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Background: Gastrointestinal (GI) symptoms are common in patients with type 2 diabetes mellitus (T2DM). Rebamipide is an
effective gastric cytoprotective agent, but there are few data on its usefulness in T2DM. The aim of this study is to evaluate the
improvement of GI symptoms after rebamipide treatment in patients with T2DM.

Methods: Patients with T2DM and atypical GI symptoms were enrolled. They took rebamipide (100 mg thrice daily) for 12
weeks and filled out the diabetes bowel symptom questionnaire (DBSQ) before and after rebamipide treatment. The DBSQ con-
sisted of 10 questions assessing the severity of GI symptoms by a 1 to 6 scoring system. Changes in the DBSQ scores before and
after rebamipide treatment were analyzed to evaluate any improvements of GI symptoms.

Results: A total of 107 patients were enrolled, and 84 patients completed the study. The mean age was 65.0+7.8, 26 patients were
male (24.8%), the mean duration of T2DM was 14.71+9.12 years, and the mean glycosylated hemoglobin level was
6.97%+0.82%. The total DBSQ score was reduced significantly from 24.9+8.0 to 20.4+ 7.3 before and after rebamipide treatment
(P<0.001). The DBSQ scores associated with reflux symptoms, indigestion, nausea or vomiting, abdominal bloating or disten-
sion, peptic ulcer, abdominal pain, and constipation were improved after rebamipide treatment (P<0.05). However, there were
no significant changes in symptoms associated with irritable bowel syndrome, diarrhea, and anal incontinence. No severe ad-
verse events were reported throughout the study.

Conclusion: Rebamipide treatment for 12 weeks improved atypical GI symptoms in patients with T2DM.
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INTRODUCTION

Gastrointestinal (GI) symptoms are more common in patients
with type 2 diabetes mellitus (T2DM) than in the normal pop-
ulation [1]. Yet, the mechanism of GI complications in T2DM
is not clearly identified. The duration of diabetes mellitus
(DM), autonomic neuropathy, and postprandial hyperglycemia

are related with GI symptoms in T2DM. Patients with long-
standing T2DM are exposed to chronic hyperglycemia, which
induces parasympathetic dysfunction, and develop gastropare-
sis. Autonomic neuropathy can cause constipation and diar-
rhea by altering small and large bowel motility. Postprandial
hyperglycemia itself impairs gastric emptying [2,3]. In effect,
GI symptoms reduce quality of life in patients with T2DM [4]
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and increase the medical cost to the public health care system
[5]. Therefore, optimal glycemic control and various pharma-
cologic treatments are widely used to improve GI symptoms
[6-8]. Antireflux agents, such as proton pump inhibitor and
histamine H2 blocker, or prokinetics, such as metoclopramide,
domperidone, and erythromycin, are applied. However, new
therapeutic agents have not been developed over the past de-
cade, despite the adverse effects of pre-existing drugs [7,9-13].

Rebamipide was developed for treating peptic ulcers and
gastritis. It has various gastric cytoprotective effects [14]. It
stimulates gastric endogenous prostaglandin and mucus glyco-
protein synthesis. It also stimulates bicarbonate secretion and
increases mucosal blood flow. In addition, rebamipide inhibits
reactive oxygen species, neutrophil activation, and production
of inflammatory cytokines and chemokines. By these actions,
rebamipide promotes ulcer healing and prevents ulcer recur-
rence. In previous studies, because of its anti-inflammatory ef-
fects on other tissues, rebamipide was effective for treatment of
other diseases, such as stomatitis [15], renal [16], and hepatic
damage [17], and for corneal protection [18]. For these rea-
sons, rebamipide is considered as a novel therapeutic option,
but there is little current evidence on the effects of rebamipide
on GI symptoms in T2DM patients. In this study, we evaluated
the improvement of GI symptoms after rebamipide treatment
in patients with T2DM.

METHODS

Study patients

This study was conducted on 107 patients with T2DM who
visited the Department of Endocrinology and Metabolism in
Kyung Hee University Hospital from September 2009 to April
2013. The patients were diagnosed with T2DM and aged be-
tween 18 and 80. Every patient complained of >1 atypical GI
symptom, such as heartburn, dyspepsia, nausea, abdominal
distension, irritable bowel syndrome, abdominal pain, consti-
pation, and anal incontinence. Clinicians carefully reviewed
the medical records to exclude the patients with organic causes
for GI symptoms, such as gastroesophageal reflux disease or
peptic ulcer disease. Within the 3 months preceding the study,
glycosylated hemoglobin (HbA1c) level was lower than 10%,
and the medication associated with GI symptoms was un-
changed. Patients who were unable to cooperate or had any
other medical disease or medication that could affect the re-
sults and safety were excluded. Pregnancy or breastfeeding
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Table 1. Inclusion and exclusion criteria of patients

Inclusion criteria

Age >18and <80
Presence of informed consent

Presence of atypical gastrointestinal (GI) symptomy(s), such as
dyspepsia, nausea, abdominal distension, heartburn, irritable bowel
symptom, and abdominal pain.

Glycosylated hemoglobin level <10%

No recent changes in administration of drugs associated with GI
symptoms®
Proton pump inhibitor, H, blocker, and all other kinds of antacids

Prokinetics, such as metoclopramide, domperidone, and mosapride

Exclusion criteria

Non-communicable patients
Psychotic patients who are unable to cooperate
Severe cardiovascular disease
Myocardial infarction within 3 months
History of cerebral infarct or significant cardiovascular disease

Uncontrolled hypertension (systolic blood pressure =180 mm Hg
and/or diastolic blood pressure >100 mm Hg)

Severe renal disease
Severe liver disease
Severe pulmonary disease
Presence of organic GI disorder identified by the judgment of clinician
History of severe acute complications of diabetes mellitus
i.e., diabetic ketoacidosis or hyperglycemic hyperosmolar syndrome
Diabetic foot lesion that needs immediate treatment
Cancer patients with ongoing treatment
Pregnancy or breastfeeding women
Hypersensitivity to rebamipide
Enrollment to other study within 30 days
History of drug or alcohol abuse
Absence of informed consent

Unable to carry out the study based on the judgment of clinician

All data within the 3 months preceding the enrollment.
*Combination is allowed for all forms of medication if there are no
changes in the administration status throughout the study.

women were also excluded (Table 1). Finally, a total of 84 pa-
tients completed the study (Fig. 1).

Study design
This study was performed as an investigator-initiated clinical

trial using a questionnaire on GI symptoms. Each patient visit-
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‘ 107 Enrollment ‘

| n=105 |

VAN

‘ 84 Complete ‘ ‘ 21 Drop out ‘

‘
»

2 Screening failure

- 1 History of previous treatment with rebamipide
- 1 Violation of criteria

- 1 Allergy
- 6 Arbitrary of medication

- 7 Follow-up loss

- 2 Withdrawal

- 4 Poor compliance

- 1 Refuse to answer the last questionnaire

Fig. 1. Patients of the study.

ed the outpatient clinic three times during the study. At the first
visit, patients filled out the diabetes bowel symptom question-
naire (DBSQ) and started taking rebamipide. Rebamipide (100
mg) was administrated thrice daily. Demographic data collect-
ed included age, sex, duration of DM, weight, height, abdomi-
nal circumference, blood pressure, alcohol, smoking, medica-
tions, and comorbidities. The complete blood cell count and
chemical laboratory data including HbAlc, blood urea nitro-
gen, creatinine, aspartate aminotransferase, and alanine ami-
notransferase were also collected. On the second visit, 6 weeks
from the registration of the study, a physician checked the pres-
ence of drug-related adverse events. Clinical changes associated
with DM or other underlying diseases, and medication chang-
es, were also evaluated. At the third visit, 12 weeks from the
registration of the study, the follow-up assessment of the DBSQ
was completed. The presence of any adverse events, clinical
changes, and medication changes were checked, as in the sec-
ond visit. The changes in each DBSQ score and total DBSQ
score before and after rebamipide treatment were analyzed.
The primary endpoint was the change of GI symptoms repre-
sented by changes in DBSQ score. The secondary endpoint was
the occurrence of significant drug-related adverse effects.

Diabetes bowel symptom questionnaire

The DBSQ consisted of 10 questions on upper and lower GI
symptoms (Supplementary Table 1). The severity of GI symp-
toms was estimated by a 6-point Likert scale, ranging from
“never” to “several times during the week or every day” Ques-
tion number 1 evaluated the severity of gastroesophageal reflux
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symptoms by asking the experience of heartburn or regurgita-
tion. Questions numbers 2, 3, 4, and 9 evaluated symptoms as-
sociated with gastroparesis: question 2 on postprandial full-
ness, question 3 on nausea or vomiting, question 4 on abdomi-
nal bloating, and question 9 on abdominal pain. Question
number 5 evaluated the severity of symptoms associated with
peptic ulcers. Question number 6 evaluated the symptoms as-
sociated with irritable bowel syndrome: pain relieved by defe-
cation, the pain occurrence in the case of frequent defecation
or constipation, and the pain occurrence in the case of very
hard or very loose stool. Questions number 7, 8, and 10 evalu-
ated the presence or severity of lower GI symptoms: question 7
on the frequency of diarrhea or loose stool, question 8 on con-
stipation, and question 10 on anal incontinence.

Statistical analysis

The baseline clinical characteristics were described as mean+
standard deviation. Paired sample -test was used to compare
DBSQ scores before and after rebamipide treatment. SPSS ver-
sion 13.0 (SPSS Inc., Chicago, IL, USA) was used for the statis-
tical analyses. P values <0.05 were considered statistically sig-
nificant.

Ethics statement

The study protocol was approved by the Institutional Review
Board of Kyung Hee University Hospital (KMC IRB 0885-08),
and the study was registered in Clinical Research Information
Service (KT'C0001220). Prior to participation, all patients pro-
vided written informed consent.
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Table 2. Baseline clinical characteristics of patients
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Table 2. Continued

Characteristic Overall (n=105) Characteristic Overall (n=105)
Age, yr 65.0+7.8 Past medical history
Male sex 26 (24.8) Hypertension 81(77.1)
Diabetes mellitus duration, yr 14.749.1 Dyslipidemia 78 (74.3)
Weight, kg 61.0£8.1 Angina pectoris 13 (12.4)
Height, cm 170.4+141.4 Myocardial infarction 2(1.9)
Body mass index, kg/m’ 25.0£3.0 Cerebrovascular disease 12(11.4)
Abdominal circumference, cm 84.6+9.4 Others 87(82.9)
Alcohol Systolic blood pressure, mm Hg 126.8+13.9
Never 80 (76.2) Diastolic blood pressure, nm Hg 73.4+9.5
Ex-drinker 2(1.9) White blood cell, 10°/uL 6.12+1.77
Current drinker 23(21.9) Hemoglobin, g/dL 12.9+1.1
Smoking Hematocrit, % 38.7+3.1
Never 85 (81.0) Platelet, 10°/uL 277.0+81.6
Ex-smoker 14 (13.3) Glycosylated hemoglobin, % 6.97£0.82
Current smoker 6(21.9) Blood urea nitrogen, mg/dL 15.38+5.06
Medication Creatinine, mg/dL 0.71+0.22
Oral hypoglycemic agents Aspartate aminotransferase, [U/L 22.63+7.20
Sulfonylurea 56 (53.3) Alanine aminotransferase, [U/L 21.26%9.12
Metformin 55 (52.4) Values are presented as mean + standard deviation or number (%).
Thiazolidinedione 2(1.9)
Others 51 (48.6) RESULTS
Antihypertensive agents
Angiotensin-converting enzyme inhibitor 0 Baseline clinical characteristics
AT degsir Mader 55 (52.4) Table 2 shows the baseline clinical characteristics of the pa-
B-Adrenergic blockers 7(6) tier?ts. The mean age was 65+7.8 years. The number of female
patients (n=79, 75.2%) was higher than males. The mean du-
Calcium channel blocker 50 (47.6) ration of DM was 14.7+9.1 years, and mean HbA1c level was
Diuretics 9(8.6) 7.0%+0.8%. The mean body mass index (BMI) was 25.0+3.0
Others 4(3.8) kg/m’, and mean abdominal circumference was 84.6+9.4 cm.
Lipid-lowering agents More patients were non-drinkers (1=80, 76.2%) or non-smok-
St 54 (51.4) ers (n=85, 81.0%) than drinkers and smokers, respectively.
Fibrate 4(3.8) More than half of the patients were taking sulfonylurea (n=>56,
Others 9(8.6) 53.3%), metformin (n=55, 52.4%), angiotensin II receptor
iR blocker (n=55, 52.4%)? statin (n=>54, 51.4%), and clopid(?grel
(n=68, 64.8%) at the time of enrollment. Eighty-one patients
Aspirin 438 (77.1%) had hypertension, 78 patients (74.3%) had dyslipid-
Cilostazol 4(3.8) emia, 15 patients (14.3%) had ischemic heart disease, and 12
Clopidogrel 68 (64.8) patients (11.4%) had cerebrovascular disease.
Others 30 (28.6)
(Continued to the next)
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Fig. 2. Changes of the diabetes bowel symptom questionnaire
(DBSQ) scores before and after rebamipide treatment (Tx).
*P<0.05.

DBSQ score
Compared to before rebamipide treatment, the total DBSQ
score was significantly reduced, from 24.9+8.0 to 20.4+7.3
(P<0.001) after the treatment. Scores of question numbers 1,
2,3,4,5, 8, and 9 were reduced significantly after rebamipide
treatment (P<0.05). In other words, symptoms associated
with gastroesophageal reflux, gastroparesis, peptic ulcer, and
constipation were improved. However, there were no signifi-
cant improvements in the scores of questions 6, 7, and 10 that
assessed the symptoms associated with irritable bowel syn-
drome, diarrhea, and anal incontinence (Fig. 2).

Subgroup analyses were conducted according to sex, age,
BMI, duration of DM, and HbAlc level. GI symptoms were
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Fig. 3. Comparisons of the diabetes bowel symptom ques-
tionnaire (DBSQ) score before and after rebamipide treat-
ment (Tx), with respect to (A) sex, (B) age, (C) duration of
mellitus duration (DM), (D) glycosylated hemoglobin
(HbAlIc) level, and (E) body mass index (BMI). Paired t-
test for paired values.
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improved more in women than in men after rebamipide treat-
ment (Fig. 3A). In women, scores of the question numbers 1, 2,
3,4, 5, 8, and 9 were reduced significantly after rebamipide
treatment (P<0.05), whereas none of the scores were reduced
significantly in the male subgroup. When the age was divided
into three groups (i.e., younger than 60, 60 to 69, and older
than 70 years), the biggest improvement of GI symptoms after
rebamipide treatment was shown in the 60 to 69 years group
(Fig. 3B). Only two individual scores were reduced significant-
ly in the youngest and the oldest group (scores of questions 2
and 6 and questions 1 and 2, respectively), whereas 6 individu-
al scores were reduced significantly in the 60 to 69 years group
(scores of the question numbers 1, 2, 3, 4, 5, and 9; P<0.05).
Similarly, there were more improvements of GI symptoms af-
ter rebamipide treatment in the group with shorter duration of
DM (<10 years) (Fig. 3C) and better glycemic control (HbAlc
<7%) (Fig. 3D). Scores of seven individual questions were re-
duced significantly in the shorter duration group (questions 1,
2, 3,4, 8, and 10), whereas scores of four individual questions
were reduced significantly after the rebamipide treatment
(questions 1, 2, 3, and 5; P<0.05). Scores of the six individual
questions were reduced significantly in the group with better
glycemic control (questions 1, 2, 3, 4, and 8), whereas only
three individual questions were reduced significantly in the
group with poorer glycemic control (questions 1, 2, and 5;
P<0.05). However, there was no difference in improvement of
GI symptoms after rebamipide treatment with respect to BMI
(Fig. 3E).

When subgroup analysis was performed according to the
administration status of metformin, there was no significant
difference of the scores between both groups before and after
the rebamipide treatment. It could be inferred from this analy-
sis that the administration of metformin did not influence the
change of GI symptoms before and after the rebamipide treat-
ment.

Safety assessment

Adverse events were reported in 12 patients (12.2%) at the sec-
ond visit and in 20 patients (23.0%) at the third visit. No severe
adverse events were reported by any patients throughout the
study.

DISCUSSION
Throughout the study, we found significant improvement of
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atypical GI symptoms after administration of rebamipide for
12 weeks in patients with T2DM. We were able to confirm the
improvement of GI symptoms through the DBSQ that con-
sisted of 10 questions reflecting the severity of detailed upper
and lower GI symptoms. After treatment with rebamipide,
symptoms of gastroesophageal reflux, gastroparesis, peptic ul-
cer, and constipation were improved, whereas irritable bowel
symptoms, diarrhea, and anal incontinence were unimproved.
Improvement of symptoms of gastroesophageal reflux and
peptic ulcer after rebamipide is due to its ulcer healing effect
through promoting prostaglandin production and increasing
mucus and bicarbonate production in gastric mucosa. Im-
provement of gastroparesis may be explained by its upregula-
tion of neuronal nitric oxide [19] because decrease of neuronal
nitric oxide synthase expression is related to development of
gastroparesis [7]. In contrast, it might be less effective in im-
proving symptoms associated with GI hypermotility, such as
irritable bowel syndrome, diarrhea, or anal incontinence.

In our subgroup analyses, the treatment effects of rebamip-
ide were greater in women than in men. The interpretation
was limited due to the higher number of female than male pa-
tients. However, it was meaningful because, in general, more
women experience GI symptoms and are more prone to de-
velop GI complications than men [20,21]. Treatment effects of
rebamipide were also greater in the groups with shorter dura-
tion of DM. This might be partly due to effects of hyperglyce-
mia on GI motility. As the duration of DM increases, the pa-
tient may be exposed to chronic hyperglycemia for longer pe-
riods, which eventually influences motility of the upper and
lower GI tract and increases the prevalence of chronic compli-
cations, such as autonomic neuropathy. Likewise, the effect of
rebamipide might be greater in younger patients. Yet, in our
study, greater effect was found in the group with patients aged
60 to 70 years than younger than 60 years. We believe this is
because the number of young patients was relatively small,
with the mean age of 65+7.84 years; 18 patients were of age
less than 60, 39 were age 60 to 70, and 25 were of age 70 years
or older. Therefore, more data are required from a younger
population to evaluate the efficacy of rebamipide with respect
to age. Greater improvement may be seen in patients with
lower HbA1c levels because strict glycemic control is as im-
portant as pharmacologic agents in controlling GI symptoms
in T2DM. Indeed, in our study, symptom improvement was
more prominent in patients with better glycemic control. In
our subgroup analyses, improvement of symptoms regarding
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gastroparesis and constipation was greater in patients with
HbAcl1 level <7% than in those with HbAlc level >7%. BMI
did not influence the treatment effect of rebamipide, although
it is a known risk factor of GI symptoms [22]. From these re-
sults, we concluded that duration of DM, sex, age, HbAlc lev-
el, and DM itself have more influence on GI symptoms rather
than obesity. In multiple regression analysis, sex and DM du-
ration affected changes of the DBSQ total score.

Our study has great significance because it is the first clini-
cal research to demonstrate GI symptom improvement in
T2DM with rebamipide. We statistically analyzed the data
from the DBSQ, which is a well-organized questionnaire with
detailed questions on upper and lower GI symptoms. Symp-
toms were subdivided into 10 questions and each question was
organized to evaluate severity by assessing the symptoms in
six levels, including never, less than once a month, once a
month, 2 or 3 times a month, once a week, and several times
during the week or every day. These questions were based on
elements from questionnaires that have previously been vali-
dated [23,24]. In this manner, we were able to compare the
subjective symptoms of the patients in a relatively objective
and systemic way, which gives strength to our research as
compared with previous studies.

A number of previous studies reported side effects and limi-
tations of pre-existing medications. Metoclopramide, a dopa-
mine D2-receptor agonist, has been approved for diabetic gas-
troparesis with its prokinetic and antiemetic properties [25].
Yet, the United States Food and Drug Administration recom-
mends only short-term treatment (4 to 12 weeks) because
metoclopramide crosses the blood-brain barrier, producing
central nervous system (CNS) side effects, such as anxiety, agi-
tation, somnolence, insomnia, and intractable tardive dyskine-
sia [10,11]. Its use has been even more restricted recently by the
European Medicines Agency to a maximum of 5 days. In addi-
tion, its long-term efficacy has not been proven [26]. Domperi-
done, which is another dopamine (D2) antagonist, and eryth-
romycin, a macrolide antibiotic agent, have prokinetic effects
that are as potent as metoclopramide. Although domperidone
has less severe CNS side effects [27], it might increase the risk
of sudden cardiac death [12]. Long-term use of erythromycin
is also limited due to development of tachyphylaxis with chron-
ic administration [7,13] and increased risk of sudden cardiac
arrest [28]. Proton pump inhibitors are effective in improving
symptoms of reflux disease and peptic ulcer, but its use is limit-
ed due to high cost. Due to limitations on the choice and effec-
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tiveness of current pharmacologic therapy, demonstrating the
efficacy of rebamipide for GI symptom control in DM is of
great significance. Moreover, rebamipide is unique among the
conventional antireflux and prokinetic agents because, in the
present study, it was effective in both gastroesophageal reflux
and gastroparesis symptoms.

There are several limitations to our study. First, because it
was conducted in a single-center with Korean patients, it is
difficult to apply the results to the general population. Second,
a highly experienced physician judged the presence of organic
causes for GI symptom, but not all patients had gastroscopy,
colonoscopy, or image tests, such as sonography and comput-
ed tomography checked. In addition, we could not confirm
the efficacy and safety with long-term administration of the
drug because the study was completed after administration of
rebamipide for 12 weeks. Therefore, further investigations
with a larger and longer observational period are required to
evaluate the treatment effect and safety with long-term use
and confirm the efficacy in the general population.

In conclusion, rebamipide treatment for 12 weeks improved
atypical GI symptoms, such as gastroesophageal reflux, gastro-
paresis, peptic ulcer, and constipation in patients with T2DM.
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