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Abstract

Background—Gastroesophageal reflux disease (GERD) reduces sleep quality. Whether
Barrett’ s esophagus (BE) affects sleep differently is unknown. Obstructive sleep apnea (OSA)
often coexists with GERD and may disrupt sleep; whether GERD reduces sleep quality
independently of OSA is unknown. Our aims were to compare the effect of GERD and BE on
sleep quality, and assess the impact of OSA on this association.

Methods—Validated questionnaires for GERD symptoms, sleep quality, and OSA risk were
prospectively administered to subjects undergoing upper endoscopy. GERD was defined by
erosive esophagitis and/or reflux symptoms >1/week. BE was defined histologically. Controls had
normal endoscopy and were asymptomatic. Poor sleep quality was defined by a Pittsburgh Sleep
Quality Index score >5. Risk of OSA was defined by a positive Berlin Questionnaire. The risk
poor sleep quality in GERD, BE, and controls was evaluated in multivariate models.

Key Results—83 GERD, 63 BE, and 75 controls were included. OSA and poor sleep quality
were significantly more frequent in GERD (65% and 60%) but not BE (52% and 46%) compared
with controls (48% and 39%). Controlling for age, race, gender, smoking, BMI, and hypertension,
therisk of poor sleep quality was significantly increased in GERD compared with controls (odds
ratio [OR] = 2.79, 95% confidence interval [CI]: 1.08 — 6.80), significance was lost after adding
OSA to the model (OR = 2.27, 95% ClI: 0.87 —5.85).

Conclusions and Inferences—GERD but not BE increases the risk of poor sleep quality. This
association is not independent of OSA.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common disorder. Heartburn or acid
regurgitation is experienced on aweekly basis by nearly 20% of the US population. A
Gallup survey of 1000 heartburn sufferers found that heartburn resulted in disturbed sleep in
63% of respondents [2]. Subsequent studies have reported an association between GERD
and measures of reduced sleep quality including insomnia[3], disrupted sleep induction and
maintenance [4], and alow overall sleep quality as measured by the Pittsburgh Sleep Quality
Index (PSQI) [5]. Furthermore, a recent randomized, double-blind, placebo-controlled tria
showed that gastric acid suppression with a proton pump inhibitor significantly improves
dleep quality in patients with moderate-to-severe nighttime heartburn and GERD-related
dleep disturbances [6].

GERD patients with sleep-related complaints may have more severe reflux disease. Thisis
as evident from a study that found greater esophageal acid exposure (% time pH<4) in
patients with nighttime heartburn and sleep complaints compared to those without nighttime
heartburn [7]. Approximately 10% of patients with GERD develop Barrett’ s esophagus (BE)
[8]; these patients have generally more severe reflux disease as documented by higher distal
esophageal acid exposure, including greater acid exposure in the nighttime period [9], and
larger hiatus hernia compared with GERD patients without BE [10]. Whether the association
between GERD and sleep quality differs between patients with or without BE has not been
studied.

It isimportant to account for obstructive sleep apnea (OSA) when examining the association
between GERD and sleep quality; but this was not performed by several previous studies
[3-6]. OSA can disrupt leep, and treatment with continuous positive airway pressure
(CPAP) canincrease sleep quality in OSA patients[11]. Severa studies have reported an
association between OSA and GERD. On one hand, GERD may play arolein the
development of OSA by causing upper airway inflammation and obstruction [12]. Acid
suppression with proton pump inhibitors resulted in improvement of the apneaindex in OSA
patientsin a small non-randomized study [13]. On the other hand, OSA may |lead to GERD
because of increased intra-thoracic pressure [14] and treatment with CPAP has been shown
to improve nocturnal heartburn and regurgitation [15], as well as distal esophageal acid
exposure and frequency of acid reflux episodes [16]. Irrespective of the nature of the
association between GERD and OSA, it isimportant to account and adjust for the presence
of OSA when studying sleep quality in GERD patients. Furthermore, it is unclear whether
this association differs by the presence of BE. Thisinformation may help in clarifying the
directionality or dose-response relationship of the association between GERD and OSA.

In summary, GERD is associated with poor sleep quality but whether BE - amore severe
GERD presentation — affects sleep differently is not known. OSA often coexists with GERD
and may also disrupt sleep and it remains unknown whether GERD with or without BE
reduce sleep quality independently of OSA. Therefore, the aims of our study were: (1) to
compare the effect of GERD and BE on sleep quality, and (2) to assess whether the
association between sleep quality and GERD or its more severe form (i.e., BE), is
independent of OSA.
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METHODS

Study Population and Design

We conducted a case-control study nested within an ongoing cross-sectional study of BE
risk factors at the Michael E. DeBakey VA Medical Center (MEDVAMC) in Houston, TX.
We recruited all consecutive patients eligible for participation who were scheduled for an
elective upper endoscopy at MEDVAMC. In addition, patients from the primary care clinic
at MEDVAMC who were eligible for screening colonoscopy were recruited to undergo
upper endoscopy in addition to their colonoscopy. We prospectively collected self-reported
data regarding GERD symptoms, sleep quality, and risk of OSA, and endoscopy findings.
Study groups were defined as cases with BE, cases with GERD but no BE, and controls
without GERD or BE based upon GERD questionnaire data and endoscopy findings as
described below.

Recruitment and eligibility criteria

The electronic medical records of all veterans with a scheduled upper endoscopy were
screened to determine study eligibility based on the following criteria: 1) age between 40-80
years (50-80 for patients from the primary care clinic); 2) no previous esophageal or gastric
surgery; 3) no esophageal or gastric cancer; 4) no active lung, liver, colon, or breast cancer;
5) not taking anticoagulants; 6) no significant liver disease indicated by platelet count below
70,000, ascites, or known gastroesophageal varices; 7) no history of major stroke or mental
condition that would limit their ability to answer questions. The dligibility criteriawere
further checked among eligible patients on the day of the endoscopy. This research was
approved by the Ingtitutional Review Boards for the MEDV AMC and Baylor College of
Medicine.

Data Collection

All study participants completed a research assistant administered computer assisted survey
before the endoscopy. The survey contained demographic data, past medical history,
medication use including proton pump inhibitor use, and validated questionnaires for GERD
symptoms, sleep quality, and OSA that are explained in detail below. In addition, height and
weight were measured in all subjects to calculate body massindex (BMI).

GERD Questionnaire—The questions were adapted and slightly modified from the
GERQ [17], avalidated questionnaire of GERD symptoms. Each question has 6 possible
answers (never, <1/month, about 1/month, about L/week. >1/week, daily). We defined
GERD using 2 questions regarding the frequency of heartburn and acid regurgitation during
the past one year; patients were considered as having GERD if they experienced heartburn
or acid regurgitation in the past year occurring more than once per week.

Pittsburgh Sleep Quality Index (PSQI)—The PSQI [18] isa 19-item validated
guestionnaire designed to measure sleep quality during the previous month. Items are
grouped into seven component scores: subjective sleep quality, sleep latency, sleep duration,
habitual deep efficiency, sleep disturbances, use of sleeping medication, and daytime
dysfunction. Each component score ranges from O (no difficulty) to 3 (severe difficulty).
The component scores are summed to produce a globa score (range of 0-21). Patients with
aglobal PSQI score >5 are considered to have poor sleep quality as done in previous studies
[18].

Berlin Questionnaire for Risk of Obstructive Sleep Apnea—Thisisavalidated

instrument [19] that includes 10 items grouped into 3 categories related to the risk of having
OSA: snoring behavior, daytime sleepiness or fatigue, and presence of obesity or
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hypertension. For each of the three categories, patients are classified into high risk or low
risk based on their responses to the individual items. Patients classified as high risk in two or
more categories are considered to have aglobal high risk for OSA. In the present study, a
global high risk of OSA was used as a surrogate marker for OSA. The Berlin questionnaire
has good correlation with the respiratory disturbance index as measured by portable sleep
monitoring [19].

Upper endoscopy—All study participants underwent an upper endoscopy with
systematic recording of findings on erosive esophagitis based on the Los Angeles (LA)
Classification [20] and suspected BE based on the Prague classification [21] and at |east one
targeted biopsy was obtained from the suspected BE area using Jumbo biopsy forceps.

Study Groups

GERD without BE (GERD Cases)—This group was defined by the presence of erosive
esophagitis LA grade B or greater [20] and/or frequent GERD symptoms on the GERD
Questionnaire as defined above[17] and the absence of suspected BE.

Barrett’'s esophagus (BE Cases)—This group was defined by endoscopically
suspected BE that was confirmed by the presence of specialized intestinal metaplasiain the
histopathological examination of targeted biopsies. Two expert pathologists reviewed all
dides for suspected BE to determine the presence of definitive BE.

No GERD or BE (Controls)—This group was defined by the absence of erosive
esophagitis or suspected BE by endoscopy and no acid regurgitation or heartburn in the last
one year in the GERD questionnaire [17], and no self-reported history of erosive
esophagitis, BE, or proton pump inhibitor use.

Data Analysis

RESULTS

Characteristics of the two case groups (BE and GERD) were compared to controls without
BE or GERD. We used the chi squared test to compare categorical variables, and unpaired t-
tests to compare continuous measures. Multivariate logistic regression models were used to
evaluate the risk of having poor sleep quality (defined by a PQSI>5) according to presence
of GERD or BE; controls were the referent category for all analyses. Models were adjusted
for race, gender, smoking (current vs. not current), recruitment source, BMI, hypertension
(self-reported diagnosis or currently taking medication for hypertension), and OSA (defined
by Berlin score as explained above). Results were computed with SAS software (SAS
Ingtitute, Cary, NC).

The study included 221 patients who participated in the cross-sectional study, underwent
endoscopy and had complete information on the endoscopy report and all three of the study
guestionnaires to allow the definition of the case and control groups. Of these 221 subjects,
83 met study criteriafor GERD, 63 met criteriafor BE, and 75 met criteriafor controls. PPI
use was reported by 54% of GERD and 65% of BE patients, while controls were non-PPI
users by definition. There was no statistically significant difference in prevalence of hiatus
herniafor GERD compared to BE; however, hiatus hernia was significantly more prevalent
in GERD compared to controls (72% vs 57%, p=0.01), and BE compared to controls (80%
vs 57%, p=0.008). Erosive esophagitis was present in 34% of GERD patients (LA gradesA,
B, C and D were 7%, 18%, 7%, and 2% respectively). Of note, patientswith LA grade A
esophagitis were included in the study based upon their frequent symptoms rather than
esophagitis, since the endoscopic definition of GERD was esophagitis LA grade B or
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greater. The length of BE waslessthan 3 cmin 74% of patients; 26% had a BE segment
equal to or greater than 3 cm.

The demographic characteristics and prevalence of OSA and poor sleep quality for the three
study groups are shown in Table 1. There were no significant differencesin age, or BMI
among the three study groups. Smoking was more frequent in BE but not GERD cases
compared to controls. As expected, the proportions of Caucasian subjects were higher in
GERD and BE compared with controls. The study included predominantly male subjects
across al groups; however, the proportion of males was significantly lower in the GERD
group than in the other two groups. The majority of GERD and BE patients were recruited
from subjects scheduled for elective endoscopy; in contrast, the main recruitment source for
the control group was the primary care clinic (i.e. subjects who were eligible for screening
colonoscopy and were recruited to undergo upper endoscopy in addition to their
colonoscopy).

OSA and poor sleep quality were common in all three groups. However, the prevalence of
OSA was significantly higher in the GERD case group but not in the BE case group
compared with controls (Figure 1 and Table 1). The prevalence of poor sleep quality was
also significantly higher in the GERD case group but not in the BE case group compared
with controls (Figure 1 and Table 1).

Based on multivariate logistic regression models (Table 2) controlling for age, race, gender,
smoking status, recruitment source, BMI, and hypertension, the risk of poor seep quality
remained significantly increased in patients with GERD compared with controls (odds ratio
[OR] = 2.79, 95% confidence interval [Cl]: 1.08 — 6.80). However, the risk of poor sleep
quality was not significantly increased for GERD after adding the presence of OSA to the
model, in fact it slightly attenuated the association (OR = 2.27, 95% Cl: 0.87 — 5.85).
Similar to the unadjusted analysis, there was no difference in the risk of poor sleep quality in
BE patients compared with controls in the multivariate models (Table 2).

We conducted additional multivariate models to assess the effect of PPl use on the risk of
poor sleep quality in GERD and BE patients (controls were not on PPI by definition). The
risk of poor sleep quality for the BE group compared to the GERD group was similar
whether PPl was excluded (OR = 0.57, 95% CI: 0.26 — 1.27) or included (OR = 0.52, 95%
Cl: 0.23-1.17).

DISCUSSION

An association between GERD and reduced sleep quality was previously documented in
several studies[3-6]. However, sleep quality has not been investigated in the subgroup of
GERD patients with BE which is considered a more severe form of the disease. We present,
for the first time, data regarding sleep quality in BE patients. Our study also evaluated the
association between GERD and seep quality in patients with GERD but no BE. Having a
more severe form of GERD (i.e. BE) did not appear to increase the frequency of poor sleep
quality. In fact, we found that sleep quality was reduced in GERD but not in BE patients
compared with controls; the prevalence rates of poor sleep quality were 60%, 46%, and 39%
for GERD, BE, and control patients, respectively. The lack of impact on sleep disturbance
by BE may have been due to the fact that the mgjority of BE patients had a short segment
(<3cm) and presumably less severe disease. Given the relatively small number of patients
with long segment BE, an additional analysis of this issue was not feasible. On the other
hand, our findings may suggest that the mechanisms underlying sleep disturbance may differ
among these two groups of GERD patients (with and without BE). Since patients with BE
may be less sensitive to acid reflux and may therefore experience fewer symptoms than
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patients with GERD but no BE [22-23], it is possible that this leads to less sleep disturbance
in the BE group. However, these differences can only be determined by pathophysiological
studies that should, among other things, evaluate reflux mechanisms, refluxate
characteristics, and esophageal sensitivity while controlling for other risk factors that affect

sleep.

A recent study that, similar to ours, defined poor sleep quality with a score >5 on the PSQI,
found decreased sleep quality in 65% of patients with non-erosive reflux disease and 67%
patients with erosive esophagitis; BE patients were not included and the use of PPIswas not
reported [5]. In another study that defined poor sleep quality as a PSQI score > 5, Johnson
and colleagues found that the prevalence of reduced sleep quality was 83% in untreated
GERD patients with frequent heartburn or acid regurgitation, including nighttime symptoms
at least twice per week [6]. The higher prevalence of poor sleep quality reported by that
study may be explained by the fact that our study included patients regardless of whether
they had frequent nighttime symptoms. In addition, although frequent heartburn or acid
regurgitation — despite PPl therapy —was one of the inclusion criteriafor our study, 53% of
our patients were taking a PPI, in contrast to the untreated patients in Johnson’s study. The
number of patientsin our data set is not sufficiently large to enable further analysis after
additional categorization of GERD patients by symptom severity or presence/absence of
erosive esophagitis, and thiswill be important in future studies.

Our study is aso the first one to account for the effect of OSA on sleep quality in patients
with GERD, both with and without BE. Interestingly, the prevalence of OSA was
significantly higher in GERD patients without BE compared to those with BE (65% vs.
52%). The relationship between gastroesophageal reflux and OSA is complex and the
reasons for the higher prevalence of OSA in GERD patients without BE cannot be
determined based upon our data. However, our findings suggest the possibility that the
pathogenetic factors related to GERD that favor the development of BE in GERD patients
may be different than those for OSA. Since the direction of the causality in the GERD-OSA
relationship is not clear, an alternative hypothesis is that the type of reflux caused by OSA is
less conducive to BE.

An additional important finding in our study is aresult of the multivariate models showing
that the risk of poor sleep quality does not appear to be independent of OSA in GERD
patients. From this we can infer that OSA explains some of the effect of GERD on sleep
quality. No other study has looked at this specific issue and therefore these results need to be
confirmed.

The study islimited by the inability of the case-control design to define the temporal
association among GERD, OSA, and sleep quality and therefore causal inferences cannot be
made. The study was limited to veteran patients who are mostly men and therefore caution
must be used when generalizing these results to non veterans or women. The study did not
account for psychiatric comorbidity, which may affect sleep quality and OSA. Lastly, we
did not perform polysomnography or portable sleep monitoring to diagnose OSA; instead, a
global high risk of OSA on the Berlin questionnaire was used as a surrogate marker for OSA
(this questionnaire has good correlation with the respiratory disturbance index measured by
portable sleep monitoring [10]). Thus, while we used validated questionnaires to define high
risk of OSA and measure sleep quality, some misclassification is possible due to the absence
of physiological assessments. However, thereis no known reason for this misclassification
to be differential among the three study groups.

Strengths of our study include the detailed characterization of the study groups by
endoscopy and validated questionnaires, allowing us to account for multiple important
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variables that may affect sleep quality. Our sampling frame was consecutive patients
referred to upper endoscopy irrespective of indication and therefore thereis less likelihood
of selection or ascertainment bias that would affect other studies of patients referred
specifically for GERD or sleep disorders. Our study could have been strengthened by the
addition of physiological measurements such as ambulatory reflux monitoring to document
the amount of reflux in each participant, as an additional important variable. However,
reflux monitoring was beyond the scope of this project.

In summary, we found that poor sleep quality is frequent in our VA population and the risk
of poor sleep quality isincreased in patients with GERD but not those with BE. In addition,
therisk of poor sleep quality does not appear to be independent of OSA in GERD patients.
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Figure 1.

Prevalence of decreased sleep quality and obstructive sleep apnea (OSA) in patients with
gastroesophageal reflux disease (GERD), Barrett’ s esophagus (BE) and controls without
GERD or BE. Decreased sleep quality was defined by a score > 5 on the Pittsburgh Sleep
Quality Index18. OSA was defined by a global high risk of sleep apneaon the Berlin
Questionnaire®®.
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Table 2

Risk of poor sleep quality among GERD and BE cases compared with controls. Poor sleep quality was defined
by a score > 5 on the PSQI.

Model Poor Sleep Quality

OR (95% CI)
GERD | Unadjusted 2.33 (1.22-4.44)
Adjusted for age, race, gender, smoking, BMI, HTN, recruitment source 2.79 (1.08-6.80)
Adjusted for age, race, gender, smoking, BMI, HTN, recruitment source, OSA 2.27 (0.88-5.85)

BE

Unadjusted

1.22 (0.61-2.45)

Adjusted for age, race, gender, smoking, BMI, HTN, and recruitment source

1.33 (0.52-3.45)

Adge adjusted age, race, gender, smoking, BMI, HTN, recruitment source, OSA

1.34(0.52-3.48)

GERD, Gastroesophagea reflux disease; BE, Barrett’' s esophagus, PSQI, Pittsburgh Sleep Quality Index; BMI, body massindex; HTN,

hypertension; OSA, obstructive sleep apnea; OR, odds ratio; CI confidence interval
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