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Abstract
Background & Aims—Common risk factors for obstructive sleep apnea (OSA) and Barrett's
esophagus (BE) include obesity and gastroesophageal reflux disease (GERD). Aims of this study
were to assess the association between OSA and BE and determine if the association is
independent of GERD and body mass index (BMI)

Methods—Patients who had undergone a diagnostic polysomnogram and an
esophagogastroduodenoscopy were identified using Mayo Clinic (Rochester, Minnesota)
databases from January 2000 through November 2011. They were randomly matched for age, sex,
and BMI at time of polysomnogram into the following groups: BE but no OSA (n=36), OSA but
no BE (n=78), both (n=74), or neither (n=74). Clinical and demographic variables were abstracted
from medical records. The association between OSA and BE was assessed using a multiple
variable logistic model that incorporated age, sex, BMI, a clinical diagnosis of GERD, and
smoking history.

Results—Subjects with OSA had an 80% increased risk for BE compared to subjects without
OSA (odds ratio [OR], 1.8; 95% confidence interval [CI], 1.1–3.2; P=.03). These findings were
independent of age, sex, BMI, GERD, and smoking history. Increasing severity of OSA, measured
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using the Apnea Hypopnea Index (AHI), was associated with an increased risk of BE (OR, 1.2 per
10 units increase in AHI; 95% CI, 1.0–1.3; P=.03).

Conclusion—In this case-control study, OSA was associated with an increased risk of BE,
potentially through BMI and GERD independent mechanisms. Patients with OSA may benefit
from evaluation for BE.

Keywords
obesity; esophageal adenocarcinoma; sleep-related breathing disorder; screening

BACKGROUND
The prevalence of obesity and its associated conditions is rising worldwide with significant
impact on morbidity and mortality.(1) Obesity is considered a risk factor for
gastroesophageal reflux disease (GERD) and a direct relationship exists between increasing
body mass index (BMI) and GERD severity.(2, 3) Chronic GERD may lead to metaplasia of
the distal esophagus, a premalignant condition known as Barrett’s esophagus (BE). The
pathogenesis of BE in the obese is felt to be at least partially driven by mechanical
disruption of the anti-reflux barrier by increased intra-abdominal pressure leading to
worsening GERD.(4) Obesity, in particular central obesity, may also lead to BE independent
of GERD through inflammatory pathways associated with visceral adiposity.(5, 6)

Obesity is the strongest risk factor for obstructive sleep apnea (OSA), a common sleep-
related breathing disorder characterized by repetitive upper airway narrowing or collapse,
transient hypoxia, and arousal from sleep.(7) OSA is associated with an increased risk of
GERD as evidenced by symptomatology, esophageal pH monitoring and endoscopic
findings of esophagitis.(8, 9) Studies looking at GERD in the morbid obese with OSA
suggest that the association of GERD and OSA is independent of BMI.(10) It is postulated
that continued breathing efforts against the occluded upper airway during obstructive apnea
creates more negative intrathoracic pressure, which is transmitted to the esophageal body
and precipitates reflux.(11) Esophageal manometry studies in patients with OSA show that a
decline in esophageal body pressure is associated with OSA events. This is followed,
however, by a compensatory increase in gastroesophageal junction and upper esophageal
sphincter pressures that may actually help prevent reflux.(12) In fact, the temporal
association between episodes of apnea and GERD has been inconsistent in studies using
concurrent polysomnography and esophageal pH monitoring.(9, 13, 14) Despite the lack of
mechanical phenomena to explain GERD in patients with OSA, several studies demonstrate
that GERD improves with the use of continuous positive airway pressure (CPAP), the
standard therapy for OSA.(15–17)

Patients with OSA share several risk factors with patients with BE including obesity, GERD,
older age, and male gender. The asymptomatic nature of BE makes it challenging to identify
populations at risk for this condition that may benefit from screening. This study aims to
determine the relationship between OSA and BE and to explore if this relationship is
independent of BMI and GERD.

PATIENTS AND METHODS
This study was approved by the Mayo Clinic Institutional Review Board.

Subject Identification and Data Collection
We used institution-wide searchable databases that contain demographic and medical
information for patients evaluated at the Mayo Clinic in Rochester, Minnesota. These
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databases were used to identify subjects who had undergone both a diagnostic
polysomnogram (PSG) and esophagogastroduodenoscopy (EGD) from January 2000 to
November 2011. International Classification of Disease, 9th version (ICD-9) codes were
used to identify subjects from this cohort diagnosed with BE and/or OSA.

Demographic information including age, gender, and race were abstracted for all study
participants. Lifetime history of smoking was also recorded. Body mass index (BMI) was
calculated from measurement of weight and height using the formula weight in kilograms
divided by the square of height in meters within one year of the diagnostic PSG. A BMI ≥30
was used as a surrogate marker for central obesity.(20) The presence of GERD was
identified using the ICD-9 code 530.81. The use of acid suppression medications (e.g.,
proton-pump inhibitors, histamine-2 blockers) was recorded for all subjects, even for those
who did not carry a diagnosis of GERD in their medical records.

BE Subjects—Patients with BE were initially identified using the ICD-9 code 530.85.
EGD reports were reviewed to confirm the diagnosis of BE based on the identification of at
least 1 cm of columnar mucosa. Corresponding histopathology reports were reviewed for
evidence of intestinal metaplasia (with our without dysplasia) on surveillance esophageal
biopsies confirmed by an expert gastrointestinal pathologist. Endoscopy reports were also
reviewed for the length of the maximal extent of the BE segment and presence and size of a
hiatal hernia. The highest grade of dysplasia was determined from review of histology
reports for all surveillance endoscopies. Endoscopic examinations were performed by board-
certified gastroenterologists with expertise in the diagnosis of BE.

OSA Subjects—Patients with OSA were identified using the ICD-9 code 327.23. Data
from PSG studies were abstracted including AHI, Arousal Profile (Arousal Index,
%Movement Related, %Breathing Related), Mean and Minimal Oxygen Saturation. The
AHI score represents the number of apneic (complete upper-airway collapse with near
complete cessation of airflow) and hypopneic (partial upper-airway collapse) episodes per
hour. The presence of OSA was defined by an AHI score ≥5/hr and confirmed by review of
the diagnosis in the corresponding Sleep Medicine evaluation note. Severity of OSA was
defined as mild when the AHI score was 5–15/hr, moderate 15–30/hr, and severe ≥30/hr.
Supportive evidence for the presence of OSA included an Arousal Index > 15 with a
predominance of breathing related arousals and a mean Minimum Oxygen Saturation of
<85%.

Subjects were classified into four groups based on the presence or absence of BE or OSA:
with no diagnosis of BE or OSA, with a diagnosis of BE but not OSA, with no diagnosis of
BE but with a diagnosis of OSA and with a diagnosis of both BE and OSA. In patients who
lacked a diagnosis of BE, endoscopy reports were reviewed for presence and severity of
erosive esophagitis as a possible confounder. The severity of erosive esophagitis was
defined using the Los Angeles classification (grades A-D).(21) The indication and findings
for each EGD were also recorded in this group. In subjects who did not meet diagnostic
criteria for OSA, PSG studies and Sleep Medicine evaluations were reviewed for an
alternative diagnosis. The same parameters abstracted from PSG studies in subjects with
OSA were also abstracted for subjects with no OSA.

Groups were randomly matched in a 2:1 ratio for age (<60 vs. ≥60), gender and BMI (<30
vs. ≥30) at time of PSG. The group with the smallest number of subjects (i.e. group with
diagnosis of BE but not of OSA) defined the number of matched subjects in the remaining
groups.
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Statistical Analyses
Data were summarized as mean (standard deviation) for continuous scale variables (e.g. age,
BMI) and as frequency (percent) for discrete scale variables. Univariate and multiple
variable logistic regression models were used to assess the associations of demographic and
clinical characteristics with BE. In particular, the odds ratios (95% Confidence Intervals) for
BE in those with OSA were estimated from the model coefficients (and their standard
errors). A separate model using severity of OSA as a predictor of BE, and a separate model
to predict the presence of a diagnosis of GERD were also examined. A separate model using
BMI ≥30 (as a surrogate marker for central obesity) vs. BMI <30 explored the role of
visceral adiposity in the association between BE and OSA. The analyses were done using
SAS software® (Version 9.3, SAS Institute, Cary, NC). A 0.05 alpha level was considered
statistically significant.

RESULTS
Baseline Characteristics

A total of 7482 subjects were identified as having undergone both a PSG and EGD in the
timeframe outlined for this study (see Figure 1 for study flow). 2480 subjects had neither a
diagnosis of OSA or BE, 83 subjects had a diagnosis of BE but not of OSA, 4641 subjects
had a diagnosis of OSA but not of BE and 278 subjects had both a diagnosis of BE and
OSA. The medical records of subjects in the smallest group (diagnosis of BE but not of
OSA) were reviewed to confirm the presence and absence of BE and OSA respectively. 7
subjects lacked a formal diagnosis of BE based on endoscopic and histological criteria and
40 subjects carried a diagnosis of OSA based on PSG results. This resulted in 36 patients
with a confirmed diagnosis of BE and absence of OSA. Subjects in this group were
frequency matched using a 2:1 ratio on age, gender and BMI at the time of the diagnostic
PSG. The presence or absence of BE and/or OSA was confirmed by review of individual
medical records in each of the matched groups. A total of 74 subjects were identified as
having neither OSA or BE, 74 as having both a diagnosis of OSA and BE, and 78 as having
a diagnosis of OSA but not BE.

Baseline characteristics of participants are summarized in table 1. Overall 188 (72%)
participants were male with a mean (SD) age of 61 (13) years. The majority (99%) of
participants were non-Hispanic white. A total of 172 (66%) participants had a history of
tobacco use with no association with BE/OSA group status. Overall 148 (56%) subjects had
GERD symptoms requiring treatment with acid suppression medications. A total of 86 of
110 (78.2%) BE patients and 101 of 152 (66.4%) OSA patients had a diagnosis of GERD in
their medical records. Subjects with OSA and BE as well as subjects with no OSA and a
diagnosis of BE had a significantly increased odds for a diagnosis of GERD relative to
subjects with neither diagnoses (OR 3.6, 95% CI 1.8–7.4, BE and OSA, and OR 3.5, 95% CI
1.4–8.7, BE only).

In patients with BE, the mean (SD) segment length was 3.1 (2.6) cm. 74 (67.2%) had no
dysplasia, 24 (21.8%) had low-grade dysplasia, 8 (7.3%) had high-grade dysplasia and 4
(3.6%) had cancer. A hiatal hernia was identified in 90 of 110 (82%) patients with BE with a
mean (SD) size of 3.1 (1.8) cm. In patients with a diagnosis of both BE and OSA the
diagnosis of BE preceded or was made within a year of OSA diagnosis in 92% of subjects
(range: 12 years prior to 4 years after a diagnosis of OSA).

The main indication for EGD in patients without BE was dyspepsia/abdominal pain (n=37)
followed by reflux symptoms (n=28), dysphagia (n=25), anemia/bleeding (n=24), diarrhea/
vomiting (n=10) and other (n=28). Overall, 81 (74%) subjects in this group had normal
EGDs. The most common endoscopic finding was esophagitis (n=22) followed by gastritis
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(n=11), Schatzki’s ring (n=12) and Cameron erosions (n=3). Ninety-one percent of cases of
erosive esophagitis in patients without a diagnosis of BE were mild (grade A, n=13; grade B,
n=7). Among patients having erosive esophagitis there was no significant association
between the presence of OSA and the grade of esophagitis (p=0.42).

Patients with OSA had a mean (SD) AHI score of 24.7 (21.9) of which 89 (59%) had
moderate to severe OSA. The mean (SD) Minimum Oxygen Saturation was 81.5% (8.0) and
the mean (SD) Arousal Index was 42.6 (25.1) with 64.2% (SD=24.2%) induced by
obstructive breathing, further supporting the diagnosis of OSA. Subjects with no OSA had a
mean (SD) AHI score of 1.6 (1.3) and the majority were diagnosed with snoring (n=58)
followed by periodic limb movement disorder (n=15) and insomnia (n=12).

Association between Obstructive Sleep Apnea and Barrett’s Esophagus
The association between OSA and BE was explored using univariate models assessing age,
gender, BMI, a clinical diagnosis of GERD and history of smoking (Table 2). GERD and
OSA were associated with BE (OR 3.2, 95%CI: 1.8–5.6, p<0.001 and OR 2.0, 95%CI: 1.3–
3.2, p=0.01). A multiple variable model examined the association of OSA with BE;
adjusting for age, gender, BMI, a clinical diagnosis of GERD and smoking history. Subjects
with OSA had approximately 80% increase in odds for having BE as compared to subjects
without OSA or BE (OR 1.8, 95%CI 1.1–3.2, p=0.03). (Table 2) There was no change in the
association between OSA and BE in an alternative multiple variable model that included a
combined variable : a diagnosis of GERD and use of acid suppressive medications (OR 1.8,
95%CI 1.0–3.1, p=0.04). (Supplemental Table 1). A model using the same variables but
replacing OSA with AHI as a continuous variable examined whether the odds for BE
increased with severity of OSA. An increased risk for BE with every 10 unit increase in AHI
was observed (OR 1.2, 95%CI 1.0–1.3, p=0.03) suggesting a dose response association
between BE and OSA. In a model including BMI ≥30 (as a surrogate marker for central
obesity) vs. BMI <30; the risk of BE in OSA remained unchanged (OR=1.8, 95% CI 1.1–
3.3, p=0.02). There was no significant association between increasing severity of OSA
(AHI) and the length of BE (p=0.65).

DISCUSSION
We performed a case control study to explore the association of OSA and BE in a cohort of
patients who underwent both a diagnostic PSG and EGD. In this subset of patients the
presence of OSA was associated with an 80% increased risk of BE compared to subjects
without OSA and BE. This association was dose-dependent, with an increase in severity of
OSA (measured by AHI) being associated with an increased risk of BE.

Given that the association of BE and OSA could be confounded by gastroesophageal reflux
we aimed to determine if the observed relationship between OSA and BE was independent
of a clinical diagnosis of GERD. (23,12,24) Both GERD and OSA were associated with BE
on univariate analysis. (Table 2) A multiple variable model including both OSA and GERD
as covariates, showed that both OSA and GERD were independently associated with an
increased risk of BE. (Table 2) In this study, GERD was defined as a clinical diagnosis
made by a physician. The association of BE with OSA remained robust in a second multiple
variable model which included a variable combining a clinical diagnosis of GERD with the
use of acid suppressive medications (proton-pump inhibitors and histamine-2 blockers) as a
marker for symptomatic reflux treated with medications. (Supplemental Table) From these
observations, we conclude that reflux is involved in the pathogenesis of BE in patients with
OSA, but likely potentiated by other mechanisms such as central obesity (increased visceral
abdominal fat) and a generalized systemic inflammatory state, which have been reported to
be prevalent in OSA. (11,26)
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In our study cohort we found no direct association between BMI and the risk of BE in
patients with OSA. Visceral fat has been implicated in the pathogenesis of BE through
metabolic and pro-inflammatory pathways. (6, 25) To explore the role of visceral adiposity
we used BMI≥30 as a surrogate marker for central obesity. (20) We found that the
association between OSA and BE remained significant despite adjusting for central obesity,
raising the possibility that OSA may increase the risk of BE through inflammatory pathways
independent of visceral adiposity. Studies suggest that OSA is associated with a heightened
state of systemic inflammation that is mediated in part by the generation of reactive oxygen
species from repetitive hypoxia. (18,19) Increased levels of several inflammatory markers
including cytokines, tumor necrosis factor-α, interleukin-6 and C-reactive protein have been
reported in patients with OSA independent of BMI.(26) This state of inflammatory
derangement can somewhat be reversed with treatment of OSA with CPAP.(27)

The design of our study limits our potential to further explore a specific mechanism for how
OSA predisposes to BE. OSA may promote BE through pro-inflammatory pathways
independent of BMI and perhaps central obesity, in addition to GERD. The lack of
anthropometric measurements limits our definition of central obesity, although, previous
studies have demonstrated that a BMI≥30 is an appropriate predictor of increased visceral
adipose tissue in both sexes.(28) We recognize that a clinical definition of GERD that is not
established through symptom questionnaires and confirmed by pH impedance is a limitation.
We are consequently not able to account for the frequency and severity of gastroesophageal
reflux events in our study population. This limits our ability to definitely assess the
association of OSA with gastroesophageal reflux. However, the association of BE with OSA
remained consistent with two definitions of reflux. Our study is also potentially limited by
selection bias, given that all subjects were referred for a PSG due to suspicion of a sleep
disorder. Arousals during shallow sleep are associated with transient lower sphincter
relaxation and a risk of GERD. We rigorously screened PSG studies and clinical notes of
patients without a diagnosis of OSA for potential confounders and found that most of these
patients suffered from snoring without any evidence of other sleep disorders. To our
knowledge, snoring is not associated with an increased incidence of transient lower
sphincter relaxation. Finally, the use of ICD-9 codes to diagnose BE and OSA may have
initially overestimated the prevalence of these conditions in our population.(29) A rigorous
review of patient medical records, including endoscopy and pathology reports, helped
confirm the presence or absence of these diagnoses in our final cohort of 262 subjects.

In this study, we describe that patients with untreated OSA are at an 80% increased risk of
BE and that increased severity of OSA may heighten this risk. Given the asymptomatic
nature of BE and the associated higher risk of esophageal adenocarcinoma, patients with
OSA may benefit from screening for BE. Prospective studies are necessary to confirm this
association in the general population and to explore whether this risk is reversed with OSA
treatment.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

AHI Apnea Hypopnea Index

BE Barrett’s Esophagus

BMI Body Mass Index

CI Confidence Interval

CPAP Continuous positive airway pressure

EGD Esophagogastroduodenoscopy

GERD Gastroesophageal reflux disease

ICD-9 International Classification of Disease, 9th Version

OR Odds Ratios

OSA Obstructive Sleep Apnea

PSG Polysomnogram
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Figure 1. Flow-sheet of subject identification
A population based patient database of 7482 subjects who underwent both a polysomnogram
(PSG) and esophagogastroduodenoscopy (EGD) was screened for obstructive sleep apnea
(OSA) and Barrett’s esophagus (BE) using International Classification of Disease, 9th

Version (ICD-9) codes. 2480 subjects had neither a diagnosis of OSA nor BE, 4641 subjects
had a diagnosis of OSA but not BE, 278 subjects had both a diagnosis of BE and OSA and
83 subjects had a diagnosis of BE but not OSA. A diagnosis of BE was confirmed by review
of endoscopic records for evidence of ≥1 cm of columnar mucosa with histological evidence
of intestinal metaplasia. A diagnosis of OSA was confirmed by an apnea hypopnea index
≥5/hr and review of Sleep Medicine evaluation records. Patients with a diagnosis of BE but
not OSA accounted for the smallest group. In this group 36 patients had a confirmed
diagnosis of BE and absence of OSA (7 subjects lacked a formal diagnosis BE and 36
subjects carried a diagnosis of OSA). These subjects were randomly matched in a 2:1 ratio
on age, gender and body mass index to subjects in the remaining groups.
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Table 2

Multiple variable logistic model for BE Risk Factors

Univariate Models Multiple Variable Model

Odds Ratio(95% CI) P-value Odds Ratio(95% CI) P-value

Age (per 5 years) 1.0(0.9–1.1) 0.65 1.0 (0.9–1.1) 0.69

Gender Male 1.2(0.7–2.2) 0.43 1.2 (0.6–2.2) 0.62

  Female 1.0(reference) 1.0 (reference)

BMI (per 5 units) 1.1(0.9–1.3) 0.48 1.0 (0.8–1.3) 0.73

Smoking History Yes 1.4(0.8–2.4) 0.22 1.4 (0.8–2.5) 0.23

  No 1.0(reference) 1.0(reference)

GERD Yes 3.2(1.8–5.6) <0.001 3.4 (1.9–6.0) <0.0001

  No 1.0(reference) 1.0 (reference)

OSA Yes 2.0(1.3–3.2) 0.01 1.8 (1.1–3.2) 0.03

  No 1.0(reference) 1.0(reference)
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