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ABSTRACT

BACKGROUND: The role of aspirin for primary prevention of cardiovascular diseases remains controversial, par-
ticularly in the context of contemporary aggressive preventive strategies.

METHODS: Relevant randomized clinical trials were included, and risk ratios (RRs) were calculated using
random-effects models. Additional moderator analyses were performed to compare the pooled treatment effects
from recent trials (those reported after the guidelines of the National Cholesterol Education Program Third
Adult Treatment Panel were published in 2001; thus, conducted on the background of contemporary preventive
strategies) to the results of older trials.

RESULTS: Data from 14 randomized controlled trials involving 164,751 patients were included. Aspirin use de-
creased myocardial infarction risk by 16% compared with placebo (RR 0.84; 95% confidence interval [CI],
0.75-0.94); however, in the moderator analyses, aspirin was not associated with a decreased risk of myocardial
infarction in recent trials, but was in older trials (P-interaction = .02). Overall, aspirin use significantly increased
the occurrence of major bleeding (RR 1.49; 95% ClI, 1.32-1.69) and hemorrhagic stroke (RR 1.25; 95% CI,
1.01-1.54). In moderator analyses, the risk of major bleeding (P-interaction = .12) or hemorrhagic stroke (P-
interaction = .44) with aspirin was not significantly different between the older and new trials. Differences be-
tween aspirin and placebo in the risks for all-cause stroke, cardiac death, and all-cause mortality were not found.
CONCLUSIONS: In the context of contemporary primary prevention guidelines, the effect of aspirin on myocar-
dial infarction risk was significantly attenuated, whereas its major bleeding and hemorrhagic stroke complica-
tions were retained. Therefore, in contemporary practice, routine use of aspirin for the primary prevention of
cardiovascular events may have a net harmful effect.
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INTRODUCTION

In patients with known cardiovascular diseases, aspirin is the
cornerstone therapy based on robust evidence that it provides
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a net benefit in secondary prevention.'” However, in primary
prevention, its net balance between benefit and harm is un-
clear, given the most current evidence. Current guidelines
also conflict, some recommending aspirin for primary preven-
tion, and others not.'*~ Individual randomized clinical trials
(RCTs) have reached conflicting conclusions,’ '® but meta-
analyses of those RCTs suggest that aspirin is effective in
the primary prevention of cardiovascular diseases, a result pre-
dominantly driven by a small decrease in the risk of myocar-
dial infarction.'”"” Prior meta-analyses have been criticized
because they included older trials that enrolled patient popula-
tions with higher smoking rates and lower use of risk-
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modifying medications such as antihypertensive agents and
statins.!7-20-21

Since those trials, major advances have been made in car-
diovascular diseases prevention strategies, including statins
for primary prevention.”>>* Following some early RCTs
supporting the use of statins for primary prevention,”**’
the National Cholesterol Edu-
cation Program Third Adult
Treatment Panel (NCEP-ATP
III) published clinical guide-
lines in 2001, recommending
intensive cholesterol-lowering
therapy in clinical practice.”
Those guidelines led to a sig-
nificant increase in statin use
among US adults as early as
2003, resulting in a substantive
improvement in population
low-density lipoprotein
levels.?® Therefore, it is unclear

CLINICAL SIGNIFICANCE

* For primary prevention, aspirin decreases the risk of
myocardial infarction at the expense of increased
risks for major bleeding and hemorrhagic stroke.

e However, with contemporary aggressive preventive
strategies, the effect of aspirin on myocardial infarc-
tion risk seems to be significantly attenuated, whereas
its harmful effects on bleeding remain.

* Based on current evidence, routine aspirin use for the
primary prevention of cardiovascular diseases may
have a net harmful effect.

level, and full-text articles were retrieved if inclusion criteria
were met.

Data Extraction and Study Quality

Two investigators independently extracted data pertaining to
study characteristics, design, and outcomes. The efficacy end-
points were myocardial infarc-
tion, all-cause stroke, ischemic
stroke, cardiovascular mortality,
and all-cause mortality. The
safety outcomes were major
bleeding and hemorrhagic
stroke. Individual study defini-
tions were used for the end-
points. The potential risk of
bias in each RCT was appraised
using Cochrane Collaboration
guidelines (random sequence
generation and random alloca-

whether aspirin is effective for

primary prevention of cardiovascular events in contempo-
rary clinical practice. Recent RCTs have investigated the
current role of aspirin in primary prevention on the back-
ground of contemporary preventive strategies.”’ " There-
fore, an updated meta-analysis of RCTs was performed to
evaluate the safety and efficacy of aspirin for the primary
prevention of cardiovascular diseases. Additionally, a mod-
erator analysis was performed using data from only those
trials reported after the publication of the NCEP-ATP III
guidelines to investigate the safety and efficacy of aspirin
for primary prevention of cardiovascular disease in the con-
text of contemporary preventive strategies.

METHODS

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for systematic reviews and meta-
analyses.”!

Data Sources and Searches

Computerized literature searches of the PubMed, Embase, and
Cochrane databases, and clinical trial registries were conducted
(without language restrictions) to locate relevant studies, and
relevant articles were cross-referenced. Searches were per-
formed using various combinations of the following terms: “as-

9 9

pirin,” “cardiovascular disease,” “cardiovascular events,”
“primary,” “prevention,” and “clinical trial.”
Study Selection

Randomized clinical trials were included if patients without
established cardiovascular disease were enrolled and aspirin
therapy was compared with placebo or no therapy for the pre-
vention of cardiovascular diseases. No restrictions based on
study design, follow-up, or language were applied. Two inde-
pendent reviewers screened the studies at the title and abstract

tion; allocation concealment;
blinding of participants, personnel, and outcome assessors; in-
complete outcome data; and selective outcome reporting
bias).”

Data Synthesis and Analysis

A standard pairwise meta-analysis was performed using the
Comprehensive Meta-Analysis system, version 3 (Compre-
hensive Meta-Analysis; Biostat Inc., Englewood, NJ). Pooled
risk ratios (RRs) were calculated using random-effects models
because this is the most conservative methodology to account
for between-trial heterogeneity. To evaluate whether the effi-
cacy of aspirin is modified by contemporary preventive strate-
gies, additional moderator analyses were performed to
compare the pooled treatment effects from recent trials (re-
ported after publication of the NCEP-ATP III guidelines)
with the results of older trials. Heterogeneity across trials
was evaluated using the Cochran Q test and the Higgins /*
test.*> When heterogeneity was discovered, a sensitivity anal-
ysis was performed by excluding one study at a time and eval-
uating the impact on the summary results.**

RESULTS

Study Selection and Patient Population
Fourteen RCTs including 164,751 patients (48% male) sat-
isfied the inclusion criteria.’ '®?"*" The search flow dia-
gram is shown in Supplementary Figure 1 (Appendix,
available online), and the bias assessment for each RCT is
shown in Supplementary Figure 2 (Appendix, available on-
line). The majority of these studies were high-quality trials
based on Cochrane Collaboration guidelines (Supplemen-
tary Figure 2). Supplementary Table 1 (Appendix, available
online) shows the inclusion and exclusion criteria for each
trial.

The Table shows the basic characteristics of each individual
trial. Four studies, the British Male Doctors Trial (BMD), the
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Table Baseline Characteristics of Included Trials
Trial Group Size, n Age, Mean (SD), Mean Male, n (%) DM, n (%) HTN, n (%) Aspirin
(Publication Years Follow-Up, Dose,
Year) Years mg*
Aspirin Placebo Aspirin  Placebo Aspirin Placebo  Aspirin  Placebo  Aspirin  Placebo
BMD (1998) 3429 1710 NR NR 6.0 3429 1710 69 (2.0) 32(1.9) 349 159 500
(100) (100) (10.2) (9.3)
PHS (1989) 11,037 11,034 NR NR 5.2 11 037 11,034 275 258 NR NR 325
(100) (100) (2.5) (2.3)
ETDRS 1856 1855 NR NR 5.0 1031 1065 1856 1855 840 806 650
(1992) (55.5)  (57.4)  (100)  (100)  (45.3)  (43.4)
TPT (1998) 1268 1272 57.7 57.3 6.8% 1268 1272 NR NR NR NR 75
(6.7) (6.6) (100) (100)
HOT (1998) 9399 9391 61.5 61.5 3.8 4981 4977 752 751 9399 9391 75
(7.5)  (7.5)t (53)t (53)t (8.0)f  (8.0)t  (100)  (100)
PPP (2001) 2226 2269 64.5 64.3 3.6 949 963 377 365 1527 1538 100
(7.7)  (7.6) (43.0)  (42.0)  (17.0)  (16.0)  (69.0)  (68.0)
WHS (2005) 19,934 19,942 54.6 54.6 10.1 0 (0.0) 0 (0.0) 538 499 5183 5125 100
(7.0) (7.0) (2.7) (2.5) (26.0) (25.7)
JPAD (2008) 1262 1277 65.0 64.0 4.3t 706 681 1262 1277 742 (59) 731(57) 81-100
(10.0)  (10.0) (56.0)  (53.0)  (100)  (100)
POPADAD 318 318 60.0 60.1 6.7% 135 138 135 138 NR NR 300
(2008) (10.1)  (9.7) (42.5)  (43.4)  (100)  (100)
AAAT (2010) 1675 1675  62.2 61.7 8.2 481 473 45 (3.0) 43(3.0) NR NR 100
(6.7)  (6.6) (29.0)  (28.0)
JPPP (2014) 7220 7244 70.6 70.5 5.0t 3055 3068 2445 2458 6144 6145 100
(6.2)  (6.2) (42.3)  (42.4)  (33.9) (33.9) (84.9)  (84.8)
ARRIVE 6270 6276 63.9 63.9 5.0 4419 4419 0(0.0) 0(0.0) 3916 3950 100
(2018) (7.1)  (7.1) (70.5)  (70.4) (62.5)  (62.9)
ASCEND 7740 7740 63.2 63.3 7.4 4843 4841 7740 7740 4766 4767 100
(2018) (9.2)  (9.2) (62.6)  (62.5)  (100)  (100)  (61.6)  (61.6)
ASPREE 9525 9589 NR NR 4.7% 4152 4179 1027 1030 7065 7148 100
(2018) (44.0)  (44.0)  (11.0)  (11.0)  (74.0)  (75.0)

AAA = Aspirin for Asymptomatic Atherosclerosis; ABI = ankle-brachial index; ARRIVE = Aspirin to Reduce Risk of Initial Vascular Events; ASCEND = A Study of
Cardiovascular Events in Diabetes; ASPREE = The Aspirin in Reducing Events in the Elderly; BMD = British Male Doctors Trial; CVD = cardiovascular disease; DM =
diabetes mellitus; ETDRS = Early Treatment Diabetic Retinopathy; HOT = Hypertension Optimal Treatment; HTN = Hypertension; JPAD = Japanese Primary Pre-
vention of Atherosclerosis with Aspirin for Diabetes; JPPP = Japanese Primary Prevention Project; NR = Not Reported; PAD = peripheral arterial disease; PHS =
Physician's Health Study; POPADAD = Prevention of Progression of Arterial Disease and Diabetes; PPP = Primary Prevention Project; RCT = randomized con-
trolled trial; SD = standard deviation; TPT = Thrombosis Prevention Trial; WHS = Women's Health Study.

*Daily dose except in PHS (dosed every other day).
T For the entire study population; subgroup data not reported.
Median.

Primary Prevention Project, the Japanese Primary Prevention
of Atherosclerosis with Aspirin for Diabetes, and the
Japanese Primary Prevention Project were open-label trials
in which aspirin was compared with no therapy (no placebo).”
10-12.15 The remainder were double-blind, placebo-controlled
trials. These trials included a broad spectrum of patients.
Three trials, the BMD, the Physician's Health Study (PHS),
and the Thrombosis Prevention Trial exclusively enrolled
male patients.®’"'® The Women's Health Study exclusively en-
rolled female patients.l " Three trials, the BMD, the PHS, and
the Women's Health Study exclusively enrolled health
professionals.®’”!" Four trials, the Early Treatment Diabetic
Retinopathy, Thrombosis Prevention Trial, Prevention of Pro-
gression of Arterial Disease and Diabetes, and A Study of Car-
diovascular Events in Diabetes were conducted using only

diabetic patients.®'*'®*® The mean duration of follow-up
ranged from 3.8 years to 10.1 years, primarily around 5
years. The Aspirin in Reducing Events in the Elderly trial ex-
clusively enrolled older patients (aged more than 65 years).>”"
0 Mean age ranged from 54.6 years to 70.5 years in all other
trials. The majority of trial participants were from the United
States and United Kingdom, but 2 trials exclusively used
Japanese patients.'>'> The aspirin dose was 75 to 500 mg
daily, but was typically 100 mg.

Efficacy Outcomes

Myocardial infarction. Myocardial infarction occurred in
2.1% of those in the aspirin group, compared with 2.3% in
the placebo group. Aspirin use decreased myocardial infarc-
tion risk by 16% (RR 0.84; 95% CI, 0.75-0.94) compared
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4 N\
A) Myocardial infarction
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value
BMD (1988) 0958 0.745 1231 0.736
PHS (1989) 0.581 0473 0.715 0.000 -.-I
ETDRS (1992) 0.851 0.726 0998 0.047
TPT (1998) 0.706 0524 0952 0.022 . =
HOT (1998) 0.645 0489 0.850 0.002 E o
PPP (2001) 0692 0387 1235 0.213 —a—
WHS (2005) 1.026 0.843 1250 0.796 1%
JPAD (2008) 0.867 0403 1868 0.716 —a
POPADAD (2008) 1.333 0.873 2037 0.183 -
AAAT (2010) 1.047 0785 1.395 0.757
JPPP (2014) 0.576 0.359 0.924 0.022 i
ARRIVE (2018) 0.849 0.647 1.113 0.237
ASCEND (2018) 0.912 0.778 1.069 0.255
ASPREE (2018) 0.936 0.761 1.150 0.527
Total 0.841 0.750 0.944 0.003 4
Heterogeneity (Q = 33.6, P = .001; I* = 61.2) 0102 05 1 2 5 10
Aspirin better Aspirin worse i
B) Moderator analysis for the risk of myocardial infarction
Group by Study name Statistics for each study Risk ratio and 95% CI
et Risk Lower Upper
ratio  limit limit  p-Value
New WHS (2005) 1.026 0843 1250 0.796 4
New JPAD (2008) 0867 0403 1868 0716 _—
New POPADAD (2008) 1.333 0873 2037 0.183 —
New AAAT (2010) 1.047 0785 1395 0757 -
New JPPP (2014) 0576 0359 0924 0022 —
New ARRIVE (2018) 0849 0647 1113 0237 -
New ASCEND (2018) 0912 0778 1069 0255
New ASPREE (2018) 0936 0761 1150 0527
New Subtotal 0.942 0826 1074 0370
old BMD (1988) 0958 0745 1231 0736
old PHS (1989) 0581 0473 0715  0.000 E 3
old ETDRS (1992) 0851 0726 0998  0.047
old TPT (1998) 0706 0524 0952 0022 —&
old HOT (1998) 0645 0489 0850 0.002 -
Old PPP (2001) 0692 0.387 1235 0.213 —_—
old Subtotal 0739 0640 0853  0.000 *
01 02 0.5 2 5 10
P-interaction = .02 @ 5
Aspirin better Aspirin worse
\, J/

Figure 1 Myocardial infarction. (A) Individual and pooled risk ratios (RRs) for myocardial
infarction. (B) Moderator analysis with separate pooled estimates for the risk of myocardial
infarction in recent trials vs older trials. The RR estimate from each study is indicated with
a square. The size of the square represents the weight of the corresponding study in the
meta-analysis. CI = confidence interval; MI = myocardial infarction; RR = risk ratio. Study
names are as in the Table.

with placebo (Figure 1A). However, moderate heterogeneity
was found between trials (Q = 33.6, P = .001; P= 61.2). A
sensitivity analysis suggests that the heterogeneity originated
from the PHS trial.” During sensitivity analyses, removing
the PHS trial eliminated heterogeneity without affecting sum-
mary results. On the other hand, removing any other study did
not eliminate heterogeneity.

Among the trials included in this meta-analysis, 8 were
reported after publication of the NCEP-ATP III guidelines.
Moderator analysis, including data from only the 8 most re-
cent trials, showed that aspirin did not decrease myocardial

infarction risk (RR 0.94; 95% CI, 0.83-1.07; Figure 1B). On
the other hand, when using data that include the 6 older trials,
the protective effect of aspirin on myocardial infarction was
more robust (RR 0.74; 95% CI, 0.64-0.85; Figure 1B). The
P value for interaction was .02.

Cerebrovascular events. All-cause stroke occurred in
1.7% of those in the aspirin group, compared with 1.8% in
the placebo group. Differences in the risk for all-cause stroke
between the 2 groups were insignificant (RR 0.95; 95% CI,
0.87-1.04; Figure 2A). Statistically significant heterogeneity
was not found between the trials for a stroke outcome.
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A) All-cause stroke
Study name Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio limit limit p-Value

BMD (1988) 1.080 0.753 1550 0.674

PHS (1989) 1214 0930 1584 0.153
ETDRS (1992) 1.179 0.878 1583 0274
TPT (1998) 0694 0383 1260 0.230
HOT (1998) 0986 0.786 1237 0.901
PPP (2001) 0680 0362 1276 0.229

0.696 0992 0.041
0.536 1462 0.634
0.199 0.775 0.007

WHS (2005) 0.831
JPAD (2008) 0.885
POPADAD (2008)0.393

AAAT (2010) 0.880 0590 1312 0.530
JPPP (2014) 0972 0.763 1240 0.822
ARRIVE (2018) 1.120 0.807 1555 0.496
ASCEND (2018) 0913 0.768 1.084 0.297
ASPREE (2018) 0.967 0.796 1.175 0.736
Total 0953 0.869 1.045 0.305

Heterogeneity (Q = 18.2, P =.15; * =28.5)

01 02 05 1 2 5 10

- >
Aspirin better Aspirin worse

B) Ischemic stroke

Study name Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper
ratio limit limit p-Value
BMD (1988) 1.354 0570 3.214 0493 —_—
PHS (1989) 1.109 0.824 1.494 0493
TPT (1998) 0.634 0.309 1.300 0.213 {
HOT (1998) 0.968 0.778 1.204 0.771
PPP (2001) 0.951 0.460 1.966 0.893 —
WHS (2005) 0.770 0.631 0.939 0.010 =
JPAD (2008) 0.890 0.505 1.571 0.689 —
AAAT (2010) 0.811 0.503 1.306 0.389 —
JPPP (2014) 0.844 0634 1.125 0.247 —&
ASCEND (2018)0.913 0.768 1.084 0.297
ASPREE (2018)0.892 0.716 1.111 0.308
Total 0.893 0.820 0.973 0.009 4
Heterogeneity (0 =6.9, P=.73; 2 =0.0) 0102 05 1 2 5 10
X Aspirin better Aspirin worse -
\_

Figure 2 Cerebrovascular events. Individual and pooled risk ratio (RRs) for (A) all-cause
stroke and (B) ischemic stroke. The RR estimate from each study is indicated with a square.
The size of the square represents the weight of the corresponding study in the meta-analysis.

Study names are as in the Table.

Data for ischemic stroke were available from 11 trials. Aspi-
rin use decreased ischemic stroke risk by 11% (RR 0.89; 95%
CI, 0.82-0.97) compared with placebo (Figure 2B). Statisti-
cally significant heterogeneity between trials was not found.
In the moderator analyses, no differences were found between
the older and newer trials for the risks of all-cause stroke (P-
interaction = .12) or ischemic stroke (P-interaction = .12).

Mortality. All-cause mortality was 4.7%, and cardiovascu-
lar mortality was 1.5% in the aspirin group, compared with
4.8% and 1.5%, respectively, in the placebo group. Aspirin
did not significantly decrease all-cause mortality (RR 0.96;
95% CI, 0.92-1.01) or cardiovascular mortality (RR 0.93;

95% CI, 0.86-1.00) compared with placebo (Figure 3). Statis-
tically significant heterogeneity between trials was not found
for these outcomes. In addition, in the moderator analyses,
the effects of aspirin on all-cause mortality (P-interaction =
.19) and cardiac mortality (P-interaction = .77) were not sig-
nificantly different between the older and recent trials.

Safety Outcomes

Major bleeding. Major bleeding rates were reported from
11 trials. Major bleeding occurred in 1.5% in the aspirin
group, compared with 1.1% in the placebo group. Aspirin
use increased major bleeding risk by 49% (RR 1.49; 95%
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A) All-cause mortality
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value
BMD (1988) 0892 0.737 1.079 0.238 —a—
PHS (1989) 0956 0.795 1.149 0.630 —
ETDRS (1992) 0928 0.813 1.060 0.274 ——
TPT (1998) 1.031 0.802 1.324 0.814 e
HOT (1998) 0930 0.794 1.091 0.374 —a—
PPP (2001) 0.810 0.583 1.125 0.209 —_—
WHS (2005) 0949 0.851 1.058 0.347 —i-
POPADAD (2008)0.905 0.600 1.364 0.633 _
AAAT (2010) 0946 0.779 1.150 0.578
JPPP (2014) 0983 0.841 1.150 0.835
ARRIVE (2018) 0995 0.802 1.235 0.962 ,
ASCEND (2018) 0944 0.859 1.038 0.237 E B
ASPREE (2018) 1.137 1.011 1.279 0.032 }—l—
Total 0968 0.928 1.011 0.143 Q
1

Heterogeneity (Q = 10.6, P = 0.57; £ = 0.0)

Aspirin better Aspirin worse

B) Cardiovascular mortality

Study name Statistics for each study Risk ratio and 95% Cl

Risk Lower Upper

ratio  limit limit p-Value
BMD (1988) 1.006 0.740 1367 0970
PHS (1989) 0976 0719 1324 0874 !
ETDRS (1992) 0.887 0756 1.041 0.141 |
TPT (1998) 1003 0680 1479 0987 —-:—
HOT (1998) 0949 0750 1.201 0.664 -
PPP (2001) 0559 0310 1.007 0053 ——
WHS (2005) 0953 0743 122 0704 -J—
JPAD (2008) 0.101 0013 0789 0.029
POPADAD (2008) 1.250 0660 2368 0494 —_—
AAAT (2010) 1.167 0720 1.891 0.532 ——
JPPP (2014) 1.021 0709 1469 0911 ——
ARRIVE (2018) 0975 0625 1523 0912
ASCEND (2018) 0929 0772 1118 0437
ASPREE (2018) 0.818 0621 1.077 0.152
Total 0928 0859 1.003 0.060 ‘

Heterogeneity (Q = 11.0, P = 0.61; 2 = 0.0) 01 02 05 1 2 5 10
- Aspirin better Aspirin worse .
\. J

Figure 3 Mortality. Individual and pooled risk ratio (RRs) for (A) all-cause mortality and
(B) cardiovascular mortality. The RR estimate from each study is indicated with a square.
The size of the square represents the weight of the corresponding study in the meta-analysis.
CI = confidence interval; CV = cardiovascular; RR = risk ratio. Study names are as in the

Table.

CI, 1.32-1.69) compared with placebo (Figure 4A). Statisti-
cally significant heterogeneity between trials was not found.
In the moderator analyses, the increased risk of major bleeding
with aspirin use was not significantly different in recent trials
than in older trials (P-interaction =.12) (Figure 4B).

Hemorrhagic stroke. Data describing hemorrhagic stroke
was available from 13 trials. Aspirin significantly increased
hemorrhagic stroke risk by 25% (RR 1.25; 95% CI, 1.02-
1.51) compared with placebo (Figure 4C). Statistically signif-
icant heterogeneity between trials was not found. Again, in the
moderator analyses, no differences were found between the

older and new trials for the risk of hemorrhagic stroke (P-inter-
action =.44).

DISCUSSION

In this study of 164,751 patients enrolled in 14 RCTs, we com-
pared the efficacy and safety of aspirin use for the primary pre-
vention of cardiovascular diseases. We found that aspirin use
in patients without known cardiovascular diseases decreased
the risk of myocardial infarction by 16% at the expense of in-
creased risks for major bleeding and hemorrhagic stroke (49%
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A) Major Bleeding
Study name Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper
ratio limit limit p-Value
BMD (1988) 0997 0468 2126 0.995 _—
PHS (1989) 1600 1.014 2522 0.043 ——
TPT (1998) 2.006 0606 6646 0.255 e
HOT (1998) 1.742 1321 2298 0.000 -
PPP (2001) 4077 1670 9955 0.002 —_—
WHS (2005) 1396 1.067 1.826 0.015 --
JPAD (2008) 2249 1.028 4919 0.042 —
AAAT (2010) 1.700 0983 2941 0.058 ——
JPPP (2014) 1830 1.206 2776 0.005 ——
ASCEND (2018) 1.282 1.088 1.510 0.003 =
ASPREE (2018) 1.371 1173 1.603 0.000 =
Total 1494 1321 1689 0.000 *
. 02 05 1 2 5 10
Heterogeneity (Q = 13.7, P = .19; P = 26.8) & o
Aspirin better Aspirin worse
B) Moderator Analysis for the risk of Major Bleeding
Group by  Study name Statistics for each study Risk ratio and 95% CI
Trials "
Risk Lower Upper
ratio  limit limit p-Value
New WHS (2005) 1.396 1.067 1.826 0.015 ——
New JPAD (2008) 2249 1.028 4919 0.042
New AAAT (2010) 1.700 0983 2941 0.058 —
New JPPP (2014) 1.830 1206 2776 0.005 —
New ASCEND (2018) 1.282 1.088 1.510 0.003 =
New ASPREE (2018) 1.371 1.173 1.603 0.000 =
New Subtotal 1.404 1245 1.583 0.000 ¢
Old BMD (1988) 0.997 0468 2.126 0.995 —_—
Old PHS (1989) 1.600 1.014 2522 0.043 ——
Old TPT (1998) 2.006 0606 6646 0.255 —
Old HOT (1998) 1.742 1321 2298 0.000 E
Old PPP (2001) 4.077 1.670 9.955 0.002 ——
Old Subtotal 1.725 1370 2.172 0.000 <>
P-interaction =.12 % 02 05 2 5 10 =
Aspirin better Aspirin worse
C) Hemorrhagic stroke
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit limit p-Value
RPA-BMD (1988) 1.080 0.411 2.838 0.875 ——
PHS (1989) 1999 1.000 3.996 0.050 ——
TPT (1998) 2341 0902 6.072 0.080 ——
HOT (1998) 0.856 0.396 1.851 0.693 —a—
PPP (2001) 1.019 0.144 7.230 0.985 e
WHS (2005) 1.244 0825 1876 0.297 R
JPAD (2008) 0.867 0.292 2574 0.798 ——
POPADAD (2008) 0.667 0.112 3.963 0.656 —_—
AAAT (2010) 1.250 0.336 4.647 0.739 ——
JPPP (2014) 1.873 1.001 3.503 0.050 -
ARRIVE (2018) 0.728 0.293 1.809 0.494 ——
ASCEND (2018) 0962 0.556 1.663 0.888
ASPREE (2018) 1273 0.813 1.995 0.292
Total 1.245 1.023 1515 0.029
Heterogeneity (Q = 9.2, P = .68; £ = 0) . 0.1 1 10
Aspirin better ~ Aspirin worse
\. J/

Figure 4 Safety outcomes. (A) Individual and pooled risk ratios (RRs) for major
bleeding. (B) Moderator analysis with separate pooled estimates for the risk of ma-
jor bleeding in recent trials vs older trials. (C) Individual and pooled RRs for hem-
orrhagic stroke. The RR estimate from each study is indicated with a square. The
size of the square represents the weight of the corresponding study in the meta-anal-
ysis. Study names are as in the Table.
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and 25%, respectively). The risks for all-cause stroke, cardio-
vascular mortality, and all-cause mortality were not affected.
Furthermore, it seems that with aggressive contemporary pre-
ventive strategies, aspirin might not even decrease the risk of
myocardial infarction, but its harmful effects on bleeding
remain.

Current evidence of the net benefit of aspirin therapy for pa-
tients with established cardiovascular diseases is robust.””*>
Thus, all guidelines recommend aspirin therapy for secondary
prevention.'** However, current evidence and guideline rec-
ommendations about the net benefit of aspirin in primary pre-
vention conflict.” The 2016 United States Preventive Services
Task Force recommends initiating low-dose aspirin use for the
primary prevention of cardiovascular diseases in adults aged
50 to 59 years who have a 10% or greater 10-year cardiovas-
cular risk, are not at increased risk for bleeding, have a life ex-
pectancy of at least 10 years, and are willing to take low-dose
aspirin daily for at least 10 years.? The decision to initiate low-
dose aspirin use for the primary prevention of cardiovascular
diseases in adults aged 60 to 69 years who have a 10% or
greater 10-year cardiovascular diseases risk should be an indi-
vidual decision. For patients <50 years of age or older than 70
years, aspirin is not recommended. Similarly, the 2012 guide-
lines of the American College of Chest Physicians suggest
low-dose aspirin (75-100 mg/d) for the primary prevention
of cardiovascular diseases in patients aged more than 50
years." On the other hand, the 2016 European Society of Car-
diology guidelines recommend against the routine use of aspi-
rin for primary prevention of cardiovascular diseases.”
Similarly, the US Food and Drug Administration does not rec-
ommend aspirin use for the primary prevention of myocardial
infarction.”” According to the 2019 American College of Car-
diology/American Heart Association guidelines, use of aspirin
for the primary prevention of cardiovascular diseases in pa-
tients aged more than 70 years or at high risk of bleeding is
harmful (Class III indication).” Low-dose aspirin might be
considered (Class IIb indication) for the primary prevention
of cardiovascular diseases in select high-risk patients aged
40-70 years who are not at increased bleeding risk.”

The first 2 RCTs evaluating the role of aspirin in primary
prevention were conducted using male physicians in the
United States and United Kingdom, and reached disparate
conclusions.®” Since then, 12 additional RCTs have been
reported.”'®?’" The primary outcomes of interest in these
trials varied, as did their conclusions: some showed a benefit,
but others showed potential harm. Similarly, meta-analyses
reached conflicting conclusions.'”'®?” A 2016 meta-analysis
by the US Preventive Services Task Force including 11 trials
concluded that aspirin does provide a modest benefit for the
primary prevention of cardiovascular diseases, driven by
lower nonfatal myocardial infarction and nonfatal stroke
events.!” On the other hand, the Antithrombotic Trialists'
(ATT’s) collaborative meta-analysis of individual participant
data from 6 RCTs concluded that, for the primary prevention
of cardiovascular diseases, aspirin is of uncertain net value.?’
Since those meta-analyses, 3 new RCTs (conducted on a back-
ground of aggressive contemporary preventive strategies)

have been reported, rendering the older ones arguably
outdated.”” "

Our meta-analysis, by including these new RCTs, em-
ploys the largest sample size ever reported and shows that
aspirin therapy decreases myocardial infarction risk at the
expense of increased risks for major bleeding and hemor-
rhagic stroke without affecting all-cause or cardiovascular
mortality. However, the absolute benefit was small because
the absolute reduction of myocardial infarction risk was
only 0.2%. In addition, moderate heterogeneity was found,
driven by the PHS.” Several characteristics of the PHS
were different compared with others: participants were
male patients only, were of higher social economic/educa-
tional status (US physicians), received higher aspirin
doses, and on alternate days. In addition, it was terminated
prematurely (3 years ahead of schedule). Finally, it was
one of the oldest studies, performed when risk-modifying
medications such as statins were not used. Indeed, modera-
tor analyses using data from the 8 recent trials (conducted
on backgrounds of aggressive contemporary preventive
strategies) showed that aspirin does not decrease myocar-
dial infarction risk. Therefore, in our meta-analysis and in
previous meta-analyses, lower rates of myocardial infarc-
tion with aspirin were driven by those older trials when
statins and other aggressive measures were not routinely
used for primary prevention. In contemporary practice
where risk-modifying medications (eg, statins and antihy-
pertensive medications) and other primary prevention mea-
sures (eg, smoking cessation counseling) are aggressively
used, aspirin therapy may not have a role. This issue has
previously been examined by the ATT collaborators in
their hypothetical primary and secondary prevention risk
models, pointing out that in most of the older trials, aspirin
was prescribed to patients not receiving statin therapy,
which would have reduced both myocardial infarction and
ischemic stroke risks.?” By adding statins or other measures,
if ischemic event risks are reduced by half, adding aspirin
would be less beneficial in preventing ischemic events
while maintaining bleeding risk. Thus, based on our analy-
sis and the prevention models of the ATT collaborators, as-
pirin use for primary prevention in contemporary practice
might have a net harmful effect.

Limitations

This meta-analysis has several limitations. First, we did not
have access to individual participant data; therefore, the data
we analyzed were combined from various studies, each with
its own protocol, inclusion/exclusion criteria, primary end-
points of interest, and definitions. Specifically, the definition
of major bleeding events and cardiovascular mortality (Sup-
plementary Table 2, Appendix, available online) varied across
trials. In addition, aspirin dose, follow-up duration, baseline
characteristics, cardiovascular risks, and comorbidity varied
across trials. Furthermore, some trials were performed decades
ago, and since then, major advances have been made in the
field of cardiovascular diseases prevention. Therefore, these
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findings might not be generalizable to contemporary clinical
practice. However, additional sensitivity analysis was per-
formed using data from the recent trials. Finally, a small num-
ber of studies in a meta-analysis (as in our subgroup analysis)
can introduce bias in the heterogeneity test.>® Despite these
limitations, this is the largest meta-analysis addressing this
topic, and it will assist physicians in deciding the net risk/ben-
efit of aspirin therapy for the primary prevention of cardiovas-
cular diseases.

CONCLUSIONS

Based on this meta-analysis, in patients without known cardio-
vascular diseases, aspirin decreases the risk of myocardial in-
farction by 16%, at the expense of increasing risks for major
bleeding and hemorrhagic stroke (49% and 25%, respectively)
without affecting the risks for all-cause stroke, all-cause mor-
tality, or cardiovascular mortality. Furthermore, in contempo-
rary practice, where statins and other measures are used
aggressively for primary prevention, aspirin might not even
decrease myocardial risk. Therefore, in contemporary practice,
the routine use of aspirin for primary prevention may have a
net harmful effect, as it will increase hemorrhagic complica-
tions without decreasing cardiovascular diseases.
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