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bstructive sleep apnea syndrome (OSAS) and
gastroesophageal reflux disease (GERD) are
common chronic diseases and share several si-
milar risk factors. The prevalence of GERD in patients
with OSAS is significantly higher than the general
population. For example, 21 patients with sleep-disorder-
ed breathing were found to have GERD (33.3% of
snorers, 64.3% of patients with OSAS). Twenty- three
patients with sleep-disordered breathing had laryngo-
pharyngeal reflux (LPR) (66.7% of snorers, 60.7% of
patients with OSAS)." Furthermore, laryngeal inflamma-
tion assessed using the Reflux Finding Score was
present in 26 out of 29 patients with OSAS (90%),
with changes suggestive of LPR. There were significant
correlations between laryngeal inflammation and severity
of OSAS.” However, no temporal or causal relationship
has ever been demonstrated between the two diseases.
This article focuses on the potential relationship
between GERD and OSAS, which has been raised more
recently. Because of the decrease of primary peristalsis
and the reduced production of saliva, as well as the
diminished acid and volume clearance of the esophagus,
sleeping can be considered as a risk factor of the reflux
event by itself. Moreover, it should also be taken into
account that the transdiaphragmatic pressure increases in
parallel with the growing intrathoracic pressure genera-
ted during obstructive apnea episodes. This has a non-
negligible effect on the phrenoesophageal ligament,
which is connected to the lower esophageal sphincter.
Repetition of the pressure changes results in insuf-
ficiency of the cardia. While this pressure change pro-
duces a considerable suction effect, further reducing the
clearing mechanism of the gastric volume, lower esopha-
geal sphincter insufficiency can directly lead to reflux
disease.

Basic sleep physiology
Sleep is composed of 2 phenomena: rapid-eye-
movement (REM) sleep and non-REM sleep. Non-REM
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sleep is characterized by several electrophysiological
manifestations that collectively demonstrate minimal
physiologic alteration. In contrast, REM sleep is asso-
ciated with remarkable physiological changes.’ The
cyclic alteration of REM and non-REM sleep in most
individuals comprises a well-defined cycle of approxi-
mately 90 minutes, which may recur 4 to 6 times
during the sleep cycle. REM sleep comprises approxi-
mately 25% of total sleep time. REM sleep is a state of
consciousness associated with unique physiological
changes.3 The EEG shows a pattern of low-voltage
mixed-frequency activity, reminiscent of waking, during
a state of unequivocal sleep. The eyes show conjugate
movements that are similar to those that occur in the
waking state; although, these movements are accom-
panied by an associated skeletal muscle paralysis. In
addition, REM sleep is associated with dreaming, a
remarkable cognitive event. Respiratory control is mar-
kedly altered so much that there is very little response
to increasing levels of carbon dioxide in the blood.
Hypoxic responses are also diminished, but arousal
occurs as a fail-safe response to diminished blood
oxygen concentration. Temperature regulation shows
quite profound alterations. Core body temperature tends
to drift toward the ambient temperature, rather than
invoking the typical measures to maintain homeostasis
by conserving or dissipating heat.

Gastroesophageal reflux and sleeping—anatomy and
physiology

The esophagus is a 20 to 25-cm-long hollow tube,
with sphincter-like functions. The lower esophageal
sphincter (LES) prevents the reflux of the gastric
contents into the esophagus, while it also secures the
passage of the swallowed food into the stomach when it
is relaxed. The difference between the abdominal and
the thoracic pressure, the compressive effect of the
gastric bubble, the converged mucosal folds, and the
transverse muscular fibers of the diaphragm contribute
to the blocking function of the LES. The motor response
of the esophagus to reflux events is peristalsis. Primary
peristalsis is the most frequent response, which acts
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against the reflux through the stimulation of swallowing.
This is the first reaction in 90% of the events. Secon-
dary peristalsis is a rare but important phenomenon,
which is carried out through distension of the esophagus.
It is mainly important during sleep, when swallowing is
impaired.4 The esophagus clears away the regurgitated
contents through its motor activity (volume clearance).
The produced bicarbonate and saliva play a role in neutra-
lizing the regurgitated acidic fluid (acid clearance). In
addition, gravitational force also counteracts regurgitation.

Physiological effect of sleep on frequency and dura-
tion of gastroesophageal reflux

Studies have shown that gastroesophageal reflux
does occur during sleep, but much less commonly than
with arousal or during waking hours, particularly post-
prandially.5 During sleep, gastroesophageal reflux occurs
most commonly during the brief stages of arousal.
When reflux episodes occur during sleep, they occur
almost exclusively during non-REM sleep, and rarely
during REM sleep. However, both REM and non-REM
sleep are associated with the potential for increased
esophageal acid contact times. Sleep is associated with
a marked prolongation of acid clearance.’ It is often
imprecisely referred to as nighttime reflux. Johnson
and DeMeester’ have demonstrated that, in normal
individuals, the pattern of reflux is quite different
during the sleep interval compared with the waking
state. That is, in the daytime most reflux events are
postprandial and are associated with rapid clearance.
During sleep, episodes of gastroesophageal reflux,
although less frequent than during waking, can pro-
duce long periods of continuous acid contact time.
These results beg the question: What is occurring
during sleep that leads to marked prolongation in acid
clearance?

Prolonged acid contact time may lead to GERD,
and normal sleep physiology makes some individuals
more prone to this fate. A careful examination of
responses to acid mucosal contact provides some clues
as to how sleep can induce major alterations in the acid
clearance process. Acid mucosal contact is associated
with 4 responses in the waking state: heartburn
(a conscious symptom that warns the individual of
impending danger), salivation, swallowing and primary
and secondary peristalsis. Combined, these events
generally occur quite rapidly in response to acid muco-
sal contact, and provide mechanisms for both volume
clearance and acid neutralization in the distal esophagus.
All of these responses, except for secondary peristalsis,
are significantly altered during sleep. Obviously, the
warning symptom of heartburn is not experienced
during sleep because it is a waking conscious response.
Swallowing and primary peristalsis have been shown to
be depressed during sleep,’ and salivation is nearly
nonexistent during sleep.9 Taken together, these sleep-
related changes produce an enhanced risk of abnor-
malities in acid clearance because the primary mecha-
nisms for volume clearance (swallowing and peristalsis)
and acid neutralization (salivation) are impaired.

Furthermore, respiration is not a static process.
Both under healthy and pathological conditions, it
influences the esophagus, which is located in the
intrathoracic area. During inspiration, a pressure dif-
ference develops between the alveoli and the outer
space: decompression is generated under inspiration,
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while compression occurs under expiration. Inspiration
with a closed glottis (Miiller maneuver) causes the intra
pulmonary and consequently the intrathoracic pressure
to fall below the atmospheric level by around 10 cm
H,0. On the other hand, exhalation with a closed glottis
(Valsalva maneuver) results in an increase of the intra-
thoracic pressure significantly above the atmospheric
level due to the work of the diaphragm and the abdo-
minal and auxiliary respiratory muscles. The position of
the body—Ilying on the back, or on one side, standing,
or sitting—modifies the pressure conditions. In some
respiratory diseases, the subatmospheric intrathoracic
pressure rises with the volume increase produced by the
increased resistance of the respiratory tract. This, in
itself, predisposes to reflux of the gastric contents,
especially in the relaxed state of the smooth muscle
when the body is in the supine position.

The relationship between GERD, OSAS and obesity:
overview and literature review

GERD and OSAS are often comorbid disorders.""
OSAS is a condition marked by pharyngeal narrowing
and upper airway obstruction during sleep that results in
repeated episodes of decreased oxygen saturation and
brief arousals. In one investigation of patients referred
for an overnight sleep study, 74% reported GERD-rela-
ted symptoms, including heartburn and /or acid regurgita-
tion.” In an earlier study using a combination of poly-
somnography and distal esophageal pH monitoring, Ing
and colleagues” found that patients with OSAS exhi-
bited more frequent nocturnal refluxes than patients
without OSAS. On average, patients with OSAS ex-
perienced > 100 reflux episodes during the 8-hour sleep
period, compared with 23 reflux episodes in control
subjects without OSAS. Esophageal acid clearance was
also prolonged in patients with OSAS, with a signi-
ficantly greater proportion of time, with an esophageal
pH < 4.0, than in non-OSAS control subjects. While it
is firmly established that GERD and OSAS co-occur,
the nature and direction of the relationship between
these two conditions are not yet fully understood. It has
been proposed that OSAS may predispose patients to
the development of nocturnal GERD, because apneic
episodes are associated with increased arousal, move-
ment, and transdia?hragmatic pressures, and low intra-
thoracic pressures.l Based on this model, apnea-related
changes in the intrathoracic and diaphragmatic pressure
would be expected to precede reflux events. Support for
this model has not been observed. In the study by Ing
and colleagues, only 23.7% of reflux events were
preceded by or occurred simultaneously with apneic
episodes."”

The pathophysiological mechanisms proposed to
link GERD and OSAS are not mutually exclusive, and
it seems possible that the two conditions may in fact
interact, creating a kind of self-perpetuating positive
feedback loop.” During the obstructive apnea period,
the significant changes in transdiaphragmatic pressure
facilitate the migration of the gastric contents toward
the esophagus. On the other hand, the same repetitive
pressure changes engender an irreversible destructuring
of the phrenoesophageal ligament. This leads to LES
insufficiency as an ultimate reason for the development
of GERD. The large and repeated changes of the pres-
sure gradient also, presumably, play a role in maintai-
ning the duration of the refluxate clearance.' It is also
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a plausible hypothesis that GERD contributes to the
development of arousal from sleep, and consequently
contributes to the changes in some cognitive functions
as evidenced by reduced daytime vigilance. In addition,
arousal from sleep could cause repetitive changes in the
tone of the LES that would eventually result in daytime
insufficiency in its work as well. Apart from this, the
presence of a high pressure gradient in the lying posi-
tion may facilitate a migrant reflux up to the pharyngeal
region, which could eventually result in microaspiration,
triggering asthmatic or coughing attacks and upper
airway edema and narrowing. At the same time, the
further narrowing of the pharyngeal region of the upper
respiratory tract could lead to several forms of sleep-
disordered breathing, such as OSAS or snoring. In
support of this concept, higher numbers of apnea/
hypopnea occurrences during REM sleep was found in
children with nocturnal gastroesophageal reflux com-
pared with children without nocturnal gastroesophageal
reflux.” As a result of the depressed muscle control of
the respiratory drive during sleep, there is considerable
muscle tone relaxation in the pharyngeal region. Given
that numerous receptors are located in the pharynx, the
high reflux of either acid or gastric contents, added to
this muscle relaxation, could lead to choking as a result
of a delayed awakening from sleep.

The relationship of GERD and OSAS is also sup-
ported by evidence showing that treatment of GERD
improves OSAS and vice versa. Studies show that treat-
ment of GERD with continuous positive airway pressure
(CPAP), a standard therapy for OSAS, improves GERD
even in patients without OSAS."""™ In one of these
studies to suggest such a clinical benefit, Kerr et al."
found a dramatic reduction in the frequency of reflux
events in patients (n=6) complaining of regular noctur-
nal GERD who were treated with nasal CPAP. During
one night in which nasal CPAP treatment was applied,
continuous monitoring of esophageal pH showed that
the percentage of time spent at esophageal pH < 4.0
decreased from 6.3% to 0.1% with nasal CPAP. Impro-
vements in sleep-related (monitored via polysomnogra-
phy) reflux with CPAP have also been seen in patients
with OSAS.""" In a large, open-treatment, long-term
study of patients with OSAS (n=331), Green et al."
found that 62% of patients reported nocturnal reflux
symptoms (heartburn, regurgitation and choking). Among
those patients who used CPAP therapy, 75% reported
reductions in the frequency of nocturnal GERD sym-
ptoms at follow-up, with a significant positive correla-
tion observed between the degree of GERD symptom
improvement and the CPAP pressure used. The authors
have proposed that CPAP may improve GERD by
increasing the mean esophageal pressure or by trig-
gering reflex increases in lower esophageal sphincter
tone."”

Conversely, some preliminary evidence indicates
that treatment of GERD with an acid-suppressing agent
also seems to help reduce OSAS." In this small study
of male patients (n =10) with OSAS and GERD
confirmed via polysomnography and esophageal pH
monitoring, omeprazole 20 mg twice daily was given
for 30 days during which CPAP was not permitted. At
the end of the 30-day treatment period, signs and
symptoms of OSAS were reassessed. With omeprazole
treatment, scores for apnea, hypopnea and respiratory
distress were improved and a significant clinical response
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of OSAS to omeprazole was seen in 31% of the patients
examined based on an improvement in the rate of
occurrence of obstructive apnea. Although this was a
very small, open-treatment clinical investigation, it
provides the first evidence of a positive clinical effect
on measures of apnea from acid-suppressing treatment
for GERD.

It has been suggested that obesity may contribute to
the risk of nocturnal GERD and OSAS by certain
obesity-related alterations in gastrointestinal tract func-
tioning, including slower esophageal transit, increased
intra-abdominal pressure, and the development of hiatal
hernia, which increases esophageal acid clearance times.
With a reduction in body weight, symptoms of both
apnea and GERD have been reported to improve.” The
study of Gislason et al."” reported a rather challenging
finding that 4.6% of the young population who com-
plained of known symptoms of GERD tended to be
associated with obesity.

Mechanisms of gastroesophageal reflux in patients
with OSAS

Several mechanisms have been proposed to increase
gastroesophageal reflux in patients with OSAS, inclu-
ding low negative intrathoracic pressures, arousals,
movements, low esophageal sphincter tone, and an
increase in the pressure gradient from the stomach to
the lower esophagus. The most common mechanism
proposed to cause GERD in patients with OSAS, with
markedly negative intrathoracic pressure, has been
evaluated in several studies. Graf and associates™
attempted to determine if gastroesophageal reflux events
were related to the severity of OSAS. They used the
apnea index (Al) as a marker of severity and separated
patients into two groups (AI 5 to 15, and Al > 15).
The results suggest that a direct link between GERD
and OSAS is unlikely; although, the authors did not
account for the poor correlation between Al and OSAS
severity. Heinemann and colleagues” found that 68%
to 76% of patients with OSAS had significant GERD.
The majority of these studies indicate that no direct
association exists between obstructive respiratory events
and the occurrence of gastroesophageal reflux events.
Penzel and associates” attempted to correlate waking
and sleeping events in patients with OSAS and found
that the accumulated time with low esophageal pH
readings was higher during the day than at night, but
noted that 71% of the sleeping events were preceded by
respiratory events. These data would suggest that OSAS
is unlikely to cause gastroesophageal reflux events
through alterations of intrathoracic pressures during
respiratory events; although, these data should not be
interpreted as meaning that there is no relationship
between the two diseases or that they are independent.
The increased incidence of GERD in OSAS suggests
that an association exists, but it may be more complex
than originally thought and would need to account for
differences in sleep stage, respiratory effort, effects of
age, and extent of GERD not related to OSAS.”

Treatment

Although the association between GERD and OSAS
has been questioned by some, the high incidence (53%
to 76%) of GERD in patients with OSA would suggest
that some form of association between the two disorders
exists and may affect treatment. The lack of an asso-
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ciation between severity of OSAS and GERD™ would
suggest that therapy should not be tailored to the
severity of OSAS, but rather to the severity and persis-
tence of GERD symptoms. These factors should be
addressed early in the course of treatment. Once GERD
is identified, therapeutic interventions should not be
delayed as the adverse effects on sleep may complicate
the sleep study. In contrast, patients with previously
diagnosed and treated OSAS must be evaluated to
determine if previous or current intervention or both are
effectively managing the patients OSAS. In the setting
in which therapy is found to be less than optimal, the
clinician should consider alternative interventions to
improve treatment efficacy. If the patient is not cur-
rently using positive airway pressure, then it should be
strongly considered as it has been shown to decrease
gastroesophageal reflux in OSAS.*** These findings
might suggest that a secondary effect of CPAP could be
the reduction of gastroesophageal reflux and an improve-
ment in symptoms. Whether an individual could be
effectively treated with CPAP alone without the con-
tinuation of other modes of therapy has not been
studied. On the basis of current knowledge, however,
we would expect that patients with mild disease who
responded completely without the use of medications or
who could be withdrawn from medications without the
recurrence of symptoms might be adequately treated in
this manner. Patients with moderate to severe disease
could be expected to require continuous therapy once
their symptoms become stable.

In some patients, CPAP or bi-level positive airway
pressure may be an ineffective therapy, although, lack
of effectiveness is most commonly due to the patient s
nonadherence to the regimen.”® Thus, patients who are
using CPAP or bi-level positive airway pressure should
be monitored closely for adherence. Most positive
airway pressure devices have some form of monitoring
device to assess adherence. In recent years, these de-
vices have added more sophisticated mechanisms for
monitoring patients using computer technology, inclu-
ding the ability to monitor day-to-day use and adjust
pressure settings. For patients with complicated illnesses,
the enhanced monitoring capabilities of these devices
are generally preferred.

Surgical interventions often does not provide effec-
tive control of OSAS, and frequently, these patients
have never been reevaluated after their surgery. Patients
who have not had follow-up polysomnography to verify
effectiveness, those with continued symptoms, or those
whose symptoms have returned should be sent for an
evaluation. Recurrence of OSAS symptoms after surgery
is known to occur in 40% to 50% of the patients who
have an initial improvement. The recurrence usually
occurs 3 to 5 years after the surgery. Other modes of
therapy should be similarly evaluated. In addition, if the
patient has gained weight or has had difficult-to-control
cardiovascular disease,” polysomnography should also
be repeated.

Because of the relatively high incidence of GERD
in OSAS, the tendency would be to perform polysomno-
graphy on all patients with GERD. The routine
application of this practice should be discouraged unless
appropriate clinical indications exist. The majority of
patients with GERD are not likely to have OSAS. For
this reason, GERD does not serve as a good screening
indicator of OSAS. Nonetheless, OSAS is a common
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disease and can complicate the therapy of GERD.
Therefore, patients with GERD should be screened for
symptoms that might suggest the presence of OSAS,
and finding such symptoms should lead to the consi-
deration of polysomnography. Medical therapy for
GERD in patients with OSAS should be initiated by
addressing several lifestyle changes in an attempt to
reduce inciting factors. Many of these interventions
have not been tested in clinical trials, but many patients
find these changes reduce symptoms. In comparison to
histamine H,-receptor blockers, the degree of improve-
ment achieved by elevating the head of the bed is
similar. The next increment in therapy should be the
addition of one or more medications from different
classes. The major categories of medications that are
effective include: histamine H,-antagonists, proton pump
inhibitors, antacids, and pro-kinetic agents.” Finally,
several surgical alternatives have demonstrated effective-
ness at controlling symptoms and reducing secondary
disease.” The follow-up of the patient with GERD and
OSAS is complicated by the efficacy of the intervention
and patient s adherence to the treatment regimen.
Symptoms for both disorders should be followed closely,
and the treatment regimen should be altered to mini-
mize these complaints. If less typical manifestations of
the disease are present (such as cough, respiratory
symptoms, recurrent respiratory illness), these manife-
stations should also be aggressively treated and followed.

CONCLUSION

In the light of the above reviewed lines of evidence,
there is a strong reason to believe that GERD and OSAS
potentially exhibit a two-way, mutually reinforcing rela-
tionship. During the obstructive apnea period, the signi-
ficant changes in transdiaphragmatic pressure facilitate
the migration of the gastric contents toward the eso-
phagus. On the other hand, the same repetitive pressure
changes engender an irreversible destructuring of the
phrenoesophageal ligament. This leads to LES insuf-
ficiency as an ultimate reason for the development of
GERD. The relationship of GERD and OSAS is parti-
cularly supported by the observation that treating either
of the two conditions improves the other one as well.
There is considerable evidence to link nighttime reflux
with severe esophageal damage and respiratory compli-
cations. Sleep disturbances that occur with nocturnal
reflux may have serious consequences on the general
well being of patients. The implications for nocturnal
gastroesophageal reflux and its impact on sleep have
been overlooked by most clinicians. Given the high
prevalence of both GERD and sleep disturbances, it is
likely that there is substantial overlap in both prevalence
and causality. Thus, the astute clinician must be aware
of the sleep-related implications associated with noctur-
nal reflux in order to provide effective treatment.
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