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Abstract
Background: The association between obstructive sleep apnea syndrome (OSAS) and gastroesophageal
re�ux disease has been reported in multiple studies and meta-analyses. Although obesity has been cited
as a common risk factor for both conditions, in Far East Asia, sleep apnea is often attributed to
craniofacial anatomy, and patients with obstructive sleep apnea are not necessarily obese. In the present
study, we investigated whether there is an association between obstructive sleep apnea and
gastroesophageal re�ux after adjusting for obesity.

Method: The subjects were 230 patients with sleep disorders who visited the Sleep Center at Osaka Kaisei
Hospital between May 2016 and November 2017. All patients underwent esophagogastroduodenoscopy.
They were diagnosed with sleep disorders by a respiratory specialist, and all patients with suspected
OSAS underwent polysomnography/portable monitoring. BMI was measured from the height and weight
of all patients, and they were categorized into three groups: non-obese OSAS, obese OSAS, and control
(non-OSAS). The presence or absence of re�ux esophagitis in each group was compared using the Los
Angeles classi�cation.

Results: There were 138 patients in the obese OSAS group, 71 patients in the non-obese OSAS group, and
21 patients in the control group. There was a greater prevalence of re�ux esophagitis both in the obese
and non-obese OSAS groups compared with the control group (both p<0.05). Multivariate logistic
regression analysis including other factors showed that alcohol consumption was the most signi�cant
factor in the non-obese OSAS group (p<0.05), but the severity of OSAS as measured by the Apnea-
hypopnea Index was not a signi�cant factor (p=0.64).

Conclusions: In patients with sleep disorders, OSAS is associated with gastroesophageal re�ux
regardless of obesity. Alcohol consumption is also a major factor in non-obese patients with OSAS. Since
alcohol consumption is associated with the risk of esophageal squamous cell carcinoma and
gastroesophageal re�ux is associated with the risk of esophageal adenocarcinoma, regular upper
gastrointestinal endoscopy is thought to be necessary in patients at risk.

Background
Gastroesophageal re�ux (GER) is a common condition in which the retrograde �ow of stomach contents
into the esophagus leads to symptoms such as heartburn and acid regurgitation. Regurgitation of acidic
gastric contents and biliary acid into the esophagus in gastroesophageal re�ux disease (GERD) is one of
the most important factors affecting the incidence of Barrett's esophagus [1]. It is also, through the
development of Barrett’s esophagus, associated with esophageal adenocarcinoma [2–4]. Among the
United States and Europe, esophageal adenocarcinoma accounts for a high percentage of cases of
esophageal cancer, and its incidence is increasing rapidly. Current guidelines recommend surveillance of
individuals with known Barrett’s esophagus to allow for earlier detection of esophageal adenocarcinoma,
and surveillance endoscopies are recommended every 3-5 years in patients without dysplasia; if low-
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grade dysplasia is present, repeated surveillance endoscopy should be conducted within 6 months [5–7].
In Japan, although most esophageal cancers are squamous cell carcinomas, the incidence of esophageal
adenocarcinoma, including cancers caused by Barrett's esophagus, has been on the rise recently.
Therefore, endoscopic surveillance is increasingly being signaled as a necessity in guidelines [8]. The
most common complication of GERD is re�ux esophagitis (RE), an in�ammation of the mucosa of the
distal esophagus that causes erosions. The Los Angeles classi�cation, an endoscopic classi�cation of
re�ux esophagitis, has also been reported to correlate with the degree of acid GER [9, 10], response to
treatment [9], and risk of recurrence during proton pump inhibitor maintenance therapy [11].

Obstructive sleep apnea (OSA) is the most common sleep-related breathing disorder and is characterized
by repetitive narrowing or collapse of the pharyngeal airway during sleep, leading to development of large
negative intrathoracic pressures. Many previous studies have demonstrated a higher prevalence of GERD
among patients with OSA, and a meta-analysis has shown that there is a signi�cant correlation between
the two [12]. OSA and GER share major confounding factors such as obesity, and some studies have
shown a signi�cant role of obesity, rather than OSA per se, in the relationship between OSA and GER [13].
As one of the other confounding factors, preceding arousal and shallow sleep have been reported to be
related to GER [14].

However, in Far East Asia, including Japan, sleep apnea is often caused by craniofacial anatomical
features such as micrognathia, and patients with OSA are not necessarily obese [15]. Therefore, we
assessed the association between non-obesity related OSA and RE in patients with sleep disorders.

Methods

Study population and endpoint
Among the patients who visited the Osaka Kaisei Hospital Sleep Center between May 2016 and
November 2017, 230 patients who underwent esophagogastroduodenoscopy (EGD) were included. They
were diagnosed with sleep disorders by a respiratory specialist, and all patients with suspected OSAS
underwent polysomnography/portable monitoring. Weight and height were measured in all patients.

Subjects were classi�ed into the OSAS and control groups according to the following American Academy
of Sleep Medicine Guidelines. Next, the OSAS group was divided into obese and non-obese patients, thus
forming three groups: non-obese OSAS, obese OSAS, and sleep disorder without OSA (control group). RE
was evaluated using EGD. The primary endpoint of the study was to compare the prevalence of RE in the
non-obese OSAS and control groups. As secondary endpoints, factors associated with RE were examined
by multivariate analysis.

Polysomnography/portable monitoring
Overnight polysomnography was conducted according to the recommendations of the American
Academy of Sleep Medicine. Categorization of sleep stages and respiratory events was performed
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according to standard criteria. The severity of sleep-disordered breathing was de�ned by the Apnea-
hypopnea Index (AHI) [16]. Polysomnography or portable monitoring were performed, the AHI (number of
apneas and hypopneas per hour of sleep) was calculated, and OSAS was comprehensively diagnosed by
a sleep disorder specialist based on this information. Non-OSAS insomnia included patients with restless
legs syndrome, repetitive hypersomnia, neurosis, and psychosomatic disorders.

Body mass index (BMI)
BMI was calculated as weight in kilograms divided by height in meters squared (kg/m2). Obesity was
categorized according to the World Health Organization (WHO) classi�cation [17] and Japan Society for
the Study of Obesity (JASSO) [18] as a BMI>25.0 kg/m2.

Esophagogastroduodenoscopy
Following routine topical pharyngeal anesthesia with xylocaine jelly, EGD was performed in all subjects.
Transoral endoscopy (EG-450WR5/H, EG-590WR, EG-590WR2, FUJIFILM, Tokyo, Japan) was used
routinely at the Osaka Kaisei Hospital, whereas a transnasal endoscope (EG-530N, EG-530NW, or EG-
L580NW, FUJIFILM, Tokyo, Japan) was used according to patient preference. We observed the
gastroesophageal junction using white light and/or blue laser imaging. We con�rmed that the lower
margin of the lower esophageal palisade vessels de�ned the gastroesophageal junction. We then
diagnosed Barrett's esophagus if columnar epithelium was present on the oral side of the
gastroesophageal junction [19].

In the EGD �ndings of all subjects, mucosal injury and RE were graded according to the Los Angeles (LA)
classi�cation [20]. For determining the RE status, grade N (normal �ndings) and grade M (minimal
change) were added to grades A, B, C, and D [21]. Patients graded as LA-M/N were classi�ed into the non-
re�ux esophagitis (non-RE) group, while those graded as LA-A or higher were assigned to the re�ux
esophagitis (RE) group [22].

Statistical analysis
All data were analyzed retrospectively. Results are presented as mean ± standard deviation. Statistical
analyses were performed using JMP Pro15 (SAS Institute Inc., Cary, NC). The prevalence of RE in each
group was compared using the χ2 test or Fisher’s exact test. Multiple logistic regression analysis was
used to determine the relationship between AHI, alcohol consumption, and RE. Odds ratios (ORs) and 95%
con�dence intervals (CIs) were calculated to show these associations.

Results
A total of 230 patients who underwent EGD and PSG/portable monitoring were included in this study.
Among the patients, 209 patients were diagnosed with OSAS, and 21 patients were in the control group
and diagnosed with sleep disorders other than OSAS, such as restless legs syndrome, recurrent
hypersomnia, neurosis, and psychosomatic disorder. There were 138 patients in the obese OSAS group



Page 6/14

who had a BMI ≥25 kg/m2, which is considered obese according to the WHO or JASSO classi�cation,
while 71 patients in the non-obese OSAS group met the same criterion.

Characteristics of the non-obese OSAS group
There were no statistically signi�cant differences between the non-obese OSAS and the control group in
age, BMI, smoking history, hypertension, diabetes mellitus, and medication with an acid secretion
inhibitor. Conversely, there were statistically signi�cant differences in sex, alcohol consumption, and AHI
between the non-obese OSAS and control groups. Male patients comprised 87.3% of the non-obese OSAS
group and 47.6% of the control group (p<0.05). In the non-obese OSAS group, 65.7% of patients
consumed alcohol, compared to 23.8% of patients in the control group (p<0.05). The AHI was
39.1±23.4/h in the in the non-obese OSAS group and 3.7±6.6/h in the control group (p<0.05) (Table 1).

Characteristics of the obese OSAS group
There were no statistically signi�cant differences between the obese OSAS and control groups in age,
smoking history, hypertension, and diabetes mellitus. Conversely, there were statistically signi�cant
differences between the obese OSAS and control group in sex, alcohol consumption, use of acid secretion
inhibitor, AHI, and BMI. Male patients totaled 87.0% and 47.6% of the obese OSAS and control groups,
respectively (p<0.05). In the obese OSAS group, 59.9% of patients consumed alcohol, compared to 23.8%
of patients in the control group (p<0.05). The rate of use of acid secretion inhibitors was 18.1% in the
obese OSAS group and 42.9% in the control group (p<0.05). The AHI was 57.9±27.6/h in the obese OSAS
group and 3.7±6.6/h in the control group (p<0.05). Finally, the BMI of the obese OSAS and control group
was 29.5±4.0 kg/m2 and 22.3±4.2 kg/m2, respectively (p<0.05) (Table 2).

Primary endpoint

Comparison of the prevalence of RE in non-obese OSAS
and control groups
Endoscopic �ndings showed that the prevalence of RE in the non-obese OSAS group (31.0%) was
signi�cantly higher than that in the control group (9.5%) (p<0.05).

In addition, although the difference was not signi�cant, the prevalence of BE was higher in the non-obese
OSAS group (32.4%) than in the control group (14.3%) (p=0.105) (Table 3).

Secondary endpoint

Multiple logistic regression analysis of baseline covariates
associated with RE risk
Logistic regression analysis was performed on the variables with signi�cant differences at baseline to
determine the association between the AHI and alcohol consumption and RE in the non-obese OSAS
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group. The results showed that alcohol consumption was an independent risk factor for RE in the non-
obese OSAS group, with an OR of 4.49 (p<0.01). On the other hand, there was no signi�cant association
between RE and the severity of SAS (AHI) (p=0.64) (Table 4).

Discussion
In this cross-sectional study, we evaluated the prevalence of RE using esophagogastroduodenoscopy and
found that the non-obese OSAS group (31.0%) had a signi�cantly higher prevalence than the non-OSAS
group (control group, 9.5%). Moreover, compared to the control group, the obese OSAS group had a higher
prevalence of RE (obese OSAS vs. control: 30.4% vs. 9.5%) and a higher prevalence of esophageal hiatal
hernia (obese OSAS vs. control: 71.7% vs. 47.6%).

Although a 2019 meta-analysis study [12] reported a strong and clear association between GERD and
OSA(H)S, it cannot be concluded that OSAS is a direct cause of GERD. Determining the presence of RE by
pH/impedance monitoring analyses and EGD can be useful in diagnosing GER. However, many studies
have small sample sizes due to the invasive nature of these tests. On the other hand, using a non-
invasive questionnaire can increase the sample size, but it is inferior to EGD as proof of GER because it
may include symptoms caused by other diseases such as esophageal cancer and functional dyspepsia.
Although one previous study used EGD to evaluate RE in patients with OSAS who were diagnosed by
polysomnography [23], this study is, to our knowledge, the �rst report that has used EGD to evaluate RE in
patients with non-obese OSAS, as well as the �rst discussion of their potential association in non-obese
patients with OSAS.

Association between RE and non-obese OSAS
In a study comparing the prevalence of GER by distal esophageal pH monitoring in 63 patients with OSA
and in 41 individuals without OSA diagnosed using polysomnography, patients with OSA had
signi�cantly more total re�ux within 8 hours than non-OSA patients (115 vs. 23; P < 0.001) and a
signi�cantly higher percentage of patients with pH < 4 hours which used in a diagnosis of GERD (21.4%
vs. 3.7%; P < 0.001) [24]. In a Chinese study of 177 patients diagnosed with GERD and healthy controls
without GERD-related symptoms or endoscopic esophagitis (97 with GERD and 80 controls) which used
the Berlin Questionnaire to diagnose OSAS, signi�cantly more patients in the GERD group had a higher
risk of OSAS than those in the control group (36.1% vs. 17.5%, P=0.005). In particular, patients with
erosive re�ux disease had a higher proportion of high-risk OSAS than the non-erosive re�ux disease and
healthy controls group (53.3% vs. 20.8% and 17.5%, respectively, P=0.001) [25]. The only previous study
that used EGD to evaluate RE in 243 patients who were divided according to polysomnography �ndings
into OSA (98 patients) and non-OSA (145 controls) showed that endoscopy-con�rmed esophagitis (p =
0.027) was signi�cantly more prevalent among patients with OSA than among those without [12]. In our
study, both non-obese and obese patients with OSAS had a signi�cantly higher prevalence of RE than
sleep disordered controls without OSAS (non-obese OSAS vs. control: 31.0% vs. 9.5%; P<0.05, obese
OSAS vs. control: 30.4% vs. 9.5%; P<0.05; Table 3), This result is consistent with the results of previous
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studies mentioned above. The �nding of RE con�rmed by EGD is a good indicator of GER [9–11]. GER is
a cause of Barrett's esophageal cancer, which is become an increasing problem and requires close
surveillance [1–8]. Thus, regular surveillance of EGD is necessary not only in obese patients at risk for
GERD, but also in non-obese patients with OSAS.

Correlation between severity of OSA and RE in non-obese
OSAS patients
In this study, multivariate analysis showed that the AHI, which correlates with the severity of illness in
non-obese patients with OSAS, was not a signi�cant independent risk factor for RE (Table 4). As the end-
inspiratory intra-esophageal pressure decreases progressively during OSA, the mechanism most likely to
underlie the development of GERD in patients with OSA is decreased intrathoracic pressure due to
increased inspiratory effort in the face of upper airway occlusion. However, in a study of eight patients
with OSA and RE, nine OSA patients without RE, and eight healthy controls, in which polysomnography
with concurrent esophageal manometry and pH recording were performed, it was reported that in OSA
patients, GER was mainly caused by transient lower esophageal sphincter relaxation, but not by negative
intra-esophageal pressure due to OSA [14]. In addition, there are many reports showing no association
between GER and OSA severity [26, 27, 28]. The results of this study support these �ndings.

Risk factors for RE in non-obese patients with OSAS
Several studies have reported a high prevalence of RE in patients with OSAS, including some which used
questionnaires to diagnose it [23, 29]. However, many studies have reported no association between OSA
severity and GER. Many studies have reported that obesity is the cause of GERD in patients with SAS
considering that obesity is a common risk factor [27, 28, 30–33]. Although this study was conducted on
non-obese patients with OSAS, OSA severity (AHI) was not a signi�cant independent risk factor
associated with RE, similarly to what was found in previous studies. One of the aforementioned studies,
which used EGD to evaluate RE in patients with OSAS who were diagnosed by polysomnography, pointed
out that esophageal hiatal hernia is a risk factor for RE [23]. However, since esophageal hiatal hernia is
strongly associated with obesity [34], statistical adjustment is required if obesity and hernia are to be
included as explanatory variables simultaneously in a multivariate analysis. In this study, when obese
OSAS and non-obese patients with OSAS were separately compared with controls, obese patients showed
a signi�cantly greater prevalence of hiatal hernia than controls, while non-obese OSAS patients did not
show a signi�cant difference compared to controls (Table 3). Since obesity is a confounding factor, this
study examined the association between OSAS and GER excluding the obesity factor by using a group
non-obese patients with OSAS. Thus, the results showed that alcohol consumption was a greater risk
factor than OSA severity in non-obese patients with OSAS complaining of sleep disturbances (Table 4).

The association between alcohol consumption and OSAS has been previously reported [35–37]. In a
cohort of 775 males, for each increment of one drink per day, those who consumed more alcohol had
25% greater odds of sleep disordered breathing, de�ned as AHI ≥5 (OR = 1.25, 95% CI = 1.07–1.46, p =
0.006) [38].
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There are several possible mechanisms by which OSA is exacerbated by alcohol intake. The central
nervous system depressant effects of alcohol may affect the respiratory centers that control the tone of
pharyngeal muscles, thereby promoting upper airway obstruction by increasing the likelihood of
pharyngeal closure during sleep. Alcohol may promote OSA by directly causing pharyngeal irritation and
edema [39]. Since these mechanisms are not related to obesity and may well occur in non-obese patients,
they may contribute to the risk of having RE is non-obese OSAS patients.

However, an association between alcohol consumption and GER has also been reported. Alcohol
consumption may also lower esophageal sphincter pressure. In a study of 20 healthy volunteers,
ingestion of white wine (8% alcohol) lowered the esophageal sphincter pressure. The fraction of time at
pH < 4 in the �rst hour after ingestion of 300 ml white wine was signi�cantly higher than after ingesting
water [40]. In a study of 24 healthy volunteers, beer (7% alcohol) also increased the median fraction time
with pH < 4 compared to water [41]. In a study of 12 healthy volunteers without GERD, the consumption of
180 ml of vodka signi�cantly increased re�ux as evaluated by pH measurements [42]. In addition, basic
studies in rabbits reported that exposure of the esophageal mucosa to 10% ethanol had a direct
detrimental effect on the epithelium, making it more susceptible to acidic injury [43]. These reports
support the possibility that alcohol is a risk factor for RE and that it is a risk factor for both OSAS and RE.

This study has several limitations. Since this was a cross-sectional study, the pathogenetic causality
between OSA, alcohol consumption, and re�ux esophagitis could not be determined. Moreover, the
association was determined by the presence or absence of alcohol consumption, but the amount of
alcohol consumed by each individual was not considered. Furthermore, as endoscopy cannot evaluate
non-erosive GER and esophageal motility, comprehensive studies combined with pH monitoring or high-
resolution manometry are still necessary to gain a better understanding of GERD in patients with OSA.
Moreover, we regrettably did not evaluate our patients for Helicobacter pylori infection. The inverse
association between Helicobacter pylori infection and erosive esophagitis might have in�uenced the
results of the multivariate analysis, especially with respect to RE. Finally, the study was performed in a
single center. A multicenter study is needed to further validate these results.

Conclusion
This study is the �rst report of EGD performed in non-obese patients with OSAS to evaluate RE and
highlights some clinical precautions when treating patients with OSAS. Among patients with sleep
disorders, OSAS was associated with RE in both obese and non-obese patients with OSAS. In non-obese
patients with OSAS, alcohol consumption was also found to be a major factor in RE. Since
gastroesophageal re�ux is associated with the risk of esophageal adenocarcinoma, non-obese patients
with OSAS should be instructed to abstain from alcohol and undergo regular upper gastrointestinal
endoscopy.

Abbreviations
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OSAS, obstructive sleep apnea syndrome; GER, gastroesophageal re�ux; GERD, gastroesophageal re�ux
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Figure 1

Study �owchart. OSAS: Obstructive sleep apnea syndrome
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