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ABSTRACT

BACKGROUND
Information on the use of aspirin to increase healthy independent life span in older
persons is limited. Whether 5 years of daily low-dose aspirin therapy would extend
disability-free life in healthy seniors is unclear.

METHODS

From 2010 through 2014, we enrolled community-dwelling persons in Australia and
the United States who were 70 years of age or older (or 265 years of age among
blacks and Hispanics in the United States) and did not have cardiovascular disease,
dementia, or physical disability. Participants were randomly assigned to receive 100 mg
per day of enteric-coated aspirin or placebo orally. The primary end point was a
composite of death, dementia, or persistent physical disability. Secondary end points
reported in this article included the individual components of the primary end point
and major hemorrhage.

RESULTS

A total of 19,114 persons with a median age of 74 years were enrolled, of whom 9525
were randomly assigned to receive aspirin and 9589 to receive placebo. A total of 56.4%
of the participants were women, 8.7% were nonwhite, and 11.0% reported previous
regular aspirin use. The trial was terminated at a median of 4.7 years of follow-up
after a determination was made that there would be no benefit with continued aspirin
use with regard to the primary end point. The rate of the composite of death, demen-
tia, or persistent physical disability was 21.5 events per 1000 person-years in the aspi-
rin group and 21.2 per 1000 person-years in the placebo group (hazard ratio, 1.01;
95% confidence interval [CI], 0.92 to 1.11; P=0.79). The rate of adherence to the as-
signed intervention was 62.1% in the aspirin group and 64.1% in the placebo group
in the final year of trial participation. Differences between the aspirin group and the
placebo group were not substantial with regard to the secondary individual end points
of death from any cause (12.7 events per 1000 person-years in the aspirin group and
11.1 events per 1000 person-years in the placebo group), dementia, or persistent
physical disability. The rate of major hemorrhage was higher in the aspirin group than
in the placebo group (3.8% vs. 2.8%; hazard ratio, 1.38; 95% CI, 1.18 to 1.62; P<0.001).

CONCLUSIONS
Aspirin use in healthy elderly persons did not prolong disability-free survival over a
period of 5 years but led to a higher rate of major hemorrhage than placebo. (Fund-
ed by the National Institute on Aging and others; ASPREE ClinicalTrials.gov number,
NCT01038583.)
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EVERAL LARGE, RANDOMIZED TRIALS

have shown the efficacy of aspirin for the

secondary prevention of cardiovascular dis-
ease among persons with a history of coronary
heart disease or stroke.® The evidence support-
ing a benefit of aspirin therapy in the primary
prevention of cardiovascular or other chronic
disease is less conclusive despite favorable trends
suggesting that aspirin use reduces the incidence
of cardiovascular events and possibly reduces the
incidence of cancer and cancer-related mortality,
particularly from colorectal cancer.*®* Among
elderly persons (more so than among younger
persons), a higher risk of cardiovascular disease
may increase the benefit of aspirin, but this ben-
efit may be accompanied by an increased risk of
bleeding.”*!® Despite the widespread use of low-
dose aspirin in elderly persons who do not have
a medical indication for aspirin, there is limited
evidence that the beneficial effects outweigh the
risks in this age group.

We conducted the Aspirin in Reducing Events
in the Elderly (ASPREE) trial, which was a ran-
domized, placebo-controlled trial to investigate
whether the daily use of aspirin, at a dose of
100 mg, in healthy, community-dwelling older
adults would prolong healthy life span, free from
dementia and persistent physical disability. We
measured the primary end-point events of death,
dementia, and persistent physical disability, from
which we derived the composite primary end
point of disability-free survival, which was used
to reflect a healthy life span. This end point was
chosen to allow an integrated assessment of the
overall risk-benefit ratio associated with the use
of aspirin in this population.

METHODS

TRIAL DESIGN

We conducted this randomized, double-blind,
placebo-controlled trial at 34 sites in the United
States and at 16 sites in Australia. The trial
evaluated the effect of 100 mg of enteric-coated
aspirin daily, as compared with matching pla-
cebo. Details of the trial design and rationale
have been published previously.’> Bayer Pharma
(Germany) provided the trial drug (aspirin) and
placebo but had no other role in the trial. The
Department of Epidemiology and Preventive Med-
icine at Monash University in Australia coordi-
nated the data collection and was responsible for
statistical analyses. Coordination of the trial and
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monitoring of sites was conducted by this de-
partment in Australia and by the Berman Center
for Outcomes and Clinical Research in the United
States.

The trial was conducted according to the cri-
teria of the International Conference on Har-
monisation for the conduct of clinical trials. The
institutional review board at each participating
institution approved the trial, and all the partici-
pants provided written informed consent. The
authors designed the trial and gathered and ana-
lyzed the data. The first and second authors
wrote the first draft of the manuscript. All the
authors vouch for the validity of the trial results,
the adherence of the trial to the protocol (avail-
able with the full text of this article at NEJM.org),
and the completeness and accuracy of the re-
porting of adverse events. There was no com-
mercial support for this trial.

TRIAL POPULATION

Trial participants were community-dwelling men
and women from Australia and the United States
who were 70 years of age or older (or 265 years
of age among blacks and Hispanics in the
United States). Details of the recruitment meth-
ods have been published previously.!! In Australia,
general practitioners and trial personnel identi-
fied potentially eligible patients, who were then
sent a letter of invitation to participate. In the
United States, potential participants were identi-
fied by means of clinic-based mailing lists and
screening of electronic medical records or by re-
sponses to media advertisements and were sub-
sequently invited to participate by letter.

The eligibility criteria are listed in Table S1
in the Supplementary Appendix (available at
NEJM.org) and have been reported previously.!*!*
Persons 70 years of age or older (or 265 years of
age among blacks and Hispanics in the United
States) were required to be free from any chron-
ic illness that would be likely to limit survival to
less than 5 years and to be free from document-
ed cardiovascular or cerebrovascular disease. The
rationale for the younger age selection of blacks
and Hispanics was based on their higher risk of
cardiovascular disease or dementia.'"1

Key exclusion criteria were a clinical diagno-
sis of dementia, a known high risk of bleeding,
or a contraindication to aspirin (see the Supple-
mentary Appendix). Potential participants were
also excluded if they had a score of less than 78
on the Modified Mini—Mental State Examination
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(on a scale from 0 to 100, with higher scores
indicating better function)!® or had substantial
physical disability, defined as a score of 4 or 5 for
any one of the six basic activities of daily living
(bathing, dressing, toileting, transferring, walk-
ing, and feeding) on the Katz Index of Indepen-
dence in Activities of Daily Living (scores for each
activity range from 1 [no difficulty] to 5 [unable
to do]; a score of 4 indicates severe difficulty in
performing the activity)."”

TRIAL PROCEDURES

Participants who met the eligibility criteria at a
screening visit were enrolled in a 4-week placebo
run-in phase. Participants who had a rate of
adherence to pill ingestion, as measured by pill
count, of 80% or greater during the run-in phase
were then randomly assigned, in a 1:1 ratio, to
receive a 100-mg tablet of enteric-coated aspirin
or matching placebo daily, according to a block-
randomization procedure with stratification ac-
cording to trial center (in the United States) or
general practice clinic (in Australia) and age (65
to 79 years or 280 years).

Annual in-person visits were supplemented by
telephone calls every 3 months to encourage
retention in the trial and telephone calls every
6 months to collect additional information; de-
tails of the data-collection schedules are pro-
vided in Table S2 in the Supplementary Appendix
and have been described previously.?* Partici-
pants were considered to be lost to follow-up if,
in the 12 months before June 12, 2017, trial staff
had had no personal contact with them, either
in person or by telephone, and if there was no
record of attendance of the participant at the
medical practice.

Event-adjudication committees whose mem-
bers were unaware of the trial-group assignments
reviewed all the primary and secondary end-
point events and deaths according to established
definitions (see the Supplementary Appendix).
Reports on the accumulating data were reviewed
at regular intervals by the trial sponsor (the Na-
tional Institute on Aging) and by an independent
data and safety monitoring board, whose mem-
bers had been appointed by the National Insti-
tute on Aging. An international data-manage-
ment committee reviewed site-monitoring reports,
which included information about adherence to
the protocol and data quality. The trial partici-
pants, study staff, investigators, and general prac-
titioner associate investigators were unaware of
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the trial-group assignments until the publication
of this article.

Adherence to the trial intervention was as-
sessed by means of annual tablet counts on re-
turned bottles of aspirin or placebo. The correct
identity of the tablets (i.e., determination of the
contents) in the labeled bottles from each batch
of aspirin or placebo was confirmed by labora-
tory analysis (see the Supplementary Appendix).
After a nonfatal end-point event, participants
remained in the trial while taking their assigned
trial intervention (aspirin or placebo), if they were
willing.

TRIAL END POINTS
The primary end point was disability-free sur-
vival, which was defined as survival free from
dementia or persistent physical disability. The
primary composite end point was derived from
the first occurrences of the end-point events of
death, dementia, and persistent physical disabil-
ity. The diagnosis of dementia was adjudicated
according to the criteria of the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition,®
and persistent physical disability was considered
to have occurred when a participant reported
having an inability to perform or severe diffi-
culty in performing at least one of the six basic
activities of daily living that had persisted for at
least 6 months.!” Details regarding the health
measures and definitions used in this trial are
listed in Table S2 in the Supplementary Appendix.
The ASPREE trial program had eight prespeci-
fied secondary end points, including the three
individual components of the primary end point
— death from any cause, dementia, and persis-
tent physical disability — as reported in this
article. Other secondary end points included
fatal and nonfatal cardiovascular disease (includ-
ing stroke), fatal and nonfatal cancer, mild cog-
nitive impairment, depression, and major hem-
orrhage (including clinically significant bleeding
and hemorrhagic stroke). Further analyses of the
secondary end points of death, cardiovascular
disease (including stroke), and major hemorrhage
are now reported in two accompanying articles
in the Journal %%

STATISTICAL ANALYSIS

Details of the statistical analysis procedures and
sample-size calculation are provided in the Sup-
plementary Appendix. In brief, we estimated the
probability of remaining event-free using the
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83,376 Patients were screened
by telephone

23,163 Were included in the run-in

4049 Were excluded
2453 (60.6%) Were ineligible
1518 (37.5%) Were unwilling
to continue
78 (1.9%) Had other
or unknown reasons

19,114 Underwent randomization

9525 Were assigned to receive aspirin 9589 Were assigned to receive placebo

139 (1.5%) Were lost to follow-up
118 (1.2%) Withdrew consent

157 (1.6%) Were lost to follow-up
119 (1.2%) Withdrew consent

9525 Were included in the analysis 9589 Were included in the analysis

Figure 1. Randomization, Intervention, and Follow-up.

The most common reasons for exclusion from the trial were a history of
cardiovascular disease, an adherence rate of less than 80% during the 4-week
placebo run-in period, a Modified Mini—Mental State Examination score of
less than 78 (on a scale from 0 to 100, with higher scores indicating better
function), a score of 4 or 5 for any one of the six basic activities of daily living
(bathing, dressing, toileting, transferring, walking, and feeding) on the Katz
Index of Independence in Activities of Daily Living (scores for each activity
range from 1 [no difficulty] to 5 [unable to do]; a score of 4 indicates severe
difficulty in performing the activity), a low hemoglobin level, high blood
pressure, or the opinion of the general practitioner or primary care physician.
Participants could have more than one reason for ineligibility. For participants
who withdrew from the trial, all the information up to the point of withdrawal
was included in the analyses. Vital status was obtained in all the participants
who were lost to follow-up or withdrew consent.

Kaplan—Meier method, and its complement, cumu-
lative incidence, was used for plots. In intention-
to-treat analyses, Cox proportional-hazards mod-
els were used to compare the aspirin group with
the placebo group with regard to time-to-event
end points and to evaluate effects in subgroups
with the use of interaction terms.

Subgroups that were specified in the statisti-
cal analysis plan included sex, age (younger than
the median age vs. the median age or older),
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country of residence (Australia vs. the United
States), race or ethnic group (white in Australia,
white in the United States, black, Hispanic, or
other), body-mass index (the weight in kilograms
divided by the square of the height in meters;
<20.0 [underweight], 20.0 to 24.9 [normal weight],
25.0 to 29.9 [overweight], or >30.0 [obese]), pre-
vious regular use of aspirin (yes vs. no), frailty
category (not frail, prefrail, or frail), personal
history of cancer (yes vs. no), smoking (never
smoked, former smoker, or current smoker), and
the presence of diabetes, hypertension, and dys-
lipidemia at baseline (yes vs. no, for each condi-
tion)."*! The frailty category was determined on
the basis of the adapted Fried frailty criteria,”
which include body weight, strength, exhaustion,
walking speed, and physical activity (see the
Supplementary Appendix); the category of pre-
frail included participants who met one or two
criteria, and the category of frail included those
who met three or more criteria.

There was no plan for the imputation of
missing data. Data censoring occurred at the
latest time point that an end point could have
been reached and was assumed to be for reasons
that would not alter the prospect of the partici-
pant having an end point, as compared with
participants who continued to be followed. There
was no plan for adjustment for multiple com-
parisons of secondary end points, and only point
estimates with confidence intervals that were
unadjusted for multiple comparisons are report-
ed, without P values, except for the safety end
point of major hemorrhage. For safety analyses,
a significance level of 0.05 was applied. An in-
terim analysis was planned for when 1893 pri-
mary end-point events had occurred, according
to a Haybittle—Peto stopping rule.

RESULTS

PARTICIPANTS

Recruitment began in March 2010 and ended in
December 2014, at which time 19,114 partici-
pants had undergone randomization (9525 par-
ticipants to the aspirin group and 9589 to the
placebo group) (Fig. 1). The demographic and
clinical characteristics of the participants at base-
line were similar in the two groups (Table 1, and
Table S3 in the Supplementary Appendix). The
median age of the participants was 74 years, and
56.4% of the participants were women.!*> A total
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Table 1. Demographic Characteristics and lliness History of the Participants at Randomization, According to Prespecified
Subgroups and Trial Group.*
Aspirin Placebo
Characteristic (N=9525) (N=9589)
Age — no. (%) T
65-73 yr 4719 (49.5) 4823 (50.3)
274 yr 4806 (50.5) 4766 (49.7)
Female sex — no. (%) 5373 (56.4) 5410 (56.4)
Country — no. (%)
Australia 8322 (87.4) 8381 (87.4)
United States 1203 (12.6) 1208 (12.6)
Race or ethnic group — no. (%)
White
Australia 8169 (85.8) 8193 (85.4)
United States 539 (5.7) 549 (5.7)
Black 451 (4.7) 450 (4.7)
Hispanic 240 (2.5) 248 (2.6)
Other 126 (1.3) 149 (1.6)
Body-mass index§ 28.1+4.8 28.1+4.7
Current smoking — no. (%) 352 (3.7) 383 (4.0)
Diabetes mellitus — no. (%) 1027 (10.8) 1030 (10.7)
Hypertension — no. (%) | 7065 (74.2) 7148 (74.5)
Dyslipidemia — no. (96)%* 6159 (64.7) 6308 (65.8)
Personal history of cancer — no. (%) 1827 (19.2) 1833 (19.1)
Previous regular aspirin use — no. (%) 1053 (11.1) 1041 (10.9)
Frailty — no. (%) 11
Not frail 5603 (58.8) 5643 (58.8)
Prefrail 3707 (38.9) 3740 (39.0)
Frail 215 (2.3) 206 (2.1)

S

Plus—minus values are means +SD. There were no significant (P>0.05) differences between the two trial groups; all
differences were less than 0.25 SD (if means were compared), and odds ratios were between 0.67 and 1.50 (if pro-
portions were compared).

The subgroups for age were based on the median age of the participants overall (74 years).

Race and ethnic group were reported by the participants. Other race or ethnic group was defined as any category
with less than 200 participants overall, which included Aboriginal or Torres Strait Islander (12 participants), Native
American (6), multiple races or ethnic groups (64), Native Hawaiian or Pacific Islander (11), and those who indicated
that they were not Hispanic but did not state another race or ethnic group (18).

The body-mass index is the weight in kilograms divided by the square of the height in meters.

The presence of diabetes was based on participants’ report of diabetes mellitus or a fasting glucose level of at least
126 mg per deciliter (=7 mmol per liter) or receipt of treatment for diabetes.

Hypertension was defined by the receipt of treatment for high blood pressure or a blood pressure of more than
140/90 mm Hg at trial entry.

Dyslipidemia was defined by the receipt of cholesterol-lowering medication or as a serum cholesterol level of at least
212 mg per deciliter (=5.5 mmol per liter) in Australia and at least 240 mg per deciliter (=6.2 mmol per liter) in the
United States or as a low-density lipoprotein level of more than 160 mg per deciliter (>4.1 mmol per liter).>*

" Previous regular aspirin use was defined according to participant-reported regular use of aspirin immediately before

the first baseline visit, with a 1-month washout period before randomization.

% Frailty was categorized on the basis of the adapted Fried frailty criteria, which included body weight, strength, exhaus-

tion, walking speed, and physical activity (see the Supplementary Appendix).?* The category of prefrail included partic-
ipants who met one or two criteria, and the category of frail included those who met three or more criteria.

of 8.7% of the participants were nonwhite; of group.’* A total of 11.0% of the participants
these, 54.1% were black, 29.3% Hispanic, 9.9% (7.2% of the participants in Australia and 36.7%
Asian, and 6.7% of another race or ethnic of those in the United States) reported that they
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Table 2. Composite Primary End Point, Including the Components, and Secondary End Points of Death, Dementia, Persistent Physical Disability,
and Major Hemorrhage.*
Aspirin Placebo Hazard Ratio
End Point (N =9525) (N =9589) (95% ClI) P Value
no. of no. of
participants rate per participants rate per
with event 1000 person-yr with event 1000 person-yr
Primary end point 921 215 914 212 1.01 (0.92-1.11) 0.79
Death from any cause 480 11.2 431 10.0 — —
Dementia 274 6.4 275 6.4 — —
Persistent physical disability 167 3.9 208 4.8 — —
Secondary end pointsi:
Death from any cause 558 12.7 494 11.1 1.14 (1.01-1.29) —
Dementia 283 6.7 292 6.9 0.98 (0.83-1.15) —
Persistent physical disability 188 4.9 224 5.8 0.85 (0.70-1.03) —
Major hemorrhagic event 361 8.6 265 6.2 1.38 (1.18-1.62) <0.001
Clinically significant bleeding 312 7.4 225 5.3 — —
Hemorrhagic stroke 49 1.2 40 0.9 — —

* The 95% confidence intervals and P values were not adjusted for multiple comparisons.
T The primary end point was the first occurrence of any one of the three components (death from any cause, dementia, or persistent physical

disability).

i For the secondary end points, all the participants who had an event at any time during the trial are counted. Other secondary end points
included fatal and nonfatal cardiovascular disease, fatal and nonfatal cancer, mild cognitive impairment, and depression. Further results
regarding the secondary end points of death, cardiovascular disease (including stroke), and major hemorrhage are reported in two accom-

panying articles in the Journal.***

had been regular daily users of aspirin before
participation in the trial.

Starting in February 2015, hazard ratios with
95% confidence intervals and conditional power
calculations for the primary end point, without
P values, were presented every 6 months at closed
sessions of the data and safety monitoring board.
In March 2017, the prespecified number of events
that were required for the interim analysis had
not been reached, but data to that time showed
similar rates of the primary end point in the two
trial groups. This finding made it very unlikely
that continuation of the trial until its scheduled
end date of December 31, 2017, would reveal a
significant treatment effect with aspirin for the
primary end point. In June 2017, all the trial par-
ticipants were notified of the decision by the Na-
tional Institute on Aging to stop the trial, and they
were instructed to cease taking the trial interven-
tions (aspirin or placebo) and to return any re-
maining tablets. Participants who had been
scheduled for trial visits in the remainder of 2017
were requested to complete a close-out question-
naire to ensure the ascertainment of clinical
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events that had occurred before June 12, 2017.
Persistent physical disability (of 6 months’ dura-
tion) and dementia end points before this date
were confirmed by follow-up until December
2017, in accordance with the protocol.

The median duration of follow-up from ran-
domization was 4.7 years (interquartile range,
3.6 to 5.7) in each group. More than 90% of the
due trial visits were completed each year (Table
S4 in the Supplementary Appendix). By the last
12 months of the trial, 82.0% of participants
were still attending annual follow-up visits, 5.5%
had died, 9.7% were being followed up by regu-
lar telephone contact or through access to clini-
cal and other records, 1.2% had withdrawn, and
1.6% were lost to follow-up (all the participants
contributed data to the analyses until the time
of withdrawal or loss to follow-up) (Table S5 in
the Supplementary Appendix). Vital status of all
the participants was assessed after trial closure
by means of a search of national death records.
In the final 12 months of the trial, 62.1% of the
participants in the aspirin group and 64.1% of
those in the placebo group reported that they
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were still taking their assigned intervention
(Table S6 in the Supplementary Appendix). Details
regarding adherence to the assigned regimen
and the use of open-label aspirin are provided in
Table S7 in the Supplementary Appendix.

PRIMARY END POINT

The primary end point of death, dementia, or
physical disability occurred in 921 participants
in the aspirin group (21.5 events per 1000 per-
son-years) and in 914 in the placebo group (21.2
events per 1000 person-years). The between-group
difference was not significant (hazard ratio,
1.01; 95% confidence interval [CI], 0.92 to 1.11;
P=0.79) (Table 2 and Fig. 2).

No significant interactions of subgroups with
intervention effects were observed, except for
frailty (Figs. S1 and S2 in the Supplementary Ap-
pendix). Among participants who had a primary
end-point event, death was the most common
first event (in 911 participants [50% of the
events] at a mean age of 77.5 years), dementia
was the next most common (in 549 participants
[30% of the events] at a mean age of 77.7 years),
and persistent physical disability was the least
common (in 375 participants [20% of the events]
at a mean age of 77.6 years) (Table 2).

SECONDARY END POINTS
The secondary end point of death from any cause,
denoting death as the first, second, or third event
to occur in the primary end point, occurred in
558 participants in the aspirin group (12.7 events
per 1000 person-years) and in 494 participants
in the placebo group (11.1 events per 1000 person-
years) (hazard ratio, 1.14; unadjusted 95% ClI,
1.01 to 1.29). Because there was no adjustment
for multiple comparisons of secondary end points,
no inferences can be made regarding differences
in mortality between the two groups. The rate of
the secondary end point of all dementia was 6.7
events per 1000 person-years in the aspirin group
and 6.9 events per 1000 person-years in the pla-
cebo group (hazard ratio, 0.98; 95% CI, 0.83 to
1.15) (Table 2 and Fig. 3). The rate of persistent
physical disability was 4.9 events per 1000 per-
son-years in the aspirin group and 5.8 events per
1000 person-years in the placebo group (hazard
ratio, 0.85; 95% CI, 0.70 to 1.03) (Table 2 and
Fig. 3).

The rates of major hemorrhagic events are
shown in Table 2. Major hemorrhage occurred in
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Figure 2. Cumulative Incidence of the Primary Composite End Point.

Shown is the cumulative incidence of the primary composite end point
(death from any cause, dementia, or persistent physical disability) accord-
ing to trial group. First events that counted toward the primary end point
during the trial included 911 deaths, 549 cases of dementia, and 375 cases
of persistent physical disability. The graph stops at year 6 because only a
small number of participants (44 in the aspirin group and 43 in the placebo
group) reached year 7. The inset shows the same data on an enlarged y axis.

3.8% of the participants in the aspirin group, as
compared with 2.8% of those in the placebo
group (hazard ratio, 1.38; 95% CI, 1.18 to 1.62;
P<0.001). Fatal or nonfatal hemorrhagic stroke
(including subarachnoid hemorrhage) occurred
in 49 participants (0.5%) in the aspirin group
and in 40 (0.4%) in the placebo group.

DISCUSSION

In this trial involving community-dwelling older
adults who were free from known cardiovascular
disease, dementia, or major physical disability,
the daily use of 100 mg of enteric-coated aspirin
did not differ significantly from placebo in influ-
encing the rates of disability-free survival at a
median of 4.7 years. No significant difference
was identified regarding the effect of aspirin
between the participants in the United States
and those in Australia or across a range of other
subgroups (prespecified or not prespecified) (Figs.
S1 and S2 in the Supplementary Appendix).
White participants comprised 91% of the overall
trial cohort. Owing to the small number of blacks
and Hispanics (including participants who were
younger than 70 years of age) and other non-
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Figure 3. Cumulative Incidence of Death, Dementia,
and Persistent Physical Disability.

Shown are the cumulative incidences of all events of
death, dementia, and persistent physical disability that
were observed during the trial. The 95% confidence inter-
vals were not adjusted for multiple comparisons. Insets
show the same data on an enlarged y axis.

whites, the applicability of the main findings of
the ASPREE trial to these subgroups is unclear.

Aspirin has become one of the most popular
agents used for the primary prevention of car-
diovascular disease, largely on the basis of re-
sults from studies of secondary prevention of
myocardial infarction and ischemic stroke. Large
trials investigating primary cardiovascular pre-
vention,?**? mainly involving participants youn-
ger than those in the ASPREE trial, have not
shown a consistent effect of aspirin on cardio-
vascular outcomes. In many trials, the use of
aspirin was accompanied by a higher bleeding
risk, without any clear indication of overall bene-
fit or harm.>>28

Most previous large trials of aspirin have fo-
cused on reducing the incidence of cardiovascu-
lar events as their primary end point. However,
in this age group, the long-term use of a preven-
tive drug may be justified by a prolongation of
the time spent in a healthy independent state.
An end point that reflects this outcome should
integrate the beneficial effects and the serious
adverse effects of a preventive agent such as as-
pirin. By reducing platelet aggregation and
thrombotic obstruction, thereby lessening the
risk of ischemia in the heart, brain, and other
organs, aspirin may be expected to reduce the
incidence of disability from various causes. An
increased risk of bleeding due to aspirin might
have an opposite effect because of intracerebral
and gastrointestinal bleeding and their sequelae.
In this trial, the primary end point of disability-
free survival was considered to integrate the
benefits and harms of aspirin and to reflect the
fundamental purpose for prescribing a preven-
tive agent in an otherwise healthy elderly popu-
lation.

Among the events contributing to the com-
posite primary end point, deaths contributed
50% of the total, dementia contributed 30%, and
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persistent physical disability 20%. When all the
events (not just the first event to occur) were
taken into account, the rates of dementia were
similar in the two groups and there was no evi-
dence of an effect of aspirin on the rate of per-
sistent physical disability. The difference in the
rates of death from any cause between the two
groups could be a chance finding, and previous
primary prevention trials have not shown signifi-
cantly higher risks of death from any cause with
aspirin than with placebo or with no treatment.
However, given the concern about potential harm
that has been associated with aspirin use in the
population enrolled in this trial, we investigated
specific causes of death in separate articles, which
are now published in the Journal.’*?° As in other
trials, the incidence of major hemorrhage was
higher in the aspirin group than in the placebo
group and amounted to an additional 2.4 serious
bleeding events per 1000 person-years of exposure.

With regard to the primary end point in this
trial, the lack of effect of aspirin was consistent
among all baseline subgroups except for frailty
(see the Supplementary Appendix). The effect of
frailty is unclear owing to the inconsistent direc-
tions of the aspirin effect across the three frailty
categories.

Despite the challenges of maintaining partici-
pation by older persons in a long-term clinical
trial, a relatively high level of adherence to the
randomly assigned intervention was maintained
and was similar to that in other prevention stud-
ies of aspirin.®*? The limitations of our trial
include the relatively short duration of the inter-
vention, which may be important for detecting an

effect of aspirin on conditions such as Alzheimer’s
disease®3* and cancer,” which have long laten-
cies between their biologic substrates and clinical
presentation. The trial results also do not rule
out a favorable effect of aspirin if its administra-
tion had been commenced at an earlier age or
continued for a longer period of time.

Interpretation of the trial results should take
into account the low proportion of participants
who had been regularly taking low-dose aspirin
before entering the trial. This trial did not di-
rectly address the question of whether healthy
older persons who have been using aspirin for
primary prevention should continue or discon-
tinue its use.

In conclusion, these results of the ASPREE
trial indicate that, over a median follow-up of
4.7 years, the use of low-dose aspirin in per-
sons 70 years of age or older who did not have
cardiovascular disease did not prolong disability-
free survival in a predominantly white population.

Supported by a grant (U01AG029824) from the National Insti-
tute on Aging and the National Cancer Institute at the National
Institutes of Health, by grants (334047 and 1127060) from the
National Health and Medical Research Council of Australia, and
by Monash University and the Victorian Cancer Agency.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank members of the National Institute on Aging, the
National Cancer Institute, and the data and safety monitoring
board and Dalane Kitzman M.D., for comments on an earlier ver-
sion of the manuscript; the trial staff in Australia and the United
States; the staff of the Data Linkage Unit at the Australian Insti-
tute of Health and Welfare for undertaking the data linkage to the
National Death Index in Australia; the participants who volun-

teered for this trial; and the general practitioners and staff of the
medical clinics who cared for the participants.

APPENDIX

The authors’ full names and academic degrees are as follows: John J. McNeil, M.B., B.S., Ph.D., Robyn L. Woods, Ph.D., Mark R. Nel-
son, M.B., B.S., Ph.D., Christopher M. Reid, Ph.D., M.P.H., Brenda Kirpach, C.C.R.A., Rory Wolfe, Ph.D., Elsdon Storey, M.B., B.S.,
D.Phil., Raj C. Shah, M.D., Jessica E. Lockery, M.B., B.S., Andrew M. Tonkin, M.B., B.S., M.D., Anne B. Newman, M.D., M.P.H., Jeff D.
Williamson, M.D., M.H.S., Karen L. Margolis, M.D., M.P.H., Michael E. Ernst, Pharm.D., Walter P. Abhayaratna, M.B., B.S., Ph.D.,
Nigel Stocks, M.B., B.S., M.D., Sharyn M. Fitzgerald, Ph.D., M.P.H., Suzanne G. Orchard, Ph.D., Ruth E. Trevaks, Ph.D., Lawrence J.
Beilin, M.D., Geoffrey A. Donnan, M.B., B.S., M.D., Peter Gibbs, M.B., B.S., M.D., Colin I. Johnston, M.B., B.S., M.D., Joanne Ryan,
Ph.D., M.Biostat., Barbara Radziszewska, Ph.D., M.P.H., Richard Grimm, M.D., Ph.D., M.P.H., and Anne M. Murray, M.D., for the
ASPREE Investigator Group

The authors’ affiliations are as follows: the Department of Epidemiology and Preventive Medicine, Monash University (.J.M., R.L.W.,
M.R.N,, C.M.R., RW., E.S., J.E.L,, AM.T., S.M.F., S.G.O., R.E.T., C.LJ., J.R.), the Walter and Eliza Hall Institute of Medical Research
(P.G.), and the Baker Heart and Diabetes Institute (C.1.J.), Melbourne, and the Florey Institute of Neuroscience and Mental Health,
University of Melbourne, Parkville (G.A.D.), VIC, Menzies Institute for Medical Research, University of Tasmania, Hobart (M.R.N.), the
School of Public Health, Curtin University (C.M.R.), and the School of Medicine, Royal Perth Hospital, University of Western Australia
(L.J.B.), Perth, the College of Medicine, Biology, and Environment, Australian National University, Canberra, ACT (W.P.A.), and Disci-
pline of General Practice, University of Adelaide, Adelaide, SA (N.S.) — all in Australia; Berman Center for Outcomes and Clinical Re-
search, Hennepin Healthcare Research Institute, Hennepin Healthcare (B.K., R.G., A.M.M.), HealthPartners Institute (K.L.M.), and the
Division of Geriatrics, Department of Medicine, University of Minnesota (A.M.M.) — all in Minneapolis; the Department of Family

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org on September 16, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.



10

ASPIRIN AND DISABILITY-FREE SURVIVAL IN HEALTHY ELDERLY

Medicine and Rush Alzheimer’s Disease Center, Rush University Medical Center, Chicago (R.C.S.); the Center for Aging and Population
Health, University of Pittsburgh, Pittsburgh (A.B.N.); Sticht Center on Aging and Alzheimer’s Prevention, Section on Gerontology and
Geriatric Medicine, Department of Internal Medicine, Wake Forest School of Medicine, Winston-Salem, NC (J.D.W.); the Department
of Pharmacy Practice and Science, College of Pharmacy, and the Department of Family Medicine, Carver College of Medicine, University of
Iowa, lowa City (M.E.E.); and the Division of Geriatrics and Clinical Gerontology, National Institute on Aging, Bethesda, MD (B.R.).

REFERENCES

1. Antithrombotic Trialists’ Collabora-
tion. Collaborative meta-analysis of ran-
domised trials of antiplatelet therapy for
prevention of death, myocardial infarc-
tion, and stroke in high risk patients. BMJ
2002;324:71-86.

2. Baigent C, Blackwell L, Collins R, et al.
Aspirin in the primary and secondary pre-
vention of vascular disease: collaborative
meta-analysis of individual participant data
from randomised trials. Lancet 2009;373:
1849-60.

3. Rothwell PM, Algra A, Chen Z, Diener
HC, Norrving B, Mehta Z. Effects of aspi-
rin on risk and severity of early recurrent
stroke after transient ischaemic attack and
ischaemic stroke: time-course analysis of
randomised trials. Lancet 2016;388:365-
75.

4. Rothwell PM, Price JF, Fowkes FG, et
al. Short-term effects of daily aspirin on
cancer incidence, mortality, and non-vas-
cular death: analysis of the time course
of risks and benefits in 51 randomised
controlled trials. Lancet 2012;379:1602-
12.

5. Rothwell PM. Aspirin in prevention of
sporadic colorectal cancer: current clini-
cal evidence and overall balance of risks
and benefits. Recent Results Cancer Res
2013;191:121-42.

6. Sutcliffe P, Connock M, Gurung T, et al.
Aspirin for prophylactic use in the pri-
mary prevention of cardiovascular disease
and cancer: a systematic review and over-
view of reviews. Health Technol Assess
2013;17:1-253.

7. Whitlock EP, Williams SB, Burda BU,
Feightner A, Beil T. Aspirin use in adults:
cancer, all-cause mortality, and harms:
a systematic evidence review for the U.S.
Preventive Services Task Force. Evidence
syntheses no. 132. Rockville, MD: Agency
for Healthcare Research and Quality, 2015
(https://[www.ncbi.nlm.nih.gov/books/
NBK321643/).

8. Chubak J, Whitlock EP, Williams SB,
et al. Aspirin for the prevention of cancer
incidence and mortality: systematic evi-
dence reviews for the U.S. Preventive Ser-
vices Task Force. Ann Intern Med 2016;
164:814-25.

9. Whitlock EP, Burda BU, Williams SB,
Guirguis-Blake JM, Evans CV. Bleeding
risks with aspirin use for primary preven-
tion in adults: a systematic review for the
U.S. Preventive Services Task Force. Ann
Intern Med 2016;164:826-35.

10. Li L, Geraghty OC, Mehta Z, Rothwell
PM. Age-specific risks, severity, time
course, and outcome of bleeding on long-
term antiplatelet treatment after vascular

events: a population-based cohort study.
Lancet 2017;390:490-9.

11. ASPREE Investigator Group. Study de-
sign of ASPirin in Reducing Events in the
Elderly (ASPREE): a randomized, controlled
trial. Contemp Clin Trials 2013;36:555-
64.

12. Nelson MR, Reid CM, Ames DA, et al.
Feasibility of conducting a primary pre-
vention trial of low-dose aspirin for major
adverse cardiovascular events in older peo-
ple in Australia: results from the ASPirin
in Reducing Events in the Elderly (ASPREE)
pilot study. Med J Aust 2008;189:105-9.
13. McNeil JJ, Woods RL, Nelson MR, et al.
Baseline characteristics of participants in
the ASPREE (ASPirin in Reducing Events
in the Elderly) study. ] Gerontol A Biol Sci
Med Sci 2017;72:1586-93.

14. Chin AL, Negash S, Hamilton R. Di-
versity and disparity in dementia: the im-
pact of ethnoracial differences in Alzhei-
mer disease. Alzheimer Dis Assoc Disord
2011;25:187-95.

15. Carnethon MR, Pu J, Howard G, et al.
Cardiovascular health in African Ameri-
cans: a scientific statement from the
American Heart Association. Circulation
2017;136(21):€393-e423.

16. Teng EL, Chui HC. The Modified Mini-
Mental State (3MS) examination. J Clin
Psychiatry 1987;48:314-8.

17. Katz S. Assessing self-maintenance:
activities of daily living, mobility, and in-
strumental activities of daily living. ] Am
Geriatr Soc 1983;31:721-7.

18. Diagnostic and statistical manual of
mental disorders, 4th ed.: DSM IV. Wash-
ington, DC: American Psychiatric Associ-
ation, 1994.

19. McNeil JJ, Wolfe R, Woods RL, et al.
Effect of aspirin on cardiovascular events
and bleeding in the healthy elderly. N Engl
J Med. DOI: 10.1056/NEJM0a1805819.

20. McNeil JJ, Nelson MR, Woods RL, et al.
Effect of aspirin on all-cause mortality in
the healthy elderly. N Engl J] Med. DOI:
10.1056/NEJM0a1803955.

21. Wolfe R, Murray AM, Woods RL, et al.
The aspirin in reducing events in the el-
derly trial: statistical analysis plan. IntJ
Stroke 2018;13:335-8.

22. Peto R, Gray R, Collins R, et al. Ran-
domised trial of prophylactic daily aspirin
in British male doctors. Br Med J (Clin Res
Ed) 1988;296:313-6.

23. Steering Committee of the Physicians’
Health Study Research Group. Final re-
port on the aspirin component of the on-
going Physicians’ Health Study. N Engl J
Med 1989;321:129-35.

24. Kassoff A, Buzney SM, McMeel JW, et

N ENGLJ MED NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org on September 16, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

al. Aspirin effects on mortality and mor-
bidity in patients with diabetes mellitus:
Early Treatment Diabetic Retinopathy Study
report 14. JAMA 1992;268:1292-300.

25. The Medical Research Council’s Gen-
eral Practice Research Framework. Throm-
bosis prevention trial: randomised trial
of low-intensity oral anticoagulation with
warfarin and low-dose aspirin in the pri-
mary prevention of ischaemic heart dis-
ease in men at increased risk. Lancet 1998;
351:233-41.

26. Hansson L, Zanchetti A, Carruthers
SG, et al. Effects of intensive blood-pres-
sure lowering and low-dose aspirin in pa-
tients with hypertension: principal results
of the Hypertension Optimal Treatment
(HOT) randomised trial. Lancet 1998;351:
1755-62.

27. de Gaetano G, Collaborative Group of
the Primary Prevention Project. Low-dose
aspirin and vitamin E in people at cardio-
vascular risk: a randomised trial in gen-
eral practice. Lancet 2001;357:89-95.

28. Ridker PM, Cook NR, Lee IM, et al.
A randomized trial of low-dose aspirin in
the primary prevention of cardiovascular
disease in women. N Engl ] Med 2005;352:
1293-304.

29. BelchJ, MacCuish A, Campbell I, et al.
The prevention of progression of arterial
disease and diabetes (POPADAD) trial:
factorial randomised placebo controlled
trial of aspirin and antioxidants in pa-
tients with diabetes and asymptomatic
peripheral arterial disease. BMJ 2008;337:
al1840.

30. Ogawa H, Nakayama M, Morimoto T,
et al. Low-dose aspirin for primary pre-
vention of atherosclerotic events in patients
with type 2 diabetes: a randomized con-
trolled trial. JAMA 2008;300:2134-41.

31. Fowkes FG, Price JF, Stewart MC, et al.
Aspirin for prevention of cardiovascular
events in a general population screened
for a low ankle brachial index: a random-
ized controlled trial. JAMA 2010;303:841-8.

32. Ikeda Y, Shimada K, Teramoto T, et al.
Low-dose aspirin for primary prevention
of cardiovascular events in Japanese pa-
tients 60 years or older with atheroscle-
rotic risk factors: a randomized clinical
trial. JAMA 2014;312:2510-20.

33. Gauthier SG. Alzheimer’s disease: the
benefits of early treatment. Eur J Neurol
2005;12:Suppl 3:11-6.

34. Winblad B, Wimo A, Engedal K, et al.
3-Year study of donepezil therapy in Alz-
heimer’s disease: effects of early and con-
tinuous therapy. Dement Geriatr Cogn
Disord 2006;21:353-63.

Copyright © 2018 Massachusetts Medical Society.



