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Background: Obstructive sleep apnea (OSA) and/or gastroesophageal reflux (GER) may be the
contributors to chronic cough in patients with OSA and concomitant GER. This study aimed to
explore whether continuous positive airway pressure (CPAP), antireflux treatment and lifestyle
modifications improve chronic cough in patients with OSA and concomitant GER.

Methods: Patients with OSA and concomitant GER who also experienced chronic cough
were enrolled, and were divided into two groups. Patients who were treated with general
treatment (antireflux treatment and lifestyle modifications) as the control group, and patients
who were treated with CPAP and general treatment as the treatment group. Effects of
different treatments on chronic cough were assessed, and the association among chronic
cough, GER and OSA was evaluated by Pearson’s correlation analysis.

Results: The Pittsburgh Sleep Quality Index and Epworth Sleepiness Scale were better in
the treatment group after 1 week of treatment; further, the improvement became stronger
with the duration of therapy. The gastroesophageal reflux disease questionnaire, visual analog
scale (VAS) for cough, and daytime and nighttime cough symptom scores significantly
improved in both groups after treatment, whereas this improvement was more significant
in the treatment group. Significant associations between the apnea-hypopnea index (AHI)
and VAS, weak acid reflux and VAS, and weak acid reflux and AHI were observed.
Conclusion: CPAP improved the symptoms of chronic cough and GER in patients with
OSA and concomitant GER. AHI and weak acid reflux may be important factors affecting
the therapeutic effect of chronic cough in patients with OSA and concomitant GER.
Keywords: obstructive sleep apnea, gastroesophageal reflux, chronic cough, continuous

positive airway pressure

Introduction
Chronic cough affects 2.3-33% of adults'* and is a common complaint in respira-
tory outpatient clinic visits. Obstructive sleep apnea (OSA) could cause a variety of
complications, such as chronic cough, gastroesophageal reflux (GER), cardiovas-
cular and cerebrovascular diseases.> ® A cross-sectional study found that the inci-
dence of chronic cough was up to 33% in patients with sleep-disordered breathing.’
Shi et al have found that OSA can induce cough hypersensitivity.® OSA is increas-
ingly thought to be the cause of chronic cough.® However, the pathogenesis of
chronic cough in patients with OSA is multifactorial.

The incidence of GER is high in patients with OSA,”'® and GER may be
a contributor to chronic cough in patients with OSA and GER. A multivariate
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that there was
a significant correlation between GER and OSA after the
exclusion of other confounders.!! The CHEST Guideline

and Expert Panel Report published in Chest has suggested

population-level analysis suggested

that general treatment, including lifestyle modifications
and weight reduction, alleviates the symptom of chronic
cough in patients with GER.'? Tamanna et al have found
that continuous positive airway pressure (CPAP) can
improve the events of nocturnal GER in OSA patients."?
A retrospective study has demonstrated that GER is pre-
sent in 42% of patients with OSA, and CPAP can signifi-
cantly improve GER events."* A Randomized Controlled
Pilot Study found that CPAP treatment could relieve the
symptom of chronic cough in OSA patients."

Unfortunately, as far as OSA and GER-related cough
are concerned, the therapeutic management of chronic
cough remains largely empirical. This study aimed to
explore effects of different treatments on chronic cough
in patients with OSA and concomitant GER and the pos-
sible mechanism of this association.

Methods

Participants

This retrospective study enrolled patients aged >18 years
with chronic cough who visited the Respiratory and Sleep
Medicine Department of First Affiliated Hospital of
Zhengzhou University between March 2017 and
November 2020. Informed consent was waived owing to
the retrospective nature of the study. The patient data
accessed was maintained with confidentiality. This study
was conducted in accordance with the World Medical
Association Declaration of Helsinki and approved by the
grass-roots ethics committee of the First Affiliated
Hospital of Zhengzhou University.

The inclusion criteria were: (1) cough more than 8
weeks; (2) normal spirometry and provocation test; (3)
normal chest radiographs and/or computed tomography
scans of the chest; (4) normal acidophilic granulocyte
count of induced sputum; (5) normal skin prick test; (6)
Tests for the diagnosis of upper airway disease were
normal;'® (7) no history of angiotensin-converting enzyme
inhibitor drug use.

The exclusion criteria were: (1) the unstable haemody-
namics patients, acute stage of cardiovascular and cere-
arrhythmia,
congestive heart failure; (2) giant bullous emphysema;

brovascular  diseases,  uncontrollable

(3) a history of hypertension, poor blood pressure control;

(4) esophagus cancer, or erosive esophagitis; (5) heavy
smoker;'” (6) alcohol dependence and alcohol abuse;'®
(7) pregnancy.

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) was used to
assess the subjective sleep quality of the participants
within the past 1 month.'” It consists of 19 self-
assessment items and 5 other-assessment items, in which
18 self-assessment items were scored. The 18 self-
assessment items were divided into 7 aspects, and each
answer is graded on a scale of 0 to 3. The total score
ranges from 0 to 21, with higher score indicating poorer
sleep quality.

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) score was used to
assess daytime sleepiness.”’ It consists of 8 questions
regarding how often an individual dozes during daily
activities. In this study, a Chinese version of the ESS
score was used to assess daytime sleepiness of patients
in both groups. Each answer is scored on a scale of 0 to 3.
The ESS score ranges from 0 (never dozed) to 24 (high
chance of dozing), with higher values indicating greater
sleep propensity during the day.

Gastroesophageal Reflux Disease

Questionnaire
The
(GERD-Q) can be used to assess the severity of reflux

gastroesophageal reflux disease questionnaire
symptoms.?! Tt consists of six questions that are divided
into the following three aspects: heartburn, reflux, epigas-
tric pain, nausea, sleep disorder and antireflux treatment
use within the past 1 week. In this study, a Chinese version
of the GERD-Q was used to assess GER symptoms of
patients in both groups. A total score of >8 was considered

indicative of GER disease.

Visual Analog Scale for Cough

The visual analog scale (VAS) for cough'® is used to
assess cough severity by the linear integral method. It
ranges from 0 to 100, with O indicating asymptomatic
and 100 indicating the most severe cough. It can be used
for the longitudinal comparison of cough severity before
and after the treatment.
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Cough Symptom Score

The Chinese version of the cough symptom score was used
to evaluate daytime cough symptoms and nighttime cough
symptoms separately according to the 2015 Chinese Cough
Diagnosis and Treatment Guidelines.'® Each score is rated
on a scale of 0 (no cough) to 3 (most severe cough), with
higher values indicating more severe cough symptoms.

24-h Esophageal Multichannel Intraluminal
Impedance-pH

24-h esophageal multichannel intraluminal impedance-pH
(24-h MII-pH) (Medtronic Inc, USA) monitoring was used
to diagnose GER. No antacid treatment was administered
during the examination and 8 weeks prior to the examina-
tion. An abnormal GER was defined by a DeMeester score
of >14.72%
Consensus.”> Acid reflux was defined as nadir pH<4,

and/or meeting the criteria of Lyon

weak acid reflux was define as nadir pH between 4 and
7, and non-acid reflux was define as nadir pH>7.%*

Polysomnography

Overnight polysomnography monitoring was performed
using a Compumedics system (E-series compumedics,
Australia). Sleep stages and respiratory events were clas-
sified according to the American Academy of Sleep
Medicine standards (version 2.4).° The apnea-hypopnea
index (AHI) was used to define the severity of OSA.

24 h MII-pH combined with polysomnography mon-
itoring were performed for each patient at the baseline.
Synchronous pH signals were recorded in the reflux mon-
itoring and Compumedics systems to accurately analyze
the temporal association between apnea and reflux events.

Lifestyle Modifications

Lifestyle modifications included diet control, aerobic exer-
cises, tongue exercises, soft palate exercises, exercises for
the cheeks, throat, and neck, exercises for lips and jaw,
sleeping on one’s side, and quit smoking and alcohol.

Diet Control

Diet control referred to calorie intake and dietary pattern
changes.”®*” Low-carbohydrate diets come in several
forms, including moderate to very low-carbohydrate
diets. The moderate carbohydrate intake provided about
26~45% of total calories. The term “low-fat diet” mainly
referred to a diet low in triglycerides and cholesterol. This
study considered the moderate carbohydrate and low-fat

diet patterns, with daily caloric intake ranging from 1200
to 1500 kcal for women and 1500 to 1800 kcal for men.

Aerobic Exercises

Aerobic exercises?®?’

included walking, jogging, gymnas-
tics, and treadmill exercise. The aerobic exercises intensity
was recommended to be 60%~85% of heart rate reserve, 4
times per week, 150 min per time, and the exercise inten-
sity was adjusted based on the patients’ cardiopulmonary

exercise test results.

Tongue Exercises

1. Keep the chin open throughout the exercise. Press
the front of the tongue against the hard palate for 5
s, then relax for 8 s, 10 times a cycle, 3 cycles daily.

2. Open the mouth and try to touch the chin with the
tip of the tongue. Hold for 5 s, relax for 8 s, 10
times a cycle, 3 times daily.

3. Open the mouth, try to touch the tip of the nose
with the tip of the tongue, and relax for 8 s, 10
times a cycle, 3 cycles daily.*”

Soft Palate Exercises
1. Pronounce “A, E, I, O, U” 5 times daily.
2. Inhale through the nose and exhale through the
mouth, keeping the lips together while exhaling
for 5 s. Repeat 5 times, 3 times daily.*°

Cheeks, Throat, and Neck Exercises

1. Tilt the head back and stick out the tongue as far as
possible with the tip of the tongue. Hold for Ss,
return the head to the starting position, and relax the
tongue for 8s. Repeat the process 5 times daily.

2. Tilt the head back and gently bite the tongue.
Attempt swallowing once. Then, stand the head
upright and relax the tongue for 8s. Repeat the
process 5 times daily.

3. Facial muscle training used the facial expression
simulation method to exercise orbicularis oris mus-
cle, buccinator muscle, as well as lateral and medial
pterygoid muscles.*”

Lips and Jaw Exercises

1. Shrink lips for 10 s, then relax for 12 s repeat 10
times once daily.

2. Open mouth wide while shrinking the lips. Hold for
5s and then relax for 8s. Repeat this 5 times daily.

3. Place one hand under the chin, then open the mouth
as wide as possible. Hold for 5 s, then relax for 8
s. Repeat this 10 times a day.*°
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Smoking

The World Health Organization'” define smoking as con-
tinuous or cumulative smoking for 6 months or more.
Smokers were further classified as regular smoker (smok-
ing more than one cigarette daily for consecutive or cumu-
lative six months), occasional smoker (smoking more than
four times per week, but less than one cigarette per day),
and non-smoker. Passive smoking is defined as inhaling
smoke from a smoker at least 15 min/day for more than
one day per week.

Protocol

According to the above inclusion and exclusion criteria,
patients with chronic cough who met the criteria were
enrolled. After relevant auxiliary examinations, patients
with OSA and concomitant GER were further collected.
General treatment included antireflux treatment (proton
pump inhibitor + mosapride) and lifestyle modifications.
Average CPAP use > 4 h per night was considered as good
compliance, average CPAP use < 2 h per night was con-
sidered as poor compliance.®'*** Patients with poor CPAP
compliance but received general treatment as the control
group, patients with good CPAP compliance and received
general treatment as the treatment group. Patients kept
a daily treatment log and, under the supervision of physi-
cians, through regular outpatient visits to ensure the com-
pletion of treatment. The study protocol is presented in
Figure 1.

Statistical Analysis

Data are presented as meantSD. First, a Chi-square test
was used to assess whether the variables of sex, smoking,
and alcohol consumption had differences between the
treatment and control groups. Second, as the overnight
polysomnography and 24-h MII-pH monitoring were per-
formed only before the treatment, an independent sample
t-test was used to analyze AHI, the longest time of apnea,
the lowest oxygen saturation, DeMeester score, reflux
measures between the treatment and control groups. It
could be used to assess whether there were significant
differences in relevant indicators between the treatment
and control groups, and to ensure the homogeneity of the
patients of the two groups before treatment. Third,
a analysis of variance of repeated measurement data
were used to assess of the improvement of PSQI, ESS,
GERD-Q, VAS and cough symptom scores. Forth, because
of the collinearity between independent variables which

Chronic cough I

A4

History

Physical Examination Exclusion

criteria

Laboratory Examination

4

PSQl, ESS, GERD-Q
VAS for cough, Cough symptom score
Over night polysomnography and
24-h Mll-pH monitoring, etc.

Patients with OSA and
concomitant GER

Control
group

Treatment
group

A 4

PSQI, ESS, GERD-Q, VAS for cough,
and cough symptom score were collected
after 1-week and 3-months treatment

Figure | The protocol of the study.

entered in the model, the regression model was not devel-
oped. Pearson’s correlation analysis was used to explore
the association between VAS for cough and age, BMI,
PSQI, ESS, GERD-Q, objective sleep and reflux-related
indicators. P<0.05 was considered statistically significant.
All statistical analyses were performed using the Statistics
Package for Social Science version 16.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Baseline Characteristics

Of the 86 patients who met the criteria, 40 patients in the
control group and 46 patients in the treatment group. The
pre-treatment data of this study are presented in Table 1.
Patients in both groups had poor sleep quality, severe
daytime sleepiness, sleep structural disorder, decreased
sleep efficiency, moderate-severe sleep apnea, significant

weak acid reflux, and moderate coughing events. These
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Table | The Baseline Data of This Study
Treatment Group (n=46) Control Group (n=40) P value*
Age 36.915.55 37.52+5.92 0.62°
Sex (Male/Female) 26/20 24/16 0.74°
BMI (kg/m?) 27.48+4.75 28.38+4.94 0.167
Smoking: 0.72°
Yes 26 (56.52%) 25 (62.50%)
Regular smoker 0 0
Occasional smoker 19 (41.30%) 20 (50.00%)
Passive smoking 7 (15.22%) 5 (12.50%)
Non-smoker 20 (43.48%) 15 (37.50%)
Alcohol consumption: 0.52°
Yes 28 (60.87%) 27 (67.50%)
No 18 (39.13%) 13 (32.50%)
PSQI 12.09+2.49 11.63%£2.36 0.387
ESS 14.33+£2.46 14.08+2.28 0.63°
GERD-Q 4.09+£2.98 4.43£2.51 0.63°
TST/min 398.33+23.03 404.18+23.15 0.25°
Sleep efficiency (%) 73.15+5.59 75.18+4.47 0.07°
Sleep structure:
NI (%) 15.04+2.09 13.15£2.52 0.05*
N2 (%) 68.28+5.00 70.532.14 0.10°
N3 (%) 8.56+2.51 10.05+2.01 0.07°
R (%) 7.89+3.02 6.03+3.07 0.07°
AHI (/h) 30.24+5.45 29.73+4.03 0.63°
Longest time of apnea (min) 43.12+8.29 41.26+4.60 0.19°
LSaO,(%) 81.09+3.33 80.08+4.35 0.23°
Demeester score 18.23+7.77 17.71£5.15 0.717
Acid reflux 29.33+11.34 27.77+13.84 0.57°
Weak acid reflux 24.60+9.14 23.89+7.95 0.717
Non-acid reflux 2.14+1.30 1.12£1.99 0.09*
VAS for cough 55.76x10.59 52.38+8.09 0.10°
Daytime cough symptom 2.13+0.81 2.03+0.80 0.55%
Nighttime cough symptom 1.83+0.77 1.73£0.82 0.56°

Notes: “t-test; ®Chi-square test; *P<0.05 was considered statistically significant.

parameters did not differ statistically between the control
and treatment groups at the baseline (P>0.05).

Comparisons of Sleep, GER and
Cough-Related Parameters Between the

Treatment Group and Control Group

PSQI and ESS scores improved in the treatment group
after 1-week treatment compared with baseline
(improved by 15.14% for PSQI, Figure 2A; improved
by 24.63% for ESS score, Figure 2B; P < 0.05), and
compared with those in the control group at the same
measurement time (improved by 9.20% for PSQI,
Figure 2A; improved by 21.91% for ESS
Figure 2B; P < 0.05); and the improvement became

score,

stronger with the duration of therapy in the treatment
group (improved by 45.16% after three months’ inter-
vention for PSQI, Figure 2A; improved by 62.39%
ESS
Figure 2B; P < 0.05). Compared with pre-treatment
data, GERD-Q (improved by 97.80%
months’ intervention in the treatment group, P <
0.05; improved by 48.53% after three months’ inter-
vention in the control group, P < 0.05; Figure 3), VAS

after three months’ intervention for score,

after three

(improved by 81.87% after three months’ intervention
in the treatment group, P < 0.05; improved by 22.91%
after three months’ intervention in the control group,
P < 0.05; Figure 4A), daytime cough symptom scores
(improved by 89.67% after three months’ intervention
in the treatment group, P < 0.05; improved by 48.28%
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Figure 2 Comparisons of PSQI (A) and ESS score (B) between the treatment and control groups. *Indicates a significant difference between the treatment and control
groups at the same measurement time (P<0.05). #Indicates a significant improvement in the treatment group when compared with the data of baseline (P<0.05).
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Figure 3 Comparisons of GERD-Q between the treatment and control groups.
*Indicates a significant difference between the treatment and control groups at the
same measurement time (P<0.05). #Indicates a significant improvement in the
treatment group when compared with the data of baseline (P<0.05). &Indicates
a significant improvement in the control group when compared with the data of
baseline (P<0.05).

after three months’ intervention in the control group,
P < 0.05; Figure 4B) and night cough symptom scores
(improved by 92.90% after three months’ intervention
in the treatment group, P < 0.05; improved by 62.43%
after three months’ intervention in the control group,
P < 0.05; Figure 4C) improved after treatment in both
groups (P < 0.05), the improvement being more sig-
nificant in the treatment group (P < 0.05).

Significant associations between AHI and VAS scores
(Figure 5A, r = 0.612, P < 0.05) and between weak acid
reflux and VAS score (Figure 5B, r = 0.429, P < 0.05)
were observed. Further, a significant correlation was
found between weak acid reflux and AHI (Figure 5C,
r = 0.366, P < 0.05). VAS for cough had no significant
relationship with age, BMI, PSQI, ESS, GERD-Q or the
other objective
(Table 2).

sleep and reflux-related indicators

Discussion
The present study yielded two major findings. First, anti-
reflux treatment and lifestyle modifications provided par-
tial relief of chronic cough and reflux symptoms which
were further resolved by CPAP in patients with OSA and
concomitant GER. Second, AHI and weak acid reflux were
significantly correlated with chronic cough, and AHI also
showed a relationship with weak acid reflux. These find-
ings are consistent with those of other studies showing that
CPAP treatment can improve GER'** and daytime
sleepiness.® Previous studies have explored the effects
of CPAP on GER and OSA, but there had been no analysis
focused on the effect of CPAP on chronic cough in patients
with OSA and concomitant GER. The present study inves-
tigated the effects of different treatment modalities on
chronic cough in patients with OSA and concomitant
GER, allowing clinicians to provide CPAP therapy after
determining its effect on chronic cough in these patients.
Orr et al suggested that proton pump inhibitor could
improve GER symptoms, but it was not statistically sig-
nificant in patients with OSA and concomitant GER.** The
CHEST Guideline and Expert Panel Report published in
Chest pointed out that lifestyle modifications, weight loss,
and proton pump inhibitor treatment could alleviate cough
symptoms in patients with GER.'? In our study, we found
that antireflux treatment and lifestyle modifications could
partially relief the symptoms of cough and GER; but, it
had no effect on sleep quality and daytime sleepiness in
patients with OSA and concomitant GER. These results
suggested that GER may be one of contributors of chronic
cough, rather than the primary cause since refractory GER,
such as gastrointestinal motility disorder, has been
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Table 2 The Correlation Between VAS and Other Quantitative Data

Age BMI | PSQI | ESS GERD- Longest Time of LSaO, | Demeester Acid Non-Acid

Q Apnea Reflux Reflux

r | —0.098 | 0.126 | —0.090 | 0.064 0.127 0.084 —0.082 —0.019 —0.166 —0.083
P | 0369 | 0248 | 0.409 | 0.555 0.244 0.444 0.455 0.862 0.127 0.447

excluded. Tawk et al have found that GER improved after
I-week CPAP treatment in patients with OSA and conco-
mitant GER.** Furthermore, Tamanna et al discovered that
GER and daytime sleepiness improved after 6 months of
CPAP treatment in patients with OSA and concomitant
GER."> We assessed the association among chronic
cough, GER, and treatment response in patients with
OSA and concomitant GER, and found that sleep para-
meters (such as sleep quality and daytime sleepiness),
symptoms of chronic cough and GER were all markedly
improved after 3-month CPAP treatment in present study.
A meta-analysis has demonstrated that GER is involved in
the pathogenesis of OSA in patients with OSA and con-
comitant GER.?®> Radovanovic et al believed that although
OSA and GER might not be causally related, the two
disorders probably interact.’® Our data suggested that anti-
reflux treatment and lifestyle modifications provided par-
tial relief of cough and GER symptoms which were further
resolved by CPAP. We speculated that OSA might be the
primary cause of chronic cough, and GER might only play
a role of contributor in patients with OSA and concomi-
tant GER.

We discovered the associations between AHI and VAS,
weak acid reflux and VAS, and AHI and weak acid reflux,
and found there was no significant correlation between
cough and age, BMI, PSQI, ESS, GERD-Q and the other
objective sleep and reflux-related indicators in this study.
These findings are consistent with those of several pre-
vious studies, but not entirely.'**"-*® Previous studies have
reported the association between AHI and GER using
symptoms,® responses to anti-GER medication,’® 24-h
esophageal pH monitoring,*® or endoscopic findings'® to
define GER, rather than 24-h MII-pH as in the present
study. The 24-h MII-pH monitoring can accurately distin-
guish and analyze several forms of reflux (such as acid
reflux, weak acid reflux, and non-acid reflux).*® The wide
use of 24-h MII-pH monitoring has shown that not all
forms of reflux can cause symptoms in patients with
GER, and the 24-h esophageal pH monitoring may be far
from perfect for the diagnosis of patients with extra-
esophageal symptoms. Compared to patients with GER

without cough, the frequency of weak acid reflux was
significantly higher in patients with cough.*' This prob-
ably reveals why some reflux episodes in patients with
GER cause cough while others do not. Our findings sug-
gested that both AHI and weak acid reflux play important
roles in the development of chronic cough in patients with
OSA and concomitant GER.

Several studies have suggested that OSA causes GER,
rather than the reverse, while there are no objective para-
meters to assess AHI and reflux episodes in these
studies.>>*** The mechanism by which CPAP relieve
the symptom of chronic cough in patients with OSA and
concomitant GER is not fully understood. Chronic cough
is multifactorial and etiologies includes pharyngeal and
laryngeal hypersensitivity. This could occur due to
a variety of irritants including acid. Several studies have
demonstrated that CPAP can make the lower esophageal
sphincter (LES) less prone to reflux via increasing barrier
pressure to reflux and reducing LES relaxation time.***
We speculated that CPAP determines chronic cough reso-
lution probably by improving upper airway collapse, and
reducing the effect of intrathoracic and abdominal pres-
sure, and further promoting the barrier function of LES,
and then alleviating weak acid reflux in patients with OSA.

Additionally, there are still several issues to be
addressed. First, patient population was young with mean
age about 36-37 years in present study. This is not typical
of most moderate-severe OSA study populations. What
was the reason for this? This may be related to the inter-
action between OSA and GER. Shepherd et al found that
the severity of GER symptom was correlated with the
severity of AHL* that is, the higher the AHI index, the
more severe the reflux symptom. Further fundamental
study is necessary to elucidate this mechanism in the
future. Second, the baseline of GERD-Q in this study
was less than 8 in both groups, while the GERD-Q should
be more than 8 to be GER disease. The possible reasons
for this are as follows: (1) the GER symptoms were
divided into two parts, esophageal and extra-esophageal
symptoms. GERD-Q consists of six questions: heartburn,
reflux, epigastric pain, nausea, sleep disorder, and anti-
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reflux treatment use within the past 1 week; 5/6 of the
questions were related to esophageal symptoms. It indi-
cates that GERD-Q tends to diagnose patients with typical
esophageal symptoms more than those with atypical eso-
phageal symptoms. And cough is one of the extra-
esophageal symptoms of GER. (2)24-h MII-pH monitor-
ing further discovered that the significant abnormalities
were weak acid reflux in OSA patients with GER in
present study. GER esophageal symptoms are atypical in
patients with OSA and concomitant GER, which might
explain why both groups’ baseline GERD-Q was less
than 8. Further, it also indicated that the GERD-Q score
alone could not diagnose GER in patients with OSA and
concomitant GER. Patients with probable OSA and GER
should have their MII-pH level monitored for 24 hours.
Third, previous studies have found a sex difference in the
incidence of OSA.*”*® However, sex did not affect the
therapeutic effect of cough in patients with OSA and
concomitant GER in present study. It suggested that sex
could affect the incidence of OSA, but CPAP therapy was
equally important for cough in male and female patients
with OSA and concomitant GER.

This study had several limitations. First, this was a single-
center retrospective study. Further fundamental studies and
large-scale prospective studies are necessary to reach a more
definitive conclusion in the future. Second, there was no
blank control group. However, it would be unethical to with-
hold therapy from patients. Third, the subjective parameters,
such as sleep quality, daytime sleepiness, GER-related ques-
tionnaire, and cough-related questionnaires, could be influ-
enced by patients’ judgment. However, these questionnaires
are simple and practical to perform, and there is no objective
cough-related monitoring up till now. Moreover, professional
technicians use these questionnaires strictly and accurately
according to the instructions in our study.

Conclusion

In summary, our results indicate that CPAP improved the
symptoms of chronic cough and GER in patients with
OSA and concomitant GER. Meanwhile, AHI and weak
acid reflux may be important factors affecting the thera-
peutic effect of chronic cough in patients with OSA and
concomitant GER. The probable mechanism of cough
resolution with CPAP is the improvement of upper airway
collapse, and reducing the effect of intrathoracic and
abdominal pressure, further promoting the barrier function
of LES and then alleviating weak acid reflux in patients
with OSA. Further fundamental studies and large-scale

prospective studies are necessary to reach a more defini-
tive conclusion in the future.
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