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Eupatilin administration for >3 months showed additional preventive effect on Gl bleeding in
Conclusion concomitant aspirin and acid suppressant users. Thus, cotreatment with eupatilin with a duration of 3
months or longer is recommended for reducing Gl bleeding among aspirin plus acid suppressant users.

Background/Aims: Mucoprotective agents, such as eupatilin, are often prescribed to prevent gastrointestinal (Gl) bleeding
in addition to an acid suppressant despite the absence of a large-scale study. We evaluated the additional effect of eupatilin
on the prevention of Gl bleeding in both the upper and lower Gl tract in concomitant aspirin and acid suppressant users us-
ing the nationwide database of national claims data from the Korean National Health Insurance Service (NHIS).

Methods: An aspirin cohort was constructed using the NHIS claims data from 2013 to 2020. Patients who manifested with
hematemesis, melena, or hematochezia were considered to have Gl bleeding. A Cox proportional hazards regression model
was used to determine the risk factors for Gl bleeding associated with the concomitant use of Gl drugs and other covariates
among aspirin users.
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Results: Overall, a total of 432,208 aspirin users were included. The concurrent use of an acid suppressant and eupatilin
(hazard ratio [HR] = 0.85, p = 0.016, vs. acid suppressant only) was a statistically significant preventive factor for Gl bleeding.
Moreover, a more than 3-month duration (HR = 0.88, p = 0.030) of acid suppressant and eupatilin prescription (vs. acid sup-
pressant only) was a statistically significant preventive factor for Gl bleeding.

Conclusions: Eupatilin administration for > 3 months showed additional preventive effect on Gl bleeding in concomitant
aspirin and acid suppressant users. Thus, cotreatment with eupatilin with a duration of 3 months or longer is recommended

for reducing Gl bleeding among aspirin plus acid suppressant users.
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INTRODUCTION

In the United States, cardiovascular disease (CVD), specif-
ically acute myocardial infarction (AMI) and stroke, is the
leading cause of disability and mortality [1]. Aspirin is widely
accepted as a secondary CVD prevention after AMI or stroke
[2]. Moreover, in large surveys, use rates for primary CVD
prevention in the population increased steadily in both men
and women from 1980 to 2009, reaching approximately
21% of men and 12% of women aged 25 to 74 years [3].
However, the conflict between the benefits and harm of
aspirin usage persists. Low doses of aspirin can inflict injury
to the gastrointestinal (GI) mucosa, with the potential for
considerable morbidity and mortality [4]. The primary ad-
verse effect of aspirin is major bleeding, typically defined as
bleeding from the Gl tract or other sites that require hospi-
talization or transfusion. In most patients who are on aspi-
rin, bleeding most commonly occurs in the Gl tract [5].
Proton pump inhibitors (PPIs) are useful for the prevention
of ulcers secondary to low-dose aspirin and nonsteroidal
anti-inflammatory drug (NSAID) use [6-8]. Additionally, a
previous study showed that mucoprotective agents (MPAs)
such as misoprostol can decrease the risk of upper Gl bleed-
ing in aspirin or NSAID users [9]. Therefore, MPAs are often
prescribed in clinical practice to prevent or treat upper Gl
bleeding in addition to PPl or histamine-2 receptor antag-
onist (H2RA). However, relevant evidence for MPAs except
misoprostol is limited, and no large-scale studies have been
conducted. In addition to upper Gl bleeding, the treatment
and prevention of aspirin-associated lower Gl bleeding re-
main unclear and difficult, because the pathogenic mech-
anisms are different and poorly understood. The national
claims data could be considered as a real-world evidence in
a large population. Thus, we aimed to investigate the addi-
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tional effect of MPA, especially eupatilin, on total Gl bleed-
ing prevention including lower Gl bleeding in concomitant
users of aspirin and acid suppressants such as PPl and H2RA
using the nationwide database of national claims data from
the Korean National Health Insurance Service (NHIS).

METHODS

Participants

This study utilized the cohort data from the Korean nation-
wide cohort database (NHIS). Since 2002, the NHIS database
has been an invaluable resource for patient data regarding
the residence, income levels (based on salary and proper-
ty), medical diagnosis, disability or death-related data, and
claims data under insurance coverage. We constructed a
cohort of 5,261,222 aspirin/NSAID users between 2013
and 2020 using the South Korea NHIS database to assess
aspirin-induced Gl bleeding. To ensure exclusive focus on
aspirin usage, 507,344 patients who were prescribed with
aspirin for over 28 days were selected from 5,261,222 aspi-
rin/NSAID users. Patients who died during 2013-2020 were
excluded. Individuals with missing values for age or sex and
those who were prescribed with MPAs only without PPl or
H2RA were excluded. If one person discontinued aspirin for
more than 6 months and resumed again, the resumption
was considered an additional case, resulting in 432,208 cas-
es of aspirin users in total (Fig. 1).

The follow-up period of the case was from the date of
the first dose of aspirin to 6 months after the scheduled
dose of the last aspirin administration (Fig. 2). The event was
measured based on hospital visits due to Gl bleeding and
censored at the end of the follow-up period. This study was
approved by the Institutional Review Board of the Dongguk
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University llsan Hospital (DUIH 2020-05-010-002), which
waived the requirement for informed consent.

Cohort definitions

The relevant diseases were identified using the International
Classification of Diseases 10th Revision codes for hematem-
esis (K920), melena or hematochezia (K921), or Gl hemor-
rhage (including upper Gl bleeding and lower Gl bleeding)
(K922) in the NHIS data. Patients with hematemesis, melena
or hematochezia, or Gl hemorrhage who had an emergency
room consult were defined to have Gl bleeding.

The use of aspirin corresponded to the Anatomical Ther-
apeutic Chemical (ATC) code BOTACO6 (acetylsalicylic acid).
The concomitant anticoagulant use (warfarin, clopidogrel,
cilostazol, prasugrel, ticagrelor, dipyridamole, nonvitamin K
antagonist oral anticoagulants, and combination drugs con-
taining these ingredients) was also identified in ATC. The

5,261,222 aspirin/NSAID cohort from
South Korea NHIS database (2013-2020)

507,344 aspirin users for over 28 days

Excluded
69,877 persons who died in 2013-2020
679 persons with missing value for age or gender
39,047 persons who prescribed MPA only without
PPl or H2RA

397,741 aspirin users

432,208 cases of aspirin users extracted as
an individual 'case’ when interval between
doses of aspirin is more than 6 months

Figure 1. Study flow diagram summarizing the approach for the
general population-based aspirin/NSAID cohort construction to
investigate aspirin-induced gastrointestinal bleeding. H2RA, his-
tamine-2 receptor antagonist; MPA, mucoprotective agent; NHIS,
National Health Insurance Service; NSAID, nonsteroidal anti-in-
flammatory drug; PPI, proton pump inhibitor.
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concurrent prescription of Gl drugs such as PPIs, H2RAs, and
MPAs (eupatilin, rebamipide, teprenone, irsogladine, ecabet
sodium, polaprezing, troxipide, sodium alginate, sucralfate,
bismuth, sulglycotide, misoprostol, and their combinations)
was also investigated. Other covariates included age, sex,
and Charlson Comorbidity Index (CCl). The CCl was calcu-
lated by scoring the comorbid conditions that could affect
the patients’ health outcomes and categorizing them into
three groups: 0, 1, 2, 3, or more.

Statistical analyses

Categorical variables were reported as frequencies and
percentages, while continuous variables were presented as
mean + standard deviation. The endpoint was Gl bleeding
during the follow-up period. A chi-square test was per-
formed to compare the occurrences of Gl bleeding associat-
ed with the intake of specific Gl drugs and other covariates.
A Cox proportional hazards regression model was used to
estimate the hazard ratios (HRs), and 95% confidence inter-
vals were used to determine the risk factors for Gl bleeding
associated with the concomitant use of Gl drugs and other
covariates. Multiple models were adjusted for sex, age, CCl
score, peptic ulcer history, concurrent anticoagulant use,
acid suppressants (PPIs and H2RAs), and eupatilin as covari-
ates. The cumulative incidence rates of Gl bleeding were
calculated using the Kaplan-Meier method for different
classifications of Gl drugs. Statistical significance was set at
p < 0.05. All the statistical analyses were performed using
SAS 9.4 version (SAS Institute, Cary, NC, USA) and R version
4.0.3 (R studio, PBC).

RESULTS

Baseline characteristics of aspirin users

Overall, 432,208 eligible aspirin users were included in this
study (Table 1). The mean duration of aspirin prescription
was 990.7 days. Total aspirin users were classified as the
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Figure 2. Schematic diagram depicting the typical follow-up period for aspirin users.
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Table 1. Baseline characteristics of aspirin users and a comparison of those with and without Gl bleeding during the

follow-up period

Variable Total No Gl bleeding Gl bleeding p value
Total 432,208 (100.0) 410,296 (94.9) 21,912 (5.1)
Age, yr 62.38 + 13.1 62.22 + 13.1 65.43 + 12.5 < 0.001
<65 235,962 (54.6) 226,526 (55.2) 9,436 (43.1)
> 65 196,246 (45.4) 183,770 (44.8) 12,476 (56.9)
Sex 0.639
Male 232,184 (53.7) 220,447 (53.7) 11,737 (53.6)
Female 200,024 (46.3) 189,849 (46.3) 10,175 (46.4)
CCl score < 0.001
0 75,471 (17.5) 72,948 (17.8) 2,523 (11.5)
1 103,826 (24.0) 99,896 (24.3) 3,930 (17.9)
2 87,095 (20.2) 83,114 (20.3) 3,981 (18.2)
>3 165,816 (38.4) 154,338 (37.6) 11,478 (52.4)
Peptic ulcer disease history 73,000 (16.9) 67,611 (16.5) 5,389 (24.6) < 0.001
NSAID < 0.001
None 156,636 (36.2) 153,143 (37.3) 3,493 (15.9)
Nonselective NSAID only 247,140 (57.2) 232,189 (56.6) 14,951 (68.2)
Cox-2 inhibitor only 1,528 (0.4) 1,398 (0.3) 130 (0.6)
Mixed (nonselective, cox-2 inhibitor) 26,904 (6.2) 23,566 (5.7) 3,338 (15.2)
Concurrent multiple NSAIDs 275,573 (63.8) 257,154 (62.7) 18,419 (84.1) < 0.001
Anticoagulant 150,117 (34.7) 137,436 (33.5) 12,681 (57.9) < 0.001
Aspirin prescription duration, d 990.7 + 874.84 982.2 +875.10 1,150.2 + 854.46 < 0.001
Aspirin prescription duration, wk < 0.001
4-1 64,582 (14.9) 62,504 (15.2) 2,078 (9.5)
12-23 39,786 (9.2) 38,305 (9.3) 1,481 (6.8)
>24 327,840 (75.9) 309,487 (75.4) 18,353 (83.8)
PPI 53,298 (12.3) 51,960 (12.7) 1,338 (6.1) < 0.001
H2RA 38,617 (8.9) 36,228 (8.8) 2,389 (10.9) <0.001
MPA
Eupatilin 6,479 (1.5) 6,235 (1.5) 244 (1.1) < 0.001
Rebamipide 8,623 (2.0) 8,256 (2.0) 367 (1.7) 0.001
Misoprostol 88 (0.02) 76 (0.02) 12 (0.1) 0.001
Others 3,083 (0.7) 2,899 (0.7) 184 (0.8) 0.025
MPA prescription duration, week < 0.001
<4 425,729 (98.5) 404,061 (98.5) 21,668 (98.9)
4-1 4,442 (1.0) 4,286 (1.0) 156 (0.7)
12-23 1,841 (0.4) 1,760 (0.4) 81(0.4)
>24 196 (0.05) 189 (0.05) 7(0.03)
Combination of Gl drugs < 0.001
No Gl drugs 343,586 (79.5) 325,253 (79.3) 18,333 (83.7)
Acid suppressant only (PPl or H2RA) 71,232 (16.5) 68,435 (16.7) 2,797 (12.8)
Acid suppressant and eupatilin 5,604 (1.3) 5,381 (1.3) 223 (1.0)

Values are presented as number (%) or mean + standard deviation.
CCl, Charlson Comorbidity Index; Gl, gastrointestinal; H2RA, histamine-2 receptor antagonist; MPA, mucoprotective agent; NSAID,
nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor.
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no Gl bleeding group and Gl bleeding group. Gl bleeding
was identified in 21,912 patients (5.1%), with a median as-
pirin prescription duration of 1,150.2 days. The proportion
of patients with a CCl score > 3 was higher with 52.4%
(11,478/21,912) in the Gl bleeding group than with 37.6%
(154,338/410,296) in the no Gl bleeding group. In the Gl
bleeding group, the proportion of patients with a previous
peptic ulcer disease history was significantly higher than
that in the no Gl bleeding group (24.6% [5,389/21,912]
vs. 16.5% [67,611/410,296], p < 0.001). In the Gl bleeding
group, the concomitant use of anticoagulants was signifi-

KJIM™

cantly higher with 57.9% (12,681/21,912) than that with
33.5% (137,436/410,296) in the no Gl bleeding group
(p < 0.001). The Gl drug prescription rates among the to-
tal baseline aspirin users were 12.3% (53,298/432,208),
8.9% (38,617/432,208), and 1.5% (6,479/432,208) for
PPI, H2RA, and eupatilin, respectively. The proportion of
patients who are on combination Gl drugs among the to-
tal baseline aspirin users was 16.5% (71,232/432,208) and
1.3% (5,604/432,208) for acid-suppressant (PPl or H2RA)
only and the concurrent prescription of an acid suppressant
and eupatilin, respectively.

Table 2. Univariate and multivariate analyses of factors for Gl bleeding in aspirin users including variables based on patients

with no intake of Gl drugs as a reference

Variable Univariate Multivariate
HR 95% Cl p value HR 95% Cl p value
Age, > 65 yr 1.42 1.39-1.47 < 0.001 1.26 1.23-1.30 < 0.001
Male 1.08 1.05-1.11 < 0.001 1.08 1.05-1.11 < 0.001
CCl score?
1 1.07 1.01-1.12 0.012 1.00 0.95-1.05 0.960
2 1.25 1.19-1.31 < 0.001 2.00 1.05-1.16 < 0.001
>3 1.92 1.84-2.01 < 0.001 1.51 1.44-1.58 < 0.001
Peptic ulcer history 1.47 1.42-1.51 <0.001 1.21 1.17-1.25 < 0.001
Anticoagulant 2.47 2.40-2.53 < 0.001 2.39 2.32-2.46 < 0.001
Acid suppressant only vs. no Gl drugs 0.72 0.69-0.74 < 0.001 0.57 0.55-0.59 < 0.001
Acid suppressant and eupatilin vs. no Gl drugs 0.62 0.55-0.71 < 0.001 0.49 0.43-0.56 < 0.001

CCl, Charlson Comorbidity Index; Cl, confidence interval; Gl, gastrointestinal; HR, hazard ratio.

2CCl score of 0 was the reference category.

Table 3. Univariate and multivariate analyses of factors for gastrointestinal bleeding in aspirin users including variables
based on patients with concurrent use of acid suppressant only as a reference

: Univariate Multivariate
Variable
HR 95% ClI p value HR 95% Cl p value
Age, > 65 yr 1.54 1.44-1.65 < 0.001 1.36 1.26-1.47 < 0.001
Male 1.05 0.98-1.12 0.159 1.07 0.99-1.15 0.071
CCl score?
1 1.95 1.59-2.40 < 0.001 1.70 136-2.11 < 0.001
2 2.79 2.28-3.41 < 0.001 2.29 1.85-2.82 < 0.001
>3 5.50 4.56-6.62 < 0.001 4.06 3.34-4.95 < 0.001
Peptic ulcer history 1.87 1.74-2.00 < 0.001 1.38 1.28-1.49 < 0.001
Anticoagulant 1.92 1.79-2.06 < 0.001 1.69 1.57-1.83 < 0.001
Acid suppressant and eupatilin vs. 0.87 0.76-0.99 0.041 0.85 0.74-0.97 0.016

acid suppressant only

CCl, Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio.

ACCl score of 0 was the reference category.
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Factors associated with Gl bleeding Univariate analysis showed that age > 65 years, male sex,
Univariate and multivariate analyses were conducted for high CCl scores, peptic ulcer disease history, and anticoagu-
factors associated with Gl bleeding in aspirin users (Table 2). lant use were statistically significant, whereas the concurrent

Table 4. Univariate and multivariate analyses of factors for gastrointestinal bleeding in aspirin users including variables
based on patients with the duration of prescription of acid suppressants and eupatilin

Variable Univariate Multivariate
HR 95% Cl p value HR 95% Cl p value
Age, > 65 yr 1.54 1.44-1.65 < 0.001 1.35 1.26-1.45 <0.001
Male 1.05 0.98-1.12 0.159 1.10 1.03-1.17 0.006
CCl score?
1 1.95 1.59-2.40 < 0.001 1.83 1.49-2.25 < 0.001
2 2.79 2.28-3.41 < 0.001 2.45 2.01-3.00 < 0.001
>3 5.50 4.56-6.62 < 0.001 4.35 3.60-5.25 < 0.001
Peptic ulcer history 1.87 1.74-2.00 < 0.001 1.38 1.29-1.48 < 0.001
Anticoagulant 1.92 1.79-2.06 <0.001 1.71 1.59-1.83 < 0.001
Acid suppressant and eupatilin < 3 months 0.83 0.70-0.99 0.033 1.04 0.94-1.14 0.492
vs. acid suppressant only
Acid suppressant and eupatilin > 3 months 0.94 0.75-1.16 0.552 0.88 0.78-0.99 0.030

vs. acid suppressant only

CCl, Charlson Comorbidity Index; Cl, confidence interval; HR, hazard ratio.
ACCl score of 0 was the reference category.
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Figure 3. The Kaplan—Meier curve demonstrating the cumulative incidence rates of gastrointestinal bleeding according to the concurrent
use of acid suppressants (proton pump inhibitor or histamine-2 receptor antagonist) and eupatilin in aspirin users. None, only aspirin users
without any concurrent use of gastrointestinal drugs; Acid suppressants only, aspirin plus acid suppressants; Acid suppressants + Eupatilin,
aspirin plus acid suppressants and eupatilin.
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use of acid suppressant only and the concurrent use of acid
suppressant and eupatilin were inversely associated with
Gl bleeding. Multivariate analysis demonstrated that age
> 65 years (HR = 1.26, p < 0.001), male sex (HR = 1.08, p <
0.001), high CCl scores (HR = 1.51, p < 0.001 in CCl score
> 3), peptic ulcer disease history (HR = 1.21, p < 0.001), and
anticoagulant use (HR = 2.39, p < 0.001) were statistically
significant. Conversely, the concurrent use of acid suppres-
sant only (HR = 0.57, p < 0.001) and the concurrent use of
acid suppressant and eupatilin (HR = 0.49, p < 0.001) were
preventive factors, in which factors were based on patients
with no Gl drugs as a reference.

In addition to these initial results, univariate and multi-
variate analyses were separately performed for factors as-
sociated with Gl bleeding, which were based on patients
on a concurrent use of acid suppressant only as a reference
(Table 3). Univariate analysis revealed that age > 65 years,
high CCl scores, peptic ulcer disease history, and anticoagu-
lant use were statistically significant, whereas the concurrent
use of acid suppressant and eupatilin were inversely associ-
ated with Gl bleeding. Multivariate analysis demonstrated
that age > 65 years (HR = 1.36, p < 0.001), high CCl scores
(HR =4.06, p <0.001 in CCl score > 3), peptic ulcer disease
history (HR = 1.38, p < 0.001), and anticoagulant use (HR
=1.69, p < 0.001) were statistically significant. In contrast,
the concurrent use of acid suppressant and eupatilin (HR =
0.85, p = 0.016) was a preventive factor, which was based
on patients with the concurrent use of acid suppressant only
as a reference.

Moreover, univariate and multivariate analyses were sep-
arately performed for factors associated with Gl bleeding,
particularly, the prescription duration of acid suppressant
and eupatilin, which were based on patients with the con-
current use of acid suppressant only as a reference (Table 4).
In the multivariate analysis, a more than 3-month duration
(HR = 0.88, p = 0.030) of acid suppressant and eupatilin
prescription (vs. acid suppressant only) was a statistically sig-
nificant preventive factor, which was based on patients with
the concurrent use of acid suppressant only.

Figure 3 illustrates the Kaplan—Meier curve showing the
cumulative incidence rates of Gl bleeding according to the
concurrent use of acid suppressants and eupatilin in aspirin
users. Gl bleeding was observed less frequently in aspirin
users with a concurrent use of acid suppressants only (with-
out eupatilin) compared to those without the Gl drug pre-
scriptions (i.e., aspirin users only). Additionally, GI bleeding
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was observed less frequently in aspirin users who are using
a combination of acid suppressants and eupatilin compared
to those with a concurrent use of acid suppressants only
(without eupatilin).

DISCUSSION

To the best of our knowledge, using the nationwide da-
tabase of national claims data, this is the first study to in-
vestigate the additional effect of eupatilin as an MPA on
total Gl bleeding prevention including the upper and lower
Gl tracts of aspirin plus concomitant acid suppressant us-
ers such as PPl or H2RA. This study is representative of the
general population, as data were collated from the Korean
NHIS database, which encompasses the entire nation. Other
possible risk factors for Gl bleeding, such as concomitant
anticoagulant use and other comorbidities, were statistically
analyzed. Our study findings reveal that the concurrent use
of acid suppressants only (without eupatilin) in aspirin users
showed a decreased Gl bleeding incidence compared to as-
pirin use without Gl drugs. Moreover, the use of eupatilin in
addition to acid suppressants demonstrated a significantly
lower incidence of Gl bleeding in aspirin users compared
to concurrent users of aspirin and acid suppressants or as-
pirin-only users. Also, a 3-month or longer use of eupatilin
was deemed more effective.

A major adverse clinical outcome associated with the use
of aspirin is Gl bleeding. Current evidence shows that aspirin
increases the risk of lower Gl bleeding to a similar extent as
that in the upper GI[10,11]. Lower Gl bleeding secondary to
aspirin use has become an important medical issue because
the number of aspirin users has increased recently, and old-
er age is an important risk factor for lower Gl bleeding [12].
Acid suppressants such as PPIs and H2RAs are typically as-
sociated with a reduced risk of upper Gl bleeding in aspirin
users [13]. However, these do not confer protective effects
against aspirin-induced lower Gl injury. Some studies have
shown that PPIs and H2RAs are associated with an increased
risk of lower Gl bleeding [14-16]. In a previous study with
a small sample size, misoprostol has shown efficacy in the
treatment of aspirin-induced intestinal injury [17]. Howev-
er, frequent misoprostol side effects are dose-dependent
cramping, abdominal pain, and diarrhea. In many patients,
these side effects interfere with compliance [18]. Moreover,
effective medications to prevent aspirin-induced lower Gl
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bleeding is not yet available.

PPIs and H2RAs are well-known, effective agents for treat-
ing or preventing upper Gl bleeding in aspirin users [19,20].
Despite the wide use of PPIs, long-term PPl use has been as-
sociated with several safety concerns. Previous studies have
reported that PPl use has been associated with an increased
risk of mineral malabsorption, bone fracture, and enteric in-
fections [21-24]. The pathophysiologic mechanism involved
in the increased risk of infection remains unclear, although
the mechanism of action of PPIs is to block the gastric acid
secretion in the stomach. Because of the concerns regarding
the long-term safety of PPIs, clinicians consider alternative
medications such as MPAs. MPAs, including eupatilin, re-
bamipide, and misoprostol, do not inhibit gastric acid secre-
tion. Eupatilin is the standardized extract of Artemisia asiati-
ca and has been widely prescribed for treating or preventing
gastric mucosal lesions in Asia. Eupatilin has been found to
have anti-inflammatory and protective effects against Gl
lesions in both animal models and humans, which were
small sample-sized studies [25-28]. A recent large-scale
retrospective observational study has found that eupatilin
did not reduce the risk of occult G bleeding in NSAID users
[29]. The study used a > 2 g/dL drop in hemoglobin level
to define occult Gl bleeding and included participants who
underwent routine asymptomatic laboratory follow-ups,
which were not conducted on patients with overt Gl bleed-
ing and could be a study limitation. Conversely, the present
study evaluated the overt Gl bleeding risk in aspirin users
with the concomitant use of MPA, especially eupatilin. Our
results revealed that the use of eupatilin in addition to acid
suppressants showed a reduced incidence of Gl bleeding in
aspirin users compared to concurrent users of aspirin and
acid suppressants or aspirin-only users.

A previous small bowel capsule endoscopy (CE) regis-
try-based Korean study, including data from 4,650 CE ex-
aminations, revealed that patients in whom the indication
for CE was overt, obscure Gl bleeding accounted for 53.1%
of those who had taken NSAIDs, and the rate of CE diag-
nosis of NSAID enteropathy was 5.9%. Although the study
was limited by a small cohort, the number of diagnoses of
NSAID enteropathy had increased, and this increase could
be attributed to the aging population [30]. Our study group,
using the nationwide database of claims data from the NHIS,
found that MPAs had a protective effect against small bowel
bleeding in patients using aspirin [31]. In that study, patients
with anemia, melena, or hematochezia that occurred within
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4 weeks before and after CE were suspected to have small
bowel bleeding. Overall, 15,542 patients taking aspirin were
included in the study, and small bowel bleeding was con-
firmed in 126 (0.8%). In that study, PPl use (HR, 2.85) was
significantly associated with small bowel bleeding, whereas
eupatilin use (HR, 0.35) appeared to be preventive. Small
bowel bleeding occurred more frequently in patients who
used acid suppressants concurrently with PPIs than in those
who did not use acid suppressants concurrently with PPIs
(1.3 vs. 0.5%). Subgroup analysis revealed that eupatilin
significantly reduced the risk of small bowel bleeding in pa-
tients using aspirin concurrently with acid suppressants (HR,
0.23 vs. 2.55) [31]. However, the numbers of patients tak-
ing aspirin and those with small bowel bleeding were rela-
tively small. Because the CE findings could not be identified
from the claims data, a proportion of CE examinations may
not have revealed any bleeding origins in the small bowel.
To overcome the study limitations, such as a small number
of participants and only patients with small bowel bleeding
found on CE examinations, we tried to obtain information
from adequate number of patients with total Gl bleeding
using large-scale nationwide population data.

Because CE is now available to detect small intestinal le-
sions, small intestinal mucosal injuries have been recognized
as a common complication associated with NSAIDs. Small in-
testinal injury does not occur via an acid-dependent mecha-
nism but because of various factors, such as enteric bacteria;
bile acids; prostaglandin deficiency; and topical factors, such
as abnormal intestinal mucosal permeability, mitochondrial
dysfunction, reactive oxygen species, and stress on the en-
doplasmic reticulum [32]. Several experimental and clinical
studies have revealed the effectiveness of MPAs, such as
eupatilin in preventing Gl lesions [28,33,34]. In a recent me-
ta-analysis based on 12 studies with 341,063 participants,
PPI use was associated with an increased risk of lower Gl
bleeding, particularly in the small bowel. This association
was particularly pronounced among patients taking aspirin
or NSAIDs [35]. In a previous study, the following strategies
against NSAID-induced Gl injuries were recommended [32].
In patients at high risk of upper Gl disease, such as peptic
ulcer, a PPI for upper Gl disease and an MPA for the small
intestine should be simultaneously administered to prevent
NSAID-induced Gl injury. In other patients, an effective MPA
is adequate to protect the entire digestive tract, from the
esophagus to the small intestine [32]. Our results are the
first to demonstrate the positive effects of eupatilin as an
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MPA on the prevention of total Gl bleeding based on large
population data in a real-world setting, outside the strictly
controlled limits of a clinical trial.

This study has limitations. First, because the esophagogas-
troduodenoscopy, colonoscopy, and abdominal computed
tomography findings could not be identified from the claims
data, we considered that the bleeding symptoms such as
melena and hematochezia were sufficient measures for
overt Gl bleeding. The causes and locations of Gl bleeding
were not identified in detail. Nevertheless, our results in-
cluded an analysis of the risk for total Gl bleeding; however,
differentiating between upper and lower Gl bleeding was
not conducted, which is a limitation. Second, we could not
distinguish between the patients who took PPIs and those
who took H2RAs, although these drugs have different levels
of potency and different effects on acid suppression. These
acid suppressants can be prescribed in different amounts,
such as PPIs in half or full doses and H2RAs once or twice
a day; however, such regimens could not be identified and
analyzed in detail from the claims data. Despite these limita-
tions, we believe that the present study has value because
the protective effect of eupatilin as an MPA on total Gl
bleeding in aspirin plus acid suppressant users were evaluat-
ed based on the nationwide database of claims data.

In conclusion, eupatilin showed an additional preven-
tive effect for Gl bleeding occurrence in aspirin users with
concomitant use of an acid suppressant. Moreover, overt
Gl bleeding reduction was more effective with a 3-month
or longer eupatilin use. While acid suppressants are widely
used for the prevention of Gl bleeding in aspirin uses, the
coadministration of eupatilin could be expected to decrease
Gl bleeding risk. A 3-month or longer-term cotreatment of
eupatilin could be recommended for reducing Gl bleeding
in aspirin plus acid suppressant users.

KEY MESSAGE

1. We evaluated the additional effect of eupatilin on
the prevention of Gl bleeding in both the upper
and lower Gl tract in concomitant aspirin and acid
suppressant users using the nationwide database
of national claims data from the Korean National
Health Insurance Service.

2. Eupatilin with a duration of 3 months or longer
showed additional preventive effect on Gl bleeding
in concomitant aspirin and acid suppressant users.
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