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The hypothesis that the prevention of ischaemic stroke
is more effective than its cure (acute treatment) can be
explored by comparing the effect of each strategy on the
burden of stroke in a population of one million people
in the UK.
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the burden of stroke in the UK
Incidence The incidence of ischaemic stroke is about
2.0 (95% confidence interval [CI]: 1.8–2.2) per 1,000
population per year.1 In a population of one million
people, there are about 2,000 incident cases of ischaemic
stroke each year, of which 1,400 (70%) are first ever and
600 (30%) are recurrent.
Prevalence The age- and sex-adjusted prevalence of
stroke has been estimated at between 14.7 per 1,0002
and 17.5 (95% CI: 17.0 to 18.0) per 1,000,3 of which
about 80–85% are ischaemic and 15–20% haemorrhagic
strokes. In a population of one million people, there are
therefore likely to be at least 12,000 prevalent survivors
of ischaemic stroke.
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In 2008, 1.4% of patients admitted to hospital in the UK
with stroke received intravenous thrombolysis.10 As this
was less than 10% of those deemed eligible (arrival at
hospital within three hours of stroke onset [now 4.5
hours] and younger than 80 years),11 it is possible that at
least 10%, if not 15%, of ischaemic stroke patients could
be thrombolysed.
If 10% (n=200) of the 2,000 cases of ischaemic stroke that
occur in a population of one million could be treated
within 4.5 hours of stroke onset with thrombolysis, the
number dead or dependent could be reduced by 12 (200
x 5.9% [ARR]), which is about 1% of all 1,300 new cases
of death and dependency due to ischaemic stroke each
year in a population of one million (Table 1).
Aspirin Random allocation to early aspirin, 160–300 mg
once daily, started within 48 hours of onset of ischaemic
stroke, is associated with a decrease in death or
dependency at the end of follow-up from 46.2% (control)
to 45.0% (aspirin), ARR: 1.2%, OR: 0.95, 95% CI: 0.91–
0.99 (Table 1).7

Outcome Among all new cases of ischaemic stroke,
about 30% will die during the year and 35% will be
permanently disabled and dependent on others for help
with activities of daily living (modified Rankin score >3).4,5
In a population of one million, about 600 (30%) of the
2,000 ischaemic strokes each year are likely to be fatal and
700 (35%) survivors permanently disabled.4,5

In 2008, 85% of inpatients in the UK with acute ischaemic
stroke were treated with early aspirin.10 If this could be
improved upon, and 95% (n=1,900) of the 2,000 patients
with acute ischaemic stroke could be treated immediately
with aspirin, the number of dead or dependent could be
reduced by 23 (1,900 x 1.2% [ARR]), which is 2% of all
1,300 new cases of death and dependency (Table 1).

What is the effect of acute treatment?

Organised multidisciplinary care in a stroke unit
Among 31 trials that compared stroke unit care with an
alternative service in a total of 6,936 participants, more
organised care in a stroke unit was associated with a
significant reduction in death or dependency at final
(median one year) follow-up, from 58.7% (general ward)
to 54.4% (stroke unit); ARR: 4.3%, OR 0.82; 95% CI
0.73–0.92 (Table 1).8 The national sentinel audit of
treatment of hospitalised stroke patients in the UK
indicated that in 2008, 68% of patients admitted with an
acute stroke spent more than half of their admission on

There are four effective treatments for acute ischaemic
stroke (Table 1):6–9
Thrombolysis Random assignment to intravenous recombinant tissue plasminogen activator (t-PA) within 4.5 hours
of ischaemic stroke is associated with a reduction in death
or dependency compared with placebo, from 53.0%
(placebo) to 47.1% (t-PA); absolute risk reduction (ARR):
5.9%; odds ratio (OR): 0.78, 95% CI: 0.68–0.88 (Table 1).6
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table 1 Summary of the effectiveness of treating 2,000 ischaemic stroke patients each year in a population of
one million people 				
Strategy/
intervention

Target
population
(% of all
ischaemic
stroke
patients)

Death or dependency

Control

Absolute risk
reduction
(ARR)

No. of dead
and dependent
stroke survivors
avoided per
year in a
population of
one million

% of 1,300 dead
and dependent
stroke survivors
avoided per
year in a
population of
one million

Intervention

Nil

2,000 (0.2% of
65.0%
pop. of 1 million)

N/A

0

0

0

Thrombolysis

200 (10%)

53.0%

47.1%

5.9%

12

1

Aspirin

1,900 (95%)

46.2%

45.0%

1.2%

23

2

Stroke unit

1,600 (80%)

58.7%

54.4%

4.3%

69

5

Decompressive
surgery

40 (2%)

76.5%

60.2%

16.3%

7

0.5

Decompressive hemicraniectomy Random assignment
to decompressive hemicraniectomy within 48 hours of
onset of symptoms of malignant middle cerebral artery
territory infarction is associated with a reduction in
death or dependency from 76.5% (conservative) to
60.2% (surgery); ARR 16.3%, 95% CI: –0.1–33.1%.9 If 2%
(40) of the 2,000 patients with acute ischaemic stroke
had malignant middle cerebral infarction causing
neurological deterioration, which was treated by means
of decompressive hemicraniectomy,11 the number of
dead or dependent could be reduced by seven (40 x
16.3% [ARR]), which is about 0.5% of all 1,300 new cases
of death and dependency (Table 1).
Summary The above calculations suggest that optimal
acute treatment of all 2,000 incident cases of ischaemic
stroke each year could save up to 111 (9%) of the 1,300
new cases from death or dependency. This modest effect
is consistent with that suggested by other authors,12 and
observed in 35 population-based studies which showed
no significant decline in early (21-day to one-month)
case fatality after stroke between 1970 and 2008.13 These
data indicate that recent advances in acute treatments
for stroke have not translated into significant declines in
early case fatality.13

the effect of strategies for prevention
of recurrent ischaemic stroke
The risk of recurrent stroke after an ischaemic stroke or
transient ischaemic attack (TIA) is highest in the first few
weeks,14 after which it declines to a nadir at about three
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years and then gradually increases. Over the first five
years, the average annual risk of stroke is up to about 5%
per year.15 In a population of one million, among whom
there are likely to be at least 12,000 prevalent survivors
of ischaemic stroke (see above),2,3 the number of
recurrent strokes each year is about 600 (5%).15 The
strategies that have been proven to be effective in
preventing recurrent ischaemic stroke include early
carotid
endarterectomy, antiplatelet
therapy,
anticoagulation and vascular risk factor control.16–28
Carotid revascularisation Random assignment of
patients with recently symptomatic 70–99% carotid
stenosis to carotid endarterectomy (vs no endarterectomy) is associated with a reduction in risk of any
stroke or death from about 6.5% per year (no surgery)
to about 3.5% per year (with surgery); relative risk
reduction (RRR): 48% (95% CI: 36–60%), ARR: 3.0%.16 As
patients with recently symptomatic carotid stenosis (i.e.
within days to weeks of an incident ischaemic stroke or
TIA) comprise only about 15% of incident ischaemic
strokes and TIA, it is likely that carotid endarterectomy
would be appropriate for about 300 (15% of 2,000)
incident ischaemic stroke patients (Table 2).
Treating 300 patients by means of carotid endarterectomy
is likely to prevent nine (300 x 3% [ARR]) of the 600
recurrent ischaemic strokes each year (i.e. 1.5%) (Table
2). It is unlikely that endovascular revascularisation of
the symptomatic carotid artery, by means of carotid
angioplasty/stent, would offer any advantages over
carotid endarterectomy.17
Aspirin Aspirin reduces the relative risk of recurrent
stroke and other major vascular events by about 13%
(95% CI: 6–19%) compared with controls.18 Among
12,000 prevalent survivors of ischaemic stroke, of whom
about 85% would have an arterial pathology as the cause
for which aspirin would be indicated, about 77%
(n=9,240) would probably be able to tolerate aspirin.
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a stroke unit.10 If this could be improved upon, and 80%
(n=1,600) of the 2,000 patients with acute ischaemic
stroke could be treated by means of organised inpatient
stroke unit care, the number of dead or dependent
could be reduced by 69 (1,600 x 4.3% [ARR]), which is
5% of all 1,300 new cases of death and dependency in a
population of one million (Table 1).
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table 2 Summary of the effectiveness of interventions for the (secondary) prevention of recurrent stroke among 10,000
prevalent and 2,000 incident stroke and transient ischaemic attack survivors in a population of one million people
Strategy/intervention

education

Nil

Target
population
(% of all
cases of
prevalent
and
incident
ischaemic
stroke)
12,000

Stroke risk per year Relative risk
reduction
(RRR)
(95% CI)

Absolute
risk
reduction
(ARR)

No. of
strokes
avoided
per year
among
target
population

% of 600
recurrent
ischaemic
strokes
avoided
each
year in a
population
of one
million

0

Control Intervention

5.0%

N/A

0

0

0%

Carotid revascularisation 300 (15% of
2,000)

6.5%

3.5%

48% (38–60%) 3.0%

9

1.5%

Aspirin

9,240 (77%)

5.0%

4.4%

13% (6–19%)

0.7%

60

10%

Aspirin & ER
dipyridamole

7,800 (65%)

4.4%

3.6%

18% (8–28%)

0.8%

51

8%

Clopidogrel

As for aspirin + ER dipyridamole

Anticoagulants

960 (8%)

4.0%

61% (37–75%) 7.3%

70

12%

Blood pressure-lowering
(by 10 mm Hg systolic)

10,800 (90%) 5.0%

3.3%

34% (21–44%) 1.7%

184

31%

12.0%

LDL-cholesterol-lowering 9,600 (80%)
(by 1 mmol/l LDL)

5.0%

4.4%

12% (1–22%)

0.6%

58

10%

HbA1c-lowering (by 0.9%)

2,400 (20%)

5.0%

4.65%

7% (-6–19%)

0.35%

8

1%

Cessation of
cigarette smoking

2,400 (20%)

5.0%

2.6%

47%

2.4%

58

10%

Treating 9,240 ischaemic stroke survivors with aspirin
for one year would be expected to reduce the stroke
rate from 5.0% (control) to 4.35% (aspirin); RRR 13%,
ARR 0.65%. This is a saving of 60 recurrent strokes per
year (9,240 patients x 0.65% [ARR]), which is about 10%
of all 600 recurrent strokes (Table 2).
Aspirin and extended-release dipyridamole Compared
with aspirin, the combination of aspirin and extended
release (ER) dipyridamole reduces the relative risk of
stroke and other major vascular events by about 18% (95%
CI: 8–28%) in patients with previous TIA or ischaemic
stroke of arterial origin.19 Among the 9,240 prevalent
survivors of ischaemic stroke who can tolerate aspirin,
perhaps about 7,800 (65%) could tolerate the
combination of aspirin and ER dipyridamole, because
dipyridamole causes headache sufficient to prompt
discontinuation in about 10% of patients.20 Treating 7,800
ischaemic stroke survivors with aspirin plus ER dipyridamole
for one year would be expected to reduce the stroke rate
from 4.35% (aspirin) to 3.6% (aspirin and ER dipyridamole);
RRR 18%, ARR 0.65%. This is a saving of 51 recurrent
strokes per year (7,800 patients x 0.65% [ARR]), which is
about 8% of all 600 recurrent strokes (Table 2).
Clopidogrel The effect of aspirin combined with ER
dipyridamole probably also applies to clopidogrel, because
a direct comparison of clopidogrel 75 mg daily with the
combination of aspirin 25 mg and ER dipyridamole 200 mg
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bd in 20,332 ischaemic stroke patients showed no significant
difference between either regimen in preventing recurrent
stroke (9.0% aspirin + ER-dipyridamole vs 8.8% clopidogrel;
HR: 1.01; 95% CI: 0.92–1.11).21
Anticoagulation For patients with TIA or ischaemic
stroke due to embolism of thrombus from the heart,
particularly atrial fibrillation (AF), oral anticoagulation
with adjusted-dose warfarin, maintaining an international
normalised ratio (INR) of 2.0–3.0, reduces the relative
risk of recurrent stroke or systemic embolism by about
61% (95% CI: 37–75%), from about 12% (control) to
4.7% (warfarin) per year (ARR 7.3%).22–24 Among 12,000
prevalent survivors of ischaemic stroke, about 1,800
(15%) would have cardiac embolism (e.g. atrial fibrillation)
as the cause (for which warfarin would be indicated), and
about 960 (8%) would probably take warfarin. Treating
960 ischaemic stroke survivors with warfarin for one
year would be expected to reduce the stroke rate from
about 12.0% (control) to 4.7% (warfarin); RRR 61%, ARR
7.3%. This is a saving of 70 recurrent strokes per year
(960 patients x 7.3% ARR), which is about 12% of all 600
recurrent strokes (Table 2).22
Blood pressure-lowering Reducing blood pressure by
10 mm Hg systolic or 5 mm Hg diastolic is associated
with a reduction in the relative risk of recurrent stroke by
34% (21–44%).25 Among 12,000 prevalent survivors of
ischaemic stroke, blood pressure-lowering would be
J R Coll Physicians Edinb 2010; 40:56–63
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indicated in almost all patients (except a few, such as
those with severe bilateral carotid occlusive disease) and
tolerated by at least 90% (10,800). Taking one
antihypertensive drug at a standard dose, or three drugs
at half standard dose, would reduce the blood pressure by
10 mm Hg systolic or 5 mm Hg diastolic in patients with
a pretreatment systolic blood pressure of 150 mm Hg,
and would be associated with a reduction in the relative
risk of recurrent stroke by 34% (21 to 44%), from 5%
(control) to 3.3% (antihypertensive) per year; ARR: 1.7%.
This would avoid about 184 recurrent strokes per year
(10,800 patients x 1.7% ARR), which is about 31% of all
600 recurrent strokes (Table 2). Alternatively (or in
addition), lifestyle interventions such as physical exercise,
alcohol reduction, a low-salt diet and potassium
supplementation could realise reductions in blood pressure
of 10 mm Hg systolic or 5 mm Hg diastolic.26

effects of a quantitative reduction in smoking (e.g. from
20 to 10 cigarettes per day).

Blood cholesterol-lowering Random assignment to a
statin is associated with a reduction in low-density
lipoprotein (LDL) concentration by about 1 mmol/l and a
reduction in the relative risk of recurrent stroke by 12%
(95% CI: 1–21%), compared with control.27 Among 12,000
prevalent survivors of ischaemic stroke, of whom about
85% would have an arterial pathology as the cause for
which a statin would be indicated, about 80% (9,600) would
probably be able to tolerate a statin. Treating 9,600
ischaemic stroke survivors with a statin for one year would
be expected to reduce the stroke rate from 5.0% (control)
to 4.4% (statin); RRR 12%, ARR 0.6%. This is a saving of 58
recurrent strokes per year (9,600 patients x 0.6% ARR),
which is about 10% of all 600 recurrent strokes (Table 2).

Among the 988,000 people in a population of one
million who have never experienced an ischaemic stroke,
the risk of first-ever ischaemic stroke is about 0.14% per
year. This population of individuals therefore contributes
the majority (70%; n=1,400) of all ischaemic strokes each
year. There are two complementary strategies for
preventing first-ever stroke in the community:

Blood glucose-lowering Random assignment to an
intensive blood glucose-lowering regimen with a standard
regimen that lowers the mean haemoglobin A1c (HbA1c)
concentration by 0.9% compared with a standard regimen
is associated with a non-statistically significant trend toward
a reduction in stroke by 7% (OR: 0.93, 95% CI: 0.81–1.06).28
If lowering mean HbA1c by 0.9% is subsequently proven to
be effective in reducing the risk of stroke by 7%, then it is
possible that lowering mean HbA1c by 0.9% among the
2,400 (20%) survivors of ischaemic stroke who are
diabetic29 could reduce the annual risk of stroke by 0.35%
(from 5.0% to 4.65%) and save about eight strokes per year,
or 1% of the 600 recurrent strokes each year.

The former is usually implemented by clinicians and
nurses, and will therefore be discussed below, whereas
the latter is usually implemented by governments, health
organisations and public health physicians.

Cessation of cigarette smoking The relative risk of
ischaemic stroke associated with cigarette smoking is
1.9 (95% CI: 1.7–2.2).30 Stopping smoking among the
2,400 (20%) survivors of ischaemic stroke who are
smokers29 could reduce the annual risk of stroke by 47%
(from 5.0% to 2.6%) and save about 58 strokes per year,
or 10% of the 600 recurrent strokes each year. However,
these calculations are likely to overestimate the potential
risk reduction for smoking as they are not based on
evidence from randomised trials, they assume all smokers
will successfully stop and they do not consider the

Blood pressure-lowering The prevalence of hypertension (blood pressure >140/90 mm Hg) in Britain is
estimated to be 11.7%,36 which is about 115,600
individuals in a population of 988,000 stroke-free
people. The adjusted relative risk of ischaemic stroke
among people in the community with a history of
hypertension is about 3.6 (95% CI: 2.2–5.8).37 If the
overall risk of first-ever ischaemic stroke in the strokefree population is 0.14% (see above), then the average
annual risk of ischaemic stroke among hypertensives is
about 0.51% per year (0.14% x 3.6).

the effect of strategies for the
prevention of first-ever stroke

1.
2.

The ‘high-risk’ approach, which aims to identify
individuals at risk of stroke and prescribe treatments
to lower the risk.
The ‘population’ (or ‘mass’) approach, which aims to
lower the prevalence and level of causal risk factors
for stroke throughout the general population.31

The ‘high-risk’ strategies that have been proven to be
effective in preventing first-ever ischaemic stroke include
lowering of blood pressure and cholesterol, and anticoagulation for individuals with atrial fibrillation.24,25,27,32
Other strategies that have not been proven to be
effective but may be effective are stopping smoking,
lowering HbA1c and perhaps aspirin and carotid
endarterectomy.28,30,33–35
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Summary The above calculations suggest that optimal
secondary prevention of all 12,000 prevalent and
incident cases of ischaemic stroke each year could save
a substantial proportion of the 600 recurrent strokes
each year (Table 2). Although Table 2 suggests that the
total number of recurrent strokes avoided each year
could add up to 498, this is clearly an overestimate as
not all strategies are appropriate for all patients (e.g.
patients would not be taking an antiplatelet drug as well
as an anticoagulant) and not all strategies are likely to be
mutually exclusive, working independently of each other.

GJ Hankey

If 115,600 hypertensives have an annual risk of ischaemic
stroke of 0.51%, then they are likely to contribute 583 of
the 1,400 (42%) first-ever ischaemic strokes each year.
This estimate of the population-attributable risk of
stroke due to hypertension (42%) is consistent with
other estimates.38 Reducing the blood pressure by 10
mm Hg systolic or 5 mm Hg diastolic is associated with
a reduction in the relative risk of first-ever stroke by
46% (35–55%).25

education

If the 115,600 hypertensives could be identified and
treated with lifestyle modifications or medications that
produce a sustained reduction in blood pressure by 10
mm Hg systolic or 5 mm Hg diastolic, then the rate of
stroke could be reduced from 0.51% (control) to 0.28%
(antihypertensive); RRR 46%, ARR 0.23%. This would
realise a saving of 266 strokes (115,600 x 0.23%) each
year, which is 19% of all 1,400 first-ever strokes in a
population of one million people (Table 3).25,25
Blood cholesterol-lowering The prevalence of hypercholesterolaemia (total blood cholesterol >6.5 mmol/l
or treated hypercholesterolaemia) among adults in the
UK aged 35–64 is about 40%.39 Among the whole
population, the prevalence of hypercholesterolaemia is
about 20%, which is about 197,600 individuals in a
population of 988,000 stroke-free people.40 The relative
risk of a first-ever ischaemic stroke associated with an
increase in LDL cholesterol by 1 mmol/l is about 1.36
(95% CI: 1.28–1.92).27 This estimate is derived from the
inverse of the reduction in relative risk of first-ever
stroke of 36% (95% CI: 22–48%) associated with a
reduction in LDL cholesterol concentration by 1 mmol/l
among stroke-free individuals assigned statins (vs control)
in clinical trials of statin therapy.27,41
If the overall risk of first-ever ischaemic stroke in the
stroke-free population is 0.14% (see above), then the
average annual risk of ischaemic stroke among hypercholesterolaemics is about 0.19% per year (0.14% x 1.36).
If 197,600 hypercholesterolaemics have an annual risk of
ischaemic stroke of 0.19%, they are likely to contribute
375 of the 1,400 (27%) first-ever ischaemic strokes each
year. If the 197,600 hypercholesterolaemics could be
identified and treated with a statin sufficient to lower LDL
cholesterol concentration by 1 mmol/l, then stroke could
be reduced by 36%, from 0.19% (control) to 0.14%
(statin); ARR 0.05%, and realise a saving of 99 strokes each
year (197,600 x 0.05%), which is 7% of all 1,400 first-ever
strokes in a population of one million (Table 3).27,41
Anticoagulation for atrial fibrillation The prevalence
of atrial fibrillation among adults >40 years is about
2.3%.42 In a population of 988,000 stroke-free individuals,
about 43% (425,000) are aged >40 years, of whom about
2.3% (9,775) have atrial fibrillation.42 The relative risk of
ischaemic stroke associated with atrial fibrillation is
about 5.0.43,44 If the overall risk of first-ever ischaemic
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stroke in the stroke-free population is 0.14% (see
above), then the average annual risk of ischaemic stroke
among individuals with atrial fibrillation is about 0.7%
per year (0.14% x 5). If 9,775 stroke-free individuals with
atrial fibrillation have an annual risk of ischaemic stroke
of 0.7%, they are likely to contribute 68 (5%) of the
1,400 first-ever ischaemic strokes each year.
Random assignment of individuals with nonvalvular atrial
fibrillation to adjusted-dose warfarin is associated with a
reduction in stroke by 64% (95% CI, 49–74%) compared
with control.24 If half of the 9,775 (n=4887) individuals
with atrial fibrillation could be identified and treated
with warfarin, then stroke could be reduced from 0.7%
(control) to 0.25% (anticoagulation); RRR 64%, ARR
0.45%, realising a saving of 22 strokes each year (4,887 x
0.45%), which is 1.6% of all 1,400 first-ever strokes in a
population of one million (Table 3).24
Cessation of cigarette smoking The prevalence of
cigarette smoking among adults >16 years in the UK is
about 23%.45 In a population of 988,000 stroke-free
individuals, about 80% (790,400) are aged >16 years, of
whom about 23% (181,792) are smokers.45 The relative
risk of ischaemic stroke associated with cigarette
smoking is about 1.9 (95% CI: 1.6– 2.2).30
If the overall risk of first-ever ischaemic stroke in the
stroke-free population is 0.14% (see above), then the
average annual risk of ischaemic stroke among smokers
is about 0.27% per year (0.14% x 1.9). If 181,792 strokefree smokers have an annual risk of ischaemic stroke of
0.27%, they are likely to contribute 485 (35%) of the
1,400 first-ever ischaemic strokes each year.
If the relative risk of ischaemic stroke associated with
smoking really is 1.9, then stopping smoking among the
181,792 stroke-free smokers could reduce the annual
risk of stroke from 0.27% to 0.14% (RRR 47%, ARR
0.13%) and save about 236 strokes per year, or 17% of
the 600 recurrent strokes each year.
However, stroke-free smokers may have little motivation
to stop smoking (unlike smokers who experience a
stroke). A meta-analysis of seven randomised controlled
trials (RCTs) of nicotine replacement therapy (gum,
inhaler or patch) vs placebo for 6–18 months in 2,767
smokers who had no intention to quit smoking reported
that, compared with 3.3% of smokers assigned placebo
who attained sustained abstinence from smoking for six
months, 6.7% of smokers assigned nicotine replacement
therapy attained sustained abstinence from smoking for
six months (relative risk 2.06, 95% CI: 1.3–3.1; absolute
increase 3.4%).46
If all 181,792 smokers were to try nicotine replacement
therapy, 3.4% (5,454) were to stop smoking for at least
six months (as observed in the RCTs) and stopping
J R Coll Physicians Edinb 2010; 40:56–63
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table 3 Summary of the effectiveness of drug therapies for the (primary) prevention of first-ever stroke in a population of
one million people
Target
population
(% of
general
population)

Relative Stroke risk per year
risk
Control Intervention
(95% CI)

Relative
risk
reduction
(RRR)
(95% CI)

Absolute
risk
reduction
(ARR)

No. of
strokes
avoided
per year
among
target
population

% of 1,400
first-ever
ischaemic
strokes
avoided
each year in
a population
of one
million

Nil

988,000

1.0

N/A

0

0

0

0

Blood pressurelowering (by 10
mm Hg systolic)

115,600
(11.7%)

3.6
0.51%
(2.2–5.8)

0.28%

46%
(35–55%)

0.23%

266

19%

LDL-cholesterol
lowering (by 1.0
mmol/l)

197,600
(20%)

1.4

0.19%

0.14%

36%
(22–48%)

0.05%

99

7%

Anticoagulation
for atrial
fibrillation

4,887 (50%
of individuals
aged >40
with AF)

5.0

0.70%

0.25%

64%
(49–74%)

0.35%

22

2%

Cigarette smoking cessation

181,792
(18.4%)

1.9
0.27%
(1.6–2.2)

0.14%

47%

0.13%

236

17%

Nicotine
replacement
therapy

5,454 (3% of
181,792)

1.9
0.27%
(1.6–2.2)

0.14%

47%

0.13%

7

0.5%

HbA1c-lowering

42,484 (4.3%)

3.8
0.53%
(1.8–8.2)

0.49%

7%
(-6–19%)

0.04%

17

1%

0.14%

smoking were to reduce the relative risk of stroke by
47%,30 it is possible that nicotine replacement therapy
could save seven (0.5%) of the 1,400 first-ever strokes
each year (Table 3).

1% of all 1,400 first-ever strokes in a population of one
million (Table 3).28

Blood glucose-lowering The prevalence of diabetes in
the UK population is about 4.3%,47 which is about 42,484
individuals in a population of 988,000 stroke-free people.
The adjusted relative risk of ischaemic stroke among
people in the community with a history of diabetes is
about 3.8 (95% CI: 1.8–8.2).37 If the overall risk of firstever ischaemic stroke in the stroke-free population is
0.14% (see above), then the average annual risk of
ischaemic stroke among diabetics is about 0.53% per
year (0.14% x 3.8). If 42,484 diabetics have an annual risk
of ischaemic stroke of 0.53%, then they are likely to
contribute 225 of the 1,400 (16%) first-ever ischaemic
strokes each year.

Aspirin Aspirin is of uncertain net value in the primary
prevention of stroke.33 A recent meta-analysis of six
primary prevention trials of long-term aspirin vs control
in 95,000 individuals at low average vascular risk and
followed for 660,000 person years revealed that random
allocation to aspirin was not associated with a significant
reduction in first-ever ischaemic stroke (rate ratio 0.86,
95% CI: 0.74–1.00), nor any first stroke (rate ratio 0.95,
95% CI: 0.85–1.06) compared with control.33 Although
aspirin was associated with a significant reduction in any
serious vascular event (stroke, myocardial infarction or
vascular death), from 0.57% per year (control) to 0.51%
per year (aspirin), rate ratio 0.88, 95% CI: 0.82–0.94, it was
associated with a significant increase in major extracranial
bleeding (rate ratio 1.54, 95% CI: 1.30–1.82).33

If lowering mean HbA1c by 0.9% is subsequently proven
to be effective in reducing the risk of stroke by 7%, as
currently estimated,28 and if the 42,484 diabetics could
be identified and treated with lifestyle modifications
or medications that produce a sustained reduction in
mean HbA1c concentration by 0.9%, then stroke could
be reduced from 0.53% (control) to 0.49% (glucoselowering therapy), RRR 7%, ARR 0.04%, realising a
saving of 17 strokes each year (42,484 x 0.04%), which is

Carotid endarterectomy Carotid endarterectomy
probably does not have net value in the primary
prevention of stroke.   A recent systematic review
suggests that the prognosis of neurologically asymptomatic carotid stenosis is so favourable with best medical
treatment nowadays (stroke rate <1% per year) that the
immediate risks of carotid revascularisation (2%
perioperative stroke rate) are too great to offer any
benefit of carotid endarterectomy for asymptomatic
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carotid stenosis.34 These conclusions are supported by
recent data from a prospective, population-based study
of 1,153 patients with TIA or stroke, of whom 101
(8.8%) had a carotid stenosis >50% that was neurologically
asymptomatic.35 After a mean follow-up period of three
years, the annual rate of ipsilateral ischaemic stroke with
best medical treatment was only 0.34% (95% CI: 0.01–
1.9%), and the rate of disabling ipsilateral ischaemic
stroke was 0.0% (95% CI: 0.0–1.0%).35

education

Summary The above calculations suggest that accurate
identification and appropriate treatment of individuals at
risk of stroke (the ‘high-risk’ approach),31 by means of
lowering blood pressure and cholesterol, and
anticoagulating high-risk individuals with atrial fibrillation,
could save a substantial minority of the 1,400 first-ever
strokes each year (Table 3).
The ‘population’ or ‘mass’ approach, implemented for
example by government legislation to minimise
population exposure to causal vascular risk factors, is
also likely to be effective and complementary.31 For
example, government legislation to ban tobacco smoking
in public indoor places in Scotland in March 2006 was
associated with a 17% (95% CI: 16–18%) reduction in
hospital admissions for acute coronary syndromes over
the next 10 months compared with a 4% reduction in
England (which had no smoking ban) over the same
period.48 Similar legislation in Rome in January 2005 was
also associated with a reduction in acute coronary
events by 11% (7–15%) among 35–64 year olds, and by
8% (3–12%) in 65–74 year olds.49

The greater potential effects of prevention strategies,
compared with treatment strategies, of ischaemic stroke
in the model described above are consistent with those
observed in population-based studies.13 A recent systematic
review of 35 population-based studies in 18 high-income
countries of the incidence of stroke from 1970 to 2008
showed a statistically significant decline in stroke incidence
by 42% (or 1% per year), from 163 (95% CI: 98–227) per
100,000 person years in 1970 to 94 (95% CI: 72–116) per
100,000 person years in 2008 (p for trend = 0.04),
presumably concurrent with reductions in population
exposure to causal risk factors.13
These findings also support the initiative of the UK
Department of Health to implement the UK National
Health Service Health Check programme, whereby
everyone aged 40–79 years who has not been diagnosed
with a previous stroke, heart or kidney disease is invited,
once every five years, to have their cardiovascular risk
assessed using an absolute risk prediction tool, and given
support and advice to help manage and reduce their
cardiovascular risk.50 The modelled incremental costeffectiveness of this intervention is £2,480 per qualityadjusted life year (QALY) gained, which is well below the
threshold of about £30,000 per QALY gained.50
‘An ounce of prevention is worth a pound of cure.’
– Benjamin Franklin
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