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THERAPY WITH LOW-DOSE ASPI-
rin is used for the treatment of
cardiovascular disease. It is rec-
ommended as a secondary pre-

vention measure for individuals with
moderate to high risk of cardiovascu-
lar events (ie, for patients with mul-
tiple risk factors such as hyperten-
sion, dyslipidemia, obesity, diabetes,
and family history of ischemic heart
disease).1,2 The American Diabetes As-
sociation recommends low-dose aspi-
rin use (75-162 mg/d) for adults with
diabetes and no previous history of vas-
cular disease but who have a 10-year
risk of cardiovascular disease events
greater than 10% and who do not have
an increased risk for bleeding.1

A meta-analysis based on indi-
vidual patient data demonstrated that
the benefits of low-dose aspirin for the
primary prevention of cardiovascular
disease are modest.3 Any benefit of low-
dose aspirin might be offset by the risk
of major bleeding.4 It is known that as-
pirin is associated with gastrointesti-
nal and intracranial hemorrhagic com-

plications.5 However, randomized
controlled trials have shown that these
risks are relatively small.3,6

Randomized controlled trials evalu-
ate selected patient groups and do not
necessarily generalize to an entire popu-
lation. They are particularly limited
when evaluating relatively rare events.7

Observational studies suggest an ex-
cess of approximately 1 to 2 major
bleeding episodes annually for every
1000 patients treated with low doses of

aspirin. The bleeding risk sharply in-
creases in individuals older than 70
years.8
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Context The benefit of aspirin for the primary prevention of cardiovascular events is
relatively small for individuals with and without diabetes. This benefit could easily be
offset by the risk of hemorrhage.

Objective To determine the incidence of major gastrointestinal and intracranial bleed-
ing episodes in individuals with and without diabetes taking aspirin.

Design, Setting, and Participants A population-based cohort study, using admin-
istrative data from 4.1 million citizens in 12 local health authorities in Puglia, Italy. Indi-
viduals with new prescriptions for low-dose aspirin (�300 mg) were identified during the
index period from January 1, 2003, to December 31, 2008, and were propensity-
matched on a 1-to-1 basis with individuals who did not take aspirin during this period.

Main Outcome Measures Hospitalizations for major gastrointestinal bleeding or
cerebral hemorrhage occurring after the initiation of antiplatelet therapy.

Results There were 186 425 individuals being treated with low-dose aspirin and
186 425 matched controls without aspirin use. During a median follow-up of 5.7 years,
the overall incidence rate of hemorrhagic events was 5.58 (95% CI, 5.39-5.77) per
1000 person-years for aspirin users and 3.60 (95% CI, 3.48-3.72) per 1000 person-
years for those without aspirin use (incidence rate ratio [IRR], 1.55; 95% CI, 1.48-
1.63). The use of aspirin was associated with a greater risk of major bleeding in most
of the subgroups investigated but not in individuals with diabetes (IRR, 1.09; 95% CI,
0.97-1.22). Irrespective of aspirin use, diabetes was independently associated with an
increased risk of major bleeding episodes (IRR, 1.36; 95% CI, 1.28-1.44).

Conclusions In a population-based cohort, aspirin use was significantly associated
with an increased risk of major gastrointestinal or cerebral bleeding episodes. Patients
with diabetes had a high rate of bleeding that was not independently associated with
aspirin use.
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A meta-analysis by the Antithrom-
botic Trialists’ Collaboration3 sug-
gested that diabetes, in addition to being
an independent risk factor for cardio-
vascular disease, also increases the risk
of extracranial hemorrhage. These es-
timates were derived from a limited
number of events within randomized
trials. Hence, the risk-to-benefit ratio
for the use of low-dose aspirin in the
presence of diabetes mellitus remains
to be clarified. To increase the num-
ber of observations, we used adminis-
trative data to determine the bleeding
rate attributable to prophylactic aspi-
rin use and how it is influenced by the
presence of diabetes. The objectives of
this study were to estimate the inci-
dence of major bleeding events in in-
dividuals with diabetes and in those
without diabetes and how these events
were affected by aspirin use.

METHODS
We conducted a population-based co-
hort study, using a record-linkage
analysis of hospital discharge records,
prescription databases, and the civil reg-
istry, including data on 4.1 million citi-
zens in 12 local health authorities in
Puglia, Italy.

Data Sources

All Italian citizens have equal access to
health care services and are cared for
by a general practitioner as part of the
National Health System. Hospital and
pharmaceutical services are provided
free or at a minimum charge. Aspirin
for the prevention of cardiovascular
events is available to all citizens at high
cardiovascular risk only by prescrip-
tion and is free of charge. Prescription
databases provide data on all the com-
munity prescriptions reimbursed by the
National Health System with drugs
coded according to the Anatomical
Therapeutic Chemical classification
system.9

Hospital discharge records cover all
the admissions in public and private
hospitals and include information on
primary diagnoses and up to 5 coex-
isting conditions, performed proce-
dures (diagnostic and therapeutic in-

terventions), date of hospital admission
and discharge, and in-hospital death.
All diagnoses are coded according to the
International Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM).10

Data sources, such as hospital
discharge records and prescription
databases, and the reliability of record
linkage to produce epidemiological in-
formation have been validated and de-
scribed elsewhere.11-17 All security and
protection measures for data from pa-
tients were performed according to na-
tional law.18

Study Design

We identified new users of low-dose
aspirin (�300 mg) (Anatomical
Therapeutic Chemical code B01AC06)
during the index period from January
1, 2003, to December 31, 2008. The
date of the first filled prescription for
aspirin was considered the patient’s
index date. Patients had to be at least
30 years old on the index date with no
prescription for aspirin in the past
year. Current low-dose aspirin users
were defined as those who had the last
prescription of aspirin at least 75 days
before hospitalization for major bleed-
ing events or the end of follow-up; this
allowed for a tolerance of 15 days
between prescriptions, each covering a
period of 60 days of treatment. All
those individuals who did not receive
aspirin throughout the study period
were considered controls, and were
assigned an index date corresponding
to the same year of the cases.

Former aspirin users, who were those
who had prescriptions for aspirin at the
beginning of follow-up but had their last
prescription of aspirin more than 75
days before an event, were excluded
from the analyses.

Outcome Variables

The outcomes of interest were hospi-
talization for major gastrointestinal
bleeding (ICD-9-CM codes 531-535 and
578.9) or cerebral hemorrhage (ICD-
9-CM codes 430-432) occurring after
the initiation of antiplatelet therapy. All
patients were followed up from their in-

dex date to the earliest hospitalization
for gastrointestinal or intracranial hem-
orrhages, death (derived from the civil
registry), or the end of the study pe-
riod, providing a maximum follow-up
of 6 years.

Possible Confounding Factors

To control for confounding, drugs
considered either to promote or con-
versely to be protective against bleed-
ing events were taken into account.
Patients with diabetes were defined as
individuals exposed to antidiabetic
agents in the year before the index
date together with those that began to
be exposed to antidiabetic agents dur-
ing the follow-up period. To allow a
more accurate definition of individuals
with diabetes, those treated before
cohort entry but with no antidiabetic
prescriptions during follow-up were
excluded from the cohort. Cases of
gestational diabetes (treated with insu-
lin for only a few months) would have
been erroneously considered as cases
of diabetes.

Individuals were considered as
affected by hypertension if they
were exposed to at least 3 prescrip-
tions of antihypertensive agents (eg,
centrally acting antiadrenergic agents,
�-blockers, thiazide-type diuretics,
�-blockers, calcium channel blockers,
angiotensin-converting enzyme inhibi-
tors, angiotensin II receptor antago-
nists) in the previous year with respect
to index date. Previous hospitaliza-
tions for cardiovascular events during
the year prior to the index date also
were considered (ICD-9-CM codes for
myocardial infarction: 410, 786.51,
786.52, 786.50, 36.0, 36.1, 36.2, and
36.3; for ischemic stroke: 434, 436,
38.11, and 38.12).

Current use of the following medi-
cations was identified: other antiplate-
let agents, anticoagulants, nonselec-
tive nonsteroidal anti-inflammatory
drugs (NSAIDs), aspirin as an analge-
sic agent, systemic corticosteroids, se-
lective serotonin reuptake inhibitors
(SSRIs), proton pump inhibitors (PPIs),
and statins. In line with previous stud-
ies,19 current use was defined as indi-
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viduals with a prescription of such
drugs in the previous 3 months from
an event or the end of follow-up; for
PPIs and statins, a period of 6 months
was chosen. Models also were ad-
justed for occurrence of hospitaliza-
tion for gastrointestinal complica-
tions (ICD-9-CM codes 531-535, 556,
and 578) during the year prior to the
index date.

Statistical Analyses

From the overall sample of 4.1 million
individuals, a sample of 598 418 pa-
tients receiving low-dose aspirin was
identified. Furthermore, individuals
younger than 30 years, those with for-
mer aspirin use, and those with diabe-
tes without antidiabetic prescriptions
during the study period were ex-
cluded from the low-dose aspirin co-
hort, leaving a sample of 241 844 pa-
tients. Following the same exclusion
criteria, a sample of 845 707 controls
(20% of the overall sample of individu-
als) was selected at random. To allow

an unbiased comparison between pa-
tients currently treated with aspirin and
those who never took aspirin, a pro-
pensity score–matching algorithm on
a 1-to-1 basis was used.20,21

A logistic regression model includ-
ing age, sex, diabetes, previous hospi-
talization for cardiovascular disease, use
of antihypertensiveagents,NSAIDs,PPIs,
SSRIs, and statins as covariates was used
to predict the probability (propensity
score) to receiveaspirin.An8-to-1greedy
matching algorithm21 was eventually
used to identify a unique matched con-
trol for each aspirin-treated patient ac-
cording to the propensity score. Ad-
equacy of balance for the covariates in
the matched sample was assessed via
standardized mean difference between
the 2 groups, considering differences less
than 10% as good balance, as well as
graphical methods (ie, quantile-
quantile plots, side-by-side box plots, and
nonparametric density plots).22

Characteristics of the study popula-
tion are reported as percentages, mean

(standard deviation), or median (in-
terquartile range). Incidence rates (IRs)
with 95% confidence intervals of hos-
pitalization per 1000 person-years were
estimated for both cohorts. Using Pois-
son regression, we first estimated crude
IR ratios (IRRs) of hospitalization in the
cohort with aspirin use compared with
the cohort who never took aspirin. The
IRRs were then adjusted for all the other
covariates within multivariate mod-
els. The latter included the following
covariates: age, sex, exposure to anti-
diabetic agents, hospitalization for car-
diovascular or gastrointestinal prob-
lems in the year prior to study entry,
or prescription for antihypertensive
agents, other antiplatelet agents, anti-
coagulants, NSAIDs, aspirin as an an-
algesic agent, systemic corticoste-
roids, SSRIs, PPIs, or statins. Both
individual (gastrointestinal and intra-
cranial bleeding) and composite end
points were assessed; in the latter case,
the first occurrence of bleeding event
was considered.

Figure 1. Screening and Enrollment of Participants in the Study

372 850 In study cohort
186 425 Treated with current low-dose aspirin prescription
186 425 Not treated with low-dose aspirin (controls)

4 069 869 Inhabitants in 12 of 167 health authorities in Italy

953 746 Excluded

659 282 Individuals excluded
(lack of matching)

55 419 Individuals excluded
(lack of matching)

241 844 Treated with current low-dose
aspirin prescription

1 799 453 Potential controls

845 707 Random sample of potential
controls

598 418 Treated with low-dose aspirin 3 471 451 Not treated with low-dose
aspirin (potential controls)

356 574 Excluded
284 463 Had last prescription for aspirin

>75 d before hospitalization for
major bleeding

50 152 Had last prescription for
antidiabetes medication only

21 959 Age <30 y or >95 y

1 671 998 Excluded
70 275 Had last prescription for

antidiabetes medication only
1 601 723 Age <30 y or >95 y

1:1 Propensity score matching
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Risks were reported as IRRs along with
their 95% confidence intervals and P val-
ues. For subgroup analyses according to
sample characteristics, P values for in-
teraction also were assessed. A sensitiv-
ity analysis also was performed after ex-
clusion of ICD-9-CM code 578.9, which
was considered less specific for the iden-
tification of upper gastrointestinal bleed-
ing. The cumulative proportion of pa-
tients developing major bleeding events
during follow-up according to diabetes
status and use of aspirin was estimated
by life table methods and log-rank tests
were reported. P values were 2-sided, and
values of .05 or less were considered sta-
tistically significant. All statistical analy-
ses were performed using SAS version 9.1
(SAS Institute Inc).

RESULTS
From the initial cohort of 241 844 in-
dividuals with aspirin use, 186 425 were
selected using propensity score match-
ing (FIGURE 1). Prematching charac-
teristics widely differed between those
with aspirin use and those without as-
pirin use, but propensity score match-
ing led to a satisfactory balance for all
the characteristics considered (eTable
at http://www.jama.com). The cohort
with aspirin use included patients aged
30 to 95 years who had received the first
dose of aspirin in the period consid-
ered.

Overall, a total of 1.6 million person-
years of observation was accumulated
with a median follow-up of 5.7 years
(interquartile range, 2.4-6.0 years); the
mean (SD) age was 69 (12) years and
53% of cases were female, 57% were
identified as affected by hypertension,
15% were treated with hypoglycemic
agents, 2.0% had experienced a hospi-
talization for a cardiovascular event, and
0.9% had experienced a hospitaliza-
tion for gastrointestinal complica-
tions. General characteristics of the
study population according to aspirin
use are reported in TABLE 1.

Risk of Bleeding Associated With
Aspirin Use

During 6 years, 6907 first episodes of
major bleeding requiring hospitaliza-

tion were registered; of which there
were 4487 episodes of gastrointesti-
nal bleeding and 2464 episodes of
intracranial hemorrhage (both events
were registered on the same date for
44 individuals). The overall IR of
total hemorrhagic events was 5.58
(95% CI, 5.39-5.77) per 1000 person-
years for those with aspirin use and
3.60 (95% CI, 3.48-3.72) per 1000
person-years for those without aspirin
use (IRR, 1.55; 95% CI, 1.48-1.63). In
particular, the use of aspirin was asso-
ciated with an excess risk of gastroin-
testinal (IRR, 1.55; 95% CI, 1.46-
1.65) and intracranial (IRR, 1.54; 95%
CI, 1.43-1.67) bleeding.

TABLE 2 shows IRs by aspirin use
and their IRRs, according to the differ-
ent characteristics. Among those with-
out aspirin use, incidence increased

steeply with age. The IRs exceeding
the upper limit of the 95% confidence
interval for the estimate relative to the
whole population were observed in
men (IR, 4.50; 95% CI, 4.30-4.70) per
1000 person-years, in individuals with
diabetes (IR, 5.35; 95% CI, 4.97-5.76)
per 1000 person-years, hypertension
(IR, 4.23; 95% CI, 4.06-4.40) per 1000
person-years, previous hospitalization
for cardiovascular problems (IR, 5.91;
95% CI, 4.78-7.31) per 1000 person-
years or gastrointestinal complications
(IR, 12.00; 95% CI, 10.03-14.44) per
1000 person-years, among those
treated with other antiplatelet agents
(IR, 5.03; 95% CI, 4.55-5.56) per 1000
person-years, anticoagulants (IR, 5.59;
95% CI, 5.10-6.12) per 1000 person-
years, systemic corticosteroids (IR,
4.07; 95% CI, 3.65-4.53) per 1000

Table 1. Study Cohort Characteristics

Characteristic

No. (%) of Participantsa

Overall
(N = 372 850)

Aspirin Use

Never
(n = 186 425)

Current
(n = 186 425)

Male sex 174 970 (46.93) 85 444 (45.83) 89 526 (48.02)

Age, mean (SD), y 69.37 (11.57) 69.76 (11.29) 68.99 (11.83)

Age group, y
�50 68 938 (18.49) 34 775 (18.65) 34 163 (18.33)

50-59 122 171 (32.77) 63 542 (34.08) 58 629 (31.45)

60-69 102 071 (27.38) 49 933 (26.78) 52 138 (27.97)

70-79 60 815 (16.31) 31 542 (16.92) 29 273 (15.70)

�80 18 855 (5.06) 6633 (3.56) 12 222 (6.56)

Previous hospitalization
Cardiovascular problems 7358 (1.97) 3190 (1.71) 4168 (2.24)

Gastrointestinal problems 3352 (0.90) 2107 (1.13) 1245 (0.67)

Medication use
Antidiabetic agents 56 118 (15.05) 27 066 (14.52) 29 052 (15.58)

Antihypertensive agents 212 743 (57.06) 109 172 (58.56) 103 571 (55.56)

Other antiplatelet agents 20 218 (5.42) 14 879 (7.98) 5339 (2.86)

Aspirin as analgesic agent 480 (0.13) 258 (0.14) 222 (0.12)

NSAIDs 129 816 (34.82) 67 245 (36.07) 62 571 (33.56)

Oral anticoagulants 25 831 (6.93) 17 046 (9.14) 8785 (4.71)

Systemic corticosteroids 32 803 (8.80) 18 595 (9.97) 14 208 (7.62)

PPIs 169 700 (45.51) 85 184 (45.69) 84 516 (45.34)

SSRIs 18 920 (5.07) 9428 (5.06) 9492 (5.09)

Statins 91 841 (24.63) 43 924 (23.56) 47 917 (25.70)

Events, No.
Major bleeding 6907 3369 3538

Gastrointestinal bleeding 4487 2193 2294

Intracranial hemorrhage 2464 1197 1267
Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor; SSRI, selective serotonin reuptake

inhibitor.
aUnless otherwise indicated.
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person-years, PPIs (IR, 4.09; 95% CI,
3.90-4.28) per 1000 person-years,
SSRIs (IR, 4.09; 95% CI, 3.90-4.28)
per 1000 person-years, and among
those not treated with statins (IR,
4.08; 95% CI, 3.93-4.22) per 1000
person-years.

The use of aspirin was associated
with a greater risk of bleeding in most
of the subgroups evaluated. Signifi-
cant interactions were detected be-
tween the magnitude of risk conferred
by aspirin and sex, age, presence of dia-
betes, hypertension, previous hospital-

ization for cardiovascular or gastroin-
testinal problems, and use of several
concomitant treatments including an-
ticoagulants and PPIs.

The risk of bleeding associated with
the use of aspirin was particularly high
in individuals younger than 50 years

Table 2. Incidence Rates of Major Bleeding Events and Relative Incidence Rate Ratios by Sample Characteristics

Subgroups

Aspirin Use, Incidence Rate
per 1000 Person-Years (95% CI)

Incidence Rate
Ratio (95% CI)

P Value for
InteractionNever Current

Entire sample 3.60 (3.48-3.72) 5.58 (5.39-5.77) 1.55 (1.48-1.63) NA

Sex
Male 4.50 (4.30-4.70) 6.42 (6.14-6.72) 1.43 (1.34-1.52)

.001
Female 2.86 (2.72-3.01) 4.79 (4.55-5.04) 1.67 (1.56-1.80)

Age group, y
�50 0.61 (0.41-0.91) 1.93 (1.52-2.45) 3.17 (1.99-5.05)

50-59 1.40 (1.24-1.58) 2.48 (2.19-2.82) 1.77 (1.49-2.11)

60-69 2.58 (2.40-2.77) 3.94 (3.66-4.24) 1.53 (1.38-1.69) .009

70-79 4.61 (4.39-4.85) 6.87 (6.52-7.25) 1.49 (1.38-1.60)

�80 6.93 (6.51-7.38) 10.60 (9.91-11.23) 1.52 (1.39-1.66)

Diabetes
No 3.32 (3.20-3.45) 5.53 (5.33-5.74) 1.66 (1.58-1.75)

�.001
Yes 5.35 (4.97-5.76) 5.83 (5.36-6.33) 1.09 (0.97-1.22)

Hypertension
No 2.74 (2.59-2.90) 5.42 (5.14-5.72) 1.98 (1.83-2.14)

�.001
Yes 4.23 (4.06-4.40) 5.69 (5.44-5.94) 1.34 (1.27-1.43)

Previous hospitalization for cardiovascular problems
No 3.56 (3.44-3.68) 5.57 (5.39-5.77) 1.56 (1.49-1.64)

.003
Yes 5.91 (4.78-7.31) 5.76 (4.56-7.26) 0.97 (0.71-1.33)

Previous hospitalization for gastrointestinal problems
No 3.51 (3.40-3.63) 5.52 (5.34-5.71) 1.57 (1.50-1.65)

.06
Yes 12.00 (10.03-14.44) 14.00 (10.70-18.24) 1.16 (0.84-1.60)

Use of other antiplatelet agents
No 3.48 (3.36-3.60) 5.48 (5.29-5.67) 1.58 (1.50-1.66)

.12
Yes 5.03 (4.55-5.56) 9.30 (7.90-10.94) 1.85 (1.53-2.24)

Use of aspirin as analgesic agent
No 3.60 (3.48-3.72) 5.57 (5.39-5.76) 1.55 (1.48-1.62)

.21
Yes 3.25 (1.05-10.07) 11.40 (5.45-24.00) 3.52 (0.91-13.62)

Use of NSAIDs
No 3.55 (3.40-3.70) 5.58 (5.35-5.82) 1.57 (1.48-1.67)

.43
Yes 3.68 (3.49-3.89) 5.57 (5.26-5.89) 1.51 (1.40-1.64)

Use of oral anticoagulants
No 3.41 (3.29-3.53) 5.51 (5.32-5.70) 1.61 (1.54-1.70)

.007
Yes 5.59 (5.10-6.12) 7.09 (6.15-8.17) 1.27 (1.07-1.50)

Use of systemic corticosteroids
No 3.55 (3.43-3.68) 5.58 (5.39-5.78) 1.57 (1.49-1.65)

.10
Yes 4.07 (3.65-4.53) 5.52 (4.86-6.28) 1.36 (1.15-1.61)

Use of PPIs
No 3.21 (3.06-3.36) 6.67 (6.40-6.95) 2.08 (1.95-2.21)

�.001
Yes 4.09 (3.90-4.28) 4.24 (4.01-4.50) 1.04 (0.96-1.12)

Use of SSRIs
No 3.61 (3.49-3.73) 5.54 (5.35-5.74) 1.54 (1.46-1.61)

.12
Yes 4.09 (3.90-4.28) 4.24 (4.01-4.50) 1.04 (0.96-1.12)

Use of statins
No 4.08 (3.93-4.22) 6.42 (6.19-6.67) 1.58 (1.50-1.66)

.95
Yes 2.20 (2.02-2.39) 3.45 (3.18-3.74) 1.57 (1.40-1.76)

Abbreviations: NA, not applicable; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor; SSRI, selective serotonin reuptake inhibitor.
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(IR, 3.17; 95% CI, 1.99-5.05) per 1000
person-years, in individuals not treated
for hypertension, and in those treated
with aspirin as an analgesic (statistical
significance was not reached). On the
other hand, the presence of diabetes, a
previous hospitalization for cardiovas-
cular events or gastrointestinal prob-
lems, or treatment with PPIs or SSRIs
were not associated with an increased
hemorrhagic risk.

As an additional analysis, we evalu-
ated the risk of bleeding associated with
the use of aspirin when administered
in combination with other antiplatelet
agents and/or anticoagulants. Com-
pared with those without aspirin use,
the risk was 2.6 times higher in indi-
viduals treated with aspirin and other
antiplatelet agents (IRR, 2.56; 95% CI,
2.15-3.04), 2 times higher when aspi-
rin was administered in association with
anticoagulants (IRR, 1.92; 95% CI, 1.65-
2.24), and almost 3 times higher when
all 3 classes were administered in con-
comitance (IRR, 2.89; 95% CI, 1.71-
4.88).

Risk of Bleeding Associated With
Diabetes

The cumulative IR of major bleeding ac-
cording to the presence of diabetes and
use of aspirin is reported in FIGURE 2.The
baseline risk of bleeding in the ab-
sence of aspirin therapy was higher
among individuals with diabetes than
those without diabetes, whereas the use
of aspirin was associated with a higher
bleeding risk only among individuals
without diabetes.

Among individuals not taking aspi-
rin, the IR of major bleeding was 3.32
(95% CI, 3.20-3.45) per 1000 person-
years in those without diabetes and 5.35
(95% CI, 4.97-5.76) per 1000 person-
years for those with diabetes (IRR, 1.61;
95% CI, 1.49-1.75). Individuals with dia-
betes had an increased risk of 59% for
gastrointestinal bleeding (IRR, 1.59; 95%
CI, 1.45-1.79) and 64% for intracranial
bleeding (IRR, 1.64; 95% CI, 1.43-
1.89). Further adjustment for other co-
variates within multivariate Poisson re-
gression models confirmed that diabetes
was associated with an excess risk

of major bleeding (IRR, 1.58; 95% CI,
1.46-1.72), gastrointestinal bleeding
(IRR, 1.61; 95% CI, 1.45-1.78), and in-
tracranial bleeding (IRR, 1.54; 95% CI,
1.34-1.77).

Among aspirin users, the IR of ma-
jor bleeding was 5.53 (95% CI, 5.33-
5.74) per 1000 person-years in those
without diabetes and 5.83 (95% CI,
5.36-6.33) per 1000 person-years for
those with diabetes (IRR, 1.05; 95% CI,
0.96-1.15). Similar estimates were
found for both gastrointestinal bleed-
ing (IRR, 1.08; 95% CI, 0.97-1.21) and
intracranial bleeding (IRR, 1.01; 95%
CI, 0.86-1.18). Further adjustment for
other covariates within multivariate
Poisson regression models showed that
diabetes was associated with a small ex-
cess risk of major bleeding (IRR, 1.13;
95% CI, 1.03-1.24) and gastrointesti-
nal bleeding (IRR, 1.15; 95% CI, 1.03-
1.29), and a nonsignificant increased

risk of intracranial bleeding (IRR, 1.11;
95% CI, 0.95-1.30).

The sensitivity analyses performed af-
ter the exclusion of the less-specific
ICD-9-CM code 578.9 increased the risk
estimate associated with the use of as-
pirin. In fact, the IRRs for those with
aspirin use vs those without aspirin use
were 1.62 (95% CI, 1.53-1.70) for the
whole sample, 1.73 (95% CI, 1.63-
1.84) for individuals without diabe-
tes, and 1.15 (95% CI, 1.01-1.30) for
individuals with diabetes.

Other Factors Associated With
the Risk of Bleeding

In addition to aspirin use and the pres-
ence of diabetes, the risk of bleeding in-
creased with age and was higher in men,
individuals treated with antihyperten-
sive agents, NSAIDs, other antiplate-
let and antithrombotic agents, and in
those with previous hospitalization for

Figure 2. Cumulative Proportion of Patients Developing Major Bleeding Events During
Follow-up According to Diabetes Status and Aspirin Use
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In the cohort with diabetes, there were 704 major bleeding events in 131 535 person-years for the no aspirin
use group (incidence rate [IR], 5.35; 95% CI, 4.97-5.76) and 549 events in 94 232 person-years for the aspirin
use group (IR, 5.83; 95% CI, 5.36-6.33). In the cohort without diabetes, there were 2821 major bleeding
events in 848 631 person-years for the no aspirin use group (IR, 3.32; 95% CI, 3.20-3.45) and 2818 events in
509 565 person-years for the aspirin use group (IR, 5.53; 95% CI, 5.33-5.74).
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gastrointestinal and cardiovascular
problems. Furthermore, the use of PPIs
and statins was associated with a re-
duction in the risk of hemorrhagic
events (TABLE 3).

Of note, the use of statins was asso-
ciated with a significant reduction of
both gastrointestinal (IRR, 0.65; 95%
CI, 0.60-0.71) and intracranial (IRR,
0.69; 95% CI, 0.64-0.74) bleeding. The
introduction of the aspirin�diabetes
interaction term in the model yielded
a statistically significant result
(P� .001), thus confirming a differen-
tial bleeding risk associated with aspi-
rin use and diabetes.

COMMENT
This study provides information for the
evaluation of the risk-benefit balance
of aspirin use in a real-world setting.
Our study demonstrated that the inci-
dence of major bleeding events is much
higher than that recorded in random-
ized, prospective clinical trials. Data
from the meta-analysis by the Anti-
thrombotic Trialists’ Collaboration3 re-
ported an IR of major gastrointestinal
and other extracranial bleeding of
0.10% per year in patients treated with
aspirin and 0.07% in those not treated
with aspirin in a population with a com-
parable age range (ie, 19-94 years). In

comparison with these estimates, we
found a 5-time higher incidence of ma-
jor bleeding leading to hospitalization
among both aspirin users and those
without aspirin use.

In line with existing evidence,3,23

the use of aspirin was associated with
a 55% relative risk increase in major
bleeding; this translates to 2 excess
cases for 1000 patients treated per
year. In other words, the excess num-
ber of major bleeding events associ-
ated with the use of aspirin is of the
same magnitude of the number of
major cardiovascular events avoided
in the primary prevention setting for
individuals with a 10-year risk of
between 10% and 20%.3

The increase in the risk of hemor-
rhages associated with the use of aspi-
rin was present in the majority of sub-
groups evaluated; the exceptions were
patients with diabetes and those pre-
viously admitted to the hospital for gas-
trointestinal or cardiovascular prob-
lems. In the latter 2 subgroups, the lack
of excess risk of bleeding can at least
partially be attributable to the concomi-
tant use of PPIs in line with existing rec-
ommendations,24 whereas diabetes de-
serves additional consideration.

To our knowledge, this is the first
longitudinal study that specifically ex-
amined the role of diabetes in the in-
cidence of major bleeding in a cohort
of individuals, irrespective of the use
of aspirin. In a systematic review, Fei-
gin et al25 reported a protective effect
of diabetes on the incidence of sub-
arachnoid hemorrhages; the authors
justified this unexpected finding by
pointing out the high risk of death from
other causes in the population with dia-
betes and therefore the chance of de-
veloping such hemorrhages was smaller
than in individuals without diabetes.

A case-control study in Japan re-
ported similar results showing that dia-
betes decreased the risk of subarach-
noid hemorrhage in older women.26 As
for gastrointestinal bleeding, a British
case-control study on patients with
bleeding peptic ulcers indicated that
diabetes was associated with an in-
creased relative risk for this condition

Table 3. Factors Associated With Hospitalization for Major Bleeding Events From Multivariate
Analysis

No. of
Events Person-Years

Incidence Rate
(95% CI)

Incidence Rate
Ratio (95% CI)

Age NA NA NA 1.05 (1.05-1.05)

Sex
Female 3044 852 958 3.57 (3.44-3.70) 1 [Reference]

Male 3848 731 006 5.26 (5.10-5.43) 1.69 (1.61-1.79)

Aspirin use
Never 3525 980 166 3.60 (3.48-3.72) 1 [Reference]

Current 3367 603 797 5.58 (5.39-5.77) 1.61 (1.54-1.69)

Diabetes
No 5639 1 358 196 4.15 (4.04-4.26) 1 [Reference]

Yes 1253 225 767 5.55 (5.25-5.87) 1.36 (1.28-1.44)

Use of antihypertensive agents
No 2524 671 690 3.76 (3.61-3.91) 1 [Reference]

Yes 4368 912 273 4.79 (4.65-4.93) 1.14 (1.08-1.19)

Previous hospitalization for
cardiovascular problems

No 6736 1 557 250 4.33 (4.22-4.43) 1 [Reference]

Yes 156 26 713 5.84 (4.99-6.83) 1.29 (1.10-1.51)

Previous hospitalization for
gastrointestinal problems

No 6722 1 570 458 4.28 (4.18-4.38) 1 [Reference]

Yes 170 13 505 12.60 (10.83-14.63) 2.87 (2.46-3.35)

Use of other antiplatelet agents
No 6363 1 492 032 4.26 (4.16-4.37) 1 [Reference]

Yes 529 91 931 5.75 (5.28-6.27) 1.42 (1.29-1.56)

Use of NSAIDs
No 4415 1 020 188 4.33 (4.20-4.46) 1 [Reference]

Yes 2477 563 775 4.39 (4.22-4.57) 1.10 (1.05-1.16)

Use of oral anticoagulants
No 6237 1 473 858 4.23 (4.13-4.34) 1 [Reference]

Yes 655 110 105 5.95 (5.51-6.42) 1.31 (1.21-1.43)

Use of PPIs
No 3960 876 914 4.52 (4.38-4.66) 1 [Reference]

Yes 2932 707 049 4.15 (4.00-4.30) 0.84 (0.80-0.88)

Use of statins
No 5750 1 162 005 4.95 (4.82-5.08) 1 [Reference]

Yes 1142 421 958 2.71 (2.55-2.87) 0.67 (0.62-0.71)
Abbreviations: NA, not applicable because data are per year; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton pump

inhibitor.
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(odds ratio [OR], 3.1; 95% CI,
1.2-4.3).27 Possible mechanisms in-
clude vascular disease impairing mu-
cosal integrity in diabetes.27

The meta-analysis by the Antithrom-
botic Trialists’ Collaboration reported
that some of the risk factors for cardio-
vascular disease also increase the risk
of extracranial hemorrhages, suggest-
ing that those at higher cardiovascular
risk are also at higher risk of bleeding.
Individuals with diabetes showed a
more than 50% increased risk com-
pared with those without diabetes.3

Our study shows, for the first time, to
our knowledge, that aspirin therapy only
marginally increases the risk of bleed-
ing in individuals with diabetes. These
findings were confirmed in multivari-
ate analyses taking into account a num-
ber of potential confounders and fur-
ther reinforced by the highly significant
interaction term tested within the mul-
tivariate model. These results can rep-
resent indirect evidence that the effi-
cacy of aspirin in suppressing platelet
function is reduced in this population.
An accelerated platelet turnover in dia-
betes28 could explain the reduced inci-
dence of adverse effects related to aspi-
rin, as well as its limited efficacy in
preventing major cardiovascular
events.1,29

Our study also provides important
information regarding bleeding risk fac-
tors other than aspirin use. In line with
existing literature, individuals with a
previous hospital admission for gastro-
intestinal problems19,30,31 show the high-
est risk of major bleeding. Increasing
age,8,19 male sex,3,19,32 diabetes,3 hyper-
tension,3,25 and previous cardiovascu-
lar problems3,19 also were confirmed as
independent risk factors for major
bleeding. As for other medications, the
use of both antiplatelet agents or oral
anticoagulants was associated with a
significant increase in the risk of bleed-
ing, whereas the use of NSAIDs only
marginally affected such a risk.

Our data are in line with an Italian
population-based study showing an
inverse association between an in-
creased consumption of PPIs and re-
duction of hospitalization for gastro-

intestinal events.33 However, the cost-
effectiveness of PPIs associated with
aspirin use needs to be verified. A re-
cent study demonstrated that the ad-
dition of a PPI to aspirin is cost-
effective only for men at increased risk
for gastrointestinal bleeding.34 On the
other hand, recent data suggest that use
of PPIs might increase the risk of car-
diovascular events in patients treated
with antiplatelet agents.35-37

Another important finding of our
study is the substantially lower risk
of both gastrointestinal and intracra-
nial hemorrhages associated with the
use of statins. As for gastrointestinal
bleeding, an apparent protective
effect of statins was postulated in a
post hoc analysis of the Orbofiban in
Patients with Unstable coronary
Syndromes–Thrombolysis in Myo-
cardial Infarction 16 (OPUS-TIMI
16) trial.38 In this trial of patients
with acute coronary syndromes who
were treated with aspirin alone or in
combination with orbofiban, the use
of statins was associated with a lower
risk of major bleeding (OR, 0.71;
95% CI, 0.44-1.14) and total gastro-
intes t ina l b leeding (OR, 0.68;
95% CI, 0.45-1.04). Such a protec-
tive effect was not confirmed in a
population-based case-control study,
although a borderline significant pro-
tective effect was observed in users of
low-dose aspirin (OR, 0.43; 95% CI,
0.18-1.05).39 An increase in systemic
prostacyclin and prostaglandin E2

production by statins has been advo-
cated as the possible protective effect
on gastric mucosa.39

The effect of statins on intracranial
bleeding is more controversial. A large,
randomized trial suggested that stat-
ins may increase the risk of intracra-
nial hemorrhage.40 More recently, a
meta-analysis of published and unpub-
lished data was unable to confirm a sig-
nificantly increased risk for intracere-
bral hemorrhage in relation to statins.41

Our results, based on more than 2000
episodes of intracranial bleeding,
strongly suggest a protective effect of
statins and call for further investiga-
tion in this area.

Our study has limitations. Despite
adjustment for a wide range of poten-
tial bleeding risk factors, it was not pos-
sible to consider variables not rou-
tinely captured in the claims database,
including lifestyle factors such as obe-
sity, smoking, high alcohol consump-
tion, or use of over-the-counter
NSAIDs. Also, we could not take into
account over-the-counter aspirin use.
Nevertheless, misclassification of ex-
posure status is unlikely because long-
term use of aspirin for cardiovascular
protection is reimbursed by the na-
tional health care system.

In conclusion, weighing the ben-
efits of aspirin therapy against the po-
tential harms is of particular relevance
in the primary prevention setting, in
which benefits seem to be lower than
expected based on results in high-risk
populations. In this population-based
cohort, aspirin use was significantly as-
sociated with an increased risk of ma-
jor bleeding, but this association was
not observed for patients with diabe-
tes. In this respect, diabetes might rep-
resent a different population in terms
of both expected benefits and risks as-
sociated with antiplatelet therapy.
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