
Vol.:(0123456789)

American Journal of Cardiovascular Drugs (2021) 21:139–151 
https://doi.org/10.1007/s40256-020-00424-y

REVIEW ARTICLE

The Use of Aspirin in Contemporary Primary Prevention 
of Atherosclerotic Cardiovascular Diseases Revisited: The Increasing 
Need and Call for a Personalized Therapeutic Approach

Zlatko Fras1,2  · Amirhossein Sahebkar3,4,5 · Maciej Banach6,7

Published online: 18 August 2020 
© Springer Nature Switzerland AG 2020

Abstract
The use of aspirin has been widely accepted for the secondary prevention of atherosclerotic cardiovascular disease (ASCVD) 
in all patient populations, as the benefits linked to the reduction of clinical events outweigh the risk of major bleeding. How-
ever, despite the undisputable, though modest, potential of aspirin to reduce atherothrombotic events, its overall efficacy and 
safety in primary ASCVD prevention remains debatable, despite being used for this purpose for decades. The net clinical 
benefit of aspirin was brought into question by three recent large contemporary randomized controlled trials evaluating its 
role in various primary prevention populations (individuals with diabetes [ASCEND], an elderly population [ASPREE], and 
middle-aged adults at high estimated cardiovascular risk [ARRIVE]) and numerous large meta-analyses published during 
the past year. As a result, the usual generalized recommendations for the use of aspirin in patients with estimated intermedi-
ate to high ASCVD risk but without overt ASCVD have already been removed from most international guidelines. Since 
the primary prevention framework encompasses heterogenous groups of subjects with variable absolute ASCVD risk, a 
more individualized approach based on the best possible estimated ratio between the potential health benefits from fewer 
atherothrombotic events and harms because of potential increases in major bleeding is warranted in clinical practice. With 
this compromise, clinicians can better decide on the personalized use of aspirin in patients at high risk of major adverse 
cardiovascular events.
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1 Introduction

Acetylsalicylic acid (aspirin) has been manufactured and 
marketed since the 1890’s and remains among the most 
widely used medications worldwide [1–3], but it took 
approximately 60 years more for its antithrombotic poten-
tial to be appreciated [4]. A low dose (typically 75–100 mg 
daily) seems sufficient to inhibit the cyclooxygenase 
(COX)-1 activity of the prostaglandin synthase and block 
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the production of thromboxane  A2 [5, 6]. Its antiplatelet 
effect is prolonged because of its irreversible mechanism of 
action (blocking the exposed platelet for its entire lifespan 
of 7–10 days) that can only be reversed through generation 
of new platelets [5].

When considering daily recommended doses of aspirin, 
it is also worth noting its effect on the second COX isoen-
zyme (COX-2), which is induced in response to inflamma-
tory stimuli and primarily responsible for the synthesis of 
the platelet inhibitor prostaglandin  I2 by endothelial cells. 
Aspirin is up to 170-fold less effective at inhibiting COX-2 
than at inhibiting COX-1 [7, 8]. As such, a low dose is 
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Key Points 

Results from recent large randomized controlled trials 
of aspirin in the primary prevention of atherosclerotic 
cardiovascular disease (ASCVD) have contributed to dis-
cussions on the risks vs. benefits in patients at increased 
risk of but without clinically manifest ASCVD (subjects 
with multiple risk factors, patients with diabetes, and the 
elderly).

There is an increased need for personalized approaches 
in everyday clinical practice that allow comprehensive 
assessment of a patient’s risk profile, consistent use of 
available risk assessment tools, and imaging methods to 
detect subclinical atherosclerosis.

Aspirin should not be recommended as a “one-size-
fits-all” prevention for primary ASCVD, and its use 
should involve thoughtful discussion between clinician 
and patient that weighs benefits against bleeding risks, 
patient preferences, and other factors.

of borderline statistical significance and mainly driven by a 
single trial [12, 16–18].

In addition, not only were the absolute beneficial effects 
in primary prevention very low, but also serious concerns 
related to the increased incidence of adverse effects as a con-
sequence of bleeding (mainly gastrointestinal) were raised 
[12, 13, 19]. Therefore, it has been suggested that aspirin 
should be administered only in seemingly healthy patients 
with significantly increased ASCVD risk but a low risk of 
bleeding. Because of the strong link between ASCVD and 
bleeding (mainly related to age), few patients fulfill such 
criteria. Furthermore, recent randomized controlled trials 
(RCTs) have evaluated the benefits and risks of aspirin in 
the primary prevention of ASCVD [20, 21].

2  Short Review of Recent Large Randomized 
Controlled Trials

Three large RCTs including more than 47,000 patients fur-
ther evaluating the efficacy and safety of aspirin 100 mg/
day for the primary prevention of ASCVD were published 
in 2018 [22–24]. In summary, these studies found a small 
cardiovascular benefit for individuals with diabetes melli-
tus (DM) but no benefit in elderly and estimated high-risk 
middle-aged populations. In addition, all three demonstrated 
a clear increase in the risk of bleeding events (Table 1).

The ARRIVE (see Tables 1 and 2 for the full names of tri-
als cited in this article) trial included 12,546 patients with a 
moderately high ASCVD risk (multiple risk factors, no his-
tory of DM) and had a median follow-up duration of 5 years 
[22]. The results indicated that low-dose oral aspirin had no 
effect on rates of major cardiovascular events (including car-
diovascular death, MI, unstable angina, stroke, and transient 
ischemic attack [TIA]) (hazard ratio [HR] 0.96; 95% confi-
dence interval [CI] 0.81–1.13; p = 0.6038) but significantly 
increased the risk of gastrointestinal bleeding (HR 2.11; 
95% CI 1.36–3.28; p = 0.0007). It is important to note that 
these results come from an analysis of the intention-to-treat 
population. Because of the high dropout rate independent of 
adverse drug reactions, the so-called per-protocol analysis 
(of patients who were at least 60% compliant) demonstrated 
significant reductions of the selected endpoints, e.g., major 
cardiovascular events (HR 0.81; 95% CI 0.64–1.02) and MI 
(HR 0.53; 95% CI 0.36–0.79).

The ASCEND study included 15,480 patients 
aged ≥ 40 years with DM but no known cardiovascular 
disease and had a follow-up period of 7.4 years [23]. The 
results confirmed a 12% (8.5 vs. 9.6%; HR 0.88; 95% CI 
0.79–0.97; p = 0.01) reduction of the incidence of severe 
vascular events, including MI, stroke, TIA, or vascular death 
with aspirin (vs. placebo), but a 29% increase in risk of 
major bleeding (4.1 vs. 3.2%; HR 1.29; 95% CI 1.09–1.52; 

generally used as antiplatelet therapy, and a high dose is 
usually considered as anti-inflammatory therapy. Body mass 
and size also affect the systemic bioavailability of aspirin 
and therefore circulating platelets when used at low doses. 
Low doses of aspirin have been demonstrated as effective in 
the prevention of vascular events almost solely in patients 
weighing < 70 kg and as having almost no benefit in the 80% 
of men and nearly 50% of women weighing ≥ 70 kg [9].

The benefits of low-dose aspirin in the secondary preven-
tion of atherosclerotic cardiovascular diseases (ASCVDs), 
resulting in reduced rates of myocardial infarction (MI), 
stroke, and cardiovascular and all-cause mortality, have 
been known for more than three decades and clearly out-
weigh the associated risk of bleeding [10, 11]. Unlike in 
secondary prevention, the net value of aspirin in primary 
ASCVD prevention is uncertain despite its widespread 
use in this setting [12, 13]. On one hand, aspirin trials in 
apparently healthy subjects have not consistently shown a 
significant reduction in cardiovascular or all-cause mortal-
ity despite reducing the rates of ischemic atherothrombotic 
events such as MI and stroke [14]. In parallel with a simi-
larly proportional magnitude reduction in major adverse 
cardiovascular events (MACE), sex-related differences in 
primary ASCVD prevention benefits have been reported: 
fewer ischemic strokes in women and fewer nonfatal MIs 
in men [12, 15]. Although evidence indicates that aspirin 
may be less effective in women as they are more likely to be 
resistant to aspirin, these findings of sex-related differences 
should be interpreted with caution, since the results were 
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p = 0.003). Unfortunately, in terms of initial absolute car-
diovascular risk of the study population, this trial remained 
in the range of other primary prevention trials in low-risk 
patients, since it did not meet the initially planned annual 
rate of elevated vascular risk of > 2%, remaining at only 
1.2–1.3%. Possible explanations for the limited expression of 
the cardioprotective effects of aspirin included a healthy life-
style and improved cardiovascular protection with concomi-
tant medications (particularly statins and/or antihypertensive 
agents, mainly inhibitors of the renin–angiotensin–aldos-
terone system) and greater use of proton pump inhibitors, 
which might modify an otherwise increased risk of bleeding.

The ASPREE trial included 19,114 elderly patients 
(exclusively healthy adults aged ≥ 70 years or Black and 
Hispanic patients aged ≥ 65 years) without previously mani-
fested cardiovascular disease and had a median follow-up 
duration of 4.7 years [24]. The rate of cardiovascular disease 
was 10.7 and 11.3 events per 1000 person-years with aspi-
rin and placebo, respectively (HR 0.95; 95% CI 0.83–1.08). 
Low-dose aspirin did not prolong disease-free survival 
(12.7 and 11.1 deaths from any cause per 1000 person-years 
with aspirin and placebo, respectively; HR 1.14; 95% CI 
1.01–1.29) [25]. However, a significantly increased risk of 
major bleeding with aspirin therapy was reconfirmed: the 
rate of major hemorrhage was 8.6 versus 6.2 events per 1000 
person-years, respectively (3.8 vs. 2.8%; HR 1.38; 95% CI 
1.18–1.62; p < 0.001) [24, 25]. Increasing age was the most 
important factor for increased bleeding risk, with an approx-
imately 50% increase in the risk of hemorrhagic stroke and 
nearly twice the risk of major extracranial bleeding with 
each decade of age, regardless of aspirin use.

3  Recent Meta‑Analyses Following Large 
Clinical Trials

Several meta-analyses have analyzed the results of these 
new studies within broader contexts, including some older 
large RCTs [26–29]. These pooled analyses suggested low-
dose aspirin had relatively modest protective effects against 
atherothrombosis (significantly reduced HRs for atheroscle-
rotic ischemic events such as MIs) and incurred a higher risk 
of major bleeding. Together, they indicated a lack of sig-
nificant net clinical benefit from aspirin within the primary 
ASCVD prevention framework (Table 2).

The results of these older studies, published between 
1988 and 2005 and included in the landmark ATTC meta-
analysis [12], reflected the best preventive practices of the 
time, which differ significantly from current standards of 
care. Since the management of CVD risk factors (e.g., with 
greater smoking cessation, tighter blood pressure control, 
and widespread statin use) changed considerably from the 
1980s to 2005 and later, newer studies failed to find evidence AE
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for a reduced risk of nonfatal MI, which was considered 
the most prominent potential benefit of aspirin. In the late 
1990s, the most cited guidelines developed by recognized 
scientific societies started to strongly recommend the use of 
statins. These agents decrease low-density lipoprotein cho-
lesterol (LDL-C) levels and primarily reduce the risk of non-
fatal MI in primary prevention but may also exert important 
pleiotropic effects. Among these, their anti-inflammatory 
effects prevail [31], which could also have the same kind 
of effect as aspirin. On the other hand, with more sophisti-
cated diagnostics, there is greater potential for more small 
ischemic events to be defined as MI (mainly nonfatal) within 
the endpoints of the newer trials.

In a systematic review, Moriarty and Ethell [32] com-
pared contemporary and older research, with 95,456 patients 
from older studies and 61,604 patients from the four newer 
studies (ARRIVE, ASCEND, ASPREE, and JPPP) [32]. The 
use of aspirin in primary prevention had no significant influ-
ence on “hard” endpoints, such as fatal MI and stroke, and 
cardiovascular and all-cause mortality (relative risks [RRs] 
for vascular outcomes with older vs. newer studies: MACE 
0.89 vs. 0.93; fatal hemorrhagic stroke 1.73 vs. 1.06; any 
ischemic stroke 0.86 vs. 0.86; any MI 0.84 vs. 0.88; and non-
fatal MI 0.79 vs. 0.94). Major hemorrhage was significantly 
increased in both time periods (RR 1.48 vs. 1.37 in older vs. 
newer studies, respectively) [32].

Zheng and Roddick [27] reported that, in studies pub-
lished since the year 2000, aspirin use compared with no 
aspirin was associated with reductions in the composite 
cardiovascular outcome and total and ischemic stroke, but 
no significant difference was found for all-cause and cardio-
vascular mortality or MI [27]. The use of aspirin for primary 
prevention of ASCVD was associated with no benefit for 
the risk of stroke or death but a very modest 0.3% per year 
reduction in the absolute risk of MI that disappeared when 
only studies published after 2008 were analyzed [19]. On the 
other hand, aspirin use in primary prevention is consistently 
associated with an absolute increase in the rates of intrac-
ranial bleeding and major bleeding (0.1 and 0.2% per year, 
respectively). Overall, the use of aspirin appears harmful 
when prescribed for primary prevention of ASCVD events in 
lower-risk patients without diabetes and unselected healthy 
elderly populations (age > 70 years) [19].

An important aspect related to the potential prophylactic 
benefits of low-dose aspirin is also the treatment (follow-up) 
durations of the trials. In a prespecified sensitivity analy-
sis of outcomes in patients with a follow-up of > 5 years, 
Abdelaziz et al. [28] found a lower rate of all-cause death 
(RR 0.95; p = 0.032), likely derived from consistent but non-
significant effects on non-cardiovascular death (RR 0.95; 
p = 0.08) and cardiovascular death (RR 0.95; p = 0.3). At the 
same time, the overall analysis of effects in populations with 
a high (> 7.5%) estimated 10-year ASCVD risk showed only 

a trend toward lower rates of cardiovascular death, whereas 
the rates of all-cause death remained similar [28].

4  Aspirin Use in Primary Atherosclerotic 
Cardiovascular Disease Prevention 
in Patients with Diabetes Mellitus

It is widely accepted that individuals with DM are at sub-
stantially higher absolute risk for both nonvascular and vas-
cular death. A study from the 1980s showed that the annual 
MI and cardiovascular mortality risk was increased six- to 
eightfold in patients with noninsulin-dependent DM, sug-
gesting that patients with DM without previous MI have the 
same high risk of an MI as patients without DM but with 
previous MI [33]. Given this, aspirin was also expected to 
have huge potential for benefits in primary cardiovascular 
prevention in patients with DM. Comparing subjects with 
and without DM, the ATTC meta-analysis demonstrated 
similar relative reductions (13 vs. 12%) but larger absolute 
reductions (0.24 vs. 0.06% per year) for primary prevention 
of important vascular events with aspirin [12]. No impact on 
mortality was shown, the effect on stroke was minor, and a 
larger reduction for nonfatal strokes was reported.

Nonetheless, data from more recent trials and contempo-
rary meta-analyses have shown that the net clinical efficacy 
of aspirin use in primary ASCVD prevention in patients 
with DM is rather low [23, 34–36]. ASCEND, by far the 
largest randomized, placebo-controlled primary prevention 
trial using aspirin in patients with DM, demonstrated only a 
small significant reduction of serious cardiovascular events, 
with a concomitant increase in major bleeding [23]. Since 
ASCEND did not study patients with a high cardiovascular 
risk (as initially planned) but only patients with DM with 
unexpectedly low absolute cardiovascular risk, the results 
were largely confirmatory of earlier primary prevention tri-
als. Apart from potential problems with compliance, possi-
ble explanations for the rather small cardioprotective effect 
with antiplatelet treatment in patients with DM included 
the adoption of a much healthier lifestyle and markedly 
improved pharmacological cardiovascular prevention using 
anti-inflammatory and vasoactive drugs, such as statins or 
antihypertensive agents [35]. A recent population-based 
cohort study in patients with DM with high usage of statins 
(75–88%), aspirin (66–84%), and other vasculoprotective 
treatments (e.g., angiotensin-converting enzyme inhibi-
tors [42–50%] or angiotensin receptor blockers [19–20%]) 
found only a small increase in mortality for patients with 
DM but no change in the incidence of MIs in the absence of 
angiographically significant coronary artery disease, sug-
gesting that patients with DM without CVD had the same 
risk of MI as patients without DM [37]. In the same con-
text, greater use of proton pump inhibitors might modify 
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bleeding, specifically and most frequently in the upper gas-
trointestinal tract. In addition, the low event rate may be at 
least partly explained by the introduction of new antidiabetic 
drugs with more favorable cardiovascular effects. The less 
efficient prophylaxis achieved with aspirin in patients with 
DM could also be because low-dose aspirin is less efficient 
at suppressing platelet function. It is possible that the faster 
resynthesis of platelets and therefore COX isoenzymes ena-
bles sufficient recovery of COX-1 activity with once-daily 
dosing (particularly between 12 and 24 h) and thus over-
comes the antiplatelet effects of aspirin [38].

The most recent meta-analysis of patients with DM 
(including the ASCEND trial) demonstrated a signifi-
cant 11% relative risk reduction for MACE (absolute risk 
reduction [ARR] 1.1%), with a number needed to treat 
(NNT) of 95 to prevent one MACE over 5 years’ aver-
age follow-up [36]. In addition, a significant 25% relative 
reduction in stroke (NNT 101, ARR 0.99%) with aspi-
rin ≤ 100 mg/day but no effect on other endpoints, includ-
ing all-cause mortality, was found [36]. In summary, it 
appears that the role of aspirin as a primary CVD preven-
tion strategy in patients with DM remains unresolved. 
However, it also means that the use of low-dose aspirin 
may need to be individualized and tailored according to 
baseline CVD and bleeding risk in this notoriously high-
risk group of patients.

5  Aspirin Use and Cancer Prevention

The well-known association between aspirin use and a 
reduced risk of mainly colorectal and possibly a few other 
gastrointestinal cancers is supported by a large number of 
observational studies and a pooled analysis of RCTs [39–41]. 
A meta-analysis of observational studies published up to 
March 2019 reported a significantly reduced risk (by almost 
30% or RR 0.73 on average) of colorectal cancer (CRC) 
and of other gastrointestinal cancers (esophagus, stomach, 
hepato-biliary tract, and pancreas; up to 40%) [41].

The risk of CRC reduced linearly with increasing doses 
of aspirin: 75–100 mg/day conveyed a risk reduction of 
10%; 325 mg/day reduced the risk by 35%, and 500 mg/
day almost halved the CRC risk. This beneficial effect also 
increased with duration of use, meaning long-term therapy 
is required for a protective effect: the risk reduction was 
20% for 5 years and 30% for 10 years of aspirin use. The 
chemopreventive effect of aspirin is not yet entirely known; 
it can be attributed to both the inhibition of platelet activa-
tion triggered by gastrointestinal mucosal lesions (through 
inactivation of platelet COX-1) and by inhibition of COX-2, 
which is abnormally expressed in many cancer cell lines and 
implicated in carcinogenesis, tumor growth, apoptosis, and 
angiogenesis [40].

Additional evidence for the chemoprotective effects of 
aspirin is being sought prospectively from a few ongoing pri-
mary prevention trials and several adjuvant trials of various 
low-dose aspirin regimens in patients with newly diagnosed 
cancers. An important field of clinical research is focused 
on the discovery of biomarkers to identify subjects who will 
respond to the antineoplastic effects of aspirin. In addition, 
it is thought that a systems biology approach to analyzing 
heterogeneous datasets (genomics, epigenomics, proteomics, 
lipidomics, and clinical) would allow dynamic systems mod-
eling of candidate pathways involved in the antineoplastic 
effects of aspirin [40]. This strategy would also allow the 
identification and use of susceptibility profiles for CRC in 
the development of new biomarkers to predict its occurrence 
and recurrence.

The 2016 European Society of Cardiology (ESC) guide-
lines on cardiovascular prevention [42] did not recommend 
the use of aspirin as primary prevention for CVD because 
of the potentially serious risk of increasing major bleeding; 
however, the ESC Working Group on Thrombosis suggested 
that a family history of gastrointestinal cancer (mainly CRC) 
should be included in physician–patient discussions if the 
estimated 10-year CVD risk is between 10 and 20% [43]. 
The 2016 US Preventive Services Task Force (USPSTF) 
recommendation (grade B) for the use of low-dose aspi-
rin stated, “for the primary prevention of CVD and CRC 
in adults 50–59 years of age who have a 10% or greater 
10-year CVD risk, are not at increased risk of bleeding, have 
a life expectancy of at least 10 years, and are willing to take 
low-dose aspirin daily for at least 10 years” [44]. This rec-
ommendation is not an absolute endorsement of low-dose 
aspirin for the regular chemoprevention of CRC but suggests 
that lowering the long-term risk for developing CRC may 
represent an additional benefit of antiplatelet prophylaxis in 
primary CVD prevention.

6  Low‑Dose Aspirin in Primary 
Cardiovascular Disease Prevention: 
Current Guidelines

The inconclusive and uncertain results from major clinical 
trials and large meta-analyses evaluating daily low-dose 
aspirin for primary prevention are also reflected in relatively 
inconsistent recommendations in major evidence-based 
guidelines [42–46].

The 2016 ESC guidelines on cardiovascular prevention 
in Europe do not recommend aspirin as primary prevention 
for CVD because of the potentially serious risk of increased 
major bleeding [42]. On the other hand, the 2019 ESC guide-
lines recommend aspirin 75–100 mg/day for primary preven-
tion in patients with DM with high or very high ASCVD risk 
and low estimated bleeding risk (which must be assessed 
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regularly) [45]. The use of aspirin is no longer recommended 
for primary prevention in patients with DM at moderate car-
diovascular risk, who are indeed very rarely seen in clinical 
practice (young, no cardiovascular risk factors, and short 
disease duration) [45]. The IIb class of recommendation 
(“May be considered”) reflects the overall inconclusiveness 
of the available evidence and the remaining knowledge gaps. 
In addition, these guidelines included a short discussion on 
the need to assess the potential effects of body mass, par-
ticularly moderate-to-severe obesity, on antiplatelet drug 
responsiveness and effectiveness in patients with DM and 
to investigate higher-dose strategies [9, 45, 47].

In the USA, the USPSTF recommends low-dose aspirin 
in individuals aged 50–59 years with high 10-year ASCVD 
risk but without increased risk for bleeding [44]. However, 
these guidelines were developed in 2016, well before the 
2018 publication and subsequent meta-analyses of the three 
large RCTs on the use of low-dose aspirin in primary CVD 
prevention. The most recent American College of Cardi-
ology/American Heart Association guidelines recommend 
considering oral aspirin 75–100 mg daily among adults aged 
40–70 years who are at a higher risk of ASCVD and with-
holding aspirin for primary prevention of ASCVD in adults 
aged > 70 years and in anyone at increased risk of bleeding 
[46]. Again, the recommendation is class IIb (weak), mean-
ing that aspirin may be reasonably considered, since its use-
fulness/effectiveness is not unequivocally well-established.

Nevertheless, despite all these supposedly “refined” rec-
ommendations, important questions remain: should aspirin 
be stopped in individuals who are already taking aspirin but 
have reached the age of 70 years without adverse effects, and 
should higher aspirin doses be considered in obese patients 
with DM? These decisions must still be based on the esti-
mated balance between the overall CVD and bleeding risks 
of a particular patient and their personal preferences. Future 
studies should certainly also address these and other impor-
tant questions.

7  A Call for a More Personalized Approach 
in Clinical Decision Making

It is obvious that aspirin should not be prescribed for most 
patients without established, clinically manifest ASCVD. 
Instead, more aggressive management of major behav-
ioral, lifestyle, and biological cardiovascular risk factors 
and comorbidities, tailored to the expected ASCVD risk, 
should be emphasized. Informed shared decision making 
between clinicians and patients is undoubtedly also a suit-
able approach to creating individual treatment paths [20, 48]. 
This also means that, ultimately, the initiation or withdrawal 
of aspirin therapy must involve discussion of the patient’s 
wishes and treatment expectations [48, 49].

To properly guide the adjustment of everyday clinical 
practice, several important points must be discussed in 
more detail, all with the aim of emphasizing the need for 
an individualized approach to decision making. First, the 
consistent use of widely available ASCVD risk charts and/
or calculators is paramount. The decision over which tool 
(Framingham Risk Score, pooled cohort equation, SCORE 
Risk Chart, etc.) to use is probably not the most critical, 
since almost all are constructed to estimate an initial 10-year 
ASCVD risk and help guide and customize therapeutic plans 
[50]. However, concern has been raised about the tendency 
of these kinds of calculators to overestimate the real-world 
ASCVD risk [51, 52]. Therefore, we must continually seek 
to refine and/or better calibrate existing calculators and to 
develop more accurate risk assessment tools that can also 
better estimate individual-level prognosis and the treatment 
effects of improved short-term and lifetime risk and life 
expectancy free of ASCVD [53, 54].

In addition to using risk assessment charts and/or calcula-
tors, and before the final decision on whether to use aspirin 
for primary prevention, it has been recommended that as 
much supplemental information on the individual patient 
should be used as possible. This relates to the presence and 
magnitude of so-called risk-enhancing factors and the use 
of imaging to ascertain the presence of subclinical athero-
sclerosis. In combination, these can be extremely useful in 
further stratifying the overall absolute ASCVD risk. Risk-
enhancing factors include (1) family history of premature 
ASCVD, (2) high-risk ethnicity groups (e.g., South Asian), 
(3) metabolic syndrome, (4) persistently elevated lipid 
levels (LDL-C and/or triglycerides), (5) increase in addi-
tional biomarkers (e.g., high-sensitivity C-reactive protein, 
lipoprotein(a), apolipoprotein B, lipoprotein phospholipase 
A2, etc.), (6) decreased ankle-brachial index, and (7) chronic 
inflammatory disorders [46, 55, 56]. The coronary artery 
calcium (CAC) score, carotid ultrasound, and echocardiog-
raphy may be useful in assessing the atherosclerotic process 
[46, 57–59]. However, universal screening with these sup-
plementary imaging methods would enormously increase 
healthcare costs so they should be used cautiously and on 
an individual basis.

Patients can obtain a net clinical benefit when the positive 
effect of preventing an ASCVD event significantly exceeds 
the risk of bleeding [60, 61]. It has been demonstrated that 
general ASCVD risk factors, such as increased age, par-
ticular race, sex, presence of DM, high blood pressure, or 
smoking, could also be associated with an increased risk 
of bleeding. In short, the greater the benefit of aspirin ther-
apy, the greater the risk of bleeding. Given this strong link 
between ASCVD and bleeding, and the major role of age, 
few patients match the eligibility criteria. In the elderly, mul-
tiple factors can determine bleeding risk, including prior 
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fasting blood glucose 5.8 mmol/L. Blood urea, electro-
lyte levels, and renal and liver function were normal. 
There was no evidence of target organ damage or left 
ventricular hypertrophy (according to history, physical 
examination, and ECG). Her calculated 10-year absolute 
cardiovascular risk was as follows:

• 2% risk for a fatal cardiovascular event (ESC 
HeartScore Risk calculator)

• 4.9% risk of heart disease and stroke (AHA/ACC 
Heart Risk Calculator)

Question What would our advice be regarding the pre-
scription of aspirin for the primary prevention of major 
cardiovascular events in this patient?

Answer The advice on the potential use of aspirin for 
primary prevention was NEGATIVE. Of course, to fur-
ther evaluate the patient’s overall risk, additional investi-
gations could be advised, with the first being a measure-
ment of the coronary artery calcium score.

history of gastrointestinal bleeding, liver or renal disease, 
fall risk, frailty, and concomitant use of anticoagulants.

Box 1 presents real-world patient cases to demonstrate 
the clinical reasoning around the use of aspirin within the 
framework of primary ASCVD prevention.

8  Box 1

Case 1 A 56-year old Caucasian man was reviewed for 
the management of overall cardiovascular risk. His body 
mass index was 26.8 kg/m2, he was a moderate smoker 
(5–10 cigarettes/day for > 30 years), and did not have dia-
betes mellitus (DM). His father had type 2 DM and a non-
fatal myocardial infarction (MI) at 55 years. His blood 
pressure was 132/78 mmHg, and his fasting lipid profile 
was as follows: total cholesterol 6.2 mmol/L, high-density 
lipoprotein cholesterol (HDL-C) 1.2 mmol/L, low-density 
lipoprotein cholesterol (LDL-C) 3.7 mmol/L, triglycer-
ides 2.7 mmol/L, and fasting blood glucose 4.4 mmol/L. 
Urea and electrolyte levels and renal and liver function 
were normal, and no evidence was found of target organ 
damage or left ventricular hypertrophy (according to the 
history, physical examination, and electrocardiogram 
[ECG]). His calculated 10-year absolute cardiovascular 
risk was as follows:

• 4% risk for a fatal cardiovascular event (estimated with 
the European Society of Cardiology [ESC] HeartScore 
Risk calculator)

• 14.9% risk of heart disease and stroke (estimated with 
the American Heart Association/American College of 
Cardiology [AHA/ACC] Heart Risk Calculator)

Question* What would be our advice regarding the 
prescription of aspirin for the primary prevention of 
major cardiovascular events in this patient?

Answer Given the high to very high cardiovascular 
risk, the positive family history of premature manifest 
ischemic heart disease, and the lack of data on increased 
risk of major bleeding, the advice on the potential use of 
aspirin for primary prevention was POSITIVE.

*Therapeutic lifestyle measures were recommended 
and attempted but failed before a decision to prescribe 
low-dose aspirin was made.

Case 2 A 61-year old Caucasian woman was reviewed 
for the management of overall cardiovascular risk. Her 
body mass index was 31.5 kg/m2, she had never smoked, 
and did not have DM. Her mother had type 2 DM and 
an ischemic stroke at 78 years. Her blood pressure was 
132/85 mmHg, and her fasting lipid profile was as fol-
lows: total cholesterol 4.8 mmol/L, HDL-C 0.9 mmol/L, 
LDL-C 2.1  mmol/L, triglycerides 3.7  mmol/L, and 

No single, validated tool for the comprehensive assess-
ment of the potential benefits and risks of aspirin in pri-
mary ASCVD prevention exists. Therefore, there is a 
need for a tool that would enable quick and quantitative 
individualized assessment and interpretation of bleeding 
risks associated with aspirin therapy [49, 62].

The most recent meta-regression analysis based 
on ASCVD event rates in the control arms of primary 
ASCVD prevention trials found no association between 
aspirin’s treatment effect and the rate ratio of manifest 
clinical ASCVD events or major bleeding. These results 
trended toward an increased benefit for aspirin in higher-
risk patients, but this finding did not meet statistical sig-
nificance when the regression was performed on the risk 
difference. These findings provide evidence to disprove 
the notion that patients with the highest cardiovascular 
risk will obtain a net benefit from using aspirin for pri-
mary ASCVD prevention [63].

The net risk/benefit ratio should also be considered 
dynamic, e.g., if particular factors are well-controlled, a 
patient’s ASCVD risk may also decrease over time. Given 
this, the development of simple and reliable decision-sup-
port tools with simultaneous assessment and calculation 
of both ASCVD risk and bleeding risk is highly desirable. 
Some good examples are already available (even as apps 
for mobile devices) but still need to be scientifically vali-
dated [64]. A risk prediction tool for upper gastrointesti-
nal complications has been published but has insufficient 
external validation for clinical application [65].

For the sake of completeness, it is appropriate to at 
least briefly mention pharmacogenetics. The efficacy 
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of aspirin in primary ASCVD prevention may also be 
influenced by specific gene alleles encoding the pro-
teins (enzymes) involved in platelet function/reactivity 
and increased ASCVD risk. Two long-term, randomized 
placebo-controlled trials evaluated the efficacy of aspirin 
in primary ASCVD prevention in relation to the pres-
ence or absence of the guanylate cyclase (GUCY1A3) 
rs7692387 risk (G) allele: the Women’s Genome Health 
Study (WGHS, n = 23,294) and an MI (n = 550) and 
stroke (n = 382) case–control set from the Physician’s 
Health Study (n = 22,071) [66]. In the placebo group 
of the WGHS, the GUCY1A3 risk (G) allele increased 
ASCVD risk (HR 1.38; p = 0.01). A meta-analysis found 
that aspirin significantly reduced ASCVD events among 
risk allele homozygotes (G/G: odds ratio [OR] 0.79; 
p = 0.03) but increased their incidence among the nonrisk 
allele carriers (G/A: OR 1.39; p = 0.03). The study also 
found that bleeding associated with aspirin increased in 
all genotype groups, with higher risks in heterozygotes. 
Post publication, these results were challenged from dif-
ferent viewpoints, probably most importantly in terms of 
the inconsistency in bleeding risk, which was expected to 
increase in GG genotypes but possibly decrease in GA/
AA genotypes. Based on existing knowledge about the 
mechanisms of action of aspirin, it is unlikely that these 
results are completely plausible, so replication in new 
datasets for either primary or secondary prevention using 
aspirin is expected. However, we predict we will soon 
witness the expansion of the role and use of contempo-
rary pharmacogenetic tools to better judge, decide, and 
advise on the use of aspirin in primary ASCVD preven-
tion in clinical practice.

Some publications have noted that overall ASCVD 
risk is not static and may even decrease over time when 
risk factors are well-controlled, so the use of aspirin 
should not be considered static. As such, clinicians 
should remain alert, periodically reassess indications and/
or adverse bleeding, and be prepared to adjust preventive 
therapies accordingly [55, 60, 67].

9  Conclusions

Clinical decisions about the use of aspirin in primary 
ASCVD prevention should be individualized, and decision 
making should be shared. Despite the undisputable and 
highly convincing results of recent clinical trials and meta-
analyses showing a clear absence of net clinical benefit in 
various populations within the primary ASCVD prevention 
framework, personalized advice is more than warranted, 
simply to ensure individuals are given the opportunity to 
benefit. As much as possible, the overall absolute ASCVD 
risk versus the risk of bleeding should be comprehensively 

assessed and firmly remain the sole base of everyday clinical 
practice judgments and interventions.
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