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Abstract
Background: The balance between aspirin-related primary prevention of cardiovascular disease
(CVD) and risk of bleeding varies by clinical and patient characteristics.
Purpose: Update the evidence base about the harms of aspirin in primary chemoprevention.
Data Sources: PubMed, MEDLINE, and the Cochrane Central Register of Controlled Trials and
systematic reviews (January 1, 2010 through January 6, 2015).
Study Selection: Two investigators reviewed abstracts and full-text articles against pre-specified
criteria.
Data Extraction: One investigator abstracted data; another checked for accuracy.
Data Synthesis: In CVD primary prevention studies, very low-dose aspirin use (≤100
milligrams daily or on alternate days) increased the risk of major gastrointestinal (GI) bleeding
by 58% and hemorrhagic stroke by 27%. Based on annual bleeding rates expected in a
community-based population, excess major bleeding events with very low-dose aspirin were
projected to average 2 per 1,000 person-years for younger persons, females, and those with no
other bleeding risk factors. Among older persons, males, and those with CVD risk factors that
also increase bleeding risk, excess major bleeding events could be higher.
Limitations: We did not identify any externally validated tools for assessing major bleeding
risks. More robust data are needed on the rate of harms with long-term low-dose aspirin use and
the combined protective or harmful effects of common co-medications.
Conclusions: The risk of bleeding depends considerable on patient characteristics. Risks for
aspirin primary chemoprevention are higher for community-dwelling candidates than among trial
participants. Consideration of the safety and desirability of primary chemoprevention with
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aspirin requires a qualitative assessment of aspirin’s effects on bleeding risks and the expected
benefits of primary chemoprevention.
Primary Funding Source: Agency for Healthcare Research and Quality
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Introduction
Although widely regarded as a safe medication for patient-directed, over-the-counter use,
aspirin is associated with a range of harms. These harms vary in type and severity with the
dosage and duration of aspirin use as well as underlying patient risk factors. Through its
inhibition of cyclooxygenase (COX)-1 enzyme activity, low-dose aspirin leads to mucosal
damage to the gastrointestinal (GI) tract, causing erosions, ulcers, and bleeding (1). Through
COX-mediated antiplatelet effects, low-dose aspirin also increases non-GI bleeding events that
range from trivial to serious, including intracranial bleeds and hemorrhagic strokes (2). The
advisability of taking aspirin for primary chemoprevention of cardiovascular disease (CVD)
events, with or without considering the potentially beneficial cancer effects, depends on
accurately estimating harms associated with a specific chemoprevention regimen and on the
absolute and relative variability in harms for any individual or targeted subpopulation.
This report considers on the major bleeding-related harms of aspirin (3) in balancing the
net benefit of aspirin in CVD primary prevention, as reported in two companion publications (4,
5). The perspective of these reviews these two reviews and this one, which were integrated
through a clinical focus of a population eligible for primary prevention benefits, consider likely
harms as well as potential additional benefits from preventing of colorectal and other cancers.
These reviews were used to inform an updated U.S. Preventive Service Task Force (USPSTF)
recommendation regarding low-dose aspirin for CVD primary prevention.

Methods
Our full report describes our methods in detail (3). After initial exploratory analyses (3)
intended to identify the largest, most consistent, and applicable body of evidence for estimating

4

risks and rates of serious harms from aspirin use in clinical context, we focused on studies
representing primary CVD chemoprevention with aspirin. We also considered how individual
variability in the likelihood of harms would affect the choice to use aspirin for primary
chemoprevention as well as the availability of valid tools to individualize harms assessments.
Data Sources and Searches
We reviewed all included and excluded studies in four relevant systematic reviews on
aspirin-associated bleeding events (2, 6–8) and the two previous (9, 10) and updated USPSTF
reviews (11, 12) to identify relevant literature. We supplemented this body of literature with
newly identified studies through a search of PubMed, MEDLINE, and the Cochrane Central
Registry of Controlled Trials from January 1, 2010 to January 6, 2015.
Study Selection
Two investigators independently reviewed abstracts and full-text articles against prespecified criteria (3). We included trials and large longitudinal cohort studies conducted in adults
with a mean age of ≥40 years that evaluated regular oral aspirin use (≥75 milligrams [mg] at
least every other day) for ≥1 year for any indication compared to no treatment or placebo. We
required studies to report serious GI or intracranial bleeding. Serious GI bleeding were those
leading to death, those requiring hospitalization or transfusion, or those described by the trial
investigator as serious. Intracranial bleeding included hemorrhagic stroke, intracerebral,
subdural, and subarachnoid hemorrhage.
Data Extraction and Quality Assessment
One investigator abstracted data from the included studies; another checked data for
accuracy. The same investigators assessed the quality of included studies using study designspecific criteria defined by the USPSTF (13) and supplemented with Newcastle-Ottawa Scale
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criteria for cohort studies (14). Good quality studies met the majority of criteria and were
downgraded to fair if not all criteria were met. Poor quality studies (i.e., >40% attrition, >20%
attrition between groups, or other fatal flaws or the cumulative effects of multiple minor flaws or
missing important information significant enough to limit confidence in the validity of results)
were excluded.
Data Synthesis and Analysis
Aspirin exposure was inferred from the intended dosages and treatment duration in trials,
without adjustment for actual adherence due to incomplete reporting. The average intended dose
per day was calculated; an intended daily dose ≤325 mg was defined as low-dose aspirin use and
that of ≤100 mg was defined as very low-dose. Since harms were often rare, we explored
whether broadening bleeding definitions (i.e., any intracranial bleeding vs. hemorrhagic stroke
alone) changed the results. Since the broader definition made little difference, we focused here
on hemorrhagic stroke results for consistency with an individual patient data (IPD) meta-analysis
(15) and our companion model (16). We used Peto’s odds ratio (OR) for primary statistical
analyses (17) due to rare events (i.e., control group event rate <1%). We stratified results by
population (primary prevention of CVD, secondary prevention of CVD, and colorectal cancer
[CRC] chemoprevention) and conducted sensitivity analyses by dose, frequency, and duration of
the intended treatment. We also examined data by relevant a priori subgroups: age, sex,
race/ethnicity, comorbidities (diabetes, liver disease, ulcer disease, and previous GI bleeding),
and concurrent medication use (selective serotonin reuptake inhibitors [SSRIs] (18) and nonaspirin non-steroidal anti-inflammatory drugs [NSAIDs]) (19, 20). Other aspirin-related harms
(e.g., age-related macular degeneration, ulcers) were addressed in our full report (3).
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We calculated absolute treatment effects for bleeding outcomes to represent the range of
control group event rates from the CVD primary prevention trials of very low-dose aspirin use.
For each trial, we divided the number of events for each outcome by the person-years at risk
(approximated by multiplying the same size of the control group by the mean follow-up years),
and assume a constant risk value over time. We selected the minimum, median, and maximum
control group event rates (excluding zeros and outliers) for each outcome and multiplied these by
the pooled relative risks (RRs) for each outcome from the trials to calculate event rates with very
low-dose aspirin use over 10 years. Excess cases were calculated by subtracting the event rate
per 1,000 person-years for users from event rates in the control groups for each risk level. For
bleeding outcomes, we contrasted excess cases based on control group rates from trials with
results based on control group bleeding rates from the largest cohort study (21).
Role of Funding Source
Agency for Healthcare Research and Quality staff provided oversight for the project.
USPSTF liaisons helped resolve review scope issues, but were not involved in the conduct of the
review.

Results
Although we considered a larger set of trials that reported on harms associated with
aspirin use (3), this manuscript focuses on bleeding events through about 10 years of aspirin use
in dosages and regimens intended for CVD primary prevention. We analyzed serious bleeding
outcomes from 11 primary prevention CVD trials (22–32) which are discussed in detail in our
companion manuscript (4). Ten of the 11 CVD primary prevention trials addressed one or more
harms of aspirin use (22–25, 27–32), although harms outcomes were reported and defined
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inconsistently. Some trials did not define bleeding site or severity and ascertainment methods
were not always fully reported.
We also identified four recent fair- or good-quality cohort studies of aspirin clearly used
(or presumed to be mostly used) for CVD primary prevention, which reported on bleeding risks
after 3.9-12.5 years in individuals with and without low-dose aspirin use (Table 1) (21, 33–35).
The majority of cohort data came from a single large good-quality cohort examining first
hospitalizations for all major bleeding events (intracranial and extracranial) in a population of
372,850 community-dwelling individuals in Italy (186,425 new users of low-dose aspirin aged
30-95 years matched using propensity scoring to 186,425 never users). Bleeding rates reflected
1.6 million person-years of observations and a median follow-up of 5.7 years (interquartile
range, 2.4-6.0 years). About one third of first episodes of hospitalizations for all major bleeding
events were for intracranial bleeding (21). We also identified two IPD meta-analyses (8, 15) of
included trials that reported harms that complement our findings.
Major GI bleeding. Seven of the 11 CVD primary prevention trials reported major GI
bleeding events after 3.8-10.1 years of daily or alternate day aspirin use (32, 36–41); events were
rare (<1%) in both the aspirin and control groups. Major GI bleeding risk increased 59% among
those taking 50-500 mg of aspirin daily (OR, 1.59 [95% confidence interval [CI], 1.32 to 1.91;
I2=22.2%) (Table 2, Figure 1). Estimated bleeding risks remained similar when limited to trials
of very low-dose aspirin (k=5; OR, 1.58 [95% CI, 1.29 to 1.95]; I2=28.6%), or when reported
from an IPD examining a slightly different outcome (extracranial bleeding) from a slightly
different set of six CVD primary prevention trials (rate ratio, 1.54 [95% CI, 1.30 to 1.82]) (15).
The effects of aspirin on all major bleeding events in cohort data were very similar (incidence
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rate ratio [IRR], 1.55 [95% CI, 1.48 to 1.63]), with similar effects sizes by bleeding site (GI IRR,
1.55; intracranial IRR, 1.54) (21).
Hemorrhagic stroke. Nine of 11 trials reported on hemorrhagic stroke over 3.6-10.1
years (22–25, 27, 29–32). Total hemorrhagic stroke events were far less common than ischemic
strokes: 15.5% of total strokes reported in included trials were hemorrhagic. In all trials, the risk
of hemorrhagic stroke was increased by about one-third (OR, 1.33 [95% CI, 1.03 to 1.71];
I2=0%) (Table 2, Figure 2). The point estimate and its statistical significance varied slightly
between pooled analyses, depending on the studies included, outcome definition, and perhaps
dosage (3, 4). A single study, which was conducted in an older Japanese population with a
hypertension prevalence of nearly 85%, showed a statistically significant increase in
hemorrhagic stroke (OR, 1.84 [95% CI, 1.01 to 3.35]) (42). Due to rare events and betweenstudy differences, all intracranial bleeding estimates were imprecise and depended more highly
on which trials were included than is the case for GI bleeding (15). Cohort data suggested that
intracranial bleeds contributed more prominently to bleeding-related hospitalizations in
community settings and a 54% higher risk of bleeding which may reflect some secondary CVD
prevention users (21).

How do estimated bleeding harms vary with patient-related factors?
For individuals with a very high baseline risk of bleeding or factors that greatly enhance
aspirin-associated bleeding, aspirin may be relatively or absolutely contraindicated, as the
number of excess bleeds becomes unacceptable regardless of potential benefits (3). To estimate
the range of likely increase in absolute bleeding cases due to variability in baseline bleeding risk
as well as aspirin-associated bleeding risk among potential aspirin chemoprevention candidates,
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we examined baseline rates from trials and cohort studies. To best determine the independent
risk factors, we emphasized results from IPD meta-analyses and multivariable analyses.
Baseline estimates of major bleeding risks (trial vs. cohort). In an IPD meta-analysis of
control participants from six CVD primary prevention trials, mean extracranial bleeding rates
were low (0.7 per 1,000 person-years) and hemorrhagic stroke rates even lower (0.3 per 1,000
person-years) (15) (Table 3). Across eight CVD primary prevention trials, the control group
rates we approximated for major GI bleeding (0.23-1.04 per 1,000 person-years) or hemorrhagic
stroke (0-1.26 per 1,000 person-years) were consistent with relatively uncommon events but
illustrated some between-trial variability (Table 4). Substituting cohort rates of baseline bleeding
created further variability; the estimated rate of hospitalization for extracranial bleeding among
controls in the largest cohort study (21) was at least two times greater than the highest GI
bleeding rate suggested by the trials (Table 3). Given a constant RR of GI bleeding associated
with very low-dose aspirin use, excess cases of major GI bleeding varied substantially depending
on whether they were estimated from median trial control group rates (0.28 [95% CI, 0.14 to
0.46] per 1,000 person-years) or from baseline rates suggested by the cohort data (1.39 [95% CI,
0.70 to 2.28] per 1,000 person-years). Similarly, 0.10 excess hemorrhagic strokes would be
caused per 1,000 person-years of very low-dose aspirin use when using the median trial control
group risk, while at least 0.32 would be expected using the baseline rate suggested by the cohort
data.
Baseline estimates of major bleeding risks by subgroup. In both trial and cohort data,
bleeding rates varied 2- to 4-fold at baseline among subgroups defined by increasing age, male
sex, and selected cardiovascular risk factors (3). The largest and most consistent statistically
significant differences in baseline bleeding risk occurred with increasing age (increasing 1.5-to-
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2-fold in each subsequent decade greater than 50 years) and to a lesser extent, male sex (Table
3). Multivariable analyses of both trial and cohort data confirmed these findings (Table 5). In the
cohort study, the highest rates of major bleeding events (12.0-14.0 per 1,000 person-years)
occurred in those with a history of GI hospitalization with or without aspirin use (21). Even after
adjustment for bleeding risk factors—including aspirin use—a history of GI hospitalization was
the main factor that increased the relative incidence rate of hospitalizations for major bleeding
(Table 5). Most trials, however, restricted patient enrollment to those without bleeding risk
factors thus limiting risk and applicability.
Risk factors for increased major bleeding by site. Controlling for aspirin use, the effect
of increasing age (per decade) had a greater effect on major GI or extracranial bleeding than on
hemorrhagic stroke (Table 5). In addition to older age, male sex and diabetes mellitus increased
the risk of serious bleeding, with possible variation in effect by site and imprecise magnitude. In
an adjusted IPD meta-analysis of trial data (15), current smoking and mean systolic and diastolic
blood pressure per 20 mm Hg were also independently associated with increased major
extracranial bleeds. For hemorrhagic stroke, only increasing age, current smoking, and elevated
mean blood pressure were clearly associated with increased risk. Relative risks associated with
patient characteristics differed somewhat between the two major bleeding sites. Investigators
noted that coronary heart disease risk factors associated with greater potential benefit from
aspirin (i.e., age, male sex, diabetes, current smoking, mean blood pressure) were also associated
with increased major bleeding risks for one or both outcomes, although somewhat more weakly
(15).
A large good-quality cohort study reported on the influence of NSAIDS and other
common medications on bleeding risk in never users and in current users of low-dose aspirin
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(Table 5) (21). In adjusted analyses, NSAID use increased the baseline risk of bleeding (adjusted
IRR, 1.10 [95% CI, 1.05 to 1.16]). Other co-medications not commonly used by primary CVD
prevention candidates (e.g., anticoagulants and antiplatelets) increased major bleeding events by
31-42% (adjusted [data not shown]). Adjusted analyses suggested a protective effect of proton
pump inhibitors (PPIs) and statins on bleeding risk.
While it was not always clear from reported data whether bleeding risk factors
represented an increased baseline risk or an effect modification of aspirin use, the majority of the
data suggested that the increased baseline bleeding risk was associated primarily with older age
and male sex (without effect modification); the data were mixed or insufficient to examine effect
modification in patients with diabetes mellitus and other CVD risk factors (3).

How do bleeding harms vary by aspirin regimen (dose, frequency, duration)?
We found very few within-trial direct comparisons of aspirin regimens within primary
prevention populations. In addition, between-trial comparisons, including study level-stratified
analyses by dosage, are of limited use due to potential confounding by other between-study
differences (i.e., methodological and clinical heterogeneity). Cohort studies were similarly
limited due to restrictions to a single low-dose regimen (35), lack of evaluation of dosage effects
(21), or issues with exposure measurement (33, 34). In the two large U.S. cohorts, trend analyses
strongly supported the effect of increasing cumulative weekly dosage on lower or upper GI
bleeding in both short- and long-term users of aspirin (33, 34) particularly in women (33, 34) and
for subarachnoid hemorrhages in men aged ≥55 years (43). In women, most bleeding cases
(72.6%) in recent years (2000-2008) involved daily rather than less than daily use of aspirin (33).
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Both trial and cohort data revealed that the risk of bleeding associated with low-dose
aspirin use was apparent early on, likely persisted throughout usage, and probably quickly
declined with discontinuation. In the Women’s Health Study (WHS), the cumulative incidence of
GI bleeding continued to increase in participants allocated to 100 mg of aspirin every other day
compared to participants on placebo throughout the median 10.1 years of follow-up (44). In
contrast, a stratified IPD meta-analysis suggested that the risk of major extracranial bleeding was
most pronounced early on (i.e., 0-2.9 years, declining ≥3.0 years) (8). However, the risks of
placebo also declined over time suggesting another mechanism for reduced bleeding events (such
as unequal observation time) (3, 45). Cohort data addressed whether the magnitude of bleeding
harms depends on the duration of aspirin use for different regimens. Two studies (33, 34) of
regular users found that duration of use (<5 years or ≥5 years) did not alter the elevated bleeding
risk. Thus, the limited data suggested that bleeding risks remain relatively constant with longterm use. The WHS which provided the sole study with information on discontinuation, observed
rapid attenuation of excess GI bleeding risk after aspirin use ceased (44), but poor ascertainment
of post-trial harms and high post-trial attrition limited complete confidence in this finding.

Discussion
Summary of Findings
We found the estimates from trial and cohort data of increased risk for serious bleeding
with aspirin use in CVD primary prevention populations were relatively consistent. In both trials
and cohort studies, increases in GI bleeding were quite consistently estimated with the best
estimate for very low-dose aspirin use in CVD primary prevention populations through about 10
years being 1.58 ([95% CI, 1.29 to 1.95]; I2=28.6%). In contrast, due to much rarer events, the
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increased risk of hemorrhagic stroke was less precise; the best estimate for hemorrhagic stroke
with very low-dose aspirin use for CVD primary prevention was 1.27 (95% CI, 0.96 to 1.68).
This pooled estimate, which was not statistically significant, was likely due to fewer events when
restricting to trials with very low-dose aspirin. Nonetheless, it was the estimate we provided for
the companion model (16) based on a priori decisions to link harms estimates to the population
and aspirin dosages used for estimating benefits. For both types of serious bleeding, our pooled
estimates were not statistically heterogeneous or precise indicating inadequate power and less
certainty of the average effect.
Factors that either increase the risk of baseline bleeding (e.g., age or previous medical
history) or enhance aspirin’s effect on bleeding (e.g., concurrent use of other medications) can
increase bleeding harms on an absolute scale, making it difficult to distinguish between increased
bleeding due to baseline factors and bleeding attributable to aspirin use alone (46). For example,
it is well known that older age is associated with an increased risk of major GI bleeding (47–49).
With a consistent RR increase for bleeding with aspirin use regardless of age, the absolute effect
of aspirin on bleeding events (excess cases) will be greater in older adults. The effects of aspirin
use on bleeding are further modified by co-use of other medications, increasing their absolute
effects (50). Thus, co-medication use in a primary prevention population must be done
cautiously. In contrast, most of the evidence we reviewed did not suggest effect modification of
the RR of serious bleeding events—particularly upper GI bleeding—associated with low-dose
aspirin use for CVD primary prevention across patients’ socio-demographic subgroups.
Nonetheless, baseline bleeding rates differed substantially across patient risk factors commonly
present in populations that would be candidates for CVD primary prevention. Older age and
male sex consistently demonstrated an increasing baseline bleeding risk, and some evidence
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indicated increased bleeding risk with particular CVD risk factors. Most important, although RRs
for GI bleeding (and to a lesser extent hemorrhagic stroke) were reasonably consistently
estimated by both trials and cohort studies, these two study types provided substantially different
estimates of baseline bleeding risks, with and without other risk factors present.

Anticipating and Estimating Individual Variability in Bleeding Risks with Aspirin Use
Beyond the variability in risk represented by age and sex (Table 3), individuals at
increased risk of bleeding had limited or no representation in the CVD primary prevention trials
(15). Thus, overall risk of bleeding at baseline were relatively low in participants not on aspirin
in trials compared with cohort data (0.7 vs. 2.4 major extracranial bleeds per 1,000 person-years;
0.3 vs. 1.2 major intracranial bleeds per 1,000 person-years). Our simulations of excess bleeding
cases with aspirin use (Table 4) showed that assumptions of the baseline bleeding rate are
clearly important to avoid underestimation of risk that could occur from applying trial-based
risks based on very selective patient groups to a more unselected general population. Previous
research is consistent with a potential underestimation of baseline bleeding risk for a more
general population when trial-based averages alone are used. For example, a previously derived
and commonly cited baseline rate for major upper GI complications (i.e., 1 per 1,000 personyears) from observational studies (51) has been revised upward (1-2 per 1,000 person-years) and
clarified to apply only to selected individuals without significant risks (i.e., men aged ≤60 years
or women aged ≤70 years, all without prior history of GI pain, ulcer, and NSAID use) (47). A
more recent average estimate is consistent; the baseline risk of upper GI bleeding in aspirin nonusers considered to be the primary prevention cohort due to no CVD history was 1.85 cases per
1,000 person-years (52). The higher average baseline GI bleeding rate (2.4 per 1,000 person-

15

years) from cohort data in our simulations still resulted in a relatively modest excess cases (1.39
[95% CI, 0.70 to 2.28] per 1,000 person-years), suggesting that averages could underestimate
risk. Thus, in the presence of bleeding risk factors, excess bleeding cases would be projected to
increase beyond trial or cohort-based averages.
When excess cases of upper GI complications (presumed to represent bleeding primarily)
among current aspirin users considered the prevalence of GI risk factors (i.e., age, male sex,
history of GI ulcers or complications, and NSAID use), the average excess cases increased
substantially to five excess cases of upper GI complications per 1,000 person-years (47). These
estimates reflected relatively common bleeding risk factors among cardio-protective aspirin users
from population-based databases and were based on age (79-88% aged ≥60 years), some degree
of co-medication use (13-15% with other NSAID use), and medical history (5-8% with a past
history of GI ulcers or complications). Excess cases, however, were projected to vary, increasing
above this average when all potential risk factors were figured in. For example, almost no aspirin
users aged ≥80 years would be expected to have ≤5 excess cases per 1,000 person-years. And, in
those less than 80 years, excess cases would be expected to vary widely from 0.4-90 per 1,000
person-years with age being the major determinant within which additional risk factors operated.
For individuals aged 60-80 years, only those with no more than 1 additional bleeding risk factor
could expect below-average bleeding (≤5 excess cases) with aspirin use, while individuals less
than 60 years would be largely protected from above-average excess cases unless ulcers were
present (47). Thus, there is large potential variability of excess serious GI bleeding events with
aspirin use due to risk factor differences among community-dwelling aspirin users. If intracranial
or other extracranial sources of major bleeds were also considered, absolute excess cases and
variability in case estimates would be further affected.

16

Determining Candidates for Primary Chemoprevention with Aspirin
Although a tool to predict bleeding risk could help clinicians and individuals make
appropriate preventive medication decisions by helping identify those least likely to be harmed
through bleeding, we found no adequately validated tools for assessing bleeding risks associated
with aspirin for primary prevention of CVD or cancers. A single risk prediction tool for upper GI
complications (primarily bleeding) has been published and is available in the public domain (53).
This tool has potential strengths but also deficiencies, including the incorporation of approaches
to modifying the bleeding risk (i.e., PPI use) that are not empirically proven in a primary
prevention population and for which it is clear that more caution is needed (54). Most critically,
this tool lacks sufficient external validation to allow its use in prospective risk prediction.
In the absence of robust risk calculators for bleeding risks, the selection of patients for
aspirin chemoprevention may be based pragmatically through qualitative consideration of
bleeding risk factors or through limiting candidates to those fitting trial selection criteria. In
terms of safety, besides previous ulcers or GI bleeding, aspirin intolerance or contraindications,
and some medications (e.g., antiplatelets or anticoagulants) may be considered absolute or
relative contraindications to aspirin use for primary chemoprevention due to their consistent
association with very elevated bleeding risk (47, 50, 50, 55) and the exclusion of such patients
from most trials (3). NSAIDs and other medications increase bleeding risk but less significantly
so, and they may be added by patients at some point during a long-term aspirin regimen even
when absent at initiation (56). Thus, clinicians must remain alert to potential drug interactions
with long-term aspirin use. Using the lowest possible dosage for the appropriate duration to gain
the desired benefit is a prudent approach to avoiding unnecessary harm.
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A stepwise practical approach outlined by the European Society of Cardiology to select
candidates for aspirin chemoprevention is based on minimizing potential harms in those most
likely to benefit (57). In the first step, the 10-year risk of major CVD events (with no further
consideration of aspirin use in those under 10% risk) is determined. Second, safety is assessed by
eliminating candidates with a history of bleeding without reversible causes or with concurrent
use of other medications that increase bleeding risk. And finally, for patients without safety
concerns, aspirin is recommend for those with a clear CVD benefit or, when potential harms and
benefits appear closely balanced; values, preferences, and other potential benefits (i.e., CRC) are
considered on a case-by-case basis. For example, in initially healthy female participants in the
WHS, competing risk models for individualized prediction of 15-year absolute risk reduction
(fatal and non-fatal CVD, cancer, and major GI bleeding combined) suggested that only ~2%
would experience ≥1% overall absolute risk reduction across all events (number need to treat,
100) (58). Among this ~2%, most (54%) were aged ≥65 years with a baseline 10-year CVD risk
of approximately 18% and a major GI bleeding risk of 1.94 per 1,000 person-years. Although
age 65 years was preferred to identify women with a clear net benefit, approximately 20% of 65year-olds would be projected into the negative overall treatment group, while another 70% would
experience a very modest net benefit (<1% absolute risk reduction).
A patient’s willingness and ability to take a daily medication must also be considered in
selecting good candidates, particularly for broader prevention effects beyond CVD. On the basis
of current data, most investigators agree that achieving cancer benefits requires continuing
aspirin use for 4-5 years (3, 59) and perhaps longer for lower dosages or less than daily use (58).
Primarily due to the differing timeframes over which risks and benefits might be expected to
occur (early on and throughout active use for bleeding risks and CVD events (11) but delayed
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10-20 years for CRC effects), life expectancy may also affect considerations. Future research
clarifying the timing and persistence of the risks and benefits observed during and beyond
different durations of low-dose aspirin use could change considerations in identifying the
individuals most likely to obtain net health benefits.

Caveats
Overall approach. Clinical context influenced our approach to analyzing the bleeding
harms associated with aspirin. Our primary results came from analyses of 11 CVD primary
prevention trials (11) because we sought to estimate additional cancer benefits in a CVD primary
prevention population taking low-dose aspirin. Consistent with the USPSTF approach in 2009
(60) and research by others (61), we intended for our outcome estimates to reflect the minimal
possible dosage shown to achieve CVD benefits in CVD primary prevention populations, in
order to minimize potential harms. Thus, we included alternate-day and daily aspirin studies and
focused on very low dosage uses (≤100 mg). As reported elsewhere, these approaches have
demonstrated CVD benefits (11) and have proved proving feasible for reducing longer-term
impact on cancer incidence (3).
Our original analytic plan to use the same or similar aspirin regimens in applicable
populations to estimate the effect of aspirin use on all established outcomes (i.e., bleeding harms,
as well as CVD and cancer benefits) resulted in our emphasizing results from a more limited set
of trials. This approach may have introduced imprecision due to lack of power. Nonetheless,
given the known differences between these two populations in relative causes of death (3) and
other factors—including baseline bleeding risk (52) or proportional impact of hemorrhagic
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versus ischemic strokes (15)—emhasizing data from primary prevention populations is prudent
to avoid faulty conclusions or extrapolations from secondary prevention populations,
Precision and breadth of harms estimations. Excess bleeding events are relatively rare
and are not consistently captured. The bleeding sites most uniformly reported are major upper GI
or intracerebral sites; other major bleeding sites (lower GI bleeding) or related issues (e.g.,
diverticular disease complications) (62–64) may be affected by low-dose aspirin use as well.
Similarly, minor bleeding issues are not well-reported. Hemorrhagic strokes and ischemic
strokes are often not reported separately, and other types of intracranial bleeds are generally
missing. Reported data on ulcers are even sparser and therefore were not factored into our
analyses, although other investigators have included ulcers and dyspepsia alongside bleeding in
their estimates of upper GI complications (although bleeding alone was 80% of events) (47, 49).
We did not cover the effects of daily use of aspirin on quality of life issues (65) but it may be
important to consider when recommending use of a long-term chemopreventive agent in an
asymptomatic population.
While trial-based rates potentially underestimate the risks for clinical practice, cohort
estimates may over-estimate baseline bleeding risks. Estimates from community-dwelling
individuals using very low-dose aspirin alone (or with clearly documented co-medication use)
for CVD primary prevention remain sparse, since clear data on exposure can be difficult to
capture for a ubiquitous and primarily over-the-counter medication.

Future Research
More robust and comprehensive trial data are needed on the entire set of related outcomes
for low-dose aspirin use such as cancer-specific incidence and mortality, bleeding and other
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harms, CVD events, other benefits such as preventing cognitive decline, and cause-specific and
all-cause mortality. Clear consideration of the dosage, timing, and duration of effects within the
same primary prevention populations that would be offered aspirin for prevention is needed to
better assess the relative harms and benefits. Multiple trials underway (66–69) and planned
additional IPD meta-analysis of existing trials by the Non-Vascular outcomes on Aspirin
(NoVA) collaboration will provide some of this essential information (70).
Rare events make large applicable studies for the range of consistently defined bleeding
harms with low-dose aspirin a priority. Given the emerging evidence for prolonged use to
achieve a range of health outcomes, there is a need for information on continuous (i.e., 5-15
years) use of very low-dose aspirin alongside common co-medications. Particularly important
co-medications may be those with on- or off-target effects on platelets or the coagulation system
(71), affect multiple outcomes similar to aspirin (e.g., statins effects on CVD, bleeding, cancer)
(21, 49, 72), or are common or synergistic with aspirin in potential high-benefit/high-risk
populations, such as SSRIs in the elderly (73). Statin co-use is particularly important, since it
may modify bleeding risk in a protective way but also reduce the potential benefits from aspirin.
Large-scale, population-based observational studies in which the uptake, continuation, and
discontinuation of aspirin prophylaxis (and other medications) is documented alongside detailed
clinical assessment of outcomes and related health care events will complement ongoing trials.
Since bleeding is the major known harm of aspirin use, some of the proposed approaches
to prevent bleeding need large-scale RCTs to determine the magnitude of risk reduction and any
unintended consequences on the desired beneficial outcomes. Measures to reduce cerebral
bleeding attributable to aspirin, particularly by detecting and adequately treating hypertension
(74), are of high priority. Data on Helicobactor pylori eradication has been conducted primarily
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to prevent re-bleeding in patients on aspirin or NSAIDS and should be considered in the primary
prevention context or prophylactically for ulcer and bleeding prevention, such as the ongoing
Helicobactor Eradication Aspirin Trial (75). Studying the use of PPIs in the primary prevention
context may be worth investigating for reducing GI effects, particularly if H. pylori eradication is
not a good approach.

Conclusions
Even at low- or very low-doses, aspirin increases the risk of bleeding and other harms.
Major GI bleeding risk increases by about 58% and hemorrhagic stroke by about 27% among
participants in very low-dose aspirin trials, but absolute bleeding events will vary depending on
individual bleeding risks. Age is the strongest independent risk factor for increased bleeding
which is followed by male sex and selected CVD risks factors that vary by bleeding site. A
history of previous GI bleeding or ulcers increases the risk of bleeding the most, but individuals
with these risks have been excluded from trials. Because no tools for predicting the risk of
bleeding in this clinical scenario have been validated, pinpointing the balance between the
benefits and harms of low-dose aspirin use, particularly considering the first 10 years of regular
use, will depend on qualitative assessment of the baseline risk for bleeding and CVD benefits.
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Table 1. Brief description of included cohort studies and individual patient-data meta-analysis
Author,
Year

Quality
de
Berardis,
2012 (21)
Good
Ekstrom,
2013
(SNDR)
(35)
Fair
Huang,
2010
(HPS)
(33)
Fair
Huang,
2011
(NHS)
(34)
Fair
ATT
Collaboration,
2009 (15)
Rothwell,
2012 (8)

Design

Country

Cohort,
Retrospective

Italy

Mean
Followup
(Years)
5.7*

Population

N

Males and females
aged ≥ 30 years,
new aspirin users
vs. never users

372,850

Mean Age
and
Range
(years)
69.4 (3095)

%
Female

%
Diabetes

%
Current
Smokers

ASA Dose and
Frequency

53.1

15

NR

≤ 300 mg with most
recent prescription
filled ≥ 75 days prior
to bleeding event

Cohort,
Prospective

Sweden

3.9

Males and females
w/ diabetes

18,646

62.3 (3080)

44.7

100

15.4

75 mg qd

Cohort,
Prospective

United
States

11.4

Male health
professionals

32,989

60.9 (NR)

0

5.4

5.2

Any dose ≥ 2
times/week

Cohort,
Prospective

United
States

12.5

Female nurses

87,680

56.6 (3055)

100

5

17.6

325 mg ≥ 2
tablets/week

IPD metaanalysis

Multinational

3.7-10.0

Primary CVD
prevention
populations

k=6†,
95,459

56 (NR)

54

4

16

50-500 mg qd

IPD metaanalysis

Multinational

3.6-8.2

Primary CVD
prevention
populations

k=6‡,
35,535

61.5 (NR)

44.1

NR

21.9

75-100 mg qd

*Median
†Included primary CVD prevention trials: Women’s Health Study (WHS), British Medical Doctors (BMD), Thrombosis Prevention Trial (TPT), Hypertension Optimal Treatment
(HOT), Primary Prevention Project (PPP), and the Physician’s Health Study (PHS)
‡Included primary CVD prevention trials: Thrombosis Prevention Trial (TPT), Hypertension Optimal Treatment (HOT), Primary Prevention Project (PPP), Prevention of
Progression of Arterial Disease and Diabetes (POPADAD), Aspirin for Asymptomatic Atherosclerosis (AAA), Japanese Primary Prevention of Atherosclerosis with Aspirin for
Diabetes (JPAD)
Abbreviations: ASA= acetylsalicylic acid; mg= milligrams; NR= not reported; qd= daily; w/= with
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Table 2. Sensitivity analyses for bleeding in CVD primary prevention trials
Source
Dose
k
n
Pooled OR (95% CI)
Major GI or extracranial bleeding
2
Main analysis*
Any dose
7
94,307
1.59 (1.32, 1.91), I =22.2%
≤ 100 mg
Any dose

ATT Collaboration,
2009 (IPD metaanalysis)† (15)
de Berardis et al.,
≤ 300 mg
(cohort study)‡ (21)
Hemorrhagic stroke
Meta-analysis (11)
Any dose
≤ 100 mg

5
6

67,097
95,456

1.58 (1.29, 1.95), I =28.6%
2
1.54 (1.30, 1.82)§, χ =3.1

HOT, JPAD, PHS, BMD, TPT, AAA,
WHS
HOT, JPAD, TPT, AAA, WHS
BMD, PHS, TPT, HOT, PPP, WHS

1

372,850

1.55 (1.48, 1.63)║

NA

9

113,264

1.33 (1.03, 1.71), I =0.0%

7

86,054

1.27 (0.96, 1.68), I =0.0%

ATT Collaboration,
Any dose
6
95,456
2009 (IPD metaanalysis) (15)
Intracranial hemorrhage including hemorrhagic stroke
Main analysis
Any dose
10
114,540
≤ 100 mg

Included Trials

8

87,330

*Major GI bleeding
†GI or other major extracranial bleeding
‡Hospitalizations for first major bleeding event (extracranial or intracranial)
§Year event rate ratio
║Incidence rate ratio

2

2
2

2

1.32 (1.00, 1.75)§, , χ =4.7

2

1.34 (1.07, 1.70), I =0.0%
2

1.30 (1.00, 1.68), I =0.0%

PPP, HOT, JPAD, JPPP, PHS,
BMD, TPT, AAA, WHS
PPP, HOT, JPAD, JPPP, TPT, AAA,
WHS
BMD, PHS, TPT, HOT, PPP, WHS

PPP, TPT, HOT, JPAD, PHS, JPPP,
BMD, POPADAD, AAA, WHS
PPP, TPT, HOT, JPAD, JPPP,
POPADAD, AAA, WHS
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Table 3. Absolute bleeding rates among no-ASA control groups, overall and by subpopulations, from trials and cohort studies
Baseline Characteristic

All control group
participants
Age subgroups

Major GI/extracranial
bleeding‡
from ATT Collaboration, 2009
(15); events per 1,000 personyears
0.7

Hemorrhagic stroke
from ATT Collaboration, 2009
(15); events per 1,000 personyears

0.3

< 65 years: 0.5

--

65+ years: 1.7

Hospitalizations for major bleeding event§
from cohort studies (de Berardis (21)); events per 1,000
person-years (95% CI)

3.60 (3.48 to 3.72)
Major extracranial bleeding (approx..): 2.40
Major intracranial bleeding (approx.): 1.20
< 50 years: 0.61 (0.41 to 0.91)
50-59 years: 1.40 (1.24 to 1.58)
60-69 years: 2.58 (2.40 to 2.77)
70-79 years: 4.61 (4.39 to 4.85)

Sex subgroups

Male: 1.0
Female: 0.5

--

‡Resulting in hospitalization, transfusion or death

80+ years: 6.93 (6.51 to 7.38)
Male: 4.50 (4.3 to 4.70)
Female: 2.86 (2.72 to 3.01)

§Combined GI bleeding and intracranial bleeding
Abbreviations: ATT = Antithrombotic Trialists; CI = confidence interval; GI = gastrointestinal
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Table 4. Absolute events caused or prevented with very low-dose aspirin use (≤ 100 mg per day) up
to 10 years, CVD primary prevention trials
Outcome

Risk
Level‡

Aspirin dose ≤ 100 mg per day (k=8)
Major GI bleeding*
Low
(k=5)
Median
High
Highest
ICH including
Low
hemorrhagic stroke
Median
(k=8)
High
Highest
Hemorrhagic stroke
Low
(k=7)
Median
High
Highest
Major bleeding events
Cohort§

Baseline Risk
of Outcome,
Events per
1,000 personyears

Relative Risk
(95% CI)║

0.23
0.49
1.58 (1.29 to 1.95)
0.58
1.04
0.20
0.47
1.30 (1.00 to 1.68)
0.59
1.25
0.00
0.37
1.27 (0.96 to 1.68)
0.42
1.26
2.4 (GIB)
1.58 (1.29 to 1.95) (GIB)†
1.2 (HS)
1.27 (0.96 to 1.68) (HS)†
3.6 (total)
3.6
1.55 (1.48 to 1.63)
*Data from companion systematic review on CVD primary prevention (11)

Events Caused or
Prevented** per 1,000
person-years (95% CI)

0.13 (0.07 to 0.22)
0.28 (0.14 to 0.46)
0.34 (0.17 to 0.55)
0.60 (0.30 to 0.99)
0.06 (0.00 to 0.14)
0.14 (0.00 to 0.32)
0.18 (0.00 to 0.40)
0.38 (0.00 to 0.85)
0.00 (0.00 to 0.00)
0.10 (-0.01 to 0.25)
0.11 (-0.02 to 0.29)
0.34 (-0.05 to 0.86)
1.39 (0.70 to 2.28) (GIB)
0.32 (0.05 to 0.82) (HS)
1.71 (0.65 to 3.10) (total)
1.98 (1.73 to 2.27)

†Using cohort baseline risk and trial relative risks to estimated events caused or prevented
‡Lowest (minimum), median, and high (maximum) control group rate for each outcome excluding zeros and outliers from the set
of CVD primary prevention trials; for major GI bleeding and hemorrhagic stroke, highest indicates the maximum while high is
the second highest.
§Baseline risk as reported by included cohort studies
║Based on ≤ 100 mg/day in primary CVD prevention trials
**Negative sign indicates cases prevented
Bolding represents events clearly caused or prevention (i.e., 95% CI does not include both caused and prevented events);
caused events are italicized
Abbreviations: CI = confidence interval; CVD = cardiovascular disease; GI = gastrointestinal; ICH = intracranial hemorrhage;
mg = milligram(S); MI = myocardial infarction
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Table 5. Relative rate ratios for bleeding among sub-populations from trials and cohort studies
Baseline Characteristic

Major GI/extracranial bleeding‡
from ATT Collaboration, 2009 (15)

Hemorrhagic stroke
from ATT Collaboration, 2009 (15)

Hospitalizations for major bleeding
event§
from cohort study (de Berardis (21))

Adjusted Rate Ratio (95% CI)
Adjusted Rate Ratio (95% CI)
2.15 (1.93 to 2.39) per decade
1.99 (1.45 to 2.73)
1.55 (1.13 to 2.14)
1.56 (1.25 to 1.94)
1.32 (1.09 to 1.58)
0.99 (0.90 to 1.08
1.24 (1.13 to1.35)
---

Age
Male sex (vs. female)
Diabetes (yes vs. no)
Current Smoker (yes vs. no)
Mean BP (per 20 mm Hg)
Cholesterol (per 1 mmol/L)
BMI (per 5 kilograms):
Previous GI hospitalization (yes vs no)
Medication use (yes vs no):
NSAIDS
ASA
Any antihypertensive
Statins
PPI
‡Resulting in hospitalization, transfusion or death

1.59 (1.33 to 1.90) per decade
1.11 (0.52 to 2.34)
1.74 (0.95 to 3.17)
2.18 (1.57 to 3.02)
2.18 (1.62 to 2.87)
0.90 (0.77 to 1.07)
0.85 (0.71 to 1.02)
---

Adjusted Incidence Rate Ratio (95% CI)
1.05 (1.05 to 1.05) per year
1.69 (1.61 to 1.79)
1.36 (1.28 to 1.44)

2.87 (2.46 to 3.35)
1.10 (1.05 to 1.16)
1.61 (1.54 to 1.69)║
1.14 (1.08 to 1.19)
0.67 (0.62 to 0.71)
0.84 (0.80 to 0.88)

§Combined GI bleeding and intracranial hemorrhage/hemorrhagic stroke
║Adjusted incidence rate ratio (current vs. never)
Abbreviations: ASA = acetylsalicylic acid; BMI = body mass index; CI = confidence interval; GI = gastrointestinal; mmol/L = millmoles per liter; mm Hg = millimeters of
mercury; NSAID = nonsteroidal anti-inflammatory drugs; PPI = proton pump inhibitor; vs = versus
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Figure 1. Forest plot of major GI bleeding , CVD primary prevention trials
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Figure 2. Forest plot of hemorrhagic strokes, CVD primary prevention trials
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