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Abstract Sleep disturbances are commonly reported by
patients who suffer from gastroesophageal reflux disease
(GERD) but it is uncertain if GERD plays a role in patients
with sleep disorders of undetermined origin. The prevalence
of GERD in patients with sleep disorders of unknown eti-
ology is uncertain; the aim of this study was to determine
this prevalence. Three hundred eighty-five consecutive pa-
tients reporting to an outpatient clinic for evaluation of sleep
disorders were assessed for their sleepiness in relation to
reflux symptom intensity. Reflux symptoms that met the sur-
vey criteria for a diagnosis of GERD were present in 45
of the 385 subjects (12.8%). These subjects did not have
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a diagnosis of GERD and were not being treated. Multiple
regression analysis showed that excessive sleepiness was as-
sociated with intensity of GERD symptoms. Patients with
GERD had significantly higher Epworth sleep scores than
patients without GERD (12.8 vs. 10.6; p = 0.007), indicat-
ing more daytime sleepiness. We conclude that unrecognized
and untreated GERD are present in many patients presenting
with sleep disorders. Patients with GERD had significantly
greater sleepiness. Further studies of the impact of GERD
treatment in this population are necessary.
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Introduction

Symptoms of gastroesophageal reflux disease (GERD) oc-
curring once a week are present in 14%–20% of the popula-
tion and daily symptoms are reported by 7% [1]. In a large
telephone survey, 13% of respondents with symptoms of gas-
troesophageal reflux reported nocturnal symptoms only and
65% reported both daytime and nocturnal symptoms [2].
Seventy-five percent of respondents with nocturnal symp-
toms reported that GERD symptoms affected their sleep [2].
Undiagnosed sleep disturbances are reported in at least 2%–
4% of middle-aged adults and it has been suggested that
GERD may contribute to daytime somnolence, but direct
proof of this is lacking [3]. Patients with nocturnal acid reflux
have been shown to have an increased number of arousals
from sleep [4]. Repeated arousal has been shown to frag-
ment sleep and to result in daytime somnolence. The aim of
our study was to determine the prevalence of reflux symp-
toms in a cohort of patients with sleep disturbances severe
enough to warrant investigation with polysomnography and
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Fig. 1 Questions from the Reflux Disease Questionnaire used to determine if the subject has GERD symptoms

to determine if patients with symptoms of gastroesophageal
reflux had poorer sleep and consequently excessive daytime
sleepiness compared to those without these symptoms.

Methods

Three hundred eighty-five consecutive patients referred to an
outpatient sleep disorders clinic for the evaluation of previ-
ously uninvestigated sleep disorders were studied. Subjects
were excluded from the study if they carried any specific di-
agnosis of a sleep disturbance from an earlier examination or
if they were undergoing studies to monitor therapy instituted
for a sleep disturbance. Demographic data were collected at
the baseline visit, along with information on alcohol, medi-
cation, and tobacco use. Two validated questionnaires were
administered to all patients: the Epworth sleep questionnaire
and the Reflux Disease Questionnaire (RDQ). The Epworth
Sleepiness Scale is a validated instrument used for measure-
ment of the general level of daytime sleepiness. It measures
the sleep propensity in various life situations and consists of
eight self-reported questions [5]. Each question has a score
ranging from 0 to 3. A value of 5.9 ± 2.2 represents the norm
in the community [6, 7]. Possible scores range from 0 (the
least sleepy) to 24 (the most sleepy). An Epworth sleepiness
scale score of 10 is indicative of significant sleepiness and is
a threshold for referral for sleep evaluation [8]. The Epworth
Sleepiness Scale is considered to be the most discriminating

test for measurement of excessive daytime sleepiness. The
RDQ is a validated symptom questionnaire of 12 questions
which is designed to identify individuals with symptoms of
gastroesophageal reflux. A score ≥ 8 strongly suggests a
diagnosis of GERD [9]. This is calculated by adding the val-
ues for the four questions shown in Fig 1. The instrument
is sensitive to change in symptoms. It has been validated in
different populations and languages and was designed as a
diagnostic tool for GERD [10–12].

Statistics

All data were analyzed using SPSS for Windows (Release
11.0.5; SPSS Inc., Chicago, IL). Chi-square and t-tests were
used to compare subjects with and without GERD symptoms
by demographic and related characteristics. A multiple linear
regression model was constructed using a backward elimina-
tion technique. The continuous variables evaluated were age
(years), body mass index (BMI), and RDQ score, and the di-
chotomous variables were gender, acid suppression, alcohol
use, and smoking. All the variables listed above were entered
together in the first step of the procedure and removed one at
a time, until only variables significant at P < 0.10 remained.
The variables significant at P < 0.05 were then entered into
the final model.

The protocol was approved by the institutional review
board at Aurora Sinai Medical Center and patients gave in-
formed consent.
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Table 1 Subject characteristics

Mean (n = 385) SD

Age (yr) 40 10
BMI 30.5 5.8
RDQ score

(1a + 1b + 2a + 2b)
2.2 3.8

Number Percentage
Gender

Male 318 82.6
Female 67 17.4

Alcohol use
None 96 25.1
Any 287 74.9

Smoking
None 300 78.3
Any 83 21.7

BMI
Not obese (BMI < 30.0) 193 50.8
Obese (BMI ≥ 30.0) 187 49.2

Acid suppression
None 342 88.8
Any 43 11.2

Note. RDQ, Reflux Disease Questionnaire; BMI, body mass
index.

Results

Three hundred eighty-five subjects participated in the study.
Table 1 reports the characteristics of the study population.

GERD symptoms

Symptoms of gastroesophageal reflux were present in 45
subjects (12.8%) based on an RDQ score ≥ 8. The mean
Epworth score in patients with GERD symptoms was sig-
nificantly higher than in those without GERD symptoms
(n = 340). Of the 45 patients, 16 were already receiving acid-
suppressive therapy. Twenty-nine were not diagnosed with
GERD and were not taking any specific treatment directed
at GERD. Symptoms of GERD were therefore present in a
total of 45 of the 385 patients, of whom 29 (7.5%) were not
receiving treatment. The prevalence of symptomatic reflux
disease was 11.7%.

Of the 340 patients without GERD symptoms by the RDQ
questionnaire, 27 were taking a proton pump inhibitor (PPI)
and/or H2 blocker, with relief of their symptoms. These 27
individuals had a mean RDQ score of 2.11 (well below the

Table 2 Subject characteristics by the presence of GERD symp-
toms

GERD
symptoms
(N = 45)

No GERD
symptoms
(N = 340) P value

t-test
Epworth scorea 12.8 ± 5.5 10.6 ± 4.9 0.007

BMIa 31.3 ± 6.1 30.4 ± 5.9 0.324
Agea 38.6 ± 8.7 40.7 ± 10.5 0.213

χ2
Gender

Male 36 (80.0%) 282 (82.9%) 0.625
Female 9 (20.0%) 58 (17.1%)

Alcohol use
Yes 29 (64.4%) 258 (76.3%) 0.084
No 16 (35.6%) 80 (23.7%)

Smoking
Yes 9 (20.0%) 74 (21.9%) 0.772
No 36 (80.0%) 264 (78.1%)

Acid supression
Yes 16 (35.6%) 27 (7.9%) <0.001
No 29 (64.4%) 313 (92.1%)

Note. BMI, body mass index.
aMean ± SD.

threshold for a diagnosis of GERD). Medication use was as
follows: single daily dose of PPI (n = 19), H2 blocker BID or
QD (n = 7), and one or a combination of PPI and H2 blocker.

Daytime sleepiness measurement

Table 2 reports the differences between subjects with and
those without symptoms of GERD. Subjects with GERD
symptoms had significantly higher daytime sleepiness scores
compared to those without symptoms. There were no differ-
ences in gender, BMI, smoking, or alcohol use between the
two groups.

Multiple regression

The only variables significant at the P < 0.05 level were
the RDQ score, BMI, and age. The RDQ score was signifi-
cantly and positively associated with the Epworth Sleepiness
Scale and BMI. Age was negatively associated with Epworth
scale. The adjusted R2 was 0.054, indicating that the model
accounts for only about 5% of the variation in the sleepiness
scale (Table 3).

Table 3 Multiple linear
regression: final model
(dependent variable: epworth
sleepiness scale)

Independent variable Coefficient SE 95% CI Significance

RDQ score
(1a + 1b + 2a + 2b)

0.190 0.067 0.059, 0.320 0.005

Age (yr) −0.069 0.025 −0.118, −0.020 0.006
BMI 0.086 0.043 0.001, 0.170 0.047

Note. RDQ, Reflux Disease
Questionnaire; BMI, body mass
index.
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Discussion

The interplay between gastroesophageal reflux and sleep has
largely been studied in patients with an established diagnosis
of GERD and in healthy volunteers. In healthy individuals,
acid perfused into the distal esophagus is more likely to
migrate into the proximal esophagus during sleep than in
the waking state and acid clearance times are longer in the
midesophagus and proximal esophagus during sleep com-
pared with the waking state [13]. Experimental studies have
shown that brief arousals from sleep reduce daytime alertness
the following day by fragmenting sleep [14, 15]. In an earlier
study of patients undergoing polysomnography for possible
sleep apnea, we showed that gastroesophageal reflux was
associated with an increased rate of arousals, decreased du-
rations spent in the deeper stages of sleep, and poorer sleep-
related quality of life [16]. A recent study demonstrated that
patients with GERD and sleep disturbances had an increased
rate of arousals from sleep and that acid inhibitory therapy
with omeprazole decreased the rate of arousals from sleep
[4]. Our study adds to this information by demonstrating that
unrecognized GERD is frequently found in patients present-
ing for sleep evaluations and that greater daytime sleepiness
is found in patients with GERD symptoms. In keeping with
other studies, our multivariate analysis showed that sleep
disturbance was associated with increasing age and with an
increase in BMI [17, 18].

In keeping with other cross-sectional studies, our study
has several limitations. It does not establish a causal rela-
tionship between reflux and sleep disturbance but this re-
lationship has been demonstrated before. It does, however,
demonstrate that a substantial number of patients present-
ing to sleep laboratories have unrecognized GERD. Further
study is necessary to determine if the treatment of these pa-
tients improves or resolves their sleep disorder. Advantages
of our study design include the evaluation of consecutive
patients, the use of validated instruments, and the use of
a community-based sample which provides a more accu-
rate representation of real-life conditions. A limitation of
the use of the RDQ is that it does not specifically assess
nocturnal symptoms; but many nocturnal reflux events are
unrecognized and may not be recalled by the subject [19].
Recognizing and treating GERD in patients presenting with
sleep disturbances may be a useful therapeutic intervention
and deserves further study.
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