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Abstract: Based on a wealth of evidence, aspirin is one of the cornerstones of secondary prevention of
cardiovascular disease. However, despite several studies showing efficacy also in primary prevention, an
unopposed excess risk of bleeding leading to a very thin safety margin is evident in subjects without a clear
acute cardiovascular event. Overall, the variability in recommendations from different scientific societies for
aspirin use in primary prevention is a classic example of failure of simple risk stratification models based on
competing risks (atherothrombosis vs. bleeding), perceived to be opposed but intertwined at the
pathophysiological level. Notably, cardiovascular risk is dynamic in nature and cannot be accurately captured
by scores, which do not always consider risk enhancers. Furthermore, the widespread use of other potent
medications in primary prevention, such as lipid-lowering and anti-hypertensive drugs, might have reduced
the benefit of aspirin in recent trials. Some authors, drawing from specific pathophysiological data, have
suggested that specific subgroups might benefit more from aspirin. This includes patient with diabetes and
those with obesity, as well as considering sex-based differences. Moreover, molecular analysis of platelet
reactivity has been proposed. A beneficial effect of aspirin has also been demonstrated for the prevention of
cancer, especially colorectal. This review explores evidence and controversies concerning the use of aspirin in
primary prevention, considering new perspectives in order to develop a personalized approach.

Keywords: aspirin; primary prevention; cardiovascular risk; platelet; bleeding; thrombosis;
diabetes; guidelines; cancer

1. Introduction

Salicylin has been known for its analgesic properties for thousands of years, but it was only in
1897 that acetylsalicylic acid was synthesized as such, marketed as “Aspirin”, and used for pain-
relieving and antipyretic purposes. It took even longer to find out about the platelet inhibition
properties of the compound. According to a review article from the Antiplatelet Trialists’
Collaboration dating back to 1988, in a pooled and heterogeneous cohort of patients with established
cardiovascular disease (CVD), aspirin resulted in a 15% reduction in vascular mortality and a 30%
reduction in non-fatal cardiovascular events [1]. Since then, aspirin has become the mainstay for the
secondary prevention of cardiovascular events [2,3]. By contrast, whether a similar benefit could be
expected in patients at high risk but without formal diagnosis of CVD has instead remained debated.
Nonetheless, the use of aspirin for primary prevention of CVD is widespread, with more than 1 out
of 3 adults aged 250 years and almost 1 out of 2 aged 270 years taking aspirin, without any previous
cardiovascular event, as revealed by an interview of the U.S. population in 2017 [4]. This conflicts
with the inconsistent results of seminal trials and guidelines recommendations.

This review provides an overview of the current evidence, recommendations and controversies
concerning the use of aspirin in primary prevention and offers new perspectives to develop a
personalized approach.

2. Pharmacology of Aspirin: Joys And Sorrows

Aspirin diffuses through the gastric and duodenal mucosa, enters the portal circulation where
platelets are exposed to it. There are two different formulations available for clinical use: immediate
release, which reaches a plasma peak by 15 minutes and is particularly useful in case of acute events,
and gastro-resistant tablets, which reach a plasma peak by 3-4 hours and are indicated for chronic
treatment [5]. Despite aspirin short half-life (15-20 min), the effect on platelets is permanent. This is
because platelets are anucleate cellular residues and the regeneration of target enzymes requires the
production of new platelets [5,6]. Absorption may be influenced not only by the formulation and
dosage, but also by the presence or absence of food and by gastric pH [5].

The therapeutic role of aspirin relies on the inhibition of the arachidonic acid cycle. Arachidonic
acid is the substrate of cyclooxygenases 1 and 2 (COX-1 and COX-2) which transform it into the
intermediate prostaglandin H2 (PGH2). PGH2 is then transformed by tissues-specific enzymes into
several derivatives, including thromboxane and prostacyclin G2 (PGI2). Thromboxane promotes
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platelet aggregation and has a vasoconstrictor and proatherogenic effect [7]. In contrast, PGI2 inhibits
platelet aggregation, induces vasodilation, and has a cytoprotective effect on the gastric mucosa [8,9].
Aspirin acts by acetylating a serine residue of COXs enzymes, thereby it prevents arachidonic acid
from accessing the catalytic site. Thromboxane comes mostly from the action of COX-1, the only
isoform expressed on mature platelets, while PGI2 mainly derives from the action of COX-2 [10,11].
Irreversible inhibition of COX-1 takes place already at low doses of aspirin, so production of
thromboxane is largely suppressed after a week of cumulative treatment [10,12,13]. In contrast,
inhibition of COX-2 takes place at higher aspirin doses, so that PGI2-mediated vascular effects (such
as blood pressure control and renin-angiotensin system inhibitor function) are not, or at most
marginally, affected by low-dose aspirin [14-16]. Nonetheless, because the relationship between
platelet thromboxane production with thromboxane-induced platelet aggregation is not linear and
small concentrations of thromboxane can result in platelet aggregation, at least 95% inhibition of
COX-1 activity must be achieved to affect platelet activity [17]. In this regard, some authors proposed
the debated concept of aspirin resistance, which may be explained by the inter-individual variability
in response to aspirin. In addition to clinical conditions later explored, this may be partially
attributable to reduced bioavailability of aspirin [18], to genetic polymorphisms of COX-1, and to the
residual protein synthesis activity of platelets [19], including COX-1 formation [20]. Given this
background, aspirin treatment regimens generally require daily administration of 75-100 mg of the
drug.

In addition, aspirin also interferes with the production of inflammatory cytokines, growth
factors, and other mediators [6,21,22]. In particular, the COX-2 pathway participates in several
pathophysiological processes, including carcinogenesis. COX-2 is overexpressed in cancer precursors
in the bowel, lung, breast, and many other organs [23], and COX-2 signalling is deeply involved in
angiogenesis, stromal cells regulation, and inflammation [24]. This strongly supports a potential
preventive role for aspirin in this context.

3. Deep Diving in Data: How Effective and Safe is Aspirin?

Historical randomized controlled trials (RCTs) have investigated the use of aspirin in primary
prevention, providing initially exciting but not always consistent results (Figures 1 and 2) [14,25-29].
In the Physicians’ Health Study (PHS) [26], 325 mg of aspirin on alternate days decreased the risk of
myocardial infarction (MI) by 44% (relative risk — RR — 0.56, 95% confidence interval — 95% CI — from
0.45 to 0.70, p <0.01) in male physicians aged 40-84 years. The Thrombosis Prevention Trial (TPT) [27],
which tested a lower and fixed dose of 75 mg once a day, reported similar findings, as well as the
Hypertension Optimal Treatment (HOT) study [14]. However, different results were reported by
other trials.

In the prematurely interrupted Primary Prevention Project (PPP) trial [28], aspirin did not
reduce the primary endpoint of cardiovascular death, stroke, or MI (RR 0.90, 95% CI 0.50-1.62, p not
available) in patients with diabetes mellitus (DM). Aspirin was found not to affect the risk of MI or
death from cardiovascular causes (RR 0.91, 95% CI 0.80-1.03, p=0.13) in the Women’s Health Study
(WHS) [29], whereas the risk of stroke was reduced (RR 0.83, 95% CI 0.69-0.99, p=0.04).

do0i:10.20944/preprints202406.0886.v1
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Figure 1. Timeline of randomized trials investigating aspirin use in primary prevention. Trials are
presented as circles whose area is proportional to the sample size and are ordered on the x axis
according to the year of publication. The main study result is graphically presented as the relative
risk for a primary composite study endpoint, which is spread along the y axis, defined as a composite
of fatal and nonfatal myocardial infarction plus fatal and nonfatal ischemic stroke. The dotted line
intersecting the y axis indicates a relative risk of 1 (equivalence between treatments). Data from British
Doctor Study (BDS), Primary Prevention Project (PPP), The Prevention Of Progression Of Arterial
Disease And Diabetes (POPADAD) and International Polycap Study-3 (TIPS-3) are not reported in
this analysis due to lack of data of separate outcome. Abbreviations. PHS: Physicians” Health Study
(relative risk, RR 0.72); HOT: Hypertension Optimal Treatment (RR 0.82); TPT: Thrombosis
Prevention Trial (RR 0.75); WHS: Women’s Health Study (RR 0.89); JPAD: Low-dose aspirin for
primary prevention of atherosclerotic events in patients with type 2 diabetes (RR 0.88); AAA: Aspirin
for Asymptomatic Atherosclerosis (RR 0.98); JPPP: Japanese Primary Prevention Project (RR 0.76);
ASCEND: A Study of Cardiovascular Events in Diabetes (RR 0.92); ARRIVE: Aspirin to Reduce Risk
of Initial Vascular Events (RR 0.97); ASPREE: Aspirin in Reducing Events in the Elderly (RR 0.91).

Subsequently, the Prevention Of Progression of Arterial Disease And Diabetes (POPADAD) trial
showed no benefit on cardiovascular events and mortality in adults 240 years having type 1 or 2 DM
and asymptomatic peripheral arterial disease [30]. The Japanese Primary Prevention of
Atherosclerosis With Aspirin for Diabetes (JPAD) trial randomized 2,539 Japanese with type-2 DM
to low-dose (81 or 100 mg) aspirin or no aspirin [31], showing no reduction in ischemic heart disease,
stroke, and peripheral arterial disease (arteriosclerosis obliterans, aortic dissection, mesenteric artery
thrombosis) (hazard ratio - HR -1.14, 95% CI 0.91-1.42, p=0.20).

Pooling these trials, however, a patient-level meta-analysis by the Antithrombotic Trialists’
(ATT) Collaboration showed reduced serious vascular events (non-fatal MI, non-fatal stroke, and
cardiovascular death; rate ratio 0.88, 95% CI 0.82-0.94, p <0.01) [32], without differences across pre-
specified risk categories. This was mainly driven by a lower risk of non-fatal MI (RR 0.77, 95% CI
0.67-0.89, p <0.01), while no difference was observed in terms of vascular, non-vascular, and all-cause
mortality. Of note, however, the ischemic benefit was counterbalanced by a significant increase in the
risk of major gastrointestinal and other extracranial bleeding (RR 1.54, 95% CI 1.30-1.82, p<0.01),
casting doubts on the net advantage of aspirin in unselected patients without significant baseline risk.
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Figure 2. Trade-off between efficacy and safety across trials investigating aspirin use in primary
prevention. Numbers needed to treat (NNT) and number needed to harm (NNH) displayed in a
barplot were calculated as the inverse of absolute risk reduction for a primary efficacy composite
endpoint (defined as a composite of fatal and nonfatal myocardial infarction plus fatal and nonfatal
ischemic stroke) and major bleeding. *Regarding the “Aspirin to Reduce Risk of Initial Vascular
Events” (ARRIVE), aspirin use showed to be protective toward the safety outcome, so this was shown
as efficacy data.Data from British Doctor Study (BDS), Primary Prevention Project (PPP), The
Prevention Of Progression Of Arterial Disease And Diabetes (POPADAD) and International Polycap
Study-3 (TIPS-3) are not reported in this analysis due to lack of data of separate outcome.
Abbreviations: PHS: Physicians’ Health Study; HOT: Hypertension Optimal Treatment; TPT:
Thrombosis Prevention Trial (exc. Warfarin); WHS: Women’s Health Study; JPAD: Low-dose aspirin
for primary prevention of atherosclerotic events in patients with type 2 diabetes; AAA: Aspirin for
Asymptomatic Atherosclerosis; JPPP: Japanese Primary Prevention Project; ASCEND: A Study of
Cardiovascular Events in Diabetes; ARRIVE: Aspirin to Reduce Risk of Initial Vascular Events
ASPREE: Aspirin in Reducing Events in the Elderly.

On this basis, subsequent studies focused on populations at higher risk of ischemic events,
anticipating a more favourable net clinical benefit. A first attempt at refining patients’ selection in a
“modern” cohort was conducted in the Aspirin to Reduce Risk of Initial Vascular Events (ARRIVE)
trial [33]. The investigators selected a cohort of 12,546 patients aged = 55 years (men) or = 60 years
(women) at moderate cardiovascular risk (defined as 10-20% 10-year risk of coronary artery disease,
CAD) and with no bleeding risk features. The trial still showed no reduction in the composite of MI
or unstable angina, cardiovascular death, stroke, or transient ischemic attack (HR 0.96, 95% CI 0.81-
1.13, p=0.60) in the low-dose aspirin arm. However, in this study, there was not an increase in
haemorrhagic stroke risk, despite an increase in mild gastric bleedings (HR 2.11, 95% CI 1.36-3.28,
p=0.95). A different high-risk subset was selected in the placebo-controlled ASPirin in Reducing
Events in the Elderly (ASPREE) trial [34], enrolling 19,114 healthy community-dwelling seniors (= 70
years-old) from Australia and the United States of America. Analysing a composite outcome of fatal
CAD, nonfatal MI, fatal or nonfatal stroke, or hospitalization for heart failure, the study found no
differences between the two arms (HR 0.95, 95% CI 0.83-1.08, p not available), without any differences
in each subgroup analysis that may influence cardiovascular risk, but an increase in major bleeding
was observed (HR 1.38, 95% CI 1.18-1.62, p not available). This trial also revealed a higher risk of all-
cause mortality in the aspirin arm (HR 1.14, 95% CI 1.01-1.29, p=0.03) with cancer-related death being
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the principal aetiology. Finally, in the A Study of Cardiovascular Events in Diabetes (ASCEND) trial
[35], the authors evaluated the use of 100 mg of aspirin in 15,000 adults over 40 years old with any
type of DM. The composite of MI, stroke or transient ischemic attack, or death from any vascular
cause was less frequent in aspirin users (RR 0.88, 95% CI 0.79 - 0.97, p=0.01), but again
counterbalanced by a higher risk of major haemorrhagic events (RR 1.29, 95% CI 1.09 -1.52, p<0.01).

Although subsequent meta-analyses continued to show a benefit of aspirin on ischemic events
[36], the one from Shah et al. also highlighted a time-dependent heterogeneity in RCT results [37]. In
this study, while the benefit of aspirin was preserved in RCTs dating back to the late ‘eighties and
‘90s, it appeared attenuated in more recent studies, suggesting that the lack of modern preventive
approaches (e.g., a widespread use of lipid-lowering drugs) could have magnified the efficacy found
in earlier studies. Another meta-analysis also supported the lack of ischemic benefit in the elderly, a
worrisome finding given the significant proneness to major bleeding of this vulnerable subgroup
[38].

The most recent meta-analysis published in 2022 by the U.S. Preventive Services Task Force
(USPSTF; N=134,470) [39], also including data from the long-term follow-up of the JPAD trial and the
WHS trial [40,41], confirmed a reduction in the composite of nonfatal MI, nonfatal stroke, and
cardiovascular mortality (odds ratio — OR - 0.90, 95% CI 0.85-0.95, I square — 1>~ 0%), however, no
differences were observed in cardiovascular and all-cause mortality up to 10 years. Bleeding risk-
excess (OR 1.44, 95% ClI, 1.32-1.57, I2= 4.7%) was consistently reported across several safety endpoints,
including extracranial haemorrhage, major gastrointestinal bleeding, and most importantly
intracranial haemorrhage. Of interest, time-to-event analysis revealed an accrual of bleeding by the
first year and more pronounced ischemic benefit between 1 to 2 years.

4. Looking for a Scapegoat: Can Subgroup Effects Account for the Lack of Benefit?

A variety of settings have been associated with an exaggerated pro-thrombotic milieu and
resistance to aspirin. These have been recurrently called into question to address the lack of ischemic
benefit, and, as a result, an even less favourable safety-efficacy balance in RCTs. Subgroups
characterized by aspirin resistance include diabetics, the obese, women, post-MI, and post-coronary
artery bypass graft patients [42]. Since the last two subgroups do not fulfil the criteria for primary
prevention, we will discuss the first three.

4.1. Diabetics

Patient with diabetes, who have a two- to four-fold higher risk of ischemic events compared to
non-diabetic patients, have been frequently suggested as the most suitable candidates for primary
cardiovascular prevention [43]. However, the results of trials have been conflicting. Neither the JPAD
nor the ASCEND trials provided convincing support for the use of aspirin in this subgroup [31,35].
In the latter study [35], aspirin met the primary efficacy endpoint, but the benefit was offset by the
occurrence of major bleeding. In the meta-analysis by Zheng et al. [36], data for the diabetic
population were reported in 10 RCTs (N=30,448), and the authors only found a borderline significant
trend towards less cardiovascular mortality, nonfatal MI, and nonfatal stroke with aspirin (HR 0.90,
95% CI 0.82-1.00, I>=0%). On the other hand, major bleedings (HR 1.29, 95% CI 1.11-1.51, I>=0%),
particularly major gastrointestinal haemorrhages (HR 1.35, 95% CI 1.05-1.75, I>=1%), were increased
in the experimental arm, whereas intracranial bleedings were not (HR 1.21, 95% CI 0.84-1.76, I>=1%).
The disappointing results may be due to the pathophysiological specificities of diabetic patients.
These patients have platelets with unique biological features, including a more rapid platelet
turnover and enhanced platelet reactivity, which makes them more prone to thrombotic events [44].

Among the peculiarities of these patients, studies have also shown early recovery of
thromboxane synthesis, implying that inhibition of thromboxane-dependent platelet aggregation is
not fully maintained for 24 hours [45]. On this basis, a potential benefit of reducing aspirin dosing
intervals has been suggested. This was indeed supported by several studies, which pointed out
greater platelet inhibition when low-dose aspirin was administered twice a day, as opposed to an
increased dose administered once a day [44-51]. Unfortunately, this pharmacological advantage is
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not easily translated into a clear clinical benefit; many other biological mechanisms are involved,
including hyperglycaemia itself which contributes to reduced platelet sensitivity [52]. Overall, RCTs
on this subgroup of patients are lacking to support a convincing benefit. As a result, diabetic patients
are not currently candidates for “ad-hoc” schemes.

4.2. Obese

Obesity is associated with platelet hyper-reactivity, inflammation, oxidative stress, and
endothelial dysfunction [53]. It has also been demonstrated that a higher body mass mitigates some
of the platelet inhibition properties of aspirin. A seminal study from Cox et al. showed a direct
correlation between body weight and the likelihood of treatment failure [54], as well as inappropriate
thromboxane inhibition, whereas others have advocated for improved responsiveness after bariatric
surgery and weight loss [55]. While the administration of higher doses of aspirin has been
discouraged due to poor additive benefit and safety concerns, reducing intervals between dose
administration has been proposed as a more effective approach. Indeed, Petrucci et al. reported a
reduction in response to once-daily low-dose aspirin and in vivo platelet activation in obese people
[56]. Despite these intriguing pathophysiological data, the improved efficacy of non-conventional
aspirin regimens for CVD prevention (e.g., doubled daily administration) in individuals with obesity
has not been unequivocally proven, and current guidelines do not recommend adjusting the scheme
based on body weight.

4.3. Women

Platelets in women exhibit the same or even a greater decrease in reactivity while on aspirin
therapy, although the residual platelet reactivity is modestly higher than that observed in men
[57,58].

The potential differences in cardiovascular outcomes driven by this heterogeneity have been
subject of investigation in previous studies. A subgroup analysis of the ATT Collaboration meta-
analysis [32], which incorporated data from the HOT, PPP, and WHS trials [14,28,29], did not reveal
significant interactions between sex and treatment effects. This was also the case in subgroup analyses
from the ARRIVE, ASPREE and ASCEND trials [33-35]. However, real-world data from a recent
retrospective, propensity score-matched study indicated a blunted aspirin benefit in women with
respect to total cardiovascular events, (HR 0.66, 95% CI 0.63-0.69, p not available) [59]. In a
subanalysis of the WHS trial [29], the occurrence of major cardiovascular events (death from
cardiovascular causes, nonfatal MI, or stroke) was significantly reduced only among women aged 65
years or older (RR 0.74, 95% CI0.59-0.92, p=0.01), primarily driven by a reduction in MI (RR 0.66, 95%
C10.44-0.97, p=0.04). This finding was confirmed by the extended study follow-up, which highlighted
a benefit of low-dose aspirin in this subgroup at 15 years [41]. Therefore, current data supporting a
differential clinical effect of aspirin according to sex are limited.

5. Aspirin in Primary Prevention and Cancer

Antithrombotics have been called into question to explain non-cardiovascular impact in several
clinical settings [60,61]. Initially supported by the observation of tumor growth suppression by
NSAIDs in experimental animal models [62], the hypothesis of a potential therapeutic role for aspirin
in patients with cancer was then corroborated by observational data [63,64], paving the way for
further investigations, with special attention to the field of colorectal cancer (CRC).

Initial report of two large-scale RCT above mentioned, the WHS and the PHS [29,65], showed
no benefit of aspirin on cancer risk in the context of primary prevention, and the Colorectal
Adenoma/Carcinoma Prevention Programme 2 (CAPP2) reported similar findings in a selected
cohort of patients with Lynch syndrome (resulting in enhanced predisposition to CRC), over a mean
follow-up of 2.5 years [66]. However, these observations were later confuted by the extended
observational follow-up of the WHS as well as the long-term results of the CAPP2, which consistently
showed lower risk of CRC after >10 years in both populations (HR 0.80, 95% CI 0.67-0.97, p=0.02 and
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HR 0.65, 95% CI 0.43-0.97, p=0.03, respectively) [67,68]. Subsequently, several studies have
investigated this topic, but the high heterogeneity regarding study design, the dosage of aspirin,
assumption schemes (e.g., daily or every other day), and follow-up duration have led to conflicting
results.

A patient-level meta-analysis including RCT of low-dose aspirin in primary and secondary CVD
prevention (N=14,033) suggested lower risk of CRC (HR 0.62, 95% CI 0.43-0.94, p<0.01) and mortality
(HR 0.48, 95% CI 0.30-0.77, p<0.01) over a mean follow-up of 18.3 years and after a median duration
of treatment of 6 years [69]. According to the same analysis, aspirin was especially beneficial for
cancers localized in the proximal colon, which are, moreover, less detectable by endoscopic
exploration. Another patient-level pooled analysis (N=17,285) proved aspirin to be also beneficial in
preventing metastases, resulting in lower risk of fatal adenocarcinoma, adenocarcinoma with
metastasis at initial diagnosis and new metastasis diagnosis in patients with localised neoplasia [70].
Interestingly, this benefit was equally reported across different dose regimens, suggesting low-dose
aspirin to be effective enough for the purpose of chemoprevention [70]. The value of aspirin for long-
term chemoprevention was also confirmed by a large study-level meta-analysis pooling 88 cohort
studies and seven RCT, which again confirmed a latency period of at least 10 years with a scheduled
treatment duration of at least 5 years [71]. On the heels of these observations, the 2016 USPSTF
recommendation statement emphasized the role of aspirin also in CRC prevention, alongside
cardiovascular risk reduction, and suggested to start low-dose aspirin treatment in individuals aged
50 to 59 years at high cardiovascular risk able to take the medication daily for at least 10 years,
leveraging on the necessity for a long-lasting drug exposure [72].

These recommendations were later questioned following the publication of the ASPREE trial
[34], in which aspirin was associated with higher risk of overall mortality in elderly patients, driven
primarily by cancer-related deaths. A subsequent analysis did not show an increase in overall cancer
incidence, however, higher incidence of cancers at stage IV at diagnosis (HR 1.22, 95% CI 1.02-1.45, p
not available) and higher mortality in advanced cancer (in stages III: HR 2.11, 95% CI 1.03-4.33, p not
available; and in stage IV: HR 1.31, 95% CI 1.04-1.64, p not available) were observed [73].

Although these results need to be further contextualized in the current extensive cancer
screening programs (specifically extensive colonoscopy screening programs), they contributed to
downgrade the class of recommendation in favour of aspirin, also as chemoprotective, by USPSTF in
2022 [39]. Of note, considering the more encouraging findings of the CAPP-2 study, the 2020 National
Institute of Health and Care Excellence (NICE) guideline suggest instead to consider aspirin
assumption for at least 2 years in patients with Lynch syndrome [74].

There is also evidence that the heterogeneous biology of cancer cells and several common
pathophysiological mechanisms underlying cardiovascular disease play a role in determining the
effectiveness of aspirin [75]. In a large analysis pooling pathological and clinical data from the Nurses’
Health Study (NHS) and the Health Professionals Follow-up Study (HPFES) [76-78], aspirin reduced
the risk of developing CRC with significant overexpression of COX-2, a molecular pattern associated
with the increase in cancer progression and worse prognosis [79,80].

Finally, whilst most observations mentioned so far pertain CRC prevention/progression, some
authors have speculated that other cancers might be equally positively affected by aspirin use,
including oesophageal and breast [81]. To our knowledge, this hypothesis remains presently
speculative and hardly transferrable to clinical practice.

6. Guidelines Recommendations

Current recommendations on aspirin use in primary prevention are summarized in Table 1.

The American College of Cardiology (ACC) and the American Heart Association (AHA) have
put forth guidelines in 2019 that suggest considering low-dose aspirin (75-100 mg orally daily) in
primary prevention [82]. This recommendation is specifically for selected adults aged between 40 to
70 years who are at high risk of ischemic events, provided they do not meet the criteria for high
bleeding risk. On the other hand, the USPSTF advises against the use of aspirin in primary prevention
for adults aged 60 years and above [83]. However, they propose a tailored approach for those aged
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between 40 to 59 years with an estimated 10-year risk of 10% or more. The European Society of
Cardiology (ESC) guidelines suggest that aspirin may be considered for primary prevention in
patients with DM at high or very high cardiovascular risk, provided there are no clear
contraindications [84]. However, they advise against the use of aspirin in individuals at low-to-
moderate ischemic risk. The American Diabetes Association (ADA) guidelines propose that aspirin
(75-162 mg/day) may be considered as a primary prevention strategy in patients with type 2 diabetes
mellitus who are at increased cardiovascular risk [85]. As regards peripheral artery disease, the latest
ESC guidelines endorse low-dose aspirin use in asymptomatic carotid artery stenosis of 50% or more
at low bleeding risk [86]. However, they contraindicate aspirin in asymptomatic lower extremity
artery disease.

In summary, aspirin should be considered in subgroups at high risk of ischemic events and low
risk of bleeding. Accurate cardiovascular risk stratification is crucial for determining aspirin use. The
method for evaluating cardiovascular risk remains an important consideration.

Table 1. Current guidelines recommendation. Abbreviation: ASCVD: Atherosclerotic cardiovascular
disease; CVD: cardiovascular disease; DM: diabetes mellitus; LEAD: lower extremity artery disease;
N.A.: not available; SAPT: single antiplatelet therapy.

Guidelines Recommendation Class | Level
Low-dose aspirin (75-100 mg orally daily) might be
considered for the primary prevention of ASCVD
among select adults 40 to 70 years of age who are at | IIb A
higher ASCVD risk but not at increased bleeding
risk

2019 American College of

Cardiology/American Low-dose aspirin (75-100 mg orally daily) should

Heart Association not be administered on a routine basis for the
(ACC/AHA) Guideline on ) . III B-R
primary prevention of ASCVD among adults >70

the Primary Prevention of
years of age.

Cardi lar Di
ardlovasctiar Hisease 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 = LD
increased risk of bleeding.
Aspirin therapy (75-162 mg/day) may be considered
as a primary prevention strategy in those with
diabetes who are at increased cardiovascular risk, b A

after a comprehensive discussion with the patient on

202G Am.en'can il the benefits versus the comparable increased risk of
Association (ADA) bleedin
“Standards of Medical &

Aspirin is not recommended for those at low risk of
ASCVD (such as men and women, aged <50 years
old with diabetes with no other major ASCVD risk I N.A.

factors) as the low benefit is likely to be outweighed

by the risks of bleeding.

Care in Diabetes”

. The decision to initiate low-dose aspirin use for the
2022 Aspirin Use to . . .
primary prevention of CVD in adults aged 40 to 59

p t Cardi 1
revent Larciovasear years old who have a 10% or greater 10-year CVD

Di :USP ti
1seas.e reventive risk should be an individual one. Evidence indicates
Services Task Force . L. . . . N.A. C
that the net benefit of aspirin use in this group is

USPSTF
( ) . small. Persons who are not at increased risk for
Recommendation . e ..
bleeding and are willing to take low-dose aspirin
Statement

daily are more likely to benefit.
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The USPSTF recommends against initiating low-
dose aspirin use for the primary prevention of CVD | 1II
in adults 60 years or older.
2021 European Society of | In patients with DM at high or very high CVD risk,
Cardiology (ESC) low-dose aspirin may be considered for primary b
Guidelines on prevention in the absence of clear contraindications.
cardiovascular disease Antiplatelet therapy is not recommended in
prevention in clinical individuals with low/moderate CVD risk due to the 111
practice increased risk of major bleeding.
In patients with symptomatic carotid stenosis, long- I
term SAPT is recommended.
2017 ESC Guidelines on | In patients with asymptomatic >50% carotid artery
the Diagnosis and stenosis, long-term antiplatelet therapy (commonly Ia
Treatment of Peripheral low-dose aspirin) should be considered when the
Arterial Diseases, in bleeding risk is low.
collaboration with the Long-term SAPT is recommended in symptomatic
. . . I
European Society for patients with LEAD.
Vascular Surgery (ESVS) Because of a lack of proven benefit, antiplatelet
therapy is not routinely indicated in patients with I A
isolated asymptomatic LEAD.

7. Considerations for a Modern Approach to Cardiovascular Primary Prevention

This Primary prevention is dynamic, and the strength of therapeutic intervention is influenced
by how cardiovascular risk is assessed, stratified, and modified by evolving therapies and lifestyles.
The focus is not just on platelet activation and thrombotic predisposition, but also on leveraging a
wide range of pathophysiological pathways and therapeutic targets through various therapeutic
approaches. These approaches include intensive lipid-lowering therapies and tight glycaemic
control, among others. The interplay between evolving stratification tools and the availability of
increasingly powerful and cost-effective therapies targeting alternative pathways is of particular
interest. Notably, an adequate stratification is warranted both for ischemic and for haemorrhagic
events. The appropriateness of aspirin administration in the setting of primary prevention is a topic
that continues to garner attention. This is due to the need to balance the potential benefits of aspirin
in reducing ischemic events against the potential risks, such as bleeding. As such, it is crucial to
continue researching and discussing these topics to optimize primary prevention strategies.

7.1. Defining the Threshold of Intervention

Cardiovascular risk stratification is a complex process that currently relies on three main factors:
i) anatomical and/or functional evidence of atherosclerotic disease, ii) the presence of specific clinical
conditions such as DM, and iii) the estimated long-term risk of cardiovascular events based on risk
scores. While the first two factors are relatively straightforward, score-based risk assessment is
inherently flawed due to the time-varying predictive accuracy of risk determinants and the limited
generalizability of the score models to specific patient subgroups.

In the ARRIVE and ASCEND trials [33,35], patients with a higher predicted cardiovascular risk
showed a lower risk reduction with aspirin, arguably due to the highly prevalent adoption of other
preventive approaches such as aggressive cholesterol reduction. There might also be a progressive
attenuation of traditional factors-related cardiovascular risk in the elderly [87,88]. This has resulted
in the 2021 ESC guidelines endorsing two different risk stratification tools [84], SCORE2 and
SCORE2-OP [89,90], the latter dedicated to people aged over 70 years, to which SCORE2-diabetes
was recently added specifically for diabetic patients [91]. There is also geographical heterogeneity
across perceived degree of risk. For instance, while the European guidelines stratify the
cardiovascular risk also by age [84], the US counterpart includes in the highest risk stratum only
patients with estimated 10-year rates of events greater than 20% regardless of age [82]. These
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inconsistencies can be reconciled by understanding that the same risk factors may lead to different
levels of risk and could result in different class of recommendation among different guidelines. When
applied to the specific instance of aspirin administration in primary prevention, this means that
regardless of the stratification tool used, the applicability to the individual patient should be
ascertained and the safety-efficacy balance should be evaluated.

Consideration of non-traditional factors not routinely considered by risk stratification tools is
also gaining importance. These include not only clinical factors such as BMI, family history,
menopause, and comorbidities such as kidney disease, but also environmental, social, and
behavioural variables such as stress, physical activity level, and exposure to pollution (Table 2). These
are increasingly recognized as risk modifiers in cardiovascular disease [92]. Novel risk markers, as
kidney function, metabolic impairment, and social indexes have been included in the PREVENT score
recently proposed by AHA to refine risk assessment in primary prevention [93].

Table 2. Traditional cardiovascular risk factors and novel risk enhancers or risk modifiers according
to latest ACC/AHA and ESC guidelines. Abbreviations: ABI: ankle-brachial index; ACC/AHA:
American College of Cardiology/American Heart Association; apoB: apolipoprotein B; AF: atrial
fibrillation; ASCVD: Atherosclerotic cardiovascular disease; CAC: coronary artery calcium score;
CCTA: contrast computed tomography coronary angiography; CKD: chronic kidney disease; COPD:
chronic obstructive pulmonary disease; HIV/AIDS: human immudeficiency virus/ Acquired immune
deficiency syndrome; HF: heart failure IMT: intima-media thickness; Lp(a): Lipoprotein (a).

Traditional cardiovascular risk factors

Age Sex

Blood pressure Blood cholesterol

Cigarette smoking Diabetes Mellitus

Adiposity Lifestyle (nutrition and physical activity)
2019 ACC/AHA risk enhancers 2021 ESC risk modifiers

Family history of premature ASCVD Family history

Primary hypercholesterolemia Genetics

Metabolic syndrome Body composition

Chronic kidney disease Frailty

History of premature menopause and history of
pregnancy-associated conditions that increase | Imaging (CAC, CCTA, IMT, ABI)
later ASCVD risk
High-risk race/ethnicity Ethnicity
Chronic inflammatory conditions (psoriasis,
lupus, RA, HIV/AIDS, etc.)

Lipids/biomarkers: associated with increased
ASCVD risk

Persistently elevated, primary

Biomarkers

Psychosocial factors

Socioeconomic determinants
hypertriglyceridemia (2175 mg/dL)

Elevated high-sensitivity C-reactive protein (=2.0
mg/L)
Elevated Lp(a): 250 mg/dL or =125 nmol/L | Clinical conditions (CKD, AF, COPD, Cancer,

constitutes a risk-enhancing factor especially at | HF, inflamatory conditions, infections, sleeping

Environmental exposure

higher levels of Lp(a) and mental disorders)
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Elevated apoB: 2130 mg/dL corresponds to an
LDL-C 2160 mg/dL and constitutes a
riskenhancing factor

ABI<0.9

Lipoprotein(a) [Lp(a)] is an established risk factor for atherosclerosis, not included in the most
used risk scores, which presents some peculiarities, including the non-availability, until recently, of
specific drugs for its reduction [94,95]. In individual free for CVD but with Lp(a) >50mg/dL, aspirin
use has been found to be associated with a 46% reduction (HR 0.54, 95% CI 0.32-0.94, p=0.03) in CAD
risk in the Multi-Ethnic Study of Atherosclerosis (MESA) prospective cohort study [96]. This result is
strengthened with findings from the The Third National Health and Nutrition Examination Survey
(NHANES I1I), in which, after multivariable analysis, regular aspirin use was found to be associated
with a 52% lower risk of CAD mortality among those with elevated Lp(a) (HR=0.48, 95% CI 0.28-0.83,
p=0.01), but not for those without elevated Lp(a) (HR=1.01, 95% CI 0.81-1.25, p <0.01) [97]. Bleedings
were not explored in the latter study, however bleedings rate was higher among aspirin users in the
MESA study (17.5% vs 12.5%, p<0.01), although there was no association with Lp(a) levels after
multivariable adjustment. Therefore, further research is needed to investigate the net clinical benefit
in this clinical condition.

In addition, other morpho-functional parameters have shown promising results. Examples
include the quantification of coronary artery calcium (CAC) and the assessment of platelet reactivity.
The former is a marker of subclinical atherosclerosis and can be quantified using the CAC score from
routine non-contrast-enhanced coronary computerized tomography [98]. High CAC values
independently predict an increased risk of cardiovascular events and mortality [99-101], and
observational studies have suggested a net clinical benefit of aspirin in subjects aged under 70 years
with CAC greater than or equal to 100 [102-104].

Exaggerated platelet reactivity has been investigated as a potential therapeutic target in specific
subgroups such as obese patients. However, there is significant confusion with respect to the
diagnosis, definition, and consequently, the clinical prevalence of this phenomenon [105]. Functional
and genetic testing are increasingly being used for tailored antithrombotic medicine [106,107], and
the extension of this approach to primary prevention might potentially play a role in selected patients
at risk of cardiovascular events.

Non-traditional risk contributors, such as the aforementioned, are nowadays recognized as “risk
enhancers”. From a practical perspective, they cannot independently support risk stratification.
However, they are helpful when the individual’s cardiovascular risk is close to a decision threshold,
as indicated in Figure 3.
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Figure 3. Aspirin in primary cardiovascular prevention: current evidence and guidelines
recommendations. Abbreviations: ABI: ankle-brachial index; ACC/AHA: American College of
Cardiology/American Heart Association; ADA: American Diabetes Association; ASCVD:
Atherosclerotic cardiovascular disease; BMI: body mass index; CV: cardiovascular; CVD:
cardiovascular disease ESC: European Society of Cardiology; PPI: Proton pump inhibitors; USPSTF:
United States Preventive Services Task Force; y.o.: years old.

For example, a study defined the presence of 3 or more risk enhancers as an optimum threshold
for incremental prediction, as it identifies intermediate-risk patients that will benefit from statin
therapy [108]. Generalizability of this approach to aspirin administration in primary prevention,
however, has not been conclusively proved yet.

7.2. Competing Benefit of Alternative Therapies

The widespread adoption of increasingly potent drugs for cardiovascular prevention that target
non-thrombotic pathways is a critical factor in reinterpreting the use of aspirin in the context of
contemporary primary prevention. Meta-analyses have demonstrated that aspirin is more effective
in reducing cardiovascular events in patients who are not adequately treated with hypolipidemic
drugs [38]. It is reasonable and biologically plausible to extend this observation to other pathogenetic
targets such as hypertension and glycaemic control.

The interplay between lipid-lowering/blood pressure-lowering medication and aspirin was
examined in The International Polycap Study 3 (TIPS-3) trial [109]. Over an average follow-up of 4.6
years, the combination of a polypill (containing 40 mg of simvastatin, 100 mg of atenolol, 25 mg of
hydrochlorothiazide, and 10 mg of ramipril) and aspirin, compared to placebo, reduced the
composite of death from cardiovascular causes, MI, stroke, resuscitated cardiac arrest, heart failure,
or revascularization by 31% (HR 0.69, 95% CI 0.50-0.97, p not available) in patients without prior
events and at intermediate cardiovascular risk. A trend towards a benefit remained, but was not
statistically significant, when the polypill without aspirin was compared to placebo (HR 0.79, 95% CI
0.63-1.00, p not available). This suggests that the addition of aspirin might be key for risk reduction
even in the setting of strong and multi-directional prevention.

However, a study-level meta-analysis pooling 16 trials showed an exceeding risk of major
bleeding compared to ischemic benefit across cardiovascular risk strata and regardless of statins
administration. This implies that the net benefit of routinely combining statins and aspirin remains
questionable [110].
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7.3. Potential “Facilitators” of Aspirin-Based Primary Prevention

The safety-efficacy profile of aspirin can be enhanced not only by selecting cohorts with a higher
ischemic risk but also by minimizing the predisposition to bleeding. Given that most aspirin-related
bleeding occurs in the gastrointestinal tract, potential strategies include the eradication of
Helicobacter Pylori and the use of proton pump inhibitors (PPI) [111].

In the COMPASS trial [112], PPI, compared to placebo, reduced gastroduodenal bleeding by 48%
in patients taking a combination of rivaroxaban and aspirin (HR 0.52, 95% CI 0.28-0.94, p=0.03).
However, the number needed to treat was high (NNT= 982, 95% CI 609-2,528).

Specific data on the use of aspirin as monotherapy in primary prevention are currently lacking.
Therefore, the large-scale implementation of these strategies would require careful consideration of
cost-effectiveness. At present, guidelines recommend PPIs in patients receiving antiplatelet
medication only when there is a high risk of gastrointestinal bleeding [84].

8. Conclusion

Aspirin’s role in targeting thrombosis has been a cornerstone of primary cardiovascular
prevention for many years and continues to be a customary practice in clinical settings. However,
current data does not universally support this approach for the general population. By contrast, it
suggests that certain individuals with specific characteristic may still benefit from it. The careful
prediction of the expected net benefit is crucial. This requires not only leveraging available risk
stratification tools but also considering non-traditional risk enhancers that can aid in the
reclassification of patients.

Despite intriguing pathophysiological data, there is currently no conclusive evidence to support
a clinically significant interaction by subgroups such as sex or diabetes mellitus. Therefore, further
research is needed to fully understand the implications and potential benefits of aspirin use in these
specific subgroups.
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