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REVIEW

Prevention of strokes by statins  
based on large clinical trials 

In 2005, the Cholesterol Treatment Trialists (CTT) 
collaborators published a meta-analysis of 14 ran-
domized, placebo controlled studies using statins 
that were available at that time. They found 2,957 
first strokes on these trials that included 90,056 in-
dividuals, and reported a significant 17% propor-
tional reduction in the incidence of first stroke of 
any type among those receiving statins (RR 0.83, 
99% CI 0.78–0.88, p < 0.0001) [1]. According to the 
authors, the overall reduction in stroke was mostly 
attributed to ischaemic cerebrovascular accident, 
which was reduced in 22% (RR 0.78, 99% CI 0.70-
0.87, p < 0.0001) per mmol/L of LDL-cholesterol 
reduction [1]. During an average follow-up of 5 
years, the use of statins was translated into eight 
(95% CI 4-12) fewer strokes per 1,000 subjects on 
secondary prevention for coronary heart disease, 
and five (95% CI 1-8) in those without known coro-
nary disease, per mmol/L of LDL-cholesterol re-
duction [1]. The same investigators reported in 
2008 the effects of statin treatment in 18,686 dia-
betic subjects from the same trials included in the 
meta-analysis. They found a 21% relative risk re-
duction for the first stroke for those on statin thera-
py (RR 0.79, 99% CI 0.67-0.93, p = 0.0002) [2].

In 2006, The Stroke Prevention by Aggressive 
Reduction in Cholesterol Levels (SPARCL) study 

was published and added new information on the 
role of statins on the secondary prevention of stroke 
[3]. This particular trial enrolled 4,731 patients with 
previous stroke or TIA which ocurred within one 
to six months prior to the study entry. All patients 
included had no previous history of coronary heart 
disease and were treated with atorvastatin 80 mg or 
placebo. After a median follow-up of 4.9 years, the 
primary objective of the study, a first fatal or nonfa-
tal stroke, was reduced in 16% (adjusted hazard ra-
tio 0.84, 95% CI 0.71-0.99, p = 0.03) [3]. Again, the 
benefit was due to a significant reduction on the 
ischemic stroke rate. Other benefits included a sig-
nificant reduction on major coronary events (ad-
justed hazard ratio 0.65, 95% CI 0.49-0.87, p = 
0.003), and major cardiovascular events (adjusted 
hazard ratio 0.80, 95% CI 0.69-0.92, p = 0.002) [3]. 
The benefit of statin treatment in the trial was dem-
onstrated in the prevention of ischaemic stroke 
(hazard ratio 0.75, 95% CI 0.66-0.94), but there was 
an increase in the rate of hemorrhagic stroke (haz-
ard ratio 1.66, 95% CI 1.08-2.55). No differences 
were seen between groups in the incidence of fatal 
hemorrhagic stroke (17 in the atorvastatin and 18 in 
the placebo group) as well as in the total mortality. 

More recently, another important trial tested the 
benefit of statin treatment on stroke prevention 
among patients in primary prevention for cardio-
vascular disease. The JUPITER trial [4] evaluated 
the benefit of rosuvastatin 20 mg daily among 

Statins and stroke: potential mechanisms for neurovascular 
protection

Francisco A.H. Fonseca, Carolina N. França, Rui M.S. Póvoa, Maria Cristina O. Izar

Federal University of São Paulo. 
São Paulo, SP, Brazil.

Corresponding author:
Francisco A.H. Fonseca, MD, PhD. 
Affiliate Professor. Federal 
University of São Paulo. Rua 
Pedro de Toledo, 276. ZIP Code 
04039030. São Paulo, SP, Brazil.

Fax:  
+55 11 50848777.

E-mail: 
fahfonseca@terra.com.br

Accepted: 
12.07.10.

How to cite this article:
Fonseca FA, França CN, Póvoa 
RM, Izar MC. Statins and stroke: 
potential mechanisms for 
neurovascular protection.  
Rev Neurol 2010; 51: 551-60.

© 2010 Revista de Neurología

Versión española disponible  
en www.neurologia.com

Summary. As the average human lifespan is increasing worldwide, ischemic stroke became one of the most important 
causes of mortality and morbidity, particularly in emerging countries. Significant decrease in the rates of first and recurrent 
stroke using statins has been established in large clinical trials and in systematic reviews and meta-analyses. Interestingly, 
observational studies reported that cholesterol levels were only weakly associated with ischemic stroke, suggesting that 
other potential mechanisms for vascular protection should be implicated. Indeed, beyond lipid changes, some properties 
of these drugs, related to inflammation, hemostasis, endothelial function, plaque stabilization, and more recently, to the 
mobilization of endothelial cells, have been proposed. In addition, recent meta-analysis also revealed that statins decrease 
systolic and diastolic blood pressure. Taken together, all these benefits can contribute for stroke prevention by statins.
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17,802 subjects with relatively normal baseline LDL-
cholesterol levels (< 130 mg/dL), but who were at 
increased risk due to high levels of C-reactive pro-
tein (≥ 2 mg/L). After a median follow-up of 1.9 
years an unexpected 48% reduction in the incidence 
of first fatal or non-fatal stroke was observed among 
those patients receiving statin therapy (hazard ratio 
0.52, 95% CI 0.34-0.79, p = 0.002). The authors re-
ported that the benefit was due to a 51% reduction 
in the rate of ischaemic stroke (hazard ratio 0.49, 
95% CI 0.30-0.81, p = 0.004) with no difference be-
tween groups in the rates of hemorrhagic stroke.

After the JUPITER trial, Amarenco & Labreuch 
published an interesting review and meta-analysis 
on the effect of statins including 165,792 individu-
als [5]. According to the authors, for primary pre-
vention of stroke, the relative risk of fatal and non-
fatal strokes was decreased in 19% (RR 0.81, 95% CI 
0.75-0.84, p < 0.0001), and for secondary preven-
tion of stroke, the relative risk was reduced in 12% 
(RR 0.88, 95% CI 0.78-0.99, p = 0.003), among pa-
tients treated with statins. Considering all trials to-
gether there was a relative risk reduction in stroke 
of 18% (RR 0.82, 95% CI 0.77-0.87, p < 0.0001). For 
hemorrhagic stroke there was a non-significant ef-
fect of statin treatment in primary prevention (RR 
0.81, 95% CI 0.60-1.08, p = 0.15). Conversely, there 
was a significant increase in secondary prevention 
for hemorrhagic stroke (RR 1.73, 95% CI 1.19-2.50, 
p = 0.004). Considering all these trials together (pri-
mary and secondary prevention), the authors found 
a non-significant effect of statin therapy in the rela-
tive risk for hemorrhagic stroke (RR 1.03, 95% CI 
0.75-1.41, p = 0.88). 

In another interesting meta-analysis high dose 
of atorvastatin (80 mg daily) was compared with 
standard statin doses among coronary heart disease 
patients. For this analysis, Bobadilla et al [6] includ-
ed 25,709 subjects from five randomized statin 
studies and found a significant reduction in the 
stroke rates for those allocated to receive atorvasta-
tin 80 mg (relative risk 0.83, 95% CI 0.72-0.96, p = 
0.0121). The table shows the main findings and 
some characteristics of the clinical trials involving 
statins and stroke prevention.

Potential mechanisms linking  
statins to cerebrovascular protection

Lipids and stroke

In the Multiple Risk Factor Intervention Trial 
(MRFIT) [7], a positive association with ischemic 

stroke was observed with serum cholesterol levels. 
On the other hand, a study which enrolled 350,977 
men, 35 to 57 years of age, with a six-year follow-up 
showed an inverse relation between serum choles-
terol levels and death from hemorrhagic stroke. 
Subsequently, in the Copenhagen City Heart Study 
[8], an observational survey involving 19,698 adult 
men and women, 660 non-hemorrhagic and 33 
hemorrhagic strokes were recorded. The authors 
reported a positive relation between total choles-
terol levels with non-hemorrhagic events. In addi-
tion, a negative association was found between high 
density lipoprotein (HDL) cholesterol levels and 
non-hemorrhagic stroke [8]. In the same study, 
high non-fasting triglycerides levels were associat-
ed with ischemic stroke [9].

Another important cohort in the northwestern 
Germany (the Prospective Cardiovascular Muenster 
Study), also examined the major risk factors related 
to the incidence of stroke [10]. After an average fol-
low-up of 7.2 years among 12,866 men, the authors 
reported an increased incidence of first stroke with 
age. After adjustments, the relative risk for stroke 
was associated with systolic blood pressure, smok-
ing status, hypertension and diabetes mellitus. No 
clear relationship with cholesterol levels was seen in 
this study. Interestingly, in the SPARCL (Stroke Pre-
vention by Aggressive Reduction in Cholesterol 
Levels) trial, the LDL cholesterol levels were not 
predictors of stroke, even among those patients with 
atherosclerotic carotid disease [11]. In fact, based 
on this trial, only baseline HDL cholesterol was re-
lated with the outcome of stroke [12].

Taken together, epidemiological data suggest a 
positive and weak association between non-hemor-
rhagic stroke and both total and LDL-cholesterol 
levels, and an inverse relation between total- and 
LDL-cholesterol levels with hemorrhagic stroke. 
An inverse relation between HDL-cholesterol and 
stroke was also observed, as well as a positive asso-
ciation between non-fasting triglycerides levels and 
ischemic stroke. Based on these aspects, and taking 
into account that statins act mainly on LDL-choles-
terol levels, these observed benefits on stroke pre-
vention seem not to be related solely to lipid chang-
es, but other non-lipid mechanisms induced by sta-
tins may be involved in stroke prevention.

Effects of statins beyond lipid changes

In recent years, some important properties of these 
drugs beyond cholesterol reduction have been re-
ported to explain their entire spectrum of benefits 
on atherosclerosis. On this regard, improvement of 



553www.neurologia.com  Rev Neurol 2010; 51 (9): 551-560

Statins and stroke: potential mechanisms for neurovascular protection

endothelial function, and reduction on markers of 
inflammation and hemostasis, seems to be key 
mechanisms of vascular protection. Furthermore, 
these pharmacological agents, by modulating the 
innate and adaptive immunity, can affect the heal-
ing process following the vascular injury due to 
several risk factors. In fact, these so-called pleiotro-
pic effects of statins constitute a fascinating field of 
investigation in atherosclerosis. Some of these 
properties are detailed in this review. 

Mechanisms for atherothrombotic events

The major characteristics of the vulnerable plaque 
were reported in the last decade by Libby [13,14] 
and confirmed by numerous studies of imaging 
and pathology. The rupture of these plaques is re-
sponsible for 75% of coronary thrombosis related 
to myocardial infarction and death, and 90% of 

ischemic stroke [15]. The lipid core of these vul-
nerable coronary plaques is greater than that of 
stable lesions, corresponding to 29-43% of athero-
ma area, and in the site of plaque rupture, there is a 
high concentration of inflammatory cells, mainly 
macrophages. In patients with symptomatic carot-
id disease the lipid core constitutes 40% of the 
atheroma [15]. 

The pathophysiology of atherosclerosis is still 
poorly understood, but the deposition of cholester-
ol forming the atherosclerotic plaque in the intima 
seems to share similar vascular responses, even 
when associated with a variety of different risk fac-
tors such as diabetes, hypertension, smoking habit 
or dyslipidemias. These common aspects include: 
endothelial dysfunction, oxidized lipoproteins, in-
flammatory cells in the intima (macrophages, lym-
phocytes, mast cells), neovascularization, and in-
traplaque hemorrhage. The thrombotic event is 
usually associated with plaque rupture or endothe-

Table. Statin therapy and stroke prevention [1-5].

Study Any stroke Ischaemic stroke Hemorrhagic stroke

CTT a, 
n = 90,056

↓ 17% 
RR = 0.83 

CI 95% = 0.78-0.88

↓ 22% 
RR = 0.78 

CI 99% = 0.7-0.87

↑ 5% 
RR = 1.05 

CI 99% = 0.78-1.41

SPARCL 
n = 4,731 
(atorvastatin)

↓ 16% 
RR = 0.84 

CI 95% = 0.71-0.99

↓ 22% 
RR = 0.78 

CI 95% = 0.66-0.94

↑ 66% 
RR = 1.66 

CI 95% = 1.08-2.55

JUPITER 
n = 17,802 
(rosuvastatin)

↓ 48% 
RR = 0.52 

CI 95% = 0.34-0.79

↓ 51% 
RR = 0.49 

CI 95% = 0.3-0.81

↓ 33% 
RR = 0.67 

CI 95% = 0.24-1.88

Amarenco b 

n = 165,792

↓ 18% 
RR = 0.82 

CI 95% = 0.77-0.87
No available

Not significative 
RR = 1.03 

CI 95% = 0.75-1.41

Bobadilla c 

n = 25,799 
(atorvastatin)

↓ 17% 
RR = 0.83

CI 95% = 0.72-0.96

CI = confidence interval. a Includes: 4S (Scandinavian Simvastatin Survival Study), WOSCOPS (West of Scotland Coronary Prevention Study), CARE (Choles-
terol And Recurrent Events); Post-CABG (Post Coronary Artery Bypass Grafting), AFCAPS/TexCAPS (Air Force-Texas Coronary Atherosclerosis Prevention Study), 
LIPID (Long-Term Intervention with Pravastatin in Ischemic Disease), GISSI prevenzione (Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Mio-
cardico), LIPS (Lescol Intervention Prevention Study), HPS (Heart Protection Study), PROSPER (Prospective Study of Pravastatin in the Elderly at Risk), ALLHAT-
LLT (Antihypertensive and Lipid-lowering Treatment to Prevent Heart Attack Trial), ASCOT-LLA (Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering 
Arm), ALERT (Assessment of Lescol in Renal Transplantation study), and CARDS (Collaborative Atorvastatin Diabetes Study), CTT (Cholesterol Treatment Trial-
ists); SPARCL (Stroke Prevention by Aggressive Reduction in Cholesterol Levels), JUPITER (Justification for the Use of Statins in Prevention: An Intervention 
Trial Evaluating Rosuvastatin); b Includes: SEARCH (Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine, JUPITER, ASPEN 
(Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus), MEGA (Management of Elevated Cho-
lesterol in the Primary Prevention Group of Adult Japanese ), IDEAL ((Incremental Decrease in End Points Though Aggressive Lipid), TNT (Treating to New 
Targets), ALLIANCE (Aggressive Lipid-Lowering Initiation Abates New Cardiac Events), CARDS; PROVE-IT, A to Z ((Aggrastat to Zocor); ASCOTT-LLT, ALLHAT-LLT, 
GREACE (Greek Atorvastatin and Coronary-Heart-Disease Evaluation), HPS, PROSPER, MIRACL (Myocardial Ischemia Reduction with Aggressive Cholesterol 
Lowering), GISSI, AFCAPS/TexCAPS, LIPID, Post-CABG, CARE, WOSCOPS, 4S; c Includes TNT, IDEAL, PROVE-IT, ALLIANCE, VBSS. 
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lial erosion [16,17]. The plaques prone to rupture 
not necessarily are obstructives, and, in fact, coro-
nary and cerebrovascular events can occur even 
with small degree of vascular stenosis [18,19]. In-
deed, the presence of intraplaque hemorrhage, neo-
vascularization and vasa vasorum development, 
but not the degree of restenosis, seem to be the de-
terminant components of plaques prone to athero-
thrombotic complications [20,21]. An important 
aspect is the frequent concomitant presence of ath-
erosclerosis in more than one site (coronary, cere-
brovascular, and peripheral) [22,23]. 

During many years cardiovascular events were 
associated with the degree of vascular stenosis, 
and modest attention was given to the plaque 
components. Nowadays, it has been recognized 
that many aspects of the vulnerable plaques, such 
as a variety of cells involved in the innate and 
adaptive immunity plays an important role in the 
local thrombogenicity, endothelial activation and 
inflammatory signalling [24,25]. In fact, it has been 
recognized that oxidized lipoproteins can induce 
the release of antibodies (anti oxLDL Abs) by B 
lymphocytes that can complex with modified lipo-
proteins. These autoantibodies seem to have a pro-
tective role in atherosclerosis, as was suggested by 
the increased titers of the Abs among stable pa-
tients [26] and after blood pressure control in hy-
pertensive patients [27]. 

In some regions of the vasculature there are pro-
found alterations in the antithrombotic endothelial 
properties, reducing the ability of these cells to pro-
duce endogenous fibrinolysis, or to avoid platelet 
activation. Furthermore, the presence of some in-
flammatory cells in the intima increases the release 
of pro-thrombotic products (Fig. 1). 

In addition to plaque rupture, which occurs 
mainly in plaques with thin fibrous cap and large 
lipid core, endothelial erosion is another common 
mechanism for thrombotic events, particularly 
among women, diabetic subjects and in the elderly 
[28,29]. 

Other crucial components for the atherothrom-
botic event are not in the plaques, but in the blood 
stream. The presence of systemic inflammation, 
characterized by high levels of circulating interleu-
kins and several acute-phase proteins, including 
some markers of coagulation cascade activation, in-
creases the risk for thrombotic events [30]. 

All the classical cardiovascular risk factors con-
tribute to some extent for the systemic and local 
inflammation, which triggers endothelial activa-
tion or its apoptosis. On the other hand, the ability 
to replace the apoptotic or senescent endothelium 
by endothelial progenitor cells mobilized from 
bone marrow is also diminished in the presence of 
these classical risk factors [31-35]. The fragmenta-
tion of the endothelium not only creates a region 
prone for local thrombosis, but also releases mi-
croparticles in the blood stream that are highly 
thrombogenic. Therefore, our current vision of the 
pathophysiology of atherothrombosis involves 
many systemic and local components. How statins 
can modify this scenario?

Pleiotropic effects of statins

The majority effects of statins beyond cholesterol 
synthesis reduction are, in fact, correlated with 
the inhibition of the hydroxymethylglutaryl-CoA 
(HMG-CoA) reductase. 

All statins share part of their chemical structure 
with the HMG-CoA, the substrate of the enzyme. 
Therefore, statins act as alternative substrate for the 
enzyme (HMG-CoA reductase) [36]. Statins of the 
last generation (atorvastatin, rosuvastatin) are more 
effective than the first ones, because they have more 
chemical groups in their molecules which increase 
duration of interaction with the enzyme through 
hydrogen bonds [37]. 

The endogenous cholesterol synthesis occurs 
after several steps following the activation of the 
cascade from the interaction of HMG-CoA re-

Figure 1. Uncontrolled risk factors can promote oxidation of lipoproteins and trigger a pro inflammatory 
signalling. Thus, apoptosis of endothelial cells can occur, leading to the formation of endothelial derived 
microparticles. These microparticles are highly thrombogenic particles and can contribute for vascular 
thrombosis. 
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ductase with its natural substrate. Due to the inhi-
bition of the cholesterol synthesis by statins, some 
intermediate compounds are less expressed (farne-
syl pyrophosphate and geranylgeranyl pyrophos-
phate), which can explain the antiatherosclerotic 
properties of these drugs (Fig. 2). By the lower bio-
availability of these intermediate substances, some 
small proteins present in the cytosol are also less 
translocated to the cell membrane, determining 
lower transcription of genes related to inflamma-
tion and hemostasis [38,39]. In addition, through 
the same mechanisms, stabilization of the endothe-
lium is achieved, with release of nitric oxide, and 
improvement on endothelium-mediated vasoreac-
tivity (Fig. 3). 

Endothelial progenitor cells and stroke

Other potential mechanism for vascular protection 
provided by statins is the ability of these compounds 
to mobilize endothelial progenitor cells (EPC). 

The bone marrow is the main source of EPC in 
the adult. The lower mobilization of these cells in 
the bloodstream is related to cardiovascular diseas-
es, and individuals with reduced circulating EPC 
are at higher risk for coronary artery disease [40,41]. 
The recruitment can be stimulated by pro-angio-
genic citokines, such as VEGF (Vascular Endotheli-
al Growth Factor) and SDF1 (Stromal Cell-Derived 
Factor-1), produced by hypoxic areas or in response 
to vascular damage [42].

Due to the extreme scarcity in the peripheral 
blood, an important step in the identification of 
EPC and circulating (mature) endothelial cells 
(CEC) has been the development of sensitive tech-
niques for the detection of rare events, based on 
immunodetection using fluorescent antibodies [43]. 
The EPC express different markers of surface, de-
pending on differentiation stage. When immature, 
these cells express hematopoietic markers, such as 
CD133, CD34, KDR and monocyte/macrophage 
markers, as the CD11b and the CD14 [43,44]. In 
mature EPC the CD133 is not expressed, and 
CD31+, and other typical markers of endothelial 
cells, such as the Von Willebrand factor (vWF), VE-
cadherin, Tie-2, CD146 and E-selectin characterize 
these cells at this stage [45-47]. 

The use of EPC as a tool for evaluating therapeu-
tic angiogenesis or vasculogenesis constitutes a new 
perspective for monitoring patients with cardiovas-
cular diseases. Depletion of circulating EPC is as-
sociated with endothelial dysfunction, an early 
event in the atherogenesis process. In addition, the 
lack of EPC mobilization seems to impair the new 

vessel formation in ischemic areas, as a late event, 
contributing to clinic manifestations of atheroscle-
rosis and cardiovascular disease progression. 

The EPC measurement emerges as a promising 
cardiovascular biomarker, based on its association 
with cardiovascular risk and extension of athero-
sclerosis [48].

Stroke and endothelial progenitor cells 

For primary or secondary stroke prevention, some 
benefits reported with statins can be related to the 
improvement of the balance between EPC mobili-
zation and endothelial apoptosis. On this regard, 
recent studies have shown that EPC are reduced in 
subjects with acute stroke [49], and the extension of 
stroke might be reduced with increased amount of 
EPC [50]. Patients with a higher number of circu-
lating EPC after stroke have better outcomes than 
those with fewer EPC, suggesting that EPC may 
serve as a new marker for stroke outcomes. Fur-
thermore, EPC also participate in revascularization 
after focal cerebral ischemia, and isolated EPC from 
bone marrow (BM) attenuate ischemic injury in 
rats. However, it is unclear whether revasculariza-

Figura 2. Endogenous cholesterol synthesis. Statins reduce the expression of intermediate compounds, 
such as farnesyl pyrophosphate or geranylgeranyl pyrophosphate, by the inhibition of hydroxymethyl glu-
taryl CoA reductase. The consequence is a lower translocation of small signalling proteins (Rho, Ras, Rap, 
Roc, Rab) to the cell membrane, reducing the formation of several proteins involved in the coagulation 
cascade, inflammation or proliferation. In addition, through the inhibition of the complex Rho/Rhokina-
se there is an improvement in the endothelial function due to the higher formation of nitric oxide.
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tion mediated by EPC improves long-term neuro-
logical outcomes after ischemic stroke.

Stroke involves an intrincate cascade of events 
involving cerebral ischemia; altered blood flow; dis-
ruption, inflammation, neuronal necrosis, apoptosis 
of the blood-brain barrier; and neurological dys-
function. The mechanisms involved in the mobiliza-
tion of EPC are not clear, but vascular trauma and 
tissue ischemia appear to facilitate EPC mobiliza-
tion to the peripheral pool, in part by the release of 
cytokines and vascular endothelial growth factor.

There are recent studies evaluating the relation 
between endothelial progenitor cells EPC and 
stroke, and EPC can be a marker of future events in 
atherosclerotic stroke and a marker of the endothe-
lial repair mechanism. Sobrino et al [51] observed 
an increase of EPC cluster numbers 7 and 90 days 
after a stroke, and the increased number of EPC 
was related to a good outcome. Same findings were 
observed in other studies, reporting an increased 
amount of CD34+ cells 7 to 14 days after an isch-
emic stroke [52] and lower EPC cells in the early 
period of patients with acute stroke in comparison 
with control subjects [53].

Experimental administration of EPC in animals 
induces the formation of new blood vessels and also 
increases blood flow in cerebral ischemia, which 
opens new perspectives in neovascularization by 
agents that mobilize these cells. However, the ben-
eficial effects of EPC in the brain are probably not 

limited to neovascularization. Indeed, an observa-
tional study in rats with experimental stroke showed 
neovascularization related to neurogenesis (from 
neural progenitor cells present in the brain), and 
also to migration of these neural progenitor cells 
along the newly formed vessels [54]. 

An interesting study found a direct correlation 
between homocysteine and EPC colony counts in 
stroke patients, indicating a possible role of homo-
cysteine in affecting the integrity of the vascular 
system and its relationship to EPC [55].

Increased mobilization of endothelial  
progenitor cells by statins

Beyond favourable lipid changes and some benefits 
on inflammation and hemostasis, statin use can 
rapidly increase the mobilization of endothelial 
cells. Contributing to endotelial repair, these agents 
add new and important mechanisms for vascular 
protection. These benefits seem to be largely inde-
pendent of cholesterol levels, as suggested by the 
comparison of two hypolipidemic agents, ezetimibe 
and simvastatin on endothelial cells mobilization 
after 4 weeks of therapy, achieving similar LDL-
cholesterol reduction [56]. Figure 3 shows the typi-
cal morphology of endothelial cells after 9 days of 
culture in patient under chronic statin therapy. 

Increased amount of endothelial progenitor cells 
was observed in patients receiving atorvastatin 
3-week prior to cardiopulmonar bypass surgery [57]. 
Higher levels of endothelial progenitor cells were 
observed since the preoperative period and the sta-
tin therapy also reduced inflammatory markers 
measured in the postoperative period. These bene-
fits were not correlated with changes in serum cho-
lesterol levels [57].

The effects of LDL-cholesterol reduction on the 
mobilization of endothelial progenitor cells were re-
cently compared among coronary heart disease pa-
tients by three different regimens of hypolipidemic 
therapy: de novo atorvastatin, ezetimibe (an inhibi-
tor of cholesterol absorption) add-on chronic statin 
therapy, and dose escalation of atorvastatin over four 
weeks [58]. Treatment with de novo or titrated doses 
of atorvastatin reduced circulating apoptotic en-
dothelial cells by 50% and doubled the amount of en-
dothelial progenitor cells. Conversely, ezetimibe did 
not modify the amount of mature or progenitor en-
dothelial cells, despite significant reduction in the 
cholesterol serum levels [58]. Thus, mobilization of 
progenitor endothelial cells and reduction in the en-
dothelial erosion were related to the pleiotropic ef-
fects of statins, and not influenced by lipid changes. 

Figure 3. Endothelial cell culture. Example of the typical aspect of en-
dothelial cells proliferation, observed after nine days of blood collec-
tion of patient in chronic statin use. Statin use is associated with both 
higher degree of cell proliferation and functionally.
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Effects of statins on blood pressure

More than half of strokes can be attributed to blood 
pressure elevation [59] and the relative risk for a 
first stroke increases, continuously above a blood 
pressure of 115/75 mmHg [60]. The rates of recur-
rent stroke are also significantly influenced by blood 
pressure levels [61,62]. Indeed, based on meta-
analysis of nine randomized studies, even small re-
ductions on blood pressure (1-3 mmHg) are associ-
ated with outstanding reduction in the risk of stroke 
(20-30%) [63]. Thus, one possible mechanism of 
stroke prevention by statins could be related to the 
ability of these drugs to reduce blood pressure.

Recently, large clinical trials and meta-analysis 
confirmed that a small, but significant reduction on 
blood pressure was observed among statin users. 

Strazzullo et al [64] analised 20 statin trials in 
which concomitant antihypertensive treatment was 
not changed throughout the study. This meta-anal-
ysis showed that statin therapy reduced systolic 
blood pressure (mean difference: –1.9 mmHg; 95% 
CI: –3.8 to –0.1). The authors reported greater ef-
fect of statins for those patients with baseline sys-
tolic blood pressure > 130 mmHg, and the blood 
pressure response was not related to changes on se-
rum cholesterol. 

The effects of statins on blood pressure were ex-
amined in the UCSD (University of California, San 
Diego) Statin Study [65]. The authors tested the ef-
fects of simvastatin 20 mg, pravastatin 40 mg, or 
placebo in 973 men and women for 6 months. A 
small, but significant decrease in blood pressure was 
observed for systolic blood pressure (–2.2 mmHg, 
p = 0.02) as well as for diastolic blood pressure 
(–2.4 mmHg, p < 0.001) in statin users.

Recently, the effects of statin use were reported 
in the National Health and Nutrition Examination 
Survey (NHANES) [66]. The study showed that sys-
tolic blood pressure was on average 1.8 mmHg low-
er in statin users versus nonusers (p = 0.05). These 
benefits of statins on systolic blood pressure were 
restricted to hypertensive patients using antihyper-
tensive therapy. Statin users also had lower diastolic 
blood pressure, –1.9 mmHg on average, regardless 
of antihypertensive therapy. 

Summarizing the blood pressure effects, the use 
of statins seems related to a small but significant re-
duction on blood pressure. This effect is greater 
among hypertensive patients and is not substan-
tially influenced by changes in cholesterol levels. 
The possible mechanisms involved include: restora-
tion of endothelial function, decrease in inflamma-
tion (hypertension is usually preceded by elevation 

on serum markers of inflammation, e.g. C-reactive 
protein) [67-69], decline in the renin-angiotensin 
system activation [70], and reduction in the carotid 
pressure waveform [71]. All these mechanisms may 
be involved in the stroke prevention, beyond lipid 
changes by statins. 

In conclusion, statin use emerges as a usefulness 
antiatherosclerotic strategy to reduce stroke rates. 
Primarily considered a hypolipidemic agent, this 
class of drugs simultaneously is able to attenuate 
multiple mechanisms related to plaque formation 
and its desestabilization. Figure 4 summarizes the 
multiple pathways involved for the cardiovascular 
protection following the therapy with statins. It is 
also of worth to remind that concomitant disease in 
other vascular territories is very common in cere-
brovascular disease, and the use of statins can also 
prevent other cardiovascular events, such as the 
complications of coronary heart disease and pe-
ripheral vascular disease.
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Estatinas y accidente cerebrovascular: posibles mecanismos de acción de la protección neurovascular

Resumen. Como la esperanza de vida media de los seres humanos está aumentando en todo el mundo, el accidente cere-
brovascular isquémico se ha convertido en una de las causas más importantes de morbimortalidad, especialmente en los 
países emergentes. Se ha establecido un descenso significativo en las tasas del primer accidente cerebrovascular y del ac-
cidente cerebrovascular recurrente con el uso de estatinas en ensayos clínicos grandes y en metaanálisis y revisiones siste-
máticas. Curiosamente, los estudios de observación describieron que los niveles de colesterol estaban sólo débilmente 
asociados al accidente cerebrovascular isquémico, lo que sugiere que debe haber otros posibles mecanismos implicados 
en la protección vascular. De hecho, más allá de los cambios en los lípidos, se han propuesto algunas propiedades de es-
tos medicamentos relativas a la inflamación, hemostasia, función endotelial, estabilización de las placas de ateroma y, 
más recientemente, a la movilización de las células endoteliales. Asimismo, un metaanálisis reciente también puso de 
manifiesto que las estatinas reducen la presión arterial sistólica y diastólica. En general, todos estos beneficios pueden 
contribuir a la prevención de los accidentes cerebrovasculares mediante el uso de estatinas.

Palabras clave. Accidente cerebrovascular. Células madre endoteliales. Estatinas. Hemostasia. Inflamación. Presión arterial. 


