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ABSTRACT

espite hundreds of clinical trials, the appropriate dose of aspirin to prevent myocardial infarction (MI)
nd stroke is uncertain. In the US, the doses most frequently recommended are 80, 160, or 325 mg per day.
ecause aspirin can cause major bleeding, the appropriate dose is the lowest dose that is effective in
reventing both MI and stroke because these two diseases frequently co-exist. Five randomized clinical
rials have compared aspirin with placebo or no therapy for the prevention of stroke and MI. These trials
aried with regard to the dose of aspirin, the duration of treatment, and, most important, the populations
elected for study varied in their baseline risk of stroke and MI. In men, 160 mg/day consistently lowered
he risk of MI. In women, doses of 50 mg, 75, and 100 mg/day did not significantly decrease the risk of

I; therefore, the appropriate dose in women must exceed 100 mg/day. The appropriate dose for the
rimary prevention of stroke in men and women has not been established. Doses of 75 and 100 mg/day
ave been ineffective in men and women. The appropriate dose must be at least 160 mg/day. The lowest
ose to prevent recurrent MI or death in patients with stable coronary artery disease (CAD) is 75 mg/day.
n acute MI the lowest dose is 160 mg/day. In patients with a history of stroke or transient ischemic attack
TIA), 50 mg/day has been shown to be effective in men and women. In acute stroke, 160 mg/day is
ffective in preventing recurrent stroke or death. The risk of major bleeding with 160 mg/day is the same
s with 80 mg/day: 1 to 2 cases per 1000 patient years of treatment, and the risk of fatal bleeding is the
ame with 80 and 160 mg/day. These studies indicate that the most appropriate dose for the primary and
econdary prevention of stroke and MI is 160 mg/day. © 2006 Elsevier Inc. All rights reserved.

KEYWORDS: Aspirin; Aspirin toxicity; Stroke prevention; Heart attack prevention; Primary prevention; Secondary
prevention
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n 1950, Lawrence Craven, a general practitioner in Glen-
ale, Calif, was the first to report that aspirin may prevent
yocardial infraction (MI), and in 1956 he was the first to

eport that aspirin may also prevent strokes.1 Now, more
han 50 years later, after hundreds of clinical trials, it has
een well established that Craven was correct; aspirin can
revent MI and stroke.2,3 However, the appropriate dose of
spirin remains uncertain. The dose in clinical trials has
anged from 50 to 1200 mg per day. Craven recommended
dose of 325 mg per day, although he noted that 325 mg 5

imes a week may be sufficient.1

Requests for reprints should be addressed to James E. Dalen, MD,
PH, University of Arizona, 1840 East River Road, Suite 120, Tucson, AZ

5718.

b: jamesdalen@yahoo.com

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.11.013
The appropriate dose of aspirin should be sufficient to
revent MI, as well as stroke, because these 2 diseases have
he same risk factors and frequently co-exist. Ideally, the
ppropriate dose would be effective for primary and sec-
ndary prevention, in women as well as in men.

HE SEARCH FOR THE LOWEST EFFECTIVE DOSE
ecause aspirin has significant side effects; principally
leeding, especially gastrointestinal (GI) bleeding, many
linical trials have sought to determine the lowest effective
ose of aspirin to prevent MI and stroke.

The Antithrombotic Trialists’ Collaboration reviewed 287
tudies involving 135 000 patients that compared antiplatelet
herapy to controls.3 They concluded that doses of 75 to 325
g of aspirin are effective and that there is no additional
enefit to doses higher than 325 mg per day. They also noted
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199Dalen Aspirin to Prevent Heart Attack and Stroke
hat 75 to 150 mg/day seems to be as effective as 325 mg and
hat the effects of doses less than 75 mg were less certain.3

It is now widely accepted that the optimal dose is 325
g/day or less.2 However, there is no agreement whether the

ptimal dose is 80, 160, or 325 mg/day. Because the cost of
spirin is nominal, if there were no
ide effects of aspirin, the appropri-
te dose to ensure efficacy would be
25 mg per day. However, in order
o minimize gastrointestinal toxicity
nd bleeding, the appropriate dose
f aspirin is the lowest dose that is
onsistently effective in preventing
I and stroke.

RIMARY PREVENTION
RIALS
ive major randomized clinical

rials have compared aspirin with
lacebo or control in the primary
revention of MI and stroke4-8 as
hown in Table 1. These trials uti-
ized doses of aspirin ranging
rom 50 mg/day (100 mg every
ther day [QOD])4 to 500 mg/
ay.8 The duration of treatment
anged from 3.6 years to 10 years.
ll the participants in these trials
ere aged 40 years or older, but

he mean age of the participants in
hese trials varied. Two of the
tudies included only men,7,8 one
ncluded only women,4 and the other two included men and
omen.5,6 Some studies selected participants with risk fac-

ors for cardiovascular disease or who had hypertension.5

Given the heterogeneity of these trials, the risk of MI and
troke in the participants in these 5 trials varied signifi-
antly. Therefore, it is not surprising that the results were
uite variable.

CLINICAL SIGNIF

● There is general
propriate dose to
farction and str
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doses are 81
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less than 160 mg
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cardial infarction
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major bleeding w
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per 1000 years o
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propriate dose of
cardial infarctio
mg/day.

Table 1 Primary Prevention Trials: Prevention of MI
and Stroke

Trial Ref ASA dose/day MI P Stroke P

WHS 4 50 mg* �2% ns �17% .04
HOT 5 75 mg Men �42% .001 �1%‡ ns

75 mg Women �19% ns
PPP 6 100 �31% ns �33% ns
PHS 7 160† �44% �.001 �22% ns
UK 8 500 mg/D �3% ns �17% ns

ASA � aspirin; WHS � Women’s Health Study; HOT � Hypertension
Optimal Treatment study; PPP � Primary Prevention Project; PHS �
Physician’s Health Study; UK � British physician study.

*50 mg/day � 100 mg QOD.
†160 mg/day � 325 mg QOD.
6
‡Stroke data for men and women combined.
Peto et al8 randomized 5139 presumably healthy British
ale doctors (median age 60 years) to 500 mg of aspirin per

ay or no aspirin. After 6 years of follow-up, there was no
ignificant difference in the incidence of MI or stroke in those
aking or not taking aspirin. It should be noted that many of

these physicians discontinued aspi-
rin during the trial due to GI symp-
toms. Halfway through the study,
only 70% of those assigned to aspi-
rin were still taking aspirin.

The U.S. Physicians’ Health
Study (PHS) randomized 22 071
U.S. male physicians aged 40 years
and older to placebo, or to 325 mg
of aspirin every other day.7 After an
average follow-up of 60.2 months,
there was a significant 44% reduc-
tion in MI in those aged 50 and
older. There was an insignificant in-
crease in strokes.7

The Primary Prevention Project
(PPP) studied the effect of 100 mg
aspirin in 4495 people (2583
women) aged 50 or older with one
or more major cardiovascular risk
factors.6 After an average of 3.6
years of follow-up, there was a
significant reduction in cardiovas-
cular deaths and total cardiovascu-
lar events in women as well as
men. However, the decrease in MI
and the decrease in stroke were
not statistically significant.6

In the Hypertension Optimal Treatment (HOT) study,
8 790 patients (8831 women) aged 50 or older with hyper-
ension were randomized to receive 75 mg aspirin or pla-
ebo.5 After an average follow-up of 3.8 years, there was a
onsignificant decrease in the incidence of stroke in those
eceiving aspirin.5 The incidence of MI was significantly
educed by 42% in men, whereas there was an insignificant
eduction in MI of 19% in women.9

In the WHS, 39 876 healthy women aged 45 years or older
ere randomized to a very low dose of aspirin: 100 mg every
ther day or placebo.4 After 10 years of follow-up, there was
significant 17% reduction in stroke in those treated with

spirin. However, the reduction in stroke in women aged 65
nd older was not significant. The incidence of MI was not
ecreased in the total patient population. However, there was a
ignificant 34% decrease in MI in women age 65 or older.

OWEST DOSE FOR PRIMARY PREVENTION
F MI
s shown in Table 1, the lowest reported dose to prevent
yocardial infarction in women, 50 mg/day (100 mg QOD),
as reported by the WHS, but it was limited to women aged
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lder, there was an insignificant 2% increase in myocardial
nfarction. These findings in the WHS were not consistent
ith the results in women in other trials. In the HOT trial,
daily dose of 75 mg in women age 50� with hypertension

esulted in an insignificant decrease in MI of 19%.5 In the
rimary Prevention Project,6 100 mg per day resulted in an

nsignificant decrease in MI of 31% in men and women
ged 50 years and older who had at least one major cardio-
ascular risk factor.

The combined results of these studies indicate that the
owest effective dose of aspirin to prevent MI in women
ged 50 or older is more than 100 mg per day.

In men, the lowest effective dose to prevent MI was
eported in the HOT trial.9 Men aged 50 or older with
ypertension had a significant 42% reduction in MI with a
aily dose of 75 mg. However, in the PPP trial 100 mg of
spirin resulted in a statistically insignificant 31% reduction
n MI.6 In the U.S. physicians study,7 325 mg of aspirin
OD led to a significant 44% reduction in MI in men aged
0 or older. Given these data, the lowest effective dose for
he primary prevention of MI in men age 50 and older is 160
g/day.

OWEST DOSE FOR PRIMARY PREVENTION
F STROKE
s shown in Table 1, the lowest reported effective dose for

he primary prevention of stroke, 50 mg/day, was reported
y the WHS.4 This dose resulted in a statistically significant
eduction in stroke of 17%.4 However, in women aged 65 or
lder, a reduction in stroke of 22% was not statistically
ignificant. As with the case of MI, these findings from the

HS are inconsistent with the other primary prevention
rials. In the HOT Trial, 75 mg per day in men and women
ed to a statistically insignificant decrease in stroke of 1%.5

n the PPP trial, 100 mg per day led to an insignificant 33%
eduction in stroke.6 These studies indicate that the appro-
riate dose of aspirin for the primary prevention of stroke in
omen aged 50 or older is more than 100 mg per day.
In men, 75 mg per day,5 100 mg per day,6 160 mg/day

325 mg QOD),7 and 500 mg/day8 either increased or failed
o significantly decrease the incidence of stroke. The appro-
riate dose of aspirin for the primary prevention of stroke in
en has not been established.
Three randomized trials have compared aspirin in doses

f 50 mg,10 75 mg,11 and 325 mg12 per day to placebo in
reventing strokes in patients with atrial fibrillation (AF).
he incidence of stroke was reduced in each trial, but the
ecrease was statistically significant in only one, the Stroke
revention in Atrial Fibrillation trial (SPAF I).12 In the
PAF I trial, 325 mg of aspirin per day resulted in a
ignificant 42% reduction in stroke as compared with pla-
ebo. It should be noted that a trial comparing 150 to 160
g of aspirin/day with placebo in patients with AF has not

een reported.
These data indicate that the lowest effective dose of
spirin to prevent stroke in patients with AF is 325 mg/day. m
ECONDARY PREVENTION OF MI
he Swedish Angina Pectoris Aspirin Trial (SAPAT) ran-
omized 2035 patients (977 women) with stable angina
ectoris to aspirin 75 mg/day versus placebo.13 None of the
atients had a history of prior MI. All patients also received
otalol. After a median follow-up of 50 months the inci-
ence of MI and sudden death was a significant 34% lower
n those treated with aspirin plus sotalol, compared with
hose receiving sotalol plus placebo. In addition, there was
25% reduction in stroke that was not statistically signifi-

ant in those taking aspirin.13

In a Veterans Administration (VA) study of 1266 men
ith unstable angina, 325 mg of aspirin daily significantly
ecreased the risk of MI or sudden death by 51% in those
aking aspirin.14 In the Relationship between Insulin Sensi-
ivity and Cardiovascular disease risk (RISC) study of 796
en with unstable angina, there was a significant 31%

eduction in MI or sudden death after a daily dose of 75 mg
spirin for 30 days.15

In the Second International Study of Infarct Survival
ISIS-2) study,16 17 187 patients with acute MI were ran-
omized to 165 mg per day of aspirin for 1 month versus
lacebo. Recurrent MI was significantly reduced by 45%,
nd vascular death was significantly decreased by 23%.

These studies indicate that the lowest effective dose to
revent MI or sudden death in patients with stable coronary
rtery disease (CAD) or unstable angina is 75 mg/day. In
atients with acute myocardial infarction (AMI), the lowest
ffective dose to prevent recurrent MI or death is 160 mg
er day.

ECONDARY PREVENTION OF STROKE
he European Stroke Prevention Study (ESPS) randomized
602 patients with a history of stroke or TIA to 1 of 4
egimens: aspirin 50 mg/day, dipyridamole 400 mg/day,
ypridamole plus aspirin, or placebo.17 After 2 years of
reatment, the incidence of stroke in those taking aspirin was
ignificantly reduced by 18%.

In the Chinese Acute Stroke Trial (CAST), 21 106 with
cute ischemic stroke were randomized to aspirin, 160 mg/
ay or placebo.18 After 4 weeks, the incidence of recurrent
troke or death in those receiving aspirin was a significant
0% lower than those receiving placebo.

These 2 studies indicate that aspirin, 50 mg/day, can
ignificantly reduce the rate of recurrent stroke in patients
ith a history of stroke or TIA. In patients with acute

schemic stroke, 160 mg/day of aspirin can significantly
educe the rate of recurrent stroke or death.

Table 2 summarizes the lowest effective dose to signif-
cantly reduce MI and stroke in varying patient populations.
he dose varies from 50 to 160 mg/day (with the exception
f primary stroke prevention in men, and the prevention of
troke in patients with AF). These findings are consistent
ith the report of the Antithrombotic Trialists that 75 to 150

g of aspirin is as effective as higher doses.3
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201Dalen Aspirin to Prevent Heart Attack and Stroke
LEEDING COMPLICATIONS OF ASPIRIN
he incidence of peptic ulcer is increased during aspirin

herapy. In the WHS,4 the incidence in those treated with
spirin was 2.7%, compared with 2.1% in controls. In the
HS study,7 the incidence in those taking aspirin (1.4%)
as not significantly greater than placebo (1.2%). In the
ritish Physician study,8 the incidence in those taking as-
irin was 2.5% versus 1.6% in the controls . There was no
onsistent relationship between the dose of aspirin and the
ncidence of peptic ulcer in these studies. The aspirin dose
n the PHS was 3 times greater than in the WHS, yet the
ncidence of peptic ulcer was lower in the PHS and was not
ignificantly greater than those taking a placebo.7

The risk of major bleeding, in most cases GI bleeding, is
learly increased with aspirin therapy, as shown in Table 3.
owever, the excess risk of major bleeding with aspirin in

hese studies was modest, ranging from 0.19 to 1.6 cases per
000 patient-years. This is consistent with the rate of 2 per
000 patient-years reported by the Antithrombotic Trial-
sts.3 The excess rate of major bleeding was not related to
he dose of aspirin in these 5 trials. The rate was higher in
he HOT study,5 which prescribed 75 mg/day, than in the
K study,8 where the dose was 500 mg/day.
Table 4 indicates the number of patients with fatal bleed-

ng during aspirin therapy compared with placebo in 5

Table 2 Lowest Effective Dose (mg/day)

Primary prevention
MI in men age 50� 160
MI in women age 50� �100
Stroke in men 50� Unknown
Stroke in women 50� �100
Stroke in men/women with AF 325

Secondary prevention
MI in men/women with CAD 75
MI/death in men/women with AMI 160
Stroke in men/women with HX stroke/TIA 50
Stroke/death in men/women with acute stroke 160

MI � myocardial infarction; AF � atrial fibrillation; CAD � coro-
nary artery disease; AMI � acute mycardial infarction; HX � history of;
TIA � transient ischemic attack.

Table 3 Major Bleeding During Aspirin Therapy

Study
ASA

Dose/Day

Major bleeds
Excess/1000

Pt/yASA Placebo P

WHS4 50 mg 127 91 .02 0.19
HOT5 75 mg 129 70 �.001 1.6
PPP6 100 mg 17 5 .008 1.5
PHS7 160 mg 48 28 .02 0.36
UK8 500 mg 11 7 ns 0.32

ASA � aspirin; WHS � Women’s Health Study; HOT � Hypertension
Optimal Treatment study; PPP � Primary Prevention Project; PHS �
Physician’s Health Study; UK � British physician study
andomized controlled studies during 368 750 patient years
f therapy. There were actually more fatal bleeds in the
lacebo patients than in those taking doses of aspirin rang-
ng from 100 mg QOD to 500 mg per day. The absence of
n increase in fatal bleeding in these 5 randomized clinical
rials is in stark contrast to predictions of excess deaths due
o major GI hemorrhage predicted from epidemiological
odeling.19

RE BLEEDING COMPLICATIONS RELATED TO
HE DOSE OF ASPIRIN?
s noted in Tables 3 and 4, there seems to be no relationship
etween aspirin dose and the incidence of major bleeding or
atal bleeding in the 5 primary prevention trials.

The Antithrombotic Trialists Collaboration3 reported
eta-analyses of 287 studies of antiplatelet therapy versus

ontrol in 135 000 patients. The risk of a major extracranial
leed with daily aspirin doses ranging from �75 mg to 325
g is shown in Table 5. There was no significant difference

n the relative risk of a major extracranial bleed in those
eceiving �75 mg versus those receiving 160 to 325 mg per
ay.

Serebruany et al20 reported a similar meta-analysis of the
leeding complications in 50 randomized controlled trials of
ntiplatelet agents involving 338 191 patients. They classi-
ed major bleeding as intracranial bleeding, overt bleeding
ith a decrease in hemoglobin �5 g/dL, or a decreased
ematocrit �15%.

Their findings, as shown in Table 6, are consistent with
hose of the Antithrombotic Trialists.3 There was no signif-
cant difference in the incidence of major bleeding between

Table 4 Fatal Bleeding During Aspirin RX

Study

Fatal Bleeds

Placebo Pt/yearsDose/Day ASA

WHS4 50 mg 2 3 199 380
HOT5 75 mg 7 8 17 850
PPP6 100 mg 1 3 80 928
PHS7 160 mg 1 0 55 175
UK8 500 mg 3 3 15 417

Total 14 17 368 750

WHS � Women’s Health Study; HOT � Hypertension Optimal Treat-
ment study; PPP � Primary Prevention Project; PHS � Physician’s
Health Study; UK � British physician study.

Table 5 Relative Risk of Major Bleeding During
Aspirin Therapy3

Daily Dose (mg) Relative Risk 95% Confidence Interval

�75 1.7 0.8 to 3.3
75-150 1.5 1.0 to 2.3

160-325 1.4 1.0 to 2.0
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hose taking �100 mg versus those taking 100 to 325 mg of
spirin per day. It should be noted that the incidence of
inor bleeding was clearly related to aspirin dose. The

ncidence of minor bleeding was 1.8% when the dose was
ess than 100 mg and 6.5% with doses of 100 to 325 mg.

ONCLUSIONS
n the U.S., the 3 doses of aspirin most frequently recom-
ended for the prevention of stroke and MI are 80, 160, and

25 mg/day. In Europe and other countries, 75, 150, and
00 mg/day are commonly recommended. Randomized
linical trials have shown that the lowest dose, 75 or 80
g/day, is inadequate for primary prevention of stroke and
I in men and women and has not been shown to be

dequate in patients with acute stroke or acute MI, as shown
n Table 2. Of note, a recent report suggests that a daily dose
f 100 mg or less of aspirin may be associated with a higher
ncidence of aspirin resistance in patients with coronary
rtery disease.21

These studies indicate that a daily dose of 160 mg of
spirin (or 325 mg QOD) is adequate to prevent MI and
troke in men and women, with 3 exceptions. The dose
dequate for primary prevention of MI in women and the
ose adequate for the primary prevention of stroke in men
nd women are unknown, but in both cases the dose must
xceed 100 mg/day. A dose of 325 mg/day is required for
he prevention of stroke in patients with AF who are not
andidates for long-term warfarin therapy.

The primary risk of taking 160 mg of aspirin/day is the
ame as taking 80 mg/day: an increased risk of major
leeding of 1 to 2 cases per 1000 patient years of treatment.

There is no evidence that the risk of major bleeding or
atal bleeding with a daily dose of 160 mg/day is greater
han with a dose of 80 mg or less. The principal disadvan-
age of 160 mg as compared with a daily dose of 80 mg or
ess is an increase in minor bleeding.

The data from these randomized clinical trials indicate
hat the optimal dose of aspirin to prevent MI and stroke, ie,
he dose that maximizes efficacy while minimizing toxicity,
s 160 mg/day. Of note, this dose is not much different from
hat suggested by Craven more than 50 years ago; 325 mg

times a week!1
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