
 





Association of Aspirin Use for Primary Prevention
With Cardiovascular Events and Bleeding Events
A Systematic Review and Meta-analysis
Sean L. Zheng, BM, BCh, MA, MRCP; Alistair J. Roddick, BSc

IMPORTANCE The role for aspirin in cardiovascular primary prevention remains controversial,
with potential benefits limited by an increased bleeding risk.

OBJECTIVE To assess the association of aspirin use for primary prevention with cardiovascular
events and bleeding.

DATA SOURCES PubMed and Embase were searched on Cochrane Library Central Register of
Controlled Trials from the earliest available date through November 1, 2018.

STUDY SELECTION Randomized clinical trials enrolling at least 1000 participants with no
known cardiovascular disease and a follow-up of at least 12 months were included. Included
studies compared aspirin use with no aspirin (placebo or no treatment).

DATA EXTRACTION AND SYNTHESIS Data were screened and extracted independently by both
investigators. Bayesian and frequentist meta-analyses were performed.

MAIN OUTCOMES AND MEASURES The primary cardiovascular outcome was a composite of
cardiovascular mortality, nonfatal myocardial infarction, and nonfatal stroke. The primary
bleeding outcome was any major bleeding (defined by the individual studies).

RESULTS A total of 13 trials randomizing 164 225 participants with 1 050 511 participant-years
of follow-up were included. The median age of trial participants was 62 years (range, 53-74),
77 501 (47%) were men, 30 361 (19%) had diabetes, and the median baseline risk of the
primary cardiovascular outcome was 10.2% (range, 2.6%-30.9%). Aspirin use was associated
with significant reductions in the composite cardiovascular outcome compared with no
aspirin (60.2 per 10 000 participant-years with aspirin and 65.2 per 10 000 participant-years
with no aspirin) (hazard ratio [HR], 0.89 [95% credible interval, 0.84-0.94]; absolute risk
reduction, 0.41% [95% CI, 0.23%-0.59%]; number needed to treat, 241). Aspirin use was
associated with an increased risk of major bleeding events compared with no aspirin (23.1 per
10 000 participant-years with aspirin and 16.4 per 10 000 participant-years with no aspirin)
(HR, 1.43 [95% credible interval, 1.30-1.56]; absolute risk increase, 0.47% [95% CI,
0.34%-0.62%]; number needed to harm, 210).

CONCLUSIONS AND RELEVANCE The use of aspirin in individuals without cardiovascular
disease was associated with a lower risk of cardiovascular events and an increased risk of
major bleeding. This information may inform discussions with patients about aspirin for
primary prevention of cardiovascular events and bleeding.
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D espite reductions in death from cardiovascular dis-
ease over the past few decades, rates of death from
stroke and myocardial infarction have plateaued in

the United States.1 The health and economic burden of car-
diovascular disease has triggered the Centers for Disease
Control and Prevention and the Centers for Medicare & Med-
icaid Services to launch the Million Hearts 2022 initiative,
aiming to prevent cardiovascular events through risk factor
optimization.2,3 One target is to improve appropriate aspirin
(acetylsalicylic acid) prescribing. The benefit of aspirin in the
secondary prevention of stroke and myocardial infarction is
well-established; however, its use in primary prevention
remains controversial.4 Clinical trials of aspirin in patients
without cardiovascular disease have inconsistently demon-
strated improvements in cardiovascular outcomes,5,6 with
potential benefits countered by increased risks of clinically
significant bleeding.7 The uncertain role of aspirin in pri-
mary prevention of cardiovascular events is reflected in con-
trasting recommendations offered by guideline bodies.8,9

The overall effect of this uncertainty has been a decline in
aspirin prescribing for primary prevention over the past 5 to
10 years.1,10

The purpose of this meta-analysis was to assess the asso-
ciation of aspirin use with cardiovascular events and bleed-
ing events in populations without cardiovascular disease.

Methods
This article has been reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses.11 The protocol is available in Supplement 1.
Ethical approval was not required for this study.

Data Sources
A systematic search of PubMed and Embase was conducted on
Cochrane Central Register of Controlled Trials (CENTRAL) from
the earliest publication date available through November 1,
2018 (eMethods 1 in Supplement 2). The reference lists of in-
cluded studies and meta-analyses identified in the search were
screened for additional studies.

After removal of duplicates, the titles and abstracts of the
search results were screened for relevance by both authors. The
full texts of the remaining results were individually assessed
by both authors, independently, for inclusion based on pre-
determined criteria. The final list of included studies was de-
cided on by discussion between authors, with full agreement
required before inclusion. No disagreements required resolu-
tion by a third reviewer.

Study Selection
Trials were considered eligible if they (1) were a randomized
clinical trial (RCT); (2) enrolled participants without known pre-
existing cardiovascular disease; (3) compared aspirin at any
dose with no aspirin (defined as placebo or no treatment); (4)
had a follow-up of at least 12 months; (5) enrolled over 1000
participants; (6) provided information on any of the prespeci-
fied primary and secondary cardiovascular outcomes, pri-

mary and secondary bleeding outcomes, or cancer out-
comes; and (7) were published in the English language.

Data Extraction
Data were extracted using piloted forms, independently by both
authors, and were transcribed into a dedicated database. The
data extracted from each report included baseline partici-
pant characteristics, inclusion criteria, study drug and con-
trol treatment, follow-up duration, and end point data. Rel-
evant subgroup data were extracted when available. The
Antithrombotic Trialists’ (ATT) Collaboration provided addi-
tional outcome data on individual studies included in their in-
dividual patient data meta-analysis.4 Some event counts were
updated by the ATT Collaboration from the original publica-
tions because of reclassification of International Classifica-
tion of Diseases codes, with updated counts used in this analy-
sis. Secondary publications of original studies were included
if they reported on relevant outcomes.

Risk of bias assessment was done by the authors indepen-
dently using the Cochrane Collaboration risk of bias tool across
5 domains (sequence generation, allocation concealment,
blinding, detection bias, attrition bias, and reporting bias). No
disagreements required resolution by a third reviewer. The
Egger test was used to identify asymmetry of funnel plots for
publication bias.12

Outcomes
The primary cardiovascular outcome was a composite of car-
diovascular mortality, nonfatal myocardial infarction, and non-
fatal stroke. Secondary cardiovascular outcomes included all-
cause mortality, cardiovascular-related mortality, myocardial
infarction, total stroke (ischemic, hemorrhagic, and un-
known), and ischemic stroke. The primary bleeding outcome
was major bleeding and was individually defined by studies.
Secondary bleeding outcomes included intracranial bleeding
(intracerebral, subarachnoid, and subdural) and major gastro-
intestinal bleeding.

Cardiovascular and bleeding outcome definitions used in
studies were identified (eTable 1 in Supplement 2) and end
point data were extracted with the aim to maintain consis-
tency of definitions. For the primary cardiovascular out-
come, stroke was defined as both ischemic and hemorrhagic

Key Points
Question What is the association of aspirin use with
cardiovascular events and bleeding events in individuals without
cardiovascular disease?

Findings In this meta-analysis of 13 trials with 164 225 participants
without cardiovascular disease, aspirin use was associated with a
lower risk of cardiovascular events, defined as cardiovascular
death, nonfatal myocardial infarction, and nonfatal stroke (hazard
ratio [HR], 0.89; absolute risk reduction, 0.41%) and an increased
risk of major bleeding (HR, 1.43; absolute risk increase, 0.47%).

Meaning In individuals without cardiovascular disease, the use of
aspirin was associated with a lower risk of cardiovascular events
and an increased risk of major bleeding.
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for all studies except for A Study of Cardiovascular Events in
Diabetes (ASCEND) trial, which included only ischemic sub-
types.

Subgroup Analysis
Cardiovascular and bleeding outcomes were analyzed for
study populations with low and high cardiovascular risk and
in participants with diabetes. Cardiovascular risk subgroups
were based at the trial level. The 10-year risk of the primary
outcome was calculated by multiplying the annualized event
rate for the primary outcome in the control group by 10 years
(eMethods 2 in Supplement 2). A high cardiovascular risk
was defined as an estimated 10-year risk of the primary out-
come of at least 10%, and low cardiovascular risk was
defined as an estimated 10-year risk of the primary outcome
of less than 10%.9

Exploratory Cancer Outcomes
The effect of aspirin on cancer incidence and mortality is
uncertain, with meta-analyses yielding contrasting
results13,14 and the Aspirin in Reducing Events in the Elderly
(ASPREE) study demonstrating an increased risk of cancer
mortality with aspirin.15 In light of the uncertain evidence of
aspirin on cancer outcomes generated from previous stud-
ies, incident cancer and cancer mortality were prespecified
as exploratory outcomes.

Data Synthesis
A Bayesian meta-analysis was performed using the GeMTC
package on R Software, version 3.4.1 (R Foundation for Statis-
tical Computing). Analyses were performed using Markov chain
Monte Carlo methods.16 Fixed-effects or random-effects mod-
els were selected for each outcome based on the deviance in-
formation criterion, using the model with the smallest value17

(eMethods 3 in Supplement 2). Between-study heterogeneity
was assessed using the I2 statistic. When deviance informa-
tion criterion values were similar, the I2 was used for model
selection. Results are presented as hazard ratios (HRs) with 95%
credible intervals (CrIs). For studies that reported event counts
only, differences in follow-up duration between studies were
incorporated using the trial patient-years follow-up to esti-
mate HRs using Poisson likelihood and log link.17

Relative risk, with 95% CIs, was calculated using frequen-
tist pairwise meta-analysis. Absolute risk reductions (ARRs)
and absolute risk increases (ARIs) were calculated by multi-
plying the control risk by the calculated relative risk and 95%
CIs. Numbers needed to treat and harm were derived by di-
viding 1 by the calculated ARRs and ARIs, respectively.

Sensitivity analyses were performed restricted to aspirin
dose(excludingtotaldailydoses>100mg),double-blindplacebo-
controlled studies, and studies published after 2000. The year
2000 was chosen to represent the modern era of cardiovascu-
lar primary prevention. Post hoc sensitivity analyses, exclud-
ing the ASCEND trial and studies that enrolled participants with
asymptomatic peripheral arterial disease from the primary car-
diovascularoutcomeanalysis,werealsoconducted.Alldatawere
represented graphically with network and forest plots using R
software, version 3.4.1 and Microsoft Excel.

Results

Study Search and Study Characteristics
The systematic search of articles published before November
1, 2018, identified 1385 articles, of which 21 articles reporting
on 13 studies were included5,6,18-28 (eFigure 1 in Supplement 2;
Table). In total, 164 225 participants were enrolled, compris-
ing 1 050 511 participant-years of follow-up. The median (inter-
quartile range) duration of follow-up was 5.0 (4.7-6.7) years. The
comparator treatment was placebo in 9 studies and no aspirin
in 4 studies, while 6 studies used a factorial design (2 addition-
ally tested vitamin E23,24; 1, n-3 fatty acid5; 1, antioxidant25; 1,
warfarin22; and 1, hypertension treatment targets19). The Throm-
bosis Prevention Trial evaluated warfarin and aspirin alone and
in combination22; data for participants who received warfarin
were excluded from the analysis.

Three studies exclusively enrolled men19,20,22 and 1 exclu-
sively enrolled women.24 Overall, 77 501 participants (47.2%)
were men. Three studies exclusively enrolled participants with
diabetes,5,25,28 with 30 361 participants (18.5%) having diabe-
tes. The median study 10-year estimated cardiovascular event
rate was 10.2% (range, 2.6%-30.9%).

Risk of Bias and Publication Bias
Of the 13 included studies, 9 were at low risk of bias and 4 were
at high risk (eFigure 2 and eTable 2 in Supplement 2). There
were 9 double-blind and 4 open-label studies, with the latter
deemed high risk of bias. There was no evidence of publica-
tion bias for the primary outcome (Egger test: −0.47; P = .57)
(eFigure 3 in Supplement 2).

Primary Cardiovascular Outcome
For the primary cardiovascular outcome, 13 studies reported
a total of 6485 events (3143 with aspirin [60.2 per 10 000
participant-years] and 3342 with no aspirin [65.2 per 10 000
participant-years]). The use of aspirin was associated with
reductions in the composite cardiovascular outcome (HR,
0.89 [95% CrI, 0.84-0.94]; ARR, 0.41% [95% CI, 0.23%-
0.59%]; number needed to treat [NNT], 241) (Figure 1;
eTable 3 in Supplement 2) compared with no aspirin, with
low heterogeneity (I2 = 0%). Forest plots for frequentist
meta-analysis used to derive absolute differences are pre-
sented in eFigure 4 in Supplement 2.

Secondary Cardiovascular Outcomes
All-cause and cardiovascular mortality were reported in all
13 studies. The use of aspirin was not associated with reduc-
tions in all-cause mortality (HR, 0.94 [95% CrI, 0.88-1.01];
ARR, 0.13% [95% CI, −0.07% to 0.32%]) or cardiovascular
mortality (HR, 0.94 [95% CrI, 0.83-1.05]; ARR, 0.07% [95%
CI, −0.04% to 0.17%]) compared with no aspirin, with low
heterogeneity for both outcomes (I2 = 0%) (Figure 1; eTable 3
in Supplement 2).

The use of aspirin was associated with reduction in
myocardial infarction (HR, 0.85 [95% CrI, 0.73-0.99]; ARR,
0.28% [95% CI, 0.05%-0.47%]; NNT, 361) and ischemic
stroke (HR, 0.81 [95% CrI, 0.76-0.87]; ARR, 0.19% [95% CI,
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0.06%-0.30%]; NNT, 540) compared with no aspirin
(I2 = 0% and I2 = 18%, respectively) (Figure 1; eTable 3 in
Supplement 2). There was no significant reduction in total
stroke (HR, 0.93 [95% CrI, 0.86-1.02]) associated with aspirin
use compared with no aspirin (I2 = 1%) (eTable 4 in Supple-
ment 2).

Bleeding Outcomes
For the major bleeding outcome, 11 studies reported a total of
2029 events (1195 with aspirin [23.1 per 10 000 participant-
years] and 834 with no aspirin [16.4 per 10 000 participant-
years]). The use of aspirin was associated with an increased
rate of major bleeding (HR, 1.43 [95% CrI, 1.30-1.56]; ARI, 0.47%
[95% CI, 0.34%-0.62%]; number needed to harm [NNH], 210)
compared with no aspirin (Figure 1; eTable 3 in Supple-
ment 2). Intracranial hemorrhage (HR, 1.34 [95% CrI, 1.14-
1.57]; ARI, 0.11% [95% CI, 0.04%-0.18%]; NNH, 927) and ma-
jor gastrointestinal bleeding (HR, 1.56 [95% CrI, 1.38-1.78]; ARI,
0.30% [95% CI, 0.20%-0.41%]; NNH, 334) were also more com-
mon with aspirin use compared with no aspirin. Heteroge-
neity was low for all bleeding outcomes (I2 range, 0%-2%)
(Figure 1; eTable 3 in Supplement 2).

Outcomes Across Population Cardiovascular Risk Range
and in Participants With Diabetes
The estimated population 10-year risk of the primary composite
cardiovascular outcome was less than 10% in 6 studies enrolling
112 566participants(median,6.8%;range,2.6%-8.1%)6,18,20,23,24,26

and was at least 10% in 7 studies enrolling 48 934 participants
(median,12.8%;range,10.2%-30.9%).5,19,21,22,25,27,28 TheWomen’s
Health Study reported subgroup data for patients with a 10-year
cardiovascular risk of 10% or more, which was included in the
high-risk subgroup.24

In studies in which the risk of the cardiovascular out-
come was low, aspirin use was associated with reductions in
the primary composite cardiovascular outcome (HR, 0.91 [95%
CrI, 0.84-0.98]; ARR, 0.63% [95% CI, 0.18%-1.03%]; NNT, 160)
compared with no aspirin (Figure 2; eTable 3 in Supple-
ment 2). Aspirin was not associated with reductions in any of
the secondary outcomes. Aspirin use was associated with in-
creased risk of major bleeding (HR, 1.45 [95% CrI, 1.28-1.63];
ARI, 0.40% [95% CI, 0.25%-0.57%]; NNH, 249), intracranial
bleeding (HR, 1.41 [95% CrI, 1.16-1.71]; ARI, 0.13% [95% CI,
0.05%-0.22%]; NNH, 796), and major gastrointestinal bleed-
ing (HR, 1.58 [95% CrI, 1.34-1.87]; ARI, 0.27% [95% CI, 0.15%-
0.40%]; NNH, 376) (Figure 2; eTable 3 in Supplement 2).
Heterogeneity was low for all outcomes in patients with low
risk of the cardiovascular outcome (I2 range, 0%-11%).

In studies in which the risk of the cardiovascular out-
come was high, aspirin use was associated with reductions in
the primary composite cardiovascular outcome ( HR, 0.91 [95%
CrI, 0.84-0.98]; ARR, 0.63% [95% CI, 0.18%-1.03%]; NNT, 160)
compared with no aspirin, but not with reductions in any of
the secondary outcomes (Figure 2; eTable 3 in Supple-
ment 2). In participants with high cardiovascular risk, aspirin
use was associated with an increase in major bleeding (HR, 1.41
[95% CrI, 1.23-1.61]; ARI, 0.64% [95% CI, 0.35%-0.97%]; NNH,
152) and major gastrointestinal bleeding (HR, 1.54 [95% CrI,
1.26-1.89]; ARI, 0.39% [95% CI, 0.16%-0.69%]; NNH, 255), but
not in intracranial bleeding (HR, 1.19 [95% CrI, 0.89-1.60]; ARI,
0.07% [95% CI, −0.04% to 0.21%]) (Figure 2; eTable 3 in Supple-
ment 2). Heterogeneity was low for all outcomes in partici-
pants with high risk of the cardiovascular outcome (I2 range,
0%-15%).

Data for participants with diabetes were reported in 10
studies, accounting for 30 448 participants. Among participants

Figure 1. Cardiovascular and Bleeding Outcomes in All Participants

Favors
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0.5 21
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Cardiovascular Outcomes
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Reduction, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)
No. of
Events

No. of
Participants

Aspirin
No. of
Events

No. of
Participants

No Aspirin

291113 79 717 3342 80 057Composite CV outcome 0.41 (0.23 to 0.59) 0.89 (0.84-0.94) 0
362213 81 623 3588 80 057All-cause mortality 0.13 (–0.07 to 0.32) 0.94 (0.88-1.01) 0

99513 81 623 997 80 057CV mortality 0.07 (–0.04 to 0.17) 0.94 (0.83-1.05) 0
146913 81 623 1599 80 057Myocardial infarction 0.28 (0.05 to 0.47) 0.85 (0.73-0.99) 0

83110 65 316 942 63 752Ischemic stroke 0.19 (0.06 to 0.30) 0.81 (0.76-0.87) 18
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Bleeding Outcomes

Absolute Risk
Increase, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)

Aspirin

No. of
Events

No. of
Participants

No Aspirin

No. of
Events

No. of
Participants

119511 74 715 834 73 143Major bleeding 0.47 (0.34 to 0.62) 1.43 (1.30-1.56) 1
34912 80 985 257 79 419Intracranial bleeding 0.11 (0.04 to 0.18) 1.34 (1.14-1.57) 0
59310 70 336 380 70 465Major GI bleeding 0.30 (0.20 to 0.41) 1.56 (1.38-1.78) 2

The composite cardiovascular (CV) outcome consisted of cardiovascular
mortality, nonfatal myocardial infarction, and nonfatal stroke. Hazard ratios
(HRs) and 95% credible interval variables (CrIs) were calculated using Bayesian
meta-analysis of trial-level event counts. The absolute risk reductions and

increases were calculated by multiplying the control event risk by the relative
risk and 95% CIs derived by frequentist meta-analysis (eFigure 4 in
Supplement 2). GI indicates gastrointestinal.
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Figure 2. Cardiovascular and Bleeding Outcomes for Studies With Patients at High and Low Risk for the Primary CV Outcome and With Diabetes
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5306 24 773 369 23 065Major bleeding 0.64 (0.35 to 0.97) 1.41 (1.23-1.61) 10
1046 24 773 82 23 065Intracranial bleeding 0.07 (–0.04 to 0.21) 1.19 (0.89-1.60) 0

345 19 452 30 19 444Major GI bleeding 0.39 (0.16 to 0.69) 1.54 (1.26-1.89) 15

Favors
Aspirin

Favors No
Aspirin

0.5 21
Hazard Ratio (95% CrI)

Cardiovascular Outcomes

Absolute Risk
Reduction, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)
No. of
Events

No. of
Participants

Aspirin
No. of
Events

No. of
Participants

No Aspirin

16458 25 411 1649 23 703Composite CV outcomea 0.63 (0.18 to 1.04) 0.91 (0.84-0.98) 0
17197 25 411 1683 23 703All-cause mortality 0.43 (–0.02 to 0.84) 0.94 (0.86-1.02) 0

5907 25 411 549 23 703CV mortality 0.04 (–0.27 to 0.32) 0.97 (0.84-1.12) 14
8208 25 411 806 23 703Myocardial infarctiona 0.32 (–0.16 to 0.74) 0.91 (0.76-1.10) 3
3236 15 374 350 13 674Ischemic strokea 0.28 (–0.12 to 0.63) 0.88 (0.76-1.02) 8

Participants with high CV riskB

Favors
Aspirin

Favors No
Aspirin

10.1 4
Hazard Ratio (95% CrI)

Bleeding Outcomes

Absolute Risk
Increase, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)
No. of
Events

No. of
Participants

Aspirin
No. of
Events

No. of
Participants

No Aspirin

3703 10 029 287 10 047Major bleeding 0.80 (0.29 to 1.39) 1.29 (1.11-1.51) 0
632 9002 52 9017Intracranial bleeding 0.12 (–0.09 to 0.43) 1.21 (0.84-1.76) 1

1422 9002 105 9017Major GI bleeding 0.41 (0.06 to 0.86) 1.35 (1.05-1.75) 1

Favors
Aspirin

Favors No
Aspirin

Hazard Ratio (95% CrI)

Cardiovascular Outcomes

Absolute Risk
Reduction, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)
No. of
Events

No. of
Participants

Aspirin
No. of
Events

No. of
Participants

No Aspirin

9778 14 916 1072 14 898Composite CV outcome 0.65 (0.09 to 1.17) 0.90 (0.82-1.00)b 0
10285 11 938 1055 11 946All-cause mortality 0.24 (–0.49 to 0.91) 0.97 (0.85-1.11) 0

2644 10 159 279 10 167CV mortality 0.05 (–1.27 to 0.94) 0.82 (0.19-2.43) 35
4728 11 788 490 11 700Myocardial infarction 0.26 (–0.47 to 0.88) 0.94 (0.83-1.07) 14
2753 9535 317 9511Ischemic stroke 0.83 (–0.50 to 1.70) 0.70 (0.36-1.37) 23

10.1 4

Participants with diabetesC

Cardiovascular and bleeding outcomes for studies in which the risk of the primary
cardiovascular outcome were low and high, and in participants with diabetes. Trials
were low or high risk if the 10-year cardiovascular (CV) risk for the primary CV out-
come was less than 10% or greater than or equal to 10%, respectively. The compos-
ite CV outcome included CV mortality, nonfatal myocardial infarction, and nonfatal
stroke. Hazard ratios (HRs) and 95% credible intervals (CrIs) were calculated using

Bayesian meta-analysis of event counts. The absolute risk reductions and increases
were calculated by multiplying the control event risk by the relative risk and 95%
CIs derived by frequentist meta-analysis (eFigure 4 in Supplement 2). Heteroge-
neity was assessed using I2 statistics. GI indicates gastrointestinal.
aThe number of participants randomized to each arm in the Women's Health
Study24 was not reported, so event counts are omitted. bUpper CrI: 0.997.
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with diabetes, aspirin use was associated with reductions in
the primary composite cardiovascular outcome (HR, 0.90 [95%
CrI, 0.82-1.00]; ARR, 0.65% [95% CI, 0.09%-1.17%] NNT, 153)
(Figure 2; eTable 3 in Supplement 2). Aspirin use was not as-
sociated with reductions in any of the secondary cardiovas-
cular outcomes. Aspirin use was associated with an increase
in major bleeding (HR, 1.29 [95% CrI, 1.11-1.51]; ARI, 0.80% [95%
CI, 0.29%-1.39%]; NNH, 121) and major gastrointestinal bleed-
ing (HR, 1.35 [95% CrI, 1.05-1.75]; ARI, 0.41% [95% CI, 0.06%-
0.86%]; NNH, 243) in participants with diabetes, but not in in-
tracranial bleeding (HR, 1.21 [95% CrI, 0.84-1.76]; ARI, 0.12%
[95% CI, −0.09% to 0.43%]) (Figure 2; eTable 3 in Supple-
ment 2). There was evidence of moderate heterogeneity for car-
diovascular mortality in patients with diabetes (I2 = 35%).
Heterogeneity was low for all other outcomes in patients with
diabetes (I2 range, 0%-23%). Event rates and absolute risk dif-
ferences for all outcomes are available in eTable 3 and eTable 5
in Supplement 2.

Sensitivity Analysis
Eleven studies (134 470 participants) used a total daily aspi-
rin dose of 100 mg or less. Aspirin at a total daily dose of 100
mg or less was associated with reductions in the composite car-
diovascular outcome (HR, 0.89 [95% CrI, 0.83-0.95]), myo-
cardial infarction (HR, 0.87 [95% CrI, 0.76-1.00]), total stroke
(HR, 0.90 [95% CrI, 0.82-0.98]), and ischemic stroke (HR, 0.79
[95% CrI, 0.74-0.85]). There was no significant difference in
all-cause and cardiovascular mortality. There were associ-
ated increases in major bleeding (HR, 1.54 [95% CrI, 1.35-
1.76]), intracranial bleeding (HR, 1.31 [95% CrI, 1.11-1.56]), and
major gastrointestinal bleeding (HR, 1.55 [95% CrI, 1.36-
1.77]).

For double-blind, placebo-controlled studies (9 studies;
135 043 participants), aspirin use was associated with reduc-
tions in the composite cardiovascular outcome (HR, 0.88 [95%
CrI, 0.83-0.94]). No reduction was present in any of the sec-
ondary outcomes. Aspirin use was associated with increases
in major bleeding (HR, 1.41 [95% CrI, 1.28-1.55]), intracranial
bleeding (HR, 1.33 [95% CrI, 1.11-1.60]), and major gastrointes-
tinal bleeding (HR, 1.52 [95% CrI, 1.31-1.78]).

In studies published since the year 2000 (9 studies; 113 140
participants), aspirin use was associated with reductions in the
composite cardiovascular outcome (HR, 0.91 [95% CrI, 0.84-
0.98]), total stroke (HR, 0.89 [95% CrI, 0.80-0.98), and ische-
mic stroke (HR, 0.80 [95% CrI, 0.74-0.86]) compared with no
aspirin. There was no significant difference in all-cause and
cardiovascular mortality or myocardial infarction. Aspirin use
was associated with increased risk of major bleeding (HR, 1.39
[95% CrI, 1.26-1.53]), intracranial hemorrhage (HR, 1.34 [95%
CrI, 1.13-1.60]), and major gastrointestinal bleeding (HR, 1.48
[95% CrI, 1.28-1.71]).

In a post hoc sensitivity analysis excluding studies that en-
rolled patients with asymptomatic peripheral arterial
disease25,27 (11 studies; 156 874 participants), aspirin use was
associated with reductions in the composite cardiovascular
outcome (HR, 0.88 [95% CrI, 0.83-0.93]), myocardial infarc-
tion (HR, 0.80 [95% CrI, 0.68-0.95]), and ischemic stroke (HR,
0.81 [95% CrI, 0.76-0.87]) compared with no aspirin. Aspirin

use was associated with increases in major bleeding (HR, 1.42
[95% CrI, 1.30-1.56]), intracranial bleeding (HR, 1.33 [95% CrI,
1.13-1.57]), and major gastrointestinal bleeding (HR, 1.57 [95%
CrI, 1.38-1.79]) compared with no aspirin.

For the primary cardiovascular outcome, the ASCEND trial
only included ischemic strokes. Post hoc sensitivity analysis
excluding the ASCEND trial did not alter the primary out-
come (HR, 0.88 [95% CrI, 0.83-0.94]). Data for all sensitivity
analyses are available in eTable 6 in Supplement 2.

Exploratory Cancer Outcomes
Incident cancer and cancer mortality were reported in 10 and
12 studies, respectively. There was no significant difference in
incident cancer (HR, 1.01 [95% CrI, 0.93-1.08]) or cancer mor-
tality (HR, 1.03 [95% CrI, 0.96-1.11]) with aspirin use com-
pared with no aspirin (Figure 3). There was evidence of low
between-study heterogeneity for incident cancer (I2 = 14%) and
cancer mortality (I2 = 17%). There was no significant differ-
ence in cancer outcomes associated with aspirin in studies in
which the risk of the cardiovascular outcome was low (inci-
dent cancer: HR, 1.06 [95% CrI, 0.95-1.24]; cancer mortality:
HR, 1.11 [95% CrI, 0.93-1.33]), in studies in which the risk of the
cardiovascular outcome was high (incident cancer: HR, 0.96
[95% CrI, 0.90-1.03]; cancer mortality: HR, 0.96 [95% CrI, 0.86-
1.06]), and in participants with diabetes (incident cancer: HR,
0.95 [95% CrI, 0.74-1.14]; cancer mortality: HR, 1.05 [95% CrI,
0.80-1.43]). Exclusion of the ASPREE trial from the overall
analysis did not affect the results but reduced between-study
heterogeneity (incident cancer: HR, 1.00 [95% CrI, 0.90-
1.09]; I2 = 13%) (cancer mortality: HR, 0.98 [95% CrI, 0.91-
1.06]; I2 = 0%).

Discussion
In this meta-analysis of 13 trials enrolling 164 225 partici-
pants without cardiovascular disease, aspirin use was associ-
ated with reductions in the composite cardiovascular out-
come consisting of cardiovascular mortality, nonfatal
myocardial infarction, and nonfatal stroke. However, aspirin
use was associated with an increased risk of major bleeding,
intracranial bleeding, and major gastrointestinal bleeding with
comparable absolute risk estimates. Aspirin use was associ-
ated with reductions in the primary cardiovascular compos-
ite outcome and increases in major bleeding risks in both low
and high cardiovascular risk populations and in participants
with diabetes.

Compared with aspirin use in patients with established ath-
erosclerotic cardiovascular disease, aspirin use for primary pre-
vention has been controversial. This uncertainty has been re-
flected in contradictory guideline recommendations.8,9 The
current study demonstrates that when considering the total-
ity of evidence, cardiovascular benefits associated with aspi-
rin were modest and equally balanced by major bleeding
events.

This study builds on previous meta-analyses through the
inclusion of 3 studies that enrolled participants for whom un-
certainty regarding the efficacy of aspirin for primary preven-
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tion existed. The Aspirin to Reduce Risk of Initial Vascular
Events (ARRIVE) trial enrolled participants with moderate to
high estimated cardiovascular risk, the ASCEND trial en-
rolled participants with diabetes, and the ASPREE trial en-
rolled older participants (older than 65 or 70 years of age, de-
pending on ethnicity). It has been suggested that patients with
substantially increased cardiovascular risk may benefit from
preventive aspirin use.9 The US Preventive Services Task Force
recommends the initiation of low-dose aspirin in adults aged
50 to 69 years with a 10-year cardiovascular risk of 10% or
more.9 However, the use of cardiovascular risk scores tends
to overestimate an individual’s true risk,32 with poor agree-
ment between different cardiovascular risk calculators.33 The
difference in predicted and observed cardiovascular risk was
demonstrated by the ARRIVE trial, in which moderate-risk par-
ticipants (mean American College of Cardiology/American
Heart Association 10-year atherosclerotic cardiovascular dis-
ease risk of 17.3%) had an observed event rate of less than 10%.6

This study showed that when analysis was restricted to popu-
lations with observation-derived 10-year cardiovascular event
rate estimates of 10% or more, aspirin use was associated with
an absolute risk decrease of 0.63% (95% CI, 0.18%-1.04%) for
the cardiovascular composite outcome, but an absolute risk
increase of 0.64% (95% CI, 0.35%-0.97%) for major bleeding.

The challenge of interpreting absolute risk across differ-
ent outcomes lies in the interpretation of the severity of each
outcome. The current study demonstrates that the absolute
risk reduction for cardiovascular events and absolute risk in-
crease for major bleeding associated with aspirin use were of
similar magnitude. Aspirin use was not associated with a re-
duction in cardiovascular mortality, and deaths due to bleed-
ing were rare. Consequently, the decision to use aspirin for pri-
mary prevention may need to be made on an individual basis,

accounting for the patient’s risk of bleeding and their views on
the balance of risk vs benefit.34

The role of additional measures to reduce the potential
harms of long-term aspirin use is not clear from the present
study. Coprescription of aspirin with a proton pump inhibitor
(PPI) may limit the risk of significant gastrointestinal bleed-
ing and, therefore, shift the risk-benefit ratio toward an over-
all benefit of aspirin use for primary prevention in patients
without cardiovascular disease.27 However, the use of PPIs was
inconsistently reported in the studies included in this analy-
sis. Furthermore, this strategy has not been adequately tested
in RCTs and is of uncertain cost effectiveness.28

The ASPREE study, which enrolled healthy older individu-
als (median age, 74), demonstrated an increased risk of death
in patients randomized to receive aspirin, driven primarily by
a 31% increased risk of cancer mortality.15 This finding is in con-
trast to an individual patient data meta-analysis of primary and
secondary prevention aspirin trials that demonstrated a 15%
reduction in cancer mortality associated with aspirin use.13

While the reduction in cancer mortality emerged after at least
5 years of follow-up, this result was not replicated in the AS-
CEND trial that followed up 15 480 participants with diabetes
for a mean of 7.4 years. The findings of this study suggest that
the association of aspirin with cancer outcomes is neutral, with
no suggestion of harm or benefit from the available current evi-
dence.

Limitations
This study has several limitations. First, the inherent limita-
tions of meta-analyses exist, including the availability and qual-
ity of reported data.35 This was particularly apparent in the dia-
betes subgroup, in which cardiovascular and bleeding events
were poorly reported in studies. Second, end point defini-

Figure 3. Exploratory Cancer Outcomes

Favors
Aspirin

Favors No
Aspirin

0.5 21
Hazard Ratio (95% CrI)

Efficacy
All participants

Absolute Risk
Difference, %
(95% CI)

No. of
Studies

I2

HR (95% CrI)
No. of
Events

No. of
Participants

Aspirin
No. of
Events

No. of
Participants

No Aspirin

450710 63 048 4409 61 475Incident cancer 0.03 (–0.37 to 0.46) 1.01 (0.93-1.08) 14
153012 75 353 1447 73 781Cancer mortality 0.05 (–0.11 to 0.23) 1.03 (0.96-1.11) 17

Low CV risk participants
28374 38 905 2730 39 044Incident cancer 0.41 (–0.13 to 1.01) 1.06 (0.95-1.24) 18

8235 49 942 748 50 078Cancer mortality 0.16 (–0.06 to 0.42) 1.11 (0.93-1.33) 5
High CV risk participants

16706 24 143 1679 22 431Incident cancer –0.30 (–0.76 to 0.19) 0.96 (0.90-1.03) 3
7077 25 411 699 23 703Cancer mortality –0.13 (–0.41 to 0.17) 0.96 (0.86-1.06) 0

Participants with diabetes
10913 9640 1116 9655Incident cancer –0.68 (–2.09 to 0.95) 0.95 (0.74-1.14) 24

4454 10 667 438 10 685Cancer mortality 0.16 (–0.56 to 1.02) 1.05 (0.80-1.43) 25

Cancer outcomes across all studies, in low and high cardiovascular risk
populations, and in patients with diabetes. The absolute risk reductions and
increases were calculated by multiplying the control event risk by the relative
risk, and 95% CIs derived by frequentist meta-analysis (eFigure 4 in
Supplement 2). Study heterogeneity was assessed using I2 statistics. HR
indicates hazard ratio; CrI indicates credible interval; CV indicates

cardiovascular. Data for the JPAD, JPPP, and WHS trials were extracted from
subsequent trial publications on cancer outcomes.29-31 Data for the HOT, BDS,
and PHS (cancer mortality) and the HOT, BDS, AAA, and POPADAD (incident
cancer) trials were extracted from previous meta-analyses on cancer
outcomes.14
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tions between trials differed depending on contemporary con-
sensus definitions, reflecting the long time frame and diag-
nostic advances encompassed by trials in this study. For the
primary cardiovascular outcome, all studies except for AS-
CEND defined stroke events as including both ischemic and
hemorrhagic etiologies. Post hoc sensitivity analysis exclud-
ing ASCEND did not alter the overall findings. Hemorrhagic
stroke events could have been included as both a cardiovas-
cular and a bleeding outcome.

Third, the total daily doses of aspirin varied in studies from
50 mg to 500 mg, with the majority using doses from 75 mg
to 100 mg daily. Doses greater than 100 mg daily are not rep-
resentative of current clinical practice. Importantly, sensitiv-
ity analysis restricted to daily aspirin doses of 100 mg or less
demonstrated similar results to the overall analysis, includ-
ing an increased risk of major bleeding outcomes. Fourth, 8
trials began randomizing study participants over 20 years ago,
with 3 trials initiating recruitment in the 1970s and 1980s.19,20,22

Increasing adoption of additional primary prevention strate-
gies, such as risk factor modification and development of pub-
lic health initiatives, may limit the applicability of earlier stud-
ies to current practice. In studies published after 2000, aspirin
was associated with reductions in the primary cardiovascu-
lar outcome and increases in all bleeding outcomes, but was
no longer associated with reduced myocardial infarctions when
only more contemporary studies were included.

Conclusions
In this meta-analysis, the use of aspirin in individuals with-
out cardiovascular disease was associated with a lower risk of
cardiovascular events and an increased risk of major bleed-
ing. This information may inform discussions with patients
about aspirin for primary prevention of cardiovascular events
and bleeding.
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