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Series Editor’s Introduction

Despite major advances in the understanding of stroke mechanisms that
have occurred over the past quarter century, stroke continues to rank among
the leading causes of death and disability worldwide. Although currently it
may be difficult to believe, early doubts were expressed as to whether inter-
ventions in risk factors for either coronary disease or stroke would actually
lead to a reduction in the incidence of these disorders. However, large clini-
cal trials in hypertension, carotid disease, atrial fibrillation, and
antithrombotic and antiplatelet therapies have effectively demonstrated the
efficacy of these targeted interventions in reducing stroke incidence. More
recently, after earlier uncertainty regarding the role of elevated lipids as a
risk factor for stroke, clinical trials of the statins have also demonstrated a
significant reduction in the incidence of ischemic stroke. However, as em-
phasized in Handbook of Stroke Prevention in Clinical Practice, despite these
gains and the initial decline in stroke incidence that did occur in the 1960s
and 1970s, the incidence of stroke disappointingly has failed to show a fur-
ther significant decline since that time.

The editors of Handbook of Stroke Prevention in Clinical Practice raise the
very important question of whether recognized strategies for stroke preven-
tion have been widely or effectively implemented. They correctly empha-
size the critical importance of identifying the mechanism of stroke in each
patient so as to properly direct prevention and treatment. As Dr. Louis
Caplan so eloquently stated, the essential question in management of
patients with cerebrovascular disease is to first ask and answer the ques-
tion, “What is wrong with Mr. Jones?” (1). That is, exactly why has this
patient had transient ischemic attack? It then becomes clearer what should
be done about it. Early stroke prevention and treatment studies considered
ischemic stroke collectively without clearly identifying the mechanism of
stroke in enrolled patients. Undoubtedly, the same can often be said of
stroke management as it routinely takes place in the community. The chap-
ters on vascular, cardiac, embolic, uncommon, and cryptogenic causes of
stroke in this volume usefully serve to emphasize the very wide variety of
circumstances that can result in ischemic stroke.

The editors have also further updated the list of risk factors for stroke
including tobacco and alcohol, obesity and physical activity, hormonal sta-
tus, serum biomarkers, and genetic factors, all of which will require further
study to determine their importance as risk factors and the impact of inter-
vention in these areas. Useful tables and definitive summary statements
concerning the current state of the art concerning risk factors and available

(%



vi Series Editor’s Introduction

interventions will hopefully serve to improve the prospects for patients at
risk for stroke. The CD-ROM that is included can be downloaded into a
computer or PDA and should maximize the value of this information to the
practicing clinician.

REFERENCE

1. Caplan LR. TIAs: We need to return to the question, “What is wrong with Mr. Jones?”
Neurology 1988;38:791-793.

Daniel Tarsy, mp
Movement Disorders Center,

Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, MA



Preface

Stroke is a major cause of death and disability worldwide. In the United
States, it is the third leading cause of death, after heart disease and cancer.
There are approximately 600,000 ischemic strokes each year and up to one-
third of these individuals remain permanently disabled. Globally, stroke is
projected to be the fourth most common cause of premature death and dis-
ability by the year 2020. Since the 1970s, several large international cohort
studies have provided a wealth of information about stroke risk factors,
many of which may be modified by lifestyle changes or medical therapies.
During the same epoch, large clinical trials have established targeted inter-
ventions for preventing stroke associated with specific high-risk condi-
tions, such as carotid disease and atrial fibrillation. Yet, even with the risks
defined and the prevention strategies proven, the incidence of stroke has
not decreased significantly in recent years. Although scientifically vali-
dated and widely accepted, these strategies for stroke prevention are often
not effectively implemented.

The failure to identify and treat risk factors for stroke contributes to the
high rates of recurrent stroke and vascular death seen in patients with cere-
brovascular disease. Although issues related to vascular protection are not
unique to the cerebrovascular circulation, the failure to modify such risk
factors as hypertension, hyperlipidemia, smoking, and obesity contributes
to the burden of stroke. Neurologists evaluating an individual at high risk
of recurrent stroke following transient ischemic attack or minor stroke are
sometimes ill-prepared to assume responsibility for managing such risk fac-
tors as hypertension. In contrast, non-neurologists may feel uncomfortable
localizing neurological symptoms and determining the pathophysiology for
the event, which may lead to a failure to implement a mechanism-based
prevention strategy tailored to that individual.

Our purpose in writing the Handbook of Stroke Prevention in Clinical Prac-
tice was to focus on the practical aspects of managing patients at high risk of
stroke and to provide the resources that a practicing clinician might find
valuable in assessing and treating these individuals. The summary state-
ments, tables, and graphs were intended to leave sharp impressions that
could be woven into the clinical discourse and shared with patients and
their families. We sought to include the tools and references we use on a
regular basis in our practice and to consolidate them in one text. Our inten-
tion was to provide a practical guide, rather than an exhaustive compen-
dium of stroke epidemiology and clinical trial results. We made a
determined effort to include the most up-to-date targets and interventions,
recognizing that these will likely evolve over time.

Vil
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Our approach is based on the pathophysiology of cerebral ischemia and
infarction. The primary goal of the initial assessment of a symptomatic pa-
tient should be to determine the mechanism of ischemia. The classification
schemes currently employed are useful, but not optimal, given that an indi-
vidual might have multiple risk factors and potentially more than one
mechanism of disease. Identifying a single cause of symptoms, be it atrial
fibrillation or surgically remediable carotid stenosis, should not absolve the
physician from identifying and modifying other risk factors. There is in-
creasing evidence that conventional and novel risk factors contribute to
stroke through effects on inflammation, endothelial injury, and activation
of the hemostatic system. For these reasons, although we address specific
mechanisms throughout the text, we chose to structure the book based pri-
marily on states conferring increased stroke risk.

We wish to express our sincere appreciation for the valuable assistance
of the clinicians and researchers who contributed their time and expertise
to this work. We are grateful to Brenda Thornell and Susan Santilli who
provided invaluable assistance in preparing the text. Additionally, we wish
to acknowledge Dr. J. Philip Kistler and Dr. C. Miller Fisher of the Massa-
chusetts General Hospital Stroke Service, whose pathophysiologic approach
to stroke diagnosis and management has profoundly influenced generations
of neurologists.

Karen L. Furie, MD, MPH
Peter . Kelly, MD, MS, MRCPI
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1
Epidemiology of Stroke

Eric E. Smith and Walter J. Koroshetz

INTRODUCTION

Stroke is a major burden on public health worldwide. In the United States,
it is the third leading cause of death after heart disease and cancer and the
leading cause of chronic disability in adults. Despite the recent introduction
of new therapies for acute stroke, effective prevention remains the major
strategy for decreasing the mortality and morbidity of stroke. This chapter
reviews epidemiological methods and risk factors for stroke.

OVERVIEW OF EPIDEMIOLOGICAL METHODS

Measures of Disease Frequency

Measurement of the impact of stroke requires an understanding of its fre-
quency in the population (/). The frequency of a disease is usually described
in terms of incidence and prevalence (2). Cumulative incidence refers to the
number of new cases occurring in a defined population in a specified period.
However, all individuals in the population under study may not have been
observed for the same period of time because some individuals enter the
study later than others or some leave the study earlier. In this case, the inci-
dence rate is usually calculated as the measure of disease occurrence. As for
cumulative incidence, the numerator remains the number of new disease
cases. However, the denominator is the product of the number of individu-
als observed and the total observation time free of disease (Box 1).

In contrast to incidence, which measures new disease occurrence, preva-
lence refers to the proportion of a defined population that has the disease at
a given time (Box 1). The prevalence is dependent on the duration of the
disease and the incidence. For example, diseases with a high incidence and
a long duration (e.g., diabetes) will have a high prevalence compared to
diseases of lower incidence or shorter duration (e.g., lung cancer).

From: Current Clinical Neurology: Handbook of Stroke Prevention in Clinical Practice
Edited by: K. L. Furie and P. J. Kelly © Humana Press Inc., Totowa, NJ
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2 Smith and Koroshetz

Box 1
Measures of Disease Frequency

Cumulative incidence = Number of new cases of disease during a specified time

Population at risk

Incidence rate = Number of new cases of disease

(Population at risk) X (Time period of observation)

Prevalence = Number of cases of disease at a specified time

Total population at risk

Mortality rate = Number of deaths due to disease during a specified time

Total population at risk

Case fatality rate = Number of deaths due to disease

Number of persons with the disease

Design of Epidemiological Studies

Different study designs afford different advantages in cost, effort, and types
of data analysis (Table 1). Descriptive studies examine patterns of exposure
and disease in defined groups in relation to other demographic, lifestyle,
or clinical characteristics. Cross-sectional studies are based on a survey
of exposures and outcomes in a population in a given period of time. Case
reports and case series describe an unusual relationship between exposure
and disease in the clinical setting in an individual or a small group of patients.
These studies are inexpensive, may be performed relatively quickly, and
often provide useful hypothesis-generating data for further analytic study.
However, they are often limited by an inability to determine the strength
and temporal relationship between exposure and disease, and they are usu-
ally inconclusive regarding the causality of the relationship.

The defining characteristic of a cohort study is selection of participants
based on their exposures rather than on the occurrence of disease. Cohort
studies may be prospective, meaning that the patients are selected and fol-
lowed over time for the development of the outcome, or retrospective. In a
retrospective cohort study, participants are also selected based on exposure,
but both exposure and the outcome of interest occurred in the past, and infor-
mation is obtained from historical records. The cohort design allows accu-
rate determination of disease incidence and prevalence and is excellent for
studying the relationship of candidate risk factors to the development and
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Table 1

Study Designs

Study type Advantages Disadvantages

Case report/series

Cross-sectional

Case—control

Cohort

Clinical trial

Highlights an unusual or
interesting relationship
between exposure and
outcome; typically taken
from clinical case material
and therefore not costly;
generates hypotheses that
may be tested in other
designs

Can determine prevalence
of diseases and exposures

Sample population selected
based on disease (outcome),
which is helpful for studying
rare diseases; less time
consuming and less costly
than cohort studies; useful
when the outcome is rare

Sample population selected
based on exposure; useful
when the exposures are rare;
temporal relationship between
exposure and disease is
determined; relationship
between multiple exposures
and outcome may be studied

Exposure is assigned by the
investigator to study groups,
and the effect on outcome is
observed (analogous to
laboratory experimental
study); randomization can
eliminate bias from both
known and unknown
confounders

Evidence is anecdotal,
lack of definition of
control group or source
population prevents
measures of frequency
or risk ratios

Cannot determine
incidence rates; does not
define temporal relation-
ship between variables

Control selection is
vulnerable to bias;
exposures are measured
after the disease has
occurred, so may be
influenced by the disease

May need large cohort or
long follow-up period for
sufficient outcomes to
occur; often costly;

if outcome is rare, then
statistical power may be
insufficient for valid
analysis

Randomization may fail
by chance, especially with
smaller sample sizes; may
require prolonged follow-
up period; often costly;
ethical concerns prevent
assignment of certain
exposures; often difficult
to perform in rare diseases
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course of disease. This design is particularly efficient for the study of the
effects of rare exposures. Disadvantages include the logistical difficulties
required in following a large sample over many years, with associated expenses.
The cohort design is not ideally suited for studying rare outcomes because
the required cohort size and length of follow-up may be prohibitive.

In a case-control study, individuals are selected based on their disease
status, and their exposure history is determined compared to nondiseased con-
trols. Advantages of this design are its relative efficiency, lack of expense,
and ability to study rare diseases that are not feasible for study in a cohort
design. However, case—control studies are subject to bias because the inves-
tigator determines the participants. To minimize this problem, controls should
come from the same source population as cases, and groups should be simi-
lar in all respects except for disease status. A further disadvantage is that the
temporal relationship between exposure and disease may be unclear because
the occurrence of the disease may artificially influence the measurement of
the exposure.

Intervention studies or clinical trials are used to test interventions designed
to modify the course of disease. They may be considered a form of experimen-
tal epidemiological study in which the exposure is allocated by the investi-
gator. Most commonly, one group is given the intervention, and a control
group is not; both groups are followed for the outcome of interest.

One of the major goals of clinical trial design is the avoidance of bias that
could influence the result of the experiment. Differences in important vari-
ables between the treatment groups are one major source of bias. Treatment
groups should ideally be alike in all aspects and should only differ in the
treatment each group receives. Randomly assigning the treatment group
(randomization) should be done in order to promote an equal distribution of
known and unknown potential confounders among the different groups.
When demographic or clinical variables exist that could overwhelm the
magnitude of the possible treatment effect, stratification may be done to
avoid an imbalance of the variables among treatment groups. In stratified
randomization a separate randomization procedure is done for each defined
subset; the subset could be based on age or gender, for example. Block ran-
domization is used to ensure balance in numbers between the treatment arms
at any point in the trial; for example, trial participants may be grouped in
blocks of ten with five receiving study drug and five receiving placebo. To
eliminate bias resulting from physicians and patients knowing their treat-
ment assignment, blinding (in which the treatment assignment is concealed)
and placebos (an inactive form of the medicine given to the control group)
are frequently used.



Epidemiology of Stroke 5

Box 2
Relative and Attributable Risk
Disease (e.g., stroke)

Disease | Disease
. Present | Absent
2| E posure
L2 Xxposur
g 2 | Present A B
o
= 5 Exposure
- o | Absent ¢ D
Relative risk =  Proportion of disease in exposed group

(risk ratio) Proportion of disease in unexposed group

= A/(A + B)
C/(C + D)

Attributable risk = Proportion of disease in exposed group —

Proportion of disease in unexposed group
=A/(A + B)- C/(C + D)

MEASURES OF DISEASE ASSOCIATION
Proportions, Odds, and Ratios

In epidemiological terms, a proportion is the ratio of part of a group to the
whole group. In contrast, odds refers to the ratio of a part of a group (numer-
ator) to the whole group minus the part (denominator). The strength of asso-
ciation between a defined exposure and disease is frequently summarized as
a ratio that compares the proportions or odds of disease in exposed and non-
exposed groups.

Relative Risk, Attributable Risk, and Odds Ratios

The risk of disease is the probability of disease occurrence in a defined
population. An exposure (an environmental or inherited factor) that modi-
fies the disease frequency in the exposed group is termed a risk factor.

In epidemiological studies of the relationship between exposure and dis-
ease, risk is usually quantified in one of several ways. In cohort studies, rela-
tive risk is frequently used to summarize the strength of an exposure on the
development of disease (Box 2). Relative risk may be expressed as a risk
ratio or rate ratio. The risk ratio is obtained by dividing the cumulative inci-
dence of disease in the exposed group by the cumulative incidence in the non-
exposed group. Similarly, the rate ratio is calculated by dividing the incidence
rate of disease in exposed individuals by the incidence rate in nonexposed
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Box 3
Population-attributable Risk

Population-attributable risk = Prevalence X (Relative risk — 1) x 100

Prevalence X (Relative risk — 1) + 1
or
Attributable risk due to exposure X Proportion of population exposed
P)=[AIA+B)-C/(C+D)]xP,

individuals. This information can be readily expressed by constructing a con-
tingency (2 X 2) table using data from a cohort study (Box 2). It is assumed
that the groups compared are identical except for the exposure of interest. A
relative risk greater than 1.0 indicates that the exposure is associated with
increased frequency of the disease; a relative risk less than 1.0 indicates that
the exposure is associated with decreased frequency of the disease.

In addition to the relative risk, the risk associated with an exposure may be
expressed in absolute terms by calculating the difference in cumulative inci-
dence of disease between exposed and nonexposed individuals (Box 2). This
is termed the attributable risk or risk difference. The influence of an expo-
sure on the risk of disease throughout an entire population may be estimated
if the population prevalence of the exposure is known (Box 3). This mea-
sure, the population-attributable risk, is useful from a public health perspec-
tive as it provides an estimate of the number of cases of disease that may be
prevented in a population by eliminating the exposure.

In a case—control study, in which subjects are eligible based on disease
status rather than exposure status, it is not possible to calculate the risk ratio
directly. The odds ratio (OR) is used in this context; it is defined as the odds
of exposure in the disease group (cases) divided by the odds of exposure in
the nondisease group (controls) (Box 4). For practical purposes, the OR
approaches the risk ratio (particularly for rare diseases), assuming that inci-
dent cases are enrolled, and subjects are not selected based on their expo-
sure status.

Bias and Confounding

In observational studies, bias refers to a systematic difference in the en-
rollment of subjects (selection bias) or collection of data (information bias)
between individuals with and without the exposure or outcome of interest.
Confounding refers to misinterpretation of the relationship between expo-
sure and outcome due to the presence of one or more other factors (con-
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Box 4
Odds Ratio Disease (e.g., stroke)
Disease Disease
Present Absent
=
v 2 Exposure A B
2 o | Present
¢ 8
&,
< | Exposure
- ;/p Absent ¢ b

Odds ratio = Odds of exposure in cases

Odds of exposure in controls
=A/C=AXD
B/ID BxC

founders) which are related to the exposure and independently associated
with the outcome.

DESCRIPTION OF EPIDEMIOLOGICAL DATA
Types of Data

Data from analytic epidemiological studies must be described and quan-
tified, and statistical methods are employed to test hypotheses that outcomes
or exposures are different between groups. Data may be qualitative (discrete)
or quantitative (continuous). Discrete data fall into two or more distinct cate-
gories without an intervening measure. In the simplest form, discrete data
are dichotomous, falling into one of only two categories (e.g., male/female).
If several categories exist with a natural progression between categories (e.g.,
the modified Rankin scale), the data are termed ordinal. In contrast, contin-
uous data are measured on a scale without a predefined limit and within which
intervening measures are possible (e.g., residual carotid lumen diameter on
angiography).

Qualitative data are usually presented in terms of proportions (percent-
ages) of each category. In contrast, the distribution of quantitative data is
usually summarized as a measure of central tendency and spread around the
center. Values often used to describe the central tendency include the mean
and median; spread is most commonly measured by the standard deviation
(Box 5). The median is less sensitive to influence from extreme data points
(outliers) compared to the mean. The data are normally distributed if they
assume a symmetric, bell-shaped curve. In this case, the mean and median
are equal, and the distribution of data is symmetric about the mean. If the
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Box 5
Measures of Data Distribution

Mean = Sum of all values measured

Number of measurements

Median = Value at the 50th percentile
= Value at which 50% of the observations are below it and 50% of
the observations are above it

Standard deviation = Square root of the variance, a measure of the spread

= V 3. (Value — Mean)?

Sample size - 1

Range = Maximum value — Minimum value

distribution is normal, one and two standard deviations from the mean en-
compass 67 and 95% of the data points, respectively. Other types of distri-
butions include skewed (a “tail” exists at one end of the distribution) and
bimodal (two separate peaks in frequency of the measures exist).

In many studies, the important end point is the time to a major event, such
as the occurrence of stroke. In this situation, the data are described as fime-
to-event data and can be graphed as a Kaplan—Meier plot. In such studies,
many patients will not have had the outcome of interest by the time the study
results are analyzed; in this case, the patient is said to be censored at the last
time point for which information is available. Specific statistical methods
for analysis are used that account for the amount of time patients are free of
the end point before being censored.

Hypothesis Testing

When studies show a difference between two groups, the next step is to
determine whether this difference is significant or merely represents a chance
random variation. By convention, the null hypothesis that there is no differ-
ence between the groups is tested and either rejected or accepted. In general,
the null hypothesis is rejected when the p value, which is the probability that
the observed result could have happened purely by chance, is less than 0.05.
The p value is equal to the chance of a type I error, which is the error of reject-
ing the null hypothesis when in fact it is true (i.e., obtaining a false-positive
result). When multiple comparisons are made, it is appropriate to decrease
the p value required for significance (the Bonferroni method is often used,
in which the usual level of 0.05 is divided by the number of tests made). The
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opposite error, that of accepting the null hypothesis when in fact it is false
(thereby obtaining a false-negative result) is termed a type Il error. The power
of the test is 1 minus the type II error; in most studies, it is designed to be
between 0.70 and 0.90. The 95% confidence interval provides useful infor-
mation about the distribution of the true result by giving the range in which
the true result is contained with a probability greater than or equal to 95%.

Selection of the appropriate statistical test is determined by the type of data
(qualitative or quantitative, ordinal or continuous, etc.) and is outside the scope
of this discussion. The most common statistical tests are the z-test for quanti-
tative data, the chi-square test for qualitative data, the Wilcoxon rank sum test
for nonparametric distributions, and the log-rank test for time-to-event data.

After significant relationships between exposures and outcome are found
in univariate analysis, the next step is to determine whether all the exposures
are independently associated with the outcome, or whether one or more expo-
sures are dependent on one another. This can be done using multivariate
analysis, also referred to as regression analysis, by which a statistical model
is created to fit the data using multiple variables (also known as predictors)
entered by the investigator. The analysis is called logistic regression when the
outcome is qualitative, linear regression when the outcome is quantitative,
and Cox proportional hazards regression when the outcome is time to event.
The model can be used to calculate a p value and logistic regression analy-
ses allows calculation of an adjusted odds ratio for each predictor variable.
A variable that was significant in univariate analysis may no longer be a sig-
nificant predictor when other variables are entered into the regression model.

EPIDEMIOLOGY OF STROKE

Incidence

In developed and developing countries, stroke is a common disease with
a large impact on the health of the population. In the United States, data from
epidemiological studies such as the Greater Cincinnati/Northern Kentucky
Stroke Study indicate that the incidence of stroke is approx 700,000 cases per
year (3). Of these, approx 500,000 cases are first strokes, and 200,000 cases
are recurrent strokes. The age-adjusted annual incidence rates for first stroke
are 167 per 100,000 population for white males and 138 per 100,000 popula-
tion for white females. The age-adjusted rates in black and Japanese American
men and women in the United States are approximately twice those in whites.

The most reliable international stroke incidence data are from the World
Health Organization (WHO) MONICA Study (4). This project reported stan-
dardized data from 18 populations in 10 countries (including eastern and west-
ern European countries, Russia, and China) between 1985 and 1987. Age-
standardized stroke incidence rates varied widely, from 101 to 285 in men and
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from 47 to 198 in women (all rates per 100,000 population), with the highest
rates in Russia and Finland and the lowest in Italy. In general, rates were
higher in eastern than western Europe and in men than in women (male:female
range 1.2-2.4). Recurrent stroke accounted for 18-22% of total reported stroke.

Prevalence

The American Heart Association estimated that there are approx 4.7 mil-
lion stroke survivors in the United States (5). Many of these individuals are
elderly and require long-term institutionalized care. Data indicate that the
number of noninstitutionalized stroke survivors in the United States is approx
2.4 million (6). These figures underscore the potential impact of measures
for primary and secondary prevention of stroke.

Subtype-Specific Frequency Data

The widespread availability of computed tomography and magnetic reso-
nance imaging of the brain has allowed categorization of stroke into distinct
subcategories. This has facilitated the emergence of a more detailed under-
standing of the epidemiology and natural history of stroke based on patho-
physiology. This in turn may greatly influence strategies for stroke prevention
as some risk factors (e.g., hyperlipidemia) may influence the risk of some,
but not all, stroke subtypes.

Stroke may be subdivided into ischemic or hemorrhagic stroke. Hemor-
rhagic stroke may be further subdivided into intracerebral hemorrhage (ICH)
and subarachnoid hemorrhage (SAH). Ischemic stroke accounts for about
80—-85% of all stroke in European and North American populations. Although
some stroke registries have reported rates as high as 23-27%, hemorrhagic
stroke accounts for 10-15% in most studies; of this percentage, 3—6% are
caused by SAH, and 8-10% are caused by ICH.

Several classification schemes have been developed to subdivide ische-
mic stroke further. The scheme developed for the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) is one widely accepted method (7). This uses the
results of the clinical evaluation and supplemental laboratory testing (includ-
ing imaging, cardiac imaging, electrocardiography, etc.) to divide stroke into
five categories based on etiology: large-artery atherosclerosis, cardioembol-
ism, small-artery occlusion (lacunar stroke), stroke of other determined eti-
ology (e.g., hypercoagulable state), and stroke of undetermined etiology.

Other authors have used similar schemes. In the multiethnic Northern Man-
hattan Stroke Study, 32% of strokes were cryptogenic (no determined etiology),
20% were cardioembolic, 17% were caused by large-artery atherosclerosis
(of which half involved intracranial arteries and half involved extracranial



Epidemiology of Stroke 11

arteries), and 27% were lacunar (8). The incidence of lacunar stroke has been
lower in predominantly white population studies, such as the Framingham study.

OUTCOME FOLLOWING STROKE
Mortality

Different studies have shown widely variable case fatality rates for ische-
mic stroke. Potential reasons for this heterogeneity include regional or inter-
national variability in acute medical care and variability in the distribution
of stroke types within populations. In the United States, 30-day case fatality
rates as low as 5% and as high as 22% have been reported. Data from the mul-
tiethnic Northern Manhattan Stroke Study indicated a 30-day mortality of
5%, a 1-year mortality of 18%, and a 5-year mortality of 42% after first-ever
ischemic stroke (9). Large hemispheric infarction and major basilar territory
infarction have been associated with an increased risk of death (10). Lacu-
nar stroke is associated with a lower risk of death, with a 30-day case fatal-
ity rate as low as 1% (11).

The case fatality rate is higher for hemorrhagic stroke, with mortality
rates of 40-50% for ICH and SAH. Factors associated with increased early
mortality caused by ICH include hemorrhage volume, Glasgow Coma Scale
score, and the presence of intraventricular hemorrhage (12).

Outside the United States, the MONICA study reported 28-day case fatal-
ity rates of 15-49% for men and 18-57% for women (4). However, compari-
sons with US data must be performed with caution as the data include both
ischemic and hemorrhagic stroke subtypes.

Disability

The Global Burden of Disease project has summarized disease-specific
disability in terms of disability adjusted life years (DALYs) lost (13). This
measure combines premature mortality with disease-related impairment and
allows internally valid disease-specific comparisons to be made between
regions. In 1990, it was estimated that stroke was the sixth most common
cause of DALY lost worldwide. It is projected to be the fourth most common
cause by 2020 (13).

In the developed world, important regional and international variation exists
in provision of postacute stroke services. In the United States, 19-32% of
ischemic stroke survivors are discharged from the acute hospital to a nursing
home or rehabilitation facility. Severity of stroke, age, living aloné before
stroke, and cognitive impairment are associated with inability to return home
following stroke. Approximately 50-70% of survivors return to functional
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independence, 15-30% remain with permanent disability, and 20% require
residential care 3 months after stroke onset. Lacunar and cerebellar ischemic
stroke have better prognoses, with higher rates of recovery and decreased
rates of discharge to rehabilitation or nursing homes.

Cost

In the United States, the direct health care-related cost of stroke was esti-
mated as $17 billion in 1990 (74). The indirect costs, such as loss of productiv-
ity, are even greater and, when added to the direct costs, produced a total of
$40 billion in 1990. SAH and ICH are more costly per person than ischemic
stroke. The most costly is SAH, in large part because of a younger mean age
of onset, which leads to greater loss of lifetime productivity.

RECURRENT STROKE

The rate of early (within 30 days) ischemic stroke recurrence varied from
3 to 10% in reported studies (15). The subtype of ischemic stroke appears to
be a major determinant of early recurrence. Sacco and colleagues (15) and
others reported that patients with stroke resulting from large artery athero-
sclerosis had the highest recurrence rate (8—18%), lacunar stroke had the
lowest recurrence rate (1.4-2%), and cardioembolic stroke and cryptogenic
stroke had intermediate rates (3—5%). Reported late recurrence rates varied
from 12 to 14% at 1 year and 25 to 40% by 5 years (10). Atrial fibrillation,
hypertension, alcohol abuse, and hyperglycemia have all been found as inde-
pendent predictors of stroke recurrence. Recurrent strokes have a higher
rate of mortality and disability than first-ever strokes.

Transient ischemic attack (TIA) identifies a group of patients at high risk
for early development of ischemic stroke. In one study, patients diagnosed
with TIA in the emergency room had a 10.5% risk of stroke in the next 90
days, of which half occurred in the first 2 days following the index event
(16). Older age (>60 years), diabetes, focal weakness or dysarthria, or dura-
tion longer than 10 minutes were additive independent predictors of stroke
following TIA.

A recent meta-analysis of ICH found a recurrence rate of 2.3% per year
(17). Patients with hemorrhages in lobar brain regions, who are at risk for
cerebral amyloid angiopathy, had a higher recurrence rate of 4.4% per year.
Recurrent lobar hemorrhage has been associated with the presence of the
apolipoprotein E €2 or €4 allele.

TEMPORAL TRENDS

Stroke incidence declined from the 1950s to the end of the 1970s, but this
trend appeared to end in the 1980s. Data from a longitudinal study in Roches-
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ter, Minnesota, indicated that rates actually rose between 1985 and 1989 (18).
This trend was seen for both ischemic stroke and ICH. The factors that led to
the decline in the 1950s to 1970s are not fully known. Improvements in pre-
vention, particularly treatment of hypertension, may have been partly respon-
sible. The recent increasing incidence of stroke may be partly because of
improved case finding or the increasing prevalence of survivors of chronic
medical problems, such as ischemic heart disease, who are at risk for stroke. It
is likely that the recent apparent increase in incidence of ICH is the result of
more reliable diagnosis with the use of CT scanning.

Case fatality rates from stroke have been in decline from 1950 to the present.
This has been attributed to both improved medical care and increased incidence
of less-severe strokes, partly because of improved diagnosis. The improve-
ment in stroke mortality has been balanced by an increase in the number of
stroke survivors. Data indicated that the number of noninstitutionalized stroke
survivors increased from 1.5 million in the early 1970s to 2.4 million in the
early 1990s.

RISK FACTORS

Nonmodifiable Risk Factors:
Age, Sex, Race or Ethnicity, and Family History

Advancing age is a strong risk factor for stroke, both ischemic and hem-
orrhagic. Data from the Framingham study indicated that stroke incidence
doubles for each decade after 55 years (19).

In general, stroke is more common in men than in women. After adjusting
for age, the male:female incident stroke ratio varies from 1.39 (Framingham
study) (19) to 2.4 (MONICA) (4). Exceptions include age groups from 35 to
44 and older than 85 years, for which the age-adjusted stroke incidence is
slightly higher in women.

Race or ethnicity is also associated with the risk of ischemic and hemorrha-
gic stroke. African Americans and Hispanic Americans are at increased risk for
ischemic stroke, ICH, and SAH. For example, among the residents of north-
ern Manhattan, African Americans had a 2.4-fold and Hispanic Americans
had a 2.1-fold increase in the incidence of combined ischemic stroke and
hemorrhagic stroke compared to whites (20). Hispanic Americans and African
Americans are reported to have a higher proportion of strokes caused by intra-
cranial atherosclerosis and lacunes and a lower proportion of strokes caused
by cardioembolism (8). ICH is approximately three times more common in
Hispanic Americans and African Americans and almost six times more com-
mon in Japanese Americans compared to whites. These racial and ethnic
variations in stroke are only partly explained by differences in socioeco-
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nomic status and higher prevalence of known stroke risk factors such as
diabetes, obesity, and hypertension, suggesting that genetic factors may also
play a role.

A role for genetic factors in stroke was further suggested by several studies
that found a higher stroke concordance rate for monozygotic compared to
dizygotic twins (21). Paternal and maternal history of stroke have also been
linked with increased stroke risk (22). In some of these family studies, a his-
tory of stroke in a first-degree relative was an independent risk factor for stroke
occurrence. Most of these studies did not differentiate between ischemic
strokes and hemorrhagic strokes. However, a population-based study of ICH
found that a history of ICH in a first-degree relative was a significant risk fac-
tor for both lobar and nonlobar hemorrhages (23).

Modifiable Risk Factors

The American Heart Association has published consensus recommenda-
tions based on best available evidence for the management of modifiable
risk factors for ischemic stroke (5). A summary of potentially modifiable risk
factors for ischemic stroke is presented in Table 2; these are grouped accord-
ing to the level of evidence establishing their connection with stroke (obser-
vational studies only vs observational and intervention studies). For many
of the stroke risk factors that are less well documented, well-conducted ran-
domized controlled trials addressing the effect of specific interventions on
stroke risk are not available.

The concept of population-attributable risk is helpful for understanding
the relative impact of different stroke risk factors (discussed in the section
on measures of disease association). The population-attributable risk esti-
mates the proportion of total incident stroke cases in the population than can
be attributed to a given risk factor (Box 3). It is proportional to the preva-
lence of the risk factor and the degree of relative risk it confers. Among the
well-documented ischemic stroke risk factors, hypertension accounts for
the highest proportion of stroke among younger patients (5). For example,
it accounts for 40% of stroke in individuals aged 50-60 years. The attribut-
able risk caused by hypertension decreases with increasing age because the
increase in the prevalence of hypertension is more than offset by an accom-
panying decrease in the relative risk. In 80-year-olds, the attributable risk
has dropped to 20%. As age increases, atrial fibrillation assumes a more prom-
inent role, accounting for 23.5% of ischemic strokes in 80-year-olds. Hyper-
lipidemia and diabetes also account for a substantial proportion of ischemic
stroke. Among the risk factors that are less well documented, obesity, phys-
ical inactivity, and hyperhomocysteinemia may account for a high number
of strokes because of their high prevalence.
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Table 2
Ischemic Stroke Risk Factors“
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Nonmodifiable risk factors
Age
Sex
Race or ethnicity
Family history
Well-documented modifiable risk factors (intervention of proven benefit)®
Hypertension
Atrial fibrillation
Smoking
Diabetes
Hyperlipidemia
Carotid stenosis
Sickle cell disease
Less well-documented modifiable risk factors (observational studies, benefit of
intervention unproven)
Cardiac
Myocardial infarction
Left ventricular dysfunction
Valvular heart diseases
Left ventricular hypertrophy
Patent foramen ovale
Atrial septal aneurysm
Mitral annular calcification
Mitral valve strands
Aortic arch atheroma
Physical inactivity
Poor diet
Lipoprotein (a)
Excessive alcohol consumption
Antiphospholipid antibodies
Hyperhomocysteinemia
Hypercoagulable states
Hormone replacement therapy
Oral contraceptive pill
Hyperfibrinogenemia
Drug abuse
Migraine
Fibromuscular dysplasia
Chronic inflammation/infection

From ref. [.
5From ref. 5.
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Table 3
Intracerebral Hemorrhage Risk Factors

Nonmodifiable
Age
Race or ethnicity
Apolipoprotein E €2 or €4 allele
Cerebral amyloid angiopathy
Modifiable
Hypertension
Alcohol use
Ischemic stroke
Coagulopathy
Warfarin use
Aspirin use
Other anticoagulants and fibrinolytics
Cigarette smoking
Vascular malformation
Sympathomimetic drugs (including cocaine)
Vasculitis
Intracerebral tumors

Table 4
Subarachnoid Hemorrhage Risk Factors

Saccular aneurysms

Nonmodifiable
Family history
Aneurysm size
Aneurysm location
Prior history of aneurysmal bleeding
Female gender
Autosomal dominant polycystic kidney disease
Ehler-Danlos syndrome
Associated with arteriovenous malformations
Moyamoya disease
Aortic coarctation
Fibromuscular dysplasia

Modifiable
Cigarette smoking
Hypertension
Cocaine use

Other causes

Trauma

Mycotic aneurysms

Arteriosclerotic aneurysms

Arterial dissection (vertebral arteries)
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Table 3 lists the known modifiable and nonmodifiable risk factors for ICH.
A population-based case—control study found that lobar and nonlobar hemor-
rhages have different risk factors (23). Hypertension was a significant risk
factor for nonlobar ICH, accounting for 54% of the population-attributable
risk. Lobar brain hemorrhage was instead associated with the presence of
the apolipoprotein E €2 or €4 allele (29% population-attributable risk for the
presence of either allele). Prior history of ischemic stroke, anticoagulant use,
first-degree relative with ICH, and frequent alcohol use were associated with
either type of hemorrhage.

Excluding head trauma, SAH is most commonly caused by rupture of a
saccular aneurysm. The largest study of the natural history of saccular aneu-
rysms found that aneurysm size, location, and prior history of SAH were
associated with an increased risk of rupture (24). Other modifiable and non-
modifiable risk factors for SAH are presented in Table 4.
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2
Subtypes of Ischemic Stroke

John Sims and Walter J. Koroshetz

INTRODUCTION

Ischemic stroke occurs as a result of an extremely heterogeneous group
of vascular pathological events (Table 1). Because treatment is often aimed
at attenuating a specific vascular disorder, identifying the underlying cause
is critical for optimal stroke prevention. As an example, secondary stroke
prevention for a young patient with endocarditis will differ substantially
from that for an elderly patient with atrial fibrillation, although both condi-
tions cause cardioembolic stroke.

Therefore, in clinical practice and research studies, ischemic stroke is fre-
quently classified into subtypes. Although different schemes exist, the ration-
ale for their introduction was based on an attempt to resolve the anatomic
and pathophysiological heterogeneity of ischemic stroke by grouping indi-
vidual patients into one of several categories. In this way, the understanding
of stroke natural history and pathophysiology could be refined, and hypoth-
eses about the response to interventions targeted at specific stroke mecha-
nisms could be tested. Accurate categorization into subtypes also increases
the uniformity of subjects entered into clinical trials, thus facilitating the
interpretation and application of results in clinical practice. In practice, the
underlying heterogeneity of stroke pathophysiology creates difficulties in
determining the pathological basis of the stroke in many individuals. There-
fore, most commonly used classification systems separate patients with stroke
into broad categories.

COMMON CLASSIFICATION SCHEMES
TOAST and Stroke Data Bank Classifications

One commonly used subtyping scheme is the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification (Table 2) (/). Following completion
of brain imaging and diagnostic testing, this scheme subdivides ischemic
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Table 2
TOAST Classification of Acute Stroke Subtypes

Large-artery atherosclerosis (embolus/thrombosis)*: Clinical evidence of cortical,
subcortical, brain stem, or cerebellar dysfunction with more than 50% lesion or
occlusion in an extracranial or intracranial vessel in the distribution of an infarct
larger than 1.5 cm by CT or MRI. This diagnosis cannot be made if arterial studies
show no evidence of pathology or if there is reasonable suggestion by history or
studies that another mechanism is possible.

Cardioembolism (high risk/medium risk)“: Clinical evidence of cortical, subcortical,
brain stem, or cerebellar dysfunction with a lesion size larger than 1.5 cm on
CT or MRI and the presence of at least one high-risk (e.g., atrial fibrillation or
mechanical heart valve) or medium-risk cardiac pathology (e.g., lone atrial
fibrillation or patent foramen ovale) on diagnostic studies (electrocardiogram,
rhythm strip, 24-hour cardiac monitoring, transthoracic or transesophageal
echocardiography). Evidence of transient ischemic attacks or strokes in more
than one vascular territory or of systemic emboli support the diagnosis. Finally,
other categories (large artery, small artery) must be excluded.

Small-vessel occlusion (lacunar)®. A lacunar syndrome (pure motor, sensorimotor,
pure sensory, ataxia hemiparesis, dysarthria-clumsy hand) with normal CT or
MRI or a lesion smaller than 1.5 cm on CT or MRI in the territories supplied by
small-vessel penetrators. Large-artery and cardiac sources must be excluded.

Stroke of other determined etiology®: Stroke caused by nonatherosclerotic
vasculopathies, hypercoaguable states, or hematologic disorders and other rare
causes of stroke after diagnostic testing. Other categories must be excluded.

Stroke of undetermined etiology (cryptogenic): This diagnosis is made if two or
more etiologies of stroke are possible, a complete evaluation reveals no possible
source, or the patient had an incomplete evaluation.

2Category broken into “possible” or “probable” subcategories depending on the weight of
ancillary studies.

stroke based on a pathophysiological mechanism. In this regard, it is similar
to an earlier classification scheme developed for the National Institute of
Neurological Disorders and Stroke (NINDS) Stroke Data Bank, one of the
earliest large, multicenter prospective registries of stroke etiology (2).

Oxfordshire Community Stroke Project Classification

Unlike the mechanistic approach employed in the Stroke Data Bank and
TOAST classifications, the Oxfordshire Community Stroke Project (OCSP)
scheme classifies patients according to their clinical syndrome at the time
of stroke onset (3). Cases are categorized by suspected anatomic location as



Subtypes of Ischemic Stroke 23

Table 3
Oxfordshire Community Stroke Project Classification

TACS (total anterior circulation syndrome): This diagnosis is made if the patient
presents with the triad of hemiparesis (or hemisensory loss), dysphasia (or other
higher cortical dysfunction), and homonymous hemianopia.

PACS (partial anterior circulation syndrome): This diagnosis is made if the patient
presents with only two of the three features above or with isolated cortical dys-
function or a restricted motor (or sensory) deficit (e.g., face or hand alone).

LACS (lacunar syndrome): This diagnosis is made if the patient presents with
pure motor or sensory loss, sensorimotor stroke, or ataxic hemiparesis.

POCS (posterior circulation syndrome): This diagnosis is made if the patient
presents with brain stem or cerebellar signs or isolated homonymous hemianopia.

total anterior circulation syndrome (TACS), partial anterior circulation syn-
drome (PACS), lacunar syndrome (LACS), or posterior circulation syndrome
(POCS) (Table 3). Following brain imaging, patients are then subclassified
according to infarction (TACI, PACI, LACI, POCI, respectively, as sub-
classes of TACS, PACS, LACS, POCS) or hemorrhage. Although the scheme
provides limited information regarding the pathophysiological mechanism,
it has the advantages of simplicity and speed and does not require extensive
diagnostic testing (Table 4). It also identifies the common devastating TACS
stroke syndrome. Thus, it is well suited for use in observational epidemio-
logical studies or clinical trials that include patients who do not present to
the hospital (approx 5% of strokes in community studies) or in areas where
access to diagnostic testing is limited. It may also be useful for initial strati-
fication of patients for clinical trials of potentially risky therapies in the first
3 to 6 hours after stroke, when extensive diagnostic testing for stroke mecha-
nism is usually unavailable (see discussion of the Prolyse in Acute Cerebral
Thromboembolism II trial in the section on subtypes in intervention studies).

Validity, Accuracy, and Reliability

TOAST Scheme

As no generally accepted “gold standard” exists for comparison (criterion
validity), the degree of certainty of assignment of pathophysiological mech-
anism in the TOAST scheme cannot be definitively determined for an indi-
vidual patient. This was recognized when the classification was devised and
is reflected in the designation of individual cases as “probable” or “possible”
for each category. However, the scheme displays both face and content valid-
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Table 4

Comparison of TOAST and OCSP Classification Schemes

TOAST OCSP

Advantages

1. Based on pathophysiological 1. Simple to use
mechanism

2. Valid (displays content validity) 2. Valid (displays content validity)

3. Provides prognostic information on 3. Provides prognostic information on
mortality and disability mortality and disability

4. Provides prognostic information 4. Provides some prognostic information
on recurrence on recurrence

5. Allows stratification for targeted 5. May assist in stratification of severely
interventions in clinical trials affected patients in trials of potentially
(mainly secondary prevention) risky acute therapies

(e.g., thrombolysis)

Disadvantages

1. Diagnostic testing may be 1. Limited information on etiology or
expensive and time consuming pathophysiology

2. Variable interrater reliability 2. Variable interrater reliability (overall
(overall ¥ = 0.42 [95% CI 0.32 Kk =0.54 [95% CI 0.39 to 0.68])
to 0.53]

3. Limited applicability for 3. Limited (42-72%) sensitivity for
community-based epidemiological detection of imaging-confirmed
studies infarction

4. Limited applicability in acute 4. Limited applicability in mechanism-
(<6 hours) stroke trials and practice based secondary prevention stroke

trials

ity because it distills knowledge of stroke pathogenesis derived from a large
body of prior clinical and clinicopathological studies and incorporates cate-
gories for all common and rare stroke etiologies. It also displays construct
validity because stroke frequencies and outcomes assigned by TOAST sub-
type are largely consistent with those assigned by other mechanism-based
classification schemes (Table 5).

There is some degree of variability in interobserver reliability of TOAST
subtype assignment. Interobserver reliability displays a moderate-to-substan-
tial level of agreement (x = 0.5-0.7) even with the standardized TOAST sys-
tem (x > 0.8 is considered excellent agreement) (9,10). Overall, there is poor
interobserver agreement on stroke subtype when only the history and physical
examination information are known. Other researchers have found poor inter-
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Table 5
Distribution of Stroke Subtypes
in Stroke Data Banks Using NINDS or TOAST Criteria“

Stroke subtype ~ NINDS  Lausanne TOAST  SSDB? UCsSDh Mayo
N=1805 N=1000 N=752 N=1000 N =500 N =454
Ischemic 71% 80% 78% 71% 90 % 97 %
Large-artery 6% 23% 13% 27% 18% 16%
stenosis or
occlusion
Tandem arterial 4% 16%
embolism
Lacune 19% 13% 23% 18% 27% 16%
Cardioembolic  14% 16% 27% 14% 22% 29%
Undetermined 28% 12% 35% 11% 23% 36%
Hemorrhagic 26% 11% 17% 24% Not included Not included
Intracerebral 13% 11% 13% 23%
Subarachnoid 13% Not included 3% 2%
Other 3% 9% 6% 5% 10% 3%

NINDS, National Institute of Neurological Disorders and Stroke Data Bank (2); SSDB,
Saudi Stroke Data Bank (4); Lausanne, Lausanne Stroke Registry (5); TOAST, Trial of Org
10172 in Acute Stroke Treatment (6); UCSD, University of California, San Diego, Stroke
Data Bank (7); Mayo, Rochester Epidemiology Project Stroke Data Bank (8).

2Only bold numbers represent percentage of subtypes of the total N for each study. Other
percentages give a relative distribution of subtypes within ischemic stroke category except
hemorrhage.

bRetrospective data collection for 62% of cases.

observer agreement (overall K =(0.42) when routine chart abstraction and data
interpretation techniques were used (71). This improved substantially with
the use of a standardized data abstraction form and operations manual.
Again, this demonstrates the difficulty of diagnosing stroke subtype on purely
clinical grounds. Diagnostic agreement appears greater for some subtypes
than for others. For example, there appears to be greater agreement among
observers when the etiology of the stroke is cardioembolic than when the
etiology is undetermined (10).

Because the TOAST classification uses both clinical information and
additional diagnostic testing to determine the subtype, the final subtype clas-
sification often differs from the clinical assessment at the time of hospital
admission. Initial clinical impression of subtype agreed with final determin-
ation in only 62% of the cases in the TOAST study (/2). Other studies have
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shown that the initial impression is consistent with the final assigned subtype
only 50-70% of the time (5,10,13).

These data demonstrate the difficulty of diagnosing the etiology of stroke
by clinical findings alone. For example, without appropriate evaluation of
the craniocervical vessels and heart, a physician may incorrectly diagnose a
pure motor stroke or other lacunar syndrome in 25-33% of cases (5). Because
location and size of stroke are inherently linked to the classification scheme,
neuroimaging of the acute stroke plays an important role in assignment of
stroke subtype.

The contribution of diffusion-weighted magnetic resonance imaging (DWI)
to the accuracy of mechanism-based subtyping has been investigated. The
sensitivity and specificity of DWI for detection of new ischemic stroke are
superior to routine computed tomography (CT) and conventional (T2 and
proton density) magnetic resonance imaging (MRI) in both the hyperacute
and the subacute phases (/4—16). In patients with previous stroke or diffuse
nonspecific white matter abnormality, DWI may even identify which lesion
is the acute stroke (14,17). In one study, DWI with apparent diffusion coeffi-
cient (ADC) maps added clinically significant information in 48% of cases.
This included detection of multiple lesions in different vascular territories
suggestive of cardiac embolism, even in patients with clinical lacunar syn-
dromes (18).

The classification of stroke as caused by larger artery atherosclerosis also
requires identification of a responsible vascular stenosis. Noninvasive means
of angiography (CT and magnetic resonance angiography [MRA]) and neuro-
vascular ultrasound are commonly used (/9). Lee and colleagues found im-
proved diagnostic accuracy of TOAST subtype assignment using DWT and
craniocervical MRA (20). Despite its proven utility in stroke subtype assign-
ment and acute stroke research, current problems with availability of MRI
limit its widespread application to acute stroke evaluation. Angiography is
a newer, but potentially more available, technology that may improve stroke
subtyping in the acute setting (21).

OCSP Scheme

Although the OCSP scheme displays content and construct validity, its
precision for accurate prediction of CT-proven stroke location varies by sub-
category (13). The OCSP investigators found that the overall accuracy of
the scheme was 71-75%, with 71-83% of PACIs, LACIs, and POCISs classi-
fied correctly. Using a stringent definition of CT-proven TACIs, only 54%
of cases were correctly classified. These data indicate that, although the
scheme has advantages for stratification in epidemiological studies and acute
stroke trials, it is not a reliable indicator of infarct anatomy or etiology.
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The interobserver reliability of the OCSP scheme is similar to that of the
TOAST scheme. The OCSP investigators found that the overall interobserver
agreement was moderate to good (K =0.54, 95% confidence intervals [CIs} 0.39
to 0.68) (22). Agreement varied for different clinical findings; it was good for
hemiparesis and aphasia, moderate for hemianopia, and poor for sensory loss.

FREQUENCY AND OUTCOMES
Frequency of Subtypes

The distribution of subtypes in the OCSP study was 17% TACI, 34%
PACI, 25% LACI, and 24% POCI. Other investigators have found differing
proportions in their populations. For example, the Perth Community Stroke
Study reported 27% TACI and 15% POCI in their sample.

Some of the largest studies on the prevalence of stroke subtypes based
primarily on TOAST or NINDS Data Bank criteria are listed in Table 5. Over-
all, the data suggest that approx 80-85% of strokes are ischemic, and 15~
20% are hemorrhagic. Some of the differences in distribution of stroke sub-
types are a result of patient selection. That is, NINDS and Lausanne are both
hospital-based stroke registries; the University of California, San Diego, and
Mayo data are population based, including both hospitalized and nonhospi-
talized patients. Also, differences may stem from variability in the racial dis-
tributions and prevalence of risk factors throughout the studied population.
Risk factors such as hypertension and diabetes mellitus appear to be more
prevalent in blacks and Caribbean Hispanics, whereas atrial fibrillation and
coronary artery disease are more prevalent in Caucasians (23,24).

Subtype-Specific Stroke Outcomes

In the OCSP study, the subtypes displayed some distinct patterns of mor-
tality, disability, and recurrence. As might be expected, TAClIs are associ-
ated with high early and late mortality and disability (Table 6). These are
most commonly caused by embolic occlusion of the middle cerebral or intra-
cranial carotid artery, the latter occluding flow to the anterior and middle
cerebral artery territories (so-called T occlusions). The origin of the embo-
lic material varies among cases, but cardioembolic and carotid atheroscle-
rotic origins are common. Most deaths in this group were related to direct
neurological complications (e.g., massive cerebral edema) of the stroke. Case
fatality and disability rates in the other groups were approximately similar.
In contrast, PACIs and POCIs were distinguished by a high recurrence rate.
Most recurrences in the PACI category occurred in the first 3 months. These
outcome patterns were largely consistent with those reported by the Perth
Community Stroke Study, although the high rate of POCI recurrences was not
confirmed by the Perth investigators (25).
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Table 6
Outcomes by OCSP Subtype

TACI PACI LACI POCI

Mortality
30 days 39% 4% 2% 7%
1 year 60% 16% 11% 19%
Dependence
30 days 56% 39% 36% 31%
1 year 36% 29% 28% 19%
Recurrence
1 year 6% 17% 9% 20%

Mechanism-based subtypes are associated with different mortality, disabil-
ity, and recurrence rates following stroke (Table 7). Overall, hemorrhagic
stroke carries greater mortality than ischemic stroke (2,5). In the ischemic
category, mortality from cardioembolic causes is greater than that for large-
vessel causes, which in turn is greater than that for lacunar infarcts at 30
days, 1-2 years, and 5 years (2,26-28). In the population-based Mayo Clinic
data set, cardiogenic embolism was an independent predictor of long-term
(but not early) mortality. The distribution of disability among stroke sub-
types is similar to that of mortality. Disability because of cardiogenic embol-
ism exceeds that caused by large-vessel stroke, which in turn exceeds that
caused by lacunar stroke (27). In contrast, several studies have found that the
risk of early (<30 days) recurrent stroke is greater for large-vessel disease
than for cardioembolic disease, which in turn is greater than for lacunar dis-
ease (26,27,29). Large-artery subtype is also a strong independent predictor
of stroke recurrence at 30 days (27). Although this hierarchy (large-artery
subtype > cardiogenic embolism > small-artery subtype) was maintained for
late recurrence in several studies, some groups have found that subtype was
not an independent predictor of recurrence at 2 years and 5 years (27,28).

SUBTYPES IN INTERVENTION STUDIES

Important stroke prevention data have been learned from intervention
studies targeting progression of atherosclerosis and thrombosis (e.g., trials
of lipid-lowering, antihypertensive, and antiplatelet drugs) that considered
stroke as a single entity. However, interventions focused on subtype-speci-
fic pathophysiologies have also shown benefit in clinical trials.
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Table 7
Mechanism-Based Subtype Outcomes
(Mortality, Disability, and Recurrence)

Cardiogenic Small vessel
embolism Large vessel (lacunar)

Mortality

30 day“ 11-30% 8-14% 0-1%

2 year? 45-61% 19-42% 13-15%

5 year® 68-80% 32-61% 15-35%
Disability

Rankin IV or V or dead at 1 year? 63% 36% 10%
Recurrence

30 day recurrence® 4-6% 8-19% 1-4%

1 year? 13.7% 24.4% 7.1%

5 year® 31.7% 40.2% 24.8%

From refs. 2, 26, and 27.
bFrom refs. 27 and 28.
“From refs. 26 and 27.
4From ref. 27.

¢From refs. 26, 27, and 29.

Partly because of difficulty in accurately assigning subtype by mecha-
nism in the early hours after stroke, relatively few randomized trials have
studied subtype-specific acute interventions. Examples include the TOAST
study, in which a secondary subgroup analysis demonstrated benefit of the
heparinoid danaparoid in patients with large-artery, but not other, ischemic
stroke subtypes. The Heparin in Acute Embolic Stroke Trial showed no ben-
efit of subcutaneous dalteparin over aspirin in prevention of recurrent stroke
at 14 days in patients with atrial fibrillation (30). The NINDS trial of intra-
venous tissue plasminogen activator for acute ischemic stroke collected sub-
type data, but found no interaction of treatment benefit by subtype.

A good example of a successful trial for acute stroke treatment based on
pathophysiological subtype is the Prolyse in Acute Cerebral Thromboem-
bolism II study (31). This trial demonstrated benefit of the intervention with
a relatively small number of subjects (N = 180) for several important rea-
sons. First, it enrolled patients early in the ischemic time window (<6 hours).
Second, all patients had defined embolic disease (demonstrated by angiog-
raphy). Third, the embolic disease was confined to a single arterial distribu-
tion (middle cerebral artery). These measures ensured that patients suffered
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from similar stroke pathophysiology, that the clinical deficit was relatively
uniform, and that the intervention was applied to the appropriate pathophysi-
ology. In this case, stratification by a combined subtyping approach based
on clinical syndrome (analogous to OCSP TACIs) and pathophysiological
mechanism (analogous to TOAST/Stroke Data Bank) was critical in select-
ing appropriate patients for inclusion. It is likely that a similar approach will
be employed in future trials of acute therapies.

Primary and secondary prevention trials have also demonstrated benefit
when a mechanism-based approach was used to target the intervention. Exam-
ples include anticoagulation to prevent cardiogenic brain embolism in non-
valvular atrial fibrillation, endarterectomy for symptomatic carotid stenosis,
and unfractionated heparin for treatment or progression of cerebral venous
thrombosis. Ongoing trials targeted to subtype-specific mechanisms include
trials of warfarin compared with antiplatelet agents for intracranial large-
artery atherosclerosis and cardiogenic embolism associated with left ventric-
ular failure and intracranial-extracranial bypass for occlusion of the internal
carotid artery associated with cerebral hypoperfusion as demonstrated by
positron emission tomography. An untested, but important, goal is the tar-
geted prevention of small, deep penetrator vessel strokes that occur in the
basal ganglia, brain stem, thalamus, and white matter of hypertensive individ-
uals (lacunar strokes). Small-vessel strokes make up 20-30% of all ischemic
strokes (Table 5), and most affected individuals suffer multiple such infarcts.
Such individuals are likely to benefit more from measures to lower blood
pressure (and perhaps cholesterol reduction) than patients with stroke caused
by other mechanisms (e.g., cardiac embolism).

SUBCATEGORIZATION
OF EXISTING MECHANISM-BASED SUBTYPES

Although requiring greater effort for recruitment in clinical trials, subcate-
gorization of existing subtypes is likely to yield further pathophysiologically
specific therapies in the future. For example, anoxic brain injury secondary
to cardiac arrest is not readily inserted into the current stroke subtypes, yet
specific therapeutic interventions such as hypothermia have proven benefit
(32,33). Definition of subcategories within the cardioembolic group may
yield successful prevention strategies for dilated cardiomyopathy and patent
foramen ovale or atrial septal aneurysm. Further categories in the large-artery
group might differentiate carotid occlusion from stenosis and intracranial
from extracranial large-artery disease.

Supporting this contention, a TOAST subgroup analysis identified acute
carotid occlusion as a group demonstrating benefit from early anticoagula-
tion (6). Natural history studies have demonstrated that patients with carotid
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occlusion who demonstrate a high oxygen extraction fraction on positron
emission tomography are at very high risk of recurrent strokes and may be
potential candidates for extracranial-intracranial bypass (34-36). Natural his-
tory and uncontrolled trials suggested that patients with large-artery intracra-
nial stenosis may show a differential benefit from acute treatment with hyper-
tensive therapy, anticoagulation, angioplasty, or stenting (37-39). Clearly, the
“other” category in TOAST criteria represents a collection of unique patho-
physiological mechanisms for study, ranging from central sinus thrombosis,
to sickle cell anemia, to arterial dissection, to vasculitis. These unusual causes
of stroke are discussed in greater detail in Chapter 14.
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Hypertension As a Risk Factor for Stroke

Epidemiology of Blood Pressure Risks
and Evidence for Treatment Benefit

Donald M. Lloyd-Jones and Christopher J. O’Donnell

INTRODUCTION

Hypertension is a highly prevalent, major risk factor for stroke in both
men and women in the developed world. Recent data from population-based
studies emphasize the substantial risks conferred by elevated levels of sys-
tolic blood pressure (SBP) over and above diastolic blood pressure (DBP)
and the risks of borderline elevations in SBP. Decades of randomized treat-
ment trials have demonstrated the clear net benefit on stroke and cardiovas-
cular disease (CVD) conferred by antihypertensive therapy. Recent data
emphasize the stroke prevention benefits of treatment of isolated systolic
hypertension and the benefits of nonpharmacological dietary and other life-
style interventions for lowering elevated blood pressure. Many classes of anti-
hypertensive agents are available, and the largest trial comparing the risks and
benefits of commonly used agents, the Antihypertensive and Lipid-Lower-
ing Treatment to Prevent Heart Attack (ALLHAT) trial, provided evidence
for a net benefit from diuretic therapy as the initial agent. Here, we review
the epidemiology of hypertension, the relations of hypertension with risk for
stroke, and the evidence for benefit from pharmacological and nonpharma-
cological treatments.

EPIDEMIOLOGY OF HYPERTENSION

Prevalence and Incidence
Hypertension is the most prevalent modifiable risk factor for CVD, affect-

ing 50 million individuals or one in four adults in the United States, includ-
ing two-thirds of men and three-quarters of women over the age of 75 years.
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Hypertension is substantially more common among African American men
and women than among other ethnic groups, with a prevalence of 37%. The
direct and indirect costs of hypertension total more than $50 billion annu-
ally (7). Data from the Framingham Heart Study indicate that, among men
and women free of hypertension at age 55 years, the remaining lifetime risk
for hypertension is more than 90%, with more than half developing hyper-
tension within 10 years. For subjects free of hypertension at age 65 years,
the remaining lifetime risk still exceeds 90%, with two-thirds developing
hypertension within the next 10 years (2). Thus, it is a rare individual who
escapes the risk of developing hypertension during their life-span.

Temporal Trends

The prevalence of hypertension in the population has been declining over
the last five decades (/,3), with gradual declines in levels of both SBP and
DBP (3). One explanation for these trends is the dramatic increase in rates
of treatment for hypertension (3,4). However, with the emerging major epide-
mic of obesity (5) and the aging of the population, such long-standing trends
may slow or reverse, and treatment and control rates remain far below opti-
mal. Data from a nationally representative sample in the United States in 1999-
2000 (National Health and Nutrition Examination Survey 1V) indicated that
70% of hypertensive individuals are aware of their diagnosis, and 59% are
receiving treatment, but only 34% have had their blood pressure controlled
to goal levels of less than 140 mmHg systolic and less than 90 mmHg diasto-
lic (4). In cross-sectional studies, rates of control are significantly lower for
those who are older and obese individuals (6).

Risk Factor Clustering

Independent of other risk factors, hypertension is associated with increased
risk for stroke, congestive heart failure (CHF), coronary heart disease, end-
stage renal disease, and total and cardiovascular mortality. However, hyper-
tension rarely occurs in isolation, and clustering of CVD risk factors is well
described. Indeed, elevated blood pressure (SBP = 130 or DBP > 85 mmHg)
is one of five components of the metabolic syndrome, related to central
adiposity, insulin resistance, and lipid abnormalities, that markedly increases
risk for stroke and other CVD events (7). In a recent study of Framingham
Heart Study participants with high-normal blood pressure or hypertension,
38.2% had evidence of CVD, target organ damage, or diabetes; 59.3% had
at least one other CVD risk factor associated with hypertension; and only
2.4% had no other risk factors (8). Thus, hypertension almost always occurs
in subjects who are already at increased risk for stroke and other CVD events.
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Fig. 1. Age-adjusted rates of stroke by age and blood pressure categories in men
and women.

BLOOD PRESSURE AND RISK FOR STROKE

Hypertension is well established as the dominant risk factor for stroke,
even when considered in the context of other known risk factors (cigarette
smoking, atrial fibrillation, myocardial infarction [MI], diabetes, etc.). The
concept of the population-attributable risk percentage is useful in describ-
ing what proportion of a disease in a population is caused by an individual
risk factor. The attributable risk percentage accounts for the relative risk of
disease associated with a risk factor, as well as the risk factor’s prevalence.
Data from the Framingham Heart Study indicated that hypertension confers
a threefold relative risk of stroke compared with levels below 140/90 mmHg,
and approx 80% of subjects have hypertension prior to the occurrence of a
stroke. Thus, the attributable risk for stroke conferred by hypertension varies
between 33 and 53% in different age groups (9).

Hypertension works synergistically with other risk factors to increase risk
for stroke and other CVD outcomes. For example, the effect of hypertension
on risk for stroke is modified substantially by age. As shown in Fig. 1, data
from 30-year follow-up of the Framingham cohort revealed that there is a
linear increase in stroke rates with increasing level of blood pressure, but
absolute rates of stroke and transient ischemic attack are substantially higher
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Fig. 2. Ten-year probablility of stroke according to presence of stroke risk factors
in men and women aged 65 years with systolic blood pressure 160 mmHg. HTN
Rx, hypertension drug therapy; ECG LVH, left ventricular hypertrophy by electro-
cardiography. (Adapted from ref. 9.)

for subjects with hypertension in the age range 65 to 94 years compared
with 35 to 64 years.

Mutivariable risk formulations provide more precise estimation of the
probability of stroke in people with one or more of the major stroke risk
factors, allowing quantification of the joint effect of these interrelated factors
on the development of stroke. This approach takes into account the multi-
factorial elements of risk and the continuous gradient of risk. A risk-predic-
tion algorithm was developed by Framingham Heart Study investigators to
estimate the absolute 10-year risk of an atherothrombotic brain infarct; the
algorithm uses the standard risk factors plus the presence of atrial fibrilla-
tion, heart failure, and coronary disease (9). Hypertension represents the pre-
dominant risk factor for stroke, but the risk in people with elevated blood
pressure varies over as much as a 10-fold range, depending on the degree of
exposure to the concomitant predisposing risk factors (Fig. 2).

Risk for stroke is not limited to subjects with frank hypertension, however.
There is a linear, graded risk for stroke that extends even to optimal levels
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of blood pressure. Beginning at 115 mmHg, the risk for stroke mortality
doubles for each increase of 20 mmHg in the SBP; likewise, stroke mortal-
ity risk doubles for each increase of 10 mmHg in the DBP, beginning at 75
mmHg (10).

Elevated SBP and DBP Relationship to Stroke

The substantial burden of hypertension is largely a function of vascular
changes that occur as a result of aging and exposure to environmental and
genetic factors that alter vascular function. Specifically, arteriosclerosis, loss
of elasticity, and increasing vascular stiffness all contribute to increasing SBP,
which rises linearly with age across all segments of the population, begin-
ning at approx 30 years of age. DBP rises gradually until approximately 50
years of age, after which it stabilizes for approx 5-10 years and then declines
steadily through the end of the life-span (71,12). The result of increasing
SBP and decreasing DBP in middle-aged and older individuals is a steadily
increasing pulse pressure, which is defined as the SBP minus the DBP.

As discussed in this section, risk for stroke increases linearly with increases
in SBP (beginning at 115 mmHg) or DBP (beginning at 75 mmHg) when each
blood pressure component is considered individually (/0). However, a sub-
stantial body of epidemiological evidence has demonstrated that level of SBP
is far more important than DBP in determining risk for stroke and other CVD
outcomes in the population. Several lines of evidence deserve mention: (1)
Isolated systolic hypertension is the most common form of hypertension
(13). (2) SBP correctly classifies blood pressure stage far better than DBP,
and SBP therefore determines need for treatment among high-normal and
hypertensive subjects (13,14); (3) SBP is at least as strong a risk factor as DBP,
and often stronger, in prediction of adverse CVD outcomes, including stroke
(15-17); and (4) large clinical trials (18,19) have demonstrated substantial
benefit with treatment of isolated systolic hypertension in patients 60 years
and older. The Coordinating Committee of the National High Blood Pressure
Education Program and the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
(JNC 7) therefore recommended that SBP become the major criterion for
the diagnosis, staging, and management of hypertension in middle-aged and
older patients, who represent the majority of hypertensives (4,20).

Risk for stroke is greater for SBP than DBP whether the two blood pressure
components are compared linearly (17), by deciles (Fig. 3) (16), or by JNC
stage (Table 1) (16). In addition, SBP predominates when SBP and DBP are
considered jointly (17). As shown in Fig. 4, rates of stroke mortality increase
dramatically with increasing SBP at any given level of DBP. However, for
any given level of SBP, there is only a modest increase in stroke mortality
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Fig. 3. Relative risk of stroke mortality by decile of systolic or diastolic blood
pressure. (Adapted from ref. 16.)

Table 1
Mutivariable-Adjusted Relative Risk for Stroke
Mortality by JNC Stage of Systolic and Diastolic Blood Pressure

JNC stage SBP (mmHg) Adjusted RR DBP (mmHg) Adjusted RR
Optimal <120 1.00 (ref) <80 1.00 (ref)
Normal 120-129 1.68 80-84 1.44
High normal 130-139 2.33 85-89 1.76
Stage 1 HTN 140-159 3.78 90-99 2.54
Stage 2 HTN 160-179 6.57 100-109 4.00
Stage 3 HTN 180-209 10.7 110-119 6.31
Stage 4 HTN 2210 24.3 >120 12.6

The risk is higher for systolic blood pressure than for diastolic blood pressure at any given
blood pressure stage above optimal.
HTN, hypertension; RR, relative risk.

with increasing DBP, and the trend is nonlinear at higher levels of SBP (16).
Furthermore, elevations in SBP are far more prevalent than elevations in
DBP (13,14), thus indicating a greater attributable risk for SBP than for DBP.

Risk for stroke is also substantially elevated even at borderline levels of
optimum blood pressure, at which current guidelines do not currently sup-
port institution of antihypertensive drug treatment. In the Framingham Heart
Study, there was a 2.5-fold increased risk for CVD associated with high-
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Fig. 4. Stroke death rate by categories of systolic blood pressure and diastolic
blood pressure. (Adapted from ref. 16.)

normal (SBP 130~139 or DBP 80-89 mmHg) levels of blood pressure (21);
in the Physicians’ Health Study, there was a nearly 2-fold increased risk of
stroke associated with borderline elevated SBP (22). Moreover, the risk of
new-onset hypertension is elevated for persons with high-normal SBP (23).
For these reasons, JNC 7 reclassified the JNC 6 blood pressure categories to
place greater emphasis on prevention of hypertension. These previously nor-
mal and high-normal levels (i.e., SBP 120-139 or DBP 80-89 mmHg) are
now classified as prehypertension (4).

There has been interest in pulse pressure (SBP minus DBP) as a predictor
of CVD events. Some studies have found that elevations in pulse pressure
predict certain CVD outcomes better than do individual levels of SBP or DBP
(24,25), whereas other studies indicated that SBP predicts better (/7). For
the outcome of stroke, however, it is clear that SBP predominates in risk pre-
diction. Data from a large pooling project of nearly 1 million subjects fol-
lowed in 61 different cohorts for more than 12.7 million person-years have
provided important insights into the relative contributions of SBP, DBP,
and pulse pressure to risk for stroke mortality. Of the three single blood pres-
sure measurements, SBP is more informative than DBP in prediction of stroke
mortality and markedly more informative than pulse pressure (10).
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HYPERTENSION TREATMENT
STRATEGIES FOR PREVENTION OF STROKE

Blood Pressure Reduction and Stroke Prevention

As discussed in this chapter, hypertension is the major risk factor for stroke.
In addition, data from numerous clinical trials (18,19,26) of antihyperten-
sive therapy have documented dramatic reductions in stroke incidence with
treatment of hypertension. In a meta-analysis of the three largest trials exam-
ining treatment of isolated systolic hypertension in older patients, there was
a 37% reduction in stroke incidence with active treatment compared with
placebo. The average SBP at entry in these trials was 174 mmHg and aver-
age SBP reduction compared with placebo was only 10.4 mmHg (27). Thus,
relatively modest reductions in SBP can result in a large decrease in stroke
incidence. Nonetheless, treatment to goal blood pressure levels of less than
140 mmHg systolic and less than 90 mmHg diastolic should be the ultimate
goal of therapy, with SBP/DBP goal values less than 130/80 mmHg among
patients with diabetes or renal disease (4,28).

Lifestyle Modification for Blood Pressure Reduction

The importance of lifestyle modification cannot be overstated in efforts
to prevent hypertension and to control blood pressure once hypertension
has developed. Drug therapy should not be used as a substitute for, or in the
absence of, concomitant lifestyle modification. A number of studies have docu-
mented reductions in blood pressure with various changes in dietary habits.
For example, sodium restriction alone results in an average reduction in SBP
of 2-8 mmHg. Implementing the more comprehensive Dietary Approaches to
Stop Hypertension eating plan, including sodium restriction, a focus on fruits
and vegetables, and limitation of fats and carbohydrates, has been shown to
reduce SBP by 8—14 mmHg. Moderation of ethanol intake from higher amounts
to approximately one drink per day can result in SBP reductions of 2-4 mmHg.
In concert with dietary changes, increasing physical activity reduces SBP by
4-9 mmHg. Weight reduction can dramatically improve SBP, lowering it by
5-20 mmHg with a 10-kg weight loss (4).

Drug Therapy for Blood Pressure Reduction

The current JNC 7 recommendations for initiation of drug therapy for
blood pressure reduction are summarized in Table 2. Several key concepts
regarding antihypertensive therapy deserve emphasis. First, several trials in
the past decade demonstrated conclusively that treatment of isolated systo-
lic hypertension is associated with substantially lowered risks for stroke and
other cardiovascular events (27). However, to date there have been no trials
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Table 2
Recommendations for Initiation of Therapy in JNC 7

Initial drug therapy”

Without With
Lifestyle compelling compelling
BP stage modification indications indications
Normal Encourage  No drugs indicated No drugs indicated
(<120/<80)
Prehypertension Yes No drugs indicated  Drug(s) for compelling
(120-139/80-89) indications®
Stage 1 HTN Yes Thiazides for most.  Drug(s) for compelling
(140-159/90-99) May consider ACEI, indications?
ARB, BB,
CCB, combination
Stage 2 HTN Yes Two-drug Other anti-HTN drugs
(2160/>2100) combination (diuretics, ACEI, ARB,
for most? BB, CCB) as needed

“Treatment determined by highest BP category.

bTreat patients with chronic kidney disease or diabetes to BP goal of <130/80 mmHg.

“Initial combined therapy should be used cautiously in those at risk for orthostatic hypo-
tension.

ACE]I, angiotensin-converting enzyme inhibitors, ARB, angiotensin,-receptor blocker; BB,
B-blocker; CCB, calcium-channel blocker.

specifically examining treatment for borderline isolated SBP or for prehyper-
tension levels of SBP or DBP.

In particular, the PROGRESS trial (36) was a dedicated secondary pre-
vention trial in patients with stroke. It included 6105 subjects (mean age 64
years, 70% male) with prior stroke or TIA within the previous 5 years (48%
hypertensive, defined as BP >160/90), and randomized them to therapy with
perindopril (an angiotensin-converting enzyme [ ACE] inhibitor) with or with-
out indapamide (a thiazide diuretic) vs placebo. Both groups received other
accepted “best medical therapy,” consisting of aspirin and other antihyper-
tensive medications. Included stroke categories were: 71% (ischemic), 11%
(intracerebral hemorrhage), 4% (unknown), 14% (TIA).

In the treatment arm, 58% of subjects received combination therapy. Perin-
dopril-based therapy was associated with an overall relative risk reduction
for recurrent stroke of 28% (confidence interval [CI] 17, 38%), with a striking
50% risk reduction in subjects included because of hemorrhagic stroke. Other
subgroups with greater benefit were those with hypertension and subjects
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treated with combined perindopril-indapamide therapy. Among included sub-
jects, perindopril-based therapy was well-tolerated, although 14% of eligible
subjects dropped out during an initial open-label phase owing to adverse effects.

Second, the majority of hypertensive patients will require more than one
agent to achieve their goal blood pressure level. In the ALLHAT trial, patients
(with average blood pressures of 146/84 mmHg at entry) required an aver-
age of two medications to achieve goal blood pressure (29). Diabetic patients
with hypertension require, on average, three or more agents to achieve goal
blood pressure levels (30,31). It is reasonable to consider monotherapy as
initial treatment for patients with only mild or modest elevations of blood
pressure (29). In further management, it is often useful to add a second agent
rather than pushing a first-line agent to its maximal dose; the additional agent
minimizes side effects and takes advantage of synergy between different
classes of antihypertensive agents. However, for subjects with stage 2 or
higher hypertension (>160 mmHg systolic or >100 mmHg diastolic), initia-
tion of therapy with two agents is recommended (4).

A third key concept in hypertension management is the importance of
choosing the appropriate medication class for initial therapy based on a patient’s
individual characteristics. The recently completed ALLHAT trial (29) demon-
strated that thiazide diuretics (specifically chlorthalidone) should be the ini-
tial agent of choice for almost all patients with hypertension. ALLHAT was
the largest antihypertensive trial ever performed, enrolling 42,448 patients
aged 55 years and older with hypertension and with at least one other CVD
risk factor. Patients with CHF, documented left ventricular ejection fraction
less than 0.35, or serum creatinine above 2.0 were excluded. The study was
a double-blind trial designed to determine whether newer antihypertensive
agents used as first-line therapy could prevent CVD and mortality signifi-
cantly better than chlorthalidone used as first-line therapy. Patients were ran-
domly assigned to receive chlorthalidone (control), doxazosin (an a-blocker),
lisinopril (an ACE inhibitor), or amlodipine (a dihydropyridine calcium chan-
nel blocker), and they could receive increased doses of their initial therapy as
well as second-line agents (including atenolol) and a third-line agent (hydrala-
zine) as needed. Patients were followed for an average of approx 5 years (29).

Patients randomly assigned to chlorthalidone achieved slightly lower SBP
levels on average than patients receiving other agents. Regarding clinical out-
comes, none of the newer agents tested in ALLHAT were superior to chlor-
thal-idone in prevention of any end point (including total mortality; cardio-
vascular mortality; combined CVD, fatal coronary disease, and nonfatal MI;
CHF,; and stroke) (29). However, chlorthalidone was superior to each of the
other agents in reduction of some end points. The most significant differ-
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ences were seen regarding the occurrence of CHF. Compared with chlorthal-
idone, doxazosin therapy was associated with a twofold increased risk of CHF
(32), amlodipine with a 38% increased risk, and lisinopril with a 19% increased
risk, with similar effects seen across all subgroups (29).

Regarding stroke, doxazosin was associated with a significant 19% increased
risk for stroke within 3 years. The combination of this finding and the increased
risk for CHF with doxazosin prompted early termination of the doxazosin arm
by the study investigators (32). There was no significant difference between
amlodipine compared with chlorthalidone in stroke incidence to 7 years (haz-
ards ratio for stroke for amlodipine vs chlorthalidone 0.93, 95% CI 0.81—
1.06). There was no difference in the comparison of these two medications
regarding stroke across important clinical subgroups stratified by age, sex,
ethnicity, and diabetes status. However, there was a significantly higher risk
of stroke for patients receiving lisinopril compared with chlorthalidone (haz-
ards ratio 1.15, 95% CI 1.02-1.30); this finding was largely driven by a substan-
tially higher risk for stroke among black patients receiving lisinopril (hazards
ratio 1.40, 95% CI 1.17-1.68) that was not observed among nonblacks receiv-
ing lisinopril (hazards ratio 1.00, 95% CI 0.85-1.17) (29). Given the low cost
of chlorthalidone compared with the newer agents, it is clear that diuretics
are the most cost-effective choice for initial therapy of hypertension.

On the strength of the ALLHAT results, the JINC 7 recommendations firmly
state that a thiazide diuretic should be first-line therapy for the vast majority
of patients with hypertension (4). A subsequent meta-analysis of 42 antihyper-
tensive trials involving 192,478 patients confirmed the finding of ALLHAT
(Fig. 5) (33).

Another important concept is that the decision to use other agents as first-
line antihypertensive therapy may be driven by compelling clinical indica-
tions on a patient-by-patient basis. The JNC 7 recommendations acknowledge
a number of compelling indications. For example, in patients with hyperten-
sion and CHF, diabetes, or chronic renal disease, initial use of an ACE inhibi-
tor or perhaps an angiotensin,-receptor blocker is supported by a large number
of placebo-controlled trials (4). In the Heart Outcomes Prevention Eval-
uation trial, which included patients with CVD or diabetes plus at least one
other risk factor, randomization to ramipril (an ACE inhibitor) was associ-
ated with substantially lower risks for stroke (34) as well as the overall com-
posite end point of MI, stroke, and cardiovascular death (35) despite only a
modest effect in lowering blood pressure. Similarly, -blockers should be
strongly considered as a first-line agent in patients with recent MI or with
angina pectoris. For secondary prevention of stroke, ACE inhibitors could
be considered a first-line agent (36). However, if another agent is chosen as
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Hazards Ratio (95% CI
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Fig. 5. Relative benefit of thiazide diuretic vs other therapies in antihypertensive

trials.

first-line therapy, available data suggest that a thiazide diuretic should be the

second agent.

Finally, other key concepts in hypertension management are the impor-
tance of lifestyle modification and the emphasis on control of SBP as in this
chapter. Patients will require active involvement and support from their entire
health care team to achieve blood pressure control. For example, patients
with marked elevations in blood pressure cannot expect to achieve goal levels
quickly or without side effects related to medications. It is important to
explain to the patient that multiple medications will be required. Furthermore,
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it is important to set realistic goals for controlling blood pressure. For ambu-
latory patients with marked hypertension, an initial goal of systolic and dia-
stolic levels below 160 and 95, respectively, should be achievable within 1-3
months, and such a reduction can have a dramatic impact in lowering risk for
stroke and other CVD. Subsequent efforts should aim to get the patient to
their appropriate goal level within 1 year of initiating therapy.

Adjunctive Therapy for Hypertensive Patients

In addition to antihypertensive therapy, strong consideration should be
given to initiation of statin therapy in hypertensive patients, regardless of
lipid status. The recent Anglo-Scandinavian Cardiac Outcomes Trial-Lipid
Lowering Arm (ASCOT-LLA) trial (37) randomly assigned 10,305 hyper-
tensive patients with average or lower-than-average cholesterol levels (mean
212 mg/dL) to treatment with atorvastatin 10 mg daily or placebo. Atorvasta-
tin was associated with a significant 36% reduction in the primary end point
of fatal CHD or nonfatal MI, but it was also significantly associated with a
27% reduction in stroke and a 21% reduction total CVD events (37). Patients
with hypertension should also receive at least 75 mg of aspirin daily. In the
Hypertension Optimal Treatment trial, such therapy significantly reduced
major CVD events by 15% and MI by 36%, with no major effect on stroke
and only a mild increase in nonfatal major and minor bleeding events (3§).

CONCLUSION

Hypertension is unequivocally a major stroke risk factor. Mildly elevated
SBP confers several-fold elevated risks for stroke and other CVD, and even
borderline elevations in SBP confer unacceptably high risks for stroke. The
presence of other modifiable stroke risk factors, such as cigarette smoking
and diabetes, confer additive risks at any level of blood pressure. The results
of multiple, large-scale, randomized controlled trials in tens of thousands of
hypertension patients demonstrated beyond a doubt that drug therapy and
dietary interventions are well tolerated and reduce risks of stroke and mortal-
ity from hypertension. There are modest, but measurable, differences among
antihypertensive agents, and the results of available trials, including ALLHAT,
support the treatment strategies outlined in the most recent INC 7 consensus
guidelines. The available data justify an aggressive approach by clinicians to
identify and treat all patients at elevated risk; to attain or surpass target blood
pressure goals, interventions designed to lower blood pressure should be used.
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EVIDENCE FOR ASSOCIATION
BETWEEN HYPERLIPIDEMIA AND RISK OF STROKE

Observational studies and clinical trials have established that lipid disorders
(elevated serum total cholesterol [TC], low-density lipoprotein cholesterol
[LDLc], or triglycerides [TGs] and reduced serum high-density lipoprotein
cholesterol [HDLc]) are independently associated with the risk of coronary
heart disease (CHD). Hyperlipidemia was also clearly associated with progres-
sion of carotid and peripheral atherosclerosis and intima-media thickness
(IMT), a marker of early atherosclerosis.

Despite these data, for years uncertainty existed about whether hyperlipid-
emia was also associated with risk of stroke, and whether lipid-lowering ther-
apy would be beneficial in preventing first and recurrent stroke (7,2). The
association between elevated plasma lipids and ischemic stroke reported in
observational studies was not as strong as was reported with CHD. For exam-
ple, the Framingham study found no overall relationship between lipid status
and first stroke. Meta-analyses of large cohorts also did not demonstrate a
strong association between hyperlipidemia and stroke. Other data suggested
that a J-shaped relationship may exist between lipid status and stroke, with
increased ischemic stroke risk occurring at very high lipid levels and increased
risk of hemorrhagic stroke a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>