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Abstract
Background: To investigate risks of hospitalization for upper gastrointestinal bleeding 
(UGIB) in H. pylori-eradicated patients newly started on warfarin or direct oral anti-
coagulants (DOACs).
Methods: We identified all patients who had previously received H. pylori eradication 
therapy or were found to have no H. pylori on endoscopy and were then newly started 
on warfarin or DOACs from a population-based electronic healthcare database. Primary 
analysis was the risk of UGIB between warfarin and DOACs users in H. pylori-eradicated 
patients. Secondary analysis included the UGIB risk between H. pylori-eradicated and 
H. pylori-negative patients who were newly started on warfarin or DOACs. The hazard 
ratio (HR) of UGIB was approximated by pooled logistic regression model incorporating 
the inverse propensity of treatment weightings with time-varying covariables.
Results: Among H. pylori-eradicated patients, DOACs had a significantly lower risk of 
UGIB (HR: 0.26, 95% CI 0.09–0.71) compared with warfarin. In particular, lower UGIB 
risks with DOACs were observed among older (≥65 years) patients, female, those with-
out a history of UGIB or peptic ulcer, or ischemic heart disease, and non-users of acid-
suppressive agents or aspirin. Secondary analysis showed no significant difference in 
UGIB risk between H. pylori-eradicated and H. pylori-negative patients newly started 
on warfarin (HR: 0.63,95% CI 0.33–1.19) or DOACs (HR: 1.37, 95% CI 0.45–4.22).
Conclusions: In H. pylori-eradicated patients, new users of DOACs had a significantly 
lower risk of UGIB than new warfarin users. Furthermore, the risk of UGIB in new 
warfarin or DOACs users was comparable between H. pylori-eradicated and H. pylori-
negative patients.
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1  |  INTRODUC TION

Gastrointestinal bleeding (GIB) is a common cause of hospital admis-
sion. In the United States, GIB was responsible for 530,855 hospital 
admissions, 8180 (2.4%) hospital deaths and more than $300 million 
of total expenditure in 2018.1 While H. pylori is an important cause 
of GIB and peptic ulcer bleeding, eradication of H. pylori has been 
shown to reduce the risk of subsequent upper GIB (UGIB).2 Apart 
from H. pylori, concurrent medication use is another major cause of 
GIB, including the use of aspirin, non-steroidal anti-inflammatory 
drugs, and anti-coagulants.3–7

Anticoagulants, vitamin K antagonists (warfarin) and direct oral 
anticoagulants (DOACs), are increasingly used for the prevention of 
thromboembolism. DOACs, which include the direct thrombin inhib-
itor and factor Xa inhibitors, have the advantage of more rapid onset 
and spare the need for frequent blood monitoring for dose titration. 
However, both warfarin and DOACs could lead to major clinical 
bleeding complications including GIB.5–7 Nonetheless, past studies 
showed an inconsistent association between the use of DOACs and 
warfarin with GIB. While a meta-analysis8 including randomized con-
trolled trials (RCTs) showed that DOACs significantly increased GIB 
by 25% compared with warfarin, another meta-analysis9 showed no 
significant difference in the risk of GIB between DOACs and warfa-
rin use. Some observational studies7,10 reported that warfarin had 
a higher GIB risk compared with DOACs. Other studies suggested 
a difference in GIB risk with different DOACs,11–15 with dabigatran 
and rivaroxaban associated with a higher risk of GIB and apixaban 
associated with a lower risk of GIB compared with warfarin. In addi-
tion, some studies16,17 showed that either dabigatran or rivaroxaban 
was not associated with GIB risk than warfarin. These conflicting 
results could be due to the failure to consider the confounding role 
of H. pylori infection.

While H. pylori infection and oral anticoagulants are both risk 
factors for GIB, this study aimed to eliminate the role of H. pylori on 
UGIB by including only H. pylori-eradicated and H. pylori-negative 
patients. In this study, we first determined the risk of hospitalization 
for UGIB in a large cohort of H. pylori-eradicated patients from Hong 
Kong who were newly started on warfarin or DOACs. We further 
determined the UGIB risks of individual DOACs, including apixaban, 
dabigatran, and rivaroxaban, compared with warfarin in this cohort. 
To further characterize the role of H. pylori eradication on risk of 
UGIB in warfarin or DOACs users, we also compared the risks of 
UGIB in another cohort of H. pylori-negative patients who were 
newly started on warfarin or DOACs.

2  |  METHODS

2.1  |  Data sources

This was a territory-wide retrospective cohort study, which 
was based on data retrieved from the Clinical Data Analysis and 
Reporting System (CDARS) of the Hong Kong Hospital Authority. 

The CDARS is an electronic healthcare database that captures 
medical information of all patients attending public hospitals and 
clinics in Hong Kong, and the details for patients' information 
have been described in our previous studies.2,3,18–21 To ensure 
patients' confidentiality, data were anonymized and a unique ref-
erence key was used to represent each de-identified patient in 
the CDARS.

This study was approved by the Institutional Review Board of 
the University of Hong Kong and Hospital Authority Hong Kong 
West Cluster (reference number: UW 21–431). Since data were an-
onymized in the database, informed consent from patients was not 
required by the Institutional Review Board.

2.2  |  Study subjects

We included all adult patients who had previously received H. py-
lori eradication therapy between January 1, 2003, and December 
31, 2017, in Hong Kong.18,22 These patients had been prescribed 
their first course of clarithromycin-containing triple therapy last-
ing 7–14 days, which was the main eradication regime given in Hong 
Kong during that period. Patients who required retreatment for H. 
pylori were excluded and the details of various retreatment regimes 
were described previously.18,22 The accuracy of retreatment inferred 
eradication failure had been verified in our previous study.18

From the H. pylori-eradicated cohort, we identified all patients 
who were newly started on warfarin or DOACs from January 1, 
2010, as the first approval date for DOACs locally was in 2010. The 
date of the first prescription of warfarin or DOACs after H. pylori 
eradication was defined as the index date to stratify patients into 
the two exposure groups. To clarify the risk of individual DOACs, 
we further divided new DOACs users into users of apixaban, dab-
igatran, or rivaroxaban. Edoxaban was not included in this analysis 
due to the very limited sample size. The details of the selection for 
included and excluded patients in the H. pylori-eradicated cohort 
are presented in Figure S1.

To further clarify the role of H. pylori eradication on the risk 
of UGIB in new warfarin or DOACs users, we included a second 
cohort of H. pylori-negative cohort as the control reference.2 These 
patients were found to have no H. pylori on their index endoscopy 
and had no history of prescription for H. pylori. The date of the first 
prescription of warfarin or DOACs after endoscopy was defined as 
the index date to stratify patients into the exposure groups. The 
details of the flow chart for patient selection of H. pylori-negative 
cohort are depicted in Figure S2.

2.3  |  Exposure of interest

The exposure of interest was the new use of warfarin or DOACs 
(including apixaban, dabigatran, or rivaroxaban). Upon entry into the 
cohort, patients were classified according to their first anticoagulant 
prescription after H. pylori eradication or upper endoscopy.
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2.4  |  Other covariates

Patient's baseline characteristics, the time from H. pylori eradication 
to exposure, medical conditions, and concurrent medication uses 
were included as covariates. Data on past medical conditions were 
collected from the index date or earlier. As treatment indications of 
anticoagulants were not available in the database, treatment indi-
cation for atrial fibrillation (AF) was assumed if this diagnosis was 
made within 180 days of the index date. Concurrent medication 
uses during the follow-up period included proton pump inhibitors 
(PPIs), histamine type 2 receptor antagonists (H2RAs), nonsteroi-
dal anti-inflammatory drugs (NSAIDs), aspirin, other antiplatelets, 
selective serotonin reuptake inhibitors, and bisphosphonate, which 
were treated as time-varying variables during the follow-up period. 
Considering the potential indication bias, new prescriptions for gas-
troprotective agents, PPIs, and H2RAs drugs, during the last 6 weeks 
of the event date or censor date were not included. The International 
Classification of Diseases, Ninth Revision (ICD-9) codes for the dis-
ease diagnosis were presented in Table S1.

2.5  |  Outcome of interest

The primary outcome was the risk of hospitalization for UGIB in 
new warfarin or DOACs users in H. pylori-eradicated patients. The 
secondary outcome was to compare the risk of UGIB among new 
warfarin or DOACs users between H. pylori-eradicated and H. pylori-
negative patients. The date of UGIB-related hospitalization was 
defined by the earliest diagnosis date for UGIB after the index medi-
cation date. The accuracy of using these ICD-9 codes for GIB had 
been previously verified in our study.23

For new warfarin or DOACs users in H. pylori-eradicated or H. 
pylori-negative cohort, patients were followed until the occurrence of 
the study outcome, treatment discontinuation, a switch from the index 
medication to another anticoagulant (warfarin or DOACs), death, or 
end of the study (December 2020). The maximum observation period 
for all users was 3 years after starting anti-coagulants. The details of 
the schematic diagram of the study design are depicted in Figure S3.

2.6  |  Statistical analysis

Continuous data were presented as median with interquartile range 
(IQR), and categorical data were expressed as numbers and percent-
ages. To balance the difference in baseline characteristics between 
warfarin and DOACs users in H. pylori-eradicated cohort, propensity 
score (PS)-based stabilized inverse probability of treatment weights 
(IPTWs) were applied to create a pseudo-population. A multivariable 
logistic regression model was used to calculate the probability of re-
ceiving warfarin or DOACs treatment based on patient's measured 
characteristics.

Within the H. pylori-eradicated cohort, we estimated the causal 
effects of DOACs use (as well as the use of apixaban, dabigatran, 

and rivaroxaban uses separately) versus warfarin on the risks of 
UGIB. We used a pooled logistic regression model incorporating the 
IPTWs as the outcome model. As the follow-up interval is relatively 
short and the outcome is infrequent, weighted pooled logistic re-
gression models were used to approximate Cox proportional hazards 
models after IPTWs to determine the risks of UGIB in the hazard 
ratios (HRs).24 Robust variance estimator was used to estimate the 
standard errors and the 95% confidence intervals (CIs) for HRs.25 
We additionally adjusted the concurrent medications with at least 
7 days in 1-month intervals as time-varying variables in multivariable 
models after IPTWs as the primary model. We also estimated the 
standardized probability curves of UGIB by fitting the pooled logis-
tic models with product terms between warfarin or DOACs initiation 
and follow-up time.26 The probability curves were standardized to 
the baseline IPTWs and the time-varying concurrent use of other 
medications. More detailed statistical analyses were depicted in the 
supplementary document. A two-sided P value less than 0.05 was 
considered statistically significant. All statistical analyses were per-
formed by the R statistical software version 4.0.3 (R Foundation for 
Statistical Computing, 2019) and SAS version 9.4 (SAS Institute).

3  |  RESULTS

3.1  |  Patient characteristics in H. pylori-eradicated 
cohort

In the H. pylori-eradicated cohort, there were 1120 and 1651 pa-
tients who were newly started on warfarin and DOACs, respec-
tively. Their baseline characteristics were balanced with all ASD less 
than 0.1 after IPTWs (Table 1). The median age of receiving eradi-
cation therapy for warfarin and DOACs users was 65 and 67 years, 
respectively.

For the subgroup analysis of UGIB risk among different DOACs 
users, 3 patients who received more than one DOACs at the index 
date were excluded. Finally, 695 new apixaban users, 568 new dab-
igatran users, and 385 rivaroxaban users were identified. The base-
line characteristics of patients with new apixaban, dabigatran, and 
rivaroxaban users are shown in Table S2.

3.2  |  Risk of upper gastrointestinal 
bleeding of warfarin versus direct oral anti-coagulants 
in Helicobacter pylori–eradicated cohort

In the H. pylori-eradicated cohort, 14 (1.25%) warfarin users and 
8 (0.48%) DOACs users had hospitalization for UGIB during the 
follow-up period with a weighted incidence rate of 2.02 (95% CI 
1.18–3.22) and 0.49 (95% CI 0.22–0.96) per 100 person-years, re-
spectively (Table S3).

The pooled logistic regression model showed that DOACs 
users were associated with a lower risk of UGIB (HR: 0.26, 95% CI 
0.09–0.71) than warfarin users. Sensitivity analyses using different 
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intervals of concurrent medications use all showed consistent re-
sults (Table 2). The standardized probability curve showed that the 
3-year absolute risk of UGIB in warfarin users was 5.22%, while in 
DOACs users, it was 1.32% (Figure S4).

Subgroup analysis showed that DOACs users had a signifi-
cantly lower risk of UGIB than warfarin users in patients aged 
≥65 years (HR: 0.15, 95% CI 0.04–0.51), female (HR: 0.14, 95% 
CI 0.02–0.95), with no prior history of UGIB or peptic ulcer (HR: 
0.17, 95% CI 0.03–0.88) and IHD (HR: 0.07, 95% CI 0.01–0.61), 
and those not using concurrent PPIs (HR: 0.13,95% CI 0.02–0.73), 
H2RAs (HR: 0.25, 95% CI 0.08–0.81), or aspirin (HR: 0.14, 95% CI 
0.04–0.44) (Table 3).

For the indications of anticoagulants other than AF, there were 
876 warfarin users and 1066 DOACs users, and the baseline char-
acteristics were balanced with all ASD less than 0.1 after IPTWs 

(Table S4). Sensitivity analysis in non-AF patients showed similar re-
sults with DOACs users having a lower risk of UGIB (HR: 0.22, 95% CI 
0.08–0.60). Pooled logistic regression models with different intervals 
of concurrent medication use yielded consistent results (Table S5). 
Sensitivity analysis was also attempted in AF patients, but only one 
UGIB event was identified and further analysis was not performed.

3.3  |  Risks of upper gastrointestinal bleeding of 
different direct oral anti-coagulants in H. pylori-
eradicated cohort

Subgroup analysis was performed to determine the risks of UGIB 
in H. pylori-eradicated patients using different DOACs. Overall, 
there were 14 (1.25%) warfarin, 2 (0.29%) apixaban, 3 (0.53%) 

Characteristics
Warfarin 
(n = 1120)

DOACs 
(n = 1651)

ASD before 
IPTWs

ASD# after 
IPTWs

Age (years)* 65 (55–73) 67 (59–74) 0.24 <0.01

Male (n, %) 615 (54.9) 820 (49.7) 0.11 <0.01

Medical conditions (n, %)

UGIB or peptic ulcer 268 (23.9) 342 (20.7) 0.08 <0.01

Diabetes mellitus 252 (22.5) 355 (21.5) 0.02 0.03

Hypertension 497 (44.4) 849 (51.4) 0.14 <0.01

Intracranial hemorrhage 30 (2.7) 42 (2.5) 0.01 0.02

Stroke 171 (15.3) 289 (17.5) 0.06 0.02

IHD 279 (24.9) 392 (23.7) 0.03 0.01

Renal disease 154 (13.8) 111 (6.7) 0.23 0.01

Cirrhosis 29 (2.6) 18 (1.1) 0.11 0.01

Treatment indications (n, %)

AF 244 (21.8) 585 (35.4) – –

Other 876 (78.2) 1066 (64.6) – –

Medications (n, %)

PPIs 380 (33.9) 712 (43.1) 0.19 0.03

H2RAs 319 (28.5) 532 (32.2) 0.08 0.01

NSAIDs 40 (3.6) 65 (3.9) 0.02 <0.01

Aspirin 399 (35.6) 565 (34.2) 0.03 <0.01

Other antiplatelets 52 (4.6) 93 (5.6) 0.05 0.01

SSRIs 43 (3.8) 56 (3.4) 0.02 <0.01

Bisphosphonate 9 (0.8) 20 (1.2) 0.04 0.01

The time from H. pylori 
eradication to exposure 
(months)*

67 (31–105) 99 (57–141) 0.54 0.01

Note: Treatment indications were defined within 180 days before the index date. Medications were 
defined as at least 7 days of use in the first 1-month intervals after the index date.
Abbreviations: DOACs, direct oral anticoagulants; ASD, absolute standardized difference; IPTWs, 
inverse probability of treatment weightings; UGIB, upper gastrointestinal bleeding; IHD, ischemic 
heart disease; AF, atrial fibrillation; PPIs, proton pump inhibitors; H2RAs, histamine type 2 receptor 
antagonists; NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake 
inhibitors.
#ASD ≥0.1 is considered to be imbalanced.
*Expressed as median and interquartile range.

TA B L E  1 Baseline characteristics of 
Helicobacter pylori–eradicated patients 
who were newly started warfarin 
or DOACs (before and after inverse 
propensity of treatment weightings).
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dabigatran, and 3 (0.78%) rivaroxaban users who had a hospitali-
zation for UGIB during the follow-up period, with a weighted in-
cidence rate of 2.06 (95% CI 1.22–3.27), 0.72 (95% CI 0.22–1.72), 
0.54 (95% CI 0.12–1.53), and 0.61 (95% CI 0.09–2.06) per 100 
person-years, respectively (Table S6). The pooled logistic regres-
sion model, with at least 7 days concurrent medications use in 
1-month intervals, showed that there was no significant differ-
ence between warfarin and three individual DOACs users (HR 
for apixaban: 0.34, 95% CI 0.05–2.38; HR for dabigatran: 0.29, 
95% CI 0.07–1.24; HR for rivaroxaban: 0.31, 95% CI 0.08–1.20). 
Sensitivity analyses using different intervals of concurrent medi-
cations use yielded consistent results (Table S7).

3.4  |  Risks of upper gastrointestinal bleeding 
among new warfarin users in Helicobacter pylori–
eradicated versus Helicobacter pylori–negative cohort

There were 1120 new warfarin users in the H. pylori-eradicated co-
hort and 2619 new warfarin users in the H. pylori-negative group. 
The baseline characteristics of the two groups were well balanced 
with all ASD less than 0.1 (Table S8). Fourteen (1.25%) patients in 
the H. pylori-eradicated group and 45 (1.72%) patients in the H. 
pylori-negative group had UGIB during the follow-up period with a 
weighted incidence rate of 1.49 (95% CI 0.79–2.56) and 2.55 (95% CI 
1.84–3.45) per 100 person-years, respectively (Table S9). The pooled 

logistic regression model with concurrent medications of at least 
7 days in 1-month intervals showed no significant difference in the 
risk of UGIB with new warfarin uses between H. pylori-eradicated 
group and H. pylori-negative group (HR: 0.63, 95% CI 0.33–1.19). 
Sensitivity analyses with other concurrent medications use intervals 
showed similar results (Table 4). The standardized probability curve 
showed that 3-year absolute risk of UGIB in new warfarin users was 
3.11% and 4.87% among H. pylori-eradicated and H. pylori-negative 
groups, respectively (Figure S5A).

3.5  |  Risks of upper gastrointestinal bleeding 
among new direct oral anti-coagulant users in 
Helicobacter pylori–eradicated versus Helicobacter 
pylori–negative cohort

There were 1651 new DOACs users in H. pylori-eradicated group 
and 1052 DOACs users in H. pylori-negative group, and the baseline 

TA B L E  2 Risk of UGIB in Helicobacter pylori–eradicated patients 
newly started on warfarin or DOACs.

Models HR (95% CI)* p value

Multivariable model 1

Warfarin 1.0 –

DOACs 0.26 (0.09–0.71) 0.01

Multivariable model 2

Warfarin 1.0 –

DOACs 0.27 (0.10–0.74) 0.01

Multivariable model 3

Warfarin 1.0 –

DOACs 0.29 (0.11–0.75) 0.01

Multivariable model 4

Warfarin 1.0 –

DOACs 0.29 (0.11–0.77) 0.01

Note: Multivariable model 1: Concurrent medications were defined 
as at least 7 days of use in 1-month intervals; Multivariable model 2: 
Concurrent medications were defined as at least 7 days use in 3-month 
intervals; Multivariable model 3: Concurrent medications were defined 
as at least 14 days use in 1-month intervals; Multivariable model 4: 
Concurrent medications were defined as at least 14 days of use in 3-
month intervals.
Abbreviations: UGIB, upper gastrointestinal bleeding; DOACs, direct 
oral anticoagulants; CI, confidence interval; HR, hazard ratio.
*HR generated by pooled logistic regression, weighted for inverse 
probability of treatment weightings and adjusted by time-varying 
medications use.

TA B L E  3 Stratified HR for UGIB risk in H. pylori-eradicated 
patients newly started warfarin versus DOACs based on 
multivariable pooled logistic regression model with 1-month 
intervals.

Subgroups HR (95% CI)* p value

Age

<65 years 0.86 (0.21–3.47) 0.83

≥65 years 0.15 (0.04–0.51) <0.01

Sex

Male 0.35 (0.10–1.18) 0.09

Female 0.14 (0.02–0.95) 0.04

UGIB or peptic ulcer history

Yes 0.35 (0.10–1.22) 0.10

No 0.17 (0.03–0.88) 0.04

IHD history

Yes 0.92 (0.23–3.70) 0.91

No 0.07 (0.01–0.61) 0.02

PPI use

Yes 0.31 (0.08–1.15) 0.08

No 0.13 (0.02–0.73) 0.02

H2RA use

Yes 0.26 (0.03–2.28) 0.22

No 0.25 (0.08–0.81) 0.02

Aspirin use

Yes 0.81 (0.18–3.66) 0.78

No 0.14 (0.04–0.44) <0.01

Abbreviations: DOACs, direct oral anticoagulants; UGIB, upper 
gastrointestinal bleeding; IHD, ischemic heart disease; PPI, proton 
pump inhibitor; H2RA, histamine type 2 receptor antagonist; CI, 
confidence interval; HR, hazard ratio.
*HR generated by pooled logistic regression, weighted for inverse 
probability of treatment weightings and adjusted by time-varying 
medications use.
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characteristics between the two groups were well balanced with all 
ASD less than 0.1 (Table S10). A total of 8 (0.48%) DOACs users in 
H. pylori-eradicated group and 5 (0.48%) DOACs users in H. pylori-
negative group had UGIB hospitalization during the follow-up pe-
riod with a weighted incidence rate of 0.52 (95% CI 0.24–0.99) and 
0.50 (95% CI 0.11–1.41) per 100 person-years, respectively (Table 
S11). The pooled logistic regression model with concurrent medica-
tions use of at least 7 days in 1-month interval showed no significant 
difference in the risk of UGIB in DOACs users between H. pylori-
eradicated group and H. pylori-negative group (HR: 1.37, 95% CI 
0.45–4.22). Sensitivity analyses with different intervals of concur-
rent medication uses showed consistent results (Table 4). The stand-
ardized probability curve showed that 3-year absolute risk of UGIB 
in DOACs users was 1.15% and 0.84% among H. pylori-eradicated 
and H. pylori-negative groups, respectively (Figure S5B).

4  |  DISCUSSION

In this population-based cohort study of H. pylori-eradicated pa-
tients from Hong Kong, we determined the risk of hospitalization 
for UGIB in patients newly started on warfarin or DOACs. After 
IPTWs, DOACs users were associated with a 74% lower risk of UGIB 

compared with warfarin use. The difference was more prominent 
among older patients (≥65 years), female, those without a history of 
UGIB or peptic ulcer disease, or IHD, and not using PPIs, H2RAs, or 
aspirin. To further demonstrate the risk of UGIB in this group of H. 
pylori-eradicated patients who were started on warfarin or DOACs, 
we included another cohort of H. pylori-negative patients as the 
comparison group. There was no significant difference in the risks of 
UGIB with warfarin or DOACs use between H. pylori-eradicated and 
H. pylori-negative patients. To our knowledge, this is the first study 
that focused on the real-world risk of UGIB among users of different 
anticoagulants after elimination of the major confounding factor, H. 
pylori infection.

In this study, the weighted incidence rates of UGIB in new users 
of warfarin and DOACs who had H. pylori-eradicated were 2.02 
and 0.49 events per 100 person-years, respectively. The incidence 
rate of UGIB among warfarin users as reported in a previous co-
hort study15 ranged from 0.9 to 1.1 events per 100 person-years, 
which was lower than that of the current report. The discrepancy 
may be accounted for by different inclusion criteria as we only 
included H. pylori-eradicated patients in our study. Our cohort 
may also be older with more comorbidities. For individual DOACs 
users, the weighted incidence rate of UGIB for apixaban, dabig-
atran, and rivaroxaban was 0.72, 0.54, and 0.61 events per 100 

Models HR (95% CI)* Models HR (95% CI)*

New warfarin users New DOACs users

Multivariable model 1 Multivariable model 1

H. pylori-negative 
cohort

1.0 H. pylori-negative 
cohort

1.0

H. pylori-eradicated 
cohort

0.63 (0.33–1.19) H. pylori-eradicated 
cohort

1.37 (0.45–4.22)

Multivariable model 2 Multivariable model 2

H. pylori-negative 
cohort

1.0 H. pylori-negative 
cohort

1.0

H. pylori-eradicated 
cohort

0.63 (0.33–1.19) H. pylori-eradicated 
cohort

1.36 (0.45–4.16)

Multivariable model 3 Multivariable model 3

H. pylori-negative 
cohort

1.0 H. pylori-negative 
cohort

1.0

H. pylori-eradicated 
cohort

0.64 (0.34–1.21) H. pylori-eradicated 
cohort

1.46 (0.48–4.47)

Multivariable model 4 Multivariable model 4

H. pylori-negative 
cohort

1.0 H. pylori-negative 
cohort

1.0

H. pylori-eradicated 
cohort

0.62 (0.33–1.18) H. pylori-eradicated 
cohort

1.47 (0.48–4.49)

Note: Multivariable model 1: Concurrent medications were defined as at least 7 days use in 1-
month intervals; Multivariable model 2: Concurrent medications were defined as at least 7 days 
use in 3-month intervals; Multivariable model 3: Concurrent medications were defined as at least 
14 days use in 1-month intervals; Multivariable model 4: Concurrent medications were defined as 
at least 14 days use in 3-month intervals.
Abbreviations: UGIB, upper gastrointestinal bleeding; HR, hazard ratio; CI, confidence interval.
*HR generated by pooled logistic regression, weighted for inverse probability of treatment 
weightings and adjusted by time-varying medications use.

TA B L E  4 Risk of UGIB between H. 
pylori-eradicated and H. pylori-negative 
patients newly started warfarin or 
DOACs.
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person-years, respectively. Previous studies6,15 however reported 
a wide range of UGIB incidence rates among apixaban, dabigatran, 
and rivaroxaban users ranging between 0.3 and 1.6 events per 100 
person-years.

Our subgroup analysis illustrated that there was no significant 
difference in the risks of UGIB between warfarin and individual 
DOACs. However, the finding of this subgroup analysis should be 
interpreted with caution due to the relatively small sample size of 
each DOACs group. In contrast, previous large-scale observational 
study13–15 indicated that apixaban had a reduced risk of overall GIB 
or UGIB relative to warfarin. Our age-stratified analysis showed that 
DOACs was associated with 85% lower risk of UGIB compared with 
warfarin in patients older than 65 years, and 86% lower risk of UGIB 
in female. It was however interesting to note that DOACs were oth-
erwise associated with lower UGIB risk in low-risk patients like those 
without a history of UGIB or peptic ulcer disease, IHD, and those not 
on PPIs, H2RAs, or aspirin.

Importantly, we also showed no significant difference in the risk 
of UGIB after warfarin or DOACs use between H. pylori-eradicated 
and H. pylori-negative patients. While H. pylori is an independent risk 
factor of UGIB, these data could further support the beneficial ef-
fects of H. pylori eradication by leveling the risk of UGIB between H. 
pylori-eradicated and H. pylori-negative patients.

The strength of this study was the involvement of two large 
cohorts of H. pylori-eradicated and H. pylori-negative patients who 
were newly started on warfarin or DOACs. The baseline character-
istics of these patients, including PPIs and aspirin uses, were fur-
ther matched by PS-based stabilized IPTWs. The IPTW analysis was 
conducted to ensure the baseline exchangeability between warfa-
rin users and DOACs users. Of note, no previous study had com-
pared the risk of UGIB with warfarin or DOACs users after H. pylori 
eradication and in particular, with H. pylori-negative patients. The 
new user design could precisely estimate the risk of UGIB in these 
H. pylori-eradicated or H. pylori-negative patients initiating antico-
agulants, which is another important cause of UGIB. Moreover, we 
adjusted time-varying risk factors of concurrent use of other medi-
cations by including them as time-varying variables with 1-month or 
3-month intervals during the follow-up period in the multivariable 
pooled logistic regression model.

This study has several limitations. First, the infection status after 
H. pylori eradication was not documented in the electronic health-
care database and was inferred by the need for retreatment for H. 
pylori. This approach has been used and validated in our previous 
studies.2,3,18–22 Second, actual medication compliance could not be 
determined from this electronic healthcare database, we could only 
ascertain warfarin or DOACs use from prescription and dispensing 
records, which may cause potential misclassifications of exposure. 
Third, as the indications for warfarin and DOACs could be differ-
ent, particularly in patients with underlying valvular heart disease, 
this finding may be limited to selected patient groups. However, we 
have attempted to balance the pre-existing diseases with IPTWs. 
Fourth, although AF is a common indication for oral anticoagulants, 
there was only one UGIB case identified among AF patients in our 

study, which makes further subgroup analysis not feasible. However, 
we have performed sensitivity analysis on non-AF patients, which 
yielded consistent results. Fifth, due to the relatively low event 
rates, subgroup analysis of different DOACs may be underpowered. 
Sixth, it would be more comprehensive if there is a H. pylori-infected 
cohort and newly started on anticoagulants. However, this cohort 
was difficult to identify as it is the standard clinical practice to erad-
icate H. pylori infection once diagnosed in Hong Kong. We have also 
attempted to include the H. pylori-infected patients who have failed 
eradication therapy and started on anti-coagulants, but the num-
ber of these patients was so few to have a meaningful comparison. 
Lastly, like all retrospective studies, there could be inherent and con-
founding bias that may not be completely adjusted in the analysis. 
Future prospective randomized studies may still be needed to verify 
this finding.

5  |  CONCLUSION

In this real-world population-based study of H. pylori-eradicated 
patients, we found that new DOACs users were associated with a 
lower risk of UGIB compared with new warfarin users, particularly 
in older patients. Moreover, there was no significant difference in 
the risk of UGIB with new warfarin or DOACs use between H. pylori-
eradicated and H. pylori-negative patients. Our findings may help 
to better inform the choice of optimal oral anticoagulants in these 
patients.
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