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Study Objectives: The aim of the current study was to test the hypothesis that there is a temporal correlation between reflux episodes and respiratory events in
patients with laryngopharyngeal reflux and obstructive sleep apnea.
Methods:Adults with clinically diagnosed laryngopharyngeal reflux confirmed by two validated instruments (reflux symptom index≥ 13 and reflux finding score≥
7) and obstructive sleep apnea (OSA) underwent full polysomnography with concomitant and synchronized multichannel intraluminal impedance-pH esophageal
monitoring. The apnea-hypopnea and arousal indexes that occurred 15, 30, and 45 minutes before and after each reflux episode were recorded and compared to
full-night apnea and hypopnea and arousal index.
Results:We studied 27 patients (14 males, age 51.7 ± 9.1 years, body mass index 32.4 ± 4.2 kg/m2) with laryngopharyngeal reflux (reflux symptom index 16 ± 2
and reflux finding score 12 ± 3) and OSA (apnea-hypopnea index = 32.3 ± 28.4 events/h). We evaluated 102 reflux episodes. Almost half of the reflux episodes
occurredwhile awake (43.1%) and only five reflux episodes (4.9%) occurred during an obstructive respiratory event. The apnea and hypopnea and arousal indexes
15, 30, and 45 minutes before and after reflux episodes were lower than full-night apnea and hypopnea and arousal indexes, respectively.
Conclusions: Among patients with well-established laryngopharyngeal reflux and OSA, there is no temporal association between reflux and obstructive
respiratory events. Even though the data comprised a small sample size, it seems that a more complex mechanism is involved with these two highly
prevalent diseases.
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BRIEF SUMMARY
Current Knowledge/Study Rationale:Obstructive sleep apnea and laryngopharyngeal reflux frequently coexist but temporal association between them is
not well established. The relationship between them is potentially bidirectional.
Study Impact:We performed concomitant evaluation of both reflux and apnea along a continuous period (15, 30, and 45 minutes) by using gold-standard
diagnostic methods: polysomnography and multichannel intraluminal impedance-pH esophageal monitoring with no temporal association found between
them. Compensatory changes in upper esophageal sphincter and gastroesophageal junction pressures may prevent reflux after an apneic event.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common condition in the
general population characterized by repetitive events of
partial or complete obstruction of the upper airways during
sleep.1 Obesity2 and advanced age3,4 are main risk factors for
OSA, and patients with OSA frequently present with multiple
comorbidities, such asmetabolic syndrome.5OSAdoes not only
share risk factors with cardiovascular and metabolic diseases,
but OSA may trigger or aggravate cardiovascular diseases
such as hypertension.3,6–9

Several studies have indicated an association between OSA
and laryngopharyngeal reflux (LPR).10–16 OSA and LPR are
frequent in the adult population, share several risk factors
such as obesity and older age,10,12 and when present may cause

morbidity and reduced quality of life.17,18 LPR ismore prevalent
in patients with OSA than in the general population (60%
versus 20%).12,17 In addition, there is evidence that the treatment
of OSA improves symptoms of reflux symptoms and vice
versa.13,19–22 Because obstructive respiratory events are char-
acterized by futile efforts to breathe against the occluded air-
ways with generation of large negative intrathoracic pressure,
it has been long hypothesized that OSA would trigger episodes
of LPR. However, the literature is controversial and only a few
studies have evaluated studying patients with well-established
LPR and OSA with simultaneous recordings of episodes of
LPR and respiratory events.11,23–26 Most of these studies use
two-channel,24,25 triple sensor,23 or oropharyngeal sensor26 pH
testing. Only one study used pH-impedanciometry, which is the
gold-standard method for LPR reflux.11
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The relationship between LPR and OSA is potentially bi-
directional. Pressure gradient changes between the abdomen
and thorax reportedly occur during obstructive respiratory
events10,12,19 and could lead to an acute episode of LPR or a
delayed relaxation of the lower esophageal sphincter (LES),
triggering reflux to occur after the obstructive event. Con-
versely, considering that the inflammatory response to the
refluxate at the level of the pharynx can take place after minutes
or even hours,10,12 it is possible that LPR episodes could cause a
delayed and transient increase in OSA severity.

Thus, the objective of the current studywas to investigate the
temporal association between reflux and obstructive respiratory
events in patients with OSA and LPR by evaluating the fre-
quency of respiratory events before and after reflux episodes.

METHODS

This study was conducted in accordance with the amended
Declaration of Helsinki. Following approval by the local In-
stitutional Review Board for research in humans (#311/10),
written informed consent was obtained from all patients.

Patientswith LPRwere enrolled from January 2012 toMarch
2013 from an outpatient clinic that is a reference location for
the study of patients with reflux. Inclusion criteria were age
older than 18 years and younger than 70 years; body mass
index (BMI) ≤ 40 kg/m2; clinical symptoms and signs of
LPR characterized by a reflux symptom index (RSI) > 1327 and
a reflux finding score (RFS) > 7,28 corroborated by either an
esophagogastroduodenoscopy (erosive esophagitis or Barrett
esophagus29) or positive prolonged esophageal pH monitoring.
In patients suspected of OSA, the condition is confirmed by a
positive Berlin score30 and/or Epworth Sleepiness Scale score
higher than 10.31 Exclusion criteria were: current or former
smoker, acute or chronic allergic rhinitis, previous surgery or
cancer of the head and neck and/or digestive tract, history of
alcohol abuse, and chronic use of inhaled steroids and bron-
chodilators. Patients were instructed to discontinue the use of
any drug known to alter gastric secretions 14 days prior to
entering the protocol.

Following clinical evaluation, patients underwent simulta-
neous synchronized standard polysomnography (PSG) (Alice
5 Respironics, Murrysville, Pennsylvania, USA) and multi-
channel intraluminal impedance-pH esophageal monitoring
(MII) (Sandhill Scientific, Highlands Ranch, Colorado, USA).
The method involved the input of a timing signal produced by a
synchronization signal generator (Sandhill Scientific) to both
impedance/pH recordings and PSG. On the morning of the
sleep study, all patients underwent esophageal manometry
(Sierra Scientific Instruments, Inc., Los Angeles, California,
USA). After confirming the position of the upper esophageal
sphincter and LES, an impedance/pH catheter was placed with
the distal pH sensor positioned 5 cm above the proximal end of
the LES high-pressure zone and the upper pH sensor near
the crycopharyngeous muscle (larynx/pharynx). Manometric
data and impedance/pH recordings were analyzed using
Manoview (Sierra Scientific Instruments, Inc.) and Bioview
(Sandhill Scientific Inc.) software input.

Sleep stages and respiratory events recorded during PSG
were scored by an experienced sleep medicine physician. The
sleep stages, arousal events, and respiratory events were all
scored using standardized criteria.32,33 The apnea-hypopnea
index (AHI) was calculated as the number of apneas and
hypopneas per hour during sleep.1 OSA was classified as mild,
moderate and severe according to standard criteria (AHI > 5 to
15; AHI >15 to 30, and > 30, respectively).1 Only sleep studies
that obtained 4 or more hours of adequate monitoring were
included. Patients with an AHI < 5 events/h during PSG or who
did not experience at least one episode of reflux during the
synchronized study were excluded. Distal pathologic reflux
episodes of MII were established following the manufacturer’s
guidelines.34 Reflux episodes were characterized as either pure
liquid or a mix of liquid and gas, and as acidic, nonacidic, or
weakly acidic. Proximal pathologic reflux was defined as ep-
isodes reaching the proximal pH sensorwith a pH≤5, regardless
of its duration.34

The temporal association between obstructive events and
episodes of reflux were determined. In order to establish
whether the number and severity of respiratory events were
associated to the onset of reflux episodes and vice versa, a
cutoff period of 15, 30, and 45 minutes before and after each
reflux episode was determined and compared to the full night
or total AHI. When the extended period of 30 and 45 minutes
overlapped another with another reflux episode, the analysis
was not performed. Reflux episodes that occurred during
rapid eye movement (REM) sleep were excluded from the
analysis in order to avoid variations of AHI related to sleep
stage.35 Numerical data were expressed as mean ± standard
deviation and qualitative data were expressed as absolute
and relative frequencies for all patients. The AHI index
and arousal index were evaluated before and after reflux
episode during different periods and it was compared using the
paired t test. All statistical tests were conducted with a 5%
significance level.

RESULTS

A total of 112 patients with LPR (RSI = 16 ± 2 and RFS = 12 ± 3)
and suspected OSA were selected for evaluation. However,
39 were excluded because they were smokers, 8 because
they abused alcohol, 1 had undergone esophageal surgery, 8
had acute rhinosinusitis, 5 could not discontinue their reflux
treatment, and 5 had a BMI above 40 kg/m2 (Figure 1).
Therefore, 46 patients underwent PSG concomitant to MII. In
addition, 19 of the 46 patients were excluded because they did
not have OSA (n = 3) and 16 because they did not have any
proximal or distal reflux episode during the PSG. Therefore, the
final analysis consisted of 27 patients. The population studied
included a balanced number of males and females who were on
average overweight (Table 1).

A total of 102 reflux episodes were observed during the sleep
studies. Most of the reflux episodes were liquid in composition
(80.4%), and the remaining 19.6% were a mix of liquid and
gas. Seventy-seven reflux episodes (94.6%) were distal and 15
(5.4%) were proximal. In relation to chemical characteristics of
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the refluxate, 10.5% were nonacidic, 41.5% were acidic, and 48%
were weakly acidic. Almost half of the reflux episodes occurred
during awake periods (43.1%), followed by stages N2 (38.3%), R
(9.8%), N1 (4.9%), and N3 (3.9%) (Figure 2). Only five reflux
episodes (4.9%) occurred during a respiratory obstructive event.

The analysis of theAHI 15minutes before and after the reflux
episode was possible in all 27 patients. The analysis of the AHI
30 and 45 minutes before and after the reflux episode were
studied in only 14 patients because of overlap of other reflux
episodes. The AHI and arousal index 15, 30, and 45 minutes
before and after reflux episodes were lower than the total AHI
and arousal index, respectively (Table 2). Total sleep time did
not influence the results.

DISCUSSION

In the current study, we found no evidence of temporal cor-
relation between reflux episodes and episodes of obstructive
events. First, among a carefully selected group of patients with
well-established LPR and OSA, 43.1% of the reflux episodes
documented during PSG occurred during the awake period.
Second, only five reflux episodes (4.9%) occurred during an
obstructive respiratory event. Our study findings are consistent
with those from Kuribayashi et al,11 who reported that episodes

of reflux occurred more often during arousal rather than during
apnea. Finally, the number of respiratory events evaluated by
the AHI was not higher before the episodes of reflux episodes;
nor was arousal index. Conversely, reflux episodes did not

Figure 1—Flow chart of patient evaluation.

BMI = body mass index, MII = multichannel intraluminal impedance-pH esophageal monitoring, PSG = polysomnography.

Table 1—Demographic, sleep, and reflux characteristics of
the population.

Variable Population (n = 27)

Age, years 51.7 ± 9.3

BMI, kg/m2 32.4 ± 4.3

Male 14.0 (51.9)

Hypertension 15.0 (55.6)

Diabetes 10.0 (37.0)

Total sleep time, minutes 287.0 ± 41.2

AHI total, events/h 32.3 ± 28.4

Minimum oxygen saturation, % 81.0 ± 6.0

No. of nocturnal reflux episodes/patient 3.5 ± 4.2

No. of distal reflux episodes/patient 3.0 ± 3.5

No. of proximal reflux episodes/patient 0.6 ± 0.9

Reflux duration, seconds 32.8 ± 27.2

Numbers expressed as mean ± standard deviation or n (%). AHI = apnea-
hypopnea index, BMI = body mass index.
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increase the subsequent frequency of respiratory events. Suzuki
et al25 showed that arousal-related lower esophageal sphincter
relaxationmay be themainmechanism of reflux in patients with
mild to moderate OSA.

Our main hypothesis was that among patients with well-
established LPR andOSA, episodes of LPRwould occur during
obstructive events. We also tested the hypothesis that a se-
quence of respiratory obstructive events would predispose a
reflux episode. The theory that apnea increases intrathoracic
pressure gradients and awakenings, which in turn facilitate
LES relaxation and reflux,10,11,19,36–41 is not supported by our
data. In this case series of patients with well-established LPR
and OSA, 43.1% of reflux episodes occurred while awake. It
was also surprising that only a small number of the reflux ep-
isodes (4.9%) occurred during respiratory events. Finally, we
observed no temporal relationship between the frequency of
respiratory events and episodes of reflux. TheAHI before reflux
episodes was not higher than the AHI of the total study. Our
second hypothesis was that a reflux episode could increase the
frequency of respiratory events after its occurrence reflux due to
local inflammation and edema of the upper airway. The lar-
yngopharyngeal inflammation secondary to contact with the
refluxate may cause reduction in upper airway patency and
alters local reflexive responses.10,12 This hypothesiswas also not
supported by our data becauseAHI after reflux episodeswas not

higher than AHI of total study. This observation, however,
does not discount the possibility that the consequences of the
refluxate are chronic conditions, contributing to worsening
OSA severity.

There is a limited number of studies that evaluated the
temporal association between gastroesophageal reflux andOSA
that are mostly composed of small series with different meth-
odologies and variable inclusion criteria.11,19,22,38–42 To our
knowledge, there is just one study in the literature that studied
temporal correlation between LPR and OSA using gold-
standard methods for both diseases—pH impedanciometry
and PSG.11 This study also did not find a temporal association
between laryngopharyngeal reflux and apnea.11

In our study we performed concomitant evaluation of both
reflux and apnea during a continuous period (15, 30, and 45
minutes). We also used gold-standard diagnostic methods to
diagnose and monitor OSA and episodes of reflux (PSG and
MII). The absence of increased episodes of reflux triggered by
exaggerated negative intrathoracic pressure during obstructive
events may be explained by a concomitant protective effect
mechanism. Kuribayashi et al11 showed that end-inspiratory
upper esophageal sphincter and gastroesophageal junction
pressures progressively increase during OSA, and at the end of
OSA events were significantly higher than at the beginning. It
was concluded that despite a decrease in esophageal body

Figure 2—Distribution of laryngopharyngeal reflux events and sleep stages (%).

REM = rapid eye movement.

Table 2—Comparison of AHI and AI values.

Time
Before Reflux Event After Reflux Event

AHI (events/h) AI (events/h) AHI (events/h) AI (events/h)

15 minutes (n = 27) 20.2 ± 25.7 * 23.3 ± 19.1 * 25.4 ± 32.8 * 23.4 ± 28.8 *

30 minutes (n = 14) 14.2 ± 16.4 * 12.1 ± 14.2 * 15.9 ± 23.9 * 14.6 ± 21.2 *

45 minutes (n = 14) 11.6 ± 12.5 * 13.2 ± 10.2 * 14.5 ± 20.4 * 13.6 ± 19.1 *

Total study (n = 27) AHI 32.3 ± 29.0; AI 31.1 ± 25.4

Comparison of AHI and AI values 15, 30, and 45 minutes before and after reflux episodes and of the entire night. Data presented as mean ± standard deviation.
* t paired P < .05. AHI = apnea-hypopnea index, AI = arousal index.
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pressure during OSA events, compensatory changes in upper
esophageal sphincter and gastroesophageal junction pressures
may prevent reflux.

Our study has some limitations. The fixed cutoff time periods
of the current design may not have allowed an accurate analysis
ofwhat takes place dynamically in the airway and digestive tract
over time. Ideally, longer periods of observation should be
established, but this was not possible in the current study be-
cause of the overlap in reflux episodes.Another limitation of this
study is the relatively small sample size, which did not allow us
to study episodes of reflux in REM sleep. Future studies with
larger series and rigid design are necessary to better clarify the
factors leading to the temporal association found between reflux
and respiratory events.

ABBREVATIONS

AHI, apnea-hypopnea index
BMI, body mass index
LPR, laryngopharyngeal reflux
LES, lower esophageal sphincter
MII, multichannel intraluminal impedance-pH esophageal

monitoring
OSA, obstructive sleep apnea
PSG, polysomnography
RSI, reflux symptom index
RFS, reflux finding score
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