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Stroke is one of the leading causes of mortality
and morbidity worldwide. Despite recent important advances in therapeutic approaches, only a
very small proportion of patients receive treatment
and treatment is still far from satisfactory. Several
conditions and life-style factors have been identified as risk factors for stroke, and strategies
aimed at modifying these are the best way to reduce the burden imposed by the disease.We review
the available data on the effectiveness of modifying risk factors by means of life-style changes,
drugs, and surgery in the primary prevention of
stroke. Identification of new risk factors and of
markers for individuals at high risk is essential
for more efficacious prevention.
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Résumé
L’accident cérébrovasculaire ischémique est une
des principales causes de mortalité et morbidité
dans le monde. Malgré les développements récents
dans la thérapeutique, seul un petit nombre de
patients vont bénéficier de cela et son efficacité est
encore loin d’être satisfaisante. Plusieurs conditions morbides et styles de vie ont été identifiés
comme facteurs de risque pour l’accident vasculaire cérébral, et des différentes stratégies adressées à les modifier sont le meilleur moyen pour
diminuer l’impact de la maladie. Nous revoyons
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dans cet article, les données de la littérature visées
à modifier les facteurs de risque à travers des
changements de style de vie, des médicaments, et
de la chirurgie à fin de prévenir de façon primaire
la maladie. Pour avoir une prévention plus efficace,
l’identification des facteurs de risque et des marqueurs pour les malades à haut risque est essentiel.
Mots clés: maladies cérébrovasculaires; prévention; facteurs de risque

Stroke epidemiology
Stroke is the third leading cause of death worldwide [1], and the leading cause of disability in
developed countries [2]. Although Switzerland
has one of the lowest stroke death rates in the
world at 38–47 per 100 000 per year, much lower,
for example, than in eastern European countries
with rates of 176–249 per 100 000 per year, stroke
still imposes an enormous burden on the health
system [3]. Stroke accounts for 10% of deaths in
the developing world, and, worldwide, was responsible for 4.4 million (9%) of 50.5 million deaths
in 1990 [1]. However, it is more disabling than
lethal, with at least 30% of the survivors making a
incomplete recovery and a further 20% requiring
assistance for activities of daily living [4], and the
suffering of stroke survivors and their families and
carers must also be taken into account.
During recent decades, there has been a decline
in the incidence of stroke, but recent studies suggest that it is no longer falling [5] and may, in fact,
be increasing. Moreover, ageing of the population
may soon result in an increase in the absolute number of strokes. In addition, although important advances in therapeutic approaches, such as thrombolysis, have been made, treatment for stroke is
still far from satisfactory. In fact, only a small proportion (1.7%) of ischaemic strokes are treated
with thrombolytic agents in some community hospitals [6]. Thus, it is clear that major efforts should
be made in stroke prevention.
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Type of evidence
The purpose of this paper is to review evidence
for the effectiveness of different approaches to
the primary prevention of stroke (table 1). Large
randomised controlled trials are generally considered the gold standard in evaluating the efficacy
of clinical intervention. The great strength of these
studies is that, since patients are randomly assigned
to either the putative casual or some alternative
experience (another agent or no exposure at all),
the study groups are similar not only in terms
of already known determinants of outcome, but
also in terms of currently unknown determinants
[7]. However, in the case of some risk factors
(e.g. smoking), it would be not ethical to randomly
assign patients to be exposed or nonexposed. In
some situations, therefore, a cohort study, in which
the investigator identifies exposed and nonexposed groups of patients and follows them to
monitor the outcome, may provide the best level of
evidence, particularly when the information comes
from a large database and statistical techniques
are used to allow for imbalances due to confounding variables [7]. Nevertheless, an important imbalance, which is either not measured or is unknown to the investigators, may influence the
outcome. When the outcome of interest is very
rare or takes a long time to develop, case-control
studies may be used. In these, patients who have
developed the outcome of interest (cases) are
compared with persons who do not have this
outcome (controls), but who are otherwise similar
to the cases with respect to important determinants of outcome, such as age and sex. Limitations
of case-control studies are that a condition may
change after the outcome (e.g. see homocysteine
and Chlamydia pneumoniae), a recall bias may
influence the results, and, as in cohort studies,
unmeasured confounding variables may be responsible for differences. Meta-analysis can provide
an objective summary of all the available evidence,
but whether meta-analysis is better than large
randomised controlled trials is a matter of contention [8].

Limitations
It is often difficult to draw conclusions from stroke
epidemiological studies [9]. Stroke is a heterogeneous disorder that includes ischaemic stroke,
intracerebral haemorrhage, and subarachnoid
haemorrhage, each of which has many subtypes,
and studies on stroke have been limited by their
inadequate classification. Moreover, the various
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studies differ in terms of methodology (case-controlled or prospective cohort), study population
(Japanese, American, or Nordic), and drug posology. Sometimes, the results are conflicting. Thus,
the recommendations made in the present presentation should be balanced, for each individual,
against the risk and cost. In addition, results of
stroke prevention trials are coming out so fast
that, by the time this review is published, new risk
factors may already have emerged.

Risk factors
Modifiable risk factors for stroke include hypertension, diabetes mellitus, hypercholesterolaemia,
cigarette smoking, alcohol abuse, and oral contraceptives.Age, sex, race, and family history of stroke
are not modifiable and will not be addressed here.
New potential risk factors, such as inflammation
and infection, are discussed.
Primary prevention is aimed at reducing the
risk of stroke in asymptomatic subjects; recommendations concerning patients with transient
ischaemic attacks and coronary heart disease are
considered here as secondary prevention. Changes
to modifiable risk factors are known to reduce
the incidence of stroke in asymptomatic subjects.
The role of drugs and surgery has not been clearly
determined. Primary prevention in patients with
special characteristics, such as atrial fibrillation
and carotid stenosis, is also discussed.

Hypertension
Hypertension is the most prevalent and modifiable risk factor for stroke and associated with
ischaemic stroke, intracranial haemorrhage, and
subarachnoid haemorrhage [10–12].
Antihypertensive therapy substantially reduces
the risk of stroke. A meta-analysis of 14 randomised trials showed that only a 5–6 mm Hg
reduction in diastolic blood pressure resulted in
a significant reduction of 42% (95% CI 33–55%)
in stroke in treated patients, a value that could
be achieved with less than 5 years of treatment
using diuretics or beta-blockers as first-choice
drugs [13].
Although there is no longer uncertainty about
whether hypertension should be treated, many
questions have only recently been answered. In
the beginning of the 1990s, there was a reluctance
to reduce high blood pressure in the elderly. The
Swedish Trial in Old Patients with Hypertension
(STOP Hypertension trial) showed that antihyper-
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Table 1

Best evidence for the effectiveness of approaches to primar y prevention of stroke.

risk factors

best evidence1

comments

hyper tension

randomised
controlled trials,
meta-analysis

Newer antihyper tensive agents (ACE
Blood pressure should be lowered
inhibitors and calcium antagonists)
to normal values by life-style changes
may be as effective as conventional
and/or pharmacological treatment.
treatment (diuretics and beta-blockers)
in the reduction of stroke.

diabetes mellitus

cohor t studies

cholesterol

randomised
controlled trials,
meta-analysis

Randomised controlled trials have
shown that statin use, but not
necessar y cholesterol reduction,
decreases the risk of stroke in
coronar y hear t disease patients.

Statins should be prescribed in patients
with high cholesterol levels because of
the benefits for coronar y hear t disease
[142]. The value of statins in the
primar y prevention of stroke is still
unclear.

cigarette smoking

cohor t studies,
meta-analysis

Individuals who stop smoking show
a marked reduction in stroke risk
within 2–4 years of cessation.

Cigarette smoking should be discouraged.

alcohol consumption

cohor t studies,
meta-analysis

Different types of beverage
(wine, beer, spirits) seem to have
the same effect on stroke risk.

Alcohol use is related to serious morbidity and social problems, therefore
public recommendation of alcohol
consumption for stroke prevention may
promote more hazards than benefits.
Encouragement of high-risk subjects
on an individual basis may be helpful.
Excessive use of alcohol should be
avoided.

oral contraceptives

cohor t studies,
meta-analysis

The risk of stroke associated with
new oral contraceptives is ver y low.

There is no contraindication for oral
contraceptives for women without
vascular risk factors.

postmenopausal
cohor t studies
oestrogen replacement
therapy

There seems to be no association
between hormone replacement
therapy and stroke.

Postmenopausal hormone use should
not be discontinued, as it markedly
reduces the risk of coronar y hear t
disease.

physical activity

cohor t studies

Studies show conflicting results.

Regular, moderate levels of physical
activity may be par t of a primar y
prevention strategy for stroke.

diet

cohor t studies

Data are still limited and controversial. Consumption of fruits and vegetables
should be encouraged, since they
are a rich source of potassium and
fibres.

aspirin

randomised
controlled trials,
meta-analysis

Long-term aspirin increases the risk
of haemorrhagic stroke.

carotid
endarterectomy

randomised
controlled trials,
meta-analysis

Endar terectomy may be indicated for
certain patients with 60–99% stenosis.
Only patients with a low surgical risk
(<3%) and with a life expectancy of at
last 5 years are likely to benefit from
surgery [143].

vitamin
supplementation

randomised
controlled trials

There is no clear evidence that multivitamin supplementation reduces the
risk of stroke.

homocysteine

cohor t studies,
case-control studies

1
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recommendations

Strict control of glucose levels in
diabetes has not yet been proven
to be associated with a reduced risk
of stroke, but should be encouraged
because of benefits in terms of microvascular complications.

There is no agreement in the
literature regarding whether this
is a risk factor or an acute phase
reactant.

There is no scientific suppor t
for prescribing aspirin to reduce the
risk of stroke in asymptomatic
patients.

There is no clear evidence for pre-scribing vitamins or folate to reduce
homocysteine levels. Randomised
controlled trials addressing this issue
are ongoing.

Best evidence provided by randomised controlled trials, cohor t studies and case-control studies.
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tensive treatment in people aged 70–84 was safe
and conferred a 45% reduction (95% CI 14–67%)
in risk of stroke compared with placebo [14].
Diuretics or beta-blockers were again the firstchoice medications. Although this trial excluded
subjects with isolated systolic hypertension (systolic blood pressure >160 mm Hg and diastolic
blood pressure <90 mm Hg), a common condition
in the elderly, this issue was addressed in another
trial, the Systolic Hypertension in the Elderly
Program (SHEP), the results of which were
published in the same year and showed that
management of isolated systolic hypertension
with diuretics and beta-blockers in subjects older
than 60 years reduced the total incidence of stroke
by 36% (95% CI 18–50%) [15]. These results were
supported by the recent Systolic Hypertension in
Europe (Syst-Eur) trial, which achieved a 42% reduction (95% CI 17–60%) in the risk of stroke
in subjects older than 60 years with isolated systolic hypertension, but this time using a calcium
antagonist [16].
The two main issues nowadays are to what extent blood pressure should be lowered and which
medical regimen should be chosen. It has been
argued that, at a certain level of reduction of
blood pressure, mortality increases, resulting in
the so-called J curve. However, the J curve has
never been confirmed for mortality from stroke
and whether it exists in coronary heart disease is a
matter of controversy. The Hypertension Optimal
Treatment (HOT) study demonstrated the benefits
of lowering systolic and diastolic pressures, respectively, to 140 mm Hg and 85 mm Hg; efforts to
lower the blood pressure further (down to 120 mm
Hg systolic and 70 mm Hg diastolic) appeared to
give little further benefit, but did not result in any
additional risk [17].
It has been questioned whether newer antihypertensive agents (angiotensin-converting enzyme [ACE] inhibitors and calcium antagonists)
give the same benefits as conventional treatment
(diuretics and beta-blockers). In contrast to European guidelines [18], American guidelines [19] for
the treatment of hypertension do not recommend
first-line treatment with newer agents. However,
the results of several randomised controlled trials
addressing this issue have been published in the
last two years [20–24]. In the Captopril Prevention
Project (CAPPP) trial, stroke was more common
in patients receiving an ACE inhibitor (captopril)
than in those assigned to diuretics and betablockers [20], but a suboptimal dose of captopril,
and therefore a higher blood pressure in the
captopril group, throughout the trial may explain
the stroke excess. In the Swedish Trial in Old
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Patients with Hypertension 2 (STOP Hypertension-2), calcium antagonists and ACE inhibitors
gave similar results to conventional treatment
(beta-blockers or diuretics) in the prevention of
stroke [21]. The Antihypertensive and LipidLowering Treatment to Prevent Heart Attack
Trial (ALLHAT) showed a smaller reduction in
the frequency of stroke and combined cardiovascular events with the alpha-blocker, doxazosin,
than with chlorthalidone [22]. Diltiazem was more
effective than a diuretic and beta-blocker regimen
in lowering the rate of stroke in the Nordic Diltiazem (NORDIL) study [23]. The Intervention
as a Goal in Hypertension Treatment (INSIGHT)
trial reported that the calcium channel blocker,
nifedipine, and the diuretic combination, co-amiloride, were equally effective in preventing stroke
[24]. Overall, with the exception of alpha-blockers,
the accumulated results on antihypertensive therapy suggest that ACE inhibitors and calcium
antagonists are effective alternatives for lowering
blood pressure.

Diabetes mellitus
Diabetes is a well-established, independent risk
factor for ischaemic stroke, but not for haemorrhagic stroke. In the Honolulu Heart Program, the
age-adjusted incidence rate of ischaemic stroke in
diabetics was more than twofold higher than in
subjects in the low-normal category of glucose
tolerance (adjusted RR 2.45, 95% CI 1.73–3.47),
but the incidence of haemorrhagic stroke did not
differ between the groups [25]. However, it is not
clear whether strict control of blood glucose is
effective. In fact, in patients with type 2 diabetes,
intensive sulfonylurea and/or insulin therapy ameliorated microvascular complications, but not
macrovascular complications, such as stroke [26].
Similarly, although intensive insulin therapy (given
either by an external pump or by three or more
daily injections) in patients with type 1 diabetes
delayed the onset of microvascular complications,
the reduction in macrovascular complications was
not significant [27, 28].
Asymptomatic hyperglycaemia was also considered to be an independent risk factor for stroke,
but prospective studies yielded inconsistent results
[25, 29–31]. It was found to be associated with
ischaemic stroke in the Honolulu Heart Program
[25] and the Whitehall Study [29]. In the latter,
non-diabetic men with glucose concentrations
above the 95th percentile had a stroke mortality
rate higher than normoglycaemic, and even diabetic, subjects. However, a pooled analysis of the

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

Whitehall Study, Paris Prospective Study, and
Helsinki Policemen Study failed to demonstrate
this relationship [30]. The British Regional Heart
Study showed that hyperglycaemic subjects had an
increased risk of stroke, but that this was no longer
significant when patients who developed diabetes
during follow-up were excluded, and the authors
suggested that the excess stroke risk in hyperglycaemic subjects might be, in part, due to inclusion of men with subclinical diabetes [31].

Obesity
Data linking obesity and stroke are limited. It is
not clear whether otherwise healthy, mildly, or
moderately, obese subjects are at a higher risk of
stroke than healthy non-obese subjects. One
study reported a lack of relationship between the
body-mass index (BMI) and stroke [32], whereas
another did demonstrate a relationship, but no
adjustment was made for blood pressure and blood
lipids [33]. Nevertheless, overall, the evidence
suggests that there is a U-shaped relationship
between weight and stroke, i.e. subjects at either
extreme of the BMI are at highest risk [33–35].The
relative risk associated with a greater BMI declines
with age, and, in older people, the risk of death and
stroke is similar across a wide range of BMIs [35].

Lipids
Total cholesterol
The relationship between cholesterol levels and
coronary heart disease is well established, and
hypercholesterolaemia is one of the most important risk factors for this disease.Although there are
strong links between coronary heart disease and
cerebrovascular diseases, it remains controversial
whether a high cholesterol level is a risk factor
for stroke, and hundreds of articles, including prospective cohort and case-control studies, reviews,
and meta-analyses, have addressed this issue.
In the Framingham Study, a negative relationship was found between high cholesterol levels and
stroke in females [36]. The Multiple Risk Factor
Intervention Trial (MRFIT) found that, in men
with a diastolic blood pressure ≥90 mm Hg, the
risk of intracranial haemorrhage was three times
higher in those with low-normal cholesterol
(<4.24 mmol/l or 160 mg/dl) than in those with
higher cholesterol levels [37]. On the other hand,
the risk of death from ischaemic stroke increased
significantly with increasing serum cholesterol
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levels. These conclusions were recently reinforced
by an overview of Japanese and Chinese studies,
which revealed a trend towards an increased risk of
haemorrhagic stroke (RR 1.27, 95% CI 0.84–1.91)
and a reduction in the risk of ischaemic stroke
(RR 0.77, 95% CI 0.57–1.06) with decreasing cholesterol concentrations [11]. However, the results
of this last study did not support the previous
suggestion that the risk of haemorrhagic stroke
was higher in patients with both low cholesterol
concentrations and high blood pressure.The above
results on ischaemic stroke also contrast with those
of another meta-analysis of 45 prospective cohorts
which showed no association between total cholesterol and mortality from stroke except, perhaps,
in subjects under 45 years of age [12]. Moreover,
two “early” meta-analyses of cholesterol-lowering
trials showed no significant difference in stroke risk
between the treatment and control groups [38].
There are many possible explanations for the
discrepancies in the results of the above studies.
Firstly, some studies included only fatal stroke,
and the results for less severe stroke may be different. Moreover, stroke subtypes were not identified, and, in studies in which no association
between all strokes and cholesterol was found, a
positive association with ischaemic stroke due to
large artery disease might be counterbalanced by a
negative association with haemorrhagic stroke.
The results of the first three large trials of cholesterol reduction using 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins)
(WOSCOP [39], 4S [40], and CARE [41]) have
shaken previous concepts, and we can now divide
opinion regarding cholesterol as a risk factor into
two eras, the pre- and post-statin era. Six metaanalyses, including the above studies, revealed a
reduction of about 25% in stroke as a result of
statin use [42–47], but this information mainly
comes from secondary prevention studies. Interestingly, these meta-analyses confirm that, although stroke incidence was reduced by 25%,
stroke mortality was not altered by statin treatment. The reason is unclear, but these findings are
in agreement with our own study, using data from
the Lausanne Stroke Registry, in which patients
with normal cholesterol levels had more severe ischaemic strokes than those with high cholesterol
levels [48].
Of the six meta-analyses of cholesterol reduction cited above, only three have analysed primary
and secondary prevention trials separately [43, 44,
47]; these revealed a non-significant 15%, 20%,
and 4%1 reduction in stroke, but none of the three
1

Also included non-statin primary prevention trials.

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

included the last trial of primary prevention with
6605 randomised subjects [49]. Moreover, the trials
on primary prevention were designed specifically
to detect a reduction in coronary heart disease [39,
49] or in carotid intimal medial thickening [50–52].
Since cholesterol levels are strongly associated
with coronary heart disease, patients with high
cholesterol levels are more likely to have a cardiac
event and achieve an end-point, and the population with raised plasma lipids and large-artery
disease decreases with age, when strokes occur.
Meta-analysis including more primary prevention
trials might show a positive result, and the reduction in stroke may be mainly due to a decrease in
strokes secondary to large-artery disease.
Although statin administration reduces the risk
of stroke, this does not necessarily mean that its
effect is mediated by a lowering of cholesterol
levels per se. Indeed, in the recent LIPID study,
the decreased stroke risk seen in patients with
coronary heart disease using pravastatin was not
related to baseline cholesterol levels [53]. Statins
may also retard the progression of carotid stenosis,
stabilise carotid plaques, alter vasomotor tone,
and affect macrophage function, and these effects
may be independent of cholesterol reduction
[38]. In addition, statins may reduce embolic stroke
associated with myocardial infarction, and a recent
analysis of the CARE study showed that statin
treatment resulted in a significant reduction in the
levels of C-reactive protein (an inflammatory
marker) that was not related to the magnitude of
the observed lipid changes [54].

HDL cholesterol
The British Regional Heart Study [55] and the
Copenhagen City Heart Study [56] reported
that higher levels of HDL are associated with a
decreased risk of stroke.

lulu Heart Program, an excess of “haemorrhagic
stroke” was seen among smokers, this may have
resulted from the inclusion of subarachnoid
haemorrhage in this group of patients [58] and it
is therefore not yet clear whether a relationship
exists between intracranial haemorrhage and cigarette smoking. The estimated overall relative
risk of ischaemic stroke for cigarette smoking
was 1.92 (95% CI 1.71–2.16), whereas the risk of
subarachnoid haemorrhage was 2.93 (95% CI
2.48–3.46) [61]. The mechanism by which smoking
causes subarachnoid haemorrhage is not clear, but
may be due to an acute rise in blood pressure,
which may predispose to arterial rupture. It appears that cigarette smoking provokes ischaemic
stroke by more than one mechanism. One mechanism that is irreversible and cumulative is linked to
carotid atherosclerosis progression. Indeed, the
ARIC study showed that progression of carotid
atherosclerosis was more rapid in current, past,
and passive smokers than in non-smokers [62].
The other, and probably most important, effect of
smoking on ischaemic stroke is due to short-term
effects, which include increased fibrinogen levels
and platelet aggregability, elevated haematocrit
values, and reduced cerebral blood flow as a result
of arterial vasoconstriction [63]. The importance
of these short-term effects is supported by the
marked reduction in stroke (ischaemic and subarachnoid haemorrhage) after ceasing smoking
[58, 60–64]. Whether the risk of stroke in subjects
who give up smoking reverts to that seen in subjects who have never smoked remains uncertain.
Such an effect was seen in the Nurses’ Health
Study within 2–4 years of cessation of smoking
[60], whereas, in the British Regional Heart Study,
the risk in heavier smokers (≥20 cigarettes per
day) who stopped smoking, although considerably
reduced, was still higher than in those who had
never smoked [63]. Nevertheless, the early and
huge risk reduction of more than 50% compared
with current smokers warrants vigorous efforts to
encourage subjects to stop smoking.

Triglycerides and lipoprotein (a)
There is limited and conflicting data on the association between serum triglycerides [55, 56] or
lipoprotein (a) [57] and stroke.

Cigarette smoking
Studies published in the 80s clearly established
cigarette smoking as a powerful risk factor for
stroke, especially ischaemic stroke and subarachnoid haemorrhage [58–61].Although, in the Hono-
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Alcohol consumption
The relationship between alcohol consumption
and stroke is complex. In the Honolulu Heart Program, heavy drinkers showed a 3-fold higher risk
of subarachnoid haemorrhage and intracerebral
haemorrhage than non-drinkers [65].These results
are supported by those from a Finnish study, in
which both binge drinking (i.e. occasional alcohol
intoxication) and regular heavy drinking increased
the risk of aneurysmal and non-aneurysmal sub-
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arachnoid haemorrhage [66].The effects of alcohol
consumption on ischaemic stroke are still a matter
of controversy. In the British Regional Heart
Study, lifelong abstainers had an increased risk of
stroke, but there was no convincing evidence that
light or moderate drinking was beneficial for
stroke risk [67]. However, a protective effect of
light or moderate alcohol consumption has been
suggested in several recent studies [68–70]. A
recent case-control study of a multiethnic population suggested that moderate consumption (up
to 2 measures of spirits, 2 cans of beer, or 2 glasses
of wine per day) is associated with a reduced risk
of ischaemic stroke, while heavy alcohol consumption is associated with an increased risk [68].
Although it has been suggested that certain types
of beverages, particularly red wine, are more
protective than others, wine, beer, and spirits had
approximately the same effect [68]. Similarly,
analysis of nearly 450 000 subjects included in the
Cancer Prevention Study II showed that mortality
from all cardiovascular causes, including stroke,
was 30–40% lower in men and women who reported taking at least one drink per day than in
non-drinkers [69]. Furthermore, in the recent
analysis of the Physicians’ Health Study, there was
a significant 23% reduction in the risk of ischaemic
stroke (adjusted RR 0.77, 95% CI 0.63–0.94) in
men who had one, or more, drink per week, the
greatest reduction being seen in men who had
1–4 drinks per week [70]. There was no significant
association between alcohol consumption and
haemorrhagic stroke, but heavy drinking was very
rare in this population.
Alcohol has multiple effects on the body. Moderate alcohol consumption may be inversely associated with atherosclerosis. This effect may be due
to a reduction in Lp (a) levels or increased HDL
cholesterol levels or nitric oxide activity. Moreover, alcohol may promote changes in hemostasis
by altering coagulation in a number of ways, such
as reducing platelet aggregation, increasing the
prostacyclin/thromboxane ratio, reducing fibrinogen levels, and reducing the aggregation and
increasing the deformability of red cells [70].

Hormones
Oral contraceptives
During the 70s, the association between oral contraceptives and ischaemic stroke was established
[71]. Oral contraceptives are also associated with
subarachnoid haemorrhage [72] and ischaemic
stroke secondary to cerebral sinus thrombosis [73].

259

Although the doses of oestrogen and progestagen
used in oral contraceptives have since been reduced, it is only recently that the relationship between low-dose oral contraceptives and stroke
has received more attention [74–77]. The WHO
collaborative study and the Transnational Case
Control study revealed that even low-dose oral
contraceptives have a small increased risk of
ischaemic [74, 76] and haemorrhagic [75] stroke.
A recent meta-analysis of subarachnoid haemorrhage and oral contraceptives showed an increased
risk of stroke, which, although higher with high
oestrogen oral contraceptives, was also seen with
low-dose oral contraceptives (adjusted RR 1.51,
95% CI 1.18–1.92, p = 0.0009) [72]. Although the
risk of stroke was found not to be increased in
current users of low-dose oral contraceptives in
a pooled analysis of the Kaiser Permanent Medical Care Program of Northern California and
University of Washington studies [77], a recent
meta-analysis found a relative risk for ischaemic
stroke of 2.75 (95% CI 2.24–3.38) among current
oral contraceptives users, and of 1.93 (95% CI
1.35–2.74) among low-oestrogen preparation users
[78]. Despite this discrepancy, all studies agree
that the risk of stroke in young women is very low
and the risk is low compared with the potential
benefits of oral contraceptives. In fact, treatment
of 24 000 women with low-oestrogen preparations would be expected to lead to only one additional ischaemic stroke per year [78]. However,
women at high risk of subarachnoid haemorrhage
or ischaemic stroke, namely those with unruptured
aneurysms, a strong positive family history of subarachnoid haemorrhage [72], or a history of cigarette smoking, hypertension, or migraine, might
consider alternative modes of contraception until
more data are available [76, 77].

Postmenopausal oestrogen replacement therapy
Although postmenopausal hormone replacement
therapy, either oestrogen alone or in combination
with progestin, markedly reduces the risk of major
coronary heart disease, there is no reduction in
the risk of stroke [79, 80]. In an analysis based
on a 16-year follow-up of 59 337 postmenopausal
women participating in the Nurses’ Health Study,
no significant association was found between
stroke and either combined hormones (adjusted
RR 1.09, 95% CI 0.66–1.80) or oestrogen alone
(adjusted RR 1.27, 95% CI 0.95–1.69) [79]. These
findings were corroborated by a recent casecontrol study [80].
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Physical activity
In the 90s, several studies [81–87], but not all [88],
demonstrated that physical activity is inversely
related to the risk of stroke. Its protective effects
extend to ischaemic stroke, intracranial haemorrhage, and subarachnoid haemorrhage. However,
there were important differences in the findings of
these studies. The Nord-Trøndelag Health Survey
only included women [87], whereas the British
Regional Heart Study [81], Zutphen Elderly Study
[85], Physicians’ Health Study [86], and Honolulu
Heart Program [82] only included men. In the lastmentioned study, no benefits of physical activity
were seen in either smokers or young subjects [82],
while, in the Framingham Study, no protective
effects were seen in either young subjects or
women [83], and, in the NHANES I study, effects
of exercise were mainly seen in white women and
not in black subjects [84]. Analysis of the Physicians’ Health Study showed that exercise was not
associated with a reduced stroke risk when adjustments were made for BMI and a history of hypertension, high cholesterol, or diabetes mellitus [86].
In the ARIC study, only a weak, non-significant
association was found between physical activity
and reduced risk of ischaemic stroke [88]. The
negative results found in these last two studies and
the differences between subgroups (e.g. women,
smokers, and blacks) may be explained by imprecision in the measurement of physical activity and
a lack of statistical power for identifying effects in
some subgroups. Moreover, since the BMI or a
history of hypertension, high cholesterol, or diabetes mellitus may be considered intermediate
factors of exercise, it may be argued that adjustment for such baseline factors is not necessary.
It is unclear how physical activity reduces the
risk of stroke. The results of the Physicians’ Health
Study suggest that this association results from
beneficial effects on body weight, blood pressure,
serum cholesterol, and glucose tolerance, and that,
apart from these effects, physical activity had no
influence on stroke incidence [86]. However, in
other studies, beneficial effects were seen even
after controlling for these variables, suggesting
that physical activity is independently associated
with stroke. Other possible biological mechanisms
are deceleration of the atherosclerotic process,
modification of artery structure, reduced vasospasm, enhanced myocardial electric stability,
and increased fibrinolysis [87].
There is no consensus on the optimal intensity
and frequency of activity. In one study, vigorous
exercise was seen to be of greater benefit than
moderate exercise in stroke reduction [81]. How-
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ever, frequent sport (vigorous activity) was associated with an increased risk of myocardial infarction, leading the authors to suggest that moderate
levels of physical activity seem to be sufficient to
produce a significant beneficial on stroke and coronary heart disease.

Diet
Information on the relationship between diet and
stroke is limited and contradictory.

Vegetables, fruits, grains, and fibres
A protective effect of fruits, vegetables, and whole
grain on stroke development has been reported
[89–92]. Mechanisms proposed include the lowering of blood pressure associated with dietary
fibre, reduction of serum cholesterol by dietary
soluble fibre, increased potassium intake, antioxidant vitamin effects, and decreased homocysteine levels by provision of dietary folate [89, 92].

Fat
Although saturated fat intake is directly related
to coronary heart disease, analysis of fat intake
in middle-aged men in the Framingham cohort
showed that intake of fat, saturated fat, and
mono-unsaturated fat was inversely associated
with ischaemic stroke [93].

Fish
The low mortality from coronary heart disease in
certain populations, such as Eskimos, with a high
fish consumption contributed to the hypothesis
that omega-3 fatty acids in fish oil may have protective effects on vascular diseases [94]. However,
cohort studies gave inconsistent results; in the
Zutphen study [95], fish consumption was associated with a reduced risk of stroke, while the
Physicians’ Health Study [96] found no association, and the NHANES I study [97] found an
association that was restricted to white women.

Vitamins
The Basel Prospective Study [98] and the recent
Shibata Study [90] suggested that low vitamin
levels are associated with stroke, but clinical trials
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failed to show a reduction in stroke as a result
of supplementation with vitamins, such as betacarotene [99] and vitamin E [100]. Although no
relationship was seen between beta-carotene or
vitamin E supplementation and the risk of all
strokes in a recent randomised controlled study,
there was a higher incidence of subarachnoid
haemorrhage, but a lower incidence of ischaemic
stroke, in men taking vitamin E, and an increased
incidence of intracerebral haemorrhage in the betacarotene-supplemented group [101]; the authors
stated that more data are needed to complete the
relationship between vitamin E and stroke.

Cations
Since the 80s, it has been suggested that low levels
of potassium are associated with stroke mortality
[102]. Although it is well known that potassium
intake reduces blood pressure, the apparent effect
of potassium is greater than would be expected
simply from this relationship. In addition, three
recent large studies have supported the idea of a
protective effect of potassium [103–105], mainly in
hypertensive men [103, 105]. Whether potassium
supplements may be broadly prescribed for hypertensive patients remains to be determined.
Calcium and magnesium intake has also been
associated with reduced stroke [103, 104, 106], but
further studies are necessary.

Aspirin
Over the past decades, studies have shown that
aspirin can definitely reduce the recurrence of
cardiovascular and cerebral vascular events. However, its effects in healthy people are not clear.
Two large clinical trials have addressed the use
of aspirin in the primary prevention of vascular
events [107, 108]. In a non-blind British study that
analysed data from 5139 male doctors randomly
allocated to receive or not receive 500 mg of aspirin daily, there was no difference in the incidence
of myocardial infarction, but disabling strokes
were more common in those allocated to aspirin
[107]. Given the limited data regarding which of
these strokes were ischaemic and which haemorrhagic, the higher incidence of strokes in the
aspirin group could be due to a higher incidence
of haemorrhagic stroke. The Physicians’ Health
Study, a randomised, double-blind, placebo-controlled trial that analysed data from 22 071 male
physicians who received either 325 mg of aspirin or
placebo every other day demonstrated a 44% risk
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reduction in myocardial infarction and a non-significant increased risk of stroke in the aspirin
group [108]. In the subgroup with haemorrhagic
strokes, aspirin was associated with an increased
risk of borderline statistical significance. In the
Nurses’ Health Study cohort, in which the incidence of stroke in women taking aspirin was
recorded, those taking aspirin had a smaller relative risk (0.68) of myocardial infarction, but no
change in the risk of stroke [109].
These findings are reinforced by a recent metaanalysis of trials examining the relationship between aspirin use and stroke in low-risk patients
[110] which found no significant effect of aspirin
on stroke in trials involving subjects with or without risk factors (RR 1.08, 95% CI 0.95–1.24),
contrasting sharply with a reduction in myocardial
infarction (RR 0.74, 95% CI 0.68–0.82) and a protective effect against stroke in patients with vascular disease. Moreover, long-term use of aspirin
increased the risk of haemorrhagic stroke (RR
1.35, 95% CI 0.88–2.1, p = 0.03).

Other drugs
The recent Heart Outcomes Prevention Evaluation (HOPE) study assessed the role of ramipril,
an ACE inhibitor, in patients at high risk for
cardiovascular events and found that ramipril
treatment was associated with a significant 32%
reduction (95% CI 16–44%) in stroke [111]. It
was suggested that ACE inhibitors exert additional direct effects on the vasculature, including
antagonising the direct effects of angiotensin II
on vasoconstriction, vascular smooth muscle cell
proliferation, and plaque rupture, improving vascular endothelial function, and enhancing fibrinolysis.

Cardiac disease
Atrial fibrillation
Atrial fibrillation is associated with a high rate
of ischaemic stroke. A recent review reported an
average stroke rate of 5% per year in patients
included in primary prevention trials, with wide
clinically important variation between subpopulations of atrial fibrillation patients (0.5–12% per
year) [112]. Oral coagulation markedly reduces the
risk of stroke in patients with atrial fibrillation.
This statement is based on the consistent results of
six randomised trials (AFASAK [113], BAATAF
[114], SPAF [115], CAFA [116], SPINAF [117],
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and EAFT2 [118]), aggregate analysis of which
showed that anticoagulation with the oral vitamin
K antagonist, warfarin, reduced the rate of ischaemic stroke by 70% compared with untreated
patients. Assessment of the optimal intensity of
anticoagulation in the EAFT study [119] showed
that anticoagulant therapy resulting in an INR
between 2.0 and 2.9 reduced the combined incidence rate for ischaemic and haemorrhagic events
by 80% compared to patients with an INR below
2.0, while an INR between 3.0 and 3.9 reduced the
combined rate by 40%; in contrast, an INR above
5.0 resulted in an unacceptable risk of bleeding
complications and an INR below 2.0 resulted in no
significant reduction in thromboembolic events.
The use of aspirin was assessed in four randomised trials (EAFT, AFASAK, ESPS22 [120],
and SPAF) and was shown to result in a pooled
risk reduction of 21% compared to placebo. In one
of these trials (SPAF), aspirin was significantly less
effective than warfarin. In the SPAF III low-risk
study, when patients with atrial fibrillation and a
low risk of stroke (absence of the four risk factors
of recent congestive heart failure or left ventricular shortening ≤ 25%, previous thromboembolism,
systolic blood pressure >160 mm Hg, or women
older than 75 years) were placed on aspirin
(325 mg daily) and followed in a nonrandomised
cohort study, the incidence of primary events
(ischaemic stroke and systemic emboli) was 2.2%
per year, that of ischaemic stroke 2.0% per year,
and that of disabling stroke (modified Rankin
score of II or worse) 0.8% [121]. The investigators
concluded that low-risk patients should be treated
with aspirin, since the risk of ischaemic stroke is
so low that warfarin only minimally reduces the
absolute incidence of stroke.
Again in the SPAF III high-risk study, when
atrial fibrillation patients with at least one of the
four risk factors described above were randomised
to receive either a combination of a low fixed-dose
of warfarin (0.4–3.0 mg per day to raise the INR
to between 1.2 and 1.5) plus aspirin (325 mg per
day) or an adjusted-dose of warfarin (to raise the
INR between 2.0 and 3.0), the trial was stopped
because the incidence of primary events (7.9%) in
the combination therapy group was significantly
higher than in the adjusted-dose warfarin group
(1.9%) [122]. Because of the SPAF III results,
the AFASAK2 trial [123], which examined the
efficacy of adjusted-dose warfarin, combined fixed
minidose warfarin and aspirin, fixed minidose
warfarin alone, and aspirin alone, was also terminated prematurely; although the differences be2
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EAFT and ESPS2 are secondary prevention studies.

tween the four treatments did not reach statistical
significance, there was a trend toward a lower
stroke rate in patients receiving adjusted-dose
warfarin.
As the annual rate of stroke among people
with atrial fibrillation is very wide, risk stratification should separate aetiologic subtypes who
should receive different treatments. Although
the risk stratification schemes published by the
Atrial Fibrillation Investigators and SPAF are
not exactly the same, they are consistent with
each other.
Patients with atrial fibrillation and at least one
of the risk factors of previous stroke, transient
ischaemic attacks, or systemic embolism, over 75
years of age, hypertension, or poor left ventricular
function are at high risk of stroke and should be
offered anticoagulation (target INR of 2.5, range
2.0–3.0) unless their risk of bleeding is high.
Patients with atrial fibrillation and no cardiovascular disease (“lone AF”) aged less than 65
years are at such a low risk that they should either
be treated with aspirin or not treated. Patients over
65 years of age without other risk factors may be
considered as at moderate risk and therapy could
include warfarin or aspirin. The dose of aspirin
should be 300 mg a day [124], which has been
shown to be effective in patients with atrial fibrillation.
For patients over 75 years of age, a lower target
INR of 2.0 (1.6–2.5) may be sensible in order to
minimise bleeding. However, this lower warfarin
level has not been established, and many authorities disregard age and accept a higher INR target
of 2.5 [125].
For some patients, aspirin might be preferred to
warfarin because of situations that may increase
the risk of bleeding, namely increased age (over
80–85 years), poor drug or clinical compliance,
uncontrolled hypertension, alcohol excess, liver
disease, bleeding lesions (peptic ulcer or previous
cerebral haemorrhage), or a tendency to bleeding
(including coagulation defects and thrombocytopenia) [126].

Other cardioembolic strokes
Oral anticoagulation therapy should be considered
for the many well-established causes of embolism.
Although evidence from randomised trials is lacking, long-term anticoagulants are routinely used
in patients with mechanical prosthetic valves. In
this situation, a higher target INR of between 3.0
and 4.0 is recommended [127]. Long-term anticoagulation of patients with rheumatic valvular
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heart disease, myocardial infarction, heart failure,
cardiomyopathy, or arrhythmia may also be indicated [128].

Endarterectomy
The results of trials assessing endarterectomy in
asymptomatic patients are still a matter of controversy. The largest of these trials, the Asymptomatic
Carotid Atherosclerosis Study (ACAS), reported
that patients with asymptomatic carotid stenosis
above 60% had a 53% reduction in the 5-year
relative risk of ipsilateral stroke if endarterectomy
was performed [129]. However, the absolute risk
reduction was small (5.9% in 5 years), as was the
rate of ipsilateral stroke in the medically treated
group (11.0% in 5 years, or 2.3% annually). Moreover, these results were obtained with a perioperative rate of complications (stroke or death)
of only 2.3% which is difficult to achieve in practice. In addition, in certain subgroups of patients,
namely those with contralateral carotid occlusion,
the risk of stroke with medical treatment is so low
that surgery may be harmful [130].
A meta-analysis of five trials of endarterectomy
for asymptomatic carotid stenosis concluded that,
although surgery reduced the incidence of ipsilateral stroke, the absolute benefit of endarterectomy was small, as the incidence of stroke in
medically treated patients was low [131]. The
authors suggested that, until high-risk subgroups
have been identified, medical management remains the sensible alternative for many patients
with asymptomatic carotid stenosis.

Carotid angioplasty
The main problem with carotid angioplasty is
that long-term follow-up data and a direct comparison with endarterectomy are not yet available.
It is hoped that the ongoing Carotid and Vertebral Artery Transluminal Angioplasty Trial
(CAVATAS), comparing carotid angioplasty with
endarterectomy in both symptomatic and asymptomatic patients, will help to clarify the optimal
indications for each procedure.

Emerging risk factors
Homocysteine
Results from cross-sectional and case-control
studies support an association between elevated
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homocysteine levels and stroke [132]. Results
from prospective studies, however, tend to indicate
either a weak association or a lack of association
[132]. This suggests that homocysteine may be an
acute phase reactant, rather than a risk factor.
The results of the Women’s Antioxidant Cardiovascular study, Vitamin Intervention for Stroke
Prevention (VISP) study, and Vitamins to Prevent
Stroke (VITATOPS) study, which are testing supplementation with a combination of folic acid and
B vitamins, will provide important information on
this issue.

Fibrinogen and other markers of hemostatic
function
Few data are available relating plasma fibrinogen
and stroke. A Swedish study [133] and the Edinburgh Artery Study [134] showed that, after adjustment for confounding variables, fibrinogen
levels were found to be associated with stroke.
However, no such relationship was found in a
recent analysis of the ARIC cohort [135].
It has been suggested that high levels of tissue
plasminogen activator, fibrin D-dimer [134], von
Willebrand factor, and factor VIIIc [135] are associated with ischaemic stroke, but further studies
are necessary.

Inflammation: C-reactive protein and other
markers
In a recent analysis of the Women’s Health Study,
including 28 263 women, four markers of inflammation, C-reactive protein (CRP), serum amyloid
A, interleukin-6, and soluble intercellular adhesion
molecule type 1 (sICAM-1), were found to be independent predictors of future cardiovascular
events, the most significant being CRP (adjusted
RR 1.4, 95% CI 1.1–1.9, p = 0.02) [136].

Infection
There is growing evidence that chronic infections may be associated with atherosclerosis and,
therefore, with cardiovascular diseases. Chlamydia
pneumoniae is one of the most studied pathogens,
but there is no agreement whether serologic evidence for C. pneumonia is associated with stroke;
this may be due to the different methodologies
adopted in the different studies, such as blood
collection for serologic analysis before, or after,
stroke [57, 137].
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Prevention in the future
Since primary prevention requires the treatment of
large numbers of individuals to avoid a single event
and since some therapies are associated with more
hazards than benefit, it is important to be as selective as possible when using potential harmful
strategies. Therefore, better identification of individuals at high risk of stroke will be a cornerstone
in stroke prevention in the near future.
Advances in the genetics of stroke may result
in the discovery of stroke genes and the molecular
determination of individual risk patterns [138].
Surrogate markers of cerebrovascular diseases will
allow shorter, less expensive clinical trials. For
example, the carotid artery intima-media thickness, which is strongly associated with stroke in
general [139] and with ischaemic stroke subtypes
[140], may be a more powerful predictor than
current risk factors and is a good candidate for
measuring the endpoint for stroke due to largeartery disease. Novel serum inflammatory markers,
such as CRP, may help in identifying asymptomatic
subjects at high risk; an illustrative example is the
recent analysis of the Physicians’ Health Study, in
which aspirin was found to have the greatest effect
in those men with the highest CRP levels, its effects
decreasing with decreasing concentrations of this
inflammatory marker [141]. These new markers
may provide a means of recognising subjects for
whom drugs should be prescribed.
Obviously, all these advances will not reduce
the burden imposed by stroke if large mass harmfree approaches to prevention, aimed at modifying
life-style factors, are not implemented.

References
1

Murray CJL, Lopez AD. Mor tality by cause for eight
regions of the world: Global Burden of Disease Study.
Lancet 1997;349:1269–76.

2

American Hear t Association. 2000 Hear t and stroke
statistical update.
Dallas, Tex: American Hear t Association; 2000.

3

Bogousslavsky J, on behalf of the European Stroke
Initiative. Stroke prevention by the practitioner.
Cerebrovasc Dis 1999;9(Suppl 4):1–68.

4

Bonita R, Solomon N, Broad JB. Prevalence of stroke and
stroke-related disability. Estimates from the Auckland
Stroke Studies. Stroke 1997;28:1898–902.

5

Brown RB, Whisnant JP, Sicks JD, Christianson TJ,
O’Fallon WO, Wiebers DO. A population-based study
of first-ever and total stroke rates in Rochester,
Minnesota: 1990–1994 [abstract]. Stroke 2000;31:279.

6

264

Katzan IL, Furlan AJ, Lloyd LE, et al. Use of tissue-type
plasminogen activator for acute ischemic stroke:
the Cleveland area experience. JAMA 2000;283:1151–8.

7

Levine M, Walter S, Lee H, Haines T, Holbrook A, Moyer V,
for the Evidence-Based Medicine Working Group.
User’s guides to medical literature. IV. How to use an
ar ticle about harm. JAMA 1994;271:1615–9.

8

Bailar JC III. The promise and problems of meta-analysis.
N Engl J Med 1997;337:559–61.

9

Bronner LL, Kanter DS, Manson JE. Primar y prevention of
stroke. N Engl J Med 1995;333:1392–400.

10 Teunissen LL, Rinkel GJ, Algra A, van Gijn J. Risk factors
for subarachnoid hemorrhage: a systematic review.
Stroke 1996;27:544–9.
11 Eastern Stroke and Coronary Heart Disease Collaborative
Research Group. Blood pressure, cholesterol, and stroke
in eastern Asia. Lancet 1998;352:1801–7.
12 Prospective Studies Collaboration. Cholesterol, diastolic
blood pressure and stroke. 13 000 strokes in 450 000
people in 45 prospective cohor ts.
Lancet 1995;346:1647–53.
13 Collins R, Peto P, MacMahon S, et al. Blood pressure,
stroke, and coronar y hear t disease, par t 2: shor t-term
reductions in blood pressure: over view of randomised
drug trials in their epidemiological context.
Lancet 1990;335:827–38.
14 Dahlöf B, Lindholm LH, Hansson L, Scherstën B, Ekbom T,
Wester PO. Morbidity and mor tality in the Swedish Trial
in Old Patients with Hyper tension (STOP-Hyper tension).
Lancet 1991;338:1281–5.
15 SHEP Cooperative Research Group. Prevention of stroke
by antihyper tensive drug treatment in older persons
with isolated systolic hyper tension: final results of the
Systolic Hyper tension in the Elderly Program (SHEP).
JAMA 1991;265:3255–64.
16 Staessen JA, Fagard R, Thijs L, et al., for the Systolic
Hyper tension in Europe (Sys-Eur) Trial Investigators.
Randomised double-blind comparison of placebo and
active treatment for older patients with isolated systolic
hyper tension. Lancet 1997;350:757–64.
17 Hansson L, Zanchetti A, Carruthers SG, et al. Effects of
intensive blood-pressure lowering and low-dose aspirin
in patients with hyper tension: principal results of the
Hyper tension Optimal Treatment (HOT) randomised trial.
Lancet 1998;351:1755–62.
18 Zanchetti A, Chalmers J, Arakawa K, et al. The 1993
guidelines for the management of mild hyper tension:
memorandum from a WHO/ISH meeting.
Blood Press 1993;2:86–100.
19 The Joint National Committee on detection, evaluation
and treatment of high blood pressure. The sixth repor t
of the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure.
Arch Intern Med 1997;157:2413–46.
20 Hansson L, Lindholm LH, Niskanen L, et al., for the
Captopril Prevention Project (CAPPP) study group.
Effect of angiotensin-conver ting enzyme compared with
conventional therapy on cardiovascular morbidity in
hyper tension: the Captopril Prevention Project (CAPPP)
randomised trial. Lancet 1999;353:611–6.
21 Hansson L, Lindholm LH, Ekbom T, et al., for the STOPHyper tension-2 study group. Randomised trial of old
and new antihyper tensive drugs in elderly patients:
cardiovascular mor tality and morbidity the Swedish trial
in old patients with hyper tension-2 study.
Lancet 1999;354:1751–6.

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

22 The ALLHAT officers and coordinators for the ALLHAT
collaborative research group. Major cardiovascular
events in hyper tensive patients randomized to doxazosin
vs chlor talidone. The antihyper tensive and lipid-lowering
treatment to prevent hear t attack trial (ALLHAT).
JAMA 2000;283:1967–75.
23 Hansson L, Hedner T, Lund-Johansen P, et al., for the
NORDIL study group. Randomised trial of effects
of calcium antagonists compared with diuretics and
b-blockers on cardiovascular morbidity and mor tality
in hyper tension: the Nordic Diltiazem (NORDIL) study.
Lancet 2000;356:359–65.
24 Brown MJ, Palmer CR, Castaigne A, et al. Morbidity
and mor tality in patients randomised to double-blind
treatment with a long-acting calcium-channel blocker or
diuretic in the International Nifedipine GITS study: intervention as a goal in hyper tension treatment (INSIGHT).
Lancet 2000;356:366–72.
25 Burchfiel CM, Curb JD, Rodriguez BL, Abbott RD,
Chiu D, Yano K. Glucose intolerance and 22-year stroke
incidence: the Honolulu Hear t Program.
Stroke 1995;25:951–7.
26 UK Prospective Diabetes Study (UKPDS) Group. Intensive
blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk complications in patients with type 2 diabetes (UKPDS 33).
Lancet 1998;352:837–53.
27 The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes
on the development and progression of long-term complications in insulin-dependent diabetes mellitus.
N Engl J Med 1993;329:977–86.
28 The Diabetes Control and Complications Trial (DCCT)
Research Group. The effect of intensive diabetes
management on macrovascular events and risk factors
in the Diabetes Control and Complications Trial.
Am J Cardiol 1995;75:894–903.
29 Fuller JH, Shipley MJ, Rose G, Jarret RJ, Keen H.
Mor tality from coronar y hear t disease and stroke in
relation to the degree of glycaemia: the Whitehall study.
Br Med J 1983;287:867–70.
30 Balkau B, Shipley M, Jarret RJ, et al. High blood glucose
concentration is a risk factor for mor tality in middle-aged
nondiabetic men. 20-year follow-up in the Whitehall
Study, the Paris Prospective Study, and the Helsinki
Policemen Study. Diabetes Care 1998;21:360–7.
31 Wannamethee SG, Perr y IJ, Shaper AG. Nonfasting
serum glucose and insulin concentrations and the risk
of stroke. Stroke 1999;30:1780–6.
32 Folsom AR, Rasmussen ML, Chambless LE, et al.,
for the Atherosclerosis Risk in Communities (ARIC) Study
Investigators. Prospective associations of fasting insulin,
body fat distribution, and diabetes with risk of ischemic
stroke. Diabetes Care 1999;22:1077–83.
33 Shaper AG, Wannamethee SG, Walker M. Body weight:
implications for the prevention of coronary heart disease,
stroke, and diabetes mellitus in a cohor t study of middleaged men. Br Med J 1997;314:1311–7.
34 Wasser theil-Smoller S, Fann C, Allman RM, et al., for
the SHEP Cooperative Research Group. Relation of low
body mass to death and stroke in the Systolic Hypertensive in the Elderly Program.
Arch Intern Med 2000;160:494–500.
35 Stevens J, Cai J, Pamuk ER, Williamson DF, Thun MJ,
Wood JL. The effect of age on the association between
body-mass index and mor tality.
N Engl J Med 1998;338:1–7.

265

36 Wolf PA, Kannel WB, Ver ter J. Current status of risk
factors for stroke. Neurol Clin 1983;1:317–43.
37 Iso H, Jacobs DR, Wentwor th D, Neaton JD, Cohen JD.
Serum cholesterol levels and 6-year mor tality from
stroke in 350,977 men screened for the Multiple Risk
Factor Inter vention Trial.
N Engl J Med 1989;320:904–10.
38 Crouse JR, Byington RP, Furberg CD. HMG-CoA reductase
inhibitor therapy and stroke risk reduction: an analysis of
clinical trials data. Atherosclerosis 1998;138:11–24.
39 Shepherd J, Cobbe S, Ford I, et al. Prevention of coronar y hear t disease with pravastatin in men with hypercholesterolemia. N Engl J Med 1995;333:1301–7.
40 Scandinavian Simvastatin Sur vival Study Group.
Randomised trial of cholesterol lowering in 4444 patients
with coronar y hear t disease: the Scandinavian Simvastatin Sur vival Study (4S). Lancet 1994;344:1383–9.
41 Sacks FM, Pfeffer MA, Moye LA, et al. The effect of
pravastatin on coronar y events after myocardial
infarction in patients with average cholesterol levels.
N Engl J Med 1996;335:1001–9.
42 Blaw GJ, Lagaay AM, Smelt AHM, Westendorp RGJ.
Stroke, statins and cholesterol: a meta-analysis of
randomised, placebo-controlled, double-blind trials with
HMG-CoA reductase inhibitors. Stroke 1997;28:946–50.
43 Crouse JR, Byington RP, Hoen HM, Furberg CD.
Reductase inhibitor monotherapy and stroke prevention.
Arch Intern Med 1997;157:1305–10.
44 Herber t PR, Gaziano JM, Chan KS, Hennekens CH.
Cholesterol lowering with statin drugs, risk of stroke,
and total mor tality. JAMA 1997;278:313–21.
45 Bucher HC, Griffith LE, Guyatt GH. Effect of HMG-CoA
reductase inhibitors on stroke: a meta-analysis of
randomized, controlled trials.
Ann Intern Med 1998;128:89–95.
46 Ross SD, Allen IE, Connelly JE, et al. Clinical outcomes
in statin treatment trials: a meta-analysis.
Arch Intern Med 1999;159:1793–802.
47 Di Mascio, Marchioli R, Tognoni G. Cholesterol reduction
and stroke occurrence: an over view of randomized clinical trials. Cerebrovasc Dis 2000;10:85–92.
48 Vauthey C, de Freitas GR, van Melle G, Devuyst G,
Bogousslavsky J. Better outcome after stroke with higher
serum cholesterol levels. Neurology 2000;54:1944–8.
49 Downs JR, Clear field M, Weis S, for the AFCAPS/TexCAPS
Research Group. Primar y prevention of acute coronar y
events in men and women with average cholesterol levels.
JAMA 1998;279:1615–22.
50 Furberg CD, Adams HP, Applegate WB, et al., for the
Asymptomatic Carotid Ar ter y Progression Study (ACAPS)
Research Group. Effect of lovastatin on early carotid
atherosclerosis and cardiovascular events.
Circulation 1994;90:1679–87.
51 Salonen R, Nyyssönen K, Porkkala E, et al. Kuopio
Atherosclerosis Prevention Study (KAPS): a populationbased primar y prevention trial of the effect of LDL
lowering on atherosclerotic progression in carotid and
femoral ar teries. Circulation 1995;92:1758–64.
52 Mercuri M, Bond MG, Sir tori CR, et al. Pravastatin
reduces carotid intima-media thickness progression in
an asymptomatic hypercholesterolemic Mediterranean
population: the Carotid Atherosclerosis Italian Ultrasound Study. Am J Med 1996;101:627–34.

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

53 White HD, Simes RJ, Anderson NE, et al. Pravastatin
therapy and the risk of stroke.
N Engl J Med 2000;343:317–26.

72 Johnston SC, Colford JM Jr, Gress DR. Oral contraceptives and the risk of subarachnoid hemorrhage:
a meta-analysis. Neurology 1998;51:411–8.

54 Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E,
for the Cholesterol and Recurrent Events (CARE)
investigators. Long-term effects of pravastatin on plasma
concentration of C-reactive protein.
Circulation 1999;100:230–5.

73 de Bruijn SF, Stam J, Koopman MM, Vandenbroucke JP.
Case-control study of risk of cerebral sinus thrombosis
in oral contraceptive users and in carriers of hereditar y
prothrombotic conditions. The Cerebral Venous Sinus
Thrombosis Study Group. Br Med J 1998;316:589–92.

55 Wannamethee SG, Sharper AG, Ebrahim S. HDLcholesterol, total cholesterol, and the risk of stroke in
middle-aged British men. Stroke 2000;31:1882–8.

74 WHO Collaborative Study of Cardiovascular Disease and
Steroid Hormone Contraception. Ischaemic stroke and
combined oral contraceptives: results of an international,
multicentre, case-control study.
Lancet 1996;348:498–505.

56 Lindenstrom E, Boysen G, Nyboe J. Influence of total
cholesterol, high-density lipoprotein cholesterol and
triglycerides on risk of cerebrovascular disease: the
Copenhagen City Hear t Study. Br Med J 1994;309:11–5.
57 Glader CA, Stegmayr B, Boman J, et al. Chlamydia
pneumoniae antibodies and high lipoprotein (a) levels
do not predict ischemic cerebral infarction: results from
a nested case-control study in Nor thern Sweden.
Stroke 1999;30:2013–8.
58 Abbott RD, Yin Y, Reed DM, Yano K. Risk of stroke in
male cigarette smokers.
N Engl J Med 1986;315:717–20.
59 Bonita R, Scragg R, Stewar t A, Jackson R, Beaglehole R.
Cigarette smoking and risk of premature stroke in men
and women. Br Med J 1986;293:6–8.
60 Colditz GA, Bonita R, Stampfer MJ, et al. Cigarette
smoking and risk of stroke in middle-aged women.
N Engl J Med 1988;318:937–41.
61 Shinton R, Beevers G. Meta-analysis of relation between
cigarette smoking and stroke.
Br Med J 1989;298:789–94.
62 Howard G, Wagenknecht LE, Burke GL, et al., for the
ARIC investigators. Cigarette smoking and progression
of atherosclerosis: the Atherosclerosis Risk in Communities (ARIC) study. JAMA 1998;279:119–25.
63 Wannamethee SG, Shaper AG, Whincup PH, Walker M.
Smoking cessation and the risk of stroke in middle-aged
men. JAMA 1995;274:155–60.
64 Kawachi I, Colditz GA, Stampfer MJ, et al. Smoking
cessation and decreased risk of stroke in women.
JAMA 1993;269:232–6.
65 Donahue RP, Abbott RD, Dwayne MR, Yano K. Alcohol
and hemorrhagic stroke: the Honolulu Hear t Program.
JAMA 1986;255:2311–4.
66 Hillbom M, Kaste M. Alcohol intoxication: a risk factor for
primar y subarachnoid hemorrhage.
Neurology 1982;32:706–11.
67 Wannamethee SG, Shaper AG. Patterns of alcohol intake
and risk of stroke in middle-aged British men.
Stroke 1996;27:1033–9.
68 Sacco RL, Elkind M, Boden-Albala B, et al. The protective
effect of moderate alcohol consumption on ischemic
stroke. JAMA 1999;281:53–60.
69 Thun MJ, Peto R, Lopez AD, et al. Alcohol consumption
and mortality among middle-aged and elderly US adults.
N Engl J Med 1997;337:1705–14.
70 Berger K, Ajani UA, Kase CS, et al. Light-to-moderate
alcohol consumption and the risk of stroke among U.S.
male physicians. N Engl J Med 1999;341:1557–64.
71 Stadel BV. Oral contraceptives and cardiovascular
disease. N Engl J Med 1981;305:672–7.

266

75 WHO Collaborative Study of Cardiovascular Disease and
Steroid Hormone Contraception. Haemorrhagic stroke,
overall stroke risk, and combined oral contraceptives:
results of an international, multicentre, case-control
study. Lancet 1996;348:505–10.
76 Heinemann LA, Lewis MA, Thorogood M, Spitzer WO,
Guggenmoos-Holzmann I, Bruppacher R. Case-control
study of oral contraceptives and risk of thromboembolic
stroke: results from International Study on Oral Contraceptives and Health of Young Women.
Br Med J 1997;315:1502–4.
77 Schwar tz SM, Petitti DB, Siscovick DS, et al. Stroke and
use of low-dose oral contraceptives in young women:
a pooled analysis of two US studies.
Stroke 1998;29:2277–84.
78 Gillum LA, Mamidipudi SK, Johnston SC. Ischemic stroke
risk with oral contraceptives: a meta-analysis.
JAMA 2000;284:72–8.
79 Grodstein FG, Stampfer MJ, Manson JE, et al.
Postmenopausal estrogen and progestin replacement
use and the risk of cardiovascular disease.
N Engl J Med 1996;335:453–61.
80 Petitti DB, Sidney S, Quesenberr y CP Jr, Bernstein A.
Ischemic stroke and use of estrogen and estrogen/
progestogen as hormone replacement therapy.
Stroke 1998;29:23–8.
81 Wannamethee SG, Shaper AG. Physical activity and
stroke in British middle-aged men.
Br Med J 1992;304:597–601.
82 Abbott RD, Rodriguez BL, Burchfiel CM, Curb D.
Physical activity in older middle-aged men and reduced
risk of stroke: the Honolulu Hear t Program.
Am J Epidemiol 1994;139:881–93.
83 Kiely DK, Wolf PA, Cupples LA, Beiser AS, Kannel WB.
Physical activity and stroke risk: the Framingham Study.
Am J Epidemiol 1994;140:608–20.
84 Gillum RF, Mussolino ME, Ingram DD. Physical activity
and stroke incidence in women and men: the NHANES I
Epidemiologic Follow-up Study.
Am J Epidemiol 1996;143:860–9.
85 Bijnen FCH, Caspersen CJ, Feskens EJM, Saris WHM,
Mosterd WL, Kromhout D. Physical activity and 10-year
mor tality from cardiovascular diseases and all causes:
the Zutphen Elderly Study.
Arch Intern Med 1998;158:1499–505.
86 Lee IM, Hennekens CH, Berger K, Buring JE, Manson JE.
Exercise and risk of stroke in male physicians.
Stroke 1999;30:1–6.
87 Ellekjær H, Holmen J, Ellekjær E, Vatten L. Physical
activity and stroke mor tality in women: ten-year follow-up
of the Nord-Trøndelag Health Sur vey, 1984–1986.
Stroke 2000;31:14–8.

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

88

Evenson KR, Rosamond WD, Cai J, et al., for the
Atherosclerosis Risk in Communities (ARIC) study
investigators. Physical activity and ischemic stroke risk:
the Atherosclerosis Risk in Communities Study.
Stroke 1999;30:1333–9.

106 Abbott RD, Curb D, Rodriguez BL, Sharp DS, Burchfiel
CM, Yano K. Effects of dietar y calcium and milk
consumption on risk of thromboembolic stroke in older
middle-aged men: the Honolulu Hear t Program.
Stroke 1996;27:813–8.

89

Gillman MW, Cupples LA, Gagnon D, et al. Protective
effects of fruits and vegetables on development of
stroke in men. JAMA 1995;273:1113–7.

107 Peto R, Gray R, Collins R, et al. Randomised trial of
prophylactic daily aspirin in British male doctors.
Br Med J 1995;296:313–6.

90

Yokoyama T, Date C, Kokubo Y, Yoshiike N, Matsumura Y,
Tanaka H. Serum vitamin C concentration was inversely
associated with subsequent 20-year incidence of stroke
in a Japanese rural community: the Shibata Study.
Stroke 2000;31:2287–94.

108 Steering Committee of the Physicians’ Health Study
Research Group. Final repor t of the ongoing physicians
health study. N Engl J Med 1989;321:129–35.

91

92

Hir voren T, Vir tamo J, Korhonen P, Albanes D, Pietinen
P. Intake of flavonoids, carotenoids, vitamins C and E,
and risk of stroke in male smokers.
Stroke 2000;31:2301–6.
Liu S, Manson JE, Stampfer MJ, et al. Whole grain
consumption and risk of ischemic stroke in women:
a prospective study. JAMA 2000;284:1534–40.

93

Gillman MW, Cupples LA, Millen BE, Ellison RC, Wolf PA.
Inverse association of dietar y fat with development of
ischemic stroke in men. JAMA 1997;278:2145–50.

94

Bang HO, Dyerberg J, Hjørne N. The composition of food
consumed by Greenland Eskimos.
Acta Med Scand 1976;200:69–73.

95

Kell SO, Feskens EJM, Kromhout D. Fish consumption
and risk of stroke: the Zutphen study.
Stroke 1994;25:328–32.

96

Morris MC, Manson JE, Rosner B, Buring JE, Willet WC,
Hennekens CH. Fish consumption and cardiovascular
disease in the Physicians’ Health Study: a prospective
study. Am J Epidemiol 1995;142:166–75.

97

Gillum RF, Mussolino ME, Madans JH. The relationship
between fish consumption and stroke incidence:
the NHANES I epidemiologic follow-up study.
Arch Intern Med 1996;156:537–42.

98

Gey KF, Stahelin HB, Eichholzer M. Poor plasma status
of carotene and vitamin C is associated with higher
mor tality from ischemic hear t disease and stroke:
Basel Prospective Study. Clin Invest 1993;71:3–6.

99

Hennekens CH, Buring JE, Manson JE, et al. Lack of
effect of long-term supplementation with beta-carotene
on the incidence of malignant neoplasms and cardiovascular disease. N Engl J Med 1996;334:1145–9.

100 The Hear t Outcomes Prevention Evaluation Study
Investigators. Vitamin E supplementation and cardiovascular events in high-risk patients.
N Engl J Med 2000;342:154–60.
101 Leppälä JM, Vir tamo J, Fogelholm R, et al. Controlled
trial of α -tocopherol and β -carotene supplements
on stroke incidence and mor tality in male smokers.
Ar terioscler Thromb Vasc Biol 2000;20:230–5.
102 Khaw KT, Barrett-Connor E. Dietar y potassium and
stroke-associated mor tality: a 12-year prospective
population study. N Engl J Med 1987;316:235–40.
103 Ascherio A, Rimm EB, Hernán MA, et al. Intake of
potassium, magnesium, calcium, and fiber and risk of
stroke among US men. Circulation 1998;98:1198–204.
104 Iso H, Stampfer MJ, Manson JE, et al. Prospective study
of calcium, potassium, and magnesium intake and risk
of stroke in women. Stroke 1999;30:1772–9.
105 Fang J, Madhavan S, Alderman MH. Dietar y potassium
intake and stroke mor tality. Stroke 2000;31:1532–7.

267

109 Manson JE, Stampfer MJ, Colditz GA, et al. A prospective
study of aspirin use and primar y prevention of cardiovascular disease in women. JAMA 1991;266:521–7.
110 Hart RG, Halperin JL, McBride R, Benavente O, Man-SonHing M, Kronmal RA. Aspirin for the primar y prevention
of stroke and other major vascular events: meta-analysis
and hypotheses. Arch Neurol 2000;57:326–32.
111 The Hear t Outcomes Prevention Evaluation Study Investigators. Effects of an angiotensin-conver ting enzyme
inhibitor, ramipril, on cardiovascular events in high-risk
patients. N Engl J Med 2000;342:142–53.
112 Laupacis A, Albers G, Dalen J, Dunn MI, Jacobson AK,
Singer DE. Antithrombotic therapy in atrial fibrillation.
Chest 1998;114(Suppl 5):579–89.
113 Petersen P, Boysen G, Godtfredsen J, Andersen ED,
Andersen B. Placebo-controlled, randomised trial of
war farin and aspirin for prevention of thromboembolic
complications in chronic atrial fibrillation: the Copenhagen AFASAK study. Lancet 1989;1:175–9.
114 Boston Area Anticoagulation Trial for Atrial Fibrillation
Investigators. The effect of low-dose war farin on the
risk of stroke in patients with nonrheumatic atrial fibrillation. N Engl J Med 1990;323:1505–11.
115 Stroke Prevention in Atrial Fibrillation Investigators.
Stroke prevention in atrial fibrillation study: final results.
Circulation 1991;84:527–39.
116 Connoly SJ, Laupacis A, Gent M, et al., for the CAFA
Study Co-investigators. Canadian atrial fibrillation anticoagulation (CAFA) study.
J Am Coll Cardiol 1991;18:349–55.
117 Ezekowitz MD, Bridges SL, James KE, et al., for the
Veterans Affairs Stroke Prevention in Nonrheumatic
Atrial Fibrillation Investigators. War farin in the prevention of stroke associated with nonrheumatic atrial
fibrillation. N Engl J Med 1992;327:1406–12.
118 EAFT Study Group. European atrial fibrillation trial:
secondar y prevention of vascular events in patients
with non-rheumatic atrial fibrillation and a recent
transient ischaemic attack or minor ischaemic stroke.
Lancet 1993;342:1255–62.
119 The European Atrial Fibrillation Study Group. Optimal
oral anticoagulation therapy with nonrheumatic atrial
fibrillation and recent cerebral ischemia.
N Engl J Med 1995;333:5–10.
120 Dienner HC, Cunha L, Forbes C, Silvenius J, Smets P,
Lowenthal A. European stroke prevention study 2,
dipyridamole and acetylsalicylic acid in the secondar y
prevention of stroke. J Neurol Sci 1996;143:1–13.
121 The SPAF III Writing Committee for the Stroke Prevention
in Atrial Fibrillation Investigators. Patients with nonvalvular atrial fibrillation at low risk of stroke during
treatment with aspirin: Stroke Prevention in Atrial
Fibrillation III Study. JAMA 1998;279:1273–7.

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

122 Stroke Prevention in Atrial Fibrillation Investigators.
Adjusted dose war farin versus low-intensity, fixed dose
war farin plus aspirin for high-risk patients with atrial
fibrillation: Stroke Prevention in Atrial Fibrillation III
randomised clinical trial. Lancet 1996;348:633–8.

134 Smith FB, Lee AJ, Fowkes GR, Price JF, Rumley A,
Lowe GDO. Hemostatic factors as predictors of
ischemic hear t disease and stroke in the Edinburgh
Ar ter y Study.
Ar terioscler Thromb Vasc Biol 1997;17:3321–5.

123 Gullov AL, Koefoed BG, Petersen P, et al. Fixed
minidose war farin and aspirin alone and in combination
vs adjusted-dose war farin for stroke prevention in atrial
fibrillation. Second Copenhagen Atrial Fibrillation,
Aspirin, and Anticoagulation Study.
Arch Intern Med 1998;158:1513–21.

135 Folsom AR, Rosamond WD, Sahar E, et al., for the
Atherosclerosis Risk in Communities (ARIC) study
investigators. Prospective study of markers of hemostatic function with risk of ischemic stroke.
Circulation 1999;100:736–42.

124 Har t RG, Sherman DG, Easton JD, Cairns JA. Prevention
of stroke in patients with nonvalvular atrial fibrillation:
views and reviews. Neurology 1998;51:674–81.

136 Ridker PM, Hennekens CH, Buring JE, Rifai N.
C-reactive protein and other markers of inflammation in
the prediction of cardiovascular disease in women.
N Engl J Med 2000;342:836–43.

125 Quality Standards Subcommittee of the American
Academy of Neurology. Practice parameter. Stroke prevention in patients with nonvalvular atrial fibrillation.
Neurology 1998;51:671–3.

137 Elkind MSV, Lin IF, Grayston JT, Sacco RL. Chlamydia
pneumoniae and the risk of first ischemic stroke:
the Nor thern Manhattan Stroke Study.
Stroke 2000;31:1521–25.

126 Lip GYH, Lowe GDO. Antithrombotic treatment for atrial
fibrillation. Br Med J 1996;12:45–9.

138 Auburger G. New genetic concepts and stroke prevention. Cerebrovasc Dis 1998;8(Suppl 5):28–32.

127 Cannegieter SC, Rosendaal FR, Witzen AR, Van Der
Meer FJM, Vandenbroucke JP, Briët E. Optimal oral
anticoagulation therapy in patients with mechanical
hear t valves. N Engl J Med 1995;333:11–7.

139 O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL,
Wolfson Jr SK, for the Cardiovascular Health Study
Collaborative Research Group. Carotid-ar ter y intima
and media thickness as a risk factor for myocardial
infarction and stroke in older adults.
N Engl J Med 1999;340:14–22.

128 Woolfenden Ar, Albers GW. Cardioembolic stroke.
In: Fisher M, Bogousslavsky J, eds. Current Review of
Cerebrovascular Diseases.
Philadelphia: Butterworth-Heinemann; 1999. p. 93–105.
129 Executive Committee for the Asymptomatic Carotid
Atherosclerosis Study (ACAS) Study. Endar terectomy for
asymptomatic carotid ar ter y stenosis.
JAMA 1995;273:1421–8.
130 Baker WH, Howard VJ, Howard G, Toole JF, for the ACAS
investigators. Effect of contralateral occlusion on longterm efficacy endar terectomy in the Asymptomatic
Carotid Atherosclerosis Study (ACAS).
Stroke 2000;31:2330–4.
131 Benavente O, Moher D, Pham B. Carotid endarterectomy
for asymptomatic carotid stenosis: a meta-analysis.
Br Med J 1988;317:1477–80.
132 Christen WG, Ajani UA, Glynn RJ, Hennekens CH. Blood
levels of homocysteine and increased risk of cardiovascular disease. Arch Intern Med 2000;160:422–34.

140 Hollander M, Bots ML, Witteman JC, et al. Intima-media
thickness at different locations of the carotid ar ter y
and risk of ischemic stroke and its subtypes:
the Rotterdam Study [abstract]. Stroke 2000;31:280.
141 Ridker PM, Cushman M, Stampfer MJ, Tracy RP,
Hennekens CH. Inflammation, aspirin, and the risk of
cardiovascular disease in apparently healthy men.
N Engl J Med 1997;336:973–9.
142 Wood D, De Backer G, Faergeman, et al., and members
of the Second Joint Task Force of the Joint European
and other Societies on Coronar y Prevention. Prevention
of coronar y hear t disease in clinical practice.
Eur Hear t J 1998;19:1454–503.
143 Biller J, Feinberg WM, Castaldo JE, et al. Guidelines
for carotid endar terectomy. A statement for healthcare
professionals from a special writing group of the Stroke
Council, American Hear t Association.
Stroke 1998;29:554–62.

133 Wilhelmsen L, Svärdsudd, Korsan-Bengtsen K, Larsson B,
Welin L, Tibblin G. Fibrinogen as a risk factor for stroke
and myocardial infarction.
N Engl J Med 1984;311:501–5.

268

SCHWEIZER ARCHIV FÜR NEUROLOGIE UND PSYCHIATRIE

152 ■ 6/2001

