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Abstract

Background

Gastroesophageal reflux disease (GERD) symptoms are more common in patients with
reflux esophagitis and Barrett's esophagus. Suppression of gastric acid secretion for several
weeks cures esophagitis at a high rate, while most of Barrett's esophagus does not disappear.
Thus, residual GERD symptoms may persist in patients with Barrett's esophagus, but few
studies have actually shown it.
Aim

The purpose of the study was to confirm the relationships between reflux esophagitis,
Barrett's esophagus and residual GERD symptoms, and elucidated the causative factors for
residual GERD symptoms.
Methods

Retrospectively extracted were patients who complained of GERD symptoms and
underwent esophagogastroduodenoscopy and were diagnosed with "reflux esophagitis" or
"non-erosive gastroesophageal reflux disease". We investigated the relationships between
symptom evaluation after treatment with proton pump inhibitor (PPI) for four weeks or more
and the complication status of reflux esophagitis and Barrett's esophagus. In addition,
multivariate analysis was used to confirm the relationships between Barrett's esophagus,
reflux esophagitis, age, sex, and residual symptoms.
Results

Meeting inclusion criteria for analysis were 79 patients. Symptom evaluation was
described in the medical records of 24 patients (30.4%), and the rate of reflux esophagitis was
significantly higher in the group in which the symptom evaluation was performed. There
were no differences in patient backgrounds between the residual symptom cases and the
symptom resolution cases. The presence of Barrett's esophagus and reflux esophagitis tended
to increase the odds ratio of residual symptoms. Among the patients whose symptom
evaluation was not described in the medical record, 20 patients whose PPI administration
period was less than 70 days were regarded as symptom resolution and added to the analysis.
There were no differences in patient backgrounds between the residual symptom cases and
the symptom resolution cases. The presence of Barrett's esophagus and reflux esophagitis
tended to increase the odds ratio of residual symptoms. In a subgroup analysis of those aged
60 years or younger, whose sensory threshold was considered normal, the odds ratio for
residual symptoms in Barrett's esophageal cases was 11.2 (p = 0.047, 95%CI: [1.00-125.65]),
showing a significant difference. The odds ratio was 30.0 (p = 0.02, 95%CI: [1.83-399.25]) in
patients with both Barrett's esophagus and reflux esophagitis, showing a significant
difference.

Conclusion
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The risk of residual symptoms increased in patients with Barrett's esophagus and reflux
esophagitis. In particular, the increase was remarkable in patients under the age of 60, who
were considered to have a normal sensory threshold. Barrett's esophagus was a surrogate
marker for refractory GERD, whose symptoms persisted after PPI administration. Large-scale
prospective studies using this study as a pilot study are needed to evaluate the relationships

between Barrett's esophagus and reflux esophagitis and symptoms.
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Introduction

Gastroesophageal reflux disease (GERD) presents with either or both esophageal

mucosal injury and reflux symptoms caused by gastric acid or gastric contents reflux (Iwakiri

et al., 2016) (Fig. 1). Excessive gastric acid exposure in the esophagus due to acid reflux is a

major cause of esophageal mucosal injury and symptoms (Iwakiri et al., 2009; Lundell et al.,

1999; Adachi et al., 2001). Typical symptoms of GERD include heartburn and regurgitation.

Suppression of gastric acid secretion for several weeks heals most esophagitis, regardless of

severity (Ashida et al., 2015). However, the correlation between the severity of reflux

esophagitis and GERD symptoms is weak (Fennerty & Johnson, 2006; El-Serag & Johanson,

2002; Okamoto et al., 2003). The residual symptoms persist after healing of esophagitis in

many patients (El-Serag et al., 2010), the cause of which has not been completely elucidated.

GERD is classified according to the presence or absence of esophagitis, and GERD without

esophagitis is called non-erosive gastroesophageal reflux disease (NERD) in a broad sense,

and accounts for 60% of GERD in Japan (Fujiwara & Arakawa, 2009). Symptoms may

persist after treatment with proton pump inhibitor (PPI) in NERD as well (Nakagawa et al.,

2015). The pain threshold of the esophagus has been shown to decrease with age (Yamasaki

et al., 2013). It was also reported that the change in sensory threshold with age increased

sharply after the age of 60 (Schludermann, 1962).

GERD with reflux esophagitis is also a risk factor for the development and
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progression of Barrett's esophagus (Ronkainen et al. 2011). Normal esophageal mucosal

tissue is histologically composed of squamous epithelium. Exposure to gastric acid causes

repeated damage and repair of the esophageal mucosa, continuously replacing squamous

epithelium with columnar epithelium from the stomach. Barrett's esophagus is defined as the

esophagus with Barrett's mucosa, a columnar epithelium that extends continuously from the

stomach to the esophagus, with or without metaplastic columnar epithelium (Japan

Esophageal Society, 2015). Barrett's esophagus has abnormal mucosal barrier function

(Mullin et al., 2006; Oshima & Miwa, 2017), and is considered a risk factor for esophageal

adenocarcinoma. It was reported that the annual incidence of adenocarcinoma in Barrett's

esophageal patients is 1.2% in Japan (Matsuhashi et al., 2017), which is considered to be

similar to that in Western countries (Hvid-Jensen et al., 2011; Sikkema et al., 2010). Barrett's

esophageal patients have a high rate of GERD symptoms (Ronkainen et al., 2005). Barrett's

esophageal patients with GERD symptoms were also reported to be at increased risk of

adenocarcinoma (Lagergren et al. 1999).

Previous reports have shown that Barrett's esophageal regression by inhibition of

gastric acid secretion takes months to years (Peters et al., 1999; Wilkinson et al., 1999). Even

if reflux esophagitis is healed by suppressing gastric acid secretion for several weeks,

Barrett's esophagus does not disappear in most cases. Thus, it is expected that GERD

symptoms may persist in patients with Barrett's esophagus after the treatment. However, few



RESIDUAL GERD SYMPTOMS AND REFLUX ESOPHAGITIS / BARRETT’S ESOPHAGUS ¢

studies have actually shown it. In this study, we confirmed the relationships between reflux
esophagitis and Barrett's esophagus before the administration of PPI and the residual

symptoms after treatment in GERD patients.

Figure 1
The Relationship with Reflux Symptoms and Esophageal Erosion

Reflux symptom Esophag.eal
erosion >

NERD Reflux esophagitis I Asymptomatic GERD l

Hypothesis

The two hypotheses that we are testing in this study are as follows:

(1) GERD patients with Barrett's esophagus have a higher rate of residual symptoms after

treatment;

(2) GERD patients with both Barrett's esophagus and reflux esophagitis have a higher rate of

residual symptoms after treatment than patients with either Barrett's esophagus or reflux

esophagitis or neither. (See Figure 2.)
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Figure 2

Hypothesis: The Risk of Residual Symptoms in Reflux Esophagitis and Barrett’s Esophagus
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Aim and Objectives

The aim of this study therefore, was to elucidate the causative factors of residual

GERD symptoms and to contribute to the construction of a long-term treatment plan

considering the improvement of patient's health related quality of life. To achieve this aim we

retrospectively examined the relationships between reflux esophagitis, Barrett's esophagus

and residual symptoms after treatment by acid secretion inhibitor in GERD patients.

Methods

This was a single-center, retrospective cohort study. We extract patient data of those

who had complained of GERD symptoms and underwent esophagogastroduodenoscopy at St.

Luke’s International Hospital between April 2017 and March 2020, and were diagnosed with

"reflux esophagitis" or " non-erosive gastroesophageal reflux disease" for the first time. The

symptom evaluation after treatment with PPI for 4 weeks or more was confirmed. In the
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subjects, we confirmed the Los Angeles classification that evaluates the severity of

esophagitis in esophagogastroduodenoscopy (Armstrong et al., 1996). Furthermore, we

extracted from their medical records the presence or absence of Barrett's esophagus at the

time of endoscopy of these patients and the presence or absence of symptoms after treatment

with PPL

Exclusion Criteria

We excluded patients who had been treated in the past if they had taken acid secretion

inhibitors within the past 3 months. We also excluded patients with reflux symptoms due to

factors other than gastric acid and other factors. These factors were:

e Patients with mental illness

e Patients diagnosed with functional heartburn and functional dyspepsia, eosinophil

esophagitis, achalasia, gastroduodenal ulcer, esophageal stricture

e History of esophageal, gastric or duodenal surgery

e Patients with gastrointestinal tumor

o Patients judged by the researcher to affect the evaluation of this study.

Sociodemographic Data

We also extracted patient information. This included physical data (age, sex, height,
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weight), lifestyle (drinking, smoking habits), comorbidities, and H. pylori infection status.

See Figure 3 for the flow of data extraction.

Figure 3

Flow of Data Extraction

GERD symptoms Acnd—se;ret\ng drugs within 3 months
Mental illness

FH, FD, EoE, achalasia, ulcer
Esophageal stenosis
History of esophageal, gastric surgery

Esophagogastroduodenoscopy '
Gastric or esophageal cancer

reflux esophagitis / Barrett's esophagus
(April 2017 - March 2020)

PPIs for 4 weeks or more

[Additional Information]

age, gender, height, weight
drinking and smoking habits
complications
concomitant drugs

Included patients H. pylori infection status

Evaluation Method

Endoscopic findings of the esophagus before treatment were extracted as the presence

or absence of reflux esophagitis and Barrett's esophagus. The physician evaluated the residual

symptoms based on the patient's complaint. Continuation of drug administration was also

used as an index of residual symptoms. The primary endpoints were the rates of residual

symptoms after PPI administration for 4 weeks or more with and without reflux esophagitis

and Barrett's esophagus before treatment.

For secondary endpoints, multivariate analysis was performed for each of the
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following: Barrett's esophagus, reflux esophagitis, sex, drinking habits, smoking habits, and

H. pylori infection status. We then examined the risk of residual symptoms.

Mullin et al. (2006) reported that the change in sensory threshold with age increased

sharply after the age of 60 [16]. Therefore, we extracted and analyzed as a subgroup, those

cases who were under 60 years old and who were considered to have a normal sensation.

Statistics

All data were analyzed using EZR (Saitama Medical Center, Jichi Medical

University), which was a graphical user interface for R (The R Foundation for Statistical

Computing) (Kanda, 2013). Baseline demographic characteristics of patients were compared

using t-tests and Fisher exact tests. The odds ratio of residual symptoms with or without

esophagus erosion and Barrett's esophagus were evaluated. A multivariate analysis using

logistic regression was performed for the factors that influenced the residual symptoms. The

significance level was 0.05.

Expected Outcomes

The following results were predicted from this study:

1. Regardless of the presence or absence of reflux esophagitis before treatment, GERD cases

with Barrett's esophagus would have a higher residual symptom rate after treatment with
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suppression of acid secretion than cases without Barrett's esophagus.

2. Patients with both reflux esophagitis and Barrett's esophagus would have a higher

residual rate of symptoms than those with either Barrett's esophagus or reflux esophagitis

and those without both.

3. In patients under the age of 60 who were considered to have normal sensory thresholds,

the risk of residual symptoms would be higher in patients with Barrett's esophagus or

reflux esophagitis than in base-case analysis.

Ethics Statement

This study was conducted in accordance with the principles of the Declaration of

Helsinki. This study was approved by the Research Ethics Review Committee of St. Luke's

International University on April 16, 2020. Since this study used only medical information

without intervention for patients, the purpose of the study was disclosed on the website and

the opportunity for refusal was guaranteed.

Results

Of the 52,255 patients who underwent esophagogastroduodenoscopy during the

period, 3,303 patients were diagnosed as "reflux esophagitis" and "non-erosive

gastroesophageal reflux disease". Of those, 309 patients were prescribed PPI for 4 weeks or
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more. After excluding 112 patients who received acid secretion inhibitors (PPI) within 3

months before the initial disease name registration and 111 patients who met other exclusion

criteria, the remaining 86 patients were further screened by checking their medical records.

This resulted in the exclusion of 5 patients with gastrointestinal tumors and 2 with psychiatric

disorders. After the exclusions 79 subjects were included in this study (Fig. 4).

Figure 4

Flowchart of Patient Extraction

Patients undergoing upper endoscopy
(n=52,255)

First registered patients with GERD
(n=3,303)

PPls administration for 4 week or more
(n=309) * Administration of acid secretion

inhibitor within 3 months (n=112)
* Other exclusion criteria (n=111)

Data extraction

(n=86) Excluded by checking medical records
* Gastrointestinal tumor (n=5)
* Psychiatric disorder (n=2)

Included patients
(n=79)

The symptom evaluation described in the medical record was defined as “Definition

1”. However, only 24 of 79 cases (30.4%) had a symptom evaluation described in the medical

record. In clinical practice, it was speculated that if the patient complained of symptomes, it

would be described in the medical record, and if there were no symptoms and the patient
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made no complaints, it would not be described. In general, if symptoms persist, PPI

administration is continued. On the other hand, PPI is indicated for "maintenance therapy for

reflux esophagitis", and medication may be continued even if the symptoms have

disappeared. In addition, the usual interval between hospital visits for patients with chronic

diseases is 1 - 2 months. If PPI administration is less than 70 days, it is highly possible that

the symptoms have disappeared, but PPI administration would have been continued until the

next visit. Therefore, “Definition 2” was set, in which "when the symptom evaluation was

unknown in Definition 1, patients, in which PPI administration was less than 70 days, were

regarded as symptom resolution". There were 44 cases (55.7%) that corresponded to

Definition 2.

The background of 79 patients was as follows: female - 55.7%, mean age - 59.6 years,

mean BMI - 23.6, reflux esophagitis - 32.9%, Barrett's esophagus - 22.8%, and drinking

habits - 55.8% (Table 1). No differences were found in age, sex, BMI, Barrett's esophagus,

drinking habits, or duration of PPI administration in the group with and without symptom

assessment. The proportion of reflux esophagitis in the symptom assessment group was

significantly higher (Table 2). Sufficient information could not be extracted from the medical

records regarding smoking habits and H. pylori infection status.
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Table 1

Baseline Characteristics (Total Patients)

Baseline characteristics
]
N=79 Rate

Sex
Male 35 44.3%
Female 44 55.7%

Mean age (SD) 59.6 (13.5)

Mean BMI (SD, n=29) 23.6(5.7)

A cinsscation AD % 2

Barrett’s esophagus (BE) 18 22.8%
RE(+), BE(+) 8 10.1%
RE(+), BE(-) 18 22.8%
RE(-), BE(+) 10 12.7%
RE(-), BE(-) 43 54.4%

Drinking (n=43) 24 55.8%

BMI=25 (n=29) 8 27.6%

Table 2

Baseline Characteristics (Presence or Absence of Symptom Evaluation)

Presence of symptom Absence of symptom
evaluation evaluation p Value
(n=24) (n=55)

Age 59.3 59.8 0.89
Male 14 (58.3%) 21 (38.2%) 0.14
BMI 22,6 24.1 0.51
Reflux esophagitis .

*LA classification A-D 12 (50.0%) 14 (25.5%) 0.04
Barrett’s esophagus 7 (29.2%) 11 (20.0%) 0.39
Drinking 7/14 (50.0%) 17/29 (58.6%) 0.75
Days of PPI 2515 261.9 0.87
administration
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Definition 1

In the symptom evaluation in Definition 1, there were 12 cases with residual

symptoms and there were 12 cases with symptom resolution. There were no differences in

patient background between the two groups in age, sex, BMI, reflux esophagitis, Barrett's

esophagus, and drinking habits (Table 3). The odds ratio for residual symptoms with reflux

esophagitis was 1.00. The odds ratio for residual symptoms with Barrett's esophagus was 3.57

(p = 0.37). The odds ratio for residual symptoms in patients with coexisting reflux esophagitis

and Barrett's esophagus compared with those with only one or none was 3.67 (p = 0.59)

(Table 4 - 6). As a result of multivariate logistic regression analysis, the odds ratios were 5.22

for Barrett's esophagus, 0.65 for reflux esophagitis, 1.04 for male, and 1.64 for age, and no

significant differences were observed (Table 7). In logistic regression with and without reflux

esophagitis (RE) and Barrett’s esophagus (BE), the odds ratios were 0.75 for RE (+) BE (-),

2.50 for RE (-) BE (+), 3.75 for RE (+) BE (+), and no significant difference was observed in

either case (Fig. 5).



RESIDUAL GERD SYMPTOMS AND REFLUX ESOPHAGITIS / BARRETT’S ESOPHAGUS 16

Table 3

Patient Characteristics of the Residual Symptom Group and the Symptom Resolution Group
(Definition 1)

Residual Symptom
symptoms resolution p Value
n=12 n=12
Sex

Male 7 (58.3%) 7 (58.3%)

Female 5 (41.7%) 5 (41.7%) 1.00
Mean age 61.3 57.4 0.47
Mean BMI (n=4/6) 22,7 22,6 0.96
Lo soow oo
Barrett’s esophagus (BE) 5(41.7%) 2 (16.7%) 0.37

RE(+), BE(+) 3(25.0%) 1(8.3%)

RE(+), BE(-) 3(25.0%) 5 (41.7%)

RE(-), BE(+) 2 (16.7%) 1(8.3%)

RE(-), BE(-) 4(33.3%) 5(41.7%)

Drinking (n=6/8) 3 (50.0%) 4(50.0%) 1.00
BMI =25 (n=4/6) 0 (0%) 3(50.0%) 0.46

Table 4

Odds Ratio for Residual Symptoms with Reflux Esophagitis (Definition 1, Fisher Exact Tests)

Residual Symptom
Symptom Resolution i
Reflux esophagitis
*LA classification A-D 6 6 12
Non-erosive reflux disease
*LA classification N-M 6 6 12
12 12 24

OR=1.00 (0.20-4.95), p=1.00
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Table 5

Odds Ratio for Residual Symptoms with Barretts Esophagus (Definition 1, Fisher Exact
Tests)

Residual Symptom
Symptom Resolution total
Barrett’s esophagus 5 2 7
Non-Barrett’s esophagus 7 10 17
12 12 24

OR=3.57 (0.53-23.95), p=0.37

Table 6

Odds Ratio for Residual Symptoms in Patients with Coexisting Reflux Esophagitis and
Barrett's Esophagus Compared with Those with Only One or None (Definition 1, Fisher
Exact Tests)

Residual Symptom
Symptom Resolution el
RE(+) and BE(+) 3 1 4
Non RE(+) and BE(+) 9 11 20
12 12 24

OR=3.67 (0.32-41.59), p=0.59
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Table 7

Multivariate Analysis for Residual Symptoms (Definition 1, Logistic Regression)

0, 0,
Odds ratio 95,60 95,/°CI p Value
minimum maximum

Barrett’s 5.22 0.06 49.00 0.15
esophagus

Reflux esophagitis 0.65 0.10 4.27 0.65
Male 1.04 0.96 1.12 0.31
Age 1.64 0.24 11.20 0.62

Figure 5

Odds Ratio for Residual Symptoms with and Without Reflux Esophagitis (RE) and Barrett s
Esophagus (BE) (Definition 1, Logistic Regression)

logistic regression
Lower  Upper

R°:t?: limit limit p Value
95% Cl  95%Cl
RE(-) BE(-) 1.00 *
RE(+) BE(-) 0.75 0.11 524 077 +

L 2

RE(-) BE(+) 2.50 0.16 386 051

RE(+) BE(+)  3.75 0.27 51.4 0.32 o

01 1 10 100

Definition 2

In the symptom evaluation for Definition 2, there were 12 cases with residual

symptoms and 32 cases with symptom resolution. No differences were confirmed in patient
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background between the two groups in age, sex, body mass index, reflux esophagitis,

Barrett's esophagus, and drinking habits (Table 8). The odds ratio for residual symptoms with

reflux esophagitis was 1.91 (p = 0.49). The odds ratio for residual symptoms with Barrett's

esophagus was 1.57 (p = 0.72). The odds ratio for residual symptoms in patients with

coexisting reflux esophagitis and Barrett's esophagus compared with those with only one or

none was 3.22 (p = 0.32) (Tables 9 - 11). As a result of multivariate analysis by logistic

regression, the odds ratio was 1.57 for Barrett's esophagus, 1.71 for reflux esophagitis, 1.07

for male, and 1.03 for age, and no significant differences between the residual symptom

group and the symptom resolution group were observed (Table 12). In logistic regression

with and without reflux esophagitis (RE) and Barrett's esophagus (BE), the odds ratios were

1.31 for RE (+) BE (-), 1.00 for RE (-) BE (+), 3.50 for RE (+) BE (+), and no significant

difference was observed in either case (Fig. 6).
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Table 8

Patients Characteristics of the Residual Symptom Group and the Symptom Resolution Group
(Definition 2)

Residual Symptom
symptoms resolution p Value
n=12 n=32
Sex

Male 7 (58.3%) 12 (37.5%)

Female 5 (41.7%) 16 (50.0%) 0.74
Mean age 61.3 55.8 0.21
Mean BMI (n=4/12) 22.7 249 0.63
e
Barrett’s esophagus (BE) 5(41.7%) 10 (31.3%) 0.72

RE(+), BE(+) 3(25.0%) 3(9.4%)

RE(+), BE(-) 3 (25.0%) 8(25.0%)

RE(-), BE(+) 2(16.7%) 7 (21.9%)

RE(-), BE(-) 4(33.3%) 14 (43.8%)

Drinking (n=6/19) 3 (50.0%) 13 (68.4%) 0.63
BMI=25 (n=4/12) 0 (0%) 6 (50.0%) 0.23
Table 9

0Odds Ratio for Residual Symptoms with Reflux Esophagitis (Definition 2, Fisher Exact Tests)

Residual Symptom
Symptom Resolution iz
Reflux esophagitis
*LA classification A-D 6 11 17
Non-erosive reflux disease
*LA classification N-M 6 21 27
12 32 44
OR=1.91 (0.50-7.34), p=0.49
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Table 10

Odds ratio for residual symptoms with Barrett’s esophagus (Definition 2, Fisher exact tests)

Residual Symptom
Symptom Resolution e
Barrett’s esophagus 5 10 15
Non-Barrett's esophagus 7 22 29
12 32 44
OR=1.57 (0.40-6.18), p=0.72

Table 11

Odds Ratio for Residual Symptoms in Patients with Coexisting Reflux Esophagitis and
Barrett's Esophagus Compared with Those with Only One or None (Definition 2, Fisher

Exact Tests)

Residual Symptom
Symptom Resolution total
RE(+) and BE(+) 3 3 6
Non RE(+) and BE(+) 9 29 38
12 32 44

OR=3.22 (0.55-18.85), p=0.32
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Table 12

Multivariate Analysis for Residual Symptoms (Definition 2, Logistic Regression)

Odds  Lower limit Upper limit
. p Value

Ratio 95% Cl 95% Cl
Barrett’s esophagus 1.57 0.39 6.41 0.53
Reflux esophagitis 1.71 0.42 6.95 0.45
Male 1.07 0.26 4.50 0.92
Age 1.03 0.97 1.10 0.28

Figure 6

Odds Ratio for Residual Symptoms with and Without Reflux Esophagitis (RE) and Barrett s
Esophagus (BE) (Definition 2, Logistic Regression)

Odds Lower Upper logistic regression
. p Value
Ratio 95%Cl 95%Cl
RE()BE() 1.0 +
RE(+) BE(-) 1.31 0.23 7.41 0.76 +
RE(-) BE(+) 1.00 0.15 6.85 1.00
RE(+) BE(+) 3.50 0.50 2460 0.21 .
1 1

Definition 2 - Subgroup Analysis

A subgroup analysis of Definition 2 was performed for those aged 60 years or

younger, who were considered to have had relatively little change in sensory threshold. In a
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comparison of 5 patients with residual symptoms and 19 patients with symptom resolution,

no differences were shown in age, sex, BMI, reflux esophagitis, or drinking habits. In

contrast, the proportion of Barrett's esophagus was significantly higher in the residual

symptoms group (Table 13). The odds ratio for residual symptoms with reflux esophagitis

was 4.20 (p = 0.29). The odds ratio for residual symptoms with Barrett's esophagus was 11.2

(p =0.047), showing a significant difference. The odds ratio for residual symptoms with

coexisting reflux esophagitis and Barrett's esophagus was 27.0 (p = 0.02), compared with

those with only one or none (Tables 14 - 16). As a result of multivariate analysis by logistic

regression, the odds ratio was 11.4 for Barrett's esophagus, 3.84 for reflux esophagitis, 1.55

for men, and 0.99 for age, and no significant difference between the residual symptom group

and the symptom resolution group was confirmed (Table 17). In logistic regression with and

without reflux esophagitis (RE) and Barrett's esophagus (BE), the odds ratios were 2.50 for

RE (-) BE (+), and 30.0 for RE (+) BE (+), showing a significant difference in the odds ratio

of RE (+) BE (+) (Fig. 7).
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Table 13

Patients Characteristics of the Residual Symptom Group and the Symptom Resolution Group
(Definition 2 Under the Age of 60)

Residual Symptom
symptoms resolution p Value
n=5 n=19
Sex

Male 2 (40.0%) 8(42.1%)

Female 3 (60.0%) 11 (57.9%) 1.00
Mean age 50.2 47.3 0.49
Mean BMI (n=2/7) 223 25.4 0.70
i i swm)  suew o
Barrett’s esophagus (BE) 4 (50.0%) 5(26.3%) 0.047

RE(+), BE(+) 3(60.0%) 1(5.3%)

RE(+), BE(-) 1(20.0%) 4(21.1%)

RE(-), BE(+) 0(0.0%) 4(21.1%)

RE(-), BE(-) 1(20.0%) 10 (52.6%)

Drinking (n=3/12) 3(100.0%) 8/12 (66.7%) 0.52
BMI=25 (n=2/7) 0(0.0%) 3(28.6) 1.00

Table 14

Odds Ratio for Residual Symptoms with Reflux Esophagitis (Definition 2 Under the Age of
60, Fisher Exact Tests)

Residual Symptom
Symptom Resolution ]
Reflux esophagitis
*LA classification A-D 3 5 8
Non-erosive reflux disease
*LA classification N-M 2 14 17
5 19 24

OR=4.20 (0.54-32.96), p=0.29

Note: LA classification — Los Angles classification of endoscopic findings of erosive GERD (LA

classification N-M; no mucosal injury, A-D; mucosal injury)
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Table 15

Odds Ratio for Residual Symptoms with Barrett’s Esophagus (Definition 2 Under the Age Of
60, Fisher Exact Tests)

Residual Symptom
Symptom Resolution total
Barrett’s esophagus 4 5 9
Non-Barrett's esophagus 1 14 15
5 19 24
OR=11.2 (1.00-125.65), p=0.047

Table 16

Odds Ratio for Residual Symptoms in Patients with Coexisting Reflux Esophagitis and
Barrett's Esophagus Compared with Those with Only One or None (Definition 2 Under the
Age of 60, Fisher Exact Tests)

Residual Symptom
Symptom Resolution A
RE(+) and BE(+) 3 1 4
Non RE(+) and BE(+) 2 18 20
5 19 24

OR=27.0 (1.83-399.25), p=0.02
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Table 17

Multivariate Analysis for Residual Symptoms (Definition 2 Under the Age of 60, Logistic

Regression)
Odds  ‘'ower Sl
. limit limit p Value
Ratio g5y ¢ 95% CI
Barrett’s esophagus 11.40 0.85 152 0.07
Reflux esophagitis 3.84 0.36 40.7 0.26
Male 1.55 0.14 17.6 0.72
Age 0.99 0.85 1.16 0.92
Figure 7

Odds Ratio for Residual Symptoms with And Without Reflux Esophagitis (RE) and Barretts
Esophagus (BE) (Definition 2 Under the Age of 60, Logistic Regression)

Odds Lower Upper | logistic regression
Ratio 95%Cl 95%cC P valle

RE(-) BE(-) 1.00 .

RE(+)BE()  1.00 1.00 +

RE(-) BE(+) 2,50  0.12 50.4 0.55 .

RE(+) BE(+) 30.0 141 638 0.03 +

10 100 000
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Figure 8

Odds Ratios for Definition 1, Definition 2 and Definition Subanalysis

Fisher exact tests
Odds Lclrwler U.pp.er
A limit limit
Ratio o55.c1 os%al
Reflux
esophagitis 1.00 0.20 4.95 S SE—
Barrett's
Definition 1 gqophagus 3.57 0.53  23.95
Both 3.67 0.32 41.59 +
Reflux
esophagitis 191 0.50 734 -
Barrett's
Definition 2 ogophagus 1.57 0.40 6.18 —_——
Both 3.22 0.55  18.85 —_—r
Reflux
e —
esophagitis 420 054 329
Definition 2 Barrett's 11.20 100 12565 N
Under 60yo  €sophagus
Both 27.00 183 399.25 +
1 1 1 100 1000)

For the purpose of verification, analyses were conducted for people under 70 years old

in Definition 2. The odds ratio for residual symptoms with reflux esophagitis was 2.50 (p =

0.27), whereas the odds ratio for residual symptoms with Barrett's esophagus was 1.60 (p =

0.69). The odds ratio for residual symptoms with coexisting reflux esophagitis and Barrett's

esophagus was 4.00 (p = 0.15), compared with patients with either or neither (Tables 18 - 20).

As a result of multivariate analysis by logistic regression, the odds ratios were 1.46 for

Barrett's esophagus, 2.03 for reflux esophagitis, 1.18 for male, and 1.03 for age; and no

significant difference was observed (Table 21).
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Table 18

Odds Ratio for Residual Symptoms with Reflux Esophagitis (Definition 2 Under the Age of
70, Fisher Exact Tests)

Residual Symptom

Symptom Resolution 5]

Reflux esophagitis
*LA classification A-D > ° 14

Non-erosive reflux disease

*LA classification N-M 4 18 22

9 27 36

OR=2.50 (0.54-11.65), p=0.27

Table 19

Odds Ratio for Residual Symptoms with Barrett’s Esophagus (Definition 2 Under the Age of
70, Fisher Exact Tests)

Residual Symptom
Symptom Resolution total
Barrett‘s esophagus 4 9 13
Non-Barrett's esophagus 5 18 23
9 27 36

OR=1.60 (0.34-7.46), p=0.69




RESIDUAL GERD SYMPTOMS AND REFLUX ESOPHAGITIS / BARRETT’S ESOPHAGUS 29

Table 20

Odds Ratio for Residual Symptoms in Patients with Coexisting Reflux Esophagitis and
Barrett's Esophagus Compared with Those with Either or None (Definition 2 Under the Age
of 70, Fisher Exact Tests)

Residual Symptom
Symptom Resolution (2a
RE(+) and BE(+) 3 3 6
Non RE(+) and BE(+) 6 24 30
9 27 36

OR=4.00 (0.64-25.02), p=0.15

Table 21

Multivariate Analysis for Residual Symptoms (Definition 2 Under the Age of 70, Logistic

Regression)
Odds  ‘ower Upper
. limit limit p Value

Ratio 95% Cl 95% Cl
Barrett’s esophagus 1.46 0.30 7.12 0.63
Reflux esophagitis 12.03 0.41 10.00 0.39
Male 1.18 0.24 5.76 0.84
Age 1.03 0.95 1.13 0.47

Discussion

This study showed that coexisting reflux esophagitis and Barrett's esophagus, tended

to be risk factors of residual symptoms. A subgroup analysis of patients under the age of 60

showed that the odds ratio increased from the results of the main analysis, indicating that
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Barrett's esophagus was risk factor of residual symptoms and that the risk was further

increased with both reflux esophagitis and Barrett’s esophagus. The analysis of Definition 1,

Definition 2, and Definition 2 for those under the age of 60 showed a similar tendency in that

the risk of residual symptoms increased when reflux esophagitis and Barrett's esophagus were

combined.

Several studies reported that a weak correlation was found between the severity of

subjective symptoms and the endoscopic severity of reflux esophagitis (Fennerty & Johnson,

2006; El-Serag & Johanson, 2002; Okamoto et al., 2003). The presence of reflux esophagitis

also tended to increase the risk of residual symptoms in this study, consistent with previously

reported results (Fennerty & Johnson, 2006; El-Serag & Johanson, 2002; Okamoto et al.,

2003). Other reports showed that there was a weak correlation between the presence or

absence of heartburn symptoms and Barrett's esophagus (Lagergren et al., 1999; Kono et al.,

2005). Similar to those reports, the main analysis of this study also showed that Barrett's

esophagus tended to increase the risk of residual symptoms. In addition, Barrett's esophagus

significantly increased the risk of residual symptoms when limited to those less than 60 years

of age. The reason for this might be that patients over the age of 60 had worse sensory

thresholds and they did not properly evaluate their symptoms.

Hiatal hernia is a risk factor for the development of Barrett’s Esophagus (Andrici et

al., 2013). In cases with hiatal hernia, the lower esophageal sphincter pressure is diminished
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and gastric acid exposure time in the esophagus is prolonged compared with cases without

hernia (Emerenziani et al., 2006). Recent reports showed the weak acid reflux at pH 4 - 5 was

the main factor associated with reflux symptoms after PPI administration in NERD cases

(Abe et al., 2020). Therefore, in the patients with hiatal hernia, the refluxed weak acid into

the esophagus tends to stay even after administration of PPI, and the symptoms remain even

in patients without esophageal erosion. Therefore, it was assumed that Barrett's esophagus

was highly complicated in cases of hiatal hernia, and at the same time, the residual symptom

rate was also high. We showed that Barrett's esophagus was a surrogate marker for refractory

GERD, whose symptoms persisted with PPI. To our knowledge, this study was the first report

to show that patients with both Barrett's esophagus and reflux esophagitis have an increased

risk of residual symptoms compared with patients with either or neither in Japan. In a

comparison of background factors with and without symptom evaluation in this study, the

rate of reflux esophagitis was significantly higher in the group for which symptom evaluation

was performed. On the other hand, there was no difference in the proportion of Barrett's

esophagus between the groups with and without symptom evaluation. It was assumed that

physicians had been paying attention to the symptoms after PPI administration in patients

with reflux esophagitis, but not in patients with Barrett's esophagus. This study showed the

importance of endoscopic evaluation of not only reflux esophagitis but also Barrett's

esophagus in order to predict residual symptoms after treatment. In actual clinical practice,
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there are some patients who were diagnosed with GERD by confirming only the symptoms

without conducting endoscopic evaluation, and were administered acid secretion inhibitors.

In cases that persist having residual symptoms after drug administration,

esophagogastroduodenoscopy should be performed to confirm the presence of Barrett's

esophagus, which is also a risk factor for esophageal adenocarcinoma.

Limitations

This study includes several limitations. This study was conducted in only one large

hospital, where the number of new patients was limited from the viewpoint of primary care in

GERD. Therefore, this study included a relatively small number of patients. In addition, due

to the characteristics of the study, it was possible that there was a selection bias because the

subjects were GERD patients who underwent esophagogastroduodenoscopy.

Symptoms were subjective and were affected by the patient's mental condition and

diet of the day (Kimura et al, 2006; Mishima et al., 2005). The symptoms of this study were

not evaluated using a specific scale. In addition, it was possible that symptoms evaluation

was described in the medical record only when the patient complained of the symptoms. As

the endpoint of clinical research, it is desirable to set a hard endpoint that affects the

prognosis of life. However, the primary goal of treating GERD, which is not a disease with a

poor prognosis, is to control symptoms (Iwakiri et al., 2016). Residual GERD symptoms
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reduce labor productivity and health related quality of life (Suzuki et al., 2014). Therefore,

the GERD symptoms are a serious problem and were set as the endpoint of this study.

Reflux esophagitis” or “non-erosive gastroesophageal reflux disease” might be

conveniently diagnosed for the administration of non-steroidal anti-inflammatory drugs

(NSAIDs) or aspirin. In Japan, GERD-related disease names may be given for convenience,

especially when prescribing PPI for the purpose of preventing ulcers caused by NSAIDs or

aspirin. There is a possibility that patients that were not originally targeted were included in

this study. However, NSAIDs and aspirin are frequently administered, especially among the

elderly, and the exclusion of patients receiving those drugs did not reflect actual clinical

practice.

Conclusion

This study showed that Barrett's esophagus was a surrogate marker for refractory

GERD, whose symptoms persisted after PPI administration. Patients with both Barrett's

esophagus and reflux esophagitis had an increased risk of residual symptoms. We suggest that

esophagogastroduodenoscopy should be performed to confirm Barrett's esophagus if

symptoms persist after drug administration. Further prospective studies using this study as a

pilot study are needed to evaluate the relationships between Barrett's esophagus, reflux

esophagitis and residual symptomes.
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