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Abstract

Background: The role of aspirin in primary prevention of cardiovascular disease (CVD) remains unclear. We aimed
to investigate the benefit-risk ratio of aspirin for primary prevention of CVD with a particular focus on subgroups.

Methods: Randomized controlled trials comparing the effects of aspirin for primary prevention of CVD versus
control and including at least 1000 patients were eligible for this meta-analysis. The primary efficacy outcome was
all-cause mortality. Secondary outcomes included cardiovascular mortality, major adverse cardiovascular events
(MACE), myocardial infarction, ischemic stroke, and net clinical benefit. The primary safety outcome was major
bleeding. Subgroup analyses involving sex, concomitant statin treatment, diabetes, and smoking were performed.

Results: Thirteen randomized controlled trials comprising 164,225 patients were included. The risk of all-cause and
cardiovascular mortality was similar for aspirin and control groups (RR 0.98; 95% CI, 0.93–1.02; RR 0.99; 95% CI, 0.90–
1.08; respectively). Aspirin reduced the relative risk (RRR) of major adverse cardiovascular events (MACE) by 9% (RR
0.91; 95% CI, 0.86–0.95), myocardial infarction by 14% (RR 0.86; 95% CI, 0.77–0.95), and ischemic stroke by 10% (RR
0.90; 95% CI, 0.82–0.99), but was associated with a 46% relative risk increase of major bleeding events (RR 1.46; 95%
CI, 1.30–1.64) compared with controls. Aspirin use did not translate into a net clinical benefit adjusted for event-
associated mortality risk (mean 0.034%; 95% CI, − 0.18 to 0.25%). There was an interaction for aspirin effect in three
patient subgroups: (i) in patients under statin treatment, aspirin was associated with a 12% RRR of MACE (RR 0.88;
95% CI, 0.80–0.96), and this effect was lacking in the no-statin group; (ii) in non-smokers, aspirin was associated with
a 10% RRR of MACE (RR 0.90; 95% CI, 0.82–0.99), and this effect was not present in smokers; and (iii) in males,
aspirin use resulted in a 11% RRR of MACE (RR 0.89; 95% CI, 0.83–0.95), with a non-significant effect in females.

Conclusions: Aspirin use does not reduce all-cause or cardiovascular mortality and results in an insufficient benefit-
risk ratio for CVD primary prevention. Non-smokers, patients treated with statins, and males had the greatest risk
reduction of MACE across subgroups.

Systematic review registration: PROSPERO CRD42019118474.

Keywords: Primary prevention, Aspirin, Cardiovascular disease, Major adverse cardiovascular event, Myocardial
infarction, Stroke, Major bleeding, Cancer, Meta-analysis

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: Jolanta.siller-matula@meduniwien.ac.at
6Division of Cardiology, Department of Internal Medicine II, Medical
University of Vienna, Währinger Gürtel 18-20, 1090 Vienna, Austria
Full list of author information is available at the end of the article

Gelbenegger et al. BMC Medicine          (2019) 17:198 
https://doi.org/10.1186/s12916-019-1428-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-019-1428-0&domain=pdf
http://orcid.org/0000-0003-0995-7178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:Jolanta.siller-matula@meduniwien.ac.at


Background
Acetylsalicylic acid (commonly referred to as “aspirin”)
is an antithrombotic agent that inhibits platelets by irre-
versibly acetylating the serine residue of cyclooxygenase-
1 (COX-1) in platelets with subsequently reduced levels
of prothrombotic thromboxane A2 (TxA2) [1–3]. In
patients with known cardiovascular disease (CVD), the
potential for aspirin to reduce further cardiovascular
(CV) events significantly outweighs the risks of major
bleeding and thus aspirin has since become a mainstay
in secondary prevention of CVD [4–8]. However, in pri-
mary prevention, its role is still under debate [9]. This is
due to an as yet unclear balance between the benefits
and risks of aspirin treatment in patients without a diag-
nosed atherosclerotic disease.
Previously published meta-analyses have indicated that

aspirin significantly reduced myocardial infarction (MI) and
major adverse cardiovascular events (MACE) without an
impact on stroke and CV- or all-cause death [10–14]. Fur-
thermore, an increased risk of major bleeding events under
aspirin strongly outweighed the benefits of aspirin treat-
ment in primary prevention [10, 12–14]. As a result, the
current guidelines on CVD prevention from the European
Society of Cardiology (ESC) do not recommend antiplatelet
therapy in patients free of overt CVD [8]. On the contrary,
the recently published 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease states that
aspirin might be considered in selected adults aged 40 to 70
who are at higher CV risk but at no increased bleeding risk
[15]. The U.S. Preventive Services Task Force recommends
initiation of aspirin treatment depending on age and 10-
year CVD risk [16].
Recently, three major trials (ARRIVE, ASCEND, and

ASPREE) evaluating the use of aspirin in primary preven-
tion of CVD were published [17–19]. The ARRIVE trial
enrolled patients with moderate to high cardiovascular
risk, the ASCEND trial patients with diabetes mellitus
(DM) only, and the ASPREE trial elderly patients. Only
the ASCEND trial [18] showed a significant reduction in
the rate of major adverse CV events, but the effect was,
once again, accompanied by a significant increase in major
bleeding. Using the three recently published trials, we
aimed to perform a meta-analysis with a particular focus
on subgroups in order to potentially characterize patient
populations with a more favorable benefit-risk ratio.

Methods
Protocol and registration, data extraction, and quality
assessment
Our review was registered with PROSPERO under the
registration number CRD42019118474. Two reviewers
applied the selection criteria (GG and JMSM) independ-
ently and in duplicate. This study was conducted in ac-
cordance with Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines, as
described previously [20–24].

Data sources and searches
We searched PubMed and Web of Science using prede-
fined search terms (primary prevention AND aspirin
AND clinical trial OR meta-analysis) until November
2018. Six additional trials [25–30] that were included in
a previous meta-analysis [5] were also identified and
included in our analysis. The titles and abstracts of
suspected relevant citations were screened for eligibility,
and the full text was acquired for further evaluation if
the citation was deemed pertinent. References of re-
trieved meta-analyses and reviews were also checked for
additional trials.

Study selection and outcomes
Included studies had to be randomized controlled trials
(RCT) and include at least 1000 patients. Studies had to
be controlled (placebo or control group), but could be
open-label or blinded. The target patient population
comprised patients without any history of CVD. Patients
with a low ankle-brachial index (ABI) who had no symp-
toms and no diagnosis of peripheral arterial disease were
considered as a primary prevention cohort. Exclusion
criteria were non-RCTs, duplicate reports, ongoing stud-
ies, and studies that included patients with history of
CVD.
The primary efficacy outcome was all-cause mortality.

Secondary efficacy outcomes included cardiovascular
mortality, the composite of major adverse cardiovascular
events (MACE), MI, and ischemic stroke (IS). MACE
was defined as a composite of nonfatal stroke, nonfatal
MI, and CV mortality. In order to accurately assess the
rate of MACE, we performed two analyses, one compar-
ing the calculated rate of MACE as per our definition
and one comparing the rate of the study defined primary
outcome as a part of a sensitivity analysis. Stroke was
defined as “ischemic stroke” but not all included studies
reported on the incidence of IS alone. If not sufficiently
specified, the number of reported strokes was used. We
also reported on the incidence of hemorrhagic stroke.
Bearing in mind the uncertain effect of aspirin on cancer
outcomes, cancer risk was prespecified as an exploratory
outcome. For further analysis of data, we performed four
subgroup analyses involving diabetes, sex, concomitant
statin treatment, and smoking.
Major bleeding was the primary safety endpoint. Def-

inition of major bleeding varied between studies. If not
defined as “major bleeding,” we used the following defi-
nitions: “bleeding requiring transfusion,” “bleeding ren-
dering patients intensive care dependent,” “bleeding
causing death,” or “intracranial bleeding.” The extracra-
nial major bleeding analysis comprised the total of all
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major bleedings and some GI bleeding events that were
classified as relevant in respect to the analysis. Intracra-
nial hemorrhages and GI bleedings were also assessed as
single endpoints.

Data synthesis and analysis
Variables are reported as numbers or percentages as ap-
propriate. Risk ratios (RR) were calculated from individual
studies and pooled according to the inverse variance
model with 95% confidence intervals (95% CI) and re-
ported as relative risk reduction or increase respectively
(RRR/RRI) within a mean time frame of 6.4 years (which
is the mean follow-up period of included studies). The
statistical inconsistency test (I2) was used to assess hetero-
geneity vs. homogeneity between studies. If the I2 value
was low (I2 < 50%), a fixed-effect model was additionally
calculated, as reported previously [20, 22, 24]. The follow-
ing sensitivity analyses were performed: (i) comparison of
the results of the fixed vs. random-effect model, (ii) the in-
fluence of each study was assessed by testing whether de-
leting each in turn would have significantly changed the
pooled results of the meta-analysis, (iii) sensitivity analysis
of the date of publication before and after 2010, (iv) sensi-
tivity analysis assessing the length of follow-up (< 5 vs. > 5
years), and (v) and analysis focusing on the study defined
primary outcome parameter.
Absolute risk reduction or increase (ARR, ARI) and

number needed to treat or harm (NNT, NNH) were
calculated per 1 year of treatment. This was performed
as follows: event incidence rates were divided by their
respective mean follow-up periods and multiplied by 100
to obtain the incidence rate per 100 patient years. Out
of these, the ARR or ARI were calculated by subtraction,
and subsequently, the NNT or NNH were calculated
according to the following formula: NNT or NNH = 1/
(ARR or ARI). Events prevented/caused per 10,000 pa-
tients per year were calculated by dividing 10,000 by the
NNT or NNH. This transformation of data allows for a
better understanding of risks for doctors and patients.
The mortality-adjusted net clinical benefit was calcu-

lated as follows: [IRischemi stroke_aspirin + w1IRmyocardial

infarction_aspirin + w2IRhemorrhagic stroke_aspirin + w3IRmajor

extracranial bleeding_aspirin] − [IRischemic stroke_control +
w1IRmyocardial infarction_control + w2IRhemorrhagic stroke_con-

trol + w3IRmajor extracranial bleeding_control], where w1, w2,
and w3 are the death-related weights associated with
each type of event. Weights were calculated as the im-
pact of each event on mortality, as derived from recent
analyses [31, 32], and related to IS (weight = 1). Weights
were thus w1 = 0.89 for MI, w2 = 3.23 for hemorrhagic
stroke, and w3 = 0.63 for major extracranial bleeding
[31, 32]. In the mortality-adjusted net clinical benefit
analysis, a lower estimate indicates a greater benefit of
aspirin.

A two-tailed p value of < 0.05 was considered signifi-
cant. Review Manager (Version 5.3. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014) was used for statistical calculations.

Results
Description of studies
Our search retrieved 608 references. Five hundred ninety
items were excluded based on title and abstracts that
were not RCTs, investigated aspirin in secondary pre-
vention of CVD, or were identified as non-pertinent
studies (Additional file 1: Figure S1). Additionally, retrieved
reviews and meta-analyses were thoroughly examined to
identify further trials. One study was excluded as it con-
tained a significant number of patients with definite or sus-
pected CVD [33]. Thirteen trials [17–19, 25–30, 34–37]
were eligible for analysis and comprised a total of 164,225
patients, 82,900 allocated to aspirin and 81,325 allocated to
the control group. One included study [36] was a 10-year
follow-up of a previously published trial [38]. The mean age
of patients included in our meta-analysis was 62 years. The
mean follow-up period was 6.4 years (ranged from 3.6 to
10.3 years). Three trials exclusively included patients with
known diabetes [18, 36, 37]. Three trials included men only
[25, 28, 30], and one trial included women only [29]. The
dosage of aspirin ranged from 75 to 500mg once daily.
Two trials evaluated the effect of aspirin (325mg and 100
mg) given on alternate days [29, 30]. Only two studies re-
ported the use of proton-pump inhibitors (PPIs) [18, 19].
Included studies are characterized in Tables 1 and 2.

Efficacy and safety outcomes
All trials reported on all-cause mortality [17–19, 25–
30, 34–37] and included 164,225 patients. The inci-
dence of all-cause mortality was similar between the
aspirin and control groups (4.52% vs. 4.54%, respect-
ively; RR 0.98; 95% CI, 0.93–1.02; p = 0.26; I2 = 0%;
Fig. 1, Table 3, Additional file 1: Figure S2A). Use of as-
pirin was not associated with a reduction in CV mortality
(RR 0.99; 95% CI, 0.90–1.08; p = 0.75; I2 = 0%; Fig. 1,
Table 3; Additional file 1: Figure S3A) compared with no
aspirin. Aspirin was associated with a RRR of MACE by 9%
(RR 0.91; 95% CI, 0.86–0.95; p < 0.0001; I2 = 0%; ARR
0.052%; NNT 1908; Fig. 1, Additional file 1: Figure S2B), of
MI by 14% (RR 0.86; 95% CI, 0.77–0.95; p = 0.005; I2 =
50%; ARR 0.041%; NNT 2452; Fig. 1, Table 3, Add-
itional file 1: Figure S3B), and of IS by 10% (RR 0.90; 95%
CI, 0.82–0.99; p = 0.03; I2 = 17%; ARR 0.022%; NNT 4448;
Fig. 1, Table 3, Additional file 1: Figure S3C) compared
with no aspirin.
Twelve studies, including a total of 159,086 patients,

reported on the rate of major bleeding complications
[17–19, 25–27, 29, 30, 34–37]. Aspirin use was associ-
ated with a 46% RRI of major bleeding complications
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(RR 1.46; 95% CI, 1.30–1.64; p < 0.00001; I2 = 31%;
ARI 0.077%; NNH 1295; Fig. 1, Table 3, Add-
itional file 1: Figure S2C) compared with no aspirin.
Extracranial major bleedings and GI bleedings were
the major driver of the composite of bleeding events,
with intracranial bleedings and hemorrhagic stroke
having no statistical impact (Additional file 1: Figure
S4). Aspirin did not decrease the cancer incidence
(Additional file 1: Figure S5).

The net clinical benefit
All trials [17–19, 25–30, 34–37] provided data for the
estimation of the adjusted net clinical benefit. Aspirin
was not associated with a net clinical benefit after ad-
justment for event-associated mortality risk (mean
0.034%; 95% CI, − 0.184 to 0.252%; Fig. 2).
The crude net clinical benefit comprising MACE

and major bleeding events was calculated with data
from 12 studies [17–19, 25–27, 29, 30, 34–37], show-
ing that aspirin did not lead to a net clinical benefit
(RR 1.01; 95% CI, 0.97–1.05; p = 0.54; I2 = 0%; Add-
itional file 1: Figure S6).

Analysis of subgroups
Statin treatment

MACE: Two trials, comprising a total of 34,594 patients,
reported on the MACE risk in patients with and without
statin treatment [18, 19]. Aspirin-treated patients who
were also treated with statins had a 12% RRR of MACE
when compared with control plus statin (RR 0.88; 95%
CI, 0.80–0.96; p = 0.007; I2 = 0%; Fig. 3). In contrast, as-
pirin without statin co-treatment did not reduce MACE
risk when compared with control without statin (RR
0.94; 95% CI, 0.83–1.08; p = 0.39; I2 = 25%; Fig. 3).

Smoking

MACE: Five trials, comprising a total of 88,539 patients,
reported on incidence of MACE in smokers and non-
smokers [17, 19, 29, 35, 36]. In non-smokers, aspirin use
was associated with a 10% RRR of MACE (RR 0.90; 95% CI,
0.82–0.99; p = 0.04; I2 = 23%; Fig. 4) compared with no as-
pirin. In smokers, aspirin did not affect the risk of MACE
(RR 1.11; 95% CI, 0.96–1.28; p = 0.16; I2 = 0%; Fig. 4).

Fig. 1 Risk ratios (RR) of the major outcomes

Table 3 Risk estimates: absolute risk reduction (ARR) or increase (ARI) and number needed to treat (NNT) or to harm (NNH) for the
primary and secondary endpoints over a treatment period of 1 year, which were statistically different between groups

Event Events per 100 patient
years in the
aspirin group

Events per 100 patient
years in the
control group

ARR
%

ARI
%

NNT NNH Events prevented
per 10,000 treated
patients

Events caused
per 10,000 treated
patients

p value

Myocardial infarction 0.260 0.301 0.041 2452 4 0.005

Ischemic stroke 0.218 0.240 0.022 4448 2 0.03

MACE 0.613 0.665 0.052 1908 5 < 0.0001

Major bleeding 0.257 0.180 0.077 1295 8 < 0.0000

Extracranial major
bleeding

0.286 0.218 0.068 1462 7 < 0.0000

GI bleeding 0.399 0.320 0.079 1263 8 < 0.0001
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Sex

MACE: Nine trials, including 59,337 patients, reported
the incidence of MACE in men [18, 19, 25, 28, 30, 34–
37], seven trials in women (69,164 patients) [18, 19, 29,
34–37]. There was a sex interaction for aspirin effect:
the direction of the effect of aspirin on MACE tended to
be similar in men and women, but the effect size dif-
fered, and did not reach statistical significance in

females. Aspirin in men was associated with a RRR of
MACE of 11% (RR 0.89; 95% CI, 0.83–0.95; p = 0.0008;
I2 = 12%; Fig. 5) compared with controls. In women, as-
pirin did not significantly reduce the risk of MACE (RR
0.95; 95% CI, 0.88–1.02; p = 0.16; I2 = 0%; Fig. 5) com-
pared with controls.

Myocardial infarction: Three trials, including 32,295
patients, reported on MI in men [25, 28, 30], only one in

Fig. 2 Analysis of the mortality-adjusted net clinical benefit

Fig. 3 Subgroup analysis: Forest plot depicting the relative risk (RR) of MACE in patients with and without statin treatment
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Fig. 5 Subgroup analysis: Forest plot depicting the relative risk (RR) of MACE in males and females

Fig. 4 Subgroup analysis: Forest plot depicting the relative risk (RR) of MACE in smokers and non-smokers
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women (39,876 patients) [29]. In men and in women, as-
pirin did not significantly reduce the risk of MI (RR
0.76; 95% CI, 0.57–1.01; p = 0.06; I2 = 76%; RR 1.03; 95%
CI, 0.84–1.25; p = 0.26; respectively). This is in contrast
to the overall population and underlines that the sex
sub-analysis for MI is underpowered.

Ischemic stroke: Three trials, including 32,295 patients,
reported on IS in men [25, 28, 30], but only one trial
reported these data for women (39,876 patients) [29].
Aspirin did not reduce the RR of IS in men (RR 1.02;
95% CI, 0.72–1.44; p = 0.93; I2 = 55%). In women, how-
ever, aspirin reduced IS by 23% (RR 0.77; 95% CI, 0.63–
0.94; p = 0.010) compared to control as reported in one
study.

Diabetes

MACE: Six studies, including 27,292 patients, reported
on the rate of primary endpoint in patients with dia-
betes, showing a RRR of MACE by 9% (RR 0.91; 95% CI,
0.85–0.99; p = 0.02; I2 = 0%, Fig. 6), which is consistent
with the analysis of the overall population. No data for a
non-diabetic subgroup were available.

Myocardial infarction: Five studies, comprising 20,865
patients, provided data for MI in diabetic patients, show-
ing no difference between aspirin vs. control (RR 0.94;
95% CI, 0.72–1.23; p = 0.65; I2 = 53%) [18, 29, 30, 36, 37].

Ischemic stroke: Four studies, including 20,332 pa-
tients, reported on IS in diabetic patients, showing a
RRR of IS by aspirin of 24% (RR 0.76; 95% CI, 0.59–0.98;
p = 0.03; I2 = 43%) [18, 29, 36, 37].

Sensitivity analyses: Sensitivity analysis assessing the
date of publication showed that the direction of the effect
on MACE remained unchanged. However, the magnitude
of the effect tended to be greater in studies published

before 2010 compared to studies published after this date
(RRR 11% vs. 7%, respectively).
Due to low heterogeneity (I2 = 0%), a fixed-effect

model was calculated in addition to the random-effect
model for each outcome (Additional file 1: Table S1),
which confirmed the robustness of our findings.
By sequentially excluding one single study from the

pooled analysis, the direction and the magnitude of the
effect on MACE remained unchanged.
Sensitivity analysis assessing the length of follow-up/

length of study drug use showed that the direction of
effect on MACE remained unchanged. However, the
magnitude of the effect tended to be greater in studies
with a shorter-term use of aspirin (≤ 5 years, RRR 13%)
vs. longer-term use (> 5 years, RRR 8%).
We additionally analyzed the primary endpoint of each

study according to the study definition (which in some
studies slightly differed from the MACE definition used
in our meta-analysis). In the aspirin group, 4.3% of
patients (3601/82,900) reached the primary endpoint
compared to 4.7% in the control group (3827/81,325).
Treatment with aspirin, therefore, significantly reduced
the RR of the primary endpoint by 9% (RR 0.91; 95% CI,
0.87–0.95; p < 0.0001; I2 = 0%), confirming the result of
the MACE analysis.

Discussion
Our meta-analysis in over 160,000 patients without a
history of CVD showed that aspirin did not reduce all-
cause or CV mortality but reduced the risk of MACE,
MI, and IS at the cost of an increased risk of major
bleeding events. Hence, aspirin treatment was associ-
ated with a lower NNH than the NNT for the safety
and efficacy outcomes: major bleeding and MACE:
1295 vs. 1908 respectively. Most importantly, our
meta-analysis shows that there is a treatment inter-
action in three subgroups: non-smokers, male sex, and
treatment with statins.

Fig. 6 Subgroup analysis: Forest plot depicting the relative risk (RR) of MACE in patients with diabetes
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Two recently published meta-analyses have provided
information about the use of aspirin in primary preven-
tion of CVD [39, 40]. Our meta-analysis confirms previ-
ous findings and provides additional value with four
distinct subgroup analyses and a mortality-adjusted net
clinical benefit analysis.
One of the most important findings of our study is the

net clinical benefit of aspirin, adjusted for the risk of
event-associated mortality, which aims to balance the
preventive impact of aspirin on risk for ischemic events
such as MI and IS, versus the impact of increased risk of
bleeding. The outcome of intracranial hemorrhage is
generally worse than the outcome of IS or MI, with the
best outcome following a GI bleeding event. Based on
previous estimates [31, 32], we weighted hemorrhagic
stroke threefold worse than IS. Our weighted analysis
provides quantitative assessments of the net clinical
benefit of aspirin among primary CVD prevention pa-
tients and confirms the result of the crude net clinical
benefit estimation. Although models adjusting for event-
associated mortality are commonly used [31, 32], weight-
ing one nonfatal event against another is very difficult,
as the risks might differ between patients. Therefore, it
is still unclear how to properly weight an ischemic event
against a bleeding event. Some people with a high risk of
having an ischemic event will prefer to take the risk of
having a GI-bleed on aspirin, in order to reduce the risk
of IS or MI. As there was no significant difference in
mortality, intracerebral hemorrhage, or hemorrhagic
stroke between aspirin and control, patient preferences
should be considered.
Considering upper GI bleeding, which is the most

common complication in patients under antiplatelet
therapy [41–43], PPIs have been proven effective in the
prevention of GI bleeding and are recommended in pa-
tients at increased risk for this bleeding [44]. On the
other hand, long-term treatment with PPIs is associated
with increased risk of community-acquired pneumonia
(CAP) [45], bone fractures [45, 46], and enteric infec-
tions, mainly by Salmonella and Campylobacter spp.
[45]. Furthermore, PPI-related hypomagnesemia is of
clinical significance as it is a known cause of cardiac
arrhythmias [45]. Thus, in consideration of the benefits
and risks of the respective treatments, the question
arises as to whether patients without bleeding risk
should receive long-term treatment with PPIs concomi-
tantly with aspirin for primary prevention.
A population of special interest is patients treated with

statins. Interestingly, our subgroup analysis comprising
18,000 patients who were concomitantly treated with
statins and aspirin showed a benefit in terms of MACE
reduction, whereas those treated with aspirin without
statins did not. Remarkably, patients treated with aspirin
and statins showed the highest RRR of MACE of 12%

compared to the overall population and patients with
DM. A possible explanation for this interaction might be
the consideration that those taking statins are at higher
risk for CVD because of hyperlipidemia, and therefore
might benefit more. Another possible elaboration might
be a direct plaque-stabilizing effect of statins, which, in
combination with platelet inhibition by aspirin, improves
ischemic outcome. Notably, statins are associated with
reduced platelet reactivity and improved response to
aspirin [47–52]. However, it is unclear whether the
improved response to aspirin under statin treatment is
caused directly by statin-platelet interaction, indirectly
via reduced levels of lipids [47–49, 51, 52], or by a com-
bination of the two. Elevated cholesterol levels have been
linked to decreased aspirin-induced platelet acetylation,
explaining the indirect effect of statins on platelet inhib-
ition [53]. Two mechanisms have been identified as
being involved in the direct effect of statins on platelets
[54]. Administration of atorvastatin resulted in the down-
regulation of phospholipase A2 (PLA2) (after 24 h) and
NOX2 (after 2 h) leading to reduced levels of TxA2 and
prothrombotic platelet isoprostanes respectively [55].
Based on these findings, early and late antiplatelet effects
of statins have been hypothesized [54].
Interestingly, our subgroup analysis showed aspirin

use in non-smokers to reduce the risk of MACE by 10%,
whereas smokers did not benefit from aspirin treatment.
This confirms the result of a previous meta-analysis by
Seidu et al., who describe a 30% risk reduction with as-
pirin in non-smokers [56]. Smoking has been linked to
an attenuated antiplatelet effect of aspirin in the past
[57–59], and our meta-analysis suggests a possible trans-
lation of this phenomenon into clinical practice. In
current smokers, a treatment switch from aspirin to the
P2Y12 receptor inhibitor clopidogrel seems to be an
interesting alternative. Smoking is a known inducer of
cytochrome P450 (CYP) 1A2, an essential isoenzyme
that converts clopidogrel into its active metabolite, and
thus may facilitate an adequate platelet inhibition [60].
Studies have demonstrated fewer ischemic events in
smokers following clopidogrel administration [61, 62];
however, in primary prevention of CVD, the overall role
of clopidogrel has not yet been investigated.
It is crucial to note that our meta-analysis has shown

sex differences in aspirin effects. Aspirin showed a
reduction of MACE in men but not in women. In con-
trast, aspirin reduced the risk of stroke in women as
shown in a single study, but not in men. Results from
previous meta-analyses have also detected a more pro-
nounced effect of aspirin for MACE or MI in men and
for stroke in women [5, 63–65]. Although sex differ-
ences in aspirin effects are of interest, it is currently
unclear how they can be used in clinical decision-
making [8, 16, 66].
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Another population of special interest is patients with
DM. Diabetes increases the risk of CVD, and aspirin is
therefore expected to have a greater preventive effect in
these patients [67]. In our subgroup analysis comprising
over 20,000 patients with diabetes mellitus, aspirin
showed a significant 9% RRR in MACE, which confirms
the estimate in the overall population. While older
guidelines have deemed the use of aspirin reasonable in
certain patient populations with diabetes [66], current
2019 guidelines from the ACC/AHA do not specifically
comment on the use of aspirin in diabetic patients in
primary prevention of CVD [15]. The newly published
ESC guidelines on diabetes, pre-diabetes, and CVD have
stated aspirin may be used in patients with DM at high/
very high risk of CVD and in the absence of clear con-
traindications (class IIb) [68].
In the general population, the U.S. Preventive Ser-

vices Task Force’s guideline recommends aspirin for
patients based on age and prediction tools such as
the 10-year cardiovascular disease calculator [16]. Im-
portantly, these recommendations are given with a
moderate evidence level (B and C). The 2019 ACC/
AHA guidelines acknowledge the controversy of as-
pirin in primary prevention of CVD, but state that as-
pirin might be considered in selected adults aged 40
to 70 who are at higher CV risk but at no increased
bleeding risk [15]. Additionally, two cost-utility ana-
lyses suggest a clear benefit of aspirin [69, 70]. How-
ever, the ESC guidelines on CVD prevention do not
recommend the general use of aspirin for the primary
prevention of cardiovascular disease [8].

Limitations
The main limitation is that some studies did not dif-
ferentiate between ischemic and hemorrhagic stroke.
In such cases, the total of “all strokes” was included.
The primary endpoint and follow-up periods also dif-
fered between some studies; we have adjusted for this
in the sensitivity analyses. Another limitation of this
meta-analysis was the use of heterogeneous defini-
tions of major bleeding. One study used the GUSTO
bleeding classification [17]; most others used a pre-
specified composite of bleeding events such as GI
bleeding and major extracranial bleeding and defined
their severity by hospitalization, prolongation of
hospitalization, surgery, transfusion requirement, or
fatality. The severity and definition of GI bleeding
events were often not further detailed.
Furthermore, some trials included in our meta-analysis

[25, 27, 28, 30] were performed several decades ago.
Since then, there may have been changes in medical
standards, the prevalence of risk factors, and access to
early diagnostic services.

Conclusions
The increased risk of major bleeding and lack of reduc-
tion of mortality might outweigh the benefits of aspirin
in primary prevention of CVD in the overall population.
Three patient subgroups: non-smokers, patients treated
with statins, and males, had the greatest risk reduction
of MACE.
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