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ABSTRACT

Objective There is a lack of robust data on significant
gastrointestinal bleeding in older people using aspirin.
We calculated the incidence, risk factors and absolute
risk using data from a large randomised, controlled trial.
Design Data were extracted from an aspirin versus
placebo primary prevention trial conducted throughout
2010-2017 ('ASPirin in Reducing Events in the Elderly
(ASPREE)’, n=19 114) in community-dwelling persons
aged =70 years. Clinical characteristics were collected
at baseline and annually. The endpoint was major Gl
bleeding that resulted in transfusion, hospitalisation,
surgery or death, adjudicated independently by two
physicians blinded to trial arm.

Results Over a median follow-up of 4.7 years (88 389
person years), there were 137 upper Gl bleeds (89 in
aspirin arm and 48 in placebo arm, HR 1.87, 95% CI
1.32 10 2.66, p<0.01) and 127 lower Gl bleeds (73 in
aspirin and 54 in placebo arm, HR 1.36, 95% Cl 0.96
to 1.94, p=0.08) reflecting a 60% increase in bleeding
overall. There were two fatal bleeds in the placebo

arm. Multivariable analyses indicated age, smoking,
hypertension, chronic kidney disease and obesity
increased bleeding risk. The absolute 5-year risk of
bleeding was 0.25% (95% Cl 0.16% to 0.37%) for a
70 year old not on aspirin and up to 5.03% (2.56% to
8.73%) for an 80 year old taking aspirin with additional
risk factors.

Conclusion Aspirin increases overall Gl bleeding risk
by 60%; however, the 5-year absolute risk of serious
bleeding is modest in younger, well individuals. These
data may assist patients and their clinicians to make
informed decisions about prophylactic use of aspirin.
Trial registration number ASPREE. NCT01038583.

INTRODUCTION

Aspirin is widely used for the prevention of vascular
events but is associated with a sustained increase
in the risk of significant bleeding. Many guide-
lines now caution against its use among those at
increased bleeding risk." However, data on gastro-
intestinal (GI) bleeding incidence and the additional
risk with aspirin in general populations are lacking,
particularly in older people in whom bleeding
events are associated with greater morbidity.
In addition, knowledge of the epidemiology of

Significance of this study

What is already known on this subject?

» Older people are at higher risk of serious Gl
bleeding than younger people.

» There is little trial-based data to inform baseline
risk and the additional risk conferred by aspirin
use.

» Current data in older populations are largely
observational, with heterogeneous cohorts and
variable definitions of significant bleeding.

What are the new findings?

» The absolute risk of serious Gl bleeding
(requiring hospitalisation or transfusion) is
modest in a well 70-year-old person (5-year risk
of around 0.25%).

» The addition of aspirin increases an older
persons baseline risk of bleeding by
approximately 60%.

» Other risk factors that further increase bleeding
risk are advancing age, smoking, hypertension,
truncal obesity, chronic kidney disease and non-
steroidal anti-inflammatory drugs use.

How might it impact on clinical practice in the

foreseeable future?

» Clinicians may use these data to assess
bleeding risk, review the indication for aspirin
and target modifiable risk factors to reduce
harm.

bleeding is limited by inconsistent definitions, a lack
of exploration of other risk factors outside tradi-
tional vascular risk factors® and selective reporting
of bleeding site and severity.” Hence, knowledge
of the benefits and harms of aspirin use in older
populations is incomplete, and to this end, aspirin-
related bleeding is highlighted by the United States
Preventive Services Task Force as an area of priority
for research.?

The ASPirin in Reducing Events in the Elderly
(ASPREE) trial® provides an ideal opportunity to
study the impact of aspirin on bleeding in older
persons. The trial enrolled exclusively older people
living in the community and had a large study size
(n=19114). Bleeding events were a prespecified
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Gl bleeding

outcome of the trial that were adjudicated using standardised
criteria, and extensive information on comorbidities and medi-
cations use were recorded at randomisation and updated annu-
ally. This allows expanded identification of potential risk factors,
and calculation of relative and absolute risks of bleeding that are
generalisable to an older population.

In this study, we aim to assess the incidence of serious GI
bleeding in an older population, the impact of aspirin, identify
risk factors and calculate absolute bleeding risk according to age
and presence of risk factors.

METHODS

Study design

The ASPREE trial was a randomised, placebo-controlled,
double-blind clinical trial evaluating the effect of enteric-coated
100 mg aspirin on disability-free survival in community-dwelling
people aged 70 years and older (or =65 years for US minori-
ties of African Americans and Hispanics). Detailed trial methods
have been reported elsewhere.® Briefly, 19 114 participants were
enrolled from March 2010 to December 2014, recruited via
clinical trial centres in the USA or their primary care provider in
Australia.” Inclusion criteria were age 70 years or older (or =65
for US minorities), willing to participate in an aspirin trial and
able to provide informed consent. Participants were required to
be free of cardiovascular disease, dementia, significant physical
disability or any illness expected to limit their life expectancy to
Syears. Key exclusion criteria included a high risk of bleeding,
anaemia (defined as haemoglobin <12g/dL in men and <11g/
dL in women), use of aspirin for secondary prevention or a
contraindication to aspirin, high risk of bleeding (defined in our
protocol as a bleeding diathesis, cerebral or aortic aneurysm,
liver disease or known oesophageal varices, recent peptic ulcer
or GI malignancy) or concurrent use of anticoagulants or other
antiplatelet agents. Previous regular use of aspirin for primary
prevention was permitted, provided the participant was willing
to cease aspirin and be randomised to aspirin or placebo, while
the use of non-steroidal anti-inflammatory drugs (NSAIDs) at
the lowest effective dose was allowed, with advice provided
to use these for the shortest time possible. Randomisation was
performed remotely using a computer-generated schedule in a
1:1 ratio and stratified for general practice in Australia, country
(Australia or the USA) and age (65-69, 70-79 and 80+ years).
After enrolment, participants had a visit to their general prac-
titioner for confirmation of inclusion/exclusion criteria and
another visit with trial staff for final baseline data collection and
randomisation. Following automated randomisation, partici-
pants were mailed a year’s supply of their allocated study medi-
cation (identical bottles of 400 unscored white pills which were
100 mg aspirin or placebo). Participants, medical practitioners
and study staff were blinded to study arm. Loss to follow-up was
approximately 1.5% in both arms. Participants underwent annual
in-person interviews supplemented by telephone calls every 3
months. The trial was stopped early in June 2017 after a median
follow-up of 4.7 years due to lack of efficacy for the primary
endpoint. The study has continued in a follow-on observational
design phase. We report here the results from the randomised
controlled trial component. The ASPREE trial was approved by
local ethics committees and each participant provided written,
informed consent.

Definition of outcome: clinically significant bleeding
There is no consensus-based, widely accepted definition for
clinically significant bleeding associated with aspirin in primary

prevention trials. While standardised criteria have been devel-
oped for use in cardiovascular trials to capture bleeding associ-
ated with revascularisation procedures,”® these are not directly
transferable to the primary prevention setting. We therefore
developed a bespoke definition using criteria reported in past
aspirin trials (such as bleeding requiring hospitalisation or trans-
fusion). Full details of our definition development have been
reported previously.” Briefly, a clinically significant GI bleeding
event had to fulfil both of the following criteria: (1) bleeding
substantiated by medical documentation (such as a reasonable
description of haematemesis or melaena by patients or medical
personnel, bleeding seen at imaging such as CT scan or visuali-
sation of bleeding at endoscopy) and (2) bleeding that required
admission to hospital, transfusion, prolongation of hospitalisa-
tion, surgery or resulted in death (see online supplementary table
S1). GI bleeding events were further differentiated into upper
or lower bleeding using clinical records, blood urea nitrogen,
imaging including angiography, endoscopy reports and expert
gastroenterologist opinion. This definition resulted in the inclu-
sion of more severe bleeding events, while bleeding events such
as epistaxis or per rectal bleeding that did not require hospital-
isation were excluded.

Ascertainment of outcome

We undertook prospective collection of bleeding events from
trial commencement to trial cessation in June 2017. Potential
bleeding events were detected by notification from trial partici-
pants, reported at scheduled interviews, gathered from hospital
records or notified by primary care practitioners or other
personnel. On notification, the medical records were requested
by our data team, and the case summaries were sent to the adju-
dication committee. Adjudication decisions were undertaken
by two physicians blinded to trial arm and were entered into a
customised database. All discordant adjudications were reviewed
at meetings and resolved by a third physician adjudicator.

Definition and measurement of variables

Trained interviewers collected baseline demographic, clin-
ical and other trial data including age, sex and smoking status
(current, former or never smoker). Hypertension was defined as
a blood pressure equal to or greater than 140/90 mm Hg at trial
entry or use of an antihypertensive medication. Type 2 diabetes
was defined as participant report of diabetes, fasting glucose of
=126 mg/dL (=7 mmol/L) or drug therapy for diabetes. Alcohol
intake was self-reported as current, former or never. Chronic
kidney disease (CKD) of stage 3 or greater was defined as either
a calculated estimated glomerular filtration rate of <60mlL/
min/1.73 m? or urinary albumin:creatinine ratio of =3 mg/mmol
at baseline.'’ Waist circumference was defined as ‘at risk’ if above
standard sex-specific cut-offs (=88 cm for women and =102 cm
for men). Regular use of aspirin prior to trial entry was collected
for all except two participants.

Risk factors for Gl bleeding

We included known and potential risk factors for bleeding
in a Cox proportional hazards model. Potential risk factors
for bleeding were identified from previous reports including
individual patient data meta-analyses, that reported age, sex,
smoking and diabetes,”* those included in risk prediction scores
for anticoagulant-related upper GI bleeding'' '* and use of medi-
cations considered to increase bleeding risk, including NSAIDs,
selective serotonin reuptake inhibitors (SSRIs) and proton pump
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inhibitors (PPIs). Data on all medication use were recorded at
baseline and updated at annual interviews.

Statistical analysis

All analyses were undertaken on an intention-to-treat basis. We
undertook analyses with overall GI bleeding events to allow
comparisons to previous studies, followed by analyses for
upper or lower GI bleeding separately given the differences in
pathophysiology. We used Cox proportional hazards models
to estimate the effect of aspirin on first overall bleeding event,
and first upper or lower bleeding event separately. Cumulative
incidence plots were used to show event risks. Additionally,
for each bleeding type (overall, upper or lower GI bleeding),
we conducted subgroup analysis for the following prespecified
subgroups: age, sex, smoking, alcohol use, hypertension, type
2 diabetes, waist circumference, CKD and use of NSAIDs, PPIs
or SSRIs. Heterogeneity of treatment effect across subgroups
was tested based on subgroup-treatment interaction term in a
Cox proportional hazards model using a significance level of
p=<0.01to account for the number of statistical analyses. To
identify risk factors associated with increased bleeding risk, we
fit a multivariable Cox proportional hazards regression model
with the treatment allocation and risk factors as covariates, with
the choice of covariates guided by those identified in previous
studies and known to modify bleeding risk such as NSAIDs, as
described above. An additional sensitivity analysis was under-
taken to explore the effect of long-term PPI use on upper GI
bleeding events. In this, we tested time-dependent variables for
baseline and/or continuous use of PPI (updated use to the most
recent calendar year), in multivariable analyses. The propor-
tional hazards assumption for all models was checked using
Schoenfeld residuals.

The absolute risk of an incident GI bleed for different clinical
scenarios was quantified from the multivariable models inclusive of
statistically significant risk factors for overall bleeds, upper GI (age,
smoking, CKD and NSAID use) and lower GI (age, smoking, hyper-
tension and included CKD) bleeding. The scenarios were: baseline
risk (adults not on aspirin and without risk factors for bleeding)
and baseline risk plus aspirin. We then calculated the increment
in absolute risk when other significant risk factors were present.
Models were derived for people aged 70 and 80 years to assess
for increase in bleeding risk with age. In all analyses (excluding

interaction testing), a p value <0.05 was considered significant.
Statistical analyses were performed using R (R Core Team, 2014)
with the survival package (Therneau, 2015). Patients or the public
were not involved in the study design or reporting of this research.

RESULTS

From March 2010 to December 2014, 19 114 participants were
enrolled in the trial, of whom 9525 were assigned to aspirin and
9589 were assigned to placebo (see online supplementary figure
S1). Randomisation resulted in equal distribution of participant
characteristics® (see online supplementary table $2). The median
age of participants was 74 years, 44% were men, 4% were current
smokers and 25% were using PPIs at baseline. The median
follow-up per person was 4.7 years (IQR 3.5-5.6 years) resulting
in 88 389 person-year follow-up, with trial withdrawals and loss to
follow-up of 1.2% and 1.6%, respectively, in each group.’

Incidence of Gl bleeding in aspirin and placebo groups

In total, there were 264 clinically significant GI bleeds, of which
137 were upper and 127 were lower GI bleeding in 257 partic-
ipants (7 participants had 2 events and continued to be enrolled
in the study but were withdrawn from treatment arm) (figure 1).
There were two deaths attributed to GI bleeding, both of which
occurred in the placebo arm. For the overall GI bleeding events,
162 occurred in the aspirin group, and 102 in the placebo
group (HR 1.61, 95% CI 1.26 to 2.08, p=0.002). There was
no evidence of attenuation in bleeding risk with time (figure 2).
For upper GI bleeding events, 89 occurred in people assigned
to aspirin (89/9525, 0.9%) and 48 occurred in people assigned
to placebo (48/9589, 0.5%), HR 1.87 (95% CI 1.32 to 2.66,
p<0.001; figure 3). The event rate for upper GI bleeding was
2.1/1000 py in the aspirin group, compared with 1.1/1000 py in
the placebo group. For lower GI bleeding events, 73 occurred in
the aspirin group (73/9525, 0.8%) and 54 in the placebo group
(54/9589, 0.6%) (HR 1.36, 95% CI 0.96 to 1.94, p=0.08), with
event rates of 1.7/1000 and 1.3/1000 py for aspirin and placebo
groups, respectively (figure 3).

Subgroup analyses

To explore the impact of aspirin on bleeding risk and the pres-
ence of effect modification, we analysed bleeding risk according
to prespecified subgroups. These indicate that the effect of

‘ 19114 trial participants at entry ‘

|

‘ Randomisation to aspirin or placebc+

o

9525 assigned to aspirin

~

‘ 9589 assigned to placebo

‘ 626 clinically significant bleeding events

Other bleeding events
(intracranial bleeding, other)

‘ 264 overall gastrointestinal bleeding events ‘

/l
Upper gastrointestinal bleeding events (n=137)
89 in aspirin arm
48 in placebo arm

Figure 1  Flow diagram of study participants with bleeding events.

~a

Lower gastrointestinal bleeding events (n=127)
73 in aspirin arm
54 in placebo arm
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‘P aspirin === placebo

HR (95%ClI): 1.61 (1.26; 2.08), P-value = 0.0002

N

Cumulative incidence (%)

0 1 2 3 4 5 6
Time since randomisation (year)

Number at risk

Aspirin 9525 9391 9193 7945 5952 3661 1271

9589 9474 9284 8034 6048 3717 1271

Placebo

Figure 2 Cumulative incidence of Gl bleeding events according to
trial arm.

aspirin on overall (figure 4), upper and lower GI bleeding (see
online supplementary figure S2) was not significantly modified
in any subgroup.

Multivariable models for overall Gl bleeding

After adjusting for other covariates, aspirin significantly
increased the risk of overall GI bleeding (multivariable HR 1.62,
95%CI 1.25 to 2.10, p<0.001, figure 5). Older age was asso-
ciated with increasing bleeding risk, estimated at approximately
60% higher risk for those aged 75-79 years compared with the
reference group of <74 years (HR 1.59, 95% 1.18 to 2.18),
and a nearly threefold elevated risk for those aged =80 years
(HR 2.91 (95% CI 2.12 to 3.99)). Hypertension and smoking
(current or former) were also associated with higher bleeding
risk (for current smoking, HR 2.12 95% CI 1.16 to 3.88), as was
CKD (HR 1.46, 95%CI 1.12 to 1.91). Type 2 diabetes, alcohol
intake and previous aspirin use were not identified as significant
risk factors.

Multivariable models for upper Gl bleeding

After adjusting for significant covariates, the effect of aspirin on
risk of upper GI bleeding was higher than for overall bleeding
(multivariable HR 1.92, 95%CI 1.35 to 2.74, p<0.001; see
online supplementary figure S3). Older age was associated
with increasing upper GI bleeding risk, estimated at twice for
those aged 75-79 years compared with the reference group of

Lower GIT bleeding

— Placebo

—— Aspirin
§ HR (95% Cl):1.36(0.96; 1.94) p-value:0.08
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3

E o

3 S

S ST T T T T T T

° ! Years since randomisafion : :

Number at risk
Placebo9589 9446 9254 8015 6023 3705 1276
Aspirin 9525 9383 9178 7946 5947 3665 1281

<74 years (HR 2.06, 95% 1.38 to 3.08), and a threefold risk
for those aged =80 years (HR 3.00, 95%CI 1.95 to 4.61).
Current smoking was associated with higher bleeding risk (HR
2.39, 95%CI 1.13 to 5.04), as were CKD and NSAID use (HR
1.52, 95%CI 1.07 to 2.17, and HR 1.62, 95%CI 1.08 to 2.42,
respectively).

Additional sensitivity analyses for PPI use showed that neither
baseline use of PPI (reported by 25% of the cohort (4714/19
114 persons)), nor continuous use of PPI therapy (reported as
continuous use at each annual visit throughout the trial, 1925/19
114 persons, 10.1%) was associated with a reduced risk of upper
tract bleeding. The adjusted risk of bleeding in those using PPI at
baseline was HR 0.92 (95% CI 0.62 to 1.37), while the adjusted
risk of bleeding for people reporting continuous PPI use was
similarly equivocal (HR 0.98, 95% CI 0.68 to 1.42).

Multivariable models for lower Gl bleeding

Aspirin was also associated with increased risk of lower GI
bleeding, although the magnitude was less than for upper GI
bleeding (multivariable HR 1.42, 95CI 1.00 to 2.03, p=0.035;
(see online supplementary figure S4). Older age, hypertension
and former smoking were all significant risk factors, while the
association with CKD did not reach statistical significance (HR
1.40, 95%CI 0.96 to 2.03, p=0.08). No associations of lower
GI bleeding with diabetes, alcohol, PPI or NSAID use were
identified.

Absolute risk of overall Gl bleeding with aspirin and other
risk factors

The absolute risk of overall GI bleeding was estimated according
to age, aspirin use and risk factors, to assist individualised
decision-making and risk prediction. The absolute 5-year risk of
an incident GI bleed for a well 70 years old who is not on aspirin
and has no identified risk factors was estimated at 0.25% (95%
CI 0.16% to 0.37%). This risk is nearly doubled with aspirin
use (0.40%, 95% CI 0.26% to 0.59%). The risk is higher at age
80 years without aspirin (0.60%, 95% CI 0.39% to 0.89%) and
with aspirin (0.96%, 95% CI 0.64% to 1.38%; table 1, figure 6).
When risk factors of smoking, hypertension, elevated waist
circumference and CKD are present in addition to aspirin use,
bleeding risk increased to 2.26% (95% CI 1.13% to 4.07%) and
5.03% (2.56% to 8.73%) for 70 and 80years old, respectively.
In figure 6, shading around the hazard curves provide informa-
tion on the uncertainty (95% Cls) around the point estimates.

Absolute risk of upper and lower Gl bleeding

For a 70 years old with no identified risk factors and not on
aspirin, the estimated S5-year risk of upper GI bleeding was
0.22% (95% CI 0.14% to 0.33%), and nearly doubled with
aspirin use (0.40%, 95%CI 0.26% to 0.59%; see online

Upper GIT bleeding

— Placebo
—— Aspirin
HR (95% Cl):1.87(1.32; 2.66),p-value:<0.001

Cumulative incidence

Figure 3  Cumulative incidence of upper and lower Gl bleeding events according to trial arm.
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Placebo Aspirin
Number of  No. of events No. of events HR Heterogeneity

Subgroup participants (rate per 1000 py) (rate per 1000 py) (95%CI) P-value
All 19114 99 (2.3) 158 (3.7) i —o—i 11 1.61(1.26-2.08)
Age | .
65-74y0 11164 34 (1.4) 66 (2.7) i —e—i | +1.99 (1.32-3.02) 0.40
75-79y0 5022 31 (2.7) 47 (4.1) ! —— L1 1.49(0.95 - 2.34)
80+yo 2928 34(5.2) 45 (7.0) ' ———i i . 1.33(0.85-2.08)
Sex i T
Male 8332 48 (2.6) 76 (4.2) ; —e—i L L6l (1.12-231) 0.98
Female 10782 51(2.1) 82 (3.4) 1 —e—i L1 162(1.14-2.30)
Smoking status i i o
Never 10580 49 (2.1) 71 (3.0) ! —e—4 |1 1.46(1.01 -2.10) 0.71
Former 7799 45 (2.6) 80 (4.6) ! —e— | | 1.80(1.25-2.60)
Current 735 53.2) 7 (4.8) : >~ — 1 1.50(0.48 -4.72)
Alcohol use i i I
Never 3336 19 (2.5) 29 (4.0) : —e—— | | 1.56(0.88-2.79) 0.82
Former 1136 5(2.0) 11 (4.5) L ————e—————4223(0.78 - 6.43)
Current 14642 75(2.3) 118 (3.6) ! —o— ; 1159 (1.19-2.12)
Previous aspirin use i i .
No 17018 88 (2.3 136 (3.6) ] —eo—i i i 1.57 (1.20 - 2.05) 0.58
Yes 2094 11(2.2) 22 (4.4) { —e&— | 1.95(0.95-4.02)
Hypertension ! ; ; ,
No 4919 13(1.2) 28 (2.5) ; ———e——i | 2.15(1.11-4.15) 0.35
Yes 14195 86 (2.7) 130 (4.1) ‘ —e—i Do 154(1.17-2.02)
Diabetes i : i .
No 17069 90 (2.3) 143 (3.7) ' —e—i C 161 (1.23-2.09) 0.89
Yes 2045 9 (2.1) 15 (3.5) I ———e——— | 1.71(0.75-3.90)
CKD i i P
No 13024 55(1.9) 89 (3.1) : —e—— i i 1.65(1.18 -2.31) 0.60
Yes 4740 40 (3.7) 56 (5.3) ! e L 1.43(0.95-2.14)
Waist circumference E i E E
Not at risk 8512 39 (2.0) 60 (3.1) | —e—i |1 153(1.02-2.29) 0.58
At risk 10393 57 (2.4) 98 (4.3) i =C= ' i 1.77 (1.27 - 2.45)
NSAID ! ] Lo
No 16849 89 (2.3) 127 (3.4) ! —e—t U 145(111-1.91) 0.07
Yes 2265 10 (2.0) 31(5.9) ! ———&——— 2.97(1.46 - 6.06)
PPI i i o
No 14400 66 (2.0) 121 (3.8) ' —e— | | 1.85(1.37-250) 0.09
Yes 4714 33(3.1) 37 (3.6) L o—e— Ll 114 (0.71 - 1.83)
SSRI ‘ i -
No 18066 93 (2.3) 148 (3.7) i —o—i ! + 1.60 (1.24 - 2.08) 0.81
Yes 1048 6(2.5) 10 (4.6) §oP————®———— | 1.82(0.66-5.01)

f T f i

0.50 1.0 2.0 40 6.0

Figure 4

HR Aspirin vs Placebo (95% CI)

Incidence of Gl bleeding according to subgroup. Diabetes=self-report of diabetes mellitus or fasting glucose =126 mg/dL (=7 mmol/L) or

on treatment for diabetes. Hypertension=systolic blood pressure =140 mm Hg or diastolic blood pressure =90 mm Hg or on treatment for high blood
pressure. Chronic kidney disease (CKD)=estimated glomerular filtration rate < 60 mL/min/1.73 m or albumin-to-creatinine ratio >3 mg/mmol. NSAID,
non-steroidal anti-inflammatory drugs; PPI, proton pump inhibitor; SSRI, selective serotonin reuptake inhibitor.

supplementary table S3 and figure S5). The risk is higher at age
80 years without aspirin (0.52%, 95% CI 0.36% to 0.75%)). The
presence of aspirin and additional risk factors for an 80years
old of smoking, CKD and NSAID use substantially increased
bleeding risk (5.76%, 95%CI 2.38% to 11.32%). For lower
GI bleeding, the absolute S-year risk was 0.16% (95% CI 0.09
to 0.28) for a 70years old with no risk factors, and increased
to 0.22% (95% CI 0.13 to 0.37) with aspirin use (see online
supplementary table S4 and figure S5). The risk is higher at age
80 years without aspirin (0.37%, 95% CI 0.20% to 0.64%), and
up to 2.09% (95% CI 1.45% to 2.91%) with aspirin and addi-
tional risk factors of smoking, CKD and hypertension. The abso-
lute risk estimates for lower GI bleeding are less than that seen
for upper GI bleeding, reflecting the smaller HRs for risk factors
from the multivariable model. Additional data on the absolute
risk at 1year are provided in the supplementary data (see online
supplementary table S5).

DISCUSSION
In this study using data from a large randomised controlled trial
of aspirin in older people, significant GI bleeding is increased

60% by aspirin (87% for upper and 36% for lower GI bleeding).
A recent meta-analysis of 13 trials of aspirin for primary
prevention in mainly younger populations found a similar risk
for combined serious GI bleeding (HR 1.56, 95%CI 1.38 to
1.78).> We did not observe any increase in fatal GI bleeding
with aspirin in our elderly population, with only two fatal bleeds
in the placebo arm. This is consistent with the findings from
a meta-analysis of aspirin primary prevention trials specifically
addressing fatal bleeds, which found no increased risk."
Analyses stratified by bleeding site suggest that the absolute
risk of upper GI bleeding is higher than for lower GI bleeding
at all ages, and the impact of aspirin is greater for upper GI
bleeding. This may be explained by mechanistic differences,
whereby in upper GI bleeding, aspirin induces local effects with
mucosal injury with reduced mucus and bicarbonate secretion,
and systemic effects of prostaglandin depletion and platelet inac-
tivation, effects which may be synergistic. Lower GI bleeding
is more commonly due to a range of causes such as bleeding
from diverticula with arterial rupture, angiodysplasia or haem-
orrhoids. Of note, study methodology may also affect estimated
risk, with large-scale observational data from national databases
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Number of
Variable participants
Treatment
Placebo 8843
Aspirin 8728
Age
65-74yo0 10244
75-79yo 4637
80+yo 2690
Sex
Male 7678
Female 9893
Diabetes
No 15672
Yes 1899
Hypertension
No 4506
Yes 13065
Waist circumference
Not at risk 7937
At risk 9634
Smoking status
Never 9694
Former 7198
Current 679
Alcohol use
Never 3050
Former 1056
Current 13465
CKD
No 12892
Yes 4679
Previous aspirin use
No 15617
Yes 1954
NSAID
No 15494
Yes 2077
PPI
No 13259
Yes 4312
SSRI
No 16606
Yes 965

Figure 5 Multivariable model of risk factors for Gl bleeding (HR

HR
(95%CTI)

Reference
1.62 (1.25

Reference
1.59 (1.18
291 (2.12

Reference
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Reference
1.48 (1.04

Reference
1.36 (1.04

Reference
1.52 (1.15
2.12(1.16

Reference
Reference
1.46 (1.12

Reference
0.97 (0.66

Reference
1.24 (0.87

Reference
1.10 (0.82

Reference
1.18 (0.68

0.89 (0.49 -
0.83 (0.58 -

-2.10)

-2.18)
-3.99)

- 1.01)

-125)

-2.10)

-1.79)

-2.02)
-3.88)

1.61)
1.18)

-191)

- 1.44)

-1.78)

- 1.46)

-2.03)

and 95% Cl). Diabetes=self-report of diabetes mellitus or fasting
glucose =126 mg/dL (=7 mmol/L) or on treatment for diabetes.
Hypertension=systolic blood pressure =140 mm Hg or diastolic blood
pressure =90 mm Hg or on treatment for high blood pressure. Chronic
kidney disease (CKD)=estimated glomerular filtration rate < 60 mL/
min/1.73m? or albumin-to-creatinine ratio =3 mg/mmol. NSAID, non-
steroidal anti-inflammatory drugs; PPI, proton pump inhibitor; SSRI,
selective serotonin reuptake inhibitor.

P-value

<0.001

0.003
<0.001

0.06

0.34

0.03

0.03

0.003

0.70
0.30

0.006

0.89

0.24

0.53

0.55

suggesting a much higher risk of lower GI bleeding (HR 2.75,
959% CI 2.06 to 3.65)" than observed in our trial.

Other important risk factors for bleeding were age (highest in
those =80 years), smoking, hypertension, CKD and an elevated
waist circumference. The S-year risk of GI bleeding ranged from
0.25% (95% CI 0.16% to 0.37%) in a 70 years old without other
risk factors to over 5% (5.03% (95%CI 2.56% to 8.73%)) in
an 80years old with multiple risk factors. CKD is rarely noted
as a risk factor in bleeding studies, potentially because data on
kidney function are not routinely collected. Our analyses indi-
cate that the presence of =stage 3 CKD was associated with a
46% higher overall bleeding risk, which is important in older
populations since even in our well, community-based trial partic-
ipants, the prevalence of =stage 3 CKD at study entry was 25%.
A large observational study of a population database in Taiwan
indicated that CKD defined by International Classification of
Diseases codes was also associated with upper GI bleeding."
CKD may contribute to bleeding risk via increased prevalence of
small bowel angiodysplasia,'® and while uraemia-related platelet
dysfunction'” is a well-recognised phenomenon, this would seem
unlikely to be a major factor in our study as very few participants
were found to have advanced kidney disease.

Our data build on current knowledge of bleeding risk factors
studied in younger populations. In an individual patient data
meta-analysis of six aspirin primary prevention trials (n=95 000),
the identified risk factors for all extracranial bleeds (n=550)
were age, male sex, smoking, hypertension, body mass index and
diabetes.” In addition, a systematic review for the United States
Preventive Services Task Force inclusive of additional trials
found age, male sex and diabetes were risk factors.* We did not
find that people with diabetes incurred increased bleeding risk in
our study, and this may reflect a true finding, or reduced power
to find an effect in a single trial compared with meta-analysis.
Large trials in women only such as the Women’s Health Study
found a slightly lower risk of significant GI bleeding (defined as
that requiring transfusion) with a relative risk 1.40, 95% CI 1.07
to 1.83."

Coprescription of PPI therapy with aspirin is commonly
undertaken to reduce bleeding risk; however, this effect was not
observed in this study. A lack of protective effect may be due to
lack of power in our study, or because the analyses of PPI therapy
were observational and affected by unknown confounders.

Table 1

Absolute risk of Gl bleeding over 5 years for people on placebo or aspirin, according to age and risk factors

70years old

80years old

Additional risk factors

Placebo

Aspirin

Placebo

Aspirin

None

Smoking

CKD

Hypertension (HT)

At-risk waist circumference (WC)
Smoking and CKD

Smoking, CKD and WC

Smoking, at-risk WC

Smoking, HT and WC

HT, at-risk WC

CKD and at-risk WC

CKD and HT

CKD, HT and WC

Smoking, CKD, at-risk WC and HT

0.25% (0.16% to 0.37%)
0.52% (0.25% to 0.99%)
0.35% (0.21% to 0.57%)
0.36% (0.24% to 0.54%)
0.32% (0.21% to 0.47%)
0.74% (0.33% to 1.48%)
0.97% (0.43% to 1.94%)
0.68% (0.33% to 1.29%)
1.0% (0.53% to 1.74%)
0.48% (0.33% to 0.66%)
0.46% (0.28% to 0.73%)
0.52% (0.33% to 0.8%)
0.68% (0.45% to 1%)
1.42% (0.71% to 2.59%)

0.40% (0.26% to 0.59%)
0.58% (0.4% to 0.84%)

0.57% (0.34% to 0.9%)

0.58% (0.4% to 0.84%)

0.52% (0.35% to 0.76%)
1.18% (0.52% to 2.34%)
1.54% (0.68% to 3.06%)
1.09% (0.52% to 2.05%)
1.60% (0.85% to 2.76%)
0.76% (0.55% to 1.05%)
0.74% (0.45% to 1.17%)
0.83% (0.54% to 1.24%)
1.09% (0.74% to 1.57%)
2.26% (1.13% to 4.07%)

0.60% (0.39% to 0.89%)
1.21% (0.56% to 2.3%)

0.85% (0.52% to 1.32%)
0.88% (0.61% to 1.23%)
0.78% (0.51% to 1.17%)
1.67% (0.73% to 3.3%)

2.2% (0.95% to 4.37%)

1.59% (0.73% to 3.04%)
2.33% (1.22% to 4.05%)
1.15% (0.83% to 1.56%)
1.12% (0.69% to 1.73%)
1.25% (0.87% to 1.75%)
1.64% (1.17% to 2.24%)
3.22% (1.62% to 5.7%)

0.96% (0.64% to 1.38%)
1.91% (0.9% to 3.58%)

1.36% (0.86% to 2.05%)
1.41% (1.03% to 1.88%)
1.25% (0.83% to 1.83%)
2.62% (1.16% to 5.09%)
3.45% (1.49% to 6.75%)
2.51% (1.16% to 4.75%)
3.67% (1.94% t0 6.27%)
1.84% (1.38% to 2.41%)
1.78% (1.11% to 2.71%)
1.99% (1.45% to 2.67%)
2.61% (1.93% to 3.44%)
5.03% (2.56% to 8.73%)

CKD, chronic kidney disease.
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70 year old

80 year old

)]
f

Predicted risk (%)
N

—— No risk factors, Placebo

—— No risk factors, Aspirin

—— All Risk Factors, Placebo

—— All Risk Factors, Aspirin

Figure 6 Absolute bleeding risk over 5 years for Gl bleeding according to age and risk factors (shading represents 95% Cl around the estimates).
Red line=norisk factors, on placebo, green line=norisk factors but on aspirin, blue line=allrisk factors and on placebo, purple line=aspirinand all risk

factors; modelled risk factors were those significant in multivariable analyses.

It may also be that prophylactic use does not greatly impact
significant bleeds that present to hospital, which is the type of
bleeding captured by our criteria. A recent, well-conducted trial
of prophylactic PPI use in people commencing aspirin or novel
anticoagulants also found PPIs did not reduce bleeding events,
with a similar event rate to our study, although the authors note
that PPIs may reduce bleeding from an identified gastroduo-
denal lesion.” Other randomised trials®® and systematic reviews
of trials of PPIs and other gastroprotectants with heteroge-
neous outcome definitions have shown conflicting results.*' *
Conversely, retrospective studies report a greater than 75% rela-
tive risk reduction.” Of note, any potential benefit of long-term
prophylactic use should be considered in the context of possible
side effects of PPI therapy including increased risk of enteric
infections such as Clostridium difficile infection.**

The major strengths of this study include a randomised trial
design with careful collection and adjudication of bleeding
events where it is unlikely many bleeding events were missed,
and physician review of each event which supported a consistent
approach to bleeding classification. In addition, the target popu-
lation was exclusively older people whose bleeding risk has been
understudied to date. The collection of a wide variety of char-
acteristics such as CKD enabled us to incorporate risk factors
pertinent to an older population. The trial was embedded in the
general population, providing robust estimates on baseline risk
of bleeding in well, older persons and the incremental impact of
aspirin, advancing age and additional risk factors.

There are also limitations to highlight. The study design
excluded individuals with a previous major bleeding episode or
conditions associated with high bleeding risk; thus, our results
cannot be extrapolated to these groups. Previous data suggest
that bleeding estimates are higher in cohort-based studies.* In
addition, we found uncertainty around the point estimates for
absolute risk as illustrated by the widening CIs particularly as
more risk factors are present. This reflects insufficient statistical
power despite the large trial size, and future meta-analyses of
bleeding events from trials may provide improved precision.
We were unable to ascertain Helicobacter pylori status for our
participants, which would have been useful for analyses of upper
GI bleeds. Finally, our definition of serious bleeding events was
rigorous and excluded other bleeding events that may still be of
importance to patients but did not result in hospitalisation, such
as epistaxis.

This study identifies areas for future research. Currently, there
is limited understanding on how bleeding impacts patients in
the long term. Future studies examining how serious bleeding
influences survival, disability-free survival and quality of life are
needed. An understanding of how patients value bleeding events
compared with thrombotic events avoided would be very helpful
to inform benefit and risk discussions on aspirin use. The mech-
anism of how CKD influences bleeding risk is also important
for care of people with CKD. In conclusion, this study provides
population-based data on GI bleeding in older populations and
the impact of aspirin, providing robust and clinically meaningful
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estimates for use in clinical practice and future epidemiological
studies.
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