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8 Colorectal neoplasia

Risk of lower gastrointestinal bleeding
and colorectal neoplasms following
initiation of low-dose aspirin: a Danish
population-based cohort study

Frederikke Schenfeldt Troelsen
Rune Erichsen

ABSTRACT

Objective Aspirin may increase the risk of lower
gastrointestinal bleeding (LGIB) from precursors of
colorectal cancer (CRC). We investigated whether use

of low-dose aspirin, through initiation of LGIB, may lead
patients to undergo colonoscopy and polypectomy before
manifest CRC.

Design We conducted a historical cohort study
(2005—-2013) of all Danish residents who initiated
low-dose aspirin treatment (n=412202) in a setting
without screening for CRC. Each new aspirin user was
matched with three non-users (n=1 236 560) by age,
sex and region of residence on the date of their matched
new user’s first-time aspirin prescription (index date).
We computed absolute risks (ARs), risk differences

and relative risks (RRs) of LGIB, lower gastrointestinal
endoscopy, colorectal polyps and CRC, comparing aspirin
users with non-users.

Results The ARs were higher for new users than
non-users for LGIB, lower gastrointestinal endoscopy,
colorectal polyps and CRC within 3 months after index.
Comparing new users with non-users, the RRs were 2.79
(95% Cl 2.40 to 3.24) for LGIB, 1.73 (95% Cl 1.63 to 1.84)
for lower gastrointestinal endoscopy, 1.56 (95% Cl 1.42
to 1.72) for colorectal polyps and 1.73 (95% Cl 1.51 to
1.98) for CRC. The RRs remained elevated for more than
12 months after the index date, with the exception of
CRC where the RRs were slightly decreased during the
3-5years (RR 0.90, 95% Cl 0.83 to 0.98) and more than
5years (RR 0.91, 95% CI 0.82 to 1.00) following the index
date.

Conclusion These findings indicate that aspirin may
contribute to reduce CRC risk by causing premalignant
polyps to bleed, thereby expediting colonoscopy and
polypectomy before CRC development.

INTRODUCTION

Colorectal cancer (CRC) remains the most
frequently diagnosed gastrointestinal cancer
worldwide.! Early detection and removal
of precancerous polyps can prevent subse-
quent CRC development.*” The possibility
of preventing CRC development through

, Déra Kérmendiné Farkas @ ,
, Henrik Toft Serensen

What is already known about this subject?

» Long-term continuous use of low-dose aspirin is as-
sociated with a decreased risk of colorectal cancer
(CRC).

» Although the existing evidence has been conflicting,
some studies suggested that aspirin use could be
associated with an increased sensitivity of faecal
occult blood testing for detecting colorectal neo-
plasms, possibly explained by an increased risk of
gastrointestinal bleeding.

What are the new findings?

» Initiation of aspirin might contribute to a lower risk
of CRC by promoting bleeding from colorectal pol-
yps and leading patients to undergo colonoscopy
with polypectomy before manifest CRC.

How might it impact on clinical practice in the

foreseeable future?

» The potential of aspirin to increase the detection of
premalignant polyps by triggering early gastroin-
testinal bleeding may have major public health im-
portance, given the growing number of faecal blood
test-based CRC screening programmes.

polypectomy highlight the need to improve
detection of prevalent CRC precursors.
Previous studies showed an inverse associa-
tion between long-term continuous aspirin use
and CRC risk.*'* Underlying mechanisms are
thought to include inhibition of polyp devel-
opment mediated by reduced prostaglandin
production.'” ' However, other mechanisms
are also plausible. Globally, the number of
CRC screening programmes based on faecal
occult blood testing is growing.'”" Concur-
rently, the burden of cardiovascular disease
creates a substantial need to prevent cardio-
vascular events among the older population.®’
Low-dose aspirin is, therefore, frequently
prescribed in the target population for CRC
screening” ™ and several previous studies
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have examined the performance of faecal occult blood
tests in detecting colorectal neoplasms among aspirin
users. However, they have had conflicting findings.””™*
Some studies suggested that aspirin use is associated
with a decreased positive predictive value (PPV) of faecal
occult blood testing.*****'** A randomised trial published
in 2019 reported no increase in the sensitivity of faecal
occult blood testing for detecting colorectal neoplasms
in aspirin users compared with a placebo group.” In
contrast, other studies showed an increased sensitivity of
the test for detecting colorectal neoplasms among aspirin
users,””?’ possibly explained by an increased risk of gastro-
intestinal bleeding.”*® However, no prior study has
investigated the potential of low-dose aspirin to prevent
CRC by causing prevalent premalignant colorectal polyps
to bleed and thereby expediting colonoscopy and polyp-
ectomy before CRC manifests. We, therefore, conducted
a cohort study in Denmark to examine the incidence of
lower gastrointestinal bleeding (LGIB), lower gastroin-
testinal endoscopy, colorectal polyps and CRC following
a first-time prescription for low-dose aspirin, in order to
investigate whether aspirin use may promote detection of
precancerous polyps before CRC development.

METHODS

Setting and data sources

We used prospectively collected data for the period
1 January 2005 to 30 November 2013 obtained from
the Danish National Health Service Prescription Data-
base (DNHSPD), the Danish National Patient Registry
(DNPR), the Danish National Pathology Registry (DPR)
and the Danish Cancer Registry (DCR) to conduct this
population-based matched historical cohort study. The
Danish Civil Registration System assigns a permanent
civil registration number (CRN) to each Danish resident
at the time of birth or immigration and also monitors the
occurrence of death and emigration from Denmark.” *
Through use of CRNs, we were able to perform unam-
biguous linkage between the registries.” All Danish resi-
dents are covered by the tax-supported Danish healthcare
system.40 CRC screening was not performed routinely in
Denmark during the study period.

The DNHSPD contains complete data on all reim-
bursed prescriptions dispensed from community phar-
macies and hospital-based outpatient pharmacies in
Denmark since 2004."" The DNPR contains records on
all hospital inpatient stays since 1977.* Since 1995, the
DNPR also has included hospital outpatient visits and
contacts with emergency rooms. DNPR data include
the CRN for each patient, dates of hospital admission
and discharge, surgical procedures (including endos-
copies and polypectomies), and up to 20 discharge
diagnoses, coded according to the International Classifi-
cation of Diseases (ICD). Since 1996 surgical procedures
have been coded using a Danish version of the Nordic
Medico-Statistical Committee (NOMESCO) Classifica-
tion of Surgical procedures.” The DPR contains detailed

nationwide records of all pathology specimens examined
since 1997. Data are coded according to the Systematised
Nomenclature of Medicine (SNOMED).** The DCR has
maintained records on all incident malignant neoplasms
diagnosed in Denmark since 1943. Cancers are coded
using ICD-10.**

New users of low-dose aspirin

We identified all new users of low-dose aspirin from the
DNHSPD. New users were defined as individuals who
redeemed a first-time prescription for low-dose aspirin (in
strengths of 75, 100 or 150 mg) recorded in the DNHSPD
during the 2005-2013 period. Drug codes are listed in
online supplementary table 1. Individuals who redeemed
a prescription for low-dose aspirin before 1 January 2005
were not considered to be new users. While low-dose
aspirin is available over-the-counter in Denmark, approx-
imately 90% of patients who use it on a continuous basis
obtain a prescription to reduce costs.” New aspirin users
with a diagnosis of inflammatory bowel disease (IBD)
recorded in the DNPR prior to their first-time prescrip-
tion for aspirin were excluded, in order to minimise the
number of patients under potential endoscopic surveil-
lance. Similarly, we excluded new users with a previous
or concomitant diagnosis of CRC recorded in the DCR
before the date of their first-time aspirin prescription.

Matched comparison cohort

We matched each new aspirin user with three individuals
from the general population who were alive and who had
no prescriptions for low-dose aspirin or records of CRC
or IBD prior to the date of their matched new user’s first-
time prescription for low-dose aspirin (defined as the
index date). Matching criteria were age (+5 years), sex
and region of residence in Denmark on the index date.
Non-users were sampled with replacement.* In the event
that matched non-users redeemed a prescription for low-
dose aspirin during the study period, their follow-up time
was terminated and they joined the new user cohort. In
total, 161865 (13.1%) subjects from the matched cohort
redeemed an aspirin prescription after the index date.

Outcomes

We examined time to the following outcomes: (1) LGIB,
(2) lower gastrointestinal endoscopy, (3) colorectal
polyps and (4) CRC. For each outcome, patients with a
record of the given outcome before the index date were
excluded (ie, when LGIB was the outcome, we excluded
individuals with LLGIB before the index date, etc). We
excluded 4836 (1.2%) new users with a diagnosis of
LGIB, 57195 (13.9%) new users recorded as having had a
lower gastrointestinal endoscopy and 16787 (4.1%) new
users who received a diagnosis of colorectal polyps before
the index date.

LGIB and lower gastrointestinal endoscopy
Data on LGIB and lower gastrointestinal endoscopies
were obtained by using the CRN to link new users and
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non-users to the DNPR (procedure codes are listed in
online supplementary table 1).

Colorectal polyps

Using DPR data during 2005-2012, we obtained informa-
tion on endoscopically detected colorectal polyps. Polyps
were categorised according to location, as follows: prox-
imal to the splenic flexure (cecum through the trans-
verse colon); distal to the splenic flexure (splenic flexure
through the sigmoid colon), and rectal. We additionally
categorised polyps as conventional adenomas (tubular,
villous, tubulovillous or flat) and serrated polyps (hyper-
plastic polyps, sessile serrated polyps or traditional
serrated adenomas). If polyp diagnoses were absent in
the DPR, we searched the DNPR using ICD-10 codes
for polyps and NOMESCO codes for endoscopically
performed polypectomies (codes are listed in online
supplementary table 1).

Colorectal cancer

Data on incident CRC were obtained from the DCR.**
Like colorectal polyps, CRCs were categorised according
to location and further according to TNM stage*” at diag-
nosis: localised (T1-4, NO, MO0), regional (Tx, N1-3, M0),
metastatic (Tx, Nx, M1) or unknown (T2-4, NO,x, M0,x)
cancers (codes are listed in online supplementary table
1).

Covariates

Based on all records available in the DNPR from 1977
until the index date, we obtained information on the
following hospital diagnoses potentially associated
with use of low-dose aspirin and risk of LGIB, lower
gastrointestinal endoscopy, colorectal polyps or CRC:
alcoholism-related disorders, chronic liver disease,
chronic obstructive pulmonary disease, haemorrhoids,
diverticular disease, obesity and diabetes mellitus
(codes are listed in online supplementary table 1). We
obtained information on the following prescription
redemptions recorded in the DNHSPD within 1year
prior to the index date: non-aspirin non-steroidal anti-
inflammatory drugs (NSAIDs), high-dose aspirin, post-
menopausal hormone replacement therapy, statins,
corticosteroids, insulin and analogues, oral antidia-
betic drugs, other antithrombotic treatments, calcium
channel blockers and ACE inhibitors (drug codes are
listed in online supplementary table 1). We also used
Charlson Comorbidity Index (CCI) scores as a measure
of the burden of comorbidity.”® The CCI is a scoring
system that assigns from one to six points to a range of
diseases as components of a summed aggregate score
(codes and diagnoses are listed in online supplementary
table 2). Patients were categorised into three subgroups
according to their calculated CCI score: low (no comor-
bidities)=CCI score of 0, medium=CCI score of 1-2 or
high=CCI score of 3 or more.

Statistical analyses

Absolute and relative risks

We followed new users and non-users from the index date
until the first occurrence of a given outcome (LGIB, lower
gastrointestinal endoscopy, colorectal polyps or CRC)
in addition to death, emigration or 30 November 2013.
Separate analyses were conducted for each outcome.
We calculated the absolute risk of the outcomes as the
cumulative incidence proportion during 3 months, 3<12
months and more than 12 months after the index date in
new users and non-users, respectively. Death was consid-
ered a competing risk. We also calculated cumulative risk
differences (RDs) as the difference between the absolute
risks in new users minus non-users. Using bootstrapping,
we calculated 95% ClIs associated with the RDs.

We used Cox proportional hazards regression analysis
to compute HRs with associated 95% CIs as an estimate
of the relative risk (RR) of the outcomes, comparing
new users of low-dose aspirin with their matched non-
users. As for the absolute risks, time elapsed since the
index date was considered as the underlying time scale.
However, we also calculated RRs of CRC within 1-3 years,
3-5 years and 5+ years after the index date, in addition
to the previously defined intervals. We constructed two
separate multivariable models, adjusted for potential
confounders of the association between low-dose aspirin
initiation and (1) LGIB and lower gastrointestinal endos-
copy and (2) colorectal polyps and CRC based on existing
literature.® *"* Model 1 included CCI score on the index
date, index year, presence of alcoholism-related disor-
ders, haemorrhoids and diverticular disease recorded
at any time before the index date, as well as records of
prescriptions other than low-dose aspirin (including
NSAIDs, high-dose aspirin, postmenopausal hormone
replacement therapy, statins, corticosteroids, insulin and
analogues, oral antidiabetic drugs, other antithrombotic
treatments, calcium channel blockers and ACE inhib-
itors) redeemed within lyear prior to the index date.
Model 2 included CCI score on the index date, index year,
presence of alcoholism-related disorders, chronic liver
disease, chronic obstructive pulmonary disease, divertic-
ular disease and diabetes mellitus recorded at any time
before the index date, as well as records of prescriptions
for medications other than low-dose aspirin (including
NSAIDs, high-dose aspirin, postmenopausal hormone
replacement therapy, statins, corticosteroids, insulin and
analogues, oral antidiabetic drugs, other antithrombotic
treatments, calcium channel blockers and ACE inhibitors)
redeemed within 1year prior to the index date. Potential
confounding from age, sex and region of residence were
controlled through matching. We stratified absolute risks
and RRs by age, gender, modified CCI score, index year,
comorbidities and records of prescriptions for medica-
tions other than low-dose aspirin redeemed within 1year
prior to the index date. To investigate whether presence
of LGIB and removal of colorectal polyps could be inter-
mediate steps on the pathway from initiation of low- dose
aspirin to decreased CRC risk, we additionally stratified
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our analysis of colorectal polyp risk by presence of LGIB
recorded within lyear prior to polypectomy. We further
stratified the risk of CRC by polypectomy recorded within
lyear after the index date.

Prevalence ratios

Using the robust Poisson method, we calculated preva-
lence ratios (PRs) with associated 95% Cls to compare
the prevalence of new aspirin users and non-users
with records of specific combinations of the different
outcomes during the study period.

Sensitivity analysis
To evaluate if use of other antithrombotic treatments
(see online supplementary table 1 for codes) impacted
the risk of LGIB and colorectal neoplasms, we conducted
a sensitivity analysis excluding patients with prescriptions
for other antithrombotic treatments redeemed within
lyear prior to the index date.

Data management and statistical analyses were
performed using SAS statistical software V.9.4 (SAS
Institute).

RESULTS

Characteristics

We identified 422318 individuals recorded in the
DNHSPD as having a first-time prescription redemption
for low-dose aspirin during 2005-2013. We excluded 3568
(0.8%) individuals with IBD and 6098 (1.4%) individuals
with a previous diagnosis of CRC. Finally, 450 new aspirin
users were excluded due to unknown region of residence
on the index date. For 23 new aspirin users, fewer than
three possible non-users could be identified. The final
cohort thus comprised 412202 new users of low-dose
aspirin and 1236560 non-users matched by age (median
age=66 years (IQR: 58-75 years)), sex (men=52%) and
region of residence on the index date (table 1).

New users were more likely than non-users to have a
medium CCI score (39.9% vs 21.4%) or high CCI score
(10.7% vs 4.8%) (table 1 and online supplementary
table 3). New users also were more likely than non-users
to have redeemed a prescription for NSAIDs (29.2%
vs 22.6%), statins (46.4% vs 11.5%), oral antidiabetic
drugs (10.6% vs 3.7%), other antithrombotic treatments
(16.6% vs 4.2%), calcium channel blockers (21.9% vs
11.1%) or ACE inhibitors (27.9% vs 11.6%) within 1year
prior to the index date. The remaining characteristics
were similarly distributed between new users and non-
users (table 1).

Lower gastrointestinal bleeding

In total, 5977 new users of low-dose aspirin received a
diagnosis of LGIB during the follow-up, yielding low abso-
lute risks during all three follow-up periods (figure 1).
Among non-users, 8472 persons received a diagnosis of
LGIB, yielding absolute risks below 1.5% during 3, 3<12
and more than 12 months after the index date (figure 1).
The corresponding RDs are illustrated in figure 1. New

users of low-dose aspirin were at increased RR of LGIB
compared with matched non-users during the complete
follow-up period (figure 2). We observed the greatest risk
increase during the first 3months following the index
date (RR 2.79, 95% CI 2.40 to 3.24). The RR decreased
with time elapsed since the index date, concluding at
1.60 (95% CI 1.52 to 1.67) after more than 12 months of
follow-up (figure 2).

Lower gastrointestinal endoscopy

New users of low-dose aspirin were more likely than non-
users to be referred for a lower gastrointestinal endos-
copy. The absolute risks and RDs are outlined in figure 1.
New users were more frequently referred for a lower
gastrointestinal endoscopy than non-users, particularly
during the first 3months following the index date (RR
1.73,95% CI 1.63 to 3.24) (figure 2).

Colorectal polyps

Among the 39274 persons with at least one diagnosis
of colorectal polyps, 12814 were new users of low-dose
aspirin and 26460 were non-users. New users had a
slightly higher risk of polyps than non-users (figure 1).
We observed an increased RR of colorectal polyps in new
users compared with non-users (figure 2). The greatest
increase in RR was observed during the first 3months of
follow-up (RR 1.56, 95% CI 1.42 to 1.72) (figure 2). The
RR decreased with time elapsed since the index date,
reaching 1.20 (95% CI 1.17 to 1.24) after more than 12
months of follow-up. When the analysis was restricted to
histologically verified polyps, new users had an elevated
risk of conventional adenomas (RR 1.47, 95% CI 1.23 to
1.77) and a particularly increased risk of serrated polyps
(RR 1.77, 95% CI 1.36 to 2.29) during the 3months
following the index date (online supplementary table
4). After stratification by polyp location, new users had
a particularly increased risk of distal lesions during
3months following the index date, compared with non-
users (RR 1.98,95% CI 1.39 to 2.80) (online supplemen-
tary table 4). However, increased RRs were observed for
all polyp locations within 3<12 months after index date.
Stratification by LGIB recorded within lyear prior to
the diagnosis of polyps yielded a substantially elevated
increased risk of endoscopically removed polyps for new
users within 3 months after index date (RR 2.02, 95% CI
1.68 to 2.43).

Colorectal cancer

The absolute risks and RDs of CRC among new users and
non-users are illustrated in figure 1. Of all new users diag-
nosed with CRC during follow-up, 3388 (71.5%) were still
receiving aspirin therapy at the time of their diagnosis.
The RR of CRC was increased during the first 3months
of follow-up (RR1.73,95% CI 1.51 to 1.98) (figure 2). We
observed no substantial differences in CRC risk between
the two groups during three to 12 months following the
index date (RR 1.12, 95% CI 1.02 to 1.23) or more than
12 months following the index date (RR 0.95, 95% CI

4 Troelsen FS, et al. BMJ Open Gastro 2020;7:6000453. doi:10.1136/bmjgast-2020-000453


https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453
https://dx.doi.org/10.1136/bmjgast-2020-000453

Open access

|I

New users Non-users
Characteristic (n=412202) (n=1236560)

Sex

Male 216302 (52.5) 648872 (52.5)

0-49years 46197 (11.2) 138920 (11.2)

70+ years 160404 (38.9) 480775 (38.9)

2005-2007 175482 (42.6) 526430 (42.6)

2011-2013 92649 (22.5) 277935 (22.5)

None (0) 203891 (49.5) 913082 (73.8)

High (3+) 44021 (10.7) 58921 (4.8)

Chronic liver disease

Moderate to severe 1141 (0.3) 2758 (0.2)

Haemorrhoids 17441 (4.2) 44612 (3.6)

Diabetes mellitus 32453 (7.9) 34796 (2.8)

Concomitant drugst

High-dose aspirin 72 (0.0) 106 (0.01)

Statins 191455 (46.4) 142884 (11.5)

Insulin and analogues 15252 (3.7) 14713 (1.2)

Antithrombotic treatment§ 68521 (16.6) 52101 (4.2)
| Vieminkanagomsts 208761 419804
Heparins 1195 (0.3) 902 (0.1)
| Thenopyidines %7804 w000)
Thrombine inhibitors 926 (0.2) 1124 (0.1)
 FetorXimhbtos 000 2100
Nucleotide/nucleoside analogues 5170 (1.2) 33 (0.0)
| Calcmchamelblockers  0W@El9  w@worL)
ACE inhibitors 115160 (27.9) 144009 (11.6)
*IQR.

TExcluding colorectal cancer from the index (date of first-time prescription for low-dose aspirin).

FPrescription redemption within 1year prior to the index date.

§Vitamin-K-antagonists (warfarin, phenprocoumon), heparins (dalteparin, tinzaparin, enoxaparin, heparin), thienopyridines (dipyridamole, clopidogrel,
prasugrel), factor X inhibitors (rivaroxaban, apixaban, fondaparinux), nucleotide/nucleoside analogues (ticagrelor, congrelor).

NSAID, non-steroidal anti-inflammatory drug.

(3]
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N (new users)/
N (non-users)

AR% (95% Cl)
new users

ARY% (95% Cl)
non-users

RD% (95% Cl)

Lower gastrointestinal bleeding
0-<3 months 543/435 -
3-<12 months 1,058/1,378 -
>12 months 4,376/6,659 L]
Gastrointestinal endoscopy
0-<3 months 2,694/4 137 L]
3-<12 months 6,680/12,149 L]
>12 months 28,523/57,662
Colorectal polyps
0-<3 months 862/1,485 m
3-<12 months 2,147/4,402 L]
>12 months 9,805/20,573
Colorectal cancer
0-<3 months 407/677 u
3-<12 months 758/2,028 =
>12 months 3,574/9,935 L]

Figure 1

......

T T T
01 2 3 4 5 6 1112 05 0.0 05 1.0 15 35 40 45

Cumulative incidence proportions (ARs) and cumulative risk differences (RDs) in percentages and associated 95%

Cls of lower gastrointestinal bleeding, gastrointestinal endoscopy, colorectal polyps?, and colorectal cancer among new users
and non-users of low-dose aspirin by time elapsed since the index date®, Denmark, 2005-2013. 2Includes all polyps registered
in the Danish National Pathology Registry during 2005-2012 (identified using Systemised Nomenclature of Medicine codes)

or in the Danish National Patient Registry during 2005-2013 (identified using the International Classification of Diseases, 10th
Revision codes or Nordic Medico-statistical Committee system codes). PDate of first-time prescription for low-dose aspirin.

ARs, absolute risks.

0.91 to 0.99). Overall, we observed the same pattern
when we stratified the analysis by location and stage of
CRC (online supplementary table 4). The risk of CRC was
similar among new users and non-users during 1-3years
of follow-up (RR 1.00, 95% CI 0.93 to 1.06), but slightly
decreased during 3-5years of follow-up (RR 0.90, 95% CI
0.83 to 0.98) and more than 5years of follow-up (RR 0.91,
95% CI 0.82 to 1.00) after the index date (table 2). Strat-
ification by removal of colorectal polyps recorded within
1year following the index date yielded a decreased RR of

Crude RR (95% ClI)

CRC for new users compared with non-users (RR 0.52,
95% CI0.05 to 5.53).

Prevalence ratios

Table 3 presents the PRs of combinations of recorded
diagnoses and procedures of specific interest for our
study hypothesis. Of specific interest, the prevalence
of combined LGIB, lower gastrointestinal endoscopy
and colorectal polyps without CRC was substantially
elevated (PR 2.32,95% CI 2.11 to 2.54) in new users. The

Adjusted RR (95% ClI)

2.79 (2.40-3.24)
1.99 (1.81-2.19) —-—
1.60 (1.52-1.67) -

1.73 (1.63-1.84) -
1.49 (1.44-1.55) .
1.31(1.29-1.33) .

1.56 (1.42-1.72) .
1.25 (1.18-1.33) -
1.20 (1.17-1.24) .

1.73 (151-1.98) ——
112 (1.02-1.23) .
0.95 (0.91-0.99) -

Lower gastrointestinal bleeding

0-<3 months 3.71(3.27-4.21)

3-<12 months 2.28 (2.10-2.47) -

>12 months 1.87 (1.79-1.95) -
Gastrointestinal endoscopy

0-<3 months 2.04 (1.94-2.15) -

3-<12 months 1.73 (1.68-1.79) =

>12 months 1.49 (1.47-1.51) L]
Colorectal polyps

0-<3 months 1.76 (1.61-1.91) -

3-<12 months 1.47 (1.39-1.55) -

>12 months 1.35(1.31-1.38) L]
Colorectal cancer

0-<3 months 1.85 (1.63-2.09) —-—

3-<12 months 1.13 (1.04-1.23) -

>12 months 0.98 (0.94-1.02)

r T

05 1.0 15 20 25 30 35 40 45

T T 1 T T T T T 1

05 10 15 20 25 30 35

Figure 2 Crude and adjusted? relative risks (RRs) and associated 95% Cls of lower gastrointestinal bleeding, gastrointestinal
endoscopy, colorectal polyps® and colorectal cancer, comparing new users with non-users of low-dose aspirin by time
elapsed since the index date®, Denmark 2005-2013. ®For lower gastrointestinal bleeding and gastrointestinal endoscopy:

adjusted for index year, Charlson Comorbidity Index score, alcoholism-related disorders, haemorrhoids, diverticular disease
and prescriptions for other medications (including NSAIDs, statins, corticosteroids, other antithrombotic treatments and
calcium channel blockers) redeemed within 1year prior to the index date. For colorectal polyps and colorectal cancer: adjusted
for index year, Charlson Comorbidity Index score, alcoholism-related disorders, chronic liver disease, chronic obstructive
pulmonary disease, diverticular disease, diabetes mellitus and prescriptions for other medications (including NSAIDs, hormone
replacement therapy, statins, oral antidiabetic drugs, insulin and ACE inhibitors) redeemed within 1year prior to the index

date. PIncludes all polyps registered in the Danish National Pathology Registry during 2005-2012 (identified using Systemised
Nomenclature of medicine codes) or in the Danish National Patient Registry during 2005-2013 (identified using the International
Classification of Diseases, 10th Revision codes or Nordic Medico-statistical Committee system codes). “Date of first-time
prescription for low-dose aspirin. NSAIDs, non-steroidal anti-inflammatory drugs.
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Table 3 Number of patients, proportions and prevalence ratios (PRs) with associated 95% Cls of specific combinations of
outcomes comparing new users of low-dose aspirin and their matched comparisons, Denmark 2005-2013

N (%) new users of
low-dose aspirin

Specific combinations of outcomes

N (%) non-users of

low-dose aspirin PR (95% Cl)

Lower gastrointestinal bleeding

Combined records of lower gastrointestinal bleeding and
endoscopy

Combined records of lower gastrointestinal bleeding,
endoscopy and colorectal polyps*

Combined records of lower gastrointestinal bleeding,
endoscopy and colorectal polyps* without records of
colorectal cancer

Combined records of lower gastrointestinal bleeding,
endoscopy and colorectal cancer without records of
colorectal polyps*

Combined records of lower gastrointestinal bleeding and 33979 (9.6)

endoscopy

Combined records of endoscopy and colorectal polyps*
without records of lower gastrointestinal bleeding

5977 (1.5) 8472 (0.7) 2.12 (2.04 to 2.20)
3918 (1.1) 5603 (0.5) 2.18 (2.08 to 2.28)
1165 (0.3) 1584 (0.1) 2.29 (2.10 to 2.50)
982 (0.3) 1320 (0.1) 2.32 (2.11 to 2.54)
210 (0.1) 327 (0.0) 2.00 (1.64 to 2.44)
68345 (6.2) 1.55 (1.53 to 1.57)

8862 (2.5) 18632 (1.7) 1.48 (1.44 to 1.52)

*Includes all polyps registered in the Danish National Pathology Registry during 2005-2012 (identified using Systemised Nomenclature of
Medicine codes) or in the Danish National Patient Registry during 2005-2013 (identified using the International Classification of Diseases,
10th Revision codes or Nordic Medico-statistical Committee system codes).

prevalence of new users without LGIB who underwent an
endoscopy and were diagnosed with colorectal polyps was
slightly elevated (PR 1.48, 95% CI 1.44 to 1.52).

Sensitivity analysis

The results of our sensitivity analysis to evaluate the
impact of other antithrombotic treatments were not
materially different from our main analysis (data are not
shown).

DISCUSSION
Compared with non-users, new users of low-dose aspirin
had an increased RR of LGIB, colorectal polyps and CRC
within 3 months following their first-time prescription for
low-dose aspirin. These remained elevated for more than
12 months after the first-time prescription for low-dose
aspirin. An exception was that aspirin use was associated
with a slightly decreased RR of CRC starting 3years after
the first-time prescription. Finally, our results suggested
that LGIB and polypectomy could be intermediate steps
on the pathway from aspirin initiation to CRC prevention.
To the best of our knowledge, this large population-
based cohort study is the first to evaluate whether low-
dose aspirin can promote bleeding from CRC precursors
and thereby bring patients to medical attention before
CRC manifests. At the same time, our findings are
in line with previous findings. First and not surpris-
ingly, we confirmed that aspirin users had an increased
risk of LGIB.” * As recommended by clinical guide-
lines, patients with LGIB should undergo colonoscopy
following the bleeding episode.” ® Our study indicated
that a substantial proportion of new aspirin users subse-
quently underwent an endoscopy and thereby increased

their likelihood of being diagnosed with colorectal
polyps. This also was observed in our previous cross-
sectional study of new users of low-dose aspirin with
LGIB, as well as in earlier studies investigating the role
of aspirin in the performance of faecal occult blood tests
for CRC screening.27 2967 First, a German study showed
that use of low-dose aspirin was associated with markedly
improved diagnostic performance of immunochemical
faecal occult blood tests for detecting advanced colorectal
neoplasms in the target population for CRC screening.27
Additionally, a cross-sectional database study suggested
an increased sensitivity for detecting adenomatous polyps
and CRC among users of low-dose aspirin.*’ Still, other
observational studies and a randomised trial indicated
that daily use of low-dose aspirin was associated with a
lower or comparable PPV of faecal occult blood tests for
detecting CRC and its precursors, compared with non-
users and a placebo group, respectively.®® ** %

We observed a slightly decreased risk of CRC in aspirin
users compared with matched non-users starting 3years
after a first-time aspirin prescription. In light of the
increased risk of colorectal polyps among aspirin users as
described above, we speculate that aspirin use may have
led to increased detection and removal of CRC precur-
sors—possibly by triggering LGIB—and thereby helped
to prevent the subsequent development of CRC. Our
analysis of the risk of colorectal polyps stratified by pres-
ence of LGIB before the polyp diagnosis also suggested
that LGIB is an intermediate step in the pathway between
aspirin initiation and polyp detection. Similarly, our anal-
ysis of CRC risk stratified by presence of histologically
verified polyps indicated that polypectomy could lead to
a decreased risk of CRC in aspirin users compared with
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non-users. Finally, the increased risk of distal lesions in
aspirin users during 3months after the index date adds
further support to our hypothesis as bleeding from distal
lesions may be more visual for patients and clinicians
thereby leading patients to medical attention.

Possible enhanced detection of premalignant polyps
driven in part by temporary use of low-dose aspirin could
have major clinical importance regarding CRC screening
programmes. However, itis challenging to distinguish this
potential mechanism from the preventive effect of long-
term (at least 3years) use of aspirin, previously demon-
strated by two randomised double-blind trials.'” '* It also
should be noted that our findings conflict with those of
a 2019 German randomised trial.”* That study showed
similar sensitivities of faecal immunochemical testing
for detecting advanced colorectal neoplasms in aspirin
non-users and in patients who received a single dose of
low-dose aspirin before their faecal test and in aspirin
non-users. The conflicting results might be explained
by the different study populations (78% of the included
patients in the German study were referred for primary
CRC screening colonoscopy).

Strengths of our study include its large sample size
and population-based design in a setting of universal
tax-funded healthcare, as well as the use of prospectively
collected and validated registry data.’ ** A0S The
ICD-10 coding for LGIB in the DNPR has previously been
validated showing a PPV of 96% for fresh bleeding per
rectum.® However, several factors must be considered in
interpreting our results. First, we were unable to distin-
guish the long-term molecular effect of aspirin suggested
by previous studies' ' from the hypothesis investigated
in our study. At the same time, the increased detection
of colorectal polyps observed even after temporary use
of low-dose aspirin indicates that non-molecular explana-
tions for the antineoplastic effect of aspirin may exist and
that the removal of polyps may play an important role.
Second, the DNPR lacks data from endoscopy reports
and we were thereby unable to investigate whether the
polyps diagnosed in aspirin users actually bled or whether
these polyps were found due to other causes. Third, the
possibility of confounding by indication requires consid-
eration. Confounding by indication may arise if cardio-
vascular ischaemic events initiated by atherosclerosis is
related to the risk of colorectal polyps and CRC." Thus,
overestimation of our risk estimates in new aspirin users
could have occurred if the risk of colorectal neoplasms
was a priori increased in aspirin users compared with
non-users. Another concern is that acute myocardial
infarction, stroke, atherosclerosis and CRC share risk
factors such as smoking, obesity, metabolic syndrome and
diabetes. Diet, exercise and other lifestyle-related risk
factors also may play a role. The existing evidence has
been conflicting, with some studies confirming an asso-
ciation between CRC and acute myocardial infarction/
stroke based on shared risk factors and other studies not
detecting an association.” ™ We adjusted for comorbid-
ities and comedication, which to some extent may have

reduced potential cofounding from lifestyle-related
risk factors. However, the conflicting results of previous
studies need to be taken into account when interpreting
our results.

In conclusion, our results indicate that use of low-
dose aspirin might contribute to a lower risk of CRC by
promoting bleeding from colorectal polyps and leading
patients to undergo colonoscopy with polypectomy before
CRC manifests. Results of previous studies indicate that
several mechanisms may play a role in the inverse asso-
ciation between aspirin use and CRC risk. These should
also be included when interpreting our results. Future
studies are needed to assess the impact of aspirin dosage,
treatment duration and intensity and further elucidate
whether the increased bleeding in aspirin users stem
from premalignant polyps or other sources
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