) ORIGINAL ARTICLE INTESTINAL

RESEARCH

pISSN 1598-9100 e eISSN 2288-1956
https://doi.org/10.5217/ir.2021.00161
Intest Res 2022:20(4):482-494

Gastrointestinal bleeding risk of non-vitamin K antagonist
oral anticoagulants versus warfarin in general and after
polypectomy: a population-based study with propensity
score matching analysis
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Background/Aims: Gastrointestinal bleeding (GIB) risk for non-vitamin K antagonist oral anticoagulants (NOACs) compared
with warfarin is largely unknown. We aimed to determine the risk of overall and post-polypectomy GIB for NOACs and warfarin.
Methods: Using the Korean National Health Insurance database, we created a cohort of patients who were newly prescribed
NOACs or warfarin between July 2015 and December 2017 using propensity score matching (PSM). Kaplan-Meier analysis
with log-rank test was performed to compare the risk of overall and post-polypectomy GIB between NOACs (apixaban, dabi-
gatran, and rivaroxaban) and warfarin. Post-polypectomy GIB was defined as bleeding within 1 month after gastrointestinal
endoscopic polypectomy. Results: Out of 234,206 patients taking anticoagulants (187,687 NOACs and 46,519 warfarin), we se-
lected 39,764 pairs of NOACs and warfarin users after PSM. NOACs patients showed significantly lower risk of overall GIB than
warfarin patients (log-rank P<0.001, hazard ratio, 0.86; 95% confidence interval, 0.78-0.94; P=0.001). Among NOACs, apixaban
showed the lowest risk of GIB. In the subgroup of 7,525 patients who underwent gastrointestinal polypectomy (lower gastroin-
testinal polypectomy 93.1%), 1,546 pairs were chosen for each group after PSM. The NOACs group showed a high risk of post-
polypectomy GIB compared with the warfarin group (log-rank P=0.001, hazard ratio, 1.97; 95% confidence interval, 1.16-3.33;
P=0.012). Conclusions: This nationwide, population-based study demonstrates that risk of overall GIB is lower for NOACs than
for warfarin, while risk of post-polypectomy GIB is higher for NOACs than for warfarin. (Intest Res 2022;20:482-494)
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INTRODUCTION

Although warfarin is highly effective in the prevention of isch-
emic stroke and systemic thromboembolism, there are several
challenges to its use in clinical practice. Due to the long half-
life of the agent, onset and offset of the drug effect are slow,
taking 48-72 hours for complete effect to occur after adminis-
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tration.' This slow onset and offset may raise concerns about
the risk of bleeding or thrombosis when patients need to hold
warfarin before and after undergoing an endoscopic or surgi-
cal procedure. Furthermore, warfarin requires frequent blood
monitoring to adjust the appropriate drug dose for adequate
anticoagulant effect, which can differ by more than 20 times
among patients, probably due to the drug’s interaction with
food and individual genetic variation.' These drawbacks
prompted the quest for the development of alternative drugs.
Since the Food and Drug Administration’s approval in 2010,
the use of the non-vitamin K antagonist oral anticoagulants
(NOACs), including dabigatran, apixaban, and rivaroxaban,
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has been rapidly catching up to warfarin with non-inferior ef-
ficacy.” This change has been brought about by the conve-
nience of fixed-dose regimens of NOACs with no requirement
for routine laboratory monitoring owing to their predictable
pharmacokinetics and pharmacodynamics.”* However, the
risk of gastrointestinal bleeding (GIB) in the use of NOACs is
still in question. In pivotal trials for the efficacy and safety of
NOACs, dabigatran and rivaroxaban had a higher risk of GIB
than warfarin.”® Data from real-world studies showed a low or
similar risk of GIB in NOACs compared with warfarin.”* Fur-
thermore, the risk of GIB in NOACs over warfarin after gastro-
intestinal endoscopic polypectomy has yet to be fully evaluat-
ed because of the low number of anticoagulant users who un-
dergo polypectomy.

Health administrative databases which routinely collect the
health data of many subjects can provide important informa-
tion about the clinical outcomes of rare events from real-world
settings. The National Health Insurance Service (NHIS), an
obligatory single-payer health insurance system in Korea, has
a data warehouse that collects required information on insur-
ance eligibility covering the entire population of over 50 mil-
lion."” Thus, using NHIS data, we aimed to determine the risk
of overall and post-polypectomy GIB associated with the use
of NOACs and warfarin.

METHODS

1. Data Sources, Study Design, and Population

This retrospective cohort study used a nationwide, popula-
tion-based database (NHIS) which contains demographic
data (age and sex), provider information, pharmaceutical pre-
scriptions, procedures, and diagnostic codes defined by the
International Classification of Diseases 10th Revision (ICD-
10). Pharmaceutical prescriptions and procedures were cod-
ed with the Korean original codes. We identified all patients 18
years of age or over who started taking dabigatran, rivaroxa-
ban, apixaban or warfarin between July 2015 and December
2017 defined as the overall cohort (Fig. 1A). The minimum
duration of anticoagulant use was 30 days. We excluded pa-
tients with a previous GIB diagnosis or those who had used
any oral anticoagulants before the index (drug start) date and
those who were prescribed more than one type of anticoagu-
lant during the study period. Index diseases for anticoagulants
were based on the ICD-10 diagnosis code for the 12 months
before their index date. We classified patients into NOACs or
warfarin groups based on their first filled prescription. Follow-
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up was considered to have ended when patients had GIB or if
there was a disruption of continuous prescription as defined
by the absence of a new prescription by the end of the 45-day
period from the last actual refill date.’ The last date of follow-
up was December 31, 2017.

Next, we selected a subgroup of patients during the same
study period among the cohort who had inpatient or outpa-
tient polypectomy procedures which were coded with a clas-
sification of upper and lower gastrointestinal polypectomy
(post-polypectomy cohort) (Fig. 1B). Procedure codes in the
NHIS database showed good agreement with data from medi-
cal charts." For this subgroup, we excluded patients who un-
derwent polypectomy in December 2017, due to a short fol-
low-up period (<30 days), and those who were prescribed an-
ticoagulants less than 30 days before the polypectomy date.
We also excluded patients who had undergone polypectomy
before the index date of medication. We included endoscopic
mucosal resection as polypectomy but excluded endoscopic
submucosal dissection because endoscopic submucosal dis-
section was not frequently performed and not completely re-
imbursed by the NHIS. As this study did not contain identify-
ing patient information, the Institutional Review Board of
Kyungpook National University Hospital waived consent ob-
tainment and approved the study (IRB No. KNUH2016-05-
001).

2. Study Outcomes and Variables of Interest

The primary endpoint of this study was the occurrence of any
GIB after the index date during the study period. The second-
ary endpoints included the risk of upper GIB, lower GIB, and
GIB requiring blood transfusion. These endpoints were also
applied to post-polypectomy cohort. Post-polypectomy GIB
was defined as bleeding within 30 days after gastrointestinal
endoscopic polypectomy. As the NHIS database does not
have detailed clinical information, such as laboratory results
and endoscopic reports, a GIB event was defined as the ICD-
10 code for GIB, procedure code for endoscopic hemostasis
or code for transfusion (Supplementary Table 1). Bleeding lo-
cation was identifiable by the ICD-10 code of GIB with bleed-
ing site (stomach, duodenum, small bowel, and colon) indi-
cated and upper or lower gastrointestinal endoscopic hemo-
stasis. For instance, upper GIB was defined as the ICD-10 code
for bleeding of the stomach and duodenum or as the proce-
dure code for endoscopic hemostasis of upper GIB being ap-
plied. Lower GIB was defined as the ICD-10 code of bleeding
at the jejunum, ileum, and colon or the procedure code for en-
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0 272,258 Patients who started to take oral
anticoagulants from July 2015

to December 2017
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38,052 Excluded

‘ 234,206 Patients eligible for this study ‘

22,717 Previous anticoagulant users
1,788 Previous GIB history
13,547 More than 1 type of anticoagulant

187,687 NOACs

46,519 Warfarin

‘ Propensity score matching

l

39,764 NOACs
8,772 Apixaban
5,857 Dabigatran
25,135 Rivaroxaban

e 234,206 Patients from the overall cohort after
exclusion of prior GIB or anticoagulant history
and multiple anticoagulant users

l

39,764 Warfarin

226,681 Excluded
189,030 No endoscopic polypectomy
36,974 Polypectomy before index date of anticoagulant
354 Polypectomy in December 2017
323 Less than 30 days of anticoagulant before polypectomy

7,525 Patients who underwent endoscopic
polypectomy during study period

2,786 NOACs

4,739 Warfarin

‘ Propensity score matching

1,546 NOACs
343 Apixaban
421 Dabigatran
782 Rivaroxaban

1,546 Warfarin

Fig. 1. Study flow of patients treated with anticoagulants. (A) Overall patients (the overall cohort) and (B) subgroup patients who under-
went polypectomy (post-polypectomy cohort). GIB, gastrointestinal bleeding; NOACs, non-vitamin K antagonist oral anticoagulants.

doscopic hemostasis of lower GIB being applied. For post-pol-
ypectomy bleeding, any GIB was thought to have originated
from the initial endoscopic procedure."

Independent variables of interest included age, sex, index
diseases of anticoagulants, the Charlson comorbidity index
with comorbidities, and drugs used concomitantly during the
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study period. We evaluated comorbidities based on the com-
ponents of the Charlson comorbidity index: myocardial infarc-
tion, heart failure, peripheral artery disease, cerebrovascular
disease, dementia, chronic obstructive pulmonary disease,
connective tissue disease, peptic ulcer disease, mild-to-severe
liver disease, diabetes mellitus with and without chronic com-
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plications, paraplegia, moderate to severe renal disease, im-
mune-mediated disease and malignant or metastatic cancer.”
We assessed the use of concomitant drugs: aspirin, antiplate-
let agents including clopidogrel, ticagrelor, and prasugrel, non-
steroidal anti-inflammatory drugs (NSAIDs), proton pump in-
hibitors (PPIs), and heparin.

3. Statistical Analysis

We performed a one-to-one propensity score matching (PSM)
analysis between the NOACs (apixaban, dabigatran, and riva-
roxaban) and warfarin groups based on the estimated pro-
pensity scores of each patient. Each patient who received NO-
ACs whose propensity score was closest on the logit scale with-
in a specified range (<0.1 of the pooled standardized mean
difference [SMD] of estimated logits) was chosen for matching
to a patient who received warfarin. Patients’ age, sex, index
diseases of anticoagulants, the Charlson comorbidity index
with comorbidities, and drugs were included for the calcula-
tion of PSM.

Observed GIB rates and survival curves were generated us-
ing the Kaplan-Meier method with log-rank test. Cox propor-
tional hazard model was used to obtain the hazard ratio (HR)
for NOACs with warfarin as the reference. A value of P<0.05
was considered statistically significant. All statistical analyses
were performed using SAS software version 9.4 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

1. Baseline Characteristics of Patients Treated with
Anticoagulants in the Overall Cohort

We identified a total of 272,258 patients who started taking
warfarin or NOACs from July 2015 to December 2017. Among
them, 38,052 patients who were previous anticoagulant users,
had a previous GIB diagnosis or were taking more than 1 type
of anticoagulant were excluded. Among 234,206 patients,
187,687 patients received NOACs and 46,519 received warfa-
rin. By one-to-one PSM, we selected 39,764 pairs of NOACs
users (8,772 taking apixaban, 5,857 taking dabigatran, and
25,135 taking rivaroxaban) and warfarin users (Fig. 1A). Be-
fore the PSM, sex, age, the distribution of index disease, co-
morbidities, and concurrent medications showed significant
difference between the NOACs and warfarin groups (Table 1).
The NOACs group was older than the warfarin group (mean
age +standard deviation [SD], 70.7 +10.8 years vs. 64.3 +14.9
years; SMD, 0.49) and showed a higher prevalence of atrial fi-
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brillation (43.2% vs. 37.5%; SMD, 0.12), connective tissue dis-
ease (6.9% vs. 3.7%; SMD, 0.15) and use of NSAIDs (84.1% vs.
71.8%; SMD, 0.30). Compared to the NOACs group, the warfa-
rin group showed a higher prevalence of valvular heart disease
(4.9% vs. 1.7%; SMD, 0.18), myocardial infarction (5.0% vs.
2.6%; SMD, 0.12), heart failure (24.9% vs. 18.2%; SMD, 0.16),
peripheral artery disease (9.6% vs. 5.8%; SMD, 0.14), moderate
to severe renal disease (11.0% vs. 2.9%; SMD, 0.32) and use of
heparin (51.7% vs. 16.6%; SMD, 0.80). After PSM, the patient
distributions were well balanced (Table 1).

2. Hazard risk of GIB in the Overall Cohort

The incidences of GIB in the overall cohort were described in
Supplementary Table 2. A total of 2,570 (3.23%) patients showed
overall GIB associated with anticoagulants during study peri-
od. GIB occurred in 1,440 (3.62%) patients taking warfarin and
1,130 (2.84%) patients taking NOACs. The risk of overall GIB
was lower for the use of NOACs compared with the use of
warfarin (HR, 0.86; 95% confidence interval [CI], 0.78-0.94;
P=0.001) (Table 2). In subtypes of NOACs, apixaban (HR, 0.78;
95% CI, 0.64-0.97; P=0.023) showed the lowest risk followed
by rivaroxaban (HR, 0.86; 95% CI, 0.77-0.97; P=0.014) while
there was no significant difference for dabigatran compared
with warfarin (HR, 0.92; 95% CI, 0.72-1.16; P=0.467) (Table 2).
In the Kaplan-Meier estimates of the cumulative risk of overall
GIB, there was a significantly higher risk in warfarin than in
NOAGCs (log-rank P<0.001) (Fig. 2A) and in subtypes of NO-
ACs (log-rank P<0.001) (Supplementary Fig. 1A).

However, concurrent administration with aspirin and anti-
platelets, such as clopidogrel, ticagrelor and prasugrel, negated
the beneficial effect of NOACs over warfarin. Whereas NOACs
without aspirin or antiplatelets showed significantly lower
GIB risk than warfarin without those medications, this differ-
ence in GIB was not observed with NOACs plus aspirin (HR,
1.12; 95% CI, 0.90-1.39; P=0.320) or NOACs plus antiplatelets
(HR, 1.11;95% CI, 0.91-1.35; P=0.309) (Table 2).

The significantly lower risk with NOACs (HR, 0.73; 95% CI,
0.65-0.81; P<0.001) over warfarin was also observed in GIB
cases requiring transfusion (n=1,446) and this benefit was
observed in all subtypes of NOACs (Table 2). In the subgroup
analysis for upper (n=764) and lower (n=322) GIB, there was
no significant difference between NOACs and warfarin users.

Co-medication with PPIs significantly reduced the risk of
overall GIB and GIB requiring transfusion in both warfarin
and NOAGCs group (Table 2). In subgroup analysis, PPIs re-
duced upper GIB, but not lower GIB risk.
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Fig. 2. Kaplan-Meier curves for gastrointestinal bleeding risk in non-vitamin K antagonist oral anticoagulants (NOACs) versus warfarin.
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original one.

3. Baseline Characteristics of Patients Treated with
Anticoagulants after Polypectomy

Among 234,206 patients first receiving NOACs or warfarin
from July 2015 to December 2017 in the overall cohort, 7,525
patients who underwent first polypectomy after anticoagulant
medication were included (Fig. 1B). Among them, 2,786 and
4,739 patients received NOACs and warfarin, respectively. By
one-to-one PSM with a SMD of estimated logits <0.1 between
groups, we selected 1,546 pairs of NOACs and warfarin users
(343 taking apixaban, 421 taking dabigatran, and 782 taking ri-
varoxaban) (Fig. 1B). Upper gastrointestinal endoscopic pol-
ypectomy was performed in 102 (6.6%) from warfarin and 85
(5.5%) from the NOACs group with no significant difference.
Lower gastrointestinal polypectomy was performed in 1,444
(93.4%) from the warfarin group and 1,461 (94.5%) from the
NOACs group with no significant difference (Table 3). Base-
line characteristics showing high SMD between groups (delta
>0.1) were well controlled after PSM (Table 3).

4. Hazard Risk of Post-Polypectomy GIB in Patients
Treated with Anticoagulant

The incidences of 30-day GIB in the post-polypectomy cohort
were described in Supplementary Table 3. A total of 62 (2.0%)
patients who were treated with anticoagulants showed GIB
after polypectomy. GIB occurred in 21 (1.4%) patients taking
warfarin and 41 (2.7%) patients taking NOACs within 30 days
after their procedure. In Table 4, the risk of all post-polypecto-
my GIB was higher for the use of NOACs compared with the
use of warfarin (HR, 1.97;95% CI, 1.16-3.33; P=0.012). Among
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the NOACs subtypes, the rivaroxaban showed the significantly
higher risk over the warfarin (HR, 2.18; 95% CI, 1.21-3.94;
P=0.010) while there was no significant difference between
the apixaban or dabigatran and the warfarin group. The higher
cumulative post-polypectomy GIB risk of NOACs (log-rank
P=0.001) (Fig. 2B) and subtypes of NOACs (log-rank P=0.008)
(Supplementary Fig. 1B) than warfarin was demonstrated in
the Kaplan-Meier analysis. The most GIB in NOACs group was
observed within 2 weeks while GIB cases in warfarin group
appeared to be distributed throughout 30 days after polypec-
tomy (Fig. 2B). For upper endoscopic polypectomy, the bleed-
ing risk was significantly higher than warfarin only in rivaroxa-
ban (HR, 5.33;95% CI, 1.27-22.29; P=0.022). The bleeding risk
of NOAC:s after lower endoscopic polypectomy was higher
than warfarin (HR, 1.93; 95% CI, 1.10-3.42; P=0.023) (Table 4).
The risk of rivaroxaban after lower endoscopic polypectomy
was significantly higher than warfarin (HR, 1.94; 95% CI, 1.01-
3.74; P=0.047) (Table 4) while other NOACs showed no dif-
ference compared with warfarin.

Concurrent use of aspirin or antiplatelet significantly in-
creased post-polypectomy GIB risk in both warfarin and NO-
ACs group. PPIs co-medication did not reduce post-polypec-
tomy GIB risk. There was no difference between groups in
post-polypectomy GIB requiring transfusion (Table 4).

DISCUSSION

This nationwide, population-based study comparing the haz-
ard risk for GIB between NOACs and warfarin, using propen-
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sity matching analysis, showed that overall GIB risk was lower
in NOACs than warfarin, whereas post-polypectomy GIB risk
was higher in NOACs than warfarin. This risk varied in differ-
ent NOACs subtypes: apixaban had a lower risk of all GIB than
dabigatran or rivaroxaban in the overall cohort while rivaroxa-
ban had a higher post-polypectomy GIB risk than apixaban or
dabigatran. Concomitant medications like aspirin or antiplate-
lets increased this risk in both the overall and post-polypecto-
my cohort while PPIs co-therapy with NOACs or warfarin de-
creased upper GIB risk, but not lower GIB risk in the overall
cohort.

In the literature comparing GIB risk between NOACs and
warfarin, there are conflicting results, which seem to be relat-
ed to the design of the studies. Several landmark clinical trials
evaluating anticoagulant efficacy for drugs have reported a
higher GIB risk in NOACs than in warfarin (although GIB was

56

not the primary endpoint of the studies),” while retrospective

observational studies have shown a lower GIB risk or less se-

vere GIB in NOACs than in warfarin.”*"*

Despite uncertainty,
this disparity among studies might be associated with how the
therapeutic range of warfarin was controlled, which poses a
great challenge in clinical practice. Compared to patients in
real-world clinical settings, patients treated with warfarin in
the randomized trials were much more likely to be strictly
monitored, possibly leading to a lower risk of GIB."” In con-
trast, patients in retrospective observational studies had high
concentrations of warfarin, which is associated with poorly
controlled monitoring; the mean international normalized ra-
tio (INR) was over 3 and more than half of the patients showed
a supratherapeutic range of INR resulting in increased risk for
GIB."” Our finding of excessive GIB risk in the warfarin group
over the NOACs group in the general cohort is in line with
those retrospective studies supporting the hypothesis that un-
optimized warfarin concentration in real clinical practice (in-
creased INR) may have potentiated bleeding from gastroin-
testinal mucosa in the warfarin group.

However, in the subgroup analysis of bleeding within 30
days after endoscopic polypectomy, we observed a high haz-
ard risk in NOACs compared with warfarin. A Japanese cohort
study based on a national inpatient database reported a high-
er risk of post-endoscopic bleeding in warfarin than NOACs
users which is the opposite of our result."” We believe that this
difference may be attributed to several discrete features of
each study. We focused on endoscopic polypectomy regard-
less of admission status because this procedure is commonly
encountered during endoscopy amid the drastically increased

www.irjournal.org
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volume of endoscopy screenings for cancer or precancerous
lesions." In the former study, endoscopic procedures includ-
ed various kinds of high-risk procedures which were per-
formed only at inpatient settings, with polypectomy or endo-
scopic mucosal resection accounting for only around 20% of
participants.” Although the proportion of heparin bridge was
not described for each group, heparin use in periprocedural
management of anticoagulants might have affected GIB risk
in warfarin users because heparin bridge is not recommended
under NOACs treatment. Indeed, they did not find a higher
risk in warfarin without heparin than in NOACs without hepa-
rin. In addition, the former study defined GIB as overt, severe
bleeding requiring endoscopic hemostasis or blood transfu-
sion, while the present study included any GIB coded with an
ICD-10 diagnosis as a primary outcome. In the subgroup
analysis of bleeding requiring blood transfusions, we did not
find a higher risk in NOACs than warfarin, which suggests that
increased risk in NOACs may be associated with minor GIB
after polypectomy.

In contrast, other retrospective observational studies showed
no difference between NOACs and warfarin for GIB risk after
elective endoscopy.'”"* One of the studies using a health care
organization database reported that the cumulative incidence
of GIB was higher in NOACs users compared with warfarin
(P=0.03)," which is consistent with the results of our study.
The exact mechanism underlying the high hazard risk of post-
polypectomy GIB in NOACs over warfarin is unknown but
may be partially explained by the different onset time of ac-
tion for the drugs. The rapid onset of NOACs (1-4 hours) may
make patients prone to bleeding from mucosal defects when
administered soon after resection procedures, while the slow
onset of warfarin (at least 48 hours) may allow enough time
for resected sites to heal up resulting in a relatively low risk of
post-polypectomy bleeding. In that regard, there is no clear
consensus in the guidelines on the right time for resuming

19,20

NOAC:s after polypectomy. ™ However, we surmised again
that this increased risk in NOACs over warfarin did not apply
to clinically relevant bleeding as we could not observe a differ-
ence in GIB requiring blood transfusions (Table 4).

A recent Hong Kong study” using a population-based anal-
ysis with PSM showed that apixaban was associated with a
significantly lower risk of post-colonoscopic polypectomy
bleeding than warfarin which appeared to be discrepant with
our results. In subgroup analysis with no heparin bridging
therapy, however, the study did show that the bleeding risk of
post-colonoscopic polypectomy in apixaban, dabigatran and
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rivaroxaban was significantly higher than in warfarin group.
Therefore, without heparin effect, the post-polypectomy bleed-
ing risk might be higher in NOACs than in warfarin. Although
we could not assess heparin bridge effect due to limitation of
the NHIS database, there were few cases of heparin coadmin-
istration in post-polypectomy cohort (Table 3) resulting in ex-
clusion of heparin effect. Furthermore, rivaroxaban was signif-
icantly associated with high post-polypectomy bleeding risk
compared with warfarin in multivariate analysis which was
consistent with our results.

There appears to be a notable difference in the bleeding risk
among NOACs subtypes. Rivaroxaban and dabigatran showed
higher risk of GIB than warfarin while apixaban showed no
difference in randomized trials.”*** One meta-analysis with 43
randomized controlled trials found that rivaroxaban had a sig-
nificantly high GIB risk while dabigatran and apixaban did
not.” Retrospective observational studies that compared ma-
jor bleeding risk or upper GIB risk among NOACs (apixaban,
dabigatran, and rivaroxaban) also reported a higher risk in ri-
varoxaban than in other NOACs, with apixaban showing the
lowest risk.”*"*’ Likewise, we also found the highest and lowest
risk of GIB in rivaroxaban in post-polypectomy cohort and
apixaban in overall cohort, respectively. These individual risks
for GIB in NOACs subtypes should be kept in mind for use in
patients with differing GIB risks.

One of the notable findings in the present study was the ef-
fect of concomitant medications on GIB risk. Aspirin and anti-
platelet agents, such as clopidogrel, ticagrelor, and prasugrel,
intensified GIB risk in NOACs users; the advantage of a lower
risk for GIB in NOACs over warfarin disappeared when aspi-
rin or antiplatelets were concomitantly administered. Addi-
tionally, the hazard risk of post-polypectomy in NOACs in-
creased when combined with these medications, especially in
lower polypectomy. Considering the added risk of NOACs in
conjunction with aspirin/antiplatelets, either one may be tem-
porarily held during high-risk lower polypectomies while bal-
ancing for the risk for thrombosis.

We found that PPIs coadministration with NOACs reduced
the hazard risk of overall GIB (HR, 0.70; 95% CI, 0.63-0.78)
compared to NOACs alone (HR, 0.86; 95% CI, 0.77-0.97) with
warfarin alone as a reference in the general cohort. In subgroup
analysis, this was true for GIB requiring blood transfusions
and upper GIB. This finding supported the result of a previous
study of the US Medicare beneficiary database showing a sig-
nificantly reduced upper GIB risk in NOACs with PPIs co-
therapy.” However, we did not observe the protective effect of
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PPIs for lower GIB, which is in line with previous knowledge
demonstrating no beneficial effect of PPIs for preventing low-
er GIB.**" The protective effect of PPIs was not observed in
GIB after polypectomy.

The strength of the present study is the large number of cas-
es from a nationwide, integrated healthcare system, which en-
abled sufficient statistical power in discriminating the differ-
ences in GIB risk among anticoagulant users. The NHIS in-
cludes the entire population of South Korea (more than 50
million) with reimbursement claims data from primary care
to tertiary hospitals, reflecting real-world clinical practice."
For reducing confounders, we excluded anticoagulant expo-
sures and patients with a previous history of GIB before the
index medication start date. For the polypectomy group, we
included patients who first underwent polypectomy after in-
dex medication. The limitations of the study should be noted.
First, these selected patients might not be representative of
the population intended to be analyzed because of a retro-
spective design. Second, PSM might not have controlled hid-
den confounding factors which could impact our results.
Third, as we included GIB events and subgroups based on
their diagnostic codes, procedures and filled prescriptions,
there may have been misclassified or missed cases. Fourth, we
could not differentiate between procedure-related and non-
procedure related GIB because we defined any GIB within 30
days after endoscopic polypectomy. Therefore, the post-pol-
ypectomy bleeding risk might have been overestimated. Fifth,
the database did not provide information on the clinical data
such as detailed causes of bleeding or the exact timing of drug
cessation or resumption of anticoagulation especially around
endoscopic procedures. Sixth, we failed to balance baseline
index diseases such as atrial fibrillation and other indications
between groups. Therefore, we tried to control this confound-
ing effect on the GIB risk by adjusting index of diseases in Cox
proportional hazard model. The differences in the GIB risk be-
tween groups remained significant after adjustment of this
confounding factor in overall (Supplementary Table 4) and
post-polypectomy cohort (Supplementary Table 5). Seventh,
there might be a type I error risk as multiple comparison was
used. Eighth, because there was no available data on throm-
boembolic events, when to stop before endoscopy or when to
resume after endoscopy in each group, the findings did not al-
low us to devise optimal periprocedural management strate-
gies for preventing post-polypectomy GIB. Finally, there was a
high proportion of subjects who took NSAID in the study (over
70%) (Table 1). If patients had the prescription of NSAID at
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least once during the study period, they were regarded as tak-
ing the medicine. Also, most patients were elderly and had
chronic diseases which might explain the high percentage of
NSAID history in the subjects.

In conclusion, this population-based comparison study us-
ing PSM demonstrates a lower risk of overall GIB but a higher
risk of post-polypectomy GIB in NOACs compared with war-
farin. However, the risk of post-polypectomy GIB requiring
blood transfusion is not different between the groups, suggest-
ing that an increased risk of post-polypectomy GIB in NOACs
may apply only to minor bleeding. GIB risk was not same
among NOACs subtypes. Concomitant aspirin or antiplatelet
administration increases overall GIB and post-polypectomy
GIB. PPIs co-therapy with NOACs reduces the risk of GIB in
the overall cohort; this benefit of PPIs is observed in the upper
gastrointestinal tract and GIB with transfusion but not lower
GIB. These findings may help in choosing the optimal NOACs
according to patients’ GIB risk and may suggest a need for
careful monitoring for GIB after polypectomy in NOACs.
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