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Background: The cost-effectiveness of aspirin for pri-
mary prevention of cardiovascular events in women is
unclear. We sought to perform a cost-utility analysis to
address this issue.

Methods: We developed a Markov model, based on pub-
lished literature, to compare aspirin prevention with no
therapy. We used the perspective of a third-party payer
and a lifetime time horizon. Our main outcome mea-
sure was cost per quality-adjusted life-year (QALY) gained.
Our base case analysis considered 65-year-old women with
a 7.5% 10-year risk of coronary heart disease events and
a 2.8% risk of stroke.

Results: Aspirin use cost $13 300 per additional QALY
gained in the base case. Results were sensitive to age, car-
diovascular disease risk, relative risk reductions with as-
pirin for ischemic strokes and myocardial infarction, ex-

cess risk of hemorrhagic stroke and gastrointestinal
bleeding, and the disutility of taking medication. Proba-
bilistic sensitivity analysis for 65-year-old women at mod-
erate cardiovascular disease risk found a 27% chance that
aspirin produces fewer QALYs than no treatment, a 35%
chance that the cost-utility ratio was less than $50 000
per QALY gained, and a 37% probability that it was greater
than $50 000 per QALY gained.

Conclusions: Aspirin use appears to have a favorable cost-
utility ratio for older women with moderate cardiovas-
cular risk, but firm conclusions about its effects are lim-
ited by the imprecision of available evidence, which comes
mainly from 1 trial. Aspirin is indicated for women at
higher risk for stroke but should not be prescribed for
low-risk women, including most younger women.
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P REVENTION OF CARDIOVASCU-
lar disease (CVD) is impor-
tant for women. Since 1984,
the number of women dy-
ing from CVD has exceeded

that for men in the United States.1,2 De-
veloping effective treatment strategies for
women is essential for reducing the bur-
den from CVD, but the effect of therapies
in women has been understudied.

Aspirin is effective for preventing first
coronary heart disease (CHD) events, par-
ticularly nonfatal myocardial infarction, in
men but does not appear to have an im-
portant effect on ischemic stroke inci-
dence.3 Fewer data have been available for
understanding the effect of aspirin in
women. The recently published Women’s
Health Study (WHS) evaluated the effect of
low-dose aspirin (100 mg every other day)
for primary prevention in more than 40 000
women older than 45 years4; 2 previous pri-
mary prevention trials of aspirin included
smaller numbers of women.5,6 In contrast
to trials of aspirin in men, the WHS found
that aspirin appeared to reduce the risk of

ischemic stroke but had no important effect
on myocardial infarction; risk of adverse
events, gastrointestinal bleeding, and hem-
orrhagic stroke was similar to that found
in the trials conducted mainly in men. In-
tegration of data on women from the 3 trials
that included women produced similar es-
timates of effect to those seen in the WHS
alone.4,7

Given these data, cost-utility analysis
may be helpful for deciding which women
have sufficient cardiovascular risk to war-
rant risk reduction therapy with aspirin. We
previously performed a cost-utility analy-
sis in middle-aged men and found that as-
pirin was more effective and less costly than
no therapy when the 10-year risk of CHD
events was 7.5% or greater.8 To better in-
form clinical and policy decisions about pri-
mary CVD prevention in women, we per-
formed a cost-utility analysis of aspirin
compared with no treatment.

METHODS

To examine the costs and utilities associated
with aspirin use in women, we modified our
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previously described Markov state-transition model.8 The new
model simulates initially healthy cohorts of middle-aged and
older women with no history of CVD events (Figure 1). We
took the perspective of a third-party payer and used a lifetime
time horizon.

BASE CASE SCENARIO

In our base case scenario, we examined the effectiveness of low-
dose aspirin compared with no aspirin in cohorts of moderate-
risk 65-year-old women with the following risk factor profile:
systolic blood pressure, 120 mm Hg; total cholesterol, 184 mg/dL
(4.77 mmol/L); high-density lipoprotein cholesterol, 40 mg/dL
(1.04 mmol/L); and no smoking, diabetes, or atrial fibrilla-
tion. Such a patient would have an estimated 10-year total CHD
risk of 7.5% and a 10-year stroke risk of 2.8%.

MODEL ASSUMPTIONS

All women begin in the healthy state and progress through the
model in annual cycles. In each cycle, a woman can remain in the
healthy state, die, progress to have initial cardiovascular events
(angina, myocardial infarction, or ischemic stroke), or have ad-
verse effects from aspirin (hemorrhagic stroke or gastrointesti-
nal bleeding). Those who have cardiovascular events or adverse
events are assumed to stay in the subacute state for the remain-
der of that cycle and then enter a postevent state. Adherence to
aspirin is assumed to be 100% in the absence of adverse effects,
although the treatment efficacy estimates are based on the actual
rates of adherence observed in the clinical trials. Women who ex-
perience adverse effects from aspirin discontinue its use perma-
nently and otherwise proceed similarly to healthy patients after
the initial cycle. All costs and outcomes were discounted at 3%
peryear inaccordancewithcurrentconsensusrecommendations.9

MODEL VARIABLES

Noncardiovascular Mortality

Age-dependent noncardiovascular mortality rates for women
were estimated from the National Vital Statistics life tables.10

Rates were adjusted as the cohort aged over the time horizon
of the analysis.

Cardiovascular Event Rates

Baseline risks of initial cardiovascular events (ie, myocardial
infarction, stroke, angina, and CHD death) were drawn from
Framingham risk equations.11-13 We assumed that all pre-
dicted strokes were ischemic in nature, and we created a sepa-
rate rate for hemorrhagic strokes as a complication of aspirin
use. The 10-year risks were translated into annual, event-
related transition probabilities based on an assumed exponen-
tial distribution.

Because we were interested in primary prevention, we did
not simulate the specific experience of each woman after a pri-
mary nonfatal event. Instead, we assigned women an in-
creased risk of mortality, increased costs, and decreased utili-
ties using literature data on the average experience (eg, increased
event rate) of patients after an initial event. The increased rela-
tive risks of mortality after initial events (Table) were esti-
mated based on data from population-based studies in men con-
ducted in the United Kingdom and the United States. Although
initial short-term mortality rates after events in women are
greater than those in men, their age-adjusted long-term expe-
riences are similar.18,19 The relative risk estimates were ap-

plied to the age-specific mortality rates for women from the US
life tables to generate the estimated postevent mortality rates.

Adverse Effects

The excess risk of gastrointestinal bleeding with aspirin, 0.7
per 1000 per year, was estimated from a systematic review of
the 5 primary prevention trials published before the WHS.14 The
relative risk of major gastrointestinal bleeding in the WHS was
1.4, consistent with the risks observed in the previous trials,
and the excess risk was approximately 0.1 per 1000 per year.4

We chose to use the higher estimate because real-world rates
of substantial bleeding or peptic ulcer may be somewhat higher
and because the age in our base case (65 years) was higher than
the mean age in the WHS (55 years). Risks of gastrointestinal
bleeding in untreated women are assumed to be zero, so only
treatment-induced adverse events were modeled. Because bet-
ter data were not available, we made an assumption about the
risk of mortality from aspirin-related gastrointestinal bleeding
and varied it in the sensitivity analysis.15 Women who had ad-
verse effects were not prescribed alternate agents for primary
prevention.

Modeling Stroke

We modeled hemorrhagic stroke and ischemic stroke as sepa-
rate health states. We assumed that aspirin was associated with
an excess annual risk of 20 hemorrhagic strokes per 100 000
users, based on published systematic reviews and meta-
analyses conducted mainly in men.16,17 The effect of aspirin on
ischemic stroke was drawn from the meta-analysis by the WHS
investigators.4

Treatment Efficacy

We used summary relative risk estimates from meta-analyses
to estimate the effect of aspirin on cardiovascular events4,7

(Table). All patients who survive an initial CVD event are as-
sumed to receive secondary prevention treatments, including
aspirin, statins, and dietary advice. We assumed that such treat-
ment would reduce the risk of mortality by 33%, as shown in
men, but we varied this estimate widely in the sensitivity analy-
sis to reflect data that suggested that statins have not been clearly
shown to reduce all-cause mortality in women when used for
secondary prevention.20,21

We used the cost estimates from mixed populations of men
and women to estimate costs for women. Costs, given in the
Table, were derived from a combination of the published lit-
erature and several recent national databases and are ex-
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Figure 1. Markov model structure. Women begin in the healthy state and can
transition to the other states in yearly cycles. Patients can progress to death
from any state. GI indicates gastrointestinal; MI, myocardial infarction.
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pressed in 2005 US dollars.1,22-25,30,31 In our base case, we esti-
mated the cost of generic aspirin to be $5.75 per year. The costing
methods are detailed elsewhere.8

Utilities

Because of limited data on utilities specific for women, we used
published values from studies that included men or mixed popu-
lations and made assumptions when data were not avail-
able15,26-29 (Table). Most studies used time tradeoff techniques
to generate utility weights. We included the general disutility
from taking a medication in the model, but in the base case it
was set at 1.0, reflecting no disutility, and was varied in sen-
sitivity analysis.

MAIN OUTCOME MEASURE
AND SENSITIVITY ANALYSES

Our main outcome measure was the cost per quality-adjusted
life-year (QALY) gained.

We examined the effect of changing several different vari-
ables in 1-way sensitivity analyses, including the effect of dif-
ferent starting ages (55 and 75 years) and different levels of car-
diovascular risk factors. We also examined the effect of varying
individual values for all of our main efficacy, adverse event, cost,
and utility estimates, using plausible ranges of values from the
literature with their 95% confidence intervals or by varying the
estimates by at least 20% in each direction. In addition to 1-way
sensitivity analyses, we also performed probabilistic sensitiv-
ity analyses.32 The variables used in these analyses included rela-
tive risks of myocardial infarction, CHD death, ischemic stroke,
and hemorrhagic stroke; excess gastrointestinal bleeding with
aspirin; mortality after an initial cardiovascular event; and utili-
ties for all health states.

RESULTS

Aspirin produced 10.963 QALYs in the base case analy-
sis of moderate-risk women, with mean costs of $3145.
No treatment produced 10.957 QALYs and mean costs
of $3069. The cost per additional QALY gained with as-
pirin was $13 300.

ONE-WAY SENSITIVITY ANALYSES

We examined the effect of varying several key variables
on the model’s results. The patient’s age and the risk of
cardiovascular events had strong effects on the cost-
utility ratios. At a starting age of 55 years with the same
risk factor profile as the base case (and thus a 10-year
stroke risk of 1.4%), aspirin was less effective and more
costly than no treatment. For women 75 years old with
the same risk factor profile (10-year stroke risk of 5.5%),
the cost per QALY gained improved to $2532. In 65-
year-old women with increased stroke risk (5.2% over
10 years) due to elevated systolic blood pressure of 160
mm Hg, aspirin was more effective and less costly than
no treatment.

Changes in the risk reductions associated with aspi-
rin for ischemic stroke or myocardial infarction had im-
portant effects on the results (Figure 2 and Figure 3),
as did changes in the risk reduction with secondary pre-
vention (data not shown). If secondary prevention is more
effective than in the base case (ie, a risk reduction of
�33%), the cost-effectiveness for aspirin as primary pre-
vention becomes less favorable, whereas if it is less ef-
fective than estimated, cost-effectiveness improves.

Table. Base Case Estimates and Ranges
Used in Sensitivity Analyses*

Variable (Reference) Base Case Estimate (Range)

Relative risk of primary prevention
with aspirin

Myocardial infarction4 1.01 (0.84-1.21)
Stroke4 0.76 (0.63-0.93)
Angina† 1.00 (0.80-1.20)
Death from coronary heart

disease†
1.00 (0.80-1.20)

Annual excess risk for adverse events
with aspirin

Gastrointestinal bleeding14 0.0007 (0.0004-0.0100)
Death resulting from

gastrointestinal bleeding15
0.00001 (0.000001-0.0001)

Hemorrhagic stroke16,17 20/100 000
(5/100 000 to 35/100 000)

Increase in relative risk of death
After myocardial infarction18 3.7 (3.0-4.7)
After angina18 3.0 (2.1-4.2)
After stroke19 2.3 (1.6-4.6)

Relative risk for all-cause mortality
with secondary prevention20,21

0.67 (0.50-0.85)

Annual cost data, $‡
Drug cost

Generic aspirin22 5.75
Myocardial infarction

Year 1 care23 14 629
Ongoing care1,23,24 3109

Stroke§
Year 1 care23 10 263
Ongoing care1,25 1589

Hemorrhagic stroke
Year 1 care1,25 21 248
Ongoing care1,25 7523

Angina
Year 1 care23 3778
Ongoing care23,24 2897

Gastrointestinal bleeding
Nonfatal23 7538
Fatal23 7538

Miscellaneous
Physician visit25 38.66
Day institutionalized25 40.93

Utility data
Healthy† 1.0
Death† 0
Myocardial infarction and angina

Year 126,27 0.88 (0.80-0.96)
Subsequent year26,27 0.90 (0.80-0.95)

Stroke
Nondisabling28 0.75 (0.60-0.90)
Disabling28 0.5 (0.0-0.75)

Gastrointestinal bleeding
(year 1 only)15

0.94 (0.88-1.0)

Act of taking aspirin29 1.0 (0.99-1.0)

*We assumed that patients receiving aspirin therapy did not require
additional monitoring tests.

†Assumptions.
‡All costs varied by 50% in each direction in the sensitivity analysis.
§To estimate stroke costs in the main analysis, we assumed that 70% of

initial strokes were nondisabling, 15% were partially disabling, and 15% were
disabling. Disabling strokes were assumed to lead to 180 days of
institutionalization.
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The excess rate of gastrointestinal bleeding with aspi-
rin (0.7 per 1000 per year in the base case) also had an
important effect on the cost-effectiveness ratio for aspirin
therapy (Figure 4). If the excess risk of gastrointestinal
bleeding were 2.5 per 1000 per year, the cost per QALY
gained with aspirin would be increased to almost $50 000.
If it were as high as 1% per year, aspirin would be less ef-
fective than no treatment. If the excess risk of death from
gastrointestinal bleeding were more than 4 per 100 000
per year, aspirin again would become less effective than
no therapy. Similarly, if the risk of hemorrhagic stroke were
more than 28 per 100 000 per year, aspirin would be less
effective than no therapy. Assuming even a small disutil-
ity (�0.0001) from taking a pill each day increased the
cost-utility ratio substantially, if the utility of taking a pill
were lower than 0.9995, aspirin would become less effec-
tive than no treatment (Figure 5).

PROBABILISTIC SENSITIVITY ANALYSIS

We found that simultaneously varying estimates of effi-
cacy, harm, and utilities in probabilistic analysis pro-
duced a wide range of results for women at moderate (2.8%)
10-year stroke risk. Figure6 shows the plot of the proba-
bilistic analysis and thecost-effectivenessacceptability curve.

Using the range of values examined in the probabilistic
model, there was a 35% chance the cost per QALY gained
was less than $50 000, a 37% chance that aspirin had a cost
per QALY gained greater than $50 000, and a 27% chance
that aspirin was less effective and more costly than no treat-
ment. The main factors leading to this uncertainty ap-
peared to be the relative risks of stroke and myocardial in-
farction with aspirin (data not shown).

COMMENT

The effectiveness of aspirin for primary prevention of car-
diovascular events in women is controversial. Recent meta-
analyses, based largely on data from the WHS, suggest that
low-dose aspirin can prevent ischemic stroke, but not myo-
cardial infarction, in a population of middle-aged and older
women.4,7 On the basis of these estimates of efficacy and
relatively conservative assumptions about harm, we found
that aspirin had a cost-utility ratio of $13 300 per QALY
gained in 65-year-old women with a moderate (7.5% CHD
risk; 2.8% stroke risk) 10-year cardiovascular risk. Proba-
bilistic sensitivity analyses, however, suggest that there is
a moderately high probability (27%) that aspirin could be
less effective than no treatment for these moderate-risk
women, making definitive conclusions about the effec-
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Figure 2. Variation in cost per quality-adjusted life-year (QALY) gained with
aspirin compared with no treatment (represented on the y-axis) across the
range of potential values for the relative risk of ischemic stroke in those
taking aspirin (represented on the x-axis). The vertical broken line represents
the base case value. Costs are expressed in 2005 US dollars.
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Figure 3. Variation in cost per quality-adjusted life-year (QALY) gained with
aspirin compared with no treatment (represented on the y-axis) across the
range of potential values for the relative risk of myocardial infarction (MI) in
those taking aspirin (represented on the x-axis). The vertical broken line
represents the base case value. Costs are expressed in 2005 US dollars.
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Figure 4. Variation in cost per quality-adjusted life-year (QALY) gained with
aspirin compared with no treatment (represented on the y-axis) across the
range of potential values for the excess risk of gastrointestinal bleeding in
those taking aspirin (represented on the x-axis). The vertical broken line
represents the base case value. Costs are expressed in 2005 US dollars.
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Figure 5. Variation in cost per quality-adjusted life-year (QALY) gained with
aspirin compared with no treatment (represented on the y-axis) across the
range of potential values for the utility of taking aspirin (represented on the
x-axis). The vertical broken line represents the base case value. Costs are
expressed in 2005 US dollars.
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tiveness of aspirin at this risk level difficult. For women
at higher risk for stroke, the benefits of aspirin appear more
clear and aspirin use can be recommended for those not
at increased risk for adverse effects. For lower-risk women,
including women 55 years and younger without addi-
tional stroke risk factors, aspirin does not appear benefi-
cial and cannot be recommended based on the available
evidence.

Our results are consistent with 1 previously pub-
lished decision analysis that examined the threshold for
use of aspirin in women15 but differ somewhat from a re-
cent modeling study conducted in Australia.33 The thresh-
old for prescribing aspirin depends mainly on the bal-
ance between its benefits (reduction in ischemic stroke)
and its adverse effects (gastrointestinal bleeding and hem-
orrhagic stroke). As seen in our sensitivity analyses, if
the risk of ischemic stroke is greater, the potential ben-
efits are greater and the cost-effectiveness of aspirin im-
proves considerably.

The excess risk of gastrointestinal bleeding for adults
older than 65 years may be higher than the base case es-
timate (0.7 per 1000 per year), which was derived from
the trials of aspirin conducted mainly in middle-aged
adults. Hernandez-Diaz and Rodriguez34 performed a sys-

tematic review and estimated a background rate of up-
per gastrointestinal tract bleeding of approximately 2 per
1000 per year at the age of 65 years and 4 per 1000 at
the age of 75 years. Using a relative risk with aspirin of
1.4, we would anticipate an excess rate of upper gastro-
intestinal tract bleeding of approximately 0.8 per 1000
per year at the age of 65 years and 1.6 per 1000 in 75-
year-olds, levels that still produce favorable costs per
QALY gained with aspirin therapy. However, given this
uncertainty, further trials in older women are required
to better define the true net effects.

If the act of taking a pill daily reduces one’s quality of
life, then the net value of aspirin for primary prevention
is diminished. Alternate-day therapy, as used in the WHS,
may have less disutility, but this topic has not been well
studied and requires further research.

Our analysis has several limitations. Our results are
dependent on a single trial, the WHS, which examined a
low dose (100 mg every other day) of aspirin in a low-
risk population. The WHS reached a conclusion regard-
ing the effect of aspirin on stroke and myocardial infarc-
tion that stands in contrast to its effect in preventing
cardiovascular events in men (for whom aspirin re-
duced myocardial infarction but not ischemic stroke) and
in contrast to data in men and women from secondary
prevention studies that suggest little or no difference in
aspirin’s effects by sex. In a subanalysis of the WHS, as-
pirin reduced myocardial infarction in older women, but
this finding needs to be interpreted with caution.4 If as-
pirin is effective for reducing myocardial infarction in
women, aspirin’s benefits and cost-effectiveness will be
greater. Further trial evidence in women, using conven-
tional dosages of at least 75 mg/d, is needed to produce
more robust estimates of the true effect of aspirin.

In addition to the limited data on efficacy and adverse
effects of aspirin, we did not have female-specific data on
utilities and costs. If such parameters differ in women com-
pared with men, our results could also differ. We have at-
tempted to account for limitations in our input by per-
forming extensive sensitivity analyses to test our
assumptions, including probabilistic sensitivity analyses.

We chose to use the perspective of a third-party payer
because we did not have estimates of the patient time costs
that would be required to conduct an analysis from the
societal perspective. Such costs can have important ef-
fects, and further research is required to better measure
them for cardiovascular prevention.35

We chose to use a Markov model rather than a more
complex simulation model to improve its transparency and
interpretability and because it is not clear that more com-
plex models necessarily yield different or more informa-
tive results. Because we are interested in primary preven-
tion, we did not model in detail the course of patients after
their initial events. Instead, we used mean estimates of cost,
survival, and utility and applied projections of the benefit
from secondary prevention to all patients. We did not model
patients with other cardiovascular risk factors, such as dia-
betes, hypertension, or smoking, and we did not examine
other effective cardiovascular risk–reducing options, such
as hypertension treatment or smoking cessation, or po-
tentially effective ones, such as counseling to increase physi-
cal activity or to change diet.
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Figure 6. Probabilistic sensitivity analysis and cost-effectiveness
acceptability curve. A, Results of the probabilistic sensitivity analysis for the
base case of 65-year-old women at moderate cardiovascular risk. Each dot
represents 1 iteration of the model. The y-axis represents incremental costs
of aspirin compared with no therapy. The x-axis represents net
quality-adjusted life-years (QALYs) with aspirin compared with no therapy.
The diagonal line represents a cost per QALY gained of $50 000 in quadrant
1. B, The y-axis represents the probability that the cost per QALY gained is
less than or equal to the values listed on the x-axis. ICER indicates
incremental cost-effectiveness ratio.
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Despite these limitations, we believe that our analysis
has important implications for clinical practice and policy
decisions. Aspirin may be indicated for middle-aged and
older women with moderate cardiovascular risk who are
not at increased risk for complications, but better data about
aspirin’s efficacy (particularly for myocardial infarction)
and harm (particularly the risk of gastrointestinal bleed-
ing and disutility from taking a pill) are needed to reach a
definitive conclusion. Aspirin is likely beneficial for women
at higher risk for ischemic stroke; low-risk women prob-
ably should not use aspirin prophylaxis because the risk
of harm exceeds potential benefits.
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