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Impact of Treatment of Gastroesophageal Reflux on
Obstructive Sleep Apnea-Hypopnea Syndrome

Michael Friedman, MD; Berk Gurpinar, MD; Hsin-Ching Lin, MD;
Paul Schalch, MD; Ninos J. Joseph

Objectives: We test the hypothesis that treatment of gastroesophageal reflux disease (GERD) can improve obstructive
sleep apnea-hypopnea syndrome (OSAHS).

Metliods: One hundred forty-six patients with OSAHS underwent a complete history-taking, physical examination, and
laboratory testing, including questions related to GERD symptoms. Full-night attended polysomnography, 24-hour wire-
less pH study at the upper esophagus, snoring level evaluation, Epworth Sleepiness Scale, and quality-of-life surveys
were completed for each patient. Patients who tested positive for GERD were treated with esomeprazole magnesium 40
mg once daily for 2 to 12 months. The 24-hour pH study was repeated, and those patients with elimination of GERD
were reevaluated by polysomnography, snoring level evaluation, Epworth Sleepiness Scale, quality-of-life surveys, and
subjective data collection.

Resutts: Forty-one patients completed single-dose treatment with esomeprazole, but the repeat 24-hour pH study showed
that 9 patients had persistent GERD. In the 29 patients who completed phase 2 with normal pH study findings, the snoring
level decreased from 9.7 ± 0.5 to 7.9 ± 1.3 (p < .0001), the Epworth Sleepiness Scale score decreased from 14.2 ± 2.5 to
11.1 ± 2.4 (p < .0001), the apnea-hypopnea index decreased from 37.9 ± 19.1 to 28.8 ± 11.5 (p = .006), and the minimum
saturation of oxygen increased from 84.1% ± 7.8% to 86.9% ± 5.0% (p = .055).

Conclusions: Treatment of GERD had a significant impact on the reduction of the apnea-hypopnea index, snoring, and
daytime sleepiness. Elimination of GERD should be part of a comprehensive treatment plan for patients with OSAHS.

Key Words: adjunctive treatment, gastroesophageal reflux, laryngopharyngeal reflux, obstructive sleep apnea-hypopnea
syndrome, proton pump inhibitor therapy.

INTRODUCTION

Gastroesophageal reflux disease (GERD) and ob-
structive sleep apnea-hypopnea syndrome (OSAHS)
are common comorbid conditions that share risk fac-
tors.'-^ It is well documented that each of these dis-
eases adversely affects both the symptoms and the
severity of the comorbid condition. Many studies
have looked at the impact of OSAHS treatment on
elimination or reduction of reflux disease.^-^ Other
studies have looked at the opposite approach, treat-
ing reflux with the hope of improving symptoms of

^12

Gastroesophageal reflux disease and laryngo-
pharyngeal reflux disease (LPR) may increase
the symptoms and findings of OSAHS in several
ways. Arousals caused by reflux may increase day-
time somnolence.'''^•''* In addition, repeated reflux

causes tissue swelling, and this contributes to fur-
ther airway obstruction.

Theoretically, therefore, control of reflux may
improve both subjective and objective findings of
OSAHS. Several attempts have been made by dif-
ferent investigators to determine whether antire-
flux treatment may indeed improve OSAHS, with
variable results.^"'^ This study was designed to fur-
ther test the hypothesis that elimination of GERD
may improve the subjective and objective findings
of OSAHS. Patients with comorbid conditions of
GERD and OSAHS proven by 24-hour pH-monitor-
ing studies and overnight polysomnograms (PSGs)
were treated with a proton pump inhibitor (PPI) for
2 to 6 months and then retested and reevaluated for
assessment of both subjective and objective chang-
es.
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. METHODS

This is phase 2 of a 2-part study designed as a
prospective clinical trial in a tertiary care academic
center approved by our Institutional Review Board
(Advocate Illinois Masonic Medical Center). Phase
1 of this study, which has been previously reported,
assessed the incidence of upper esophageal reflux
disease in unselected patients with OSAHS.'^ One
hundred forty-six patients who were seeking treat-
ment for snoring and other symptoms of OSAHS
were recruited to participate in this study. Eighty-
nine patients with OSAHS documented by means of
full-night attended PSGs with or without symptoms
of LPR or GERD were selected as candidates to un-
dergo transnasal wireless 24-hour pH monitoring
studies (Bravo, Medtronic, Shoreview, Minnesota)
and were prospectively studied. The Bravo capsule
was placed in the upper esophagus 5 cm below the
cricopharyngeus in order to study upper esophageal
reflux. Confirmation of its location was performed
by transnasal esophagoscopy. Of these 89 patients,
77 successfully completed a 24-hour pH study, and
52 were found to have evidence of GERD. These
52 patients were enrolled in this second phase of
the study, which involved treatment with PPI ther-
apy (esomeprazole magnesium, 40 mg once daily)
for 2 to 6 months. Although the minimum treatment
was designed as 2 months, many patients extend-
ed this treatment course until they were available
to undergo the repeat testing. All patients, however,
were kept on therapy until their posttreatment test-
ing could be completed. Forty-one of these patients
eventually underwent their posttreatment pH moni-
toring study. Of these 41 patients, 9 were found to
have persistent evidence of GERD after once-dai-
ly treatment with 40 mg of esomeprazole and were
therefore excluded from the study. Thirty-two of the
patients were found to have negative pH studies af-
ter treatment. Of these 32 patients, 29 completed
a second-night PSG and questionnaires regarding
quality of life (QOL) and symptoms associated with
snoring and OSAHS. These 29 patients were the ba-
sis of our study.

The outcome data that were assessed included
the following points: change in apnea-hypopnea in-
dex (AHI) and minimum saturation of oxygen (Min
SaO2), change in snoring visual analog scale (VAS;
0 to 10) as assessed by bed-partner, Epworth Sleepi-
ness Scale (ESS), and QOL surveys (SF-36 v2).

All statistical analyses were performed with SPSS
version 11.0.1 (SPSS, Inc, Chicago, Illinois). Con-
tinuous data are displayed as mean ± SD. Statistical
significance was accepted when the p value was less
than .05. Intention-to-treat analysis was performed.

Le vine's test for equality of variances was used to
determine statistically significant variances. The
paired Student's ?-test was used to compare preoper-
ative versus postoperative mean values within each
group. The y} test was used to test the association
between categorical variables.

RESULTS

A flowchart of this study is illustrated in the Eig-
ure. Twenty-four-hour pH monitoring data were col-
lected on 77 patients. The pH study was negative
(fewer than 4 episodes of pH of 4 or less during the
24-hour period) in 25 patients. These patients were
excluded from the study. Thus, 52 patients entered
into phase 2, in which GERD was treated for a mini-
mum period of 2 months with esomeprazole. The
patients were kept on therapy until their posttreat-
ment pH study and PSGs were completed. The du-
ration of therapy therefore ranged from 60 to 360
days (mean ± SD, 155.45 ± 91.80 days). Eleven pa-
tients were lost to follow-up during the treatment
phase. Posttreatment pH monitoring revealed posi-
tive findings for GERD in 9 patients despite treat-
ment, leaving 32 patients negative for GERD. Three
additional patients were lost to follow-up before un-
dergoing the posttreatment PSG and QOL survey.
Nevertheless, an intention-to-treat analysis looking
at objective treatment success was performed on all
52 patients who received the initial study treatment.
The 14 patients who were lost to follow-up, as well
as the 9 patients with positive GERD despite treat-
ment, were considered treatment failures and ana-
lyzed accordingly. Table 1 displays the results of
that analysis. The true purpose of this study, how-
ever, was not an attempt to cure OSAHS with PPI
therapy, but to assess the impact of complete elimi-
nation of GERD on signs and symptoms of OSAHS.
Therefore, all additional results are reported on the
remaining 29 patients (12 men and 17 women) who
had normalized pH studies and completed the fol-
low-up. Their mean age was 44.8 ± 13.3 years, and
their mean body mass index was 33.0 ± 7.8 kg/m^.

Complications and Long-Term Morbidity. There
was no morbidity or complications in phase 2 of the
study.

Subjective Symptom Elimination. Patients' and
bed-partners' subjective assessments of disease se-
verity (snoring level and ESS) were collected be-
fore treatment and at the time of follow-up after a
minimum of 2 months' treatment with PPIs. When
we compared the snoring VAS and ESS scores ob-
tained before treatment with the posttreatment val-
ues, we found that both had decreased significantly.
The mean snoring VAS score decreased from 9.7
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Assessment for eligibility
(n = 146)

AHI > 5 (n = 89)
Full night attended

PSG (n = 95)
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AHI s 5 (n - 6)
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24-hour pH monitoring
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77 patients completed
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Unsuccessful capsule
placement (n = 8)
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pH study negative
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Flowchart of study. AHI — apnea-hy-
popnea index; PSG — polysomnogram;
PPI — proton pump inhibitor; ESS
— Epworth Sleepiness Scale; QOL —
quality of life.
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29 patients completed Phase 2
(Repeat PSG, ESS, Snore level, QOL)

± 0.5 before treatment to 7.9 ±1.3 after treatment.
The mean ESS score decreased from 14.2 ± 2.5 be-
fore treatment to 11.1 ± 2.4 after treatment. Both of
these decreases were statistically significant (p <
.0001; Table 2). This represented a mean 18.5% ±
14.9% reduction in snoring level and a mean 21.3%
± 15.6% reduction in ESS score.

Because nearly all of the patients originally
sought treatment for loud snoring, we also deter-
mined a subjective improvement of the patients'
snoring symptoms using strict criteria, which re-
quired a 50% decrease in snoring level after therapy.
Subjective improvement was encountered in 2 of 29
patients (6.9%).

SF-36 v2 Quality-of-Life Health Survey. All 29
patients completed the SF-36 v2 Health Survey be-
fore and after treatment. Scores from 0 to 100 (100
being the best health) were obtained for all 29 pa-

tients in each of the 8 domains both before and after
treatment (Table 3). The posttreatment improvement
in mean scores was statistically significant (p < .05)
for 4 of the 8 domains. These included the domains
for bodily pain, general health, vitality/energy, and
mental health.

Objective Polysomnographic Changes. Objec-
tive measures of clinical improvement of OSAHS
were based on data collected during PSG. Table 2
compares the AHI, apnea index (AI), and Min SaO2
obtained before treatment with those obtained after
treatment. The mean AHI and AI improved signifi-
cantly after PPI therapy. No significant change in
Min SaO2 was identified.

Using the classic definition ofthe successful treat-
ment of OSAHS'^ (which requires a 50% or greater
reduction in posttreatment AHI as compared with
the pretreatment value, and a posttreatment AHI of
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TABLE 1, INTENT-TO-TREAT ANALYSIS FOR
SUCCESSFUL TREATMENT OF OBSTRUCTIVE

SLEEP APNEA-HYPOPNEA SYNDROME

Apnea-
Hypopnea

Index
Criteria

Success 2
No success 27

Lost to
Follow-Up

0
14

Data are numbers of patients.

Positive
Posttherapy
pH Study

0

9

Total

2 (3.9%)
50(96.1%)

TABLE 3, COMPARISON OF PRETREATMENT VERSUS
PQSTTREATMENT QUALITY-OF-LIFE VALUES FOR

EACH OF EIGHT SF-36 v2 HEALTH DQMAINS

less than 20), we determined the success or failure
of PPI treatment of LPR in each patient. Objective
cure of OSAHS was encountered in 2 of 29 patients
(6.9%), the same 2 patients who experienced subjec-
tive improvement as noted above.

DISCUSSION

Previous studies have implicated both GERD
and LPR as factors in causing or exacerbating
OSAHS.'•'''•'^ Several mechanisms are postulated
to take place in that chain of events; acid reflux to
the esophagus stimulates the vagus nerve and causes
bronchoconstriction that starts the short-term dam-
age.'^'''* Also, irritation and damage of the upper air-
way mucosa caused by acid reflux begins an exuda-
tive mucosal reaction, causing a long-term effect. ̂ ^

Although some studies have demonstrated that
GERD causes OSAHS, other studies have dem-
onstrated that OSAHS may cause or aggravate
GERD.''^ The increase in the negative intrathoracic
pressure created by OSAHS causes a vacuum-like
effect on the gastric contents, leading to GERD and
LPR. Also, the phrenoesophageal ligament, connect-
ing the diaphragm to the lower esophageal sphinc-
ter, experiences increased tension during upper air-
way resistance and obstructive sleep-disordered
breathing. When the force transmitted to the lower
esophageal sphincter exceeds the threshold, the low-
er esophageal sphincter will open and allow gastric
contents to enter the esophagus.'̂ '̂ "^ Several studies

TABLE 2. CQMPARISQN QF PRETREATMENT AND
PQSTTREATMENT DATA

Parameter
Before After

Treatment Treatment

Apnea-hypopnea index 37,9 ±19.1 28,8 ±11,5 .006*
Apnea index 5,9 ±7,2 3.8 ±4,7 ,04*
Minimum saturation of 84,1 ± 7.8 86.9 ±5,0 .055

oxygen (%)
Epworth Sleepiness Scale 14,2 ±2,5 11,1 ±2,4 <.OOO1*

(1-24)
Snoring level (visual 9.7 ± 0.5 7,9 ±1.3 <.OOO1*

analog scale, 0-10)
Data are mean ± SD for 29 patients,

•Statistically significant difference (p < ,05),

Parameter
Before After

Treatment Treatment

Physical function 84,8 ± 20,4 90.0 ± 20,5 .455
Role limitation/physical 71.3 ±23.3 73.4 ±16.7 ,737

problem

Bodily pain 84,1 ± 16.0 100.0 ± 0,0 <.OOOI*
General health 51.5 ± 17,5 86.3 ± 14.6 <.OOO1*
Vital energy/fatigue 32,8 ±16.8 57.8 ±11.1 <.OOO1*
Social function 78.9 ±17,2 78.9 ± 8.4 1,000
Role limitation/emotional 67.1 ±25,9 72.9 ±16.2 .386

problem

Mental health 44.5 ± 20,2 59.7 ±11,2 .008*
Score of 0 to 100 is calculated for each domain according to pa-
tient responses; score of 100 represents best possible health. Data
are mean ± SD.

•Statistically significant (p < ,05),

have shown that the incidence of GERD is statisti-
cally higher in patients with OSAHS.3.9.ii.i3,i5,i8,2i
This is the second phase of a study of the senior au-
thor's (M.F.). In the first study, our group investigat-
ed the incidence of GERD based on upper esopha-
geal monitoring in patients with OSAHS; 71.4% of
OSAHS patients had positive pH studies, and 10.4%
of these patients reported no symptoms and had no
signs of upper esophageal reflux, ie, had occult dis-

ease.15

Continuous positive airway pressure (CPAP),
when used to treat OSAHS, has been found to have
a positive impact on the control of GERD. Some
researchers have postulated that the treatment of
OSAHS breaks the OSAHS-GERD loop, and several
studies have shown a statistically significant reduc-
tion of GERD in patients on CPAP therapy.3-6 Oth-
ers postulate that in addition to eliminating OSAHS,
CPAP may have a direct beneficial effect in reduction
of GERD by applying a positive pressure through the
upper airway to the esophagus and preventing the
contents of the stomach from entering the upper air-
way.2.6 This study was designed to determine wheth-
er elimination of reflux disease as an isolated treat-
ment can affect the signs and symptoms of OSAHS.
Therefore, no additional treatment was given during
the studied time period. This study was designed for
60 days. The patients who registered for this study
were given a full explanation that this study would
not offer them traditional treatment such as CPAP for
this period of time. The patients all agreed to this iso-
lated form of treatment as part of this study. Many of
the patients delayed their posttreatment studies be-
yond the 2-month recommendation of the study and
stayed on PPI therapy until the study was complet-
ed. The patients were not asked to make any other
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change in their lifestyle, diet, or medical care during
the period of this study. Therefore, the raw data indi-
cate no significant difference between pretreatment
and posttreatment body mass indices.

Just as treatment of OSAHS has a positive im-
pact on GERD, other studies have shown that treat-
ment of GERD has a positive impact on control of
OSAHS. In 2001, Senior et aP' reported a study on
10 patients with OSAHS confirmed by overnight
PSGs and GERD confirmed by pH monitoring. Pa-
tients received 20 mg of omeprazole twice a day for
30 days. Assessment of the AHI and AI showed a
statistically significant difference between the pre-
treatment and posttreatment states, favoring the lat-
ter by 25% for the AHI and showing a 31% decline
in AI for the experimental group. This pilot study
was the stimulus for many other projects to confirm
these initial findings."

In 2004, Steward^ treated 27 symptomatic GERD
patients with mild to moderate OSAHS for 3 months
with pantoprazole 40 mg daily. Pretreatment PSGs
were performed, but acid reflux was determined by
symptom questionnaire only. Posttreatment daytime
somnolence, total reflux symptoms, and bed-partner
assessment of snoring were shown to be significant-
ly improved, but the snoring quantification, AI, and
AHI remained unchanged.^ No pretreatment or post-
treatment pH studies were performed. It is therefore
difficult to determine whether AHI reduction was
not achieved because of failure to eliminate LPR
and GERD or because elimination of GERD does
not improve AHI.

Chand et al'2 studied 18 patients with GERD to
determine whether elimination of GERD would im-
prove their sleep. They used the Pittsburgh Sleep
Ouality Index questionnaire in assessing OSAHS.
Esomeprazole (40 mg) was given once daily for 8
weeks. The posttreatment Pittsburgh Sleep Qual-
ity Index decreased after 8 weeks, showing that
OSAHS symptoms can be treated by antireflux ther-
apy. They, however, did not perform pretreatment or
posttreatment PSGs for evaluating OSAHS, nor did
they perform pH studies.

In 2006, Bortolotti et al̂  treated 20 patients with
OSAHS (confirmed by PSGs) and GERD (confirmed
by pH monitoring) divided into 2 groups as study
and control. The study group received omeprazole
20 mg twice daily while the control group received
a placebo twice daily for 6 weeks. They found that
the weekly frequency of apnea attacks decreased
by 73% in the 6 weeks, and concluded that the oc-
currence of apnea attacks progressively decreased
in the study group with respect to the basal period
and was significantly lower than that of the control

group. They reported no data on the AHI.

An adequate treatment period for upper esopha-
geal reflux disease is considered to be 4 weeks to
6 months,^2 and although the short-term treatment
protocols are effective, the rate of relapse within 1
year is as high as 90%. Within 2 to 3 months of treat-
ment, most patients report significant symptomatic
improvement; however, it takes 6 months or longer
for the laryngeal findings of upper esophageal reflux
to resolve.23.24 We used once-daily esomeprazole on
the basis of studies that showed it to be effective in
achieving adequate reflux suppression in clinical tri-
als.25'26Thus, we treated our patients with 40 mg of
esomeprazole once daily for 2 to 12 months. After
treatment, 24-hour esophageal pH monitoring was
repeated. Although symptoms of GERD were elimi-
nated in all patients, 9 of 41 patients (21.9%) who
had persistently positive pH studies were excluded.
Patients with normalized posttreatment pH studies
achieved improvement in both subjective and objec-
tive data that indicated improvement but not cure of
OSAHS. We arbitrarily chose 4 episodes of upper
esophageal reflux as being positive for "GERD" on
the basis of pharyngeal reflux studies. '̂̂  All previous
studies focused on the effect of GERD treatment on
symptoms of OSAHS. This is the first study to focus
on patients with negative upper esophageal monitor-
ing indicating the elimination of GERD. It is well
known that patients may have residual GERD even
in the absence of classic symptoms.

This study has many limitations. Although it was
designed and planned as a prospective study, it did
not include a placebo-controlled arm. This would
have been ideal, and such a study is ongoing. The
initial study was designed to determine whether
there is a positive effect on signs and symptoms of
OSAHS with the elimination of reflux disease as an
isolated treatment.

This study clearly supports some of the earlier
work indicating the benefit of PPI therapy for pa-
tients with OSAHS. Although the incidence of oc-
cult GERD was over 10% in our patient population,
the routine use of pH monitoring without subjective
symptoms or physical findings is probably not war-
ranted. In addition, routine treatment with PPI ther-
apy for all patients with OSAHS cannot be recom-
mended on the basis of this study. From a clinical
stance, however, it becomes apparent that aggres-
sive control of signs or symptoms of reflux disease
is an important component in treatment of patients
with OSAHS. Although patients with classic symp-
toms of GERD are willing to take medication to
prevent the symptoms, most patients with only mild
symptoms and no classic symptoms of heartburn of-
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ten are noncompliant with ongoing treatment for re-
flux. Otolaryngologists are also often unconvinced
of the benefit of PPI therapy for patients who have
only laryngeal findings suggestive of LPR and no
symptoms. According to this study, the combination
of OSAHS with clinical evidence of GERD should
be a basis for either pH monitoring studies or ongo-
ing treatment with PPIs.

An ideal study would have been double-blinded
and randomized. Although this study was prospec-
tive, the patients served as their own control group
in the pretreatment phase. A randomized control
group would have been ideal. Another limitation of
this study is that the minimum treatment duration
was as low as 60 days. It is possible that further im-
provement might have occurred in a more extended
study. The mean duration, however, of treatment was
155 days, and therefore most patients probably did
achieve maximal improvement. The study was diffi-
cult for patients because of the required pH monitor-
ing studies. The discomfort associated with the stud-
ies caused a considerably large number of patients

to drop out of the study before completion.

CONCLUSIONS
Gastroesophageal reflux disease and OSAHS

are common comorbid conditions. In patients with
both conditions, adequate treatment of GERD with
esomeprazole was effective in reduction of the sub-
jective and objective findings of OSAHS. When pre-
treatment and posttreatment snoring VAS and ESS
scores were compared, both snoring scores were
seen to have decreased significantly. The mean snor-
ing VAS score decreased from 9.7 ± 0.5 before treat-
ment to 7.9 ± 1.3 after treatment, and the mean ESS
score decreased from 14.2 ± 2.5 before treatment to
11.1 ± 2.4 after treatment (p < .0001). The AHI de-
creased from 37.9 ±19.1 before treatment to 28.8 ±
11.5 after treatment. Objective cure of OSAHS was
achieved in only 2 of 29 patients (6.9%). In patients
with OSAHS and physical findings suggestive of
GERD, PPI therapy may be an important adjunct in
the control of OSAHS symptoms. Also, pH moni-
toring may be a valuable ancillary test in evaluation
and treatment of patients with OSAHS.
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