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AHA Scientific Statement

Primary Prevention of Ischemic Stroke

A Statement for Healthcare Professionals From the Stroke Council of the
American Heart Association

Larry B. Goldstein, MD, Chair; Robert Adams, MD; Kyra Becker, MD; Curt D. Furberg, MD;
Philip B. Gorelick, MD; George Hademenos, PhD; Martha Hill, PhD, RN; George Howard, PhD;
Virginia J. Howard, MSPH; Bradley Jacobs, MD; Steven R. Levine, MD; Lori Mosca, MD;
Ralph L. Sacco, MD; David G. Sherman, MD; Philip A. Wolf, MD;
Gregory J. del Zoppo, MD, Members

S’E;oke ranks as the third leading cause of death in the the population that can be attributed to a particular risk factor
nited States. It is now estimated that there are more thanand is given by the formula 10(prevalence(relative

700 000 incident strokes annually and 4.4 million stroke

risk—1)/prevalence(relative risk1)+1]).° Well-documented

survivorst-2 The economic burden of stroke was estimated by modifiable risk factors (Table 3) were considered as those
the American Heart Association to be $51 billion (direct and with clear, supportive epidemiological evidence in addition to
indirect costs) in 1999.Despite the advent of treatment of evidence of risk reduction with modification as documented
selected patients with acute ischemic stroke with tissue by randomized trials. Less well-documented or potentially
plasminogen activator and the promise of other experimental modifiable risk factors were those with either less clear
therapies, the best approach to reducing the burden of strokeepidemiological evidence or without evidence from random-

remains preventiof® High-risk or stroke-prone individuals
can be identified and targeted for specific interventi®mbis

ized trials demonstrating a reduction of stroke risk with
modification. Gaps in current knowledge are indicated by

is important because epidemiological data suggest a substanquestion marks in the tables.

tial leveling off of prior declines in stroke-related mortality
and a possible increase in stroke incidenge.
The Stroke Council of the American Heart Association

Table 5 summarizes guideline or consensus statement
management recommendations where available. Other rec-
ommendations are indicated in the text. Based primarily on an

formed an ad hoc writing group to provide a clear and concise individual patient’s risk assessment profile (the Framingham
overview of the evidence regarding various established and Heart Study risk profileis an easy-to-use and valuable tool

potential stroke risk factors. The writing group was chosen

for identifying persons at risk of stroke) and overall medical

based on expertise in specific subject areas, and it usedcondition, interventions involving appropriate lifestyle be-

literature review, reference to previously published guide-

havior changes and surgical and pharmacological treatments

lines, and expert opinion to summarize existing evidence and can be implemented to treat, control, or modify specific risk

formulate recommendations (Table 1).

As given in Tables 2 through 4, risk factors or risk markers
for a first stroke were classified according to potential for
modification (nonmodifiable, modifiable, or potentially mod-
ifiable) and strength of evidence (well documented, less well
documented). The tables give the estimated prevalence,
population attributable risk, relative risk, and risk reduction
with treatment for each factor when known. Population
attributable risk reflects the proportion of ischemic strokes in

This statement was approved by the American Heart Association
Science Advisory and Coordinating Committee in September 2000. A
single reprint is available by calling 800-242-8721 (US only) or writing
the American Heart Association, Public Information, 7272 Greenville
Ave, Dallas, TX 75231-4596. Ask for reprint No. 71-0197. To purchase
additional reprints: up to 999 copies, call 800-611-6083 (US only) or fax
413-665-2671; 1000 or more copies, call 214-706-1466, fax 214-691-

factors with the goal of reducing the risk of a first stroke.

Nonmodifiable Risk Factors
Although these factors are nonmodifiable, they identify
individuals at highest risk of stroke and those who may
benefit from rigorous prevention or treatment of modifiable
risk factors: (See Table 2.)

Age

The cumulative effects of aging on the cardiovascular system
and the progressive nature of stroke risk factors over a
prolonged period of time substantially increase stroke risk.
The risk of stroke doubles in each successive decade after 55
years of agé.1°

Sex
Stroke is more prevalent in men than in wonse@verall,

6342, or e-mail pubauth@heart.org. To make photocopies for personal or men also have higher age-specific stroke incidence rates than

educational use, call the Copyright Clearance Center, 978-750-8400.

This statement is being published simultaneously in the January 2001

issue ofCirculation.
(Stroke.2001;32:280-299.)
© 2001 American Heart Association, Inc.

Strokeis available at http://www.strokeaha.org

women?t Exceptions are in 35- to 44-year-olds and in those
over 85 years of age in whom women have slightly greater
age-specific incidence than m&nHowever, stroke-related
case-fatality rates are higher in women than men. In 1997,
females accounted for 60.8% of stroke fataliie3verall, 1
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TABLE 1. Levels of Evidence and Grading of be mediated through a variety of mechanisms, including
Recommendations genetic heritability of stroke risk factors, the inheritance of
Level of evidence susceptibility to the effects of such risk factors, familial
Level | Data from randomized trials with low false-positive and low Shar_mg of f:ulturall enVIronmemal and Ilf_estyle factors, and
false-negative errors the interaction between genetic and environmental faétors.
Level Il Data from randomized trials with high false-positive or high _StUdI_es with twins provide strong data suggesting familial
false-negative errors inheritance of stroke. Concordance rates for strokes are
Level Il Data from nonrandomized concurrent cohort studies markedly higher in monozygotic than in dizygotic twits.

Level IV Data from nonrandomized cohort studies using historical Thereis a r]early 5"“"9' mcrgase_ln stroke prevalence among
controls monozygotic versus dizygotic twiris.
Level V. Data from anecdotal case series g .
Well-Documented Modifiable Risk Factors
Several well-documented modifiable risk factors for stroke
exist. (See Table 3.)

Strength of recommendation
Grade A Supported by Level | evidence
Grade B Supported by Level Il evidence

Grade C  Supported by Level lll, IV, or V evidence Hypertension
Reprinted with permission from “Guidelines for the Management of Patients Hypertension is a major risk factor for both cerebral infarc-
With Acute Ischemic Stroke.”280 tion and intracerebral hemorrhagieThe incidence of stroke

increases in proportion to both systolic and diastolic blood
in 6 women will die of stroke, compared with 1 in 25 who pressures. This relationship is “direct, continuous, and appar-
will die of breast cance¥? Circumstances such as oral ently independent®? Blood pressure, particularly systolic
contraceptive use and pregnancy uniquely contribute to the blood pressure, increases with &é&levated systolic pres-

risk of stroke in womens-15 sure, with or without an accompanying elevation in diastolic
o pressure, has been shown to increase stroke risk. Isolated
Race/Ethnicity systolic hypertension is an important risk factor for stroke in

Blacks-11.16 and some Hispanic Americai§g’ have high

stroke incidence and mortality rates compared with whites.
For example, in the Atherosclerosis Risk In Communities
(ARIC) study, blacks had a 38% greater incidence of strokes
than whitesi® Possible reasons for the high incidence and
mortality rate of strokes in blacks include a higher prevalence
of hypertension, obesity, and diabetes mellitus within the

black populatiort?-21 However, a higher incidence of these . . .
other risk factors does not explain all of the excess ¥isk. rgndomlzed trials found that bofirblocker therapy (rglauve
Epidemiological studies have also shown an increase in 'Sk 0-71;95% CI0.59 to 0.86) and treatment with high-dose

stroke incidence among self-identified Hispanic popula- diuretics (relative risk 0.49; 95% CI 0.39 to 0.62) were
tions22-24 Chinese and Japanese populations generally have€ffective in preventing strok€. In the past 10 years, the

the elderly (systolic blood pressurel60 mm Hg and dia-
stolic blood pressurez90 mm Hg)34

There has been compelling evidence for more than 30
years that the control of high blood pressure contributes to the
prevention of stroke as well as to the prevention or reduction
of other target-organ damage, including congestive heart
failure and renal failurés3¢ A meta-analysis of 18 long-term

high stroke incidence rates as wasl. importance of controlling isolated systolic hypertension to
prevent stroke in the elderly has been underscored in clinical
Family History trials 38 For example, in the Syst-Eur Trial, 4695 patients with

Both paternal and maternal history of stroke may be associ- isolated systolic hypertension were randomized to active
ated with increased stroke rigk2” This increased risk could  treatment (nitrendipine and possibly enalapril or hydrochlo-

TABLE 2. Nonmodifiable Risk Factors

Population Risk Reduction

Factor Incidence Attributable Risk Relative Risk With Treatment
Ages 10 Doubling of stroke rate each

10 years after age 55
Race! Blacks: 233/100 000

Hispanics: 196/100 000

Whites: 93/100 000
Sex® Men: 174/100 000

Women: 122/100 000

Total: 145/100 000
Family history of . RR paternal history: 2.4
stroke/TIA2” (95% CI 0.96-6.03)

RR maternal history: 1.4
(95% Cl 0.60-3.25)

RR indicates relative risk.
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TABLE 3. Well-Documented Modifiable Risk Factors

Population
Factor Prevalence Attributable Risk Relative Risk Risk Reduction With Treatment
Hypertension (by age group)28! 38%
50y 20% 40% 4.0
60y 30% 35% 3.0
70y 40% 30% 2.0
80y 55% 20% 14
90y 60% 0 1.0
Smoking 25% 12-18% 1.8 50% Within 1 year. Baseline after 5 years.5°
Diabetes 20%54 14-58% 1.8-6 Reduction of stroke risk in hypertensive
diabetics with blood pressure control. No
demonstrated benefit in stroke reduction with
tight glycemic control; however, reduction in
other complications (see text).
Asymptomatic carotid stenosis 2—-89%006.67.282-287 2-7%8§ 2.0288 50%76
Sickle cell disease 0.25% of blacks28° 200-400t120 91%z120
Hyperlipidemia?% 8-9% adults <35 y&¢ 25% 1.8 for TC 240-279 mg/dL  20-30% With statins in patients with known
25% men aged 55 y 2.6 for TC >280 mg/dL  coronary heart disease (see text)
40% women aged 65 y
Atrial fibrillation (nonvalvular)g0.87
Overall, by age group, risk factor adjusted®
50-59 y 0.5% 1.5% 4.0 68% (Warfarin)se
60-69 y 1.8% 2.8% 2.6 21% (Aspirin)284
70-79 y 4.8% 9.9% 33
80-89 y 8.8% 23.5% 45
Risk categories Annual Event Rate®®
<65y, no risk factors 1.0%
<65y, with risk factors 4.9%
65-75 y, no risk factors 4.3%
65-75 y, with risk factors 5.7%
>75'y, no risk factors 3.5%
>75y, with risk factors 8.1%

TC indicates total cholesterol.

*Atrial fibrillation risk factors: hypertension, diabetes, prior TIA/stroke, prosthetic heart valve (may require higher target International Normalized Ratio).
tRelative to stroke risk in children without sickle cell disease.

FFor high-risk patients treated with transfusion.

§Calculated based on referenced data provided in the table or text.

rothiazide to lower systolic blood pressure 20 mm Hg) or to Detection, Evaluation, and Treatment of High Blood Pres-
placebo® The trial was stopped when stroke reduction sure, are recommended (Table35)Level of Evidence I,
reached 42% in the actively treated group. The Systolic Grade A)

Hypertension in the Elderly Program (SHEP) trial demon-

strated a 36% reduction in the incidence of total stroke with Smoking

antihypertensive treatment (chlorthalidone or atendfole- Active (current) cigarette smoking has been long recognized
spite extensive education efforts, a significant proportion of a5 3 major risk factor for stroke. Pathophysiological effects of
the population has undiagnosed or inadequately treated hy-smqking are multifactorial, affecting both the systemic vas-
pertensiorf*+c41This is particularly true in high-risk race/  ¢ature and blood rheology. Smoking causes reduced blood
ethnic groups? vessel distensibility and compliance by leading to increased
Recommendation arterial wall stiffnesg3 Smoking is also associated with
Regular screening for hypertension (at least every 2 years inincreased fibrinogen levels, increased platelet aggregation,
adults) and appropriate management, as summarized in thedecreased high-density lipoprotein (HDL) cholesterol levels,
sixth report of the Joint National Committee on Prevention, and increased hematoctit.
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TABLE 4. Less Well-Documented or Potentially Modifiable Risk Factors

Primary Prevention of Ischemic Stroke

Population Relative Risk or Risk Reduction
Factor Prevalence Attributable Risk 0dds Ratio With Treatment
Obesity 17.9%291 12-20%* 1.75-2.37163.164 ?
Physical inactivity'72 25% 30% 2.7* ?
Alcohol abuse
=5 Drinks/d196.29 2-5% 1.2-3.0% 1.6 ?
Not moderate 60% 32% 1.8* ?
Hyperhomocysteinemia 29%, age 40-59, men 26%, age 40-59, men 1.3-2.3205-207 ?

21%, age 40-59, women
43%, age =60, men

37%, age 40-59, women
35%, age =60, men
47%, age =60, women204 37%, age =60, women204.206
Drug abuse 3-14%5%4 ? ? ?
Hypercoagulability

Antiphospholipid antibody 0-24%292-295 0-65%* 0.8-8.83311-316 ?
Factor V Leiden 0—129%296-304 0-17%* 1.0-2.75317-321 ?
Prothrombin 20210 mutation 0—4.4%305-308 0-11%* 1.1-3.8317,319.322-325 ?
Protein C deficiency 0.145-0.5%301.309 ? NS321.326 ?
Protein S deficiency 0.003-0.007%303 ? NS321 ?
Antithrombin Il deficiency 0.02-0.17%301.810 ? NS310:321 ?

0.23—1.46170,192,227-239
0.6—7.09:242-247,250,327

Hormone replacement therapy .
Oral contraceptive use 0.06%12%0
Inflammatory processes

*Calculated based on referenced data provided in the table or text.

tCalculated assuming a relative risk of 1.93 with 425 total ischemic strokes per year attributable to oral contraceptive use as given in Reference
250.

$Studies published since 1985.

A meta-analysis of 22 studies indicates an approximate reported that stroke risks disappeared from 2 to 4 years after
doubling of the relative risk of cerebral infarction among smoking cessation and that the benefits of cessation were
smokers versus nonsmoképsA prospective estimate of a  independent of the age at starting and the number of cigarettes
1.8-fold increase in stroke risk associated with smoking (after smoked per day® Wannamethee et @l concluded that
control for other stroke risk factors) from the Framingham smoking cessation is associated with a considerable and rapid
Heart Study confirms this substantial increase in fisk. benefit in decreased risk of stroke, particularly in light
Currently, 25% of adults are active smokétsTherefore, smokers €20 cigarettes/d). However, switching to pipe or
~18% of strokes are attributable to active cigarette smoking. cigar smoking confers little benefit, emphasizing the need for
This estimated population attributable risk is only slightly complete cessation of smokifg.
higher than the estimated 12% population attributable risk  Avoidance of exposure to environmental tobacco smoke
associated with active smoking in the Rochester, Minn, may also play a role in the primary prevention of stroke.
population? Nearly 90% of nonsmokers have been shown to have detect-

To the extent that former smoking may also place individ- able levels of serum cotinine, assumed to be present through
uals at increased risk of stroke, efforts to prevent the initiation exposure to environmental tobacco smék8ecause of the
of smoking are important to the primary prevention of stroke. high population prevalence of exposure, even a small increase
The relative risk of stroke among former smokers (compared in the relative risk of stroke associated with exposure to
with nonsmokers) was 1.34 in the Nurses’ Health Stadnd environmental tobacco smoke may have a substantial popu-
1.26 in the Physicians’ Health StudyCurrently, the Centers  lation attributable risk. However, the increase in relative risk
for Disease Control and Prevention estimate that 23% of the may not be small. It has been suggested that exposure to
adult population are former smokefsmplying a population environmental tobacco smoke increases the risk for coronary
attributable risk for former smoking of 6%. However, the events from 20% to 70%. An estimated 62 000 coronary heart
stroke risk associated with former smoking has been shown todisease deaths in 1985 were attributable to exposure to
substantially decrease with increasing time since cessation.environmental tobacco smoke.

As such, in the Physicians’ Health and Nurses’ Health  Because atherosclerosis can lead to both stroke and coro-
studies, the 6% population attributable risk estimate is a nary heart disease, it is reasonable to suspect environmental
function of the distribution of time since quitting. The tobacco smoke as a cause for some strokes. After adjusting
Framingham Heart Study found stroke risk to be at the level for potential confounders (age, sex, history of hypertension,
of nonsmokers at 5 years from cessati®iA second study heart disease, and diabetes), Bonita and colleagfmsd a
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TABLE 5. Guideline or Consensus Statement Management Recommendations

Factor

Goal

Recommendations

Hypertension34

Smoking®*

Diabetes

Asymptomatic carotid stenosis328.329

Atrial fibrillations?
Age <65y, no risk factorst
Age <65y, with risk factorst
Age 65-75y, no risk factorst
Age 65-75 y, with risk factorst
Age >75y, with or without risk factorst
Lipids330
Initial evaluation (no CHD)
TC <200 mg/dL and HDL =35 mg/dL
TC <200 mg/dL and HDL <35 mg/dL

TC 200-239 mg/dL and HDL =35
mg/dL and <2 CHD risk factors*

TC 200-239 mg/dL and HDL <35
mg/dL or <2 CHD risk factors*

TC =240 mg/dL
LDL evaluation
No CHD and <2 CHD risk factors*

No CHD but =2 CHD risk factors
Definite CHD or other atherosclerotic

disease
Physical inactivity's3

Poor diet/nutrition

Alcohol64
Drug abuses*

SBP <140 mm Hg
DBP <90 mm Hg

Cessation

Improved glucose control;
treatment of hypertension

General education

LDL <160 mg/dL

LDL <130 mg/dL

LDL <100 mg/dL

=30 Min of moderate-intensity
activity daily

Moderation
Cessation

Measure BP in all adults at least every 2 years.

Promote lifestyle modification: weight control, physical activity, moderation
of alcohol intake, moderate sodium intake. If BP >140/90 mm Hg after 3
months of life habit modification or if initial BP >180/100 mm Hg: add
antihypertensive medication; individualize therapy to patient’s other
requirements and characteristics.

Strongly encourage patient and family to stop smoking. Provide counseling,
nicotine replacement, and formal programs as available.

Diet, oral hypoglycemics, insulin. See guidelines and policy statements.6465

Endarterectomy may be considered in selected patients with >60% and
<100% carotid stenosis, performed by surgeon with <3%
morbidity/mortality. Careful patient selection guided by comorbid conditions,
life expectancy, patient preference, and other individual factors. Patients
with asymptomatic stenosis should be fully evaluated for other treatable
causes of stroke.

Aspirin

Warfarin (target INR 2.5; range 2.0-3.0)
Aspirin or warfarin

Warfarin (target INR 2.5; range 2.0-3.0)
Warfarin (target INR 2.5; range 2.0-3.0)

Repeat TC and HDL within 5 years or with physical examination
Lipoprotein analysis
Dietary modification, reevaluation in 1-2 years

Lipoprotein analysis

Lipoprotein analysis

6-Month trial of diet modification. Drug therapy if LDL remains =190
mg/dL.

6-Month trial of diet modification. Drug therapy if LDL remains =160
mg/dL.

6- to 12-Week trial of Step Il diet. Drug therapy if LDL remains =130
mg/dL.

Moderate exercise (eg, brisk walking, jogging, cycling, or other aerobic
activity)

Medically supervised programs for high-risk patients (eg, cardiac disease)
and adaptive programs depending on physical/neurological deficits

A diet containing at least 5 servings of fruits and vegetables per day may
reduce the risk of stroke.

No more than 2 drinks/d for men and 1 drink/d for nonpregnant women

An in-depth history of substance abuse should be included as part of a
complete health evaluation for all patients

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; INR, International Normalized Ratio; CHD, coronary heart disease; and

TC, total cholesterol.

*CHD risk factors: men =45 years, women =55 years or early menopause without hormone replacement therapy, family history of premature CHD, smoking,
hypertension, HDL <35 mg/dL, diabetes mellitus.
tAtrial fibrillation risk factors: hypertension, diabetes mellitus, poor left ventricular function, rheumatic mitral valve disease, prior TIA/stroke, systemic embolism
or stroke, prosthetic heart valve (may require higher target INR).
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1.82-fold increase (95% CI 1.34 to 2.49) in the risk of stroke cations, including stroke. Several recent trials examining
among nonsmokers and long-term ex-smokers exposed tostroke and other cardiovascular outcomes compared the
environmental tobacco smoke. The risk was significant in benefit of tight control of blood glucose and blood pressure in
both men and women. An increase of 1.82 is surprisingly type 2 diabetics with less stringent managent@itor com-
large; however, even a more modest 1.20-fold increase in bined fatal and nonfatal stroke, tight blood pressure control
relative risk (the lower limit of the estimated effect on (mean blood pressure achieved 144/82 mm Hg) resulted in a
coronary heart disease) is associated with an estimatedconvincing 44% relative risk reduction compared with more
population attributable risk of 12% (based on a 67.5% liberal control (mean blood pressure achieved 154/87
population exposure, calculated as 90% prevalence of expo-mm Hg)s° This 44% benefit in stroke risk reduction is above
sure in the 75% of the nonsmoking population). and beyond the=20% risk reduction with antihypertensive

In summary, these data suggest that the population attrib- treatment found in diabetics in SHEPHowever, improved
utable risk associated with all forms of exposure to cigarette glycemic control did not produce a significant reduction in
smoke is substantial, with current smoking contributing to stroke incidence over 9 years of follow-&p.

approximately half of the stroke events (population attribut-  The conclusion reached from these studies and in a recent
able risk of 18% for current smoking, 6% for former smoking, - review is that tight control of hypertension in diabetics
and 12% for exposure to environmental tobacco smoke).  gjgnificantly reduces stroke incidengeCurrent measures to
Recommendation achieve tight glycemic control are less effective for stroke

Smoking cessation for all current smokers is recommended Prevention. Nevertheless, intensive therapy to achieve tight
(Table 5)3* (Level of Evidence Ill, Grade C; note that the control of hyperglycemia witk=3 doses per day of insulin in
evidence level reflects a lack of prospective randomized trials Patients with recent-onset insulin-dependent (type 1) diabetes
of smokers compared with nonsmokers. However, the data mellitus was shown to reduce microvascular complications,
from cohort and epidemiological studies are consistent and nephropathy, and retinopathy, as well as peripheral
overwhelming.) neuropathy?
The report of the Heart Outcomes Prevention Evaluation

Diabetes, Hyperinsulinemia, and Insulin Resistance  (HOPE) study represents an exciting development in preven-
Insulin-dependent diabetics have both an increased susceptition of cardiovascular disease. In this placebo-controlled,
bility to atherosclerosis and an increased prevalence of randomized clinical trial, the addition of the angiotensin-
atherogenic risk factors, notably hypertension, obesity, and converting enzyme (ACE) ramipril was compared with the
abnormal blood lipids. A constellation of metabolic risk current medical regimen of high-risk patients. The substudy
factors, termed syndrome X, has also been identified in someof 3577 diabetic patients (of a total population of 9541
type 2 diabetics#5>The main characteristics of syndrome X  participants in the HOPE study) showed a reduction of the
are hyperinsulinemia and insulin resistance. These result inprimary combined outcome of myocardial infarction, stroke,
the secondary features of the syndrome, including hypergly- and cardiovascular death by 25% (95% CI 12% to 36%,
cemia, increased very-low-density lipoprotein cholesterol, p—p 0004) and a reduction of stroke by 33% (95% CI 10% to
decreased HDL cholesterol, and hypertension. 50%, P=0.0074):3 This benefit was present even after

Case-control studies of stroke patients and prospective aqjystment for the minor decrease in blood pressure in the
epidemiological studies have confirmed an independent ef- ramipril group. There was also a reduction in diabetic
fect of diabetes on ischemic stroke, with an increased relative complications (overt nephropathy, dialysis, or need for laser
risk in diabetics ranging from 1.8- to nearly 6-fold. In the therapy).
United States, from 1976 to 1980, a history of stroke was 2.5  thase new reports provide long-sought evidence for stroke

to 4 times more common in diabetics than in persons with , o\ ention in diabetics. Control of hypertension in diabetics
nhomlq—lal gI:JCIOSf' tolersnce. Amorrllg HaV\_/ar:%r_] %apanis%me_n Mand treatment of high-risk diabetic patients with the ACE
the Honolulu Heart Program, those with diabetes had twice ;o ramipril prevent stroke.

the risk of thromboembolic stroke as nondiabetics, an in-

crease in risk that was independent of other factdis.the Recommendations

Framingham Heart Study, although the impact of diabetes Careful control of hypertension in both type 1 and type 2

was greatest on peripheral arterial disease with intermittent diabetics is recommended. (Level of Evidence |, Grade A)

claudication, for which the relative risk was increased 4-fold, Glycemic control is recommended to reduce microvascular

coronary and cerebral artery territories were also affected. Forcomplications (Table 5%65

brain infarction, the impact of glucose intolerance was greater

in women than men, reaching significance as an independentAsymptomatic Carotid Stenosis

contributor only in older women. Overall, persons with In the Cardiovascular Health Study, carotid stenos&8%

glucose intolerance have double the risk of brain infarction were detected in 7% of the men and 5% of the woredib

compared with nondiabeti&s. years of agé® Similarly, stenoses 0£50% were detected in
High blood pressure is common in patients with type 2 7% of women and 9% of men aged 66 to 93 years in the

diabetes, with a prevalence of 40% to 60% in adults. The Framingham cohoft Therefore, it seems likely between 7%

combination of hyperglycemia and hypertension has long and 10% of men and between 5% and 7% of women above

been believed to increase the frequency of diabetic compli- age 65 have carotid stenose$0%.
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Several studies have attempted to identify subgroups of stenosis included 444 men followed up for a mean of 48
patients with asymptomatic carotid artery stenosis who may months?5 Two hundred eleven patients received best medical
be at particularly elevated risk of stroke. The Toronto therapy plus carotid endarterectomy, and 233 received med-
Asymptomatic Cervical Bruit Study followed a cohort of 500 ical therapy alone (including 650 mg of aspirin twice daily).
patients for a mean of 23 montfOverall, cerebral ischemic  Patients had>50% stenosis of the extracranial carotid artery
events (transient ischemic attack [TIA] or stroke) were more demonstrated by angiography. Combined perioperative and
frequent in patients with severe-{5%) carotid artery steno-  angiographic risk was 4.7%. There was a 38% risk reduction
sis, progressing carotid artery stenosis, or heart disease and ifor the combined end points of ipsilateral TIA, transient
men. A total of 8 patients (1.6%) had an unheralded stroke; monocular blindness, and stroke over 2 yed?s<(.001).
however, only 2 (0.4%) were ipsilateral to a high-grade Ajthough the rate of fatal and nonfatal stroke was reduced in
extracranial carotid artery stenosis as demonstrated by Dopp-ihe surgical group (4.7% versus 9.4%, or 1.2% per year
ler ultrasonography. In another study, 38 asymptomatic pa- yersus 2.4% per year), the difference was not significant

tients with>90% stenosis of the internal carotid artery were (P=0.08). However, the study was not powered to detect
followed up for a mean period of 48 montftsEach year, differences in outcome subgroups.

1.7% of the patients had an unheralde(_j ipsilateral stro_ke. The Asymptomatic Carotid Atherosclerosis Study (ACAS)
gore _:je(I:Eendtly, the NASC_II_E T l(N_orth Amerlcar;] Symptomatic was a randomized trial investigating the efficacy of carotid
arotid Endarterectomy Trial) investigators have retrospec- endarterectomy in patients with asymptomatic high-grade

tlve_ly reviewed their data ?egard".‘g the risk of st_r oke in the (>60% diameter reduction) carotid artery stend$Batients
territory of an asymptomatic carotid artery stenosis contralat- , . .
(n=1662) were randomized to surgery plus medical therapy

: . 9 .
eral to the side of the symptomatic ves&el: The annual risk (n=828) or to medical therapy without carotid endarterec-

0 L X
of stroke was 3.2% (over 5 years of observation) in patients tomy (n—=834). There was a 1.2% risk of angiography-related

with 60% to 99% stenosis. The average annual risk of licati the 424 patient d : ¢
ipsilateral stroke increased from 3.0% for those with 60% to compiications among the patients undergoing postran-

74% stenosis to 3.7% for those with 75% to 94% stenosis and domization angiograms and a 2.3% aggregate perioperative
decreased to 2.9% for those with 95% to 99% stenosis, with stroke risk. The study was halted after a median follow-up of
a rate of 1.9% for those with complete occlusion. Overall, 2.7 years (4465 patient-years) because asignif_icant benefit of
45% of ipsilateral strokes in patients with asymptomatic Surgery was found. The aggregate rate of ipsilateral stroke,
stenosis contralateral to a symptomatic stenosis may be@ny Perioperative stroke, or death in surgically treated pa-
attributable to lacunes or cardioembolism, underscoring the flents was estimated at 5% over 5 years; in medically treated

need to fully evaluate these patients for other treatable causesP_atientS' the corresponding rate was 11% (53% risk reduc-
of stroke. tion, 2% per year event rate reduced to 1% per year;

Taken together, these and other observational Stud|esP:0004) There was no relationship between benefit and the

suggest that the rate of unheralded stroke ipsilateral to adegree of carotid artery stenosis. Women did not benefit
hemodynamically significant extracranial carotid artery ste- (17% nonsignificant risk reduction in women [95% €D.96
nosis is~1% to 2% annually. This represents a significant to 0.65] versus 66% risk reduction in men [95% CI 0.36 to
factor on a population basis. Some studies suggest that the0.82]), a difference ascribed to a higher rate of perioperative
rate of stroke may be higher in those patients with progress- complications in women (3.6% versus 1.7%). Other studies
ing stenosis than in those with stable disease and higher inhave also noted an increased risk of perioperative complica-
those with more severe stenosis. As with asymptomatic tions after endarterectomy in asymptomatic women compared
carotid bruit, an asymptomatic stenosis of the carotid artery is with men??” However, as with the Veterans Affairs trial, the
an important indicator of concomitant ischemic cardiac study was not powered to detect differences among sub-
diseases.69.72 groups of patients.

There have been 4 published randomized controlled trials It should be noted that the benefit of endarterectomy in the
that were designed to address the benefit of carotid endarter-setting of asymptomatic carotid artery stenosis is highly
ectomy in patients with asymptomatic carotid artery stenosis. dependent on surgical risk. Yet, most physicians are not
The CASANOVA (Carotid Artery Stenosis with Asymptom-  aware of the complication rates of the surgeon to whom they
atic Narrowing: Operation Versus Aspirin) study was incon- refer patients for the operatigf?7e
clusive?3® The Mayo Clinic Asymptomatic Carotid Endarter-
ectomy (MACE) study included 71 randomized and 87 Recommendation
nonrandomized patients. Surgically treated patients were Endarterectomy may be considered in patients with high-
not given aspirin. There were no major strokes or deaths in grade asymptomatic carotid stenosis performed by a surgeon
either group. However, the Study was Stopped because myO_W|th <3% morbldlty/morta“ty rate. (LeVel of Evidence I,
cardial infarction occurred in 26% of those in the surgical arm Grade A) Careful patient selection, guided by comorbid
(no aspirin) versus 9% of those in the aspirin-treated medical conditions, life expectancy, and patient preference, as well as
arm (P=0.002), reflecting the high incidence of concomitant other individual factors, including sex, and followed by a
coronary artery disease in patients with asymptomatic carotid thorough discussion of the risks and benefits of the procedure,
artery stenosis. is required. It is important that patients with asymptomatic

The Veterans Affairs Cooperative Study of carotid endar- carotid artery stenosis be fully evaluated for other treatable
terectomy for patients with asymptomatic carotid artery causes of stroke. (See Table 5.)
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Atrial Fibrillation The presence of cerebrovascular disease is strongly asso-
Atrial fibrillation is a common arrhythmia and an important ciated with the presence of symptomé&ti©3and asymptom-
risk factor for stroke, with established effective therapy for atic®4-%8 cardiac disease. Conversely, based on the Framing-
stroke prevention. The annual risk of stroke in unselected ham Heart Study, 8% of men and 11% of women will have a
patients with nonvalvular atrial fibrillation is 3% to 5%, with  stroke within 6 years after acute myocardial infarction. In
the condition responsible for 50% of thromboembolic addition, myocardial infarction is associated with the devel-
strokese0 It is estimated that approximately two thirds of the opment of atrial fibrillation and is a common source of
strokes that occur in patients with atrial fibrillation are cardiogenic embok! However, acute myocardial infarction
cardioembolic. The median age of patients with atrial fibril- is infrequently associated with stroke, occurring in 0.8% of
lation is 75 years. The Framingham Heart Study noted a patients°-1°t The majority of these strokes (in 0.6% of
dramatic increase in stroke risk associated with atrial fibril- patients) are ischemi¢:
lation with advancing age, from 1.5% for those 50 to 59 years  Perioperative stroke occurs in 1% to 7% of patients
of age to 23.5% for those 80 to 89 years of &gk addition, undergoing cardiac surgical procedures (predominantly cor-
atrial fibrillation was associated with an OR for death of 1.5 onary artery bypass procedures and open heart surgery). A
(95% CI 1.2 to 1.8) in men and 1.9 (95% CI 1.5 to 2.2) in history of prior neurological events, increasing age, diabetes,
women after adjustment for other risk factors. and atrial fibrillation have been identified as risk factors for
Five placebo-controlled trials investigating the efficacy of early and delayed stroke after cardiac surgéty:t2 Other
warfarin in the primary prevention of thromboembolic stroke factors associated with perioperative stroke include duration
included the Copenhagen Atrial Fibrillation Aspirin and ©Of cardiopulmonary bypass and the presence of aortic
Anticoagulation (AFASAK) trial2 Boston Area Anticoagu-  atherosclerosis:s14
lation Trial for Atrial Fibrillation (BAATAF),83 Stroke Pre- ) .
vention in Atrial Fibrillation | (SPAF Ijg¢ Veterans Affairs ~ Sickle Cell Disease o _
Stroke Prevention in Atrial Fibrillation trial (SPINAP},and Sickle cell disease (SCD) is a genetic disorder with autosomal
the Canadian Atrial Fibrillation Anticoagulation (CAFA) —dominant inheritance in which the abnormal gene product is
trial.5s The efficacy of aspirin was studied in 2 of these trials 2" altéreds-chain in the structure of hemoglobin. Although
(AFASAK and SPAF 1). Combined analysis of these 5 trials the clinical manifestations are highly variable, typically SCD

showed that the relative risk of thromboembolic strokes for Manifests early in life as a severe hemolytic anemia punctu-
patients treated with warfarin was reduced by 68%. ated by bouts of painful episodes involving the extremities

An important observation arising from the randomized and bones (“vaso-occlusive crises”), bacterial infections, and

treatment trials is that there are a limited number of predictors organ {nfar;:fuons,'influding.strolfe. In addition, there are
of high stroke risk within the population of patients with atrial systgmlcde eclts Inc udllng |mpg|red growth and possibly
fibrillation. The predictors of high risk include advancing cognitive developmental retardatisi.

age, prior TIA or stroke, systolic hypertension (systolic blood h Stroke pre\éesngc_m Is m‘l?hSt imporltant fofr pat'i(enés with
pressure>160 mm Hg), a history of hypertension, impaired omozygous isease. The prevalence of stroke by age 20

left ventricular function, diabetes mellitus, and women over in these patients is at least 12%,and a substantial number

the age of 75 yea®. Long-term oral anticoagulation of gf [r)]atufntts a;(lso htave S|Ient. strokles %nldbgalndMSW.Thi d
patients with these high-risk features reduces the risk of \gnest sfroke rates oceurin €arly childnood. Recent ad-

stroke by 68% based on results of the intention-to-treat Y2NCES N detection of risk with transcranial Doppler have

. . . o, made primary prevention of stroke a high priority in children
analysis of the randomized trials an by as much as 80% i scpaw::9The risk of stroke during childhood is1%

per year, but patients with transcranial Doppler evidence of
Recommendation high cerebral blood flow velocity rates (time-averaged mean
Antithrombotic therapy (warfarin or aspirin) should be con- velocity of =200 cm/s) have stroke rates in excess of 10% per
sidered for patients with nonvalvular atrial fibrillation based year.
on an assessment of their risk of embolism and risk of A recently completed randomized trial (Stroke Prevention

bleeding complications (Tables 4 and&5)(Level of Evi- Trial in Sickle Cell Anemia; the STOP study) compared

dence |, Grade A) periodic blood transfusion with standard care in 130 children
with SCD ranging in age from 2 to 16 years (mean 8 ye#&fs).

Other Cardiac Disease Blood transfusions were given an average of 14 times per

Other types of cardiac disease that contribute a small yetyear for >2 years in the treatment group, with a target
finite risk to thromboembolic stroke include dilated cardio- reduction of Hb S from a baseline of 90% to 95% of total
myopathy, valvular heart disease (eg, mitral valve prolapse, hemoglobin to<30%. The trial was halted 16 months early at
endocarditis, and prosthetic cardiac valves), and intracardiacthe point at which 11 strokes had occurred in the standard-
congenital defects (eg, patent foramen ovale, atrial septalcare arm compared with 1 stroke in the transfusion-treated
defect, and atrial septal aneurysm). Overall, an estimated 20%group. The risk of stroke was reduced from 10% per year to
of ischemic strokes are due to cardiogenic embolism. Poten- <1%. Given these results, a Clinical Alert issued by the
tial cardiac sources of emboli are associated with up to 40% National Heart, Lung, and Blood Institute of the National
of cryptogenic strokes in some series involving the younger Institutes of Health has recommended screening all children
populationg® with SCD who have no history of stroke, with consideration
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of transfusion for those with 2 abnormal transcranial Doppler thromboembolic stroke rates with increasing levels of cho-
studies. lesterol. An inverse relationship between HDL and stroke risk
At present, the duration of transfusion needed has not beenwas demonstrated in both the Oxfordshire Community Study
determined. Long-term transfusion is always associated with and the Northern Manhattan Stroke Stuéy-132More recent
iron toxicity that must be treated with chelati&. In the studies utilizing ultrasound technology have established an
STOP study, there was no evidence of transfusion-related association between lipid levels and extracranial carotid
infection, but this and alloimmunization remains a transfusion atherosclerosis and intimal-media plaque thickriegg133-135
risk.120 The role of other therapies such as bone marrow  Older clinical trials did not confirm a reduction in stroke
transplantation or hydroxyurea, which reduce the number of risk with the use of lipid-lowering therapié3® However,
painful crises but have an uncertain effect on organ damage,more recent clinical trials using serial ultrasound measure-
including stroke, requires further stu@g?123 The roles of ments showed that reductions of elevations of LDL with
anticoagulation and antiplatelet agents have not been evalu-B-hydroxy-8-methylglutaryl-CoA (HMG-CoA) reductase in-
ated. The use of methods other than transcranial Doppler, hibitors (“statins”) can modestly retard the progression of
such as MRI or magnetic resonance angiography, to predictasymptomatic carotid atherosclero%igs7-14
stroke sufficient to trigger prophylactic transfusion has not ~ Trials using these agents have demonstrated consistent
been well studied. There are no systematic data on preventionbenefits in reduction of stroke risk among individuals with
of stroke in adults with SCD, and improvements in care have coronary artery disease and elevated cholesterol levels, as
increased expected longevity well beyond 40 years of age, Well as among those with only mild to borderline elevations
making stroke in older SCD patients a more common clinical ©f cholesterol+-146 For example, the Simvastatin Survival
problem. Preventive therapies other than transfusion and theStudy (4S) evaluated the effects of lowering cholesterol on

development of a prevention strategy in adults should be 4444 patients with elevated total cholesterol levels and
explored. coronary heart diseadé: The simvastatin-treated group ex-

perienced 51% and 35% reductions in ischemic nonembolic
stroke and TIAs, respectively. In 1998, the Food and Drug
Administration (FDA) approved simvastatin to reduce the
risk of first stroke or TIA in people with high total cholesterol
and coronary heart disease. The West of Scotland Primary
Prevention (WOSCOPS) trial found a nonsignificant 11%
reduction in stroke in men with coronary heart disease and
hypercholesterolemia who were treated with pravastatin.

e o ) ) The Cholesterol And Recurrent Events (CARE) study inves-
Abnormalities of serum lipids (triglycerides, cholesterol, ateq the efficacy of lowering cholesterol with pravastatin
low-density lipoprotein [LDL], and HDL) have traditionally i, 4159 patients who had suffered a heart attack in the
been regarded as a risk factor for coronary artery disease bUtprevious 2 years and showed a reduction in stroke or TIA risk
not for cerebrovascular disease. However, recent studies hav<-:>Oy 32%248 Pravastatin was also approved by the FDA in
helped clarify the relationship between lipids and stroke, as 199g for use in reducing risk of stroke or TIA in patients who
well as showing that the risk of stroke and amount of carotid paye had a heart attack and have normal cholesterol levels
atheroma can be reduced with cholesterol-lowering (total cholesterok:240 mg/dL).

medications. The benefits of statin agents in stroke prevention in

In a large meta-analysis of 45 prospective observational patients with coronary heart disease have been supported by
cohorts inV0|Ving 450 000 |nd|V|dUalS, no association was several meta_analysé@,149,150Exact|y how statins provide

found between cholesterol and stroke réte-lowever, these  stroke protection is uncertain. Although some of the stroke
epidemiological studies of the relationship between total reduction may be due to lipoprotein alterations, statins may
cholesterol and stroke are confounded by reports of an also act through mechanisms unrelated to their lipid-lowering
inverse association between total cholesterol and cerebralproperties, such as improved endothelial function, plaque
hemorrhage, with a greater mortality from hemorrhagic stabilization, and antithrombotic, anti-inflammatory, and neu-

Recommendation

Children with SCD should be screened with transcranial
Doppler ultrasonography at 6-month intervals to determine
their level of stroke risk. Those at elevated risk should be
considered for transfusion therapy. (Level of Evidence I,
Grade A)

Hyperlipidemia

stroke among those with serum cholesterol level$60
mg/dL225-127 |n the studies included in the meta-analysis,

roprotective propertie®1-155
Lipoprotein(a) [Lp(a)], an apolipoprotein homologous with

most of the strokes were fatal, and there was not a clear plasminogeris¢is a known risk factor for the development of

differentiation between ischemic and hemorrhagic strokes.

coronary heart disease’ 158 A study performed in Japan

For ischemic stroke, some studies have found a weak found that Lp(a) was also an independent risk factor for
association between serum cholesterol and an increasing riskschemic stroke, especially in young adufig However, a

of cerebral infarctiori22 For example, the Multiple Risk
Factor Intervention Trial demonstrated increased mortality
among men with high cholesterol levéi.The adjusted risk
ratio was 1.8 for those with serum cholesterol 240 to 279
mg/dL and 2.6 for those with cholesterol levet280 mg/dL.

population-based prospective study in the United States
found that Lp(a) was only a weak risk factor for cerebrovas-
cular disease in men and was not a significant predictor of
stroke risk in women$8 One case-control study revealed no

relationship between Lp(a) concentrations and either stroke,

In the Honolulu Heart Program, there was a continuous and TIA, or carotid atheromata in me9whereas a second found
progressive increase in both coronary heart disease andthat serum Lp(a) levels were associated with stroke risk
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independent of other factot§! There was no association level of physical activity and stroke inciden&®:17° The
between elevated Lp(a) levels and future stroke risk in a study protective effects of leisure-time physical activity have also
in which patients with ischemic stroke were compared with been found for blacks and Hispanics in the National Health
matched control&s2 and Nutrition Examination Survey (NHANES) | Follow-Up
Study and the Northern Manhattan Stroke Stuthy-72

Recommendations . . . e
Dose-response relationships have sometimes been difficult

Management of patients with elevated cholesterol according ith leteri p £ yi
to National Cholesterol Education Program I guidelines is [© demonstrate, with no to deleterious effects of vigorous
recommended (Table B3}. Patients with known coronary Ph¥5!ca' activity compared with lower levels of physical
heart disease and elevated LDL cholesterol levels should beCtiVity:¢"7*7#In the Northern Manhattan Stroke Study,
considered for treatment with a statin. (Level of Evidence |, Intensive forms of physical activity provided additional ben-

Grade A) Additional data are required to elucidate the role of €fits compared with light-to-moderate activities. Additional

Lp(a) as an independent risk factor for stroke. protection was observed with increasing duration of exercise;
however, the prevalence of such activities in the elderly was
Less Well-Documented or Potentially quite low172The protective effect of physical activity may be
Modifiable Risk Factors mediated in part through its role in controlling various known
Less well-documented or potentially modifiable risk factors risk factors for stroke, such as hypertensiénzardiovascular
are given in Table 4. diseaséye diabetes?” and body weight. Other biological
mechanisms are also associated with physical activity, includ-
Obesity ing reductions in plasma fibrinogen and platelet activity, as
Obesity (defined as a body mass index [BN#BO kg/n?) well as elevations in plasma tissue plasminogen activator

predisposes to cardiovascular disease in general and to strokectivity and HDL concentratiorigs-181

in particular. However, obesity prevalence increases with  Currently available data support the benefits of physical

advancing age, and obesity is associated with increased bloodgctivity. Guidelines endorsed by the Centers for Disease
pressure, blood sugar, and blood lipids. On the basis of theseControl and Prevention and the National Institutes of Health
associations alone, it is not surprising that obesity would be recommend that Americans should exercise moderately for at
related to an increased risk of stroke. However, several large jeast 30 minutes on most, and preferably all, days of the
studies suggest abdominal obesity, rather than BMI or general\yeekis2183 For stroke, the benefits are apparent even for

obesity, is more closely related to stroke risk. The age- jight-to-moderate activities, such as walking, and the data
adjusted relative risk of stroke was 2.33 in a comparison of g nnort additional benefit from increasing the level and

the extreme quintiles of waist-hip ratios in American men y,ration of one’s recreational activity. Physical activity is a

participating int;[he_ Health Profe;siogal;hFollqw-Up Stg@f_y.k fmodifiable behavior that requires greater emphasis in stroke
In women, obesity was associated with an increased risk of o ervion campaigns,

ischemic stroke with increasing levels of BMI. The relative

risk ranged from 1.75 (95% CI 1.17 to 2.59) for BMI of 27to Recommendation

28.9 kg/n, 1.90 (95% CI 1.28 to 2.82) for BMI of 29t0 31.9  As per guidelines endorsed by the Centers for Disease
kg/n?, and 2.37 (95% CI, 1.60 to 3.50) for BMI c£32 Control and Prevention and the National Institutes of Health,
kg/m?. Weight gain after the age of 18 years was also related regular exercise=30 minutes of moderate-intensity activity
to ischemic stroke, with increasing weight associated with daily) is part of a healthy lifestyle and helps to reduce
increasing stroke riske* Thus, recent evidence supports comorbid conditions that may lead to stroke (Tabletss).
abdominal obesity in men and obesity and weight gain in (Level of Evidence Ill, Grade C)

women as independent risk factors for stroke.

Poor Diet/Nutrition

Data regarding the effects of general nutritional status on
stroke risk are limited. There is no evidence that the use of
dietary vitamin E or C supplements or the use of specific
carotenoids substantially reduces the risk of stfgk&here
may be a protective relationship between stroke and con-

Recommendation

Weight reduction in overweight persons is recommended on
the basis of the associated increase in comorbid conditions
that can lead to stroke. Reduction in stroke risk with weight

loss has not been established on the basis of existing
prospective randomized studies. (Level of Evidence IV,

Grade C) sumption of fruits and vegetables, especially cruciferous and
green leafy vegetables and citrus fruit and juitgeAn
Physical Inactivity analysis of data from the Nurses’ Health Study and the Health

Regular physical activity has well-established benefits for Professionals’ Follow-Up Study that included individuals
reducing the risk of premature death and cardiovascular free of cardiovascular disease at baseline found that the
disease. The beneficial effects of physical activity have also relative risk of stroke was 0.69 (95% CI 0.52 to 0.92) for
been documented for strokés-173 The Framingham Heart  persons in the highest quintile of fruit and vegetable intéke.
Study, Honolulu Heart Program, and Oslo Study have shown An increment of 1 serving per day was associated with a 6%
the protective effect of physical activity for mégf-168 For lower risk of stroke. However, it cannot be certain whether
women, the Nurses’ Health Study and Copenhagen City the effect was specifically due to diet or a reflection of a
Heart Study demonstrated an inverse association betweengenerally more healthy lifestyle in these individuals.
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Recommendation (defined as >10.4 pumol/L) is 21.1% and 46.5%,
A heallthy diet containing at least 5 daily servings of fruits and respectivel\zo

vegetables may decrease the risk of stroke (Table 5). (Level Numerous case-control studies have shown an association

of Evidence Ill, Grade C) between hyperhomocyst(e)inemia and stroke. Based on a
change of 5umol/L in homocysteine level, a meta-analysis
Alcohol Abuse found a summary OR for cerebrovascular disease of 1.5 (95%

The effect of alcohol as a risk factor for ischemic stroke is ¢ 1.3 1o 1.9%% From the NHANES Il data, the OR
controversial and likely dose dependent. For hemorrhagic comparing the top quartile with the bottom 3 quartiles is
stroke, cohort studies have shown that alcohol consumption 5 >g (95% CI 1.59 to 3.18p¢ In the Framingham Study

has a direct dose-dependent effet:**For cerebral infarc- e relative risk for stroke, comparing the lowest quartile with
tion, chronic heavy drinking and acute intoxication have been the highest, was 1.82 (95% CI 1.14 to 2.9%)Although the

associated with an increased risk among young aéidlts, association between plasma homocyst(e)ine and cerebrovas-

older adults, risk is increased among heavy-drinking men. No cular risk is biologically plausible, it is more consistently

e?;]ect IS pfresegt amoE? mten and(;/vt(;men. after c?nttr.ollmgfffort present in case-control studies than in prospective studies, so
other confounding risk factors, and there is a protective effect ¢, confirmatory evidence is requirée,207-210

for moderate alcohol consumptigff. a7 12019 The OR from NHANES IIl, when coupled with the
Some studies have 'supported a J'Sh"?‘ped dos?'reSpanSrevalence estimates from Selhub etcalgives a population
curve between alcohol intake and ischemic stroke risk, with

. o : attributable risk of 26% for men aged 40 to 59 years, 35% for
protection for those drinking up to 2 drinks per day and an
; . 7 . men aged>60 years, 21% for women aged 40 to 59 years,
increased risk for those drinking5 drinks per day compared .
. . . . and 37% for women aged-60 years. These population
with nondrinkers.?6-198 The dose-response relationship be- - - . . . .
. : . attributable risk estimates must be interpreted with caution,
tween alcohol and stroke is consistent with the observed

. - . because no data are available that would permit the estima-
deleterious and beneficial effects of alcohol. The deleterious . - . . .
. tion of population attributable risk after adjustment for other
effects of alcohol for stroke may occur through various

mechanisms, including increasing hypertension, hypercoagu_cerebrovascular risk factors that are positively correlated with

lable states, and cardiac arrhythmias and reducing cerebralhOmo_CySt(_e)Ine levels. . .

blood flow. However, there is also evidence that light-to- Folic acid, toget_her. with V|t.am|ns #and By, has been
moderate alcohol intake can reduce the risk of coronary artery shoyv N to be effective in reducmg ele\(ated plasma homocys-
disease, increase HDL cholesterol, and increase endogenoug(e)Ine leveli* but no randomized trlgls have as yet been
tissue plasminogen activator. Although it is difficult to completed to det.ermme whether lowering elevated homocys-
consider recommending alcohol to those who are nondrink- Y(e)ine _Ievels_ will sqbsequently reduce stroke. Secondary
ers, elimination of heavy drinking and reduction to moderate Prévention trials are in progress.:2

levels of alcohol intake (no more than 2 drinks per day) for Recommendations

those who are currently drinking will probably do no harm  An emphasis should be placed on meeting current recom-
and may reduce the incidence of stroke. mended daily amounts of folate (4Q@y/d), vitamin B (1.7
Recommendation mg/d), and vitamin B (2:4 ng/d) by iqtake of vegetables,
No more than 2 drinks per day for men and 1 drink per day fruits, legumes, meats, f_|sh,_an_d _fort|f|ed gralr_1_s and cereals
for nonpregnant women, as reflected in the US Preventive (Nonpregnant, nonlactating individuafs}. Specific recom-
Services Task Force report (Table 5), is recommerided. mendations regarding treatment of patients without cerebro-

(Level of Evidence 1V, Grade C) vascular or cardiovascular disease are deferred pending com-
pletion of ongoing clinical trials. In the interim, given their
Hyperhomocysteinemia safety and low cost, use of folic acid and B vitamins may be

Although the definition of hypernomocyst(e)inemia has not considered for patients with known elevated homocysteine
been standardized across epidemiological studies, fastinglevels. (Level of Evidence IV, Grade C)
plasma levels of homocyst(e)ine between 5 andubiol/L

are generally considered nornfafieo.200 and levels =16 D.rgg Abuse . . .
umol/L are generally classified as indicating hyperhomocys- lllicit drug abuse, particularly involving the use of amphet-
t(e)inemia (although the risk is likely continuous}:20tin the amines, “crack” cocaine, and heroin, has emerged as a serious

Framingham Heart Study original cohort (aged 67 to 96 public health threat. Although the available data are derived
years), Selhub and colleag@@sfound 19% had homocys-  Primarily from limited epidemiological studies focusing on
teine concentrations-16.4 umol/L. Homocysteine concen- ~ minority populations with low socioeconomic status, a con-
trations increase with age, with men having higher levels than sistent increase in the risk of both ischemic and hemorrhagic
women, especially at younger agésFrom NHANES I, stroke has been demonstratée220 Adjusting for other
Selhub and colleagues recently identified population ref-  potential stroke risk factors, some studies have found an
erences for total homocysteine concentrations. For men aged~7-fold increase in stroke risk among drug abug&tsz°

40 to 59 years and those aged0 years, the prevalence of However, another study” found no significant association
high homocyst(e)ine (defined as11.4 umol/L) is 28.6% between illicit drug abuse and stroke. The pathogenesis of
and 43.2%, respectively. For women aged 40 to 59 years andstroke in illicit drug abuse is likely multifactorial, possibly
those aged=60 years, the prevalence of high homocyst(e)ine involving sudden surges in blood pressure, vasculitis, and
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hemostatic and hematologic abnormalities that can result in Recommendation

increased blood viscosity and platelet aggregeaitéaz? Specific recommendations regarding treatment of patients
) without cerebrovascular or cardiovascular disease or a history
Recommendation suggestive of a clinical coagulopathy are deferred pending

History of illicit drug abuse should be sought during f,sther study.
routine medical evaluations and the patient referred for
appropriate counseling (US Preventive Services Task ForceHormone Replacement Therapy

report; Table 5p4 The impact of postmenopausal hormone replacement therapy
- on stroke risk appears to be neutral, but owing to a lack of
Hypercoagulability control studies, definitive conclusions cannot be reached.

Although the results of certain blood tests have been associ-Since 1980, there have been at least 18 studies published on
ated with hypercoagulable states characterized by venousthis subjecg2s With the exception of the Framingham Heart
thrombosis, many have not been clearly proven to be associ-Study, none detected a large increase in stroke risk, and
ated with cerebrovascular arterial thrombosis. The presenceseveral reported a slight (but often nonsignificant) decrease in
of antiphospholipid antibodies (aPL) has been shown in risk. The Framingham Heart Study found a 2.60-fold increase
several case-control studies and one prospective study to ben the relative risk of atherothrombotic stroke among women
associated with ischemic stroke. The 2 most frequent testsreceiving hormone replacement therapy compared with non-
used to detect aPL are anticardiolipin antibodies (more users??® In other studies, the relative risk of stroke among
prevalent, but less specific) and lupus anticoagulants (lesshormone replacement therapy users varied from 0.23 to 1.46,
prevalent, but more specific). with the relative risk of fatal stroke ranging from 0.30 to
Unfortunately, the definition of a significant positive result ~1.40#70:292227-23°A review indicated a neutral effect of
on testing for aPL has not been uniformly delineated. For Postmenopausal hormone replacement therapy, with a rela-
example, the isotype of anticardiolipin antibody (IgG, IgM, or  five risk of 0.96z¢ However, the studies conducted to date
IgA) tested and the definition of a significantly elevated level Nave had methodological limitatioA: These limitations
varies among studies. As a result, it is difficult to give nclude nonspecific end points, lack of control for prior
accurate prevalence data or risk of stroke associated with the/'0rmone replacement use or specific regimens, a lack of
presence of aPL. Although empirical treatments have been sufficient numbe_rs of women from minority race-ethnic
given for secondary stroke prevention in persons with aPL, groups, and possible confounding by a healthy-user effect.

evidence supporting the efficacy of this approach is limit- The beneflts_and risks in terms of stroke must also be

edz23224The Antiphospholipid Antibodies and Stroke Study balanced against other potential effects of hormone replace-

(APASS) and Warfarin-Aspirin Recurrent Stroke Study _ment, lnclud!ngdostecl)pc_)rosrf a_nd breast_cancer. Further stud-

(WARSS) results may help to shed light on the best treatment les are required to clarify this important issue.

for secondary stroke prevention. However, further studies Recommendation

may then be needed to investigate primary prevention in The risk of stroke associated with hormone replacement

persons with aPL. therapy appears low but requires further study. Until more
Many case reports and case-control studies have beendata are available, the use of hormone replacement therapy

published related to the association of other coagulation should be guided by factors other than stroke risk.

abnormalities and stroke (eg, factor V Leiden, prothrombin

20210 mutation, protein C deficiency, protein S deficiency, ; ; ) . .
P Y, P y Much of the perceived increased stroke risk associated with

and antithrombin |l deficiency; Table 3). However, many th t oral N i is based v studi ith
have been poorly adjusted for other stroke risk factors. More 1€ use of oral contraceptives IS based on early Sudies wi
high-dose preparatio??s (ie, first-generation oral contracep-

recent case-control and prospective studies of these abnor-. - L4 s
malities have cast doubt on their importance as independenttlves containing=50 pg of estradiol ). The majority of

risk factors for ischemic stroke. Therefore. hvpercoaaulable studies of second-generation oral contraceptives containing
e ) > YP g lower doses of estrogens did not find an increased risk of
states are presently difficult to categorize as targets for

primary stroke prevention stroke242-246However, one study did report an increased risk

) . ) . ) of stroke in women using first-, second-, or third-generation
Even if only a small increased risk of ischemic stroke 51 contraceptivedt” The reasons for this discrepancy are
exists with some of these hypercoagulable states, they may b&, 4t certain. In addition, women who are cigarette smokers,
important to consider in the overall risk profile of patients. 5. hypertensive, or have diabetes, migraine, or prior throm-
Because some of the identified factors underlying hyperco- poemnholic events may be at increased stroke risk if they use
agulable states are relatively common, these patients may alsg,g| contraceptiveis 249
have other risk factors for stroke. These disorders may A meta-analysis concluded that the risk of ischemic stroke
eventually be a target for more aggressive primary stroke js increased in oral contraceptive users but that the absolute
prevention; however, further studies are needed to confirm increase in risk would be small because of the low stroke

whether these are indeed risk factors for stroke and whetherincidence in this populatio?f® The increase in risk was
populations who more frequently have these coagulation present even with the newer low-dose estrogen preparations.
abnormalities should be targeted for testing and more aggres-Methodological limitations limited definitive conclusions
sive primary prevention. regarding the impact of additional risk factors such as

Oral Contraceptive Use
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hypertension and cigarette smoking in oral contraceptive (CRP) and serum amyloid A, acute-phase reactants produced
users. by the liver, are markers of systemic inflammation. CRP
levels are increased in smok&®274 and in apparently
healthy men with vascular risk facto%. There is a signifi-
cant and positive association between plasma CRP levels and
the risk of vascular events, including stroke275.276

Data from prospective randomized clinical trials suggest
that the efficacy of common preventive agents such as aspirin
and HMG-CoA reductase inhibitors may be related, at least in
Inflammatory Processes part, to their anti-inflammatory effects. In the Physicians’

Atherosclerosis, the most common cause of stroke, is now Health Study, aspirin significantly reduced the risk of vascu-
believed to be a disease of chronic inflammation. Its lesions !ar events only among men in the highest quartile of CRP
typically occur at branch points and bifurcations in large and €velsi”® although the direct effect of aspirin on CRP is
medium-sized elastic and muscular arteries. The extracranialUncléar:’”?’¢Pravastatin use, which was shown to decrease
internal carotid artery and the vertebral artery (at its origin the risk of vascular events and stroke in the CARE trial, led
and just distal to the posterior inferior cerebellar artery) are {© @ significant decrease in CRP levels over the S-year
the cerebral vessels most commonly affected. follow-up, whereas CRP levels increased in patients who
Endothelial cells of normal postcapillary venules express "eceived placebo. This effect of pravastatin appears to be
P-selectin, intercellular adhesion molecule-1 (ICAM-1), and independent of its effect on lowering LDL cholestetd.
E-selectin when exposed to cytokines, peroxides, and otherWhether CRP contributes to vascular disease or is merely a
stimuli associated with hypoxic injury. Their appearance marker of vascular risk is unclear, but an inflammatory
mediates leukocyte adhesion and trafficking. The adhesion €nvironment seems to predispose to the risk of stroke in
receptors ICAM-1 and VCAM-1 (vascular cell adhesion e€xperimental model studiés?
moIepuIe-l) are also expressed by.endothelium at SitesRecommendation
preQIsposed to atherosclerdsisand continue to be expressed The currently available data do not provide sufficient evi-
during the developmgnt of the atheroma. Shear stress E.mddence to support a specific management recommendation.
turbulence may contribute to adhesion receptor expression

and may explain the localization of atherosclerotic plaques at .
vessel bifurcationgs2-254 Management Strategies

Monocytes and T cells bind to the expressed adhesion Table 5 summarizes s’Frat(_agies for risk factor management
molecules, become activated, and secrete products such af@sed on published guidelines and/or consensus statements.
cytokines and proteolytic enzymes that contribute to vessel Details of the various recommendations can be found in the
damage. Markers of inflammation, such as leukocyte adhe- original references. Rlsk factors for which specific gwdehne§
sion receptorss and cytokinegse as well as activated T cells have not been previously adopted have not been included in
and macrophages? are present in carotid endarterectomy the Tablezs0-330
specimens of recently symptomatic patients, which suggests
that acute inflammatory responses may predispose to plaque Future Research
destabilization and symptoms. Elevated levels of soluble As can be readily appreciated by inspection of the tables and
leukocyte adhesion receptors have been associated within the accompanying text, significant gaps exist in current
carotid artery atherosclerogig-260 knowledge of the impact of specific factors on stroke risk.

Chronic infection may underlie atheroscleroSifilamydia Moreover, the possible impact of treatment of many of the
pneumoniag a Gram-negative obligate intracellular bacte- potentially modifiable factors on subsequent stroke risk is
rium, has been identified in atherosclerotic carotid plagides  uncertain. Whether the focus of management of specific risk
265 and localizes to regions of altered plague morpholo- factors should be modified in different race-ethnic groups
gy 263264 The fact that seropositivity to Chlamydia does not requires further study. Additional study is also necessary to
seem to correlate to carotid atherosclerosis, as measured bylevelop a fuller understanding of differences in risks between
duplex ultrasonographifs-266supports the notion that Chla- men and women. Despite recent advances in acute stroke
mydia may participate in plaque progression and destabiliza- management and promising new approaches to improving
tion as opposed to initiation of atherosclerosis, which may be poststroke recovery, prevention remains the cornerstone of
why there appears to be a relationship between serumtherapy for these devastating diseases.
antibody titers taC pneumonia@nd stroke?7-279The benefit
of _er_ad_icatingC pneumoniaefrom carotiq plaq_ues yvith References
antibiotic therapy remains uncle&®. Data linking infection 1. Broderick J, Brott T, Kothari R, et al. The Greater Cincinnati/Northern
with other pathogens, such as cytomegalovirus and herpes  Kentucky Stroke Study: preliminary first-ever and total incidence rates

simplex virus, with atherosclerosis are not as robust as those ~ of stroke among blacksStroke 1998;29:415-421. _
for C pneumonia667v272 2. American Ht_ear_t Assomatlorﬁtr_oke Sta.tlstlcs.Dallas, Tex._Amencan

. . . . Heart Association; 2000. Available at: http://www.americanheart.org/
Several observational studies suggest that acute infection Heart and Stroke A Z Guide/strokes.html. Accessed Sep-

may be associated with ischemic stroke. C-reactive protein tember 2000.

Recommendation
The risk of stroke associated with use of low-dose oral

contraceptives in women without additional risk factors
appears low. Oral contraceptives should be avoided in women
with additional risk factors (eg, cigarette smoking or prior
thromboembolic events).
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