysfunction in cerebral vessels (46).
Beyond the hypoglycemic effects, the complex effects of
pioglitazone could prevent secondary stroke. Since few trials
have evaluated other glycemic control drugs following TIA
or stroke, pioglitazone could be the most effective glycemic
control agent.

6. Conclusion

As stroke is a frequent and severe disorder, and acute-stroke
therapies (which are effective at the individual level) have
only a limited impact on public health, secondary preven-
tion of stroke is crucial. Vascular risk factors, including high
blood pressure, high blood cholesterol and high blood glucose,
should be treated to prevent ischemic stroke. To reduce the
risk of new vascular events following a first ischemic stroke or
TIA, a complementary strategy is the optimal management of
the risk factors of stroke and TIA along with antithrombotic
therapy. Secondary prevention with antiplatelet agents, antihy-
pertensive drugs, statins and glycemic control as appropriate
should be initiated urgently following TIA or stroke due to the
high risk of early recurrence of stroke. Choosing the optimal
oral pharmacotherapy in the secondary prevention of stroke
is significant.
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