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Purpose: The use of proton pump inhibitors (PPI) is recommended to prevent nonsteroidal anti-inflammatory drug (NSAID)-induced
gastrointestinal (GI) complications. The incidence of several adverse effects during the long-term use of PPI prompts the search for
other alternatives. Limited studies have evaluated the efficacy of rebamipide, a widely used mucoprotective drug, as a gastroprotective
agent (GPA) compared to PPI, focusing on the elderly chronic NSAID users, nor with GI risk stratification. We aimed to determine the
population who would get benefit from the use of rebamipide as an alternative to PPI to prevent traditional nonsteroidal anti-
inflammatory drug (tNSAID)-associated GI complications.
Patients and Methods: We identified 41,889 and 35,708 elderly chronic tNSAID users with PPI and rebamipide co-therapy,
respectively, from the national claims database. Outcome was defined as hospitalization or emergency department visits due to serious
GI complications. Propensity score-matched cohorts were constructed and compared within risk strata.
Results: In high and moderate risk groups with two risk factors, rebamipide showed a higher risk of serious GI complication
compared to PPI (aHR 2.63, 95% CI 1.24–5.59 and aHR 2.42, 95% CI 1.21–4.83, respectively). However, in elderly patients without
risk factors, there was no significant difference in the risk of serious GI complications between PPI and rebamipide (aHR 0.69, 95% CI
0.27–1.76).
Conclusion: This study suggested that rebamipide can be considered as an alternative to PPI in elderly chronic tNSAID users without
risk factors. However, elderly patients with other risk factors should use PPI rather than rebamipide. Therefore, the presence of GI risk
factors needs to be evaluated in elderly chronic tNSAID users to prescribe the most suitable GPA in clinical practice.
Keywords: aged, gastroprotective agent, nonsteroidal anti-inflammatory drug, rebamipide, risk group

Introduction
The incidence of serious gastrointestinal (GI) complications in nonsteroidal anti-inflammatory drugs (NSAIDs) users
during treatment has been reported to be 1–2% annually.1 However, about a quarter of patients aged ≥ 65 years use
NSAIDs, and one-third of elderly patients who had taken NSAIDs were chronic users.2 Previous studies have shown that
chronic NSAID use in the elderly increased the risk of adverse effects including peptic ulcer disease, which was
prominent within the first month of treatment and remained high over time.3

Clinical guidelines categorize risk grade for NSAID-induced GI complications based on the number and profile of
risk factors and recommend the concomitant use of gastroprotective agents (GPAs) with NSAIDs to reduce the risk of GI
complications.4–8 The American Gastroenterological Association (AGA) recommends proton-pump inhibitor (PPI) as the
treatment of choice for the prevention of GI complications in patients with traditional NSAIDs (tNSAIDs) or high risk
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patients with selective cyclooxygenase-2 (COX-2) inhibitors.4 A recently updated evidence-based clinical practice
guideline by the Japanese Society of Gastroenterology recommends PPI with or without COX-2 inhibitors for patients
with a previous history of GI complications and also strongly recommends the use of PPI as a GPA in elderly patients.9

However, long-term treatment with PPI was associated with an increased risk of Clostridium difficile infection,
pneumonia, gastric cancer, bone fractures, and cognitive impairment.10,11

Rebamipide, a mucoprotective agent enhancing mucosal defense against gastric acid, is another class of GPA, and
little has been reported on its long-term adverse effects. It has been approved for the treatment of gastric ulcers and
gastritis. However, it is also widely used for the prevention of GI complications in clinical practice.

Pooled analysis showed that the use of rebamipide was effective in preventing NSAID-induced gastric injury
compared to non-users. A recent single-center study in patients aged ≥ 20 years concluded that rebamipide was not
inferior to PPI in protecting against NSAID-induced GI complication, which was in line with result from previous
systematic review and meta-analysis, but concurrent users of anticoagulants, antiplatelets, and steroids were
excluded.12–15

To the best of our knowledge, limited studies have been conducted to evaluate the gastroprotective effects of
rebamipide among elderly chronic NSAID users compared to PPI nor with GI risk stratification. It is necessary to
compare GI protective effects in the risk-stratified population to identify which patients can benefit from using
rebamipide other than PPI in clinical practice.

Therefore, we aimed to evaluate the effectiveness of rebamipide in preventing serious GI complications associated
with chronic NSAID use in elderly patients compared to PPI with stratification based on NSAID-induced GI complica-
tion risk grade and the number of risk factors.

Patients and Methods
Data Source
This study was performed using National claims database provided by the Korean Health Insurance Review and
Assessment Service (HIRA), and was approved by the institutional review board of Seoul National University (SNU
IRB No. E2002/001-008). Informed consent was waived as de-identified information was used.

Study Design and Population
In this retrospective cohort study, we screened patients aged ≥ 65 years who were diagnosed with arthritis and had at least
one prescription for tNSAIDs from 2016 to 2018.

First, we identified incident chronic tNSAID users during the enrollment period (July 1, 2016 to June 30, 2017).
Incident chronic tNSAID users were defined as patients who were prescribed tNSAIDs for at least 30 consecutive days
during the enrollment period without prior history of tNSAID use for more than 15 consecutive days or 25 cumulative
days during the 6 months prior to cohort entry.

The PPI and rebamipide cohorts included patients who started each GPA as monotherapy at the time of tNSAID
initiation and maintained at least 24 consecutive days, which is 80% of the minimum chronic tNSAID use. The treatment
episode started with the first date of the tNSAID and GPA co-therapy, and ended when tNSAID treatment or initial GPA
were terminated. We allowed a gap of 30 days between the supplies of tNSAIDs and GPAs for continuous use. For
treatment ending, we allowed a grace period considering 80% adherence after the end of the medication supply. The
analyses were performed based on the treatment episodes. The treatment episode that occurred 180 days after the end of
the previous episode was considered as a new episode.

Patients were excluded from the analysis who received combination therapy with other GPAs including histamine-2
receptor antagonists (H2RA), misoprostol, potassium-competitive acid blocker (i.e., prazan), and Artemisia herb soft
extract at the start of the treatment episode; who had a history of esophageal varices or gastrointestinal cancer; and who
were without a minimum follow-up period of 30 days after the end of the treatment episode.

The study population was stratified into the high risk group with more than two risk factors or history of serious GI
complication, moderate risk group with two risk factors, the elderly users aged ≥ 65 years without additional risk factors
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other than age, and low risk group without risk factors. Risk factors were defined as high dose NSAID therapy, previous
history of non-serious GI complications, concurrent use of aspirin, corticosteroids, or anticoagulants, and age ≥ 65 years
according to the clinical guidelines and expert consensus on NSAID use.4,6 Given the limited consensus on cut-off values
for high dose NSAIDs associated with upper GI complications, high dose NSAID therapy was defined as NSAIDs with >
1 defined daily dose (DDD), a unit of measurement indicating assumed average maintenance dose per day established by
the World Health Organization.16 As our dataset only included patients aged ≥ 65 years, no patient was classified as the
low risk group in this study.

Baseline comorbidities and concomitant medications known to have a significant effect on NSAID-induced GI
complications during the 6 months before cohort entry were identified. Anticoagulants, antiplatelets, and selective
serotonin reuptake inhibitors (SSRIs) administered over 80% of the treatment episode, or steroids administered for
more than 7 consecutive days during the treatment episode were included as co-medications.

For each risk group, the PPI cohort was matched to the rebamipide cohort using a propensity score (Supplementary
Table S1). The matching was performed using a greedy algorithm with a width of caliper equal to 0.2 standard deviations
of the logit of the propensity score without replacement.

Outcome Definition
The study outcome was defined as hospitalization or emergency department visits due to serious GI complications until
30 days after the treatment episode. Serious GI complications include upper and lower GI bleeding, perforation, or
obstruction identified with the main diagnosis code (Supplementary Table S2). The patients were followed up for up to
18 months. Patients were censored immediately when one of the following occurred: start combination with or switch to
other GPAs, new diagnosis of gastrointestinal cancer or esophageal varices, or end of claims data.

Statistical Analysis
The incidence rate of NSAID-induced GI complications was calculated as the number of events divided by the total
amount of time at risk, and the incidence proportion was obtained by dividing the number of events by the total number
of persons at risk.

Cumulative incidence estimations were performed using Kaplan-Meier method, and comparisons were analyzed using
Gray’s test. A multivariate Cox proportional hazard model was used to estimate the adjusted hazard ratios, and the PPI
cohort served as the reference.

Data management and statistical analyses were performed using SAS version 6.1 (SAS Institute, Cary, NC).

Results
Demographic and Clinical Characteristics
The number of patients aged over 65 years, diagnosed with arthritis, and using tNSAIDs for more than 30 days from
2016 to 2018 was 1,236,235. After applying exclusion criteria, a PPI cohort of 41,889 patients and a rebamipide cohort
of 35,708 patients were constructed. After stratifying patients based on the risk grade of NSAID-induced GI complica-
tions, the final cohort of each stratum after matching is shown in Figure 1.

Patients aged 65–107 years were included in the analysis, and the mean ages of the matched cohorts were 74.4 years
for both PPI and rebamipide cohorts. Hypertension, gastroesophageal reflux disease, and diabetes mellitus were the most
common comorbidities. In the high risk group, most patients had three risk factors (82.7% for PPI; 85.4% for
rebamipide), followed by four risk factors (12.9% for PPI; 9.9% for rebamipide), and those who had a history of serious
GI bleeding or perforation were 4.9% for PPI, and 5.1% for rebamipide group. The mean Charlson Comorbidity Index
(CCI) score was higher in the high risk group than the moderate risk group and was similar in both cohorts (Table 1).

PPI Vs Rebamipide in High Risk Group
The PPI cohort showed significantly lower incidence proportions (0.16% for PPI, 0.35% for rebamipide, P = 0.02) and
incidence rates of NSAID-induced serious GI complications compared to the rebamipide cohort (Table 2). With a median
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follow-up period of 43–49 days, PPI showed a cumulative incidence of 1.63%, while rebamipide showed 4.23% (P <
0.01) (Figure 2A). In the multivariate Cox proportional hazard model adjusted for well-known risk factors presented in
the methods, using rebamipide as GPA showed a significantly higher risk of serious GI complications (aHR 2.63, 95% CI
1.24–5.59) compared with PPI (Figure 3). In addition, concurrent use of anticoagulants, antiplatelets, SSRI, and age ≥ 85
years were other significant risk factors for NSAID-induced serious GI complications (Supplementary Table S3).

Figure 1 Flowchart of patient selection process.
Notes: aSex, age, history of serious GI complications, history of non-serious GI complications, cirrhosis, hemorrhagic stroke and the Charlson Comorbidity Index score
were used as matching variables.
Abbreviations: GI, gastrointestinal; GPA, gastroprotective agent; H2RA, histamine-2 receptor antagonist; PPI, proton-pump inhibitor; tNSAID, traditional non-steroidal
anti-inflammatory drugs.
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Table 1 Baseline Characteristics of Chronic tNSAID Users According to Risk Grade and GPA

Characteristics High Risk Group
(N=14,262)

Moderate Risk Group with 2 Risk Factors
(N=26,724)

Elderly Patients without Risk Factors
(N=21,034)

PPI
(N=9,440)

Rebamipide
(N=4,822)

p-value PPI
(N=13,362)

Rebamipide
(N=13,362)

p-value PPI
(N=10,517)

Rebamipide
(N=10,517)

p-value

N (%) N (%) N (%) N (%) N (%) N (%)

Outcome follow-up duration,
days (median, IQR)

49 (37–81) 43 (34–67) < 0.01 46 (35–76) 42 (34–65) < 0.01 44 (35–73) 42 (34–66) < 0.01

Age, years (mean ± SD) 74.5 ± 6.2 74.7 ± 6.2 0.15 74.5 ± 6.2 74.6 ± 6.2 0.71 74.1 ± 6.3 74.1 ± 6.4 0.94

65–74 5,020 (53.2) 2,488 (51.6) 0.19 6,937 (51.9) 7,021 (52.5) 0.46 5,936 (56.4) 5,920 (56.3) 0.96
75–84 3,754 (39.8) 1,991 (41.3) 5,516 (41.3) 5,416 (40.5) 3,864 (36.7) 3,872 (36.8)

≥85 666 (7.1) 343 (7.1) 909 (6.8) 925 (6.9) 717 (6.8) 725 (6.9)

Sex, male 3,281 (34.8) 1,641 (34.0) 0.39 4,390 (32.9) 4,391 (32.9) 0.99 3,133 (29.8) 3,089 (29.4) 0.51

Comorbidities
History of GI bleeding or

perforation

462 (4.9) 244 (5.1) 0.67 N/A N/A N/A N/A N/A N/A

History of GI events other than

bleeding or perforation

5,982 (63.4) 3,077 (63.8) 0.60 3,642 (27.3) 3,641 (27.3) 0.99 N/A N/A N/A

Cirrhosis 50 (0.5) 28 (0.6) 0.70 73 (0.6) 70 (0.5) 0.80 61 (0.6) 60 (0.6) 0.93
Diabetes mellitus 3,449 (36.5) 1,743 (36.2) 0.65 4,103 (30.7) 4,054 (30.3) 0.52 2,854 (27.1) 2,829 (26.9) 0.70

Chronic kidney disease 373 (4.0) 144 (3.0) < 0.01 386 (2.9) 328 (2.5) 0.03 283 (2.7) 229 (2.2) 0.02

Hemorrhagic stroke 33 (0.4) 18 (0.4) 0.82 65 (0.5) 71 (0.5) 0.61 62 (0.6) 68 (0.7) 0.60
Cancer 561 (5.9) 203 (4.2) < 0.01 729 (5.5) 516 (3.9) < 0.01 538 (5.1) 499 (4.7) 0.21

Alcoholism 158 (1.7) 89 (1.9) 0.46 165 (1.2) 171 (1.3) 0.74 138 (1.3) 130 (1.2) 0.62

Gastroesophageal reflux disease 6,295 (66.7) 2,008 (41.6) < 0.01 8,213 (61.5) 4,482 (33.5) < 0.01 7,367 (70.1) 3,031 (28.8) < 0.01
Inflammatory bowel disease 22 (0.2) 8 (0.2) 0.41 25 (0.2) 22 (0.2) 0.66 17 (0.2) 15 (0.1) 0.72

Thrombocytopenia 15 (0.2) 12 (0.3) 0.24 31 (0.2) 27 (0.2) 0.60 24 (0.2) 9 (0.1) 0.01

Heart failure 1,004 (10.6) 426 (8.8) < 0.01 826 (6.2) 757 (5.7) 0.07 469 (4.5) 311 (3.0) < 0.01
Hypertension 7,457 (79.0) 3,866 (80.2) 0.10 9,111 (68.2) 9,462 (70.8) < 0.01 6,650 (63.2) 6,530 (62.1) 0.09

Co-medications
Anticoagulanta 513 (5.4) 291 (6.0) 0.14 292 (2.2) 429 (3.2) < 0.01 N/A N/A N/A

Antiplateletb 5,340 (56.6) 3,029 (62.8) < 0.01 3,214 (24.1) 5,309 (39.7) < 0.01 1,175 (11.2) 820 (7.8) < 0.01

Steroid 1,000 (10.6) 477 (9.9) 0.19 350 (2.6) 484 (3.6) < 0.01 N/A N/A N/A
SSRI 21 (0.2) 7 (0.2) 0.32 18 (0.1) 5 (< 0.1) 0.01 8 (0.1) 5 (0.1) 0.41
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Table 1 (Continued).

Characteristics High Risk Group
(N=14,262)

Moderate Risk Group with 2 Risk Factors
(N=26,724)

Elderly Patients without Risk Factors
(N=21,034)

PPI
(N=9,440)

Rebamipide
(N=4,822)

p-value PPI
(N=13,362)

Rebamipide
(N=13,362)

p-value PPI
(N=10,517)

Rebamipide
(N=10,517)

p-value

N (%) N (%) N (%) N (%) N (%) N (%)

Low dose aspirin 4,863 (51.5) 2,855 (59.2) < 0.01 2,142 (16.0) 4,562 (34.1) < 0.01 N/A N/A N/A

P2Y12 inhibitor 1,229 (13.0) 541 (11.2) < 0.01 1,452 (10.9) 1,228 (9.2) < 0.01 1,168 (11.1) 816 (7.8) < 0.01

Number of risk factors
1 192 (2.0) 137 (2.8) < 0.01 N/A N/A N/A 10,517 (100.0) 10,517 (100.0) N/A
2 224 (2.4) 91 (1.9) 13,362 (100.0) 13,362 (100.0) N/A N/A

3 7,803 (82.7) 4,119 (85.4) N/A N/A N/A N/A

4 1,221 (12.9) 475 (9.9) N/A N/A N/A N/A

CCI score (mean ± SD) 1.7 ± 2.2 1.7 ± 2.2 0.48 1.4 ± 1.9 1.3 ± 1.8 0.04 1.1 ± 1.7 1.0 ± 1.6 0.12

0–1 1,238 (13.1) 584 (12.1) 0.19 3,738 (28.0) 3,848 (28.8) 0.09 4,205 (40.0) 4,202 (40.0) 0.97
2–4 5,959 (63.1) 3,103 (64.4) 7,873 (58.9) 7,868 (58.9) 5,366 (51.0) 5,378 (51.1)

≥5 2,243 (23.8) 1,135 (23.5) 1,751 (13.1) 1,646 (12.3) 946 (9.0) 937 (8.9)

Notes: Values are expressed as median (IQR), mean ± SD, or percentages. aAnticoagulants include vitamin K antagonists, direct oral anticoagulants, unfractionated heparin, and low molecular weight heparin. bAntiplatelets include low
dose acetylsalicylic acid, P2Y12 inhibitors, and phosphodiesterase inhibitors.
Abbreviations: CCI, Charlson Comorbidity Index; GI, gastrointestinal; GPA, gastroprotective agent; IQR, interquartile range; N/A, not applicable; PPI, proton-pump inhibitor; SD, standard deviation; SSRI, selective serotonin reuptake
inhibitors; tNSAID, traditional nonsteroidal anti-inflammatory drug.
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PPI Vs Rebamipide in Moderate Risk Group with Two Risk Factors
Incidence rates were significantly higher in the rebamipide cohort (0.58/100 PY for PPI, 1.17/100 PY for rebamipide, P =
0.03), while no significant difference was observed in the incidence proportions (0.11% for PPI, 0.19% for rebamipide,
P = 0.09). During a median follow-up of 42–46 days, the cumulative incidence of PPI was 0.30% and 4.16% for
rebamipide (P = 0.02) (Figure 2B). In multivariate analysis, rebamipide showed significantly less effective GI protection
from tNSAID than PPI (aHR 2.42, 95% CI 1.21–4.83). Furthermore, co-administration of SSRI, age ≥ 85 years, male
sex, and CCI score of 2–4 significantly increased the risk of serious GI complications (Supplementary Table S4).

PPI Vs Rebamipide in Elderly Patients without Risk Factors
There was no significant difference in the incidence proportion (0.13% for PPI, 0.09% for rebamipide, P = 0.30) and
incidence rate (0.73/100 PY for PPI, 0.51/100 PY for rebamipide, P = 0.40) between the PPI and rebamipide cohorts. In
addition, both cohorts showed no difference in cumulative incidence with 42–44 median days of follow-up (0.64% for
PPI, 1.85% for rebamipide, P = 0.43) (Figure 2C). In multivariate analysis, rebamipide was not inferior to PPI in
preventing NSAID-induced serious GI complications (aHR 0.69, 95% CI 0.27–1.76). Instead, concurrent use of
antiplatelets and age of 75–84 years was shown to be risk factor for serious GI complications (Supplementary
Table S5).

Discussion
In this study, we compared the GI protective effects of PPI and rebamipide in chronic tNSAID users with stratification
based on each patient’s risk grade of NSAID-induced GI complications. In patients in the high risk group and moderate
risk group with two risk factors, PPI provided significantly more effective GI protection than rebamipide. Specifically,
rebamipide showed a 2.6- and 2.4-fold risk of serious GI complications in the high risk group and moderate risk group
with two risk factors, respectively. This result was in line with the current AGA consensus, which recommends PPI as the
treatment of choice for GPA in patients with high GI complication risk.7

However, in elderly patients without additional risk factors other than age, there was no significant difference in
incidence proportion, incidence rate, cumulative incidence, and risk of serious GI complications between PPI and
rebamipide after adjustment of confounders. These results suggest that rebamipide can provide a similar extent of GI
protection as PPI in the chronic tNSAID-using elderly without risk factors.

Although PPI is recommended in elderly tNSAID users, PPI has also been widely reported to increase a risk of
serious adverse effects, including pneumonia, gastric cancer, and cognitive impairment, with its long-term use.9–11

Table 2 Incidence of tNSAID-Induced Serious GI Complications in Chronic tNSAID Users by Risk Grade and Number of Risk Factors

Population Number of
Events

Incidence
Proportion

Incidence Ratea

% p-value 100 Person-Years
(95% CI)

p-value

High risk group (N=14,262) PPI (N=9,440) 15 0.16 0.02 0.78 (0.44, 1.29) < 0.01
Rebamipide
(N=4,822)

17 0.35 2.13 (1.24, 3.41)

Moderate risk group with 2 risk factors
(N=26,724)

PPI (N=13,362) 15 0.11 0.09 0.58 (0.32, 0.95) 0.03
Rebamipide
(N=13,362)

26 0.19 1.17 (0.77, 1.72)

Elderly patients without risk factors
(N=21,034)

PPI (N=10,517) 14 0.13 0.30 0.73 (0.40, 1.23) 0.40

Rebamipide
(N=10,517)

9 0.09 0.51 (0.23, 0.97)

Note: aIncidence rate per 100 person-years.
Abbreviations: CI, confidence interval; GI, gastrointestinal; PPI, proton-pump inhibitor; tNSAID, traditional nonsteroidal anti-inflammatory drug.
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Figure 2 Cumulative incidence for serious GI complications between PPI and rebamipide in (A) a high risk group (Gray’s test p-value < 0.01), (B) moderate risk group with
2 risk factors (Gray’s test p-value = 0.02), and (C) elderly patients without risk factors (Gray’s test p-value = 0.43).
Abbreviations: GI, gastrointestinal; PPI, proton-pump inhibitor.
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Considering that rebamipide is a tolerable agent without significant adverse drug events, the results of our study
suggest the possibility of rebamipide being an alternative to PPI in tNSAID-using elderly patients with no additional risk
factors for GI complications.17

A recent single-center cohort study was done in patients who were prescribed with NSAIDs for at least 1 month from
the outpatient department and compared the effect of GPAs on preventing NSAID-induced occult GI bleeding.15 There
was no significant difference in GI bleeding risk between rebamipide and PPI. However, the results were obtained from
the adult population of all ages. Furthermore, they excluded patients with concurrent use of anticoagulants, antiplatelets,
or steroids, and those with a history of peptic ulcer disease, each of which is an independent risk factor for NSAID-
induced GI complications. Patients with diseases such as chronic kidney disease, chronic liver disease, or malignancy,
which are common comorbidities in the elderly, were also excluded. Thus, the results may fit more to patients with
relatively low GI risk, which results in a comparable hazard ratio of rebamipide to PPI with the result from elderly
patients without risk factors in our study. Therefore, we cannot recommend the use of rebamipide instead of PPI in the
elderly population who have a higher risk of GI complications, patients with a history of serious GI complications, and
patients with several GI risk factors.

Another meta-analysis also concluded that there is no difference between rebamipide and PPI in the GI protective
effect against NSAID. However, studies included have not been conducted in the elderly population, and GI risk factors
were not considered.14 Thus, the results from the meta-analysis cannot be extrapolated to the elderly, each with different
risk grades.

In this study, we evaluated elderly patients including all conditions related to GI risk factors and compared
rebamipide with PPI for each risk group after adjustment for all conditions that are independent risk factors for serious
GI outcomes. Since this study was conducted with elderly patients aged ≥ 65 years, all subjects had at least one risk
factor of NSAID-induced GI complications. Therefore, the results from our study can simply be applied in practice as
follows: As recommended by the current guideline, PPI is preferred as GPA monotherapy for NSAID rather than
rebamipide among elderly patients aged ≥ 65 years who have previous history of serious GI complications or have at
least one risk factor other than age. However, rebamipide can also be used as a GPA monotherapy in elderly patients aged
≥ 65 years, who have no additional risk factors other than age.

To the best of our knowledge, this study is the first nationwide study to compare rebamipide and PPI in elderly
patients with risk stratification of GI complications. We determined the population in whom rebamipide showed GI
protective effect similar to that of PPI by comparing both agents in chronic tNSAID users with stratification based on
each patient’s risk grade of NSAID-induced GI complications. The results from our study might enable clinical
practitioners to determine proper GPA in chronic tNSAID users after assessment of GI risk factors, and provide new
and reliable evidence, which is essential while updating guidelines on the drug-related peptic ulcers in Korea.6 Moreover,
it is meaningful to understand the substitutability of rebamipide for PPI therapy, as rebamipide provides higher cost-

Figure 3 The effect of PPI and rebamipide on the tNSAID-induced serious GI complication risk according to the risk group.
Notes: aHistory of serious GI bleeding or perforation, non-serious peptic ulcer disease, cirrhosis, diabetes mellitus, chronic kidney disease, inflammatory bowel disease,
hemorrhagic stroke, cancer, alcoholism, gastroesophageal reflux disease, thrombocytopenia, heart failure, hypertension, CCI score, number of risk factors, concomitant use
of anticoagulants, antiplatelets, steroids, and SSRIs, age and sex were included as covariates for adjustment.
Abbreviations: aHR, adjusted hazard ratio; CCI, Charlson Comorbidity Index; CI, confidence interval; GI, gastrointestinal; PPI, proton-pump inhibitor; SSRI, selective
serotonin reuptake inhibitors; tNSAID, traditional nonsteroidal anti-inflammatory drug.
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effectiveness and possibly minimizes the adverse effects caused by the long-term use of PPI.10,11,14 Thus, we suggest that
the potential of rebamipide as an alternative GPA monotherapy be investigated with large-scale prospective randomized
controlled studies in elderly chronic tNSAID users having low GI complication risk.

Our study has several limitations. First, medications available without prescription were excluded, as our study was
performed based on the claims data. Nonetheless, chronic NSAID users are highly likely to receive prescriptions rather
than purchase over-the-counter medication; therefore, the clinical impact underestimated in this study might not be
significant. Second, we were not able to determine whether the patient actually took the medication with claims data.
However, adherence measured with claims data was shown to be in concordance with actual drug exposure in many other
studies.18 Third, due to the nature of claims data, no endoscopic data were available and diagnostic codes may be
inaccurate for mild GI complications. Therefore, only serious GI complications related to hospitalization or emergency
department visits were regarded as outcomes. Fourth, Helicobacter pylori infection, which is an independent risk factor
for serious GI complications, was not considered in our study due to the limited information, so we might have
underestimated the proportion of patients at risk. Fifth, we did not compare the effect of rebamipide and tNSAID co-
prescription with that of COX-2 inhibitor, which is another GI protective strategy. Finally, although our study analyzed
chronic tNSAID users who were prescribed with tNSAIDs for more than 30 days, the actual median follow-up duration
was 42–49 days due to the relatively short duration of using GPA as monotherapy. Thus, the observation was not long
enough to follow up during the chronic use of tNSAIDs.

Conclusion
This study suggests that elderly patients with a history of GI bleeding or perforation or with at least one risk factor other
than age showed a significantly higher risk of serious GI complications with the use of rebamipide as GPA monotherapy
compared to PPI, supporting the current guideline that suggests PPI as GPA monotherapy for chronic tNSAID use.
However, in elderly patients without additional risk factors other than age nor previous history of GI bleeding or
perforation, rebamipide could be an alternative to PPI as a GPA with tNSAID use.

Abbreviations
AGA, American Gastroenterological Association; aHR, adjusted hazard ratio; CCI, Charlson Comorbidity Index; CI,
confidence interval; COX-2, cyclooxygenase-2; DDD, defined daily dose; GI, gastrointestinal; GPA, gastroprotective
agent; H2RA, histamine-2 receptor antagonist; HIRA, Health insurance review and assessment service; IQR, inter-
quartile range; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton-pump inhibitor; PY, person-year; SD,
standard deviation; SSRI, selective serotonin reuptake inhibitor; tNSAID, traditional nonsteroidal anti-inflammatory
drug.
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