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background

 

Randomized trials have shown that low-dose aspirin decreases the risk of a first myo-
cardial infarction in men, with little effect on the risk of ischemic stroke. There are few
similar data in women.

 

methods

 

We randomly assigned 39,876 initially healthy women 45 years of age or older to re-
ceive 100 mg of aspirin on alternate days or placebo and then monitored them for 10
years for a first major cardiovascular event (i.e., nonfatal myocardial infarction, non-
fatal stroke, or death from cardiovascular causes).

 

results

 

During follow-up, 477 major cardiovascular events were confirmed in the aspirin group,
as compared with 522 in the placebo group, for a nonsignificant reduction in risk with
aspirin of 9 percent (relative risk, 0.91; 95 percent confidence interval, 0.80 to 1.03;
P=0.13). With regard to individual end points, there was a 17 percent reduction in the
risk of stroke in the aspirin group, as compared with the placebo group (relative risk,
0.83; 95 percent confidence interval, 0.69 to 0.99; P=0.04), owing to a 24 percent re-
duction in the risk of ischemic stroke (relative risk, 0.76; 95 percent confidence inter-
val, 0.63 to 0.93; P=0.009) and a nonsignificant increase in the risk of hemorrhagic
stroke (relative risk, 1.24; 95 percent confidence interval, 0.82 to 1.87; P=0.31). As
compared with placebo, aspirin had no significant effect on the risk of fatal or nonfatal
myocardial infarction (relative risk, 1.02; 95 percent confidence interval, 0.84 to 1.25;
P=0.83) or death from cardiovascular causes (relative risk, 0.95; 95 percent confidence
interval, 0.74 to 1.22; P=0.68). Gastrointestinal bleeding requiring transfusion was
more frequent in the aspirin group than in the placebo group (relative risk, 1.40; 95
percent confidence interval, 1.07 to 1.83; P=0.02). Subgroup analyses showed that as-
pirin significantly reduced the risk of major cardiovascular events, ischemic stroke,
and myocardial infarction among women 65 years of age or older.

 

conclusions

 

In this large, primary-prevention trial among women, aspirin lowered the risk of stroke
without affecting the risk of myocardial infarction or death from cardiovascular causes,
leading to a nonsignificant finding with respect to the primary end point.
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lthough aspirin is effective in

 

the treatment of acute myocardial infarc-
tion and in the secondary prevention of

cardiovascular disease among both men and wom-
en,

 

1

 

 its use in primary prevention remains contro-
versial. To date, five randomized trials involving
55,580 participants have evaluated aspirin in the
primary prevention of cardiovascular disease.

 

2-6

 

 In
aggregate, these trials indicate that, as compared
with placebo, aspirin therapy was associated with a
significant, 32 percent reduction in the risk of my-
ocardial infarction, but the data on the risk of stroke
and death from cardiovascular disease remain in-
conclusive.
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 Moreover, three of these trials evaluat-
ed men exclusively, and fewer than 180 of the 2402
vascular events occurred in women. Thus, at this
time, the current recommendations for the use of
aspirin in primary prevention in women are based
on limited direct data from women.

 

8-10

 

Direct evidence regarding the effects of aspirin
in women is necessary because cardiovascular dis-
ease is the leading cause of death among both wom-
en and men. Direct evidence is also relevant be-
cause of the potential for sex-based differences in
salicylate metabolism

 

11

 

 and continuing uncertain-
ty regarding the cardiovascular effects of hormone-
replacement therapy.
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 Moreover, in addition to a
paucity of data on women, the prophylactic use of
aspirin in both sexes has prompted concern owing
to the potentially increased risk of hemorrhagic
stroke.
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 This issue is particularly complex, since
the relative proportion of stroke to myocardial in-
farction differs between women and men.

We addressed these questions in the Women’s
Health Study, a large randomized, double-blind, pla-
cebo-controlled trial of low-dose aspirin in the pri-
mary prevention of cardiovascular disease among
39,876 apparently healthy women followed for a
mean of 10 years for the major cardiovascular events
of myocardial infarction, stroke, and death from car-
diovascular causes.

 

study design

 

The Women’s Health Study is a two-by-two facto-
rial trial evaluating the balance of risks and bene-
fits of low-dose aspirin (100 mg every other day;
Bayer HealthCare) and vitamin E (600 IU every
other day; Natural Source Vitamin E Association),
in the primary prevention of cardiovascular disease
and cancer. The trial was designed to evaluate the
lowest dose of aspirin that would have a cardiopro-

tective effect, while minimizing gastrointestinal
side effects through the use of a low dose and al-
ternate-day administration. The design of the study
has previously been described in detail.

 

14,15

 

 In brief,
between September 1992 and May 1995, letters of
invitation were mailed to more than 1.7 million fe-
male health professionals. A total of 453,787 com-
pleted the questionnaires, with 65,169 initially will-
ing and eligible to enroll. Women were eligible if
they were 45 years of age or older; had no history
of coronary heart disease, cerebrovascular disease,
cancer (except nonmelanoma skin cancer), or other
major chronic illness; had no history of side effects
to any of the study medications; were not taking as-
pirin or nonsteroidal antiinflammatory medications
(NSAIDs) more than once a week (or were willing
to forego their use during the trial); were not taking
anticoagulants or corticosteroids; and were not tak-
ing individual supplements of vitamin A, E, or beta
carotene more than once a week. For the purposes
of this study, inhibitors of cyclooxygenase, wheth-
er selective or nonselective, were considered to be
NSAIDs.

Eligible women were enrolled in a three-month
run-in period of placebo administration to identify
a group likely to be compliant with long-term treat-
ment. A total of 39,876 women were willing, eligi-
ble, and compliant during the run-in period and un-
derwent randomization: 19,934 were assigned to
receive aspirin and 19,942 to receive placebo. Writ-
ten informed consent was obtained from all partic-
ipants. The trial was approved by the institutional
review board of Brigham and Women’s Hospital,
Boston, and was monitored by an external data and
safety monitoring board.

Every 12 months, the women were sent a year’s
supply of monthly calendar packs containing ac-
tive agents or placebo as well as questionnaires on
compliance, side effects, the occurrence of relevant
clinical end points, and risk factors. Study medica-
tions and end-point ascertainment were continued
in a blinded fashion through the scheduled end of
the trial (March 31, 2004). Follow-up and validation
of reported end points were completed in February
2005. Rates of follow-up with respect to morbidity
and mortality were 97.2 percent complete and 99.4
percent complete, respectively.

All the women were followed for myocardial in-
farction, stroke, or death from cardiovascular caus-
es. Medical records were obtained for all women in
whom a cardiovascular end point was reported to
occur and were reviewed in a blinded fashion by
an end-points committee of physicians. Myocardial

a

methods
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infarction was confirmed if symptoms met World
Health Organization criteria and if the event was as-
sociated with abnormal levels of cardiac enzymes or
diagnostic electrocardiograms. A confirmed stroke
was defined as a new neurologic deficit of sudden
onset that persisted for at least 24 hours. Clinical in-
formation, computed tomographic scans, and mag-
netic resonance images were used to distinguish
hemorrhagic from ischemic events.
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 Death was
confirmed to be from cardiovascular causes on the
basis of an examination of autopsy reports, death
certificates, medical records, and information ob-
tained from the next of kin or other family mem-
bers. The use of coronary revascularization (bypass
surgery or percutaneous coronary angioplasty) was
confirmed by a review of the medical records. A con-
firmed transient ischemic attack was defined as a
neurologic deficit of sudden onset that lasted for
less than 24 hours. Death from any cause was con-
firmed by the end-points committee or on the basis
of a death certificate. Only confirmed end points
were included in this analysis. For women with a
reported myocardial infarction, the most common
diagnoses among those in whom the diagnosis was
not confirmed were stable or unstable angina or
chest pain without evidence of infarction. For wom-
en with a reported stroke, the most common alter-
native diagnosis was transient cerebral ischemia.

 

statistical analysis

 

All primary analyses were performed on an inten-
tion-to-treat basis. The primary end point was a
combination of major cardiovascular events, in-
cluding nonfatal myocardial infarction, nonfatal
stroke, and death from cardiovascular causes, and
the trial was initially designed to have a statistical
power of 86 percent to detect a 25 percent reduc-
tion in this end point. Secondary end points includ-
ed the individual end points of fatal or nonfatal myo-
cardial infarction, fatal or nonfatal stroke, ischemic
stroke, hemorrhagic stroke, and death from cardio-
vascular causes. Additional analyses included the
incidence of death from any cause, transient ische-
mic attack, and the need for coronary revascular-
ization. If more than one end point occurred in a
given woman, only the first event within each cate-
gory was counted; for the primary combined end
point, the first event in each woman was counted.

Cox proportional-hazards models were used to
calculate relative risks and 95 percent confidence
intervals for the comparison of event rates in the as-
pirin and placebo groups after adjustment for age

and other randomized treatment assignments (vi-
tamin E and beta carotene, which was a component
of the trial for a median of 2.1 years
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). Prespecified
subgroup analyses were performed according to
the presence or absence of major cardiovascular
risk factors. Modification of the effect of aspirin
by the risk factors was assessed with the use of in-
teraction terms between subgroup indicators and
aspirin assignment, with tests for trend performed
when subgroup categories were ordinal. To exam-
ine effects among women who were compliant,
we performed a sensitivity analysis in which fol-
low-up data were censored at the time a woman re-
ported having taken less than two thirds of the
study medication during the previous year. In ad-
ditional analyses, data were censored on women
if and when they started taking NSAIDs more than
three times a month.

 

primary analyses

 

As shown in Table 1, the aspirin and placebo groups
were similar with respect to baseline characteris-
tics. The average duration of follow-up from ran-
domization to the end of the trial was 10.1 years
(range, 8.2 to 10.9). At the completion of the trial,
999 women had had a first major cardiovascular
event (Table 2), for an absolute event rate of 253 per
100,000 person-years. Of these women, 477 were
in the aspirin group and 522 were in the placebo
group, indicating that there was a nonsignificant
reduction in risk of 9 percent (relative risk, 0.91; 95
percent confidence interval, 0.80 to 1.03; P=0.13).

Regarding individual end points, women in the
aspirin group had a 17 percent reduction in the risk
of stroke (relative risk, 0.83; 95 percent confidence
interval, 0.69 to 0.99; P=0.04), as compared with
women in the placebo group; a 24 percent reduction
in the risk of ischemic stroke (relative risk, 0.76; 95
percent confidence interval, 0.63 to 0.93; P=0.009);
and a nonsignificant increase in the risk of hem-
orrhagic stroke (relative risk, 1.24; 95 percent con-
fidence interval, 0.82 to 1.87; P=0.31) (Table 2).
There was no significant difference between the
groups in the risk of fatal stroke (relative risk in the
aspirin group, 1.04; 95 percent confidence interval,
0.58 to 1.86; P=0.90), but the aspirin group had a
decreased risk of nonfatal strokes (relative risk,
0.81; 95 percent confidence interval, 0.67 to 0.97;
P=0.02), as compared with the placebo group.

There was no evidence that, as compared with

results
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placebo, aspirin reduced the overall risk of myocar-
dial infarction (relative risk, 1.02; 95 percent con-
fidence interval, 0.84 to 1.25; P=0.83), fatal myo-
cardial infarction (relative risk, 1.16; 95 percent
confidence interval, 0.54 to 2.51; P=0.70), nonfa-
tal myocardial infarction (relative risk, 1.01; 95 per-
cent confidence interval, 0.83 to 1.24; P=0.90), or
death from cardiovascular causes (relative risk,
0.95; 95 percent confidence interval, 0.74 to 1.22;
P=0.68). However, aspirin therapy was associated
with a 22 percent reduction in the risk of transient
ischemic attack (relative risk, 0.78; 95 percent con-
fidence interval, 0.64 to 0.94; P=0.01), with no sig-
nificant effects on the risk of coronary revascular-
ization (relative risk, 1.04; 95 percent confidence
interval, 0.90 to 1.20; P=0.61) or death from any
cause (relative risk, 0.95; 95 percent confidence in-
terval, 0.85 to 1.06; P=0.32).

Figures 1 and 2 present the cumulative inci-
dence rates of major cardiovascular events, stroke,

myocardial infarction, ischemic stroke, and hem-
orrhagic stroke according to the year of follow-up.
Because it has been suggested that the ability of as-
pirin to inhibit platelet function diminishes over
time,

 

18

 

 we also evaluated incidence rates according
to the length of follow-up. A beneficial effect of as-
pirin on stroke was observed early in the trial and
persisted throughout the trial, with no apparent ben-
efit of aspirin on myocardial infarction at any point
during follow-up.

Neither treatment with vitamin E nor treatment
with beta carotene significantly modified the effect
of aspirin on the primary or secondary end points.

 

subgroup analyses

 

There was no evidence that any of the cardiovas-
cular risk factors considered, except smoking sta-
tus and age, modified the effect of aspirin on the
primary end point of major cardiovascular events
(Table 3). We observed a greater benefit of aspirin

 

Table 1. Baseline Characteristics of the Women.

Characteristic Aspirin (N=19,934) Placebo (N=19,942) Total (N=39,876)

 

 Age

Mean ±SD (yr) 54.6±7.0 54.6±7.0 54.6±7.0

 45–54 yr (%) 60.2 60.2 60.2

 55–64 yr (%) 29.5 29.5 29.5

 ≥65 yr (%) 10.3 10.3 10.3

Smoking status (%)

 Current 13.0 13.3 13.1

 Past or never 87.0 86.7 86.9

Body-mass index*

Mean ±SD 26.1±5.1 26.0±5.0 26.0±5.1

 <25.0 (%) 50.8 50.8 50.8

 25.0 to 29.9 (%) 30.9 31.0 30.9

 ≥30.0 (%) 18.3 18.2 18.2

Menopausal status and use of HRT(%)†

Premenopausal 27.5 27.6 27.6

Uncertain 17.7 18.2 18.0

Postmenopausal and current HRT 30.4 29.7 30.0

Postmenopausal and no HRT 24.4 24.4 24.4

Hypertension (%)‡

 Yes 26.0 25.7 25.9

 No 74.0 74.3 74.1

Blood pressure (%)

 <120/<75 mm Hg 32.2 32.9 32.6

 120–129/75–84 mm Hg 32.2 31.8 32.0

 130–139/85–89 mm Hg 19.5 19.3 19.4

 ≥140/≥90 mm Hg 16.1 15.9 16.0

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
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* The body-mass index is the weight in kilograms divided by the square of the height in meters.
† HRT denotes hormone-replacement therapy.
‡ Hypertension was defined as a systolic blood pressure of at least 140 mm Hg, a diastolic blood pressure of at least 

90 mm Hg, or self-reported physician-diagnosed hypertension. 
§ Hyperlipidemia was defined as a total cholesterol level of at least 240 mg per deciliter (6.2 mmol per liter) or self-report-

ed physician-diagnosed high cholesterol levels.
¶This variable was calculated with the Framingham risk score for those with blood specimens.

 

¿ Risk factors were smoking, hypertension, hyperlipidemia, diabetes, and obesity.

 

Table 1. (Continued.)

Characteristic Aspirin (N=19,934) Placebo (N=19,942) Total (N=39,876)

 

Hyperlipidemia (%)§

 Yes 29.9 29.1 29.5

 No 70.1 70.9 70.5

Diabetes (%)

 Yes 2.7 2.5 2.6

 No 97.3 97.5 97.4

Parental history of myocardial infarction 
before 60 yr of age (%)

 Yes 13.0 12.9 12.9

 No 87.0 87.1 87.1

10-yr risk of coronary heart disease (%)¶

 <5.0% 84.4 84.6 84.5

 5.0 to 9.9% 11.8 11.3 11.5

 ≥10.0% 3.9 4.1 4.0

No. of risk factors (%)¿

 0 41.8 42.4 42.1

 1 34.1 34.1 34.1

 2 18.0 17.2 17.6

 ≥3 6.2 6.3 6.2

 

* CI denotes confidence interval.
† A major cardiovascular event was defined as a nonfatal myocardial infarction, a nonfatal stroke, or death from cardiovas-

 

cular causes.

 

Table 2. Incidence and Relative Risk of Confirmed Cardiovascular End Points.

End Point
Aspirin 

(N=19,934)
Placebo

(N=19,942)
Relative Risk 

(95% CI)* P Value

 

no. of events

 

Major cardiovascular event† 477 522 0.91 (0.80–1.03) 0.13

Stroke 221 266 0.83 (0.69–0.99) 0.04

Ischemic 170 221 0.76 (0.63–0.93) 0.009

Hemorrhagic 51 41 1.24 (0.82–1.87) 0.31

Fatal 23 22 1.04 (0.58–1.86) 0.90

Nonfatal 198 244 0.81 (0.67–0.97) 0.02

Myocardial infarction 198 193 1.02 (0.84–1.25) 0.83

Fatal 14 12 1.16 (0.54–2.51) 0.70

Nonfatal 184 181 1.01 (0.83–1.24) 0.90

Death from cardiovascular causes 120 126 0.95 (0.74–1.22) 0.68

Transient ischemic attack 186 238 0.78 (0.64–0.94) 0.01

Coronary revascularization 389 374 1.04 (0.90–1.20) 0.61

Death from any cause 609 642 0.95 (0.85–1.06) 0.32
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on the risk of major cardiovascular events among
former smokers and those who had never smoked,
with an apparent increased risk among current
smokers (P for interaction <0.001), although it is
important to interpret this information in the con-
text of multiple comparisons. In addition, age sig-
nificantly modified the effect of aspirin on the risk
of both major cardiovascular events and myocar-
dial infarction (P for interaction=0.05 and 0.03, re-
spectively). The most consistent benefit of aspirin
was observed among the subgroup of women 65
years of age or older at study entry; in this sub-
group, the risk of major cardiovascular events was
reduced by 26 percent among those who took aspi-
rin as compared with those who took placebo (rel-
ative risk, 0.74; 95 percent confidence interval, 0.59
to 0.92; P=0.008), and the risk of ischemic stroke
was reduced by 30 percent (relative risk, 0.70; 95
percent confidence interval, 0.49 to 1.00; P=0.05).
This was also the only subgroup in which aspirin,
as compared with placebo, significantly reduced
the risk of myocardial infarction (relative risk,
0.66; 95 percent confidence interval, 0.44 to 0.97;
P=0.04). 

To address whether compliance may have af-
fected our results, we performed a sensitivity analy-

sis in which follow-up data were censored at the
time a woman reported having taken less than two
thirds of the study medication during the preced-
ing year. In this analysis, aspirin, as compared with
placebo, reduced the risk of major cardiovascular
events by 13 percent, reduced the risk of stroke by
26 percent, reduced the risk of ischemic stroke by
33 percent, and had no significant effect on the risk
of myocardial infarction (relative risk, 1.03; 95 per-
cent confidence interval, 0.81 to 1.32; P=0.79).

Some women started taking NSAIDs during the
trial — a potentially important issue with respect to
the risk of thrombotic events, since certain NSAIDs
can compete with aspirin for receptors on plate-
lets.
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 According to our data, however, the lack of
an effect of aspirin therapy on the risk of myocar-
dial infarction was not explained by concomitant
use of NSAIDs.
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side effects

 

Reports of gastrointestinal bleeding and peptic
ulcer were confirmed by means of follow-up ques-
tionnaires. These side effects were significantly
more common among women in the aspirin group
than among women in the placebo group (Table 4).
There were 127 episodes of gastrointestinal bleed-
ing requiring transfusion in the aspirin group, as
compared with 91 in the placebo group (relative risk,
1.40; 95 percent confidence interval, 1.07 to 1.83;
P=0.02). Self-reported hematuria, easy bruising,
and epistaxis were frequent among women in both
groups, with small but significant excesses among
those in the aspirin group. The percentage of wom-
en reporting any symptoms suggestive of gastric up-
set was virtually identical in the two groups. There
were five fatal gastrointestinal hemorrhages, two in
the aspirin group and three in the placebo group.

In this large, placebo-controlled, primary-preven-
tion trial involving 39,876 initially healthy wom-
en, prophylactic aspirin at a dose of 100 mg every
other day was associated with a nonsignificant re-
duction in the risk of major cardiovascular events,
a reduced risk of total stroke and of ischemic stroke,
a nonsignificant increase in the risk of hemorrhagic
stroke, and no significant effect on the risk of my-
ocardial infarction or death from cardiovascular
causes. With respect to the primary end point of
major cardiovascular events as well as the individ-
ual end points of fatal or nonfatal stroke and my-

discussion

 

Figure 1. Cumulative Incidence Rates of the Primary End Point of Major Car-
diovascular Events.

 

A major cardiovascular event was defined as a nonfatal myocardial infarction, 
a nonfatal stroke, or death from cardiovascular causes.
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