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Abstract

Purpose: Comparative gastrointestinal bleeding (GIB) risk between rivaroxaban and

low-dose aspirin is unknown in patients with atrial fibrillation (AF). This study investi-

gated GIB risk with rivaroxaban vs aspirin among two separate AF cohorts in Hong

Kong and the United Kingdom, using a common protocol approach.

Methods: This was a population-based cohort study using separate data from the

Clinical Data Analysis and Reporting System (CDARS) of the Hong Kong Hospital

Authority (2010-2018) and The Health Improvement Network (THIN) database in the

United Kingdom (2011-2017). Patients with AF newly prescribed aspirin or

rivaroxaban were included. Cox proportional hazards regression was used to compare

GIB risks for rivaroxaban vs aspirin, accounting for confounders using propensity

score fine stratification approach.

Results: In CDARS, 29 213 patients were included; n = 1052 (rivaroxaban),

n = 28 161 (aspirin). Crude GIB event rates per 100 patient-years in CDARS were

3.0 (aspirin) and 2.6 (rivaroxaban). No difference in GIB risk was observed

between rivaroxaban and aspirin overall (HR = 1.04, 95%CI = 0.76-1.42), and in

dose-stratified analyses (HR = 1.21, 95%CI = 0.84-1.74 [20 mg/day]; HR = 0.80,

95%CI = 0.44-1.45 [≤15 mg/day]). In THIN, 11 549 patients were included,
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n = 3496 (rivaroxaban) and n = 8053 (aspirin). Crude GIB event rates were 1.3

(aspirin) and 2.4 (rivaroxaban) per 100 patient-years. No difference in GIB risk

was observed between rivaroxaban and aspirin overall (HR = 1.40, 95%CI = 1.00-

1.98) and low-dose rivaroxaban (≤15 mg/day) (HR = 1.00, 95%CI = 0.56-1.30),

but increased GIB risk was observed for rivaroxaban 20 mg/day vs aspirin

(HR = 1.57, 95%CI = 1.08-2.29).

Conclusion: In patients with AF, GIB risk was comparable between aspirin and

rivaroxaban ≤15 mg/day. GIB risk for rivaroxaban 20 mg/day vs aspirin remains

uncertain and warrants further investigation.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac arrhythmia and a

leading cause of stroke affecting 33.5 million people worldwide.1

Direct oral anticoagulants (DOACs) are the first-line treatment for

stroke prevention in AF,2 but data indicate ongoing underutiliza-

tion of anticoagulation.3,4 Although aspirin is significantly less

effective than anticoagulation and is not guideline-recommended

for stroke prophylaxis,2 the use of aspirin monotherapy is still

widely observed in patients with AF. Up to 61% of Chinese

patients with AF with moderate-to-high stroke risk

(CHA2DS2VASC ≥ 2) received antiplatelet drugs4 and almost one in

five patients received antiplatelet therapy in place of an oral anti-

coagulant in the United Kingdom.3

One of the possible reasons for the continued use of aspirin is

that aspirin is commonly perceived as a safer option over anti-

coagulation with respect to bleeding (mainly intracranial and gas-

trointestinal).4,5 While previous studies have focussed on

intracranial bleeding,5 little is known about the comparative risk of

gastrointestinal bleeding (GIB) between aspirin and DOACs. Aspi-

rin may cause erosion in the gastrointestinal tract and ulceration,

which could predispose to GIB.6 GIB causes serious morbidity, can

be fatal, and its treatment imposes substantial costs on healthcare

systems.6

Therefore, generating comparative risk information for DOACs

vs aspirin in relation to GIB risk in patients with AF is important for

informing clinician and patient decision making. Both apixaban and

dabigatran demonstrated similar GIB rates compared to aspirin in

the AVERROES trial7 and in network meta-analyses,8 respectively.

Currently, there are no published data comparing GIB risk for

rivaroxaban vs aspirin in patients with AF in real-world clinical

practice. The objective of this study was to examine GIB risks for

rivaroxaban vs aspirin separately among two large patient cohorts

with AF in Hong Kong and the United Kingdom, using a common

protocol approach.

2 | MATERIALS AND METHODS

2.1 | Data sources

This study used electronic medical records of the Clinical Data Analy-

sis and Reporting System (CDARS) of the Hong Kong Hospital Author-

ity and The Health Improvement Network (THIN) database in the

United Kingdom. The Hong Kong Hospital Authority manages Hong

Kong's public hospitals and is the only public-funder of healthcare in

Hong Kong.9 It serves a population of >7 million individuals, covers

80% of hospital admissions, and provides medical services through

122 outpatient (specialist and general) clinics.9 Records from the Hong

Kong Hospital Authority are anonymized and centralized in CDARS

and include information on demographics, hospitalization, consulta-

tion and death dates, medication dispensing, test results, and diagno-

ses and procedures coded using the International Classification of

Disease, ninth revision, Clinical Modification (ICD-9-CM). CDARS has

been used extensively for population-based research10,11 and has

demonstrated high coding accuracy in validation studies.4,10

THIN is a longitudinal primary care database of 15 million individ-

uals from 770 practices. Primary care physicians (PCPs) enter data,

which describe patient characteristics, diagnoses, prescriptions,

KEY POINTS
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consultations, referrals and laboratory investigations. Diagnoses and

procedures are categorized using the Read classification system. THIN

data is periodically subject to internal quality checks, has been used

extensively for population-based research, including bleeding

studies.12

Study protocols were approved by the Institutional Review Board

of the University of Hong Kong/Hospital Authority Hong Kong West

Cluster (UW13-468) and by THIN Scientific Review Committee

(19THIN021), respectively. Informed patient consent was not

required as data were anonymized.

2.2 | Study design and participants

This was a new-user cohort study. Patients aged ≥18 years with a new

AF diagnosis between January 1, 2010, and December 31, 2017, were

identified in CDARS using ICD-9-CM code for AF (427.3), and in THIN

between August 1, 2011, and September 26, 2016, using Read codes for

AF (G573.00, G573000, G573200, G573300, G573400, G573500,

G573700, G573z00). We excluded patients with AF due to a reversible

cause, who had valvular heart disease (Table S1) or who died during their

first AF episode. To ensure accuracy of patients' records; in CDARS,

patients with missing birth date or sex were excluded. Similarly, in THIN,

patients with ≤12 months of medical history prior to AF diagnosis were

excluded to ensure the capture of incident AF diagnosis.

The index date was defined as the date of the first prescription

for rivaroxaban or aspirin following AF diagnosis. To capture GIB

events after treatment initiation, and to reduce possible confounding,

we excluded patients who received aspirin or any anticoagulant (war-

farin, dabigatran, rivaroxaban, apixaban or edoxaban) within 180 days

prior to, or on, the index date. Patients who were exposed to both

drugs of interest (rivaroxaban and aspirin) on the index date were also

excluded (Figure 1). Patients who used non-aspirin antiplatelet drugs

at baseline were included, but this was controlled in propensity score

modelling (eg, patients prescribed rivaroxaban plus clopidogrel or aspi-

rin plus clopidogrel were allocated to rivaroxaban or aspirin groups,

respectively).

2.3 | Outcome and cohort follow-up

The study outcome of interest was GIB which included peptic, duode-

nal, gastrojejunal ulcers with haemorrhage, bleeding gastritis or

duodentitis, gastrointestinal haemorrhage and intestinal haemorrhage

(Table S1). Previous data validation has shown high coding accuracy

for GIB in CDARS (positive predicted value [PPV] of 100%).10 Valida-

tion of GIB in UK primary care demonstrated PPV of 99%,13 and GIB

Read codes have a 84 to 86% confirmation rate in THIN,

specifically.12

Patient follow-up commenced from the index date until GIB

occurrence, 30 days after treatment discontinuation or treatment

switch (to aspirin or any anticoagulant), death, transfer out of the

practice (UK patients), or study end (December 31, 2018, for CDARS

analysis and September 26, 2017, for THIN analysis), whichever came

first (Figure S1). Treatment discontinuation was determined by the

time when patients failed to refill prescriptions within the allowable

refill gap. The allowable refill gap was defined as the 95% percentile

of the refill gaps observed in each treatment group (CDARS: 31 days

for rivaroxaban and 29 days for aspirin; THIN: 5 days for rivaroxaban

and 14 days for aspirin).14

F IGURE 1 Selection of study samples from CDARS and THIN databases a) Index date was defined as the date of the first prescription of
rivaroxaban or aspirin following incident AF diagnosis. Patients were excluded if they received both rivaroxaban and aspirin on index date. b)
Concurrent use of other antiplatelet drugs at baseline was allowed and was controlled for using propensity score modelling
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2.4 | Covariates

We included age at baseline, sex, index year and the confounders

listed in Table S1 as covariates. Missing data in THIN for smoking sta-

tus (0.2%), alcohol consumption status (6.8%) and body mass index

(BMI) (5.9%) was addressed by multiple imputation (MI) using the fully

conditional specification algorithm which created 25 imputed

datasets. Twenty-five imputed datasets were selected as it is the

default within the PROC MI procedure in SAS, it is also more than the

suggested number (between 3 and 1015), is at least equal to the per-

centage of incomplete cases,16 and therefore is more likely to

enhance precision in effect estimates.17 To minimize bias and enhance

MI precision estimates, all potential confounders outlined were

included in the MI model, as well as GIB outcomes and survival

time.18

2.5 | Statistical analysis

Statistical analyses were separately conducted in CDARS and THIN,

using a common protocol approach. We used the propensity-score

(PS) fine stratification weighting19 to control for confounding. The PS

stratification with fine strata results in better covariate balance and

increased precision of estimated treatment effects with low exposure

prevalence and similar results at relatively higher exposure prevalence

compared to other PS methods.19 Given the low rivaroxaban preva-

lence in CDARS (3.7%) and relatively higher rivaroxaban prevalence in

THIN (43%), this was an optimal method for use in both cohorts. PS

was estimated as the predicted probability of receiving rivaroxaban,

conditional on covariates outlined, using logistic regression. For each

study sample, the fine stratification weight was calculated by creating

50 PS strata and ranked rivaroxaban patients based on their

PS. Aspirin users were then assigned to these strata based on their

PS. Non-overlapping areas of PS distributions among treatment

groups were trimmed. After stratification, weighted regression models

were used, in which each rivaroxaban-treated patient received a

weight of 1, and aspirin users were weighted in proportion to the dis-

tribution of the exposed stratum in which they were assigned.19 GIB

risk between rivaroxaban and aspirin users was compared using Cox

proportional hazards regression based on the weighted populations

and presented using Hazard Ratios (HR) with 95% confidence inter-

vals (CI). In THIN, analyses were undertaken separately for each

imputed dataset (n = 25) and results were combined using Rubin's rule

with PROC MIANALYZE in SAS (v9.4).18

Standardized differences were used to assess covariate balance.

A threshold of 0.1 was considered negligible.20 Baseline characteris-

tics were presented as frequencies, percentages or medians (inter-

quartile ranges [IQR]). A two-sided P-value of <.05 was considered

statistically significant. Cohort construction was conducted separately

in CDARS and in THIN. Statistical analyses were independently con-

ducted on both datasets by two study authors for quality assurance.

All data preparation and analyses were undertaken using SAS 9.4 (SAS

Institute Inc, Cary, NC).

2.6 | Additional analyses

Several additional analyses were conducted to test robustness of

results: we accounted for the dosage effect of rivaroxaban by stratify-

ing analyses by the standard daily dose of rivaroxaban (20 mg/day)

and reduced daily dose of rivaroxaban (≤15 mg/day). As anticoagu-

lants or aspirin can exacerbate bleeding in underlying GI lesions,21

patients with a prior history of peptic ulcer or GIB, and patients

receiving gastric acid suppression therapy (proton pump inhibitor

[PPI] or histamine type-2 Receptor Antagonist [H2RA]) were sepa-

rately analysed. Previous data indicate women have increased DOAC-

related GIB risk compared to men,22 therefore sex-specific analyses

were conducted. Increasing age can also increase GIB risk,23 there-

fore, analyses in patients aged ≥75 years were undertaken. Finally,

the maximum allowable refill gap was extended to 99th percentile of

gaps in both cohorts.14

3 | RESULTS

3.1 | Patient characteristics

Following patient exclusions, the CDARS cohort comprised 28 161

aspirin initiators and 1052 rivaroxaban initiators; and THIN comprised

8053 aspirin initiators and 3496 rivaroxaban initiators (Figure 1). The

median (IQR) follow-up time was 209 (49-864) days in CDARS and

174 (86-422) days in THIN.

Median age of the CDARS cohort was 78 years and 14 721

(50%) were women. In THIN, the median age was 74 years and

5377 (47%) were women. Before propensity score modelling, there

were differences in the presence of heart failure, vascular and

renal disease, and use of ACEI/ARB, beta-blockers, H2RAs and sta-

tins between new users of rivaroxaban and aspirin in CDARS; and

differences for hypertension, diabetes, prior ischaemic stroke/

transient ischaemic attack/systemic embolism, renal disease, and

concurrent use of antiplatelet drugs, calcium channel blockers and

statins in THIN. After propensity score modelling, both cohorts

were well balanced across covariates (standardized differences

<0.1). Low-dose rivaroxaban (≤15 mg/day) was used in 27% of

patients in CDARS, compared to 17% in THIN (Table 1). For all

patients, low-dose aspirin in Hong Kong comprised 80 mg/day and

75 mg/day was used in the United Kingdom.

3.2 | Risk of gastrointestinal bleeding

Crude GIB rates were 3.0 and 2.6 per 100 patient-years, for aspirin

and rivaroxaban users, respectively, in CDARS; and 1.3 and 2.4 per

100 patient-years, respectively, in THIN. In both cohorts, the adjusted

GIB event rate was higher in patients with a history of GIB or ulcer

(CDARS: 5.3 [aspirin] and 5.8 [rivaroxaban] per 100 patient-years;

THIN: 4.8 [aspirin] and 4.8 [rivaroxaban] per 100 patient-years), and

in patients aged ≥75 years (CDARS: 4.1 [aspirin] and 3.2 [rivaroxaban]
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per 100 patient-years; THIN: 2.5 [aspirin] and 3.2 [rivaroxaban] per

100 patient-years) (Table 2).

In the propensity score adjusted samples, median time to GIB

after first prescription for aspirin was 182 (IQR = 44-783) days in

CDARS and 146 (IQR = 86-339) days in THIN; and was 408

(IQR = 108-905) days for rivaroxaban in CDARS and 254 (IQR = 122-

525) days in THIN. Results for Cox proportional hazards regression

analysis showed no difference in overall GIB risk between

rivaroxaban or aspirin initiators in both cohorts (HR = 1.04, 95%

CI = 0.76-1.42[CDARS]; 1.40, 1.00-1.98[THIN]). For additional ana-

lyses, the HR point estimates for CDARS and THIN tended to be in

different directions, but overall, no statistically significant differ-

ences in GIB risks were observed for additional analyses, including

prior use of PPIs or H2RAs (HR = 0.99, 95%CI = 0.60-1.62[CDARS];

1.66, 0.92-2.98[THIN]), history of GI bleeding or ulcer (HR = 1.12,

95%CI = 0.55-2.28[CDARS]; 1.26, 0.61-2.61[THIN]), sex-specific

analyses of women (HR = 0.72, 95%CI = 0.44-1.20[CDARS]; 1.50,

0.90-2.51[THIN]), increasing age (≥75 years) (HR = 0.84, 95%

CI = 0.57-1.24[CDARS]; 1.28, 0.83-1.98[THIN]), or for an extended

refill gap (HR = 0.96, 95%CI = 0.71-1.31[CDARS]; 1.31, 0.96-1.79

[THIN]). Rivaroxaban use was significantly associated with increased

GIB risk in men in CDARS (HR = 1.52, 95%CI = 1.02-2.27) (P for

interaction with sex = .02), however, no significant difference in GIB

risk was found for men in THIN (HR = 1.67, 95%CI = 0.99-2.82) (P

for interaction with sex = .77) (Table 3).

When standard dose rivaroxaban (20 mg/day) was compared to

aspirin, results demonstrated significantly increased GIB risk in

rivaroxaban users in THIN (HR = 1.57, 95%CI = 1.08-2.29). How-

ever, no significant difference was observed for GIB risk in CDARS

for rivaroxaban 20 mg/day vs aspirin (HR = 1.21, 95%CI = 0.84-

1.74). For additional analyses, standard dose rivaroxaban was also

significantly associated with increased GIB risk in THIN in patients

using PPIs/H2RAs (HR = 1.96, 95%CI = 1.14-3.37), in women

(HR = 1.91, 95%CI = 1.08-3.40; P for interaction with sex = .53) and

for an extended refill gap (HR = 1.44, 95%CI = 1.03-2.02) (Figure 2A).

No differences were observed among all additional analyses for

standard dose rivaroxaban vs aspirin in CDARS. Finally, no differ-

ence in GIB risk was observed for low-dose rivaroxaban (≤15 mg/

day) vs aspirin in THIN or CDARS across all primary and additional

analyses (Figure 2B).

4 | DISCUSSION

This study compared GIB risk in patients with AF newly initiated on

rivaroxaban or aspirin. CDARS and THIN data were separately

analysed to explore treatment effects in different populations. We

found that standard dose rivaroxaban (20 mg/day) was associated

with significantly higher GIB risk compared to aspirin in the UK only.

However, low-dose rivaroxaban (≤15 mg/day) had a similar GIB risk

vs aspirin in both cohorts. Our results suggest that any increased

GIB risk associated with rivaroxaban compared to aspirin may be

dependent on total daily dose, which was exclusively observed inc S
T
D

=
th
e
ab

so
lu
te

di
ff
er
en

ce
in

m
ea

n
o
r
pr
o
po

rt
io
n
in

ri
va
ro
xa
ba

n
gr
o
up

vs
as
pi
ri
n
gr
o
up

di
vi
de

d
by

th
e
po

o
le
d
SD

.A
st
an

da
rd
iz
ed

di
ff
er
en

ce
≤
0
.1

in
d
ic
at
es

a
n
eg

lig
ib
le

d
if
fe
re
n
ce

in
co

va
ri
at
es

b
et
w
ee

n
tr
ea

t-

m
en

t
gr
o
up

s.
d
C
H
A
2
D
S 2
-V

A
Sc

in
di
ca
te
s
pa

ti
en

ts
w
it
h
co

ng
es
ti
ve

he
ar
t
fa
ilu

re
,h

yp
er
te
ns
io
n,

ag
e
≥
7
5
ye

ar
s
(d
o
ub

le
d)
,d

ia
be

te
s
m
el
lit
us
,a
ge

6
5
to

7
4
ye

ar
s,
pr
io
r
st
ro
ke

o
r
T
IA

o
r
sy
st
em

ic
em

b
o
lis
m

(d
o
u
b
le
d
),
va
sc
u
la
r
d
is
-

ea
se
,a
nd

se
x
ca
te
go

ry
(w

o
m
en

).
C
H
A
2
D
S 2
-V

A
Sc

sc
o
re

ra
ng

es
fr
o
m

0
to

9
(h
ig
he

r
sc
o
re

in
di
ca
te
s
hi
gh

er
st
ro
ke

ri
sk
).

e
H
A
S-
B
LE

D
in
di
ca
te
s
pa

ti
en

ts
w
it
h
hy

pe
rt
en

si
o
n,

re
na

ld
is
ea

se
,l
iv
er

di
se
as
e,

st
ro
ke

hi
st
o
ry
,p

ri
o
r
m
aj
o
r
bl
ee

di
ng

o
r
pr
ed

is
po

si
ti
o
n
to

bl
ee

di
ng

,l
ab

ile
IN

R
(n
o
t
m
ea

su
re
d
h
er
e)
,a
ge

>
6
5
ye

ar
s,
m
ed

ic
at
io
n
u
se

th
at

pr
ed

is
po

se
s
to

bl
ee

di
ng

(c
lo
pi
do

gr
el
,N

SA
ID

s)
,h

ig
h
al
co

ho
li
nt
ak
e.

H
A
S-
B
LE

D
sc
o
re
s
ra
ng

e
fr
o
m

0
to

9
(h
ig
he

r
sc
o
re

in
di
ca
te
s
hi
gh

er
bl
ee

di
ng

ri
sk
).

f L
o
w

do
se

ri
va
ro
xa
ba

n
in
cl
ud

es
pa

ti
en

ts
pr
es
cr
ib
ed

≤
1
5
m
g
da

ily
.

1556 FANNING ET AL.



the UK cohort. Moreover, rivaroxaban and aspirin had more similar

GIB risks when used in a population with higher baseline bleeding risk.

This was demonstrated via the higher overall GIB event rate in Hong

Kong compared to the UK, but no increased GIB risk was observed

when comparing rivaroxaban with aspirin in CDARS. In addition, GIB

rates varied between Hong Kong and UK populations which may in

part be due to differences in ethnicity between these two groups of

patients with AF. It was also evident that GIB presentations occurred

much earlier after new treatment initiation with aspirin compared to

rivaroxaban in both cohorts.

GIB plays an important role in clinical decision making.24 This pre-

sent study demonstrated GIB risk may be similar for rivaroxaban

≤15 mg/day and aspirin, which is in-line with recent23 and previous

work7 concerning gastrointestinal safety of antiplatelets vs other anti-

coagulants. Our findings suggest that aspirin should not be perceived

as a safer alternative to anticoagulants with respect to GIB risks. Cur-

rently, little information exists to guide clinicians on how to assess

risk-benefit trade-offs of anticoagulation. Well-managed anti-

coagulation provides superior efficacy in reducing stroke risk,25 which

may offset similar or marginal increases in GIB risk. Previous studies

have also shown that the use of gastroprotective agents may mitigate

GIB risk associated with anticoagulant use.10,26

We also observed that GIB presentations occurred much ear-

lier for aspirin than for rivaroxaban (up to 100-200 days earlier).

Earlier presentations with aspirin may be due to its direct erosive

effect on the GI tract,6 in comparison to the DOACs, which pre-

sumably increase bleeding from lesions which they do not actually

cause. However, the time to GIB for DOACs vs aspirin has not

been investigated previously,7,8 and more data are needed to con-

firm this observation.

Although the same patient selection criteria were used in both

databases, the resulting cohorts were heterogenous with respect

to baseline characteristics and GIB rates. First, GIB rates between

Hong Kong and UK cohorts were similar for rivaroxaban (adjusted

TABLE 2 Crude estimates of gastrointestinal bleeding risk before propensity score fine strata adjustment, by database

Aspirin Rivaroxaban Rivaroxaban vs Aspirin

N
Crude no. of events (crude event
rate per 100 patient-years) N

Crude no. of events (crude event
rate per 100 patient-years)

Crude Hazard
Ratio (95%CI)

P-
value

GIB

CDARS 28 161 1329 (3.0) 1052 42 (2.6) 0.83 (0.61-1.13) .228

THIN 8053 85 (1.3) 3496 85 (2.4) 1.98 (1.46-2.69)* <.001

Prior use of PPI

or H2RA

CDARS 22 395 1066 (3.1) 197 16 (2.8) 0.86 (0.52-1.40) .538

THIN 3225 41 (1.5) 1387 45 (3.3) 2.25 (1.47-3.44)* <.001

Prior history

GIB or GI

ulcer

CDARS 4593 429 (6.9) 121 9 (6.2) 0.82 (0.42-1.59) .558

THIN 1169 23 (2.3) 574 24 (4.4) 1.94 (1.09-3.44)* .024

Women

CDARS 13 970 725 (3.3) 522 16 (1.9) 0.56 (0.34-0.92)* .023

THIN 3716 40 (1.3) 1660 45 (2.7) 2.17 (1.41-3.33)* <.001

Men

CDARS 14 191 604 (2.7) 530 26 (3.3) 1.16 (0.78-1.72) .466

THIN 3776 45 (1.2) 1832 40 (2.2) 1.80 (1.17-2.77) .007

Age ≥ 75 years

CDARS 16 905 1053 (4.1) 565 27 (3.2) 0.74 (0.51-1.09) .129

THIN 3745 51 (1.6) 877 54 (3.2) 1.93 (1.31-2.83)* .001

Extended

treatment gap

CDARS 28 161 1534 (2.9) 1052 45 (2.5) 0.80 (0.59-1.07) .138

THIN 8053 110 (1.3) 3496 99 (2.2) 1.75 (1.33-2.30)* <.001

Abbreviations: CDARS, Clinical Data Analysis Reporting System; CI, confidence interval; GI, gastrointestinal; GIB, gastrointestinal bleeding; H2RA,

histamine-2 receptor antagonist; no., number; PPI, proton pump inhibitor; THIN, The Health Improvement Network.
*P < .05.
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rate = 2.5 [CDARS] vs 2.4 [THIN] per 100 patient-years), however

differences in GIB rates with aspirin were apparent (adjusted

rate = 2.0 [CDARS] vs 2.7 [THIN] per 100 patient-years). Rate dif-

ferences might be driven by a differential response to aspirin

between Hong Kong and UK cohorts. It is plausible that variation

in population demographics between patients with AF in Hong

Kong compared to the United Kingdom could have impacted GIB

rates. For example, prior to PS modelling, CDARS patients more

frequently used PPIs or H2RAs compared to THIN (84% vs 41%).

This may be due to greater GIB propensity in Asian populations

compared to Western populations, owing to a higher prevalence of

peptic ulcer disease.27 Notwithstanding the reasons, the lower GIB

rate with aspirin in the UK may have ultimately driven the finding

that rivaroxaban 20 mg/day appears to be associated with an

increased GIB risk compared with aspirin, which was exclusively

observed in the UK cohort.

The use of two databases is the strength of this study. Several

reflections arose from this study that are worthy of mention and

could be taken into consideration by other researchers planning to

conduct multiple databases studies. In addition to the clinical het-

erogeneity observed, there were variable differences among

CDARS and THIN databases. THIN contains additional health data

such as alcohol consumption and blood pressure, whereas CDARS

does not. To address this limitation, liver disease and hypertension

were included as proxies to alcohol consumption and blood pres-

sure in the CDARS population, which partially accounted for these

factors. Second, the prevalence of exposure can affect the perfor-

mance of PS methods in balancing covariates and precision of

treatment effect estimates.19 As the prevalence of exposure varied

between databases, we needed to meet a balance between effi-

ciency and consistency of analysis methods used across databases.

Given this, we opted to use the PS fine strata weighting

TABLE 3 Risk of gastrointestinal bleeding with rivaroxaban vs aspirin after propensity score fine strata adjustment, by databasea

Aspirin Rivaroxaban Rivaroxaban vs aspirin

N
Adjusted no. of events (adjusted event
rate per 100 patient-years) N

Adjusted no. of events (adjusted
event rate per 100 patient-years)

Adjusted Hazard
Ratio (95%CI)

P-
value

GIB

CDARS 22 692 622 (2.7) 1051 41 (2.5) 1.04 (0.76-1.42) .815

THIN 6619 75 (2.0) 3492 84 (2.4) 1.40 (1.00-1.98) .052

Prior use of PPI

or H2RA

CDARS 15 993 509 (3.0) 393 16 (2.8) 0.99 (0.60-1.62) .958

THIN 2334 29 (2.2) 1381 45 (3.3) 1.66 (0.92-2.98) .091

Prior history GIB

or GI ulcer

CDARS 2602 139 (5.3) 116 8 (5.8) 1.12 (0.55-2.28) .760

THIN 986 25 (4.8) 523 24 (4.8) 1.26 (0.61-2.61) .528

Women

CDARS 9014 265 (2.9) 521 16 (1.9) 0.72 (0.44-1.20) .206

THIN 2937 28 (1.8) 1645 43 (2.6) 1.50 (0.90-2.51) .122

Men

CDARS 11 223 289 (2.4) 528 26 (3.3) 1.52 (1.02-2.27)* .042

THIN 4337 33 (1.5) 1836 40 (2.2) 1.67 (0.99-2.82) .053

Age ≥ 75 years

CDARS 10 712 445 (4.1) 564 27 (3.2) 0.84 (0.57-1.24) .384

THIN 2979 41 (2.5) 1736 53 (3.2) 1.28 (0.83-1.98) .268

Extended

treatment gap

CDARS 22 692 731 (2.7) 1051 44 (2.4) 0.96 (0.71-1.31) .808

THIN 6619 84 (1.9) 3492 97 (2.2) 1.31 (0.96-1.79) .088

Abbreviations: CDARS, Clinical Data Analysis Reporting System; CI, confidence interval; GI, gastrointestinal; GIB, gastrointestinal bleeding; H2RA,

histamine-2 receptor antagonist; no., number; PPI, proton pump inhibitor; THIN, The Health Improvement Network.
aThe propensity score fine strata adjustment analysis was performed individually for all 25 imputed datasets for THIN. The adjusted hazard ratios were

derived by combining the results of the imputed datasets using Rubin's rule. The event rates in one of the imputed datasets are presented for illustration.
*P < .05.
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approach.19 Compared to other PS methods, this approach has

previously demonstrated better performance when the exposure is

infrequent, and a comparable performance when the exposure is

common.19 This was particularly important due to the lower expo-

sure prevalence in the CDARS study population compared with

THIN. Employing this method preserved the consistency of analy-

sis methods in both study populations, which aided results

interpretation.

4.1 | Strengths and limitations

Our study is the first to investigate comparative GIB risk for

rivaroxaban vs aspirin in patients with AF in routine care. A key

strength of the current study is the utilization of longitudinal data

of the largest territory-wide clinical data source in Hong Kong and

representative data of the United Kingdom. Use of two different

data sources enabled broad investigation of GIB risk in diverse

patient groups. Study limitations include: GIB event rates in both

cohorts were small, therefore results should be interpreted with

caution. Consistent with most clinical databases, CDARS and THIN

does not capture over-the-counter aspirin use. However, the Hos-

pital Authority is the only public healthcare provider in Hong Kong,

where medications are highly subsidized (85%-98%).28 Similarly, in

the United Kingdom, most chronic aspirin use is obtained via

prescription as it is free for patients aged >60 years, and there is

confirmed minimal unrecorded usage.29 Ultimately, uncaptured

over-the-counter aspirin use is unlikely to have impacted results.

This study accounted for confounding factors using propensity

score methods; however, residual confounding could remain.

Finally, we focused our analysis on a new-user cohort, GIB risk

may be different among prevalent users.

5 | CONCLUSION

This study found a significantly increased GIB risk for standard dose

rivaroxaban (20 mg/day) vs aspirin in the United Kingdom, but not in

Hong Kong. Low-dose rivaroxaban (≤15 mg/day) demonstrated simi-

lar GIB risk in both cohorts. Results suggest that any increased GIB

risk associated with standard dose rivaroxaban remains uncertain and

more studies are needed to investigate this further. Nonetheless, the

superior efficacy of rivaroxaban over aspirin for stroke prevention in

AF should offset similar or marginally increased GIB risk of

rivaroxaban.
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