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Abstract | The benefits of aspirin therapy for the secondary prevention of cardiovascular disease
clearly outweigh the risks of bleeding, and low-dose aspirin is uniformly recommended in this
setting. However, no clear consensus exists about whether, and if so, in whom, aspirin therapy is
appropriate for the primary prevention of cardiovascular disease . Three trials of low-dose aspirin
versus placebo in three populations at increased risk of myocardial infarction or ischaemic stroke in
the absence of established cardiovascular disease were reported in 2018. The ASPREE trial in
elderly people was terminated early for futility because aspirin had no effect on disability-free
survival, but significantly increased the risk of major haemorrhage and, unexpectedly, all-cause
mortality. In the ASCEND trial in patients with diabetes mellitus and no evidence of vascular
disease, aspirin significantly reduced serious vascular events, but increased major bleeding. In the
ARRIVE trial in people with multiple risk factors for cardiovascular disease, aspirin had no effect on
major cardiovascular events, but increased gastrointestinal bleeding. The aim of this Review is to
place these new results in the context of previous evidence on aspirin for the primary prevention of
cardiovascular disease, and to appraise whether the new evidence is likely to enable a more
targeted use of aspirin in particular individuals for whom the net benefit is both clinically

worthwhile and statistically definite.

[H1] Introduction



When used for the secondary prevention of cardiovascular disease, the benefits of a prolonged
course of aspirin (acetylsalicylic acid) therapy at low doses (75-100 mg daily) clearly outweigh the
risks of bleeding?, but whether to recommend aspirin for the primary prevention of cardiovascular
disease has long been debated?3. The evidence from randomized clinical trials of aspirin therapy
versus placebo (or control therapy) has accumulated steadily since the first trials were reported 30
years ago*>. However, no clear consensus exists about whether, and if so, in whom, aspirin therapy
is appropriate for the primary prevention of cardiovascular disease, and the heterogeneity in advice
from treatment guidelines committees®!! perhaps reflects the underlying observation that, in the
vast majority of apparently healthy people, aspirin therapy has small absolute benefits (of the order
of 1-2 serious vascular events avoided per 1,000 treated per year) that are offset by bleeding
hazards of a similar magnitude. As shown in Table 1, some guidelines groups have suggested, for
example, that aspirin should not be used for primary prevention of cardiovascular disease,’ while
others have suggested that aspirin is offered to individuals in a certain age range and/or above

some given level of predicted risk of cardiovascular disease®!,

Two major populations at increased predicted risk of myocardial infarction (Ml) or ischaemic stroke
in the absence of established atherosclerotic cardiovascular disease (ASCVD) are elderly individuals
and patients with diabetes mellitus. In 2018, two new trials assessing low-dose aspirin therapy (100
mg daily) versus placebo for the primary prevention of ASCVD in these groups were reported: the
ASPREE trial*?>% in elderly individuals and the ASCEND trial®® in patients with diabetes. The results
of the ARRIVE trial*® in people with multiple risk factors for cardiovascular disease (with the
exclusion of patients with diabetes) were also reported in 2018. Given this newly available
information, reviewing the existing evidence and appraising whether the new trial evidence is likely
to help determine whom to offer long-term aspirin therapy for the primary prevention of ASCVD is
timely. In this Review, we discuss the mechanism of action of aspirin and its pharmacology and
summarize the previous evidence from clinical trials of aspirin therapy for the primary prevention
of cardiovascular disease (particularly meta-analyses of such evidence) and the new randomized,
clinical trials. Given that the evidence on the effects of aspirin therapy on cancer prevention is less
definite (and the effects only accrue in the long term)’, we focus on the effects of aspirin on ASCVD
prevention. The overall aim of this Review is to appraise whether the new trial evidence is likely to

allow a more targeted use of aspirin in particular groups for whom the ‘net’ benefit (that is, the



reduction in vascular events versus the increase in the risk of bleeding) is both clinically worthwhile

and statistically definite.

[H1] Mechanism of action of aspirin

Aspirin has been reported to modulate several metabolic pathways, at least in part through
acetylation of proteins involved in inflammation, haemostasis, thrombosis and cell proliferation?®.
The best characterized target of aspirin is the enzyme cyclooxygenase (COX), which has two
isoforms, COX1 and COX2 (also known as prostaglandin G/H synthase 1 and 2, respectively),
endowed with both COX and hydroperoxidase activities. COX1 and COX2 catalyse the conversion of
arachidonic acid to the cyclic endoperoxides prostaglandin G, and prostaglandin H, which are
biosynthetic intermediates in the formation of biologically active prostanoids, including
thromboxane A; (TXA:), the major arachidonic acid derivative in human platelets. Covalent
acetylation of critical serine residues in COX1 and COX2 by aspirin permanently inactivates the COX
activity of these enzymes and blocks to a variable extent this pathway of arachidonic acid

metabolism, thereby reducing prostanoid production®® (Figure 1).

In contrast to the acetylation of other proteins by aspirin, which has been described based on in
vitro experiments often using millimolar concentrations of aspirin, acetylation of COX isozymes has
the following distinctive characteristics that make this pathway the most plausible mechanism of
action explaining the multifaceted, pharmacological effects of aspirin'® (Figure 2). First, the COX1
enzyme and aspirin have been co-crystallized and the 3D model shows that the acetylation site
within the COX channel, just below the COX catalytic site, can explain the irreversible inactivation of
COX activity!® (Figure 2a). Second, acetylation of platelet COX1 by aspirin is a saturable process that
has been characterized in vitro and ex vivo?° (Figure 2b). Third, this effect is necessary and sufficient
to account for saturable suppression of the platelet production of thromboxane B, (TXB3), an
inactive metabolite of TXA;, at low (micromolar) drug concentrations in vitro and following oral
administration of low-dose aspirin (50-100 mg daily), as assessed both ex vivo and in vivo??! (Figure
2¢). In turn, virtually complete suppression by low-dose aspirin of the platelet biosynthesis of TXA;,
a potent inducer of platelet aggregation, can account for the saturability of the clinical effects of
aspirin in preventing atherothrombosis in the same dose range?. The same mechanism of action
can also explain the increase in gastrointestinal bleeding complications associated with the use of

low-dose aspirin, because of the role of TXA,-dependent platelet function in primary haemostasis?.
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Moreover, it has been suggested that platelet COX1 inhibition at sites of colorectal mucosal injury
may contribute to the chemopreventive effect of low-dose aspirin therapy against sporadic

adenoma recurrence and its neoplastic transformation in humans?'’.

[H1] Pharmacology of aspirin

The bioavailability of plain oral aspirin tablets is approximately 40— 50% over a wide range of
doses??. However, a considerably lower bioavailability has been reported for some aspirin
preparations designed to delay absorption until the drug reaches the small intestine, such as
enteric-coated aspirin tablets and sustained-release, microencapsulated aspirin preparations?3.
Lower systemic bioavailability of enteric-coated aspirin than plain aspirin tablets and poor
absorption in the small intestine owing to the higher pH environment than in the stomach can
result in inadequate platelet inhibition, particularly in individuals with high body weight?4. Given the
short half-life of aspirin in the human circulation (approximately 20 min)?%22, the long-lasting
duration of its antiplatelet effect is a result of the acetylation of COX1 in platelet progenitors
(megakaryocytes) in the bone marrow and the limited de novo protein synthesis in blood
platelets?>. These factors enable the use of a once-daily aspirin regimen when aspirin is used as an
antiplatelet agent. However, the changes in systemic bioavailability of aspirin that have been
reported with delayed absorptionformulations and in association with obesity?3, or a faster renewal
of the drug target, as might occur in conditions of accelerated megakaryopoiesis?®, can shorten the

duration of the antiplatelet effect of aspirin.

A substantial interindividual variability in the recovery rate of platelet COX1 activity during the 24-h
dosing interval of 100-mg enteric-coated aspirin has been described in both patients with diabetes
and in individuals without diabetes?’. In patients without diabetes, a higher body weight was the
only independent predictor of a faster recovery of platelet COX1 activity, assessed on the basis of
repeated measurements of serum TXB,?’. Under extreme conditions of increased platelet
regeneration, such as in essential thrombocythaemia, in which accelerated renewal of platelet
COX1 underlies the aspirin-insensitive TXA; biosynthesis in most patients with this condition?®, a
twice daily regimen of low-dose aspirin is currently being recommended in both primary and
secondary prevention settings?®. The efficacy and safety of an optimized, twice-daily, low-dose

aspirin regimen is currently being investigated (see below).



As a result of its unique pharmacokinetic and pharmacodynamic features, aspirin has a lower
inhibitory effect on prostaglandin (PG)l, biosynthesis in vascular cells than on platelet TXA;
biosynthesis at all doses, reaching a ceiling effect on inhibition of PGl biosynthesis at a dose of
650-1,300 mg daily (reviewed previously?3). Substantial inhibition of PGl biosynthesis at high
aspirin doses is likely to reflect dose-dependent acetylation of COX2 in vascular cells (both
endothelial and smooth muscle cell)?3. Whether more profound suppression of PGl biosynthesis by
high-dose aspirin is sufficient to initiate or predispose to atherothrombosis is unknown. However,
two independent lines of evidence suggest that PGl is important for endothelial
thromboresistance: first, mice lacking the PGl, receptor have increased susceptibility to
experimental thrombosis?®, and second, use of COX2 inhibitors is associated with increased risk of

coronary atherothrombosis°.

Aspirin has effects on haemostasis that are unrelated to the inactivation of platelet COX1 (reviewed
previously?3). These effects include dose-dependent inhibition of platelet function, increase of
fibrinolysis and suppression of plasma coagulation?3. In contrast to the saturable and well-
characterized inhibition of COX1 by aspirin, the putative mechanisms underlying the COX1-
independent effects of aspirin on haemostasis are dose dependent and less clearly defined?3. To
test the clinical relevance of the dose-dependent effects of aspirin, the ongoing ADAPTABLE trial
was designed to compare the efficacy of two different, once-daily doses of aspirin for secondary
prevention of cardiovascular disease in patients with ASCVD. The trial is aimed to recruit 15,000
patients at high risk of ischaemic events, who will be randomly assigned (1:1) to receive aspirin

81 mg daily or 325 mg daily, with a follow-up of 30 months to assess the incidence of cardiovascular

and bleeding events3..

[H1] Randomized trials in primary prevention

Evidence for the efficacy and safety of aspirin for the primary prevention of ASCVD has been
accumulating since 1988, when the findings of the BDS trial* were reported. This study showed that
aspirin 500 mg daily did not reduce the primary endpoint of vascular mortality as compared with no
aspirin among 5,139 apparently healthy male doctors. Moreover, there was no significant
difference in the incidence of non-fatal Ml or stroke--indeed, disabling strokes were somewhat
commoner among those allocated aspirin®. This report was followed shortly after by the

publication of the US PHS trial® including 22,071 male doctors, in which an aspirin therapy of 325
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mg on alternate days did not influence the primary endpoint of vascular mortality, but significantly
reduced the risk of Ml by 44% as compared with placebo. However, given that the risk of ASCVD is
typically low in middle age, subsequent primary prevention trials of low-dose aspirin have generally
(but not always, such as the WHS trial?) sought to identify study populations at above average risk
by selecting groups with risk factors for ASCVD, including hypertension (HOT trial3), diabetes
mellitus (ETDRS3*, POPADAD?>, JPAD3® and ASCEND™ trials), reduced ankle—brachial index (AAA
trial®’), old age (ASPREE trial'?14) or a combination of risk factors (PPP38, TPT3?, JPPP*° and ARRIVE'®
trials). In total, 14 completed trials to compare aspirin versus placebo (or no aspirin) for the primary
prevention of cardiovascular disease have included a total of almost 168,000 individuals (Table 2).
During the 3 decades of research into aspirin as a possible means of primary prevention of
cardiovascular disease, a large number of meta-analyses have summarized the available evidence,
and multiple guidelines have been based on such summaries, without any clear consensus
emerging (Table 1). Before providing a reappraisal that includes the three trials reported in 2018
(ASPREE, ARRIVE and ASCEND), we summarize what had been established before this new evidence

was reported.

[H2] ATT Collaboration meta-analysis. In 2009, the ATT Collaboration published analyses of
individual participant data from six trials (BDS?, PHS®, TPT3°, HOT33, PPP3® and WHS?? trials) that
included 95,000 individuals*!. These analyses demonstrated that allocation to aspirin therapy
yielded a 12% reduction in serious vascular events (Ml, stroke or vascular death) compared with no
aspirin (absolute rates 0.51% versus 0.57% per year), which was mainly attributable to a one-fifth
reduction in nonfatal Ml in the aspirin group (0.18% versus 0.23% per year). A non-significant
reduction in ischaemic (or other) stroke events (0.16% versus 0.18% per year) and a non-significant
increase in haemorrhagic stroke events (0.04% versus 0.03% per year) were observed in the aspirin
group compared with the control group and, in aggregate, aspirin therapy had no net effect on
total stroke rates (0.20% versus 0.21% per year)*!. Aspirin therapy had a small and non-significant
effect on vascular mortality and all-cause mortality. However, balanced against this small reduction
of about 6 per 10,000 per year fewer serious vascular events with aspirin therapy was a significant
increase in major gastrointestinal bleeding and other extracranial bleedings compared with no

aspirin (0.10% versus 0.07%, or 3 per 10,000 events per year)*..



The availability of individual participant data enabled the ATT Collaboration to establish a number
of important aspects of the effects of aspirin®.. First, the 12% reduction in serious vascular events
with aspirin in the overall study population was similar in each of the prognostic subgroups studied,
which included age (<65 and 265 years); sex; history of vascular disease, diabetes or hypertension;
smoking status; systolic and diastolic blood pressure; total cholesterol level; BMI and predicted risk
of coronary heart disease (CHD)*!. This observation suggested that the absolute benefits of aspirin
could be reliably determined for particular individuals simply by applying the 12% reduction to their
predicted annual rate of serious vascular events. Secondly, the development of risk scores both for
vascular outcomes (major coronary events (non-fatal Ml or CHD death), ischaemic (or other) stroke
and haemorrhagic stroke) and for major extracranial bleeds allowed to demonstrate that those
individuals at the highest absolute risk of vascular outcomes are also at the highest risk of bleeding
(which, of course, is not surprising given that the risks of both outcomes are strongly correlated
with age)*L. As discussed in more detail below, this finding has major implications for any future

strategy for selecting individuals who might derive net benefit from aspirin therapy.

The ATT meta-analysis included only six of the 14 trials now available*'. More recent meta-analyses
have included a larger number of trials, albeit without analysis of individual participant data. For
example, the US Preventive Services Task Force (USPSTF) published a systematic review in 2016
analyzing 11 primary prevention trials of aspirin, including a total of 118,445 individuals*>43,
Because the five additional trials involved few additional events, the study findings were
guantitatively similar to those of the ATT meta-analysis (a 22% relative reduction in non-fatal Ml,
no significant effect on stroke or vascular death rates and a 58% increase in gastrointestinal
bleeding events with aspirin therapy), and reached broadly similar conclusions. In contrast to the
interpretation offered by the ATT #!, however, the USPSTF recommended aspirin for individuals
aged 50-59 years who were at increased risk of ASCVD (210% 10-year risk) but who were not at
increased risk of bleeding®. However, as pointed out by an editorial accompanying the USPSTF

guideline**, and explained in more detail below, this target population is small.

[H2] ASPREE, ARRIVE and ASCEND trials. In 2018, three more trials of aspirin 100 mg daily versus
placebo added to the evidence reviewed by the USPSTF in 2016: the ASPREE trial*>*4 including
19,114 elderly people (aged =70 years) without clinically significant morbidity, the ARRIVE trial'®

including 12,546 people aged 255 years with elevated predicted risk of cardiovascular disease and



the ASCEND trial*® including 15,540 patients with diabetes mellitus and no prior history of ASCVD.

The design and primary results of each trial are briefly summarized below.

In the ASPREE trial*?'4, participants were eligible to be enrolled if they were community-dwelling,
aged 270 years (or 265 years among black or Hispanic individuals in the US) and did not have
cardiovascular disease, dementia or disability. The primary end point was a composite of death,
dementia or persistent physical disability. The trial was terminated for futility at a median of 4.7
years, at which time aspirin had no significant effect on disability-free survival (HR 1.01, 95% ClI
0.92-1.11)*2. Aspirin also had no significant effects on secondary end points, which included
cardiovascular disease (non-fatal Ml or CHD-related death, non-fatal stroke or stroke-related death,
and heart failure hospitalization; HR 0.95, 95% Cl 0.83—1.08)*3, but significantly increased major
haemorrhage events (haemorrhagic stroke, symptomatic intracranial bleeding or extracranial
bleeding; HR 1.38, 95% Cl 1.18-1.62; P <0.001) compared with placebo'3. All-cause mortality was
higher in the aspirin group than in the placebo group (HR 1.14, 95% ClI 1.01-1.29), but not to an

extent that reached significance if the P value was corrected for multiple comparisons'4.

In the ARRIVE trial®®, participants had no previous history of ASCVD, were aged >55 years if male or
>60 years if female, and had a predicted 10-year risk of cardiovascular disease (on the basis of age,
dyslipidaemia, smoking status, blood pressure and family history) of 20-30%. The primary end
point was a composite of M, stroke, cardiovascular death, unstable angina or transient ischaemic
attack (TIA). Median follow-up was 5 years. Aspirin had no significant effect on the primary end
point (HR 0.96, 95% Cl 0.81-1.13), but significantly increased gastrointestinal bleeding events (HR
2.11, 95% Cl 1.36-3.28, P = 0.0007)%°.

In the ASCEND study?®>, participants had diabetes mellitus but no evidence of ASCVD, and were aged
>40 years. The primary end point was serious vascular events, a composite of Ml, stroke or TIA, or
vascular death (excluding death from intracranial haemorrhage). Mean follow-up was 7.4 years.
Despite treatment of a high proportion of participants with cardioprotective medications (for
example, about 75% were taking a statin at baseline), allocation to aspirin produced a significant
12% reduction in the primary outcome compared with placebo (HR 0.88, 95% Cl 0.79-0.97, P =
0.01), while increasing major bleeding events by 29% (HR 1.29, 1.09-1.52, P = 0.003). This finding
suggests that aspirin adds to the benefits of statin therapy in a clinical setting where TXA,-

dependent platelet activation contributes to atherothrombotic vascular events®.
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[H2] Summary of findings As reported in the supplementary appendix of a 2019 meta-analysis of
tabular data from 13 of the 14 trials of aspirin for primary prevention of cardiovascular disease that
are now available (the ETDRS3 trial was not included), with the exception of MlI, no heterogeneity
was observed in the risk ratios for the major efficacy and safety outcomes among the trials*. In
particular, the unexpected increase in mortality observed in the ASPREE trial was largely
attributable to an increase in cancer mortality (HR 1.31, 95% Cl 1.10-1.56), and among all trials no
significant heterogeneity was observed in the risk ratios for cancer mortality or in the risk ratios for
cardiovascular or all-cause mortality*®. Therefore, to conclude that the relative effects of aspirin

differ in elderly individuals is premature.

Contemporary drug therapies (such as statin therapy) have reduced the absolute risk of ischaemic
events for apparently healthy people compared with equivalent individuals included in earlier trials
of aspirin, whereas the relative effects of aspirin seem to be similar when aggregated across all the
populations studied; therefore, the overall absolute benefits of aspirin in the most recent trials are
smaller than reported previously*!. It should be noted, however, that accurate estimates of
treatment efficacy (in terms of ischaemic events) and risk of bleeding for particular individuals at
risk, and specifically those with diabetes and elderly people, will require further study through
meta-analysis of individual participant data from all available trials because, to date, the variation in

treatment effects has only been assessed at trial level.

[H1] Safety of aspirin in primary prevention

[H2] Risk of bleeding. The main hazard of low-dose aspirin therapy is haemorrhage, which is due to
inhibition of TXA,-dependent platelet function, an important component of primary haemostasis?.
Observational studies*” and a meta-analysis of randomized trials in patients at high-risk of
cardiovascular disease *® have demonstrated that long-term, low-dose aspirin therapy
approximately doubles the risk of major extracranial bleeding, mostly upper gastrointestinal
bleeding. The risk of these bleeding complications increases sharply in individuals aged >70 years?,
a population that was largely excluded from trials of aspirin (or of other antithrombotic drugs). This
risk is further increased by a history of gastrointestinal disturbances and by concomitant use of
NSAIDs!. In middle-aged patients, this increased risk corresponds to an estimated absolute excess

of approximately 1-2 major bleeding complications per 1,000 patients treated with low-dose



aspirin for 1 year, but the excess is smaller in young people and substantially higher in elderly

individuals and in those with a history of ulcer bleeding?.

As mentioned above, aspirin use increased the risk of major gastrointestinal and other extracranial
bleeding events by about half compared with no aspirin in the six primary prevention trials
analyzed by the ATT Collaboration in 2009 (0.10% versus 0.07% per year; RR 1.54, 95% ClI 1.30-
1.82, P <0.0001)*. The excess risk was mainly due to non-fatal bleeding events (probably by chance
there were fewer fatal bleeding events in participants allocated to aspirin therapy than in the

control group [9 versus 20 events])*.

In the primary prevention trials reported in 2018, therapy with 100 mg enteric-coated aspirin once
daily increased gastrointestinal bleeding events to a similar proportional extent as in the earlier
trials. In the ARRIVE study?®, where the mean age was 64, gastrointestinal bleeding events occurred
in 61 (0.97%) subjects in the aspirin group and 29 (0.46%) subjects in the placebo group over a
mean of 5 years (HR 2.11, 95% Cl 1.36—3.28, P = 0.0007). Haemorrhagic stroke occurred in 8
(0.13%) and 11 (0.18%) subjects in the aspirin and placebo groups, respectively®. In the ASPREE
study®®, where the median age was 74 years, the rate of major haemorrhage in the aspirin group
was 8.6 events per 1,000 person-years compared with 6.2 events per 1,000 person-years in the
placebo group (HR 1.38,95% Cl 1.18-1.62, P <0.001). The increased risk of bleeding with aspirin
persisted throughout the course of therapy. The rate of fatal haemorrhage was <1 event per 1,000
person-years in each group. Upper gastrointestinal bleeding accounted for >40% of the absolute
excess of major haemorrhage events. The relative risk of upper gastrointestinal bleeding with
aspirin compared with placebo in the ASPREE trial appeared particularly large (HR 1.87, 95% ClI
1.32-2.66) 13, although, as shown in a 2019 systematic review and meta-analysis*, the results of
the primary prevention trials of aspirin are broadly consistent. The risk of intracranial bleeding in
the ASPREE trial was also higher with aspirin than with placebo (HR 1.50, 95% Cl 1.11-2.02)3. Given
the age of the participants in the ASPREE trial, it is not surprising that the rate of major extracranial
bleeding in the control group was approximately 9-fold higher than in the control groups in earlier
primary prevention trials on aspirin, which resulted in a larger absolute excess risk associated with
aspirin therapy in ASPREE*3. In the ASCEND trial,where the mean age was 63 years, major bleeding
events occurred in 314 (4.1%) participants in the aspirin group compared with 245 (3.2%)
participants in the placebo group (RR 1.29, 95% Cl 1.09-1.52, P = 0.003) during a mean follow-up of
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7.4 years™. The incidence of fatal bleeding events (19 (0.2%) participants versus 16 (0.2%)
participants) and haemorrhagic stroke (25 (0.3%) participants versus 26 (0.3%) participants) was
similar in the aspirin and placebo groups. No apparent attenuation of the effect of aspirin on the

risk of bleeding occurred over time?'>.

[H2] Co-therapy with gastroprotectant drugs. Although the general consensus among
gastroenterologists is that proton-pump inhibitors (PPIs) should be prescribed to patients at high-
risk of bleeding who are taking low-dose aspirin®®, such a strategy has not been widely adopted
because of a lack of definitive supporting evidence. In the ASCEND trial*>, approximately half the
excess risk of bleeding was gastrointestinal, with about one-third occurring in the upper
gastrointestinal tract. However, only approximately 25% of participants were receiving PPls at the
end of the trial. A similar proportion of patients receiving PPls was reported at trial entry in the
ARRIVE'® and ASPREE?? studies. Bleeding rates in individuals taking low-dose aspirin might be lower
if PPIs were routinely used, as suggested by the 3-year findings from the COMPASS trial*° of co-
therapy with the PPl pantoprazole. The trial showed a substantial reduction in the incidence of
bleeding in the upper gastrointestinal tract with pantoprazole compared with placebo in patients
with ASCVD receiving an antithrombotic regimen consisting of low-dose aspirin, rivaroxaban or

both, which confirms the observations reported in short-term studies of PPIs>! (Figure 3).

PPIs are metabolized by hepatic cytochrome P450 enzymes and, therefore, might interfere with
the elimination of other drugs that are cleared by this route (such as cyclosporine, diazepam and
warfarin). Moreover, PPIs can interfere with the conversion of clopidogrel to its P2Y12-inhibiting
metabolite, although the clinical relevance of this pharmacokinetic interaction has not been
established®2. In addition, chronic use of PPIs has been associated with an increased risk of
osteoporosis-related bone fractures®? and with increased susceptibility to certain infections (such
as community-acquired Clostridium difficile infection)>*. The findings from the COMPASS study>°
indicate that long-term use of pantoprazole with antithrombotic therapy seems to be safe except

for a potential increase in enteric infections compared with placebo.

[H2] Interactions with other cardiovascular drugs. A concern has been expressed that aspirin might
reduce the benefits of angiotensin-converting-enzyme (ACE) inhibitors on cardiovascular morbidity
and mortality in a secondary prevention setting3. It has been suggested that a large part of the

cardiovascular benefit of ACE-inhibitors is attributable to their positive effect on vascular

11



prostaglandin synthesis and that this effect is inhibited by aspirin3. Similarly, concerns have been
raised that aspirin might impair the therapeutic benefits of agents that improve outcomes in heart
failure, including ACE-inhibitors and B-blockers, most probably by blocking prostaglandin
production in the kidney, which results in impaired vasodilatation, decreased renal function,
sodium and water retention and circulatory volume expansion3. However, low-dose aspirin does
not inhibit renal prostaglandin synthesis, which in humans is largely driven by constitutively
expressed COX22%23, |n a largely female, middle-aged patient population with osteoarthritic
disorders, the risk of hospitalization owing to heart failure was roughly doubled by all NSAID
regimens studied compared with placebo, consistent with this outcome being a COX2-dependent
hazard unrelated to variable platelet inhibition3°. In the elderly patient population recruited in the
ASPREE trial*®, 75% of whom had hypertension at baseline, the risk of hospitalization for heart
failure was not modified by low-dose aspirin therapy compared with placebo (2.1% versus 1.9%; HR
1.07, 95% Cl 0.79-1.44). Similarly, in the population with diabetes included in the ASCEND trial®,
with approximately 60% reported use of ACE-inhibitors or angiotensin-ll-receptor blockers at
baseline, the rate of fatal or non-fatal heart failure did not differ between the low-dose aspirin and

placebo groups (1.2% versus 1.5%; RR 0.84, 95% Cl 0.64-1.10).

[H1] Balance of benefits and risks

The uncertainty about the balance of benefits and risks of taking low-dose aspirin for primary
prevention of cardiovascular disease is reflected by contradictory recommendations by US and

European organizations (Table 1) as well as by a heterogeneous regulatory framework?

However, there are a number of difficulties involved in the identification of individuals in whom the
net benefit of aspirin therapy is clearly favourable. Given that the relative effects of aspirin use
seem to be consistent in a wide range of individuals, the basic task is to delineate groups of people
in whom the predicted absolute risk of CHD is high whereas the predicted risk of bleeding is low.

This goal raises a number of practical considerations, as described below.

[H2] Poor performance of current multivariate risk scores. In healthy populations, cardiovascular
disease risk scores comprising multiple risk factors of only moderate strength (for example, high
cholesterol level and/or high blood pressure) yield a distribution of predicted risk in which the

majority of individuals have a predicted risk of CHD <1% and only a small proportion have a
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predicted risk exceeding 1.5% per year (Figure 4)*1. This poor performance is an intrinsic and
unavoidable characteristic of such multivariate scores, however sophisticated and however well
calibrated. In principle, a risk score developed by performing angiographic assessment of coronary
arteries in the whole general population would be more sensitive and specific than current risk
scores, enabling a clear distinction between those individuals without CHD (who are the majority of
people in the general population and who, indeed, would be at very low risk of CHD) and those with
subclinical CHD (who are a minority of people in the general population, and who would probably
have an annual risk of CHD >3%). Such a method of directly visualizing those individuals with occult
CHD would enable preventive measures to focus the aspirin treatment on just those at elevated
risk. However, notwithstanding the efforts to develop the assessment of coronary artery calcium
(CAC) scores for such a purpose®?, as discussed below, currently no technology permits such an
approach. Consequently, all efforts to improve the utilization of low-dose aspirin in primary
prevention must work within the constraints inherent to multivariate risk scores that incorporate

variables that have individually moderate associations with the risk of CHD.

[H2] A very low proportion of individuals are at high risk of CHD and low risk of bleeding . Figure 4
shows the distribution of predicted risk of CHD and risk of extracranial bleeding in the six trials
included in the 2009 ATT meta-analysis*'. Each point in the graph represents an individual,
organized according to the predicted risk of CHD. The analysis shows that 75% of individuals in the
2009 ATT meta-analysis had a risk of <0.5% per year, 15% had a risk of 20.5 and <1.0% per year, 5%
had a risk of 21.0% and <1.5% per year and 5% had a risk of >1.5% per year. In each CHD risk group,
the distribution of predicted risk of major extracranial bleeding is shown in the box (interquartile
range) and whisker (95% percentile range). For example, if it is determined that only those
individuals with absolute annual risk of CHD of 21.0% per year (among whom the expected benefit
per 1,000 people per year, assuming a rate ratio of 0.88%!, would be about 1.2 serious vascular
events prevented) and a predicted risk of major extracranial bleeding <0.1% per year (among whom
the excess risk, assuming a rate ratio of 1.5, would be 0.5 bleeding events per 1000 people per
year) would derive clear net benefit, then only about 3% of the population in the 2009 ATT meta-
analysis would satisfy these criteria. The criteria for determining a ‘margin of safety’ for an excess
of benefit over hazard that minimizes the risk of harm for healthy people is, of course, subjective,
but the statistical problem of identifying eligible patients might be inherent irrespective of where

this margin is set.
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[H2] Potential for increasing the proportion of individuals with net benefit from aspirin therapy Data
from a meta-analysis of studies on gastroprotectant agents®! (Figure 3) suggest that reducing the
risk of bleeding through the use of such drugs in individuals with elevated risk of CHD is a potential
means for increasing the proportion of individuals that might gain net benefit from aspirin therapy.
However, the effects of different gastroprotectant agents on the risk of bleeding are unclear: this
meta-analysis suggests that PPls reduce the risk of serious gastrointestinal bleeding by as much as
two-thirds but, as discussed by the authors of the meta-analysis, this estimate might be inflated by
bias arising from the inclusion only of small studies>. The results on long-term use of pantoprazole
in the COMPASS trial*® are consistent with a more modest reduction in the risk of bleeding with the
use of PPIs. Although whether PPIs reduce the risk of bleeding uniformly at all levels of risk of CHD
is currently unclear, if PPls are assumed to reduce the risk by half in all individuals, then the
proportion of individuals who might derive ‘net benefit’ from aspirin treatment under the criteria
outlined in the previous section would more than double (from 3% to about 7%). The largely
reassuring safety results of the COMPASS trial>® suggest that more detailed consideration should be
given to a strategy of combination treatment of aspirin and PPIs for selected individuals at elevated

risk of CHD.

[H2] Comparing the disutility of vascular and bleeding events A variety of approaches have been
used to calculate the net effects of aspirin in primary prevention. For example, the USPSTF
conducted a decision analysis to estimate the net quality-adjusted life-years in men and women at
different ages with the use of data from their own systematic evidence reviews and population
data from the US National Health and Nutrition Examination Survey on cardiovascular disease and
cancer rates, as well as data on bleeding events from an Italian population-based study and
disutility values drawn from the literature®®. Two separate analyses of the WHS assessed more
specifically the net benefit of aspirin on different outcomes over 10 years with the use of the
‘number-willing-to-treat’ (the ratio of the severity of a benefit compared with a harm) among
women assigned to various risk-based categories®’°8. These different approaches yielded variable
findings, with the conclusions depending strongly on the time horizon for calculating the net
effects. Within the obvious limitations of assessing the balance of benefits and risks on the basis of
absolute benefits and harms, a ratio of benefit to hazard close to 1.0, as can be calculated in the
ASCEND trial®®, is also observed in secondary prevention with other antithrombotic interventions

aimed at reducing the residual risk of cardiovascular disease by adding either ticagrelor>® or
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rivaroxaban®0 to existing antithrombotic therapies. Therefore, further research is needed to
develop algorithms that incorporate a formal assessment of the relative disutility of major
ischaemic and bleeding events according to age, prior clinical history and other prognostic

characteristics of the patient.

[H2] Are there additional long-term benefits of long-term antiplatelet therapy that are not related
to ASCVD? In 2016, the USPSTF issued guidelines stating that the USPSTF recommended initiating
low-dose aspirin use for the primary prevention of cardiovascular disease and colorectal cancer in
adults aged 50-59 years who have a 210% 10-year risk of cardiovascular disease, are not at
increased risk for bleeding, have a life expectancy of 210 years and are willing to take low-dose
aspirin daily for 210 years?. This recommendation was based on the accumulated evidence for a
chemopreventive effect of low-dose aspirin therapy against colorectal and other types of cancer
that seemed to emerge after about a decade of aspirin therapy. Nevertheless, the evidence on the
effects of aspirin therapy on cancer prevention is less definite than that on the prevention of

cardiovascular disease.

[H1] Research gaps

[H2] Improved risk stratification scores. Future research is needed to explore improved methods of
risk stratification in order to increase the balance of expected benefit to risk for specific identifiable
groups of apparently healthy people. The identification of novel biomarkers that are only
moderately associated with risk of ASCVD (comparable, for example, to a risk factor like
cholesterol) is unlikely to be sufficient, especially given the decreasing rates of ASCVD in many
regions of the world. Instead, we need methods that will enable the identification of those
individuals with existing (but clinically silent) disease. For example, CAC is a highly specific feature
of coronary atherosclerosis. CAC scoring has emerged as a means of assessing the risk for major
cardiovascular outcomes, especially useful in asymptomatic people for planning primary prevention
interventions such as statin and aspirin therapy®>. However, according to an assessment by the
USPSTF published in 2018°%! , evidence from adequately powered clinical trials evaluating the

incremental effect of the CAC score (or other nontraditional risk factors, such as the ankle—brachial
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index or high-sensitivity C-reactive protein level) in the assessment of the risk of ASCVD and the
initiation of preventive therapy is insufficient. In addition, an elevated CAC score is of little

prognostic value in people who are taking statin therapy, which is a limitation in clinical practice.

[H2] Safer antithrombotic drugs. Besides the need for more efficient risk scores and treatment
algorithms, development of safer antithrombotic agents through a better understanding of the

molecular mechanisms contributing to atherothrombosis versus haemostasis is clearly needed®?.

[H2] Tailored aspirin dosing. A 24-hour dosing interval of aspirin administration is generally
assumed to be adequate to maintain virtually complete and persistent suppression of TXA,-
dependent platelet activation, because of the irreversible nature of platelet COX1 inactivation by
the drug and trivial de novo protein synthesis in anucleate platelets?3. However, accelerated
renewal of the drug target because of abnormal megakaryopoiesis (such as in essential
thrombocythaemia?>28) and/or reduced acetylation of COX1 in the platelet progenitors because of
impaired systemic bioavailability of aspirin (such as in obesity?>??) can substantially reduce the
duration of the antiplatelet effect of aspirin, requiring a shorter dosing interval (for example, 12 h).
The efficacy and safety of an optimized, twice-daily, low-dose aspirin regimen is currently being
explored in a phase Il trial on essential thrombocythemia® and in a phase Ill trial on type 2 diabetes
mellitus (ANDAMAN trial®%)

In addition, as mentioned above, the clinical relevance of the dose-dependent effects of aspirin will

be assessed in the ongoing ADAPTABLE trial3'.

[H2] Role of aspirin in cancer prevention. Further investigation is needed on the mechanism of
action of aspirin therapy in the setting of prevention of colorectal and other types of cancer!’ as
well as longer-term follow-up of cancer incidence and mortality in the primary prevention trials
reported in 2018. The findings from these studies might provide the necessary prospective
evidence on the role of aspirin in chemoprevention to enable a reliable assessment of the benefit—

risk balance of aspirin therapy in this setting.

[H1] Conclusions

In conclusion, the results of 3 new randomized trials of aspirin versus placebo in people with

diabetes, the elderly, and people at increased risk of ASCVD, are statistically consistent with the
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results of previously reported trial findings in the primary prevention setting. They reinforce the
point that, when used in primary prevention, aspirin yields small absolute benefits and small
hazards. Given the wide range of people now studied in such trials there is a need for an updated
assessment, using meta-analysis of individual participant data, of whether some people derive clear
net benefit. The main challenge when assessing whether aspirin use would be of net benefit to
particular individuals is that the expected benefits and risks are strongly correlated, so identifying
large numbers of people at high risk of ASCVD but low risk of bleeding is likely to be difficult. Future
work to explore this dilemma requires a new approach, perhaps combining the use of coronary
imaging, to identify a group of apparently healthy people at substantially increased risk of vascular
events, with the use of gastroprotectant therapy to reduce the risk of bleeding. Tailoring the aspirin
regimen according to body weight and platelet turnover is an additional strategy worth

investigating to optimize effectiveness?>>.
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Key points The benefits of aspirin therapy for the secondary prevention of cardiovascular disease
(CVD) clearly outweigh the risks of bleeding, but whether to recommend low-dose aspirin for

primary prevention of CVD is controversial.

e Use of risk scores for vascular events and major extracranial bleeds to classify individual
participant data from a meta-analysis shows that individuals at the highest risk of vascular
events are also at the highest risk of bleeding.

e In 2018, results from three trials on low-dose aspirin in three populations at increased risk of
myocardial infarction or ischaemic stroke in the absence of established CVD added to the
evidence base.

e Overall, other than for myocardial infarction, the relative effects of aspirin on the other major
efficacy and safety outcomes appear similar in all of the primary prevention trials, including the
3 (ASPREE, ASCEND and ARRIVE) completed in 2018 .

e The main challenge when assessing the net benefit of aspirin is that benefits and risks are
strongly correlated; therefore, identifying large numbers of people at high risk of vascular

ischaemia but low risk of bleeding is difficult.
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e New approaches are required to overcome this challenge, perhaps combining coronary
imaging to identify apparently healthy people at substantially increased risk of vascular events,

with gastroprotective therapy to reduce the risk of bleeding.

Figure 1 | Mechanism of action of aspirin. Arachidonic acid, a 20-carbon fatty acid containing four
double bonds, is liberated from the sn-2 position of cell membrane phospholipids by several
phospholipases, which are activated by diverse stimuli. Arachidonic acid is then converted by
prostaglandin (PG)G/H synthases, which have both cyclooxygenase (COX) and hydroperoxidase
(HOX) activity, to the unstable intermediates PGG2 and PGH2, respectively. The synthases are
colloquially termed cyclooxygenases and exist in two isoforms, COX-1 and COX-2. PGH; is converted
by tissue-specific isomerases to multiple prostanoids, including thromboxane A, (TXA;). These
bioactive lipids activate specific cell-membrane receptors of the superfamily of G-protein-coupled
receptors, such as the TXA; receptor (TP), the PGD, receptors (DPs), the PGE; receptors (EPs), the
PGF2q receptors (FPs) and the prostacyclin I, (PGl,) receptor (IP)!. Aspirin inactivates the COX
activity of COX1 and COX2. In humans, low-dose aspirin is a relatively selective inhibitor of platelet

COX1, whereas high-dose aspirin and other NSAIDs inhibit both COX1 and COX2.

Figure 2 | Molecular basis of the antiplatelet pharmacodynamics of aspirin. a | Crystal structure of
the cyclooxygenase catalytic site of the ovine prostaglandin G/H-synthase 1 (also known as
cyclooxygenase 1) acetylated by acetylsalicylic acid (aspirin). The carboxylic moiety of the salicylic
acid (shown in yellow) interacts reversibly with Arg120 (shown in pink), a common docking site for
all NSAIDs. This interaction creates a local pool of acetylating moiety just beneath Ser530 (Ser529 in
the human enzyme)(shown in orange), thereby explaining the selective acetylation of this particular
serine residue by aspirin. The acetylated Ser530 occupies a strategic position within the
cyclooxygenase channel, directly below Tyr385 (shown in pink), a crucial residue for initiating
cyclooxygenase catalysis. Any arachidonic acid diffusing up the channel would be prevented from
interacting with Tyr385 by steric hindrance introduced by this adduct. The haem moiety of the
enzyme is shown in red b | Graph showing the hyperbolic relationship between the percentage of
acetylated platelet COX1 (AceCOX1) and inhibition of platelet COX1 activity, as reflected by serum
levels of thromboxane B, (TXBz), a stable metabolite of thromboxane A,. ¢ | Graph depicting the
log-linear relationship between oral aspirin dose and inhibition of platelet TXB, production in

healthy individuals, as reflected by serum TXB, measurements performed before and 24 h after
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aspirin dosing, with each individual serving as their own control. Panel a adapted from REF.%°. Panel

b adapted from REF.?°. Panel ¢ adapted from REF.%..

Figure 3 | Effects of gastroprotectant drugs on the risk of gastrointestinal bleeding Results of
meta-analyses of randomized trials, with each line comparing a particular class of gastroprotectant
agents vs placebo or open control, and odds ratios calculated using inverse-variance weighted
methods for combining 2x2 contingency tables. Data obtained from Ref.>!. GPT, gastroprotectant;

H2RA, histamine 2 receptor antagonists; PA, prostaglandin analogues; PPI, proton-pump inhibitors.

Figure 4 | Risk of major coronary events versus risk of bleeding. Box and whisker plot showing the
proportion of people at given levels of predicted risk of major extracranial bleeding (MEB) and
predicted risk of major coronary events (MCE), indicating that those individuals at the highest
absolute risk of MCE are also at the highest risk of bleeding. Data are from the 2009 ATT
Collaboration meta-analysis of 95,000 individuals in six trials of primary prevention of
cardiovascular disease *!. The estimated risk of MCE (nonfatal myocardial infarction or death
related to coronary heart disease) and of MEB are plotted for each individual (methods described in
REF.%!) before being organized into four categories of annual risk of MCE (<0.5%; >0.5 and <1.0%;
>1.0 and <1.5%; and 21.5%). The box corresponds to the interquartile range and the whisker to the

95% percentile of predicted risk of MEB.
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Table 1 | Guidelines on the use of aspirin in primary prevention of cardiovascular disease

Organization
(year)

Recommendation

Class (level
of evidence)

REF.

ACCP (2012)

Suggests the use of low-dose aspirin (75-100 mg daily) in
patients aged >50 years over no-aspirin therapy

Il (B)

ESC/EASD
(2013)

Antiplatelet therapy with aspirin in patients with diabetes
mellitus at low risk of CVD is not recommended

11l (A)

Antiplatelet therapy for primary prevention may be
considered in high risk patients with diabetes mellitus on
an individual basis

b (C)

ADA (2019)

Aspirin therapy (75-162mg daily) may be considered as a
primary prevention strategy in those with diabetes who
are at increased risk of CVD, after a discussion with the
patient on the benefits versus increased risk of bleeding

ESC (2016)

Aspirin is not recommended in individuals without CVD
owing to the increased risk of major bleeding

Il (B)

USPSTF (2016)

Recommends initiating low-dose aspirin for the primary
prevention of CVD and CRC in adults aged 50-59 years
who have a 210% 10-year risk of CVD, are not at
increased risk for bleeding, have a life expectancy 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 for primary
prevention of CVD and CRC in adults aged 60—69 years
who have a 210% 10-year risk of CVD should be made in
an individual basis. People who are not at increased risk
of bleeding, have a life expectancy of 210 years, and are
willing to take low-dose aspirin daily for at least 10 years
are more likely to benefit. People who place a higher
value on the potential benefits than the potential harms
may choose to initiate low-dose aspirin therapy

10

ACC/AHA
(2019)

Low-dose aspirin (75—-100 mg orally daily) might be
considered for the primary prevention of ASCVD among
select adults aged 40-70 years who are at higher risk of
ASCVD but not at increased risk of bleeding

b (A)

Low-dose aspirin (75—100 mg orally daily) should not be
administered on a routine basis for the primary
prevention of ASCVD among adults aged >70 years

Il (B-R)

Low-dose aspirin (75—-100 mg orally daily) should not be
administered for the primary prevention of ASCVD among
adults of any age who are at increased risk of bleeding

Il (C-LD)

11

ACCP, American College of Chest Physicians; ADA, American Diabetes Association; ASCVD,
atherosclerotic cardiovascular disease; CRC, colorectal cancer; CVD, cardiovascular disease; EASD,
European Association for the Study of Diabetes; USPSTF, United States Preventive Services Task

Force.
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Table 2 | Randomized trials on aspirin versus control in primary prevention of cardiovascular

disease
Trial Comparis | Factorial Type of Number | Mean | Primary Main RE
(publicati | on comparison | participant | of follow | efficacy bleeding F.
on year) s participa | -up outcome outcome
nts (years)
British ASA 500 | Not Male 5,139 6 All-cause Major 4,41
Doctors' | mg applicable doctors death: RR extracranial
Study versus from the 0.88,95% Cl | bleed:
(1988) usual UK 0.71-1.09, | 20/3429
care P=NS [0.6%] vs
10/1710
[0.6%]; RR
1.00, 99% ClI
0.37-2.70
US PHS ASA 325 | B-carotene Male 22,071 5 Cardiovascu | Major 541
(1989) mg on 50mg doctors lar-related extracranial
alternate | alternate aged 40— death: RR bleed:
days days versus 84 years 0.96, 95% CI | 48/11037
versus placebo from the 0.60-1.54, [0.4%] vs
placebo USA P=NS 30/11,034
[0.3%]; RR
1.59, 99% ClI
(0.89-2.84)
ETDRS ASA 650 | Not Patients 3,711 5 All-cause NA 33
(1992) mg applicable with death: RR
versus diabetic 0.91, 99%Cl
placebo retinopath 0.75-1.11;
y aged 18— P=0.24
70 years
HOT ASA 75 Three blood- | Patients 18,790 3.8 Major Fatal 32
(1998) mg pressure with cardiovascul | bleeding
versus lowering hypertensi ar events?®: events:
placebo regimens on aged RR 0.85; 7/9,399
50-80 95% ClI [0.1%] vs
years 0.73-0.99, P | 8/9,391[0.1
=0.03 %]; P=NS
TPT ASA Warfarin Men aged | 5,085 6.8 All Major 38
(1998) 75mg versus 45-69 (media | ischaemic bleeding
versus placebo years at n) heart events:
placebo high risk of disease 20/2,545
ischaemic (IHD)®: [0.8%] vs
heart proportiona | 13/2,540
disease | reduction [0.5%];
20%, 95% Cl | P=NS
1-35,P =
0.04
PPP ASA 100 | Vitamin E Individuals | 4,495 3.6 Serious Severe 37
(2001) mg versus open | aged =50 vascular bleeding:
versus years with events®: HR | 1.1% vs.
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open control risk factors 0.71,95% Cl | 0.3%, P <
control for CVD 0.48-1.04, 0.0008
P=NS
Women's | ASA 100 | Vitamin E Healthy 39,876 10.1 Major Gastrointest | 31
Health mg on Versus female cardiovascul | inal
Study alternate | placebo health ar events?: bleeding
(2005) days profession RR 0.91, requiring
versus als aged 95% Cl transfusion:
placebo 245 years 0.80-1.03, P | 127/19,934
=0.13 S
91/19,942;
RR 1.40,
95% Cl 1.07-
1.83; P=0.02
POPADA | ASA Antioxidant Patients 1,276 6.7 Vascular Gastrointest | 34
D (2008) | versus versus with (media | event or inal
placebo placebo diabetes n) amputation® | bleeding:
mellitus : HR 0.98, 28/638
and low 95% ClI [4.4%]
ABI aged 0.76-1.26, P | aspirin vs
>40 years =0.86 31/638
[4.9%];
P=NS
JPAD ASA 81 Not Patients 2,539 4.4 Atheroscler | Gastrointest | 3°
(2008) or 100mg | applicable with otic events®: | inal
versus diabetes HR 0.80, bleeding:
usual mellitus 95% Cl 12/1262
care aged 30— 0.58-1.10, P | [1.0%] vs
85 years =0.16 4/1277
[0.3%];
P=NS
AAA ASA 100 | Not Participant | 3,350 8.2 Major Major 36
(2010) mg applicable s aged 56— cardiovascul | haemorrhag
versus 75 years aror e requiring
placebo with low cerebrovasc | hospital
ABIl and no ular events®: | admission:
evidence HR 1.03, HR 1.71,
of CVD 95% Cl 95% Cl
0.84-1.27, 0.99-2.97
P=NS P=NS
JPPP ASA 100 | Not Patients 14,464 5 Serious Extracranial | 39
(2010) mg applicable with vascular haemorrhag
versus diabetes events HR | e HR 1.85,
usual mellitus, 0.94,95% Cl | 95% ClI
care high blood 0.77-1.15,P | 1.22-2.81,P
pressure =0.54 =0.004
and
dyslipidae
mia, aged
60-85
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years
ARRIVE ASA 100 | Not Individuals | 12, 546 5 Serious Gastrointest | 16
(2018) mg applicable aged =55 vascular inal
versus years with events": HR | bleeding:
placebo CVD risk 0.96,95% Cl | HR 2.11,
factors 0.81-1.13,P | 95% CI
=0.6038 1.36-3.28, P
=0.0007
ASPREE ASA 100 | Not Individuals | 19,114 4.7 Disability- Major 12-
(2018) mg applicable aged 270 free haemorrhag | 14
versus years survival: HR | e: HR 1.38,
placebo without 1.01, 95% CI | 95% CI
significant 0.92-1.11,P | 1.18-1.62,
morbidity =0.79 P<0.001
ASCEND ASA 100 Fish oil Patients 15,480 7.4 Serious Major 15
(2018) mg supplementa | with vascular bleeding
versus tion versus diabetes events': rate | events: rate
placebo placebo mellitus ratio 0.88, ratio 1.29,
aged 240 95% ClI 95% Cl
years 0.79-0.97,P | 1.09-1.52, P
=0.01 =0.003

The ACCEPT-D trial, which was designed to compare aspirin 100 mg versus usual care among

people with diabetes and no evidence of vascular disease who were receiving statin therapy (target
n =5,170), has been abandoned and the data are not expected to be available. 2Nonfatal
myocardial infarction (MI), nonfatal stroke or death from cardiovascular cause. PFatal and nonfatal
MI and coronary-related death. ‘Death from coronary heart disease or stroke, nonfatal Ml or
stroke, or above-ankle amputation for critical limb ischaemia. 9Fatal or nonfatal ischaemic heart
disease, fatal or nonfatal stroke, and peripheral artery disease. ¢Fatal or nonfatal coronary event or
stroke or revascularization. M, stroke or transient ischaemic attack (TIA), or vascular-related death
excluding any confirmed intracranial haemorrhage.8 Extracranial haemorrhage requiring
hospitalisation or transfusion. "M, stroke, cardiovascular-related death, unstable angina, or TIA.
iDeath from any cause, dementia or persistent physical disability. IMI, stroke or TIA, or vascular-
related death excluding any confirmed intracranial haemorrhage. ABI, ankle—brachial index; ASA,
acetylsalicylic acid; CVD, cardiovascular disease; NA, not available; NS, not significant; RR, relative
risk.
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Figure 2

A
\-‘\!, 1\. ;

Tyr:iS‘fl 3

> LCatalytic pocket

< Acetylated
\ S er529/530

Constrfttion %% ‘7 L Arg'20
o -

./ *
O~ K\ A

Channel mouth

Serum TXB, % Inhibition

w O
(@]

1004 Aspirin treatment
{1 0 Invivo
VIn vitro (100 uM)

(o)) ~ (0] (o]
o O o o o
s 1 s, i " 1 A 1 M [}

rrrrrrrrrr ettt
0 10 20 30 40 50 60 70 80 90
Platelet AceCOX-1 (%)

% inhibition of TXB, production

100

80+

60+

404

20+

(9)

I I
10 100

Oral Aspirin dose

|
1000 mg



Figure 3

N.umber of Events/patients (%) Odds ratio

trials Gastroprotectant Control (95% or 99% CI)*
Bieeds (Heterogeneity 5 =15.3 p<0.001)
PP 18 14/5910 (0.2%) 88/4937 (1.8%) 0.21 (0.12 - 0.36)
PA 3 33/4464 (0.7%) 53/4489 (1.2%) 0.63 (0.35 — 1.12)
H2RA 29 43/3631 (1.2%) 84/2779 (3.0%) 0.49 (0.30 - 0.80)
Any GPT 49 90/14139 (0.6%) 221/12130 (1.8%) 0.40 (0.32 - 0.50)

p<0.001

4 99% or <T=95% confidence intervals



Figure 4
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