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SUMMARY
Background. The major risk factors for stroke are well
described and there is good evidence that the risks associ-
ated with hypertension and cigarette smoking are
reversible by appropriate interventions. However, if disease
prevention measures are to be efficient, it is important that
a system which can identify individuals at high risk of
stroke be available for use in general practice.
Aim. A study was therefore undertaken to design an effect-
ive and practical system for detecting men aged 40 to 59
years at high risk of stroke in primary care.
Method. Stroke incidence and risk factor data were exam-
ined in a cohort of 7735 men aged 40 to 59 years who had
taken part in the British regional heart study. Analysis was
performed using data from initial entry into the study and
then from five and 11.5 years of follow up. Subjects were
randomly selected from the age-sex register of one general
practice in each of 24 different towns throughout the
United Kingdom, representing the full range of cardiovas-
cular mortality rates.
Results. A simple scoring system derived from logistic
regression using age, systolic blood pressure, current cigar-
ette consumption, and evidence of anginal chest pain was
able to detect more than 80% of all strokes occurring within
five years in the top fifth of the score distribution. The
inclusion of other risk factors for stroke did not increase the
score's predictive ability. The combination of smoking and
hypertension, while much less sensitive than the scoring
system, was a better indicator of risk than any single risk
factor, all of whose predictive values were poor.
Conclusion. Based on readily measured variables, this scor-
ing system could be used in general practice to identify
men at high risk of stroke who would benefit from further
intervention. Effective identification of high risk individuals
requires assessment of the combined effects of multiple
risk factors.
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Introduction
STROKE is major cause of mortality and considerable disabil-

ity in the United Kingdom, with 80 000 fatal and up to 200
000 non-fatal events occurring each year.'2 The prevention of
stroke has therefore been accepted as an important goal in The
health of the nation white paper.3 The key risk factors for stroke
have been identified and include high blood pressure,4 cigarette
smoking,5 and low levels of physical activity6 factors which
are also related to coronary heart disease.7'8 High plasma choles-
terol level, although an established risk factor for coronary heart
disease, is not so clearly related to stroke.9

Both population-based strategies and strategies for those at
high risk have been advocated for the prevention of stroke.10"'
However, evidence suggests that prevention strategies for those
at high risk are likely to be more effective for stroke than for
coronary heart disease: risk factors for stroke may be more clus-
tered,'2 and there is stronger evidence that changes in risk factor
levels can reduce stroke risk. In particular, treatment of high
blood pressure results in a greater reduction in risk of stroke than
of coronary heart disease.'3 Moreover, the reduction in risk asso-
ciated with stopping smoking may occur more quickly for stroke
than for coronary heart disease.9" 4"15 Prevention strategies for
those at high risk have also been advocated for coronary heart
disease, with the development of scoring systems for the identifi-
cation of individuals at high risk.'6"17 Despite their ability to aid
detection of these subjects (between 41% and 59% of victims in
the top quintile of risk over five years), their use has been limited
in practice.'8 Doubt has also been cast upon the value and effect-
iveness of blanket health promotion measures in the light of
recent intervention studies in primary care.'9'20

In order to evaluate further strategies for those at high risk of
stroke, a study was undertaken to examine the effectiveness of
different strategies in order to identify subjects at high risk, using
data from a large prospective epidemiological study of cardio-
vascular disease.

Method
The British regional heart study is a national prospective invest-
igation into the fundamental causes of coronary heart disease and
stroke. In 1978-80, approximately 10 000 men aged 40-59 years
were drawn at random from a general practice in each of 24
towns in England, Wales and Scotland and invited to participate
in the study, of whom 7735 agreed (78%). The criteria for select-
ing the town, practice and subjects, as well as the data handling
have been described in detail elsewhere.2'

Baseline assessment
A detailed health questionnaire on personal and family history
and a modified Rose angina questionnaire22 were administered to
the participants. A physical examination was also conducted. Of
the many variables studied, 15 were examined here, of which six
were continuous variables: age, blood pressure (systolic and
diastolic), body mass index, haematocrit and cholesterol level.
Three grouped variables were studied: smoking status, physical
activity and alchohol intake. The other six were categorical vari-
ables: evidence of previous myocardial infarction on electrocar-
diogram, angina, left ventricular hypertrophy on electrocardio-
gram, previous myocardial infarction or stroke, parental history
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of fatal myocardial infarction or stroke, and diabetes. History of
characteristic anginal pain was determined using the modified
Rose questionnaire22 which is based on the site, frequency, dura-
tion, precipitants, and effects of pain. Only responses indicative
of definite ischaemic cardiac pain were considered as being pos-
itive.

Follow up

All men were followed up for all-cause mortality and for fatal
and non-fatal cardiovascular events, contact being maintained
through their general practitioner with 99% of surviving men.
Information on deaths was obtained by tagging each of the men
through the National Health Service central registries in
Southport and Edinburgh. Non-fatal events were ascertained
through reporting by general practitioners, supplemented by regu-
lar reviews of all patient records at 18 month intervals.23 In addi-
tion the men were sent a postal questionnaire at five years, to
which 98% responded. Non-fatal strokes were defined as those
which produced a focal neurological deficit of sudden onset
which was present for longer than 24 hours. Fatal episodes were
those deaths ascribed to International classification of diseases
(ninth revision) codes 430-438. A total (that is, fatal and non-

fatal) of 61 and 177 cases of stroke had occurred by five and 11.5
years, respectively.

Analysis
To perform the analysis, each of the continuous variables consid-
ered was ranked into quintiles (that is, equal fifths) of their distri-
bution of men, and the number of stroke cases occurring in each
quintile used to calculate incidence, expressed as cases per 1000
patients per year. Categorical and grouped variables such as

anginal chest pain and smoking status were divided into logical
groups and the incidence calculated similarly. Factors associated
with stroke were identified using univariate logistic regression on
data from five year follow up. All those factors significantly
associated with stroke (that is, where P<0.05) were then included
in a multiple logistic regression analysis. Factors remaining inde-
pendently associated with stroke were then combined to form a
score based on their regression coefficients. The optimum com-

bination of these factors was used which maximized the predict-
ive ability of the score yet minimized the number of factors used.
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Finally, the coefficients were simplified and adjusted for practi-
cal purposes such that the top quintile of the score began at a

value of 1001.

Results
Riskfactors univariate analysis
Tables 1 and 2 show all the significant risk factors, and those
considered to be of interest but which showed no association
with stroke. The relative risk for each factor has been calculated
as the ratio of the incidence in the highest and lowest quintiles or

groups, and for categorical variables, from the ratio of those with
to those without the characteristic. The strongest risk factor for
stroke was found to be age, with a relative risk of 12.0, followed
by systolic blood pressure with a relative risk of 6.2. However,
all the variables examined, with the exception of body mass

index, haematocrit result, cholesterol level, alcohol intake, histo-
ry of diabetes and parental history of fatal myocardial infarction
or stroke showed a strong association with risk of stroke. The
proportion of all cases of stroke occurring in the highest quintile
varied from 18% to 61% for the continuous variables, and 16%
to 33% for the grouped variables (Table 1). Among the categori-
cal variables (Table 2), a history of cardiovascular disease or

anginal chest pain were positively associated with risk of stroke
at five years.

Combined effects- multivariate analysis
The independent contribution of each of the factors presented
was examined in a multiple logistic regression model, including
all factors, using the five year follow-up data. Age, systolic
blood pressure, number of cigarettes currently smoked, evidence
of left ventricular hypertrophy or myocardial infarction on elec-
trocardiogram, and evidence of angina retained independent
effects in the analysis at a 10% level of significance. A term for
interaction between smoking and blood pressure was tested and
found not to be statistically significant.

Using these factors from the regression analysis, a scoring sys-
tem was developed to predict risk of stroke employing the
weighted regression coefficients of each of these variables. The
model with the best yield included age, systolic blood pressure,
current smoking status and angina. Although the electrocardio-

Table 1. Risk factors for stroke at five years (continuous variables and grouped variables).a

Cases of stroke per 1000 men per year
Relative risk % of strokes

Variable 1 2 3 4 5 (5 years) in top quintile

Incidence by quintileb
Age 0.26 0.13 1.94 2.46 3.10 12.0 39.3
Systolic blood pressure 0.77 0.78 0.91 0.65 4.80 6.2 60.7
Diastolic blood pressure 1.29 1.03 0.90 1.31 3.37 2.6 42.6
Body mass index 1.03 1.68 1.82 1.94 1.42 1.4 18.0
Haematocrit result 1.64 1.46 1.47 1.52 1.93 1.2 27.1
Cholesterol level 1.61 1.30 1.07 2.23 1.47 0.9 18.3

Incidence by group
Cigarette smokingc 0.75 2.37 3.44 NA NA 4.6 32.8
Physical activityd 0.73 1.33 1.36 2.05 2.92 4.0 16.7
Alcohol intakee 2.57 1.41 1.18 1.67 2.40 0.9 16.4

aRelative risk at five years and percentage of strokes in top quintile calculated from raw data rather than rounded data presented here. bMean number
of men in each quintile for each variable = 1532, range 1056 to 1769 men. CSelf-reported cigarette consumption: group one = non-smokers/ex-smokers
(4534 men); group two = smoke 1-20 cigarettes per day (2023 men); group three = smoke >20 cigarettes per day (1162 men). dPhysical activity: group
one most active, 1633 men; group two 1205 men; group three 1761; group four 2345 men; group five least active, 686 men, according to previously
validated scoring technique.8 eAlcohol intake based on number of units of alchohol per week: group one = non/ex-drinker (466 men); group two =

occasional (1845 men); group three = 1-15 units weekly (2544 men); group four = 15-42 units weekly (2042 men); group five = >42 units weekly (832
men). NA = not applicable.
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Table 2. Risk factors for stroke at five years (categorical vari-
ables).a

Cases of stroke Relative % of strokes
per 1000 risk in positive

Variable patients per year (5 years) group

Evidence of previous
Ml on ECG
Yes (n= 242) 6.61 4.7 13.1
No (n = 7485) 1.42

Angina
Yes (n= 367) 4.90 3.5 14.7
No (n = 7353) 1.41

Left ventricular
hypertrophy on ECG
Yes (n = 464) 4.74 3.4 18.0
No (n = 7261) 1.38

Previous Ml or stroke
Yes (n = 328) 4.88 3.4 13.1
No (n = 7405) 1.43

Parental history of fatal
Ml or stroke
Yes (n = 2892) 1.66 1.2 42.1
No (n= 4654) 1.42

n = number of men in group. Ml = myocardial infarction. ECG = electro-
cardiogram. "Relative risk at five years and percentage of strokes in
positive group calculated from raw data rather than rounded data pre-
sented here.

graphically derived variables were statistically significant they
did not increase the yield of the score, and they were therefore
omitted. The rates of stroke for each fifth of the score and the
proportion of all cases are shown in Table 3. Scores ranged from
652 to 1321 with the highest quintile indicated by scores greater
than 1000. Stroke cases were clustered, with 82.0% of all cases
at five years occurring in the top fifth of the score. The relative
risk comparing highest and lowest quintiles was 16.7 (95% con-
fidence interval (CI) 5.2 to 53.4). The highest risk quintile was
associated with an extremely high stroke incidence rate, equival-
ent to a five-year cumulative risk of more than 30 per 1000 or
3%. Examining performance across the range of ages, the score
identified approximately equal proportions of strokes in the
40-49 years and 50-59 years age groups. Excluding those with a
past history of stroke or myocardial infarction at baseline screen-
ing did not reduce the sensitivity of the score either, with 84.9%
of 53 remaining strokes in the highest quintile. It would appear,
therefore, that individuals with previous myocardial infarction or
stroke are not a higher risk subgroup than those identified using
the top quintile of the score, and from this evidence would not
need any additional special consideration.

Table 3. Stroke rates in the score quintiles.a

Quintile

1 2 3 4 5

Score range 652-817 818-881 882-934 935-1000 1001+

% of cases of
stroke (n= 61) 4.9 1.6 0 11.5 82.0

Risk rate per
1000 patients
per year 0.39 0.13 0 0.91 6.47

n = number of cases of stroke at five years. aTotal of 1545 men in each
quintile.
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Risk score calculation
The weights used in deriving an individual's risk factor score for
stroke are as follows:

Score = 9 x age (years)
+ 2.85 x systolic blood pressure
+ 70 if angina present
+ 90 if smokes 1-20 cigarettes per day

or + 130 if smokes more than 20 cigarettes per day
Examples of the application of the score for an individual are
considered:

* A man aged 50 years, non-smoker, systolic blood pressure of
120 mmHg with no angina will have a score of (9 x 50) +
(2.85 x 120) = 792, falling into the bottom quintile of risk.

* A man aged 50 years, smoking 20 cigarettes per day, with a
systolic blood pressure of 160 mmHg and angina will have a
score of (9 x 50) + (2.85 x 160) + 90 + 70 = 1066, falling into
the highest quintile.

Risk score versus single riskfactors
A comparison of the prediction of future strokes using the scor-
ing system with future strokes predicted by single risk factors
alone is shown in Table 4, using hypertension, smoking, and the
top quintile of risk score. The proportion of strokes identified is a
measure of sensitivity, and the number of men needing to be
screened to identify each case, of specificity. While the risk score
was the most sensitive method of detection, hypertension and
cigarette smoking alone also identified a substantial proportion
of cases. However, these markers were not particularly specific;
they required considerably larger numbers of men to be screened
per case detected. The combination of cigarette smoking and
hypertension was very specific, although it identified fewer than
half of stroke cases.

Prediction of risk over a longerfollow-up period
Results from 11.5 years of follow up showed a weakening of the
predictive ability of all methods of stroke identification (single
risk factors, combination of risk factors or risk score) using these
data. The relative risk of stroke between the top and bottom quin-
tiles of the risk score was 13.1 (95% CI 6.4 to 26.8) at 11.5 years
with only 59.3% of all 177 strokes identified, compared with
16.7 (95% CI 5.2 to 53.4) seen at five years. The score remained
a more effective predictor of stroke risk than single risk factors.

Table 4. Comparison of stroke risk identification using smoking
and hypertension risk factors and top quintile of risk score.

Risk group

Hypertensivea Top
Hyper- Current and current quintile of
tensivea smoker smoker risk score

No. (%) of all men 1667 3185 679 1545
in risk group (21.6) (41.3) (8.8) (20.0)

No. (%) of all strokes
occurring in risk 40 44 27 50
group (65.6) (72.1) (44.3) (82.0)

Risk rate (cases per
1000 patients
per year)b 4.8 2.8 8.0 6.5

No. of men screened
per case 42 73 26 31

"Hypertensive = systolic blood pressure >160 mmHg. bOverall stroke
rate in the study population = 1.58 cases per 1000 per year.
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Discussion
Stroke offers particular opportunities for prevention strategies for
those at high risk, more so than coronary heart disease. The treat-
ment of high blood pressure,'3'24 reduction or avoidance of smok-
ing, and the use of antiplatelet agents in those with evidence of
cardiovascular disease25 have all shown clinical evidence of ben-
efit. These measures are all applicable in primary care and may
make an important contribution to the targets discussed in The
health of the nation.3 This study suggests that a simple multifac-
torial scoring system can identify a group of subjects at high risk
of stroke much more effectively than single risk factors alone.
The stroke risk factor score developed from the British region-

al heart study findings has several advantages over risk factor
scores developed for coronary heart disease. First, the highest
quintile of the score identified 82% of cases occurring within
five years. This means that the work involved in intervening in
the top 20% of the population has the potential for dealing with
the bulk of stroke prevention required in a practice. This yield of
high risk individuals compares favourably with scoring systems
for coronary heart disease,'6"7 which at best identify 59% of
cases. Secondly, the score does not require investigations or a
detailed medical history and could therefore be applied oppor-
tunistically by nursing staff at low cost. Thirdly, the score is
simple to calculate, and can be derived using a pocket calculator
or a practice computing system appropriately programmed.
The calculation of the risk score in this analysis is based on

data from cases of stroke occurring within five years of follow
up. This period is appropriate and meaningful to both patient and
the primary care team. An analysis of data from more extended
follow up of 11.5 years revealed an attenuation of the risk predic-
tion from the same scoring system. This weakening of prediction
over time is not surprising: the influence of initial risk factor
measurements on outcome becomes attenuated with increasing
follow up, and risk factor modification may occur. Also, deaths
of a larger proportion of the highest risk individuals are likely to
occur. However, while the score retains considerable predictive
power up to 11.5 years, its greatest practical value may be over
the first five year period.

While it identifies a group at high risk of stroke, the scoring
system does not itself direct clinical management. For most
patients at high risk, management of current cigarette smoking
and hypertension is likely to be important. However, modifica-
tion of other factors such as physical activity and alcohol intake
may also be important in many patients. Inactivity for example is
associated with up to a three-fold increased risk of stroke6 and is
widely prevalent, reported by up to 80% of men.26
The population on which this study was based is likely to be

reasonably representative of middle-aged British men. However,
the use of a scoring system in a population other than that in
which it was developed is unlikely to give such a good yield; fur-
ther experience in other populations would therefore be valuable.
The score's applicability in older men and women is of particular
interest. While smoking and high blood pressure are similarly
related to stroke risk in women and older people5'27'28 older sub-
jects will have higher, and middle-aged women, lower, absolute
risks and hence scores. Thus to identify an appropriately sized
high-risk group, different thresholds may need to be set.
A general practitioner with an average list size of 2000 people

will have at least 500 middle-aged and older people of whom
100 will, on average, be in the highest stroke risk score quintile.
Since this group can expect to suffer at least six strokes per 1000
patients per year, treatment that reduces stroke occurrence by
50%, such as treatment of high blood pressure,'3'29 will equate
with the prevention of one stroke case for every 100 people treat-
ed for three years. The use of the score may identify up to 82%
of stroke cases over five years in 20% of the population, while

the use of smoking and hypertension combined can identify 44%
of strokes in 9% of the population. The choice between these
methods is likely to be influenced by the complexity of the score,
the size of the high risk group identified, and the different yields
and perceptions of sensitivity and specificity.

Scoring systems may appear to be a complicated way of stat-
ing the obvious: stop smoking and treat high blood pressure.
However, the scoring system draws attention to the increased
absolute risks associated with age and a history of angina and
thereby alerts the primary care team to the increased importance
(and benefits in terms of strokes prevented per 100 patients treat-
ed) of intervention in these older individuals with evidence of
cardiovascular disease. Secondly, these findings emphasize the
importance of considering risk factors in combination. Using
both smoking and hypertension to identify individuals at risk of
stroke, although less sensitive than the risk score, is still much
better than basing action on single risk factors alone which have
poor specificity- currently the basis of the health promotion
guidelines for general practice.30
We recommend that primary care teams who wish to use the

stroke risk score should integrate its calculation with routine
monitoring for health promotion purposes. Those patients with
scores over the threshold of 1000 which defines the highest quin-
tile of risk should then be assessed by a nurse or doctor for the
most appropriate means of intervention. This intervention need
not be restricted to those risk factors used to identify individuals
in the first place. It is likely that for most patients this will
include control of high blood pressure by non-pharmacological
or pharmacological treatment, smoking cessation, low dose
aspirin for those with a history of angina, and exercise and
advice.
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ing the basis of an MD thesis. The programme is aimed at
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research within general practice, as well as new researchers
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RCGP, 14 Princes Gate, Hyde Park, London SW7 1PU
Tel: 0171 823 9703 Fax: 0171 225 3047

1995 RCGP Clinical Study Days
The Royal College of General Practitioners is organis-
ing the following series of clinical study days address-
ing common clinical problems and recent advances in
these areas.

Study Day on Musculoskeletal
Conditions in Primary Care
(Jointly organised with the Arthritis
& Rheumatism Council) 17 May 1995

Study Day on Respiratory Disease
20 September 1995

Study Day on Sudden Infant Death Syndrome
4 October 1995

Study Day on the Management of
Clinical Depression in General Practice
11 October 1995

Study Day on Sport & Health -
Fitness in older people
29 November 1995
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ing a concession of 5 days for the price of 4 (£220.00) if
all 5 are booked in advance. PGEA is applied for.
For further details contact RCGP Courses, 14 Princes
Gate, London SW7 1PU.
Tel: 0171-823-9703 Fax: 0171-225-3047.

SPOTLIGHT ON
PRIMARY CARE
Conference 12 June 1995 Executive
International Convention Centre, West Midlands
Birmingham
This national conference will take a forward look at policies and
practice in primary care, building on an initiative of West Midlands
RHA in 1993/94. Sponsored by West Midlands RHA, the conference
fee is £45.
An exhibition of selected displays and presentations of Innovative
Practice in Primary Care will illustrate the diversity across the
spectrum of primary care. The programme will also include
sessions concerning Implementation of New Policies for Primary
Care, considering the implications for different organisational
levels in health and social services, new operational models, and
the response to the WMRHA initiative.
The conference is for the range of practitioners who form part of
primary care teams and those who are responsible for implement-
ing policy. PGEA approval being sought.
Speakers include:
Bill McCarthy, Assistant Secretary, Primary Care Directorate,
NHSME. Rob Griffiths, Regional Director of Public Health, West
Midlands RHA. Barry Robinson, Unit General Manager, Lyme
Community Care Unit. Jonathan Shapiro, Health Services
Management Centre, University of Birmingham.
For further details contact:
Dr Rachel Strachan, Short Course Organiser, The Institute of
Public & Environmental Health, The Medical School, The
University of Birmingham, Edgbaston, Birmingham, B15 2TT.

Tel: 0121 414 3368. Fax: 0121 414 3630.
e-mail: F.R.Strachan@bham.ac.uk
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