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BACKGROUND: Stroke is the second leading cause of death in the world.

An absénce of a'definite treatment for stroke furcher emphasizes the importance of its
prevention. This has led to a wemendous amount of research on the identification of the
risk factors/for stroke. Because of the publication of an enormous number of articles on
this subject,a periodic review is always needed. This review has been conducted with
similar’ objectives.

METHODS: An effort has been made to review the results of all

major large scale studies which have been previously published on the
identification of risk factors tor stroke. We have

also searched for the studies that have identified new risk factors for stroke.

RESULTS: The risk factors for stroke identified in previous studies
are hypertension, cigarette smoking, diabetes mellitus, atrial fibrillation,
a history of myocardial infarction, asymptomatic carotid stenosis, tran-
sient ischemic attack, race, ethnicity, geographical location, and physical inactivity. The role
of increased cholesterol as a risk factor for stroke could not be established. Though both
light and heavy alcohol drinking were found to be associated with an increased incidence

of hemorrhagic stroke, a |-shaped relationship was observed regarding ischemic stroke, with a
somewhat protective effect of alcohol in light drinkers to an elevated risk in heavy drinkers.
Increased levels of homocysteine in blood, cocaine use, obesity and sleep apnea were the
other recently identified risk factors, though more studies are needed to confirm their role.

CONCLUSION: The need for continuous identification and modification of risk
factors for stroke is always going to be present. With the modification of the already
identified risk factors, stroke incidence has seen a decline all over the world.

S

and 100,000 are recurrent cases of stroke.
83% of the strokes are ischemic, 10% are
intracerebral hemorrhage and 7% are sub-
arachnoid hemorrhage. Overall, 15 to 30%
of the cases become permanently disabled

and death results in 23% of the cases 1-
Almost half of the stroke cases can be pre-
vented, by modifying the risk factors. Due to
large scale studies such as WHO Monica
project, Framingham Heart study, Swedish
Trial in Old Patients with Hypertension
STOP Hyperten-sion, NHANES, Northern
Manhattan  Stroke Study (NOMASS),
Systolic Hyperten-sion in the Elderly
Program SHEP Cooperative Research
Group, The Honolulu Heart Program,
SPRINT Study Group, The Greater Cincin-

INTRODUCTION

troke is the second leading cause
of death world wide with around

4.6 million deaths annually 1. Out
of these, one third of the stroke
related deaths occur in the devel-
r)ped countries and the rest in the developing

countries 0. Whereas stroke is currently
ranked as the sixth leading cause of disabili-
ty-adjusted life years (DALYs; one DALY is
one lost year of healthy life) in 1990, it is pro-
Jmted to rank fourth by the year 2020 3. In
the United States, it ranks as the third !mdmg
cause of death behind heart disease and can-
cer 4. Every year, there are 600,000 cases of
stroke. Among these cases, 500,000 are new
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nati/Northern Kentucky Stroke Study, many of the risk fac-
tors of stroke have been identified. These riskfactors are dis-

cussed below.
AGE & SEX

A total of 28% of the cases of stroke are below 65 years of
age. Incidence of stroke doubles with each decade over age
55. In both sexes, the chances of having a stroke before the

age of 70 years is 1 in 201, The incidence and prevalence of
stroke is shared equally between both sexes. However, the
stroke mortality is more in women than men 1.

ETHNICITY AND GEOGRAPHIC DISTRIBUTION

The incidence of stroke varies in different geographical loca-
tions as well as ethnic groups. The largest study in this regard
is the WHO Monica project that has been done in 17 stroke
centers in 10 different countries. The countries included
China, Finland, Russia, Yugoslavia, Italy, Germany, Poland,
Denmark Lithuania and Sweden. The incidence of stroke, in
general, is found to be higher among populations in eastern
than in Western Europe with the highest incidence in Russia.
In addition, stroke is relatively high in the Chinese population

6. In the United States, African-Americans have about twice

the risk of stroke than white Americans 1. This is partly due
to a higher incidence of diabetes and hypertension in
African-Americans. The increase in stroke mortality is greatest
in the southeastern portion of the United States (the “Stroke
Belt”) for both blacks and whites. In the Northern Manhattan
Stroke Studly, blacks had a 2.4-fold and Hispanics a two-fold

increase in stroke incidence over whites 7. In the United
States, although stroke mortality may have declined, at least
in the early 1980s owing to better control of hypertension,

more recent data shows a slight increase 8-
CIGARETTE SMOKING

Cigarette smoking is one of the most important and modifi-
able risk factor in the prevention of morbidity and early death
from stroke. Cigarette smoking is responsible for 1 in every 5
deaths occurring in United States. Presently 28.5% adults are
smokers (28% men and 23% women). Its prevalence in the
younger age group has alarmingly increased from 21% in
1991 to 27% in 1997 (in high school students). Smoking
results in a 2 fold higher incidence of stroke as compared to
non-smokers. Though many studies have suggested that ces-
sation of smoking results in almost a complete disappearance
of risk after 4 10 to 15 years of quitting smoking 1,3, arecent
study showed that the progression of atherosclerosis over a 3
year period was found to be 25% more in past smokers and
50% more in current smokers as compared to the non-smok-
ers. This suggests that some adverse effects of smoking may

be cumulative, and irreversible 17, Risk of stroke, of past
smokers remains intermediate between the smokers and

non-smokers10. Further studies are needed on this aspect.
Overall, smokers die 5-8 years earlier than the nonsmokers.
It has been calculated that women smokers who quit smok-
ing by age 35 add 3 years and men 2 years to their lives. As
for passive smoking, it has been estimated that of the
450,000 smoking related deaths in USA, 53,000 are attribut-

able to passive smoking 42.

HYPERTENSION

Over 50 million adults in USA have hypertension.
Hypertension is the most important risk factor in stroke, This
is also the most prevalent (one in 5 persons) and modifiable
risk factor. Hypertensive patients have a two fo three fold
higher risk of stroke as compared to the normotensive

patients between both sexes and all ages 12. Treatment of
hypertension significantly decreases the risk of stroke. A series
of trials in hypertensive individuals under 65 years of age,
indicate that antihypertensive therapy reduces the risk for
stroke by about 42%. In elderly patients with severe hyper-
tension (180/110 mm Hg) who participated in the Swedish
Trial in Old Patients with Hypertension (STOP-Hypertension),
the figure was even better with a 47% relative risk reduction

in all strokes 15. Another trial, the Systolic Hypertension in
the Elderly Program (SHEP) study, also showed a dramatic
reduction (36%) in stroke rates among treated persons over

60 years with isolated systolic hypertension 10, The degree of
hypertension, particularly systolic blood pressure is closely

associated with an increase in incidence of stroke 13, Recent
studies identify both systolic and diastolic blood pressures as

equally important factors in stroke 3.

According to a study from the Department of Healthy
Hypertension Care Computer Project, the blood pressures
associated with the lowest overall mortality were within the

range (<142/ 95 mm Hg) 17 Therefore, the goal of anti-
hypertensive therapy for stroke prevention is to normalize
rather than simply to reduce blood pressure. The primary
prevention of hypertension should be targeted at both the
general population as well as the high-risk population such as
those with a family history, high salt intake, sedentary life style
and obesity. A major cause of the decline in stroke worldwide
has been the improved diagnosis and management of hyper-
tension.

PHYSICAL INACTIVITY

There is a negative correlation between physical activity and
stroke risk. In the Framingham study, men who maintained
moderate or high levels of physical activity had a lower stroke
risk than those who were inactive; no benefit was seen in

women 18, The evidence from the first large National Health
and Nutrition Examination Survey (NHANES 1) suggested that
for both men and women even a modest degree of physical
activity (e.g., maintain target pulse rate for 20 minutes three
times weekly) may be beneficial for the prevention of
stroke 19, Similarly, some more data from the Northern
Manhattan Stroke Study (NOMASS) shows a graded reduc-
tion in stroke rate with increasing activity levels in all age
groups and both sexes of the white, black and Hispanic pop-
ulations 20,

IS CHOLESTEROL A RISK FACTOR?

Though a well-documented risk factor in heart disease, its
role in stroke is still not completely clear as the studies have
given conflicting results. Review of 45 prospective clinical
observational studies involving 450,000 individuals show no
relationship between stroke risk and hypercholes-

terolemia?!. Renfrew/Paisley study conducted in Scotland
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also shows no association between the two 3. Similarly,
results of the Framingham Study and the Cardiovascular
Health Study, each of which enrolled over 5,000 individuals,
show no increase in stroke incidence with increasing total
cholesterol levels. The Atherosclerosis Risk in Communities
(ARIC) study indicates a relationship between total choles-
terol and stroke only in hlack women. On the other hand,
incidence of stroke determined from death certificates during
6 years of follow-up on nearly 351,000 men who were
screened for the multiple risk factor intervention trial indicat-
ed a positive relationship between total serum cholesterol

and death from ischemic stroke 22, Similarly, the Honolulu
Heart Study indicates that elevated serum cholesterol pre-
dicts a higher stroke rate when stroke rate is assessed 15 years

after the cholesterol measurements 23, Because each of
these major studies revealed a strong relationship between
serum cholesterol and myocardial infarction, but only weak
or absent links between cholesterol and stroke, it was a great
surprise when statin cholesterol-lowering agents sharply

reduced stroke rates in clinical trials 24-26, There was a 62%
reduction in both fatal and non-fatal strokes. One hypothesis
to explain this apparent paradox is that other effects of the
statin drugs, such as reduction in smooth muscle prolifera-
tion, reduction in inflammation, and restoration of impaired
endothelial function, may be responsible for the reduced rate

of stroke 26, The Long-Term Intervention with Pravastatin in
Ischaemic Disease (LIPID) study shows a striking reduction in
any stroke (19%) a more than 20% risk reduction in persons
with coronary heart disease (CHD) and normal or elevated

cholesterol levels 27, Further studies are needed to ascertain
the relationship between stroke and cholesterol.

DIABETES MELLITUS

Diabetes is a well established risk factor for stroke as identi-

fied in the Framingham study 35 The role of blood sugar in
stroke risk was examined recently in the Honolulu Heart
Study. The risk for thromboembolic stroke was lowest in per-
sons with low-normal fasting blood glucose and increased
incrementally with high-normal fasting blood glucose, asymp-

tomatic high blood glucose, and diabetes. 32

HEART DISEASE

Ml (Myocardial Infarction) and AF (atrial fibrillation) are well
known risk factors in stroke. The incidence of ischemic stroke
is approximately 1% to 2% per year after M1 . This risk is par-
ticularly high during the first month following an M1 33,
Nonvalvular atrial fibrillation (NVAF) is an important risk fac-
tor for stroke. It increases the risk of stroke by approximately

5 fold 34. More than 2 million adults in the United States have
NVAF, and ahout 36% of strokes in patients between the ages
of 80 and 89 years are attributed to this condition. Most stroke
patients in the Framingham study also have some cardiac co-
morbidity, such as heart failure (CHF), coronary artery disease
(CAD), or AE. AF is probably the most significant of these con-
ditions for stroke, particularly in elderly populations, in whom
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AF is most prevalent.
TRANSIENT ISCHEMIC ATTACK

Transient ischemic attack (TIA) is a very important risk factor
as a person having had one or more TIA is 10 times more
likely to have stroke than a person who has not had a single
episode. Any person with TIA should have an extensive work-
up for other modifiable risk factors for stroke.

ASYMPTOMATIC CAROTID ARTERY DISEASE

Atherosclerotic carotid artery disease is an important stroke
risk factor. The risk of clinical symptoms increases with the
degree of stenosis. With stenosis greater than 75%, combined
transient ischemic attack and stroke rate is 10.5% per year,

with 75% of events ipsilateral to the stenosed artery 30,
ALCOHOL

The role of alcohol as a risk factor for stroke is not very clear.
While both light and heavy drinkers had a 2 and 3 fold
increase in hemorrhagic strokes as reported in 1985 by the
Honolulu heart study, a J-shaped relationship has been pro-
posed for ischemic stroke, with a somewhat protective effect of
alcohol in light drinkers to an elevated stroke risk in heavy

drinkers 38,

HOMOCYSTINEMIA

Though many case control studies have suggested increased
serum levels of homocysteine as a risk factor for stroke, very
few prospective studies have confirmed it. Data from the
third NHANES survey and case control studies are however

very suggestive of a likely association 29. The Vitamins in
Stroke Prevention (VISP) trial was recently initiated to exam-
ine the effects of treatment with vitamins B6, B12, and folic
acid on serum homocysteine and stroke incidence.

CONCLUSION

Besides the above identified risk factors for stroke, there are
other factors like a low socio-economic status, cocaine use,
sleep apnea, obesity which have also been associated with
stroke. Stroke risk varies widely from one person to another,
from very low to very high, depending on the number of risk
factors possessed by the individual and the relative risk for
stroke associated with each. A risk profile, which has been
developed from the Framingham study data, illustrates this
point. For example, a person with a systolic BP of 180 mm Hg
but no other risk factors is at a lower risk for stroke than a per-
son with systolic BP of 120 mm Hg who has AF and diabetes
and who also smokes. Now that many of the risk factors for
stroke have been identified and found to be modifiable, per-
sons at high risk for stroke can be identified and their first
stroke can be avoided 39, A recent projection from epidemi-
ologic data suggests that adequate BP control, warfarin treat-
ment for AF, and cessation of smoking in all affected persons
could prevent more than half of the estimated 731,000
strokes that occur in the United States each year. %
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