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ASPIRIN HAS BEEN SHOWN TO

be associated with decreased
cardiovascular morbidity in
multiple clinical trials1,2 but

the association between aspirin use
and all-cause mortality has been less
well defined except in the setting of
acute myocardial infarction.3 Although
a few observational analyses have
suggested a longer-term survival
benefit,4-6 it is not clear whether this
benefit persists after accounting for
treatment selection biases as well as
established predictors of survival in
patients with known or suspected
coronary artery disease, in particular
impaired exercise capacity, left ven-
tricular dysfunction, and myocardial
ischemia.

In this study we sought, based on
an a priori hypothesis, to determine if
aspirin use was associated with a
reduction in all-cause mortality
among stable patients referred for
stress echocardiography. Because the
validity of observational studies of
treatment effects may be limited by
selection biases and confounding fac-
tors, we performed a propensity
analysis.7

METHODS
Patients
The study sample was derived from 9954
consecutive adult patients undergoing
stress echocardiography at the Cleve-
land Clinic Foundation between 1990
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Context Although aspirin has been shown to reduce cardiovascular morbidity and
short-term mortality following acute myocardial infarction, the association between
its use and long-term all-cause mortality has not been well defined.

Objectives To determine whether aspirin is associated with a mortality benefit in
stable patients with known or suspected coronary disease and to identify patient char-
acteristics that predict the maximum absolute mortality benefit from aspirin.

Design and Setting Prospective, nonrandomized, observational cohort study con-
ducted between 1990 and 1998 at an academic medical institution, with a median
follow-up of 3.1 years.

Patients Of 6174 consecutive adults undergoing stress echocardiography for evalu-
ation of known or suspected coronary disease, 2310 (37%) were taking aspirin. Pa-
tients with significant valvular disease or documented contraindication to aspirin use,
including peptic ulcer disease, renal insufficiency, and use of nonsteroidal anti-
inflammatory drugs, were excluded.

Main Outcome Measure All-cause mortality according to aspirin use.

Results During 3.1 years of follow-up, 276 patients (4.5%) died. In a simple univari-
able analysis, there was no association between aspirin use and mortality (4.5% vs 4.5%).
However, after adjustment for age, sex, standard cardiovascular risk factors, use of other
medications, coronary disease history, ejection fraction, exercise capacity, heart rate recov-
ery, and echocardiographic ischemia, aspirin use was associated with reduced mortality
(hazard ratio [HR], 0.67; 95% confidence interval [CI], 0.51-0.87; P = .002). In further
analysis using matching by propensity score, 1351 patients who were taking aspirin were
at lower risk for death than 1351 patients not using aspirin (4% vs 8%, respectively; HR,
0.53; 95% CI, 0.38-0.74; P = .002). After adjusting for the propensity for using aspirin,
as well as other possible confounders and interactions, aspirin use remained associated
with a lower risk for death (adjusted HR, 0.56; 95% CI, 0.40-0.78; P,.001). The patient
characteristics associated with the most aspirin-related reductions in mortality were older
age, known coronary artery disease, and impaired exercise capacity.

Conclusion Aspirin use among patients undergoing stress echocardiography was in-
dependently associated with reduced long-term all-cause mortality, particularly among
older patients, those with known coronary artery disease, and those with impaired ex-
ercise capacity.
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and 1998. Patients were excluded if they
had significant valvular heart disease,
prior cardiac transplantation, congeni-
tal heart disease, were younger than 30
years, if they were referred for arrhyth-
mia evaluation, for consideration of car-
diac transplantation, or solely as part of
a research protocol. We also excluded pa-
tients with documented contraindica-
tions to aspirin, including peptic ulcer
disease, renal insufficiency, and concur-
rent use of nonsteroidal anti-inflamma-
tory drugs. A total of 3780 patients were
excluded. If patients had more than 1
stress echocardiogram, only the first was
considered.

All patients gave informed consent be-
fore undergoing exercise testing. Ap-
proval was obtained from the Cleve-
land Clinic Foundation institutional
review board to perform research analy-
sesbasedonprospectivelyobtainedstress
laboratory databases in our institution.

Clinical Data
Data on baseline demographics, medi-
cal history, cardiovascular risk factors,
and medication use (including regular
use of aspirin) were collected prospec-
tively at the time of testing.8 All data were
entered online prior to the start of the
stress test by either a physician or a
trained exercise physiologist, with those
entering data into the database blinded
to the hypothesis of this study as well
as to the results of the subsequent stress
test and stress echocardiogram. Qual-
ity control has been ensured as de-
scribed elsewhere.9

Aspirin use was confirmed by a pre-
test patient interview or by a physi-
cian’s note in the patient’s chart. Regu-
lar aspirin use was defined as use of
aspirin daily or every other day. The
timing of the last dose of all medica-
tions was prospectively recorded.
Among aspirin users, 93% had taken
their last dose within 24 hours while
98% had done so within 48 hours.

Resting heart rate was based on a 30-
second recording of pulse, while blood
pressure was measured to the nearest
1 mm Hg using indirect mercury col-
umn sphygmomanometry. Height and
weight were directly measured and body

mass index was calculated as weight in
kilograms divided by the square of height
in meters. Diabetes was considered
present if insulin or oral hypoglycemic
medications were being used or if the pa-
tient had been prescribed a diabetic diet.
Hypertension was defined as a resting
systolic blood pressure of 140 mm Hg or
greater, a resting diastolic pressure of
90 mm Hg or greater, or use of medica-
tions to reduce blood pressure.10 Prior
coronary artery disease was defined as
prior myocardial infarction, coronary ar-
tery revascularization, or the presence
of at least 1 coronary stenosis (50% or
greater diameter) on a prior coronary an-
giogram. Congestive heart failure was
coded if a diagnosis was noted in the pa-
tient’s record. For a global description of
risk, the Mayo Risk Index was used; this
index has a score from 0 to 5 with 1 point
each for male sex, prior myocardial in-
farction, diabetes, insulin use, and typi-
cal angina pectoris. This score has been
shown to correlate well with left main-
or 3-vessel coronary artery disease.11

Stress Testing
Symptom-limited exercise testing was
performed according to Bruce, modi-
fied Bruce, or Cornell protocols as pre-
viously described.12 Exercise capacity
was estimated in metabolic equivalent
tasks (METs) (1 MET=oxygen con-
sumption of 3.5 mL/kg per minute) and
classified as being impaired if mea-
sured as fair or poor for age and sex, ac-
cording to a validated classification
scheme.13 An abnormal ST-segment re-
sponse was considered present if, in the
absence of an abnormal resting electro-
cardiogram or digitalis use, there was at
least 1 mm of horizontal or downslop-
ing ST-segment depression 80 millisec-
onds after the J-point. Chronotropic re-
sponse was assessed by proportion of
heart rate reserve used.14 Heart rate re-
covery was defined as the difference be-
tween heart rate at peak exercise and 1
minute thereafter.15

Stress Echocardiography
Details of the echocardiographic tech-
niques used in our laboratory have been
described in detail elsewhere.8 Briefly,

images were obtained with the patient
in the left lateral decubitus position.
Parasternal long and short as well as api-
cal 2- and 4-chamber images were ob-
tained at baseline and immediately af-
ter exercise. Images were recorded on
videotape diskette after online digitiza-
tion. Images were reviewed and inter-
preted by 2 physician echocardiogra-
phers on the same day of examination
regardless of image quality and in a
blinded fashion with respect to clinical
data, exercise data, and the hypothesis
of this study. Ischemia and scarring were
graded by a standard 16-segment model
of the left ventricle. Myocardial ische-
mia was considered present if a new or
progressive wall-motion abnormality
was present on the postexercise im-
ages. Myocardial scarring was diag-
nosed by resting wall-motion akinesis or
dyskinesis that was unchanged with
stress.

End Points
The primary end point was all-cause
mortality. As we have discussed else-
where, the use of “cardiac” or “cardio-
vascular” mortality as an end point has
a number of inherent limitations, includ-
ing incorrect or biased documentation by
treating physicians and inaccurate clini-
cal assessments in an environment char-
acterized by low autopsy rates.16 We used
the Social Security Death Index, which
has been shown to be highly specific
(.99.5%) and unbiased.17,18 We have re-
ported elsewhere on the high sensitiv-
ity (approximately 97%) of this index
among Cleveland Clinic stress labora-
tory patients.9 Follow-up was for a me-
dian of 3.1 years.

Statistical Analyses
Differences between aspirin users and
nonusers were compared using x2 sta-
tistics for categorical variables and t or
Wilcoxon rank sum tests, as appropri-
ate, for continuous variables. Aspirin
use was related to all-cause mortality
using univariable and multivariable Cox
proportional hazard regression analy-
ses19 with consideration of clinically
plausible interactions. The propor-
tional hazards assumption was con-
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firmed by inspection of log (−log [sur-
vival]) curves and by examination of
time-dependent covariates. Survival
curves were constructed using Kaplan-
Meier estimates20 with comparisons be-
tween curves based on the log-rank x2

statistic.
Because aspirin use was not ran-

domly assigned in this patient popula-
tion, potential confounding and selec-
tion biases were accounted for by
developing a propensity score for as-
pirin use. The rationale and methods
underlying the use of a propensity score
for a proposed causal exposure vari-
able have been previously described.7

The propensity for aspirin use was de-
termined without regard to outcome,
using multivariable logistic regression
analysis.21 A full nonparsimonious
model was developed that included 34
covariates, some of which are listed in
TABLE 1. This model yielded a c statis-
tic of 0.83, indicating a strong ability
to differentiate between aspirin users
and nonusers. A propensity score for
aspirin use was then calculated from the
logistic equation for each patient. This
score ranged from 0.03 to 0.98 and, in
effect, represented the probability that
a patient would be using aspirin.

Using a macro (available at: http:
//www2.sas.com/proceedings/sugi26
/p214-26.pdf), we used the propen-
sity scores to match aspirin users to
unique control patients. Specifically, we
sought to match each aspirin user to a
non–aspirin-using patient who had a
propensity score that was identical to
5 digits. If this could not be done, we
then proceeded to a 4-, 3-, 2-, or 1-digit
match. Once this threshold was ex-
ceeded, that aspirin-using patient was
excluded. We were able to match 1351
aspirin-using patients to 1351 unique
non–aspirin-using patients.

To determine which patient charac-
teristics predicted maximum absolute
benefit from aspirin, we derived multi-
variable nonproportional hazard equa-
tions for each individual patient’s pre-
dicted survival using a wholly parametric
method.22 For the propensity-matched
patients, each patient-specific equation
was solved twice, once as if the patient

had been taking aspirin and once as if
he/she had not been taking aspirin; this
approach is similar to another analysis
we have described analyzing the poten-
tial benefits of bilateral mammary ar-
tery grafting.23 The logarithm of the dif-
ference in predicted survivals with and
without aspirin was then treated as the
dependent variable for a linear regres-
sion analysis that sought to identify those
patient characteristics most strongly as-

sociated with a large beneficial differ-
ence in predicted mortality. Appropri-
ate regression diagnostics, including
examination of residuals and testing for
outliers, excessively influential obser-
vations, and multicollinearity, were per-
formed to confirm the validity of these
analyses.

All analyses were performed using
SAS version 8.1 (SAS Institute, Cary,
NC). Parametric survival analyses were

Table 1. Baseline and Exercise Characteristics According to Aspirin Use*

Variable
Aspirin

(n = 2310)

No
Aspirin

(n = 3864)
P

Value

Demographics
Age, mean (SD), y 62 (11) 56 (12) ,.001

Men, No. (%) 1779 (77) 2167 (56) ,.001

Clinical history
Diabetes, No. (%) 388 (17) 432 (11) ,.001

Hypertension, No. (%) 1224 (53) 1569 (41) ,.001

Tobacco use, No. (%) 234 (10) 500 (13) .001

Prior coronary artery disease, No. (%) 1609 (70) 778 (20) ,.001

Prior coronary artery bypass graft, No. (%) 689 (30) 240 (6) ,.001

Prior percutaneous coronary intervention, No. (%) 667 (29) 148 (4) ,.001

Prior Q-wave MI, No. (%) 369 (16) 285 (7) ,.001

Atrial fibrillation, No. (%) 27 (1) 55 (1) .04

Congestive heart failure, No. (%) 127 (6) 178 (5) .12

Medication use
Digoxin use, No. (%) 171 (7) 216 (6) .004

b-Blocker use, No. (%) 811 (35) 550 (14) ,.001

Diltiazem/verapamil use, No. (%) 452 (20) 405 (10) ,.001

Nifedipine use, No. (%) 261 (11) 283 (7) ,.001

Lipid-lowering therapy, No. (%) 775 (34) 380 (10) ,.001

ACE inhibitor use, No. (%) 349 (15) 441 (11) ,.001

Cardiovascular assessment and exercise capacity
Body mass index, mean (SD), kg/m2 29 (5) 30 (7) ,.001

Ejection fraction, mean (SD), % 50 (9) 53 (7) ,.001

Resting heart rate, mean (SD), beats/min 74 (13) 79 (14) ,.001

Resting blood pressure, mean (SD), mm Hg
Systolic 141 (21) 138 (20) ,.001

Diastolic 85 (11) 86 (11) .04

Purpose of test to evaluate chest pain, No. (%) 300 (13) 468 (12) .31

Mayo Risk Index $1, No. (%)† 2021 (87) 2517 (65) ,.001

Peak exercise capacity, mean (SD), METs
Men 8.6 (2.4) 9.1 (2.6) ,.001

Women 6.6 (2.0) 7.3 (2.1) ,.001

Heart rate recovery, mean (SD), beats/min 28 (11) 30 (12) ,.001

Ischemic ECG changes with stress, No. (%) 430 (24) 457 (14) ,.001

Echocardiographic left ventricular ejection fraction
#40%, No. (%)

321 (14) 226 (6) ,.001

Stress-induced ischemia on echocardiography,
No. (%)

495 (21) 436 (11) ,.001

Fair or poor physical fitness
for age and sex,13 No. (%)

714 (31) 1248 (38) .26

*MI indicates myocardial infarction; ACE, angiotensin-converting enzyme; MET, metabolic equivalent task; and ECG,
electrocardiogram.

†The Mayo Risk Index is described in the “Methods” section.
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performed using PROC HAZARD and
PROC HAZPRED (available at: http://
www.clevelandclinic.org/heartcenter
/hazard).

RESULTS
Patient Characteristics

Among 6174 adult patients eligible for
analysis, 2310 (37%) were taking as-
pirin at the time of stress echocardiog-
raphy. Baseline and exercise character-
istics according to aspirin use are
summarized in Table 1. Aspirin users
were older and more likely to be men;
they were also more likely to have hy-
pertension, diabetes, and prior histo-
ries of coronary artery disease, coro-
nary artery bypass grafting, and
percutaneous coronary intervention.
Patients taking aspirin were also more
likely to be taking b-blockers, lipid-
lowering drugs, and angiotensin-
converting enzyme (ACE) inhibitors.
They were more likely to have ische-
mic ST-segment changes during stress
and echocardiographic evidence of
stress-induced ischemia. The patients
not using aspirin had higher left ven-
tricular ejection fraction and were more
likely to be smokers.

Aspirin Use and Mortality
During 3.1 years of follow-up, 276 pa-
tients (4.5%) died. TABLE 2 summa-
rizes mortality outcomes based on as-

pirin use. In a crude analysis, there was
no association between aspirin use and
mortality (4.5% vs 4.5%). After adjust-
ing only for age and sex, an associa-
tion between aspirin use and reduced
mortality became evident, with an even
stronger association noted after fur-
ther adjusting for a history of known
coronary artery disease. This associa-
tion was not materially affected by ad-
justing for other confounders (Table 2).

Prespecified stratified bivariable
analyses were performed according to
age, sex, diabetes, smoking, prior myo-
cardial revascularization procedures,
use of b-blockers or ACE inhibitors, left
ventricular systolic function, and echo-
cardiographic evidence of ischemia. The
only possible noted interactions with
aspirin in bivariable analyses were a left
ventricular ejection fraction of 40% or
less and a prior history of coronary ar-
tery bypass grafting. However, these in-
teraction terms were not significant af-
ter multivariable adjustment. Stratified
multivariable analyses showed re-
duced mortality associated with aspi-
rin use irrespective of left ventricular
function or history of prior coronary ar-
tery bypass grafting (Table 2).

Aspirin Use and Mortality in
Propensity-Matched Patients
Based on systematically collected data
for 34 variables including baseline de-

mographics, medical risk factors, and
the interactions between them, a logis-
tic regression model was used to gen-
erate a propensity score for aspirin use.
Major independent correlates of aspi-
rin use included prior percutaneous or
surgical myocardial revascularization,
male sex, lipid-lowering therapy, ni-
trate use, and history of coronary ar-
tery disease.

Baseline characteristics comparing the
propensity-matched aspirin users and as-
pirin nonusers are shown in TABLE 3. As
opposed to the entire population, these
propensity-matched patients were well
matched; the only significant difference
was that men who used aspirin had a
slightly higher functional capacity than
men who did not. During follow-up, 153
(6%) patients died. Aspirin use was as-
sociated with a lower risk of death (4%
vs 8%, P=.002) (FIGURE 1 and TABLE 4).
Aspirin use was significantly associated
with reduced mortality by univariable
analysis and multivariable analysis. We
found no interactions between aspirin
use and older age, impaired left ventricu-
lar systolic function, diabetes, smok-
ing, history of coronary artery disease,
prior coronary intervention, and echo-
cardiographic evidence of myocardial is-
chemia.

Characteristics Predictive of
Maximum Absolute Mortality
Benefit From Aspirin
Based on wholly parametric-derived pa-
tient-specific survival equations, a pre-
dicted absolute mortality difference
from aspirin use was derived for each
propensity-matched patient. The 3
strongest correlates of a large absolute
mortality benefit were age, impaired ex-
ercise capacity, and a history of known
coronary artery disease. A linear re-
gression equation relating these 3 vari-
ables to the logarithm of the absolute
survival difference associated with as-
pirin demonstrated that 74% of the vari-
ability in survival difference could be
explained (FIGURE 2). Older patients
who had either impaired exercise ca-
pacity or known coronary artery dis-
ease appeared to derive the greatest ab-
solute benefit from aspirin use.

Table 2. Cox Proportional Hazards Analyses of Time to Death Among Patients Using Aspirin
(N = 6174)*

Model
Hazard Ratio

(95% CI)
P

Value

Unadjusted 1.08 (0.85-1.39) .50

Adjusted for age and sex 0.75 (0.58-0.96) .02

Adjusted for age, sex, and history of CAD 0.57 (0.44-0.74) ,.001

Multivariable adjusted† 0.67 (0.51-0.87) .002

Adjusted for age and sex among prespecified strata
Normal LV function 0.75 (0.56-1.01) .06

Abnormal LV function 0.54 (0.34-0.84) .006

No history of prior CABG surgery 0.74 (0.54-1.08) .06

History of prior CABG surgery 0.56 (0.35-0.89) .01

*CI indicates confidence interval; CAD, coronary artery disease; LV, left ventricular; and CABG, coronary artery bypass
graft.

†Adjusted for age, sex, body mass index, resting heart rate, resting systolic blood pressure, use of antihypertensive
medications, digoxin, b-blockers, lipid-lowering therapy, nitrates, angiotensin-converting enzyme inhibitors,
dihydropyridine and nondihydropyridine calcium channel blockers, congestive heart failure, smoking, atrial fibrilla-
tion, left and right bundle-branch block, pathologic Q waves, prior CABG surgery, prior percutaneous coronary in-
tervention, chronic lung disease, peripheral vascular disease, exercise capacity, chronotropic response, heart rate
recovery, left ventricular ejection fraction, echocardiographic evidence of myocardial ischemia, and failure of the left
ventricle to decrease in size with exercise.
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Use of Aspirin and Mortality
Among Women
In the main cohort of 6174 patients,
there were 2228 (36%) women, among
them 531 (24%) regular users of aspi-
rin. During 3.1 years of follow-up 77
women died, with no difference noted
between aspirin users and nonusers
(3.8% vs 3.4%). After adjusting for age,
Mayo Risk Index, ejection fraction, his-
tory of prior coronary artery bypass sur-
gery, and functional capacity, aspirin
use was associated with a lower mor-
tality rate (adjusted hazard ratio, 0.59;
95% confidence interval [CI], 0.35-
1.00; P=.05).

In the propensity-matched cohort of
2702 patients, there were 777 women;
400 (51%) regularly used aspirin. There
were 36 deaths, with aspirin use asso-
ciated with a lower risk (3.5% vs 5.8%).
After adjustment for age, propensity
score, ejection fraction, and functional
capacity, aspirin use remained predic-
tive of a lower risk of death (adjusted
hazard ratio, 0.50; 95% CI, 0.25-1.00;
P=.05).

COMMENT
Among consecutive patients referred for
stress echocardiography to evaluate
known or suspected coronary artery
disease, aspirin use was associated with
a substantial reduction of all-cause mor-
tality. When we assessed mortality risk
using a standard Cox regression analy-
sis among all patients, a 33% reduc-
tion in mortality was found. Subse-
quently, we performed a rigorous
propensity analysis, limiting analyses
to 2702 propensity-matched patients.
The results were essentially un-
changed, with aspirin associated with
a substantial reduction in risk of death.

We estimated the absolute benefit of
aspirin based on specific patient char-
acteristics, thus predicting which pa-
tients might benefit most from aspirin
treatment. We showed aspirin to be par-
ticularly beneficial among patients who
were older, who had impaired exer-
cise capacity, or who had a history of
coronary artery disease. Sedentary pa-
tients subjected to strenuous exercise
have been shown to have increased

platelet activation and hyperreactivity
compared with physically fit sub-
jects.24 Thus, aspirin may “treat” poor
physical fitness by attenuating the as-
sociated increased platelet activation.
To the best of our knowledge, this is
the first study suggesting aspirin to be
beneficial in patients with impaired ex-
ercise capacity—one of the most pow-

erful predictors of mortality in pa-
tients with known or suspected heart
disease. We were only able to demon-
strate this association because we spe-
cifically analyzed a population of pa-
tients undergoing exercise testing.

Extensive literature documents the
cardiovascular benefits of aspirin therapy
among adults without a cardiovascular

Table 3. Selected Baseline and Exercise Characteristics According to Aspirin
Use in Propensity-Matched Patients*

Variable
Aspirin

(n = 1351)

No
Aspirin

(n = 1351)
P

Value

Demographics
Age, mean (SD), y 60 (11) 61 (11) .16

Men, No. (%) 951 (70) 974 (72) .33

Clinical history
Diabetes, No. (%) 203 (15) 207 (15) .83

Hypertension, No. (%) 679 (50) 698 (52) .46

Tobacco use, No. (%) 161 (12) 162 (12) .95

Cardiac variables
Prior coronary artery disease, No. (%) 652 (48) 659 (49) .79

Prior coronary artery bypass graft, No. (%) 251 (19) 235 (17) .42

Prior percutaneous coronary intervention, No. (%) 166 (12) 147 (11) .25

Prior Q-wave MI, No. (%) 194 (14) 206 (15) .52

Atrial fibrillation, No. (%) 21 (2) 24 (2) .65

Congestive heart failure, No. (%) 79 (6) 89 (7) .43

Medication use
Digoxin use, No. (%) 115 (9) 114 (9) .94

b-Blocker use, No (%) 352 (26) 358 (26) .79

Diltiazem/verapamil use, No. (%) 223 (17) 223 (17) ..99

Nifedipine use, No. (%) 127 (9) 144 (11) .28

Lipid-lowering therapy, No. (%) 281 (21) 271 (20) .63

ACE inhibitor use, No. (%) 209 (15) 214 (16) .79

Cardiovascular assessment and exercise capacity
Body mass index, mean (SD), kg/m2 29 (6) 29 (6) .83

Ejection fraction, mean (SD), % 51 (8) 51 (9) .65

Resting heart rate, mean (SD), beats/min 77 (13) 76 (14) .13

Resting blood pressure, mean (SD), mm Hg
Systolic 141 (21) 141 (21) .68

Diastolic 85 (11) 86 (11) .57

Purpose of test to evaluate chest pain, No. (%) 153 (11) 159 (12) .72

Mayo Risk Index $1, No. (%)† 1108 (82) 1110 (82) .92

Peak exercise capacity, mean (SD), METs
Men 8.7 (2.5) 8.3 (2.5) .01

Women 6.5 (2.0) 6.7 (2.0) .13

Heart rate recovery, mean (SD), beats/min 28 (12) 28 (11) .82

Ischemic ECG changes with stress, No. (%) 231 (22) 223 (21) .64

Echocardiographic left ventricular ejection fraction
#40%, No. (%)

147 (11) 156 (12) .50

Stress-induced ischemia on echocardiography,
No. (%)

239 (18) 259 (19) .32

Fair or poor physical fitness
for age and sex,13 No. (%)

445 (33) 459 (34) .57

*MI indicates myocardial infarction; ACE, angiotensin-converting enzyme; MET, metabolic equivalent task; and ECG,
electrocardiogram.

†The Mayo Risk Index is described in the “Methods” section.
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history,1,25-27 patients with chronic stable
angina,28,29 patients presenting with
AMI,3,6 and patients with unstable an-
gina.30-33 Randomized trial evidence dem-
onstrates that aspirin reduces all-cause
mortality among patients with AMI.3 It
is less clear if aspirin use reduces long-
term all-cause mortality in stable pa-
tient populations. Two recent observa-
tional analyses of patients enrolled in the
Bezafibrate Infarction Prevention Trial
demonstrated reduced mortality rates
among patients taking aspirin, irrespec-
tive of the presence or absence of diabe-
tes or therapy with ACE inhibitors.4,5

Furthermore, the Collaborative Group
of the Primary Prevention Project re-
cently demonstrated in a randomized
trial a similar, although not statistically

significant, reduction in relative risk for
all-cause mortality (0.81; 95% CI,
0.58-1.13).34 These findings are similar
to ours but did not reach statistical sig-
nificance, most likely due to a small num-
ber of events.

The current study extends these pre-
vious findings in several important re-
spects. First, we demonstrated that as-
pirin use is associated with a reduction
in long-term all-cause mortality, which
is a clinically relevant, objective, and
wholly unbiased end point.16 Second, be-
cause we focused on patients referred for
stress echocardiography we were able to
account for several critical predictors of
mortality, including left ventricular sys-
tolic function, stress-induced myocar-
dial ischemia, and impaired exercise ca-
pacity. Third, unlike prior observational
studies of aspirin use and outcome,4,5,26

we used propensity analysis, which has
been argued to be a powerful means of
accounting for baseline confounding and
selection biases.7

Furthermore, we observed this mor-
tality reduction in a large cohort of con-
secutive patients seen within a clinical
practice, as opposed to a clinical trial.
It has been argued that patients en-
rolled in clinical trials may not be rep-
resentative of patients seen in prac-
tice.35 The patients included in our study
population may represent a more rep-
resentative sample of “real world” pa-

tients referred for evaluation of known
or suspected cardiovascular disease than
those included in many of the random-
ized controlled trials that have previ-
ously evaluated aspirin use for mortal-
ity reduction. Among the patients
included in the Physicians’ Health Study,
84% had no history of cardiovascular
disease.1 Additionally, those patients and
those evaluated in other primary pre-
vention trials had low rates of cardio-
vascular risk factors.27,34 The studies
evaluating aspirin use by patients with
unstable angina also enrolled compar-
atively few patients with multiple car-
diac risk factors or positive histories of
previous coronary intervention.31,33,36

Thus, the lower-risk population en-
rolled in the previous randomized tri-
als may have contributed to their find-
ing no mortality benefit. Furthermore,
in a follow-up report of the Physicians’
Health Study evaluating posttrial self-
selected aspirin use and subsequent mor-
tality, self-selected aspirin use was as-
sociated with multiple cardiovascular
risk factors and a decrease in all-cause
mortality.37

The mechanisms by which aspirin
may reduce mortality include its platelet-
blocking effects, its anti-inflammatory
properties, or other as-yet unknown ac-
tions. Aspirin has been shown to be a
powerful antiplatelet agent that acts by
blocking the production of throm-
boxane A2,38 which may then reduce the
risk of fatal cardiovascular events.39,40 Re-
cently, increasing interest has focused on
inflammation, as assessed by C-reactive
protein levels and cardiovascular risk.41,42

Aspirin has been shown to reduce C-
reactive protein levels.41 In the random-
ized Physicians’ Health Study the reduc-
tion incardiovascular riskassociatedwith
aspirin was most pronounced among
men with elevated baseline C-reactive
protein levels.43

The major limitation of this study is
that aspirin use was not based on a ran-
domized assignment. Although the use
of observational studies for assessment
of treatment effects is controversial,44 re-
cent work has suggested that observa-
tional studies, when properly done, are
not likely to produce misleading or bi-

Table 4. Cox Proportional Hazards Analyses
of Aspirin Use and Mortality Among
Propensity-Matched Patients (n = 2702)*

Model

Hazard
Ratio

(95% CI)
P

Value

Unadjusted 0.53 (0.38-0.74) .002
Adjusted for propensity 0.53 (0.38-0.74) ,.001
Adjusted for propensity

and selected
variables†

0.59 (0.42-0.83) .002

Adjusted for propensity
and all covariates‡

0.56 (0.40-0.78) ,.001

*CI indicates confidence interval.
†Selected variables included prior coronary artery dis-

ease, prior coronary artery bypass grafting, prior per-
cutaneous intervention, and ejection fraction #40%.

‡For a list of covariates, see Table 2 footnote (†).

Figure 1. Kaplan-Meier Curve Relating Aspirin Use to Time to Death Among
Propensity-Matched Patients
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ased results.45-47 Furthermore, we used
propensity analysis to enable an even
more rigorous adjustment for selection
bias and confounding than would be pos-
sible with standard multivariable analy-
sis.7 Nonetheless, it must be acknowl-
edged that observational studies can only
partially control for factors actually mea-
sured and can adjust for these factors
only as well as the instrument used to
measure themiscapable. Incontrast, ran-
domization allocates both known and
unknown confounding variables and
avoids the introduction of bias from ei-
ther the participants or their physi-
cians. Other limitations of our study in-
cluded lack of information about aspirin
dose, aspirin allergy, or duration of treat-
ment, as well as lack of data regarding
medication adjustments made after stress
testing.

Despite these limitations, the associa-
tion between aspirin use and reduced
mortality meets currently accepted cri-
teria for likely causality.48 The associa-
tion was strong, with a greater than 30%
reduction in risk of death. A temporal
pattern is evident in Kaplan-Meier analy-
ses. Biological plausibility is present, con-

sidering the known importance of in-
creased platelet activity associated with
coronary artery disease, aging,49 and im-
paired physical fitness.24 Our results are
consistent with other observational non–
propensity-adjusted analyses5 and with
a recent randomized study,34 and the as-
sociation appears to be largely unaf-
fected by possible bias and confound-
ing, whether assessed by standard
multivariable analyses or more rigor-
ous propensity analyses. Thus, our find-
ings provide additional support for rec-
ommending the routine use of aspirin in
patients with, or at risk for, cardiovas-
cular disease—not only for preventing
morbid events but also for reducing all-
cause mortality.
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