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ABSTRACT

These data may suggest no involvement of lipid metabolism in the pathogenesis of stroke, but recent clinical trials
and meta-analyses of the use of 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors (statins) in patients with
a history of coronary artery disease have clearly shown a
reduction in stroke risk. This apparent discrepancy raises
questions about the interpretation of the epidemiological
data, the pathogenesis of stroke and the mode of action of
statins. Furthermore, from a clinical point of view, several
questions arise. Which patients will benefit from cholesterol lowering and/or statin therapy and will the effect
persist when statin treatment is combined with other
agents that reduce stroke risk, such as ACE inhibitors
and the newer antiplatelet drugs?4, 5

Although strokes belong to the group of cardiovascular
disorders, there is no clear association between LDL
and/or HDL levels and ‘stroke’ as an entity. However,
there is ample evidence that statins reduce stroke risk in
selected patient groups such as survivors of myocardial
infarction. This apparent paradox can be explained on the
one hand by the heterogeneity of strokes as a group and
on the other hand by the specific characteristics of statins.
There are strong indications for a relationship between
blood lipid profiles and types of stroke that have atherosclerosis as the underlying pathogenetic mechanism.
Apart from their ability to reduce LDL levels significantly,
statins have a number of other properties, which influence
the process of atherosclerosis at various stages. Future
and ongoing trials have to prove which patients at risk for
stroke will benefit most from the preventive use of statins.

P O S S I B L E E X P L A N AT I O N S F O R T H E
‘STROKE-CHOLESTEROL PARADOX’

Although it is well established that there is no association
between LDL and/or HDL levels and ‘stroke’ as an entity,
there is also ample evidence that statins, i.e. cholesterollowering therapy, reduce stroke in selected patient groups.
Several explanations may be given for this paradox. In
the first place ‘stroke’ is not one unequivocal entity but a
collection of cerebrovascular diseases (figure 1). It may
well be that the ‘strokes’ registered in the epidemiological
studies differ from the ‘strokes’ observed in the large statin
interventional studies.6, 7 Secondly, the epidemiological
data may be flawed as to the type of stroke that may be
related to cholesterol. It is well known that coronary
atheroma, i.e. large-vessel disease, is cholesterol related

INTRODUCTION

Cerebrovascular disease is one of the leading causes of
death worldwide and responsible for long-term disability in
many patients.1 More than 30,000 strokes are diagnosed
each year in the Netherlands and an increase of 35-40%
in the number of patients is predicted for the year 2015.2
Although stroke is considered to be a vascular disorder,
many epidemiological studies failed to demonstrate an
association between blood cholesterol levels and the incidence of stroke.3 Furthermore, no reduction in the risk of
stroke could be established in a large number of trials of
cholesterol lowering through diet and various agents.
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Tentative classification of the types of stroke
Diseases and organ damage leading to the clinical syndrome of stroke are tentatively classified. Ischaemic and haemorrhagic diseases are
discriminated. The box of stroke type implicated as cholesterol-related is emphasised.

viduals with a mean follow-up of 16 years (total 7.3 million person-years of observation), recording 13,397 participants as having had a stroke, could not demonstrate an
association between blood cholesterol and stroke.11
However, because data on the types of strokes were not
centrally available, the authors stated that the lack of an
overall relation did not exclude a positive association of
cholesterol with ischaemic stroke (see figure 1). In fact,
such a positive association between serum cholesterol
level and non-haemorrhagic stroke was observed in the
Multiple Risk Factor Intervention Trial (MRFIT) registering
six-year mortality rates in 350,977 middle-aged men.12
Interestingly, that same study showed an inverse association of the serum cholesterol level with the risk of death
from intra-cranial haemorrhage, although this was confined to men with diastolic blood pressure ≥90 mmHg.
Support for a positive association of cholesterol with nonhaemorrhagic cerebrovascular events comes from the
Copenhagen City Heart Study and from the Eastern Stroke
and Coronary Heart Disease Collaborative Group.13, 14 In
the Copenhagen City Heart Study the effect was found
only in the group with cholesterol levels >8 mmol/l,
corresponding to the upper 5% of the distribution in the
study population.14 This Danish study following 19,698
individuals for more than ten years and observing 660

and is the main cause of coronary heart disease. Carotid
atheroma on the other hand is only one of the several
causes of cerebrovascular disease (figure 1). Furthermore,
the age at which patients develop stroke is much higher
than it is for CHD. Therefore, the number of patients
that could have developed cholesterol-related stroke is
diminished by the time they are old enough because of the
mortality associated with CHD. This theory is in keeping
with the finding that when patients known to have (survived) large-vessel disease (atheroma) are selected, i.e.
patients that have already had an MI, they not only run a
higher risk for a second MI but also for a subsequent
stroke.8, 9 Finally, a completely different explanation for
the stroke-cholesterol paradox may lie in the pleiotropic
effects that statins may have in addition to their ability to
lower cholesterol.
Epidemiology and types of strokes
Conflicting data from individual stroke studies and from
population-based observations have turned the relationship
between serum cholesterol and stroke incidence into a
controversial issue. Some of the studies show a positive
association, some no association and others, including
Framingham, even a negative one.10 A review of 45
prospective observational cohorts involving 450,000 indi-
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disease was performed as part of the Cholesterol And
Recurrent Events (CARE) study.18 During a median followup period of five years, 4159 subjects with a recent
myocardial infarction and mildly elevated total- and lowdensity lipoprotein (LDL) cholesterol were studied. A total
of 128 strokes (52 on pravastatin, 76 on placebo) and 216
strokes or TIAs (92 on pravastatin, 124 on placebo) were
observed, representing a 32% reduction in all-cause
stroke and 27% reduction in stroke or TIA. All categories
of strokes were reduced and there was no increase in
haemorrhagic stroke.
Another more detailed analysis on stroke risk was made in
the Long-Term Intervention with Pravastatin in Ischaemic
Disease (LIPID) study.19 Pravastatin was compared with
placebo in 9014 patients with a history of myocardial
infarction or unstable angina and total cholesterol ranging
from 4.0-7.0 mmol/l. Among the patients given placebo,
the risk of stroke was 4.5%, as compared with 3.7%
among those given the drug (relative reduction in risk:
19%). The risk reduction was somewhat higher (23%) in
the subgroup of non-haemorrhagic stroke and again there
was no negative effect on haemorrhagic stroke.
Apart from these secondary prevention trials, a number
of meta-analyses have now been published. They conclude
that treatment with statins reduces the risk of stroke by
27-31% with the most pronounced effect in patients who
have had a previous myocardial infarction (32%) and a
(non-significant) 11-20% reduction in primary prevention
trials.10, 20 In one of the most recent and extensive metaanalyses, Bucher and colleagues reviewed all randomisedcontrolled trials of any cholesterol-lowering therapy that
provided data on non-fatal and fatal strokes, on death
from coronary heart disease, and on overall mortality.21
This analyses included 28 trials with over 49,000 and
56,000 patients in the intervention and control groups
respectively. Treatment with a statin resulted in a risk
ratio for non-fatal and fatal stroke of 0.76. In contrast, the
risk ratios with fibrates, resins, and dietary modification
were all close to 1.0, meaning no effect on the incidence
of stroke. All these data point to a discrepancy between
the results from statin studies and those from earlier
observational studies and non-statin interventions. One
explanation for this finding is, of course, the difference in
the degree of cholesterol lowering produced by the statins
as compared with non-statin regimens.

non-haemorrhagic and 33 haemorrhagic events, also
showed a negative association between high-density
lipoprotein (HDL) cholesterol and risk of non-haemorrhagic events.
So whether or not an association is demonstrable may be
related to the type of cerebrovascular event. It has been
suggested that the positive association between increasing cholesterol and atherosclerosis-related stroke is diluted by a weaker association with ischaemic stroke due
to intra-cranial small-vessel disease (lacunar disease) and
counterbalanced by a negative association with haemorrhagic stroke (see also figure 1).13 This finding is in agreement with Haffner’s data showing that patients known to
have (survived) large-vessel disease, i.e. patients that have
already had an MI, not only run a higher risk for a second
MI but also for a subsequent ischaemic stroke.8, 9
Cholesterol-lowering trials and stroke: non-statin trials
Once cholesterol was recognised as a risk factor for
atherosclerosis, clinical trials were started to reduce blood
cholesterol levels either by diet alone or combined with a
drug. Most of the trials were designed to assess the effects
of lipid lowering on coronary heart disease and not on
cerebrovascular disease. A meta-analysis of these trials
from the ‘pre-statin’ era revealed no significant reduction
in all (fatal and non-fatal) stroke risk or fatal stroke risk.15
However, with the primary endpoint being a coronary
event, the number of patients in most of these trials was
small and the incidence of strokes low.
Furthermore, the reduction in cholesterol level in the
treated as compared with the control subjects was limited.16
Recently, the results of the Veterans Affairs Cooperative
Studies Programme High-Density Lipoprotein Cholesterol
Intervention Trial (VA-HIT) were published.17 This secondary prevention trial focused on patients with a history
of coronary heart disease and low HDL-c levels (<1.0
mmol/l), who were treated either with gemfibrozil or a
placebo. The median follow-up was 5.1 years. In addition
to a 22% reduction in non-fatal myocardial infarction,
treatment resulted in a 29% risk reduction in investigatordesignated stroke (p<0.04), 25% reduction in confirmed
stroke (p<0.10) and a 59% reduction in transient
ischaemic attacks (TIA) (p<0.001).
Cholesterol-lowering trials and stroke: statin trials
One of the first large trials showing impressive data on
the effectiveness of statins to reduce risks related to atherosclerotic disorders was the Scandinavian Simvastatin
Survival Study (4S).6 In this trial of coronary patients with
elevated levels of blood cholesterol, treatment reduced the
overall incidence of stroke by 29%. The highest reduction
was observed in non-embolic stroke and TIAs. A more
detailed analysis of the effect of statin treatment on stroke
incidence in patients with a history of coronary heart

H M G C O A R E D U C TA S E I N H I B I T O R S

The effectiveness of statins in stroke reduction without an
apparent association between stroke and cholesterol has
become an intriguing subject of debate in medical literature and even a polemic in the Lancet.22-26 Crucial to the
discussion is the recognition that stroke is not a single
disease but rather a collection of cerebrovascular disorders
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Rosendorff stated, the most intriguing aspect of the paradox is not the effectiveness of statins in reducing stroke
risk but the failure of other lipid-lowering interventions
to do so.22 This can largely be explained by the relative
paucity of the non-statin trials.10 There have been only
five pre-statin secondary prevention trials, and of these
only two recorded sufficient numbers of strokes to provide information about the effects of cholesterol lowering
and stroke prevention. In one of them, the Coronary Drug
Project, niacin treatment was associated with a significant
24% reduction in stroke not observed in the clofibrate arm
of the study.29 The majority of the earlier trials included
relatively healthy individuals without a history of coronary
heart disease in whom also statins would fail to reduce
stroke risk as shown in the primary prevention studies.
Furthermore most of the studies had coronary heart disease mortality as primary endpoint and did not examine
stroke at all. Study participants were generally younger
with lower stroke risk profiles.
Although the effectiveness of statins is no longer debated,
there is still considerable discussion on how statins influence the pathogenesis of atherothrombotic disorders.
Theories range from simple LDL cholesterol reduction
and lipid profile modification to a wide spectrum of
so-called pleiotropic effects (table 1).

with different pathogenesis (figure 1). Risk factors are
numerous and may vary with age and type of event. Since
the elderly suffer the highest rates of strokes, risk factors
in this group will strongly influence epidemiological data.
Such risk factors in the elderly were examined in the
Cardiovascular Health Study.27 Apart from age, a history
of hypertension, use of antihypertensive drugs, and systolic (but not diastolic) blood pressure were associated
with the risk of stroke. History of diabetes and several
measures of target organ disease, such as abnormal left
ventricular wall motion and increased left ventricular mass,
carotid stenosis, and atrial fibrillation, also predicted stroke
risk.28 Epidemiological studies that only focus on overall
stroke incidence may miss the link between cholesterol
and the type of stroke related to atherosclerosis because a
number of patients at high risk for the atherothrombotic
type of stroke are likely to die from a coronary event
before even having the chance to develop a stroke. So, as

Table 1

Experimental effects of statins which could play a role in
the observed stroke protection

Modes of action of statins
Statins, as inhibitors of the enzyme HMG CoA reductase,
are able to lower the synthesis of LDL cholesterol.
However, most of them also have the potency to decrease
the concentration of triglycerides and to increase serum
HDL cholesterol. This modification of lipid metabolism
may reduce the risk of stroke by plaque regression or
retardation of plaque progression, by plaque stabilisation
and indirectly by influencing cardiac events.10 By reducing
the incidence of coronary artery disease related disorders
as myocardial infarction, coronary bypass surgery, atrial
fibrillation and left ventricular dysfunction statins reduce
the risk of stroke since all of these are themselves associated with cerebrovascular events.
Apart from the risk factors already mentioned, a strong
association of extracranial carotid intimal medial thickening
with incident stroke is now well recognised.28 Several
studies using B-mode ultrasound have shown that cholesterol lowering retards the progression of carotid atherosclerosis, which favours the application of statins.30-32
However, based on the experiences of intervention trials
in coronary heart disease, it is now generally accepted
that plaque stabilisation is a more important mechanism
in risk reduction than plaque regression. Clinical benefit
from statins can already be observed relatively soon after
initiation of therapy while it takes much longer to demonstrate plaque regression or inhibition of progression.33
Although much of the plaque modifying effect may be

Lipid metabolism
Reduction LDL
Increase HDL
Decrease TG
Plaque dynamics
Regression
Stabilisation
Retardation progression
Inflammation/proliferation
Anti-inflammatory action
Reduced neutrophil and monocyte adhesion
Reduction of VCAM-1 and ICAM-1 expression
Reduced smooth muscle cell proliferation
Haemostatic balance
Reduced platelet aggregation
Tissue factor modification
Enhancement of fibrinolysis
Blood pressure
Increase effects of antihypertensives
Endothelial dysfunction
NO synthase upregulation
Decrease endothelin-1 levels
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tion and neuroprotective effects are possible mechanisms.
At the moment several large secondary trials are ongoing
to evaluate the recurrence risk in patients with a previous
stroke. Very recently, results of the Medical Research
Council/British Heart Foundation Heart Protection Study
have been presented at the American Heart Association’s
2001 meeting showing that five years of statin treatment
prevents heart attacks, strokes or other major vascular
events in 70 of every 1000 patients who have previously
had a stroke.39 Since stroke prevention may be extremely
relevant in the elderly population, new trials like the Risk
Evaluation and Stroke Prevention in the Elderly-Cerivastatin
Trial (RESPECT) and the Prospective Study of Pravastatin
in the Elderly at Risk (PROSPER) will focus on older individuals at risk. These data will help us to answer the
question which patients will benefit most from treatment
as well as to make adequate cost-benefit calculations. In
the mean time, useful guidelines have been supplied by
the recent stroke consensus of the Dutch Heart Foundation
(Nederlandse Hartstichting) and the Dutch Institute for
Health Care Improvement CBO.2 In patients with a mild
stroke, treatment with a statin is recommended in women
younger than 75 years of age and men younger than 70
with a manifestation of atherosclerosis, such as symptomatic carotid stenosis, a recent myocardial infarction,
angina or peripheral vascular disease, unless plasma
cholesterol level is <5 mmol/l or LDL cholesterol <3.2
mmol/l. If there is no atherosclerosis but instead high
blood pressure, diabetes or a family history of premature
atherosclerosis, treatment should be based on the risk of
the development of coronary artery disease. The near
future will tell whether this policy has been adequate.

directly linked to statin-induced changes in lipid metabolism, that is probably not the whole story. In the West of
Scotland Coronary Prevention Study (WOSCOPS), a primary intervention trial with pravastatin in middle-aged
men with slightly elevated cholesterol levels, treated individuals had a better prognosis compared with controls
despite the same lipid profile (total cholesterol, LDL-c,
HDL-c and triglycerides) suggesting an additional benefit
from the statin.7
At the moment quite an impressive list of these non-lipid,
pleiotropic effects of statins can be made up including
effects on inflammation and the immune system, smooth
muscle cell proliferation, macrophage metabolism, collagen
synthesis and oxidation of LDL cholesterol (table 1).34
Statins also influence the haemostatic balance with effects
on platelet aggregation, expression of tissue factor, plasma
levels of fibrinogen and on fibrinolysis. Treatment with
statins can lower blood pressure, a mechanism that would
be immediately relevant with regard to stroke protection.23
One of their most intriguing abilities is to improve
endothelial dysfunction, which has been shown both in in
vitro and in vivo models. Already within a month, treatment with simvastatin in hypercholesterolaemic patients
augments both the stimulated and basal nitric oxide (NO)
dilator functions of the endothelium, an effect that persists with continued therapy.35, 36 In an animal model of
occlusion, reperfusion of the middle cerebral artery, augmentation of cerebral blood flow, reduction of cerebral
infarct size and improvement of neurological function
were demonstrated in statin-treated animals.37 This effect
was not associated with cholesterol lowering but with
up-regulation of endothelial NO synthase. So, apart from
reducing stroke risk, the statin class of drugs exhibits a
number of properties that are likely to attenuate the effects
of ischaemia on the brain vasculature and parenchyma.
Although these data are extremely interesting and promising, we should realise that many of them derive from
laboratory experiments and animal studies and that their
clinical relevance needs to crystallise. Furthermore, while
cholesterol lowering is a class effect of statins, there
may be essential differences between the statins with
regard to the various pleiotropic effects.38
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