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Abstract N\
The relationship between chronic obstructive pulmonary disease (COPD) and reflux esophagitis (RE) was controversial. We
investigated the factors influencing RE development in patients with COPD and evaluated the association between RE and AECOPD.

Patients with COPD who underwent esophagogastroduodenoscopy from January 2003 to December 2013 in St. Paul’s Hospital,
the Catholic University of Korea (Seoul, Korea) were enrolled retrospectively. The grade of RE was based on the Los Angeles
classification and minimal change esophagitis. Body mass index, smoking history, medical history, AECOPD, pulmonary function test
data, endoscopic findings, and comorbidities were reviewed.

Of a total of 218 patients with COPD, 111 (50.9%) were diagnosed with RE. None of age, sex, smoking history, or the severity of
airflow limitation was associated with RE. AECOPD was not related to either the presence or severity of RE. There was no significant
correlation between RE grade by Los Angeles classification and severity of airflow limitation (P=.625). Those who had RE used
theophylline (P=.003) and long-acting muscarinic antagonists (P=.026) significantly more often than did controls. The use of
theophylline (OR 2.05; 95% Cl, 1.16-3.65, P=.014) was associated with an increased incidence of RE.

The use of theophylline might increase the risk of RE in COPD patients. RE may not be associated with airflow limitation or
AECOPD.

Abbreviations: AECOPD = Acute exacerbation of COPD, COPD = chronic obstructive puimonary disease, EGD =
esophagogastroduodenoscopy, FEV1 = forced expiratory volume in the first second, FVC = forced vital capacity, GERD =
gastroesophageal reflux disease, GOLD = Global Initiative for Obstructive Pulmonary Disease, ICS = inhaled corticosteroids, LA =
Los Angeles, LAMA = long-acting muscarinic antagonists, PFT = pulmonary function test, RE = reflux esophagitis, the control group

= patients without RE, the RE group = Patients with RE.
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1. Introduction

Gastroesophageal reflux disease (GERD) is a very common
disease, affecting 9% to 28% of the Western population and 3% to
8% of those of East Asia.!'! GERD is a common cause of chronic
cough and is a probable risk factor for other respiratory disorders,
including chronic obstructive pulmonary disease (COPD).1>~!
Previous studies found that GERD might increase the prevalence of
COPD, and also the frequency of COPD exacerbation.!**8 Most
of these studies defined GERD using diagnostic codes or surveys,
however, many patients suffering from GERD do not have typical
GERD symptoms such as heartburn or acid regurgitation.!
Therefore, accurate diagnosis of GERD, such as esophagogas-
troduodenoscopy (EGD) or esophageal multichannel intraluminal
impedance-pH monitoring, is needed to evaluate the relationship
between GERD and COPD. EGD is helpful for diagnosing GERD,
and also assessing GERD severity. As far as we know, several
studies have described risk factors for GERD in patients with
COPD, but few studies have evaluated reflux esophagitis (RE) via
EGD. We defined factors influencing the development of RE in
patients with COPD and evaluated the association between RE and
exacerbation of COPD.

2. Materials and methods

2.1. Study subjects

Data were retrospectively collected from COPD patients who
underwent EGD from January 2003 to December 2013 in St.
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Paul’s Hospital, the Catholic University of Korea, Seoul,
Republic of Korea. The inclusion criteria were based on the
availability of EGD data among COPD patients diagnosed with
the criteria of the Global Initiative for Obstructive Pulmonary
Disease (GOLD).""®" We enrolled patients with COPD who
underwent gastroscopy for 1year before and after pulmonary
function test (PFT). Patients with known esophagogastrointes-
tinal cancers or who had undergone pneumonectomy or
gastrectomy were excluded. In all, 13 patients had been
diagnosed with esophagogastrointestinal cancers, 5 had under-
gone gastrectomy, and 1 patient had undergone pneumonecto-
my. Finally, 218 patients were enrolled in the present study. All of
the patients were evaluated as follows: body mass index, smoking
history, medical history, PFT, endoscopic findings, and comor-
bidities. All of the medications for COPD were reviewed; these
included inhaled corticosteroids (ICS), long-acting 32 agonists,
ICS/long-acting B2 agonists combinations, oral corticosteroids,
short-acting B2 agonists, short-acting muscarinic antagonists,
long-acting muscarinic antagonists (LAMA), oral B2 agonists,
and theophylline. The study was approved by the institutional
review board of St. Paul’s Hospital, the Catholic University of
Korea (PC09Z227270060).

2.2. Pulmonary function test

PFTs were performed in all of the patients via Vmax 229
spirometry; the platform was from MIASYS Respiratory Care
Inc. (CA). All of the following respiratory functions were
recorded: forced expiratory volume in the first second (FEV1),
forced vital capacity (FVC), FEV1/FVC, peak expiratory flow,
and forced expiratory flow at 25% and 75% of the vital capacity
(FEF 25-75). All of the respiratory functions are reported as
percentages of predicted values.

COPD was considered present when the FEV1/FVC ratio was
less than 0.7 upon postbronchodilator spirometry; this is the
recognized criterion. Patients were classified based on airflow
limitation using the GOLD criteria: GOLD 1 (mild, FEV1>
80%), GOLD 2 (moderate, 50% <FEV1<80%), GOLD 3
(severe, 30% <FEV1<50%),and GOLD 4 (very severe, FEV1 <
30%).1'%1 Acute exacerbation of COPD (AECOPD) was defined
as hospitalization or an emergency room visit because of sudden
worsening of COPD symptoms in a 2-year interval running from
1year before to 1year after endoscopy was performed.

2.3. Esophagogastroduodenoscopy

All the patients were divided into 2 groups in terms of
endoscopic findings: Patients with RE (the RE group) and
patients without RE (the control group). RE was graded
according to the Los Angeles (LA) classification! ! and minimal
change esophagitis.''?! Based on LA classification, Grade A RE
was associated with mucosal breaks no longer than 5mm;
Grade B with mucosal breaks longer than 5 mm; and Grade C
with mucosal breaks that were continuous but involved less
than 75% of the esophageal circumference. Grade D featured
mucosal breaks that involved at least 75% of the esophageal
circumference. In terms of minimal change esophagitis, Grade
M patients had minimal endoscopic changes including exces-
sive reddening of the cardia, erythema, friability, and blurring
of the squamocolumnar junction, diffuse erythema, patchy
erythema, increased vascularity of the distal esophagus and
edema, and/or accentuation of the mucosal folds.
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2.4. Statistical analysis

Statistical analyses were performed using SPSS Statistics 21.0
(IBM, Armonk, NY). Data are expressed as means+SDs, as
medians (with interquartile ranges), or as numbers (with
percentages). The unpaired Student ¢ test, the chi-squared test,
and multiple logistic regression were used to compare data
between groups, as appropriate. A P value <.05 was considered
statistically significant.

3. Results

3.1. Baseline characteristics

The prevalence of RE in COPD patients was 50.9% (111/218);
patients of all grades from M to D by LA classification were
included. A total of 52 patients were of LA grade M, 39 grade A,
19 grade B, 0 grade C, and 1 grade D. A total of 111 patients in
the RE group and 107 in the control group were categorized
based on the severity of airflow limitation. A total of 33 (29.7%)
patients in the RE group and 32 (29.9%) controls had mild
airflow limitation (GOLD 1). A total of 40 (36.0%) RE patients
and 46 (43.0%) controls had moderate airflow limitation
(GOLD 2). A total of 30 (27.0%) RE patients and 25 (23.4%)
controls had severe airflow limitation (GOLD 3). A total of 8
(7.2%) RE patients and 4 (3.7%) controls had very severe
airflow limitation (GOLD 4). No significant between-group
difference in airflow limitation was evident upon pulmonary
function testing. No significant difference was evident between
the 2 groups in terms of any of age, sex, or body mass index
(Table 1).

In the present study, the presence of RE in COPD patients
was not significantly correlated with smoking history. We
divided patients into 4 groups; never-smokers, ex-smokers,
current smokers, and unknown. There were no significant
differences between the 4 groups. Mean pack-years of smoking
did not significantly differ between the RE and control groups
(Table 1).

3.2. Correlation between RE grade and severity of COPD

All the patients were classified in terms of RE severity using the
LA classification. In addition, they were categorized based on
airflow limitation, employing the GOLD criteria. Among patients
with minimal changes in RE, 16 (30.8%) were GOLD 1, 19
(36.5%) GOLD 2,13 (25.0%) GOLD 3, and 4 (7.7%) GOLD 4.
Among those of LA Class A, 13 (33.3%) were GOLD 1, 12
(30.8%) GOLD 2,13 (33.3%) GOLD 3, and 1 (2.6%) GOLD 4.
Among those of LA Class B, 4 (21.1%) were GOLD 1, 8 (42.1%)
GOLD 2, 4 (21.1%) GOLD 3, and 3 (15.8%) GOLD 4. No
patient was of LA Class C, and the single patient of LA Class D
was GOLD 2. No significant positive correlation was found
between RE grade according to the LA classification and severity
of airflow limitation (Fig. 1).

3.3. Correlation between development of AECOPD and RE

AECOPD was not significantly correlated with the presence of
RE in the present study. The mean frequencies of hospitalization
and emergency room visits triggered by AECOPD were 0.6 and
0.1 in the RE group, and 0.5 and 0.1 in the control group. No
significant between-group difference was evident in terms of
AECOPD levels (Table 2).
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Baseline characteristics of the study subjects.

RE (n=111) Controls (n=107) P value

Age (yn 73.1+91 76.9+9.8 004
Sex 123

Male 87 (78.4) 73 (68.2)

Female 24 (21.6) 34 (31.8)
BMI (kg/m?) 22.6+3.6 231+37 323
FEV1 (%) 62.9+23.9 65.8+23.8 370
GOLD 542

GOLD 1 (mild) 33 (29.7) 32 (29.9)

GOLD 2 (moderate) 40 (36.0) 46 (43.0)

GOLD 3 (severe) 30 (27.0) 25 (23.4)

GOLD 4 (very severe) 8 (7.2) 4 3.7)
FVC (%) 82.0+21.8 80.9+20.8 .708
FEV1/FVC 52.6+12.2 54.8+11.6 190
Cigarette smoking 973

Never 24 (21.6) 26 (24.3)

Ex-smoker 50 (45.0) 47 (43.9)

Current smoker 36 (32.4) 33 (30.9)

Unknown 109 109
Cigarette smoking (pack-yr) 32.4+27.6 32.0+27.9 917

Values are presented as means +SDs or as numbers (with percentages).
BMI=hody mass index, FEV1 =forced expiratory volume in 1, FVC =forced vital capacity, GOLD =
Global Initiative for Chronic Obstructive Lung Disease, RE=reflux esophagitis.

3.4. Medications for COPD

Among COPD medications, RE patients used theophylline
(P=.003) and LAMA (P=.026) significantly more often than
did controls. No other medication for COPD was significantly
associated with RE in COPD patients (Table 3).

3.5. Factors associated with GERD in COPD patients

Multiple logistic regression analysis showed that theophylline use
(OR 2.05; 95% CI, 1.16-3.65, P=.014) was independently
associated with RE in COPD patients. Unlike the conclusion of
univariate analysis, no significant increase in RE was associated
with LAMA use (Table 4).
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Figure 1. Correlation between the grade of reflux esophagitis and the airflow
limitation criteria of the GOLD. No significant correlation between GERD grade
by the LA classification and severity of airflow limitation was evident (P=.625).
LA=Los Angeles classification, GOLD =Global Initiative for Chronic Obstruc-
tive Lung Disease.
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AECOPD in RE and control groups.

RE (n=111) Controls (n=107) P value
AECOPD (frequency) 2.3+4.0 31+6.4 .259
Hospitalization because of AECOPD 1.6+3.1 2.0+37 373
ER visit because of AECOPD 07+14 1.1+238 .186

Values are presented as means + SDs.
AECOPD =acute exacerbation of chronic obstructive pulmonary disease, RE=reflux esophagitis.

4. Discussion

In the present study, the prevalence of RE in COPD patients was
50.9%. One previous large cohort study reported that the
prevalence of GERD in Korean patients with COPD was about
28%.1%1 This is very high compared to other Asian populations
and the general Korean population, where the prevalence of
GERD is about 3% to 12%."3! Previous studies have also shown
a high prevalence of GERD in COPD patients; the figures were
26.8% in Japan, 32% to 37% in the United States, and 53.6% in
Iran.!%>%1* Some studies reported a higher prevalence in COPD
patients compared to controls.!>! Although we only investigated
a small number of patients with COPD, our result was consistent
with those of other studies, and suggests that RE may be a
common comorbidity in patients with COPD.

In the present study, use of theophylline appeared to increase
the incidence of RE. It has been demonstrated that theophylline
worsens GERD by decreasing lower esophageal sphincter
pressure.!"”! Besides, previous cohort studies have shown that
the relative risk of GERD was increased upon use of
theophylline.”>3! GERD may cause aspiration of gastrointestinal
contents, in turn inducing bronchospasm via reflex mecha-
nisms'>1; therefore, theophylline may trigger a vicious cycle.
The GOLD guidelines indicate that theophylline exerts a modest
bronchodilator effect compared to placebo in patients with stable
COPD."T However, the effect of theophylline on COPD patients
with GERD has not been largely discussed, and thus requires
further study.

Although LAMA use did not significantly increase the risk of
RE upon multiple logistic regression analysis, the Chi-squared
test revealed that LAMA increased the incidence of RE. This
finding is similar to that of an earlier large cohort study
conducted in the United Kingdom.”! It is well known that
anticholinergics increase the risk of GERD by diminishing lower
esophageal sphincter pressure.'”! In addition, most Korean

Chronic obstructive pulmonary disease medications used in RE
and control groups.

RE (n=111) Controls (n=107) P value
ICS 2 (1.8 2 (1.9 970
ICS+LABA 71 (64.0) 70 (65.4) 822
0CS 24 (21.6) 31 (29.0) 212
SABA 18 (16.2) 25 (23.4) 185
LABA 7 (6.3) 2 (1.9 .100
LAMA 56 (50.5) 38 (35.5) .026
Oral B, agonist 32 (28.8) 39 (36.4) .230
Theophylline 76 (68.5) 52 (48.6) .003

Values are presented as numbers (with percentages).
ICS=inhaled corticosteroid, LABA=long-acting B2 agonist, LAMA=long-acting muscarinic
antagonist, 0CS=oral corticosteroid, RE =reflux esophagitis, SABA = short-acting 82 agonist.
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Risk factors for reflux esophagitis in patients with chronic
obstructive pulmonary disease as revealed by multiple logistic
regression analyses.

Variable 0dds ratio 95% Cl P value
Theophylline use 2.05 1.16 to 3.65 .014
LAMA use 1.54 0.87 t0 2.72 139

LAMA =long-acting muscarinic antagonist.

patients use tiotropium as an inhaled anticholinergic, and it
has been reported that tiotropium significantly increased the risk
of GERD.''® However, any association between inhaled
anticholinergics and GERD remains controversial. In a mouse
model of chronic GERD, tiotropium reduced lung inflamma-
tion,!"”! and inhaled anticholinergics may not have increased the
risk of GERD in a national cross-sectional cohort study in
Korea.!®!

Our findings differ in several respects from those of previous
studies. One interesting finding was that smoking was not related
with the presence of RE. In many previous cohort studies,
smoking was correlated with the presence of GERD in COPD
patients.[”>%2% Several explanations are possible. Previous studies
found that smoking possibly exacerbated GERD by directly
provoking acid reflux, and perhaps by reducing lower esophageal
sphincter pressure.*’*?! However, data on the impact of
smoking on GERD is still doubtful. Furthermore, stopping
smoking immediately did not affect esophageal total acid
exposure.*3! Our results support these data.

A further difference was that ICS did not increase the risk of RE
in our study, whereas previous studies found the opposite.!”-!
However, earlier works did not use EGD to diagnose GERD, and
the condition may have been over diagnosed in patients using
ICS, because chronic steroid inhaler use can trigger laryngeal
inflammation that can mimic laryngopharyngeal reflux and
GERD."**

We acknowledged several limitations of this study. First, our
data were derived from a single-center, and only a limited number
of subjects were enrolled. Second, we only examined RE which is
part of GERD. This study was a retrospective study, no
esophageal multichannel intraluminal impedance-pH monitoring
and symptom-specific questionnaires were used to diagnose
GERD. Third, since the number of serious cases such as LA
classification C and D is very low in Korea, information on severe
RE was insulfficient. Fourth, there is a gap between the time of
endoscopy and the time of receiving the PFT, so the relationship
between the exact COPD deterioration and the RE may not be
clear. In other words, it is not known whether enrolled patients
have reflux symptoms or not. Therefore, since this is a
retrospective study, the incidence of GERD in COPD patients
is unknown exactly due to lack of data. Lastly, we should have
investigated risk factors that exacerbated RE such as alcohol and
meal related factors. Nevertheless, the strength of the study was
that we evaluated the relationship between GERD and COPD
through EGD, unlike previous cohort studies. Although GERD is
common in COPD patients, the cause-and-effect relationship is
lacking.[*>?¢! We suggested that theophylline and long-acting
inhaled anticholinergics might increase the risk of RE in patients
with COPD. Further studies are necessary that these medications
can really increase the risk of GERD.
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5. Conclusion

RE is common in patients with COPD. The use of theophylline
might increase the risk of RE in COPD patients. The medications
should be reviewed in COPD patients with reflux symptoms. RE
may not be associated with airflow limitation or AECOPD.
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