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Background: A discernible correlation exists between gastroesophageal reflux disease (GERD) and
chronic obstructive pulmonary disease (COPD). However, the precise nature of the association between
reflux esophagitis (RE) and COPD remains inadequately understood. In this study, we investigated the link
between RE and pulmonary function, with a specific emphasis on elucidating the interplay between RE and
COPD regarding lung function.

Methods: The study cohort comprised patients who underwent both pulmonary function tests (PFTs)
and endoscopic examinations within a one-year period preceding and following their PFTs at The First
Affiliated Hospital of Dalian Medical University from April 2021 to October 2023. Key demographic
variables including age, gender, body mass index (BMI), as well as results from PFTs and endoscopy, were
systematically documented for each participant. Statistical evaluations were conducted utilizing SPSS
Statistics version 29.0, with significance determined at a threshold of P<0.05.

Results: Among patients with COPD, there were notable distinctions between cohorts categorized into RE
and non-RE groups concerning several pulmonary function parameters, including forced expiratory volume
in 1 second (FEV1), the ratio of forced expiratory volume in 1 second to forced vital capacity (FEV1/FVC),
maximum mid-expiratory flow (MMEF75/25), and expiratory reserve volume (ERV). Furthermore, there
were statistically significant disparities observed in peak expiratory flow (PEF). Overall, RE did not exhibit
an association with COPD severity, and there was no notable correlation found between the COPD severity
and RE.

Conclusions: RE has been identified as a factor contributing to diminished pulmonary function in both
individuals without underlying respiratory conditions and those diagnosed with COPD. Nevertheless, an

absence of interaction was observed between the severity of COPD and the presence of RE.
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Introduction

Due to the notable prevalence of chronic obstructive
pulmonary disease (COPD) and gastroesophageal reflux
disease (GERD), scholars have acknowledged the potential
interplay between these conditions. It is theorized that
GERD may exacerbate the clinical manifestations of
COPD, while mechanical alterations induced by COPD
may heighten the severity of GERD symptoms (1). Reflux
esophagitis (RE) is characterized by inflammation of the
esophageal mucosa resultant from GERD, wherein gastric
contents regurgitate into the esophagus, mouth, throat, or
stomach, giving rise to distressing symptoms and potential
complications (2). Irrespective of the manifestation of
GERD symptoms, the occurrence of erosive esophagitis
varies, ranging from 6.4% in China to 15.5% in Sweden.
Furthermore, among individuals not facing GERD
symptoms, the prevalence of erosive esophagitis spans from
6.1% in China to 9.5% in Sweden (3-6). COPD denotes
a persistent and progressive respiratory ailment typified
by obstructed bronchial passages that remain refractory
to complete reversal via bronchodilator therapy (7).
While primary COPD predominantly impacts pulmonary
function, it is acknowledged as a multifaceted condition
characterized by persistent systemic inflammation,
often accompanied by additional comorbidities (8). The
exacerbation of COPD correlates with a rapid decline
in lung function, a decline in quality of life, a notable
socioeconomic burden, and heightened mortality rates (9).
RE is prevalent among COPD patients and represents a
common comorbidity in this population (10). Nonetheless,
limited research has delved into the interplay between RE
and COPD. Thus, our investigation aims to elucidate the

Highlight box

Key findings
* This study investigated reflux esophagitis (RE) has an effect on
pulmonary function in patients with chronic obstructive pulmonary

disease (COPD).

What is known and what is new?

® Previous studies have found that gastroesophageal reflux disease
has an effect on lung function in patients with COPD.

¢ In fact, there is a strong correlation between RE and pulmonary
function test results.

What is the implication, and what should change now?
¢ Clinicians should pay attention to the management of RE in
patients with COPD.

© AME Publishing Company.

Qian et al. RE and COPD

relationship between RE and COPD by evaluating the
impact of RE on pulmonary function through pulmonary
function tests (PFTs). We present this article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-24-817/rc).

Methods
Study population

Information was collected from individuals who had
received both endoscopic evaluations and PFTs at The First
Affiliated Hospital of Dalian Medical University between
April 2021 and October 2023. Inclusion criteria considered
patients who had undergone endoscopic procedures
within a one-year interval preceding and following their
PFTs. Exclusion criteria involved patients diagnosed with
asthma, idiopathic pulmonary fibrosis, bronchiectasis, lung
tumors, pneumonia, as well as those who had undergone
lobectomy. Patients who had previously undergone
stomach surgery and patients received PPIs, antibiotics,
H,RA receptor antagonist, and pectic bismuth one month
before endoscopic examination were also excluded from
participation. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013), and
approved by the Institutional Ethics Committee of The
First Affiliated Hospital of Dalian Medical University
(No. PJ-KS-KY-2024-268). Written informed consent was

obtained from patients prior to enrollment.

Data collection

Various parameters including sex, height (cm’), weight (kg),
body mass index [BMI; calculated as weight (kg)/height’,
m’], smoke, drink, PFT5, and endoscopic findings underwent
meticulous analysis.

PFTs were conducted on patients within our designated
pulmonary function testing facility using the Cosmed PFT4
Ergo equipment from Rome, Italy. The accompanying
software, PFT suite version 8.0b, was utilized for data
analysis. Adherence to standardized protocols was ensured
by performing all measurements in accordance with the
updated Pulmonary Function Test Guidelines, established
jointly by the American Thoracic Society and the European
Respiratory Society in 2005 (11). Recorded PFT parameters
included forced expiratory volume in 1 second to forced
vital capacity ratio (FEV1/FVC), FEV1, peak expiratory
flow (PEF), maximum mid-expiratory flow (MMEF75/25),
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expiratory reserve volume (ERV), and maximal voluntary
ventilation (MVV). Subsequently, all respiratory indices
were expressed as percentages relative to predicted values.

Persistent airflow limitation, indicative of COPD, was
confirmed in patients exhibiting post-bronchodilator
results and FEV1/FVC of <0.70. These specific criteria
have been employed consistently across various clinical
trials (12). Severity of COPD was graded based on The
Global Initiative for Chronic Obstructive Pulmonary
Disease (GOLD) criteria for airflow restriction, which
categorizes patients into four groups: GOLD1 (mild, FEV1
>80% predicted), GOLD2 (moderate, 50%< FEV1 <80%
predicted), GOLD?3 (severe, 30%< FEV1 <50% predicted),
and GOLD4 (very severe, FEV1 <30% predicted) (12).

Esophagogastroduodenoscopy (EGDS; was utilized for
endoscopic assessments, employing the Olympus Evis Exera
II-2951 system manufactured by Olympus Medical System
Corp. in Tokyo, Japan). A proficient endoscopist conducted
the procedures, ensuring their successful completion and well-
tolerated nature among all participants. Subsequently, patients
exhibiting evident signs of RE based on the endoscopic
findings were identified through careful screening.

The Los Angeles (LA) classification stands as the
predominant scoring system employed to delineate the
endoscopic characteristics of the esophageal mucosa and
to categorize the severity of RE (13). Esophagitis severity
is assessed and classified according to the LA criteria (14).
Under this classification, grade A (LA-A) denotes a mucosal
break of no more than 5 mm, whereas grade B (LA-B)
signifies a mucosal break exceeding 5 mm. Grade C (LA-C)
denotes continuous mucosal involvement covering less than
75% of the esophageal circumference, while grade D (LA-D)
indicates mucosal involvement extending to at least 75% of
the esophageal perimeter.

Outcomes

The primary outcome was the effect of RE on lung function
measures including FEV1 (%), FEV1/FVC, MMEF 75/25,
ERV, and PEF in patients with COPD, the relationship
between the severity of RE and COPD, and the risk
factors for COPD with RE. The secondary outcome is a
comparison of lung function between patients with RE and
normal controls.

Statistical analysis

Statistical computations were executed utilizing SPSS
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Statistics software (version 29.0; IBM Co., Armonk, NY,
USA). Descriptive statistics were presented as mean values
with corresponding + standard deviation (SD). Group
comparisons were conducted through the application of the
Kruskal-Wallis test, ¢-test, chi-squared test as appropriate.
Spearman correlation coefficients (based on ranks) were
calculated for correlations. Univariate and multivariate
regression analysis were conducted to analyze risk factors
for patients with COPD to the development of RE. A
significance threshold of P<0.05 was adopted to ascertain
statistical significance.

Results
Baseline

Patients initially diagnosed with RE and then being found
to have COPD and patients with known COPD and then
being diagnosed with RE were enrolled as subjects in the
R-C group. Among the 388 participants enrolled in the
investigation, 51 individuals presented with both COPD
and RE (R-C =51), 82 exhibited RE alone (R + NC =82),
81 were diagnosed solely with COPD (NR + C =81), and
174 individuals who underwent routine check-up and being
without RE and COPD were enrolled as normal controls.
Various parameters including sex, height (cm?), weight
(kg), BMI [calculated as weight (kg)/height’, m’], smoke,
drink, PFTs, and endoscopic findings underwent meticulous
analysis. Interestingly, there were no statistically significant
disparities in age, height, weight, and BMI across the four
delineated groups (1able 1).

Effect of RE on pulmonary function

The PFT outcomes displayed notable abnormalities in
individuals diagnosed with RE as opposed to their normal
counterparts (Zzble 2). Among patients with RE, various
pulmonary function indicators including (FEV1/FVC,
P<0.001; MMEF75/25, P<0.001; and PEF, P=0.048) were
all markedly diminished.

Effect of RE on pulmonary function in patients with COPD

Among the cohort of 132 patients diagnosed with COPD,
51 were additionally diagnosed with RE (Table 3). Our
analysis revealed differences in FEV1 (%) (P=0.04), FEV1/
FVC (P<0.001), MMEF75/25 (P=0.03), ERV (P=0.003),
and PEF (P=0.002) between patients with both RE and
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Table 1 Baseline characteristics of the study cohort

Qian et al. RE and COPD

Characteristic NC (n=174) NR + C (n=81) R + NC (n=82) R-C (n=51) P value
Age (years) 62.8+11.4 64.9+10.7 62.1£11.0 62.6+£10.2 0.36
Sex <0.001
Male 44 (25.3) 44 (54.3) 43 (52.4) 33 (64.7)
Female 130 (74.7) 37 (45.7) 39 (47.6) 18 (35.3)
Height (cm) 164.5+8.2 165.2+8.2 166.4+9.2 164.9+8.8 0.30
Weight (kg) 67.4+13.0 67.1+10.9 69.8+14.1 68.6+14.6 0.44
BMI (kg/m?) 24.8+3.7 24.7+3.8 25.1+3.9 25.0+4.2 0.89
History of smoking <0.001
Never 139 (79.9) 27 (33.3) 31(37.8) 16 (31.4)
Frequent 35 (20.1) 54 (66.7) 51 (62.2) 35 (68.6)

Values are reported as mean + SD or as numerical values accompanied by percentages. BMI, body mass index; NC, normal control; NR + C,
non-RE + COPD; R + NC, RE + non-COPD; R-C, RE + COPD; RE, reflux esophagitis; COPD, chronic obstructive pulmonary disease; SD,

standard deviation.

Table 2 PFT outcomes in individuals with RE compared to normal
counterparts

Table 3 PFT outcomes among individuals diagnosed with COPD,
with or without RE

Variable RE (n=82) NC (n=174) P value Variable RE (+) (n=51) RE (-) (n=81) P value
FEV1 (%) 101.0+15.6 104.7+13.0 0.051 FEV1 (%) 62.3£16.9 69.2+19.5 0.04
FEV1/FVC 83.1+5.5 86.5+4.9 <0.001 FEV1/FVC 52.9+6.9 60.7+£9.7 <0.001
MMEF75/25 84.1+25.8 96.3+19.8 <0.001 MMEF75/25 25.0+£10.0 30.4+15.2 0.03
ERV 98.3+50.0 99.4+45.8 0.85 ERV 71.1+£24.9 94.6+51.1 0.003
MWV 85.3+20.5 90.5+19.1 0.050 PEF 51.9+14.3 61.9+20.2 0.002
PEF 93.0+22.7 98.3+18.5 0.048 Values are delineated as mean = SD. PFT, pulmonary

Values are reported as mean + SD. PFT, pulmonary function
test; RE, reflux esophagitis; NC, normal control; FEV1, forced
expiratory volume in 1 s; FEV1/FVC, the ratio of forced
expiratory volume in 1s/forced vital capacity; MMEF75/25,
maximum mid-expiratory flow; ERV, expiratory reserve volume;
MVV, maximal voluntary ventilation; PEF, peak expiratory flow;
SD, standard deviation.

COPD and patients with COPD alone.

Association between severity of RE and pulmonary function

All COPD patients were evaluated, among several measures
that differed between the RE+ and RE- groups, four
indicators showed negative correlation with the severity
of RE as defined by the LA classification: FEV1 (r=-0.19,
P=0.03), FEVI/FVC (r=-0.50, P<0.001), ERV (r=-0.23,
P=0.01), PEF (r=-0.23, P=0.01).

© AME Publishing Company.

function test; COPD, chronic obstructive pulmonary disease;
RE, reflux esophagitis; FEV1, forced expiratory volume in
1 s; FEV1/FVC, the ratio of forced expiratory volume in
1 s/forced vital capacity; MMEF75/25, maximum mid-expiratory
flow; ERV, expiratory reserve volume; PEF, peak expiratory flow;
SD, standard deviation.

Risk factors for COPD and RE

We conducted an analysis to investigate potential
influencing variables among patients diagnosed with
COPD, with or without RE. Parameters including age, sex,
BMI, FEV1, FEV1/FVC, and, MMEF75/25, smoke and
drink were examined. The findings revealed statistically
significant discrepancies in FEV1 [odds ratio (OR) 1.10;
95% confidence interval (CI): 1.04-1.17; P=0.001] and
FEV1/FVC ratios (OR 0.79; 95% CI: 0.71-0.88; P<0.001)
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Table 4 Univariate logistic regression analysis of patients with
COPD and RE

Variable Odds ratio 95% ClI P value
Sex 0.42 0.16t0 1.16 0.09
Age (years) 0.96 0.92 to 1.01 0.14
BMI 1.06 0.94t01.20 0.35
FEV1 1.10 1.04 to 1.17 0.001
FEV1/FVC 0.79 0.71t0 0.88 <0.001
MMEF75/25 0.95 0.89 to 1.01 0.13
Smoke 0.92 0.40 to 2.11 0.84
Drink 1.55 0.65t0 3.70 0.32

COPD, chronic obstructive pulmonary disease; RE, reflux
esophagitis; BMI, body mass index; FEV1, forced expiratory
volume in 1 s; FEV1/FVC, the ratio of forced expiratory volume in
1 s/forced vital capacity; MMEF75/25, maximum mid-expiratory
flow; Cl, confidence interval.

Table 5 Multiple logistic regression analysis of patients with COPD
and RE

Variable Odds ratio 95% Cl P value
FEV1 1.03 0.99t0 1.07 0.10
FEV1/FVC 0.87 0.82 10 0.93 <0.001

COPD, chronic obstructive pulmonary disease; RE, reflux
esophagitis; FEV1, forced expiratory volume in 1 s; FEV1/FVC,
the ratio of forced expiratory volume in 1 s/forced vital capacity;
Cl, confidence interval.

across the respective groups (7Tzble 4). Furthermore,
multiple logistic regression analysis demonstrated that the
FEV1/FVC ratio served as a protective factor (Table 5) with
OR being 0.87 (95% CI: 0.82-0.93, P<0.001).

Association between RE and COPD severity

Patients diagnosed with COPD were split into two groups
based on the presence or absence of RE, namely RE+ (n=51)
and RE- (n=81) groups. COPD severity was categorized
according to the GOLD classification system, revealing that
within the RE+ group, 16 patients (31.4%) were classified
as GOLDI, 25 (49.0%) as GOLD2, 8 (15.7%) as GOLD3,
and 2 (3.9%) as GOLD#4. In contrast, among RE- patients,
32 individuals (39.5%) were categorized as GOLD1, 30
(37.0%) as GOLD2, 17 (21.0%) as GOLD3, and 2 (2.5%)
as GOLD4. The collective analysis indicated no discernible
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M GOLD 1 (mild)

B GOLD 2 (moderate)
B3 GOLD 3 (severe)

3 GOLD 4 (very severe)

RE+

RE-

0 25 50 75 100
Numbers of patients, %
Figure 1 Correlation between RE and GOLD grade in patients
with COPD. No significant correlation was observed between
RE and the severity of airflow limitation (P=0.55). RE, reflux
esophagitis; GOLD, The Global Initiative for Chronic Obstructive
Pulmonary Disease; COPD, chronic obstructive pulmonary disease.

pattern associating RE with the severity of COPD (P=0.55,
Figure I).

Effect of COPD on the severity of RE

Among the 133 patients diagnosed with RE, 51 were
also diagnosed with COPD, while 82 did not exhibit
COPD. The severity of esophagitis was assessed using
the LA classification system. In patients with COPD, the
distribution of LA grades was as follows: 44 (86.3%) were
classified as LA-A, 1 (2.0%) as LA-B, 1 (2.0%) as LA-C,
and 5 (9.8%) as LA-D. Conversely, among patients with
RE but without COPD, the distribution of LA grades was
as follows: 62 individuals (75.6%) were LA-A, 10 (12.2%)
were LA-B, 1 (1.2%) was LA-C, and 9 (11.0%) were LA-D.
Overall, the analysis revealed that the presence of COPD
did not exert a significant impact on the severity of RE
(P=0.21, Figure 2).

Discussion

The correlation between RE and COPD remains a topic
of contention within scholarly discourse. While RE has
been observed to occur frequently among individuals
diagnosed with COPD, existing evidence does not suggest
a direct association between RE and acute exacerbations
of COPD or airflow limitation (15). Scholarly literature
has documented a causal association between COPD and
GERD (16). Individuals diagnosed with COPD exhibit an
elevated susceptibility to developing esophageal disorders,
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Figure 2 Correlation between COPD and RE according to LA.
No significant correlation was observed between COPD and the
LA classification (P=0.21). COPD, chronic obstructive pulmonary
disease; LA, Los Angeles; RE, reflux esophagitis.

with the COPD diagnosis itself increasing the likelihood
of experiencing symptoms related to GERD (17). Notably,
within the initial year following the COPD diagnosis,
patients concurrently diagnosed with COPD and GERD
demonstrate a notably heightened incidence and risk of
hospitalization compared to those without GERD (18).
Two primary mechanisms implicated in GERD’s impact
on COPD severity include vagus-mediated reflex
bronchoconstriction and pulmonary microaspiration (16).
The presence of GERD exerts a comprehensive influence
on nearly all outcomes associated with COPD. In their
study, Bonacin et /. observed statistically significant
distinctions in FVC (P=0.03), FEV1 (P=0.002), FEV1/
FVC (P=0.001), and PEF (P=0.001) between patients
with and without GERD (7,19). The swift deterioration
in FEV1 serves as a robust prognostic indicator for both
mortality risk and COPD-related hospital admissions (20).
A subset of individuals diagnosed with COPD experiencing
recurrent exacerbations is classified as exhibiting a “frequent
exacerbations” phenotype. The pathophysiological
mechanisms underlying this phenotype are intricate, with
affected individuals typically demonstrating an accelerated
decline in FEVI, rendering them more susceptible to
COPD exacerbations (21). In a study by Baldomero
et al. GERD was identified as an independent predictor
of the rapid decline in FEV1 (22). Wang et al. observed
notable decrements in PFT outcomes, specifically FEV1
(%) and FEV1/FVC, among patients experiencing acute
exacerbations who tested positive for the Ryan antigen
compared to those who tested negative. Furthermore,
individuals who tested positive for the Ryan antigen
demonstrated significant enhancements in FEV1 (%) and
FEV1/FVC ratios relative to baseline following treatment

© AME Publishing Company.
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with proton pump inhibitors and primary therapy (23). Our
investigation unveiled a potential adverse impact of RE
on pulmonary function indicators among COPD patients.
Specifically, compared to COPD patients without RE, those
with RE exhibited deteriorated FEV1/FVC, FEV1, PEF,
MMEF75/25 and ERV. The severity of RE is associated
with the deterioration of several of these lung function
measures. The precise mechanisms underlying the influence
of RE on PFTs results remain inadequately explored and
warrant further comprehensive inquiry. Our investigation
aimed to ascertain the potential reciprocal influence
between RE and COPD severity. Findings indicated a
lack of significant impact of RE on COPD severity, and
conversely, COPD did not exhibit a discernible effect on
the severity of RE. Prior research endeavors have similarly
failed to establish a substantial correlation between RE
severity and COPD (24).

Age, sex, and BMI are independent risk factors for GERD
in patients with COPD (16). However, these factors may not
be independent risk factors for RE in patients with COPD.
In COPD, smoking increases the risk of GERD (21).
However, smoking in COPD patients was not found to be
a risk factor for RE in our study, which is consistent with
the findings of a previous study (24). Use of theophylline
may increase the risk of developing RE in patients with
COPD while inhaled anticholinergic drugs may reduce
the risk of RE (24,25). Our analysis revealed that the
FEVI1/FVC ratio served as a protective factor for patients
concurrently diagnosed with COPD and RE, indicating a
close association between this index and RE. A decline in
the FEV1/FVC ratio may independently pose a heightened
risk for RE development.

In individuals exhibiting normal lung function, the
presence of erosive RE do not demonstrate any influence
on the annual decrease in FEV1 or FVC, nor dose it impact
the decline in overall lung function (15). However, our
investigation revealed that there was a difference in PFT
outcomes in patients with RE compared to those with
normal lung function. The differences between the results
concerned in the two study may be due to the confounding
factor-smoking. The precise mechanisms through which
RE influences the results of lung function tests remain an
area requiring further elucidation, highlighting the need for
additional comprehensive studies in this domain.

This study encountered several limitations. Firstly,
the data were sourced from a solitary institution, and the
patient cohort was relatively modest in size, gathered over
a restricted timeframe. Additionally, the enrollment of

7 Thorac Dis 2024;16(10):6545-6552 | https://dx.doi.org/10.21037/jtd-24-817



Journal of Thoracic Disease, Vol 16, No 10 October 2024

participants was limited, with a notably smaller proportion
presenting with esophagitis grades B, C, and D in
comparison to grade A. Secondly, despite the performance
of endoscopic examinations within a year of PFTs, a
temporal gap persisted between the two procedures,
necessitating further investigation into the precise
relationship between PFT outcomes and RE. Thirdly, it is
imperative to explore additional potential independent risk
factors associated with the development of both COPD
and RE, such as prolonged utilization of pharmaceutical
agents linked to respiratory ailments. Further extensive
investigations are warranted to elucidate the potential
impact of these pharmaceutical agents on the prevalence of
RE among individuals diagnosed with COPD.

Additionally, our study did not delve into the potential
relationship between RE and acute exacerbations of
COPD, nor did it explore whether the prolonged presence
of RE may precipitate acute exacerbations of COPD.
Furthermore, our analysis solely encompassed selected PFT
outcomes, thereby precluding a comprehensive examination
of the potential association between RE and other PFT
parameters. Moreover, our study employed objective test
results to evaluate the association between RE and COPD,
underscoring the significance of early identification and
intervention for RE in mitigating the risk of impaired
pulmonary function. Clinicians should remain vigilant
regarding the presence of RE and institute appropriate
therapeutic interventions along with the management of
respiratory disorders.

Conclusions

Our investigation revealed a detrimental impact of RE
on PFT outcomes. While RE may exacerbate declines in
lung function among individuals with COPD, it does not
appear to influence the severity of COPD itself. Likewise,
COPD did not exhibit a discernible effect on RE severity.
Nonetheless, our findings suggest that a diminished ratio of
FEV1/FVC could independently predispose patients with
COPD to the development of RE.
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