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ABSTRACT: Nocturnal gastro-oesophageal reflux has been observed in patients with
obstructive sleep apnoea (OSA). Negative intrathoracic pressure during apnoeas and
arousal have been suggested as the underlying mechanisms.

In order to evaluate this hypothesis, the coincidence and sequence in time of ar-
ousal, apnoea and reflux events were analysed. Fifteen patients with OSA or heavy
snoring were studied by means of standard polysomnograpy with parallel recording
of 24-h oesophageal pH.

Reflux events during the day were present in all patients, five of whom had symp-
toms of reflux. In three of these and in five other patients, a total of 69 nocturnal reflux
events were found. In 68 events, arousal was found with the reflux event. Only one
reflux without arousal was found (sleep stage 2). Seventeen events occurred during
wakefulness after sleep onset. The percentage of time with a pH of <4 during wake-
fulness after sleep onset was significantly higher than the percentage of time with a pH
of <4 during total sleep time (p<0.05). In 37 of the 52 reflux events which occurred
during sleep, either an apnoea or a hypopnoea was found prior to the event. The in-
vestigation of sequence in time did not prove a causal relation between respiratory
events and reflux events.

The results indicate that gastro-oesophageal reflux and obstructive sleep apnoea are
two separate disorders, which both have a high prevalence in obese patients.
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Gastrooesophageal reflux disorder is characterized by an
increased number and duration of gastro-oesophageal re-
flux events [1]. An underlying reflux disease is assumed if
the percentage of time with a pH of <4 in the upright
position >10.5 or if the percentage of time with a pH of
<4 in the supine position >6 [2]. The prevalence of gastro-
oesophageal reflux disorder is 5% of the adult population
[3], and thus is similar to the prevalence of sleep-related
breathing disorders [4]. In healthy adults, very few gastro-
oesophageal reflux events are found during the night (eig-
ht times less than during the daytime) [5±7]. In patients
with a gastro-oesophageal reflux disease, in addition to
daytime events, nocturnal events are also found. Nocturn-
al gastro-oesophageal reflux is clinically very important
because events usually last longer than during the day-
time. This is due to the fact that oesophageal motility is
reduced at night and the supine body position also causes
prolonged oesophageal clearance. In addition, the time
course of reflux events during wakefulness and during
sleep are very different. Typically, >80% of the reflux ev-
ents occur during wakefulness in the upright body posi-
tion after a meal, and are cleared rather quickly under
these conditions. Reports concerning reflux events during
sleep differ widely. Some studies report that patients
continue to sleep without being disturbed [5] and others
report many awakenings [8]. Characteristic reflux symp-
toms were reported if the patients woke. It is not clear
whether reflux usually causes awakenings or only arou-
sal, and furthermore whether arousal may cause reflux. It

is known, however, that patients with reflux symptoms
during the day also exhibit more reflux events during the
night compared to normal subjects [6].

Patients with sleep-related breathing disorders usually
experience multiple arousals during sleep, leading to sleep
fragmentation and excessive daytime somnolence. Ty-
pically, these arousal terminate apnoeas. During obstruc-
tive apnoeas, pronounced negative intrathoracic pressure
swings are found. It has been assumed that negative in-
trathoracic pressure provokes gastro-oesophageal reflux
[9±10]. KERR et al. [9] reported that the mean percentage
of time with a pH of <4 in patients with obstructive sleep
apnoea (OSA) decreased from 6.3�2.1 before therapy to
0.1�0.1 with continuous positive airway pressure with
(CPAP). The mechanisms remain unclear. In order to stu-
dy the mechanisms involved in more detail, the exact
sequence in time of sleep stage, arousal and pH was in-
vestigated by means of simultaneous recording of digital
polysomnographic data and pH using a signal processing
tool kit, which has not been previously carried out.

Method

Subjects and protocol

Fifteen consecutive patients with suspected OSA due to
snoring, excessive daytime sleepiness and ambulatory rec-
ording were referred to the authors' laboratory for polysom-
nography. Anthropometric data are presented in table 1.
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All patients were more or less obese. Patients were in-
cluded in the study irrespective of symptoms regarding
gastro-oesophageal reflux. After inclusion, however, re-
flux-related symptoms were assessed using a specific
standardized interview. In all 15 patients who agreed to
participate in the study, standard polysomnography and
24-h gastro-oesophageal pH recording were performed
simultaneously.

Measurements

Polysomnography consisted of the following paramet-
ers: two electroencephalograms (EEGs), two electro-ocu-
lograms (EOGs), one electromyogram (EMG) submentalis
and one electrocardiogram (ECG) recorded on paper charts
at 10 mm.s-1 for visual analysis. In addition, oronasal
airflow, thoracic and abdominal respiratory movements
(Respitrace; Studley Data Systems, Oxford, UK), laryn-
geal sound [11], oxygen saturation and cardiac frequency
were recorded on a second chart recorder with a paper
speed of 1 mm.s-1 to evaluate apnoeas, hypopnoeas and
obstructive snoring. In parallel, all signals were recorded
digitally using a computer with a 16-channel analogue/
digital converter at 100 Hz (Multilab-4 card with 16-
channel 12-bit module, Sorcus, Heidelberg, Germany).
Data were stored on optical disks. An analogue binary
coded time signal generated by a microcomputer was
recorded on both chart recorders and on the computer.
This allowed the simultaneous evaluation of sleep stages,
arousal and respiration and thus the exact attribution of
any event (fig. 1) [12].

For the continuous recording of pH, a system designed
for ambulatory recording was used: Mesa type DL 70 with
Ingold pH sensor type M3 (Mesa, Benediktbeuern, Ger-
many). This recorder allowed the storage of one pH value
every 2 s for a total recording duration of 25 h. In addition,
the system recorded a number of patient-triggered events,
such as food intake, symptoms of reflux and the start of
recording in the sleep laboratory, coded by different keys

on the recorder. On initializing the recording, the internal
clock of the pH recorder was synchronized with the micro-
computer-driven clock in the sleep laboratory mentioned
above. Afterwards, the recorded data were downloaded
using a computer. Evaluation of the recording was per-
formed using the software package of the system (Mesa).
Additionally, the recording was converted into a contin-
uous signal. This signal was then integrated with the digital
polysomnography after checking the proper synchroniza-
tion of the clocks. This was accomplished by means of a
special computer program, which was interfaced with the
modular data format of the digital polysomnography. A
cross-check was carried out on the basis of the event
marking on both the polygraph and the pH recorder.

Body position was recorded by the MESA DL 70 re-
corder and, in addition, was verified by video while the
patient was in the sleep laboratory.

Data analysis and statistics

Sleep stages were evaluated according to RECHTSCHAF-

FEN and KALES [13] and arousals were scored according to
American Sleep Disorders Association (ASDA) criteria
[14]. Arousals had to be characterized by alpha or beta
waves on the EEG for $3 s and not >15 s, accompanied
by an increase in EMG activity. A transition to wakeful-
ness was scored if the frequency increase in EEG waves
persisted for >15 s, and the corresponding epoch was
classified as wakefulness. Total sleep time (TST) was cal-
culated as well as wakefulness after sleep onset (WASO).

Apnoeas were scored as a cessation of airflow for $10
s. Hypopnoeas were scored as a reduction in airflow to
50% and oxygen desaturation of $4%. Obstructive snor-
ing was scored if the microphone recorded noise and
oxygen saturation dropped by $4%. The apnoea/hypop-
noea index (AHI; number of apnoeas and hypopnoeas
per hour of sleep) and the respiratory event index (REI;
number of apnoeas, hypopnoeas and obstructive snoring
episodes per hour of sleep) were calculated.

Table 1. ± Anthropometric data and reported symptoms according to medical history together with 24 h pH recording
results from all patients

Patient
No.

Age
yrs

BMI
kg.m-2

Reported reflux
symptoms

AHI
events.h-1

REI
events.h-1

pH<4 % time GOR n

upright+ supine# daytime night-time

1 50 31.2 Yes 38.0 38.0 3.7 18.9* 22 24
2 63 38.2 No 17.4 29.9 8.8 0.6 14 0
3 53 40.4 No 62.8 72.1 5.3 0.6 21 0
4 47 26.8 Yes 16.0 27.6 7.3 6.7* 45 9
5 66 33.8 No 0.6 23.7 4.2 0.0 17 0
6 40 37.4 No 99.8 99.8 7.7 5.2 38 3
7 54 27.4 No 9.0 26.5 2.8 0.6 9 4
8 53 24.9 No 10.9 26.1 33.9* 7.0* 53 3
9 47 25.7 Yes 19.7 24.8 72.4* 22.8* 118 11

10 57 27.5 No 16.3 20.7 20.8* 0.5 72 0
11 56 34.8 Yes 27.4 35.1 2.6 1.4 17 0
12 49 31.9 No 48.5 53.9 8.3 6.6* 45 11
13 34 35.8 No 49.4 80.6 19.6* 5.7 66 4
14 53 30.2 Yes 30.6 44.1 10.1 0.0 33 0
15 45 31.0 No 5.3 20.1 1.9 0.4 13 0
Mean 51.1�8.2 31.8�4.8 30.1�26.3 41.5�24.4 14.0�18.4 5.1�7.0 38.9�29.5 4.6�6.7

Mean values are presented as mean�SD. +: >10.5% is rated as pathological [2]; #: >6% is rated as pathological [2]; *: pathological. BMI:
body mass index; AHI: apnoea/hypopnoea index; REI: respiratory event index; GOR: gastro-oesophageal reflux.
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According to the criteria of JOHNSON and DEMEESTER [15]
and SCHINDLEBECK et al. [2], a pH recording was scored as
pathological if the percentage of time with a pH of <4 was
>10.5% in the upright position or if the percentage of time
with a pH of <4 was >6.0% in the supine position. A
single reflux event was rated as such if the pH dropped
below 4 for $30 s. The pH recording was performed for
24 h in each patient. The result of the 24 h analysis al-
lowed a comparison of daytime and night-time (time be-
tween lights out and lights on in the sleep laboratory)
events with respect to their total number and duration. A
detailed analysis of all events occurring during the night
followed. Different sleep stages were often found in the
time course of reflux events. It was decided to attribute
the reflux to the sleep stage which occurred for the largest
percentage of time during the event. In addition, whether
there was an arousal or transition to wakefulness during
the 60 s before and after the reflux event was checked.

The Wilcoxon signed-rank test was used for statistical
analysis. Statistical significance was assumed at a p-value
of <0.05.

Results

Diagnostic polysomnography revealed moderate-to-sev-
ere obstructive sleep apnoea in all patients. The results are
summarized in table 2. The mean AHI was 30.1 events.

h-1. Those patients with an AHI of <20 were heavy sno-
res. In all patients, the REI was >20 events.h sleep time-1.

The mean number of arousals in all patients was 265�
155 per patient. Of these, 208�161 (78%) followed a
respiratory event. A mean of 26�9 transitions to wakeful-
ness were found per patient. Of these, 15�9 (58%) fol-
lowed a respiratory event.

A total of five patients reported symptoms of gastro-
oesophageal reflux during the day when interviewed on
this specific point. Three of these patients also reported
nocturnal reflux symptoms. The pH recordings revealed
reflux events during the day in all 15 patients (table 1).
Four of them had a pH of <4 for a pathological percentage
of time. During the day, all patients exhibited reflux
events. During the night, a total of 69 reflux events were
recorded in eight patients. These included the three pa-
tients who reported nocturnal reflux. Events occurred
significantly more often during the day than at night (p<
0.001).

The 69 nocturnal gastro-oesophageal reflux events were
evaluated in detail with respect to the underlying sleep
stage and their coincidence with respiratory events and
with arousals (table 2). Thirty-one of 69 reflux events
were rated as occurring during wakefulness after sleep
onset. The percentage of time with a pH of <4 during
WASO was significantly higher than that during TST
(p<0.05). Six events occurred during sleep stage 1, 22
during sleep stage 2, three during sleep stages 3 or 4 and
seven during rapid eye movement sleep.

For the evaluation of the coincidence with arousals and
transitions to wakefulness, both were summarized as wake
reactions. Seventeen reflux were found while the patient
was awake after sleep onset for $1 min. Fifty-one events
were found in close coincidence with wake reactions. The
reflux started directly before, during or within 1 min after a
wake reaction. Only one reflux during sleep stage 2 was
found without any arousal. In this case, the patient snored
continuously without desaturation (fig. 2).

The 52 reflux events which were found in different sleep
stages were investigated with respect to coincidence with
sleep-related breathing disorders. In 37 events within 1 min
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Fig. 1. ± pH recording of a patient with obstructive sleep apnoea and parallel gastro-oesophageal reflux event during the night. The synchronous
presentation of electroencephalogram (EEG), electro-oculogram (EOG), electromyogram submentalis (EMG), respiration (oronasal airflow (V ') and
thoracic (thor) and abdominal respiratory movements (Abd)) and oesophageal pH allows judgement of the temporal coincidence between reflux event,
arousal and apnoeic events. Sa,O2: arterial oxygen saturation.
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before the drop in pH, a respiratory event was found. Dur-
ing 15 reflux events, patients snored continuously without
desaturation. No significant relation between the occur-
rence of respiratory events and reflux events was found.

Discussion

The occurrence of gastro-oesophageal reflux and pos-
sible mechanisms were studied in 15 patients with severe
sleep apnoea or heavy snoring. All patients experienced
reflux events during the day and eight patients at night. The
percentage of time with a pH of <4 during the day was
significantly higher than that during the night. During the
night, it was significantly more likely that reflux events
during wakefulness would be found after sleep onset than
during sleep. A significant relation between the occurrence
of reflux events and respiratory events was not seen.

Only five patients reported symptoms of reflux. How-
ever, reflux events during the day were found in all pa-
tients, and seven patients even exhibited a pathologically
increased percentage of time with reflux, either during the
day or night. This means that gastro-oesophageal reflux
disease in the patients in the present study were more
common than in the general population. The data from
sleep apnoea patients also confirm the finding that reflux
events are more common during the day than during the
night [5, 10, 16]. SCHINDLEBECK et al. [2] reported that the
likelihood of nocturnal reflux is eight times lower than
that of daytime reflux. In the present study, eight patients
exhibited nocturnal reflux, and, in five of these patients,
the percentage of time with a pH of <4 was pathological.
It was found that it was more likely for nocturnal reflux to
occur during WASO than during sleep. Nevertheless, a

Table 2. ± Evaluation of arousal and transitions to wakefulness with concomitant evaluation of respiratory events and
gastro-oesophageal reflux (GOR) events in all patients who had nocturnal reflux events

Patient
No.

Time in
bed

min

Total sleep
time

min

Apnoeas +
hypopnoeas

n

Arousals

n

Arousals
with SRBD

n

Transitions
to wake

n

Transitions
to wake

with SRBD
n

GOR
events

n

GOR
during
WASO

% WASO

GOR
during TST

% TST

1 460 280 177 206 151 22 12 24 18.3 23.6
4 410 346 92 155 126 29 20 9 19.6 2.6
6 457 430 715 709 687 15 11 3 0.0 0.8
7 457 363 55 181 147 22 5 4 2.4 0.3
8 440 407 74 269 167 29 13 3 36.9 5.7
9 430 366 120 176 124 29 16 11 61.8 4.4

12 327 301 243 354 337 27 24 11 34.5 6.6
13 450 398 328 192 116 12 10 4 7.4 1.0
Mean 429�44 361�52 226�218 280�185 232�197 23.1�6.7 13.8�6.0 8.6�7.1 22.6�20.9 5.6�7.6

SRBD: sleep-related breathing disorders; WASO: wakefulness after sleep onset; TST: total sleep time.
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Fig. 2. ± The single gastro-oesophageal reflux event in sleep stage 2 without arousals and without respiratory events is depicted. The signal of the
laryngeal microphone shows the continuous snoring during this episode. EEG: electroencephalogram; EOG: electro-oculogram; EMG: electromyogram
submentalis; V ': oronasal airflow; thor: thorax; Abd: abdomen; Sa,O2: arterial oxygen saturation; pH: oesophageal pH.
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high number of events occurred while patients were sle-
eping. With the exception of one event, all of them where
associated with arousal or even awakening. TARDIF et al.
[17] also found that, of 15 reflux events, only one reflux
occurred without a wake reaction.

The definition of reflux events given by SCHINDLEBECK et
al. [2] (a pH of <4 for $30 s) was used. Thus, reflux
events of shorter duration were not included. However,
whether or not there was a relation with pH drops that
were shorter or during which the pH did not drop below 4
was checked but no relation between these reflux events
and apnoeas, hypopnoeas or obstructive snoring was fo-
und (see fig. 1).

In a previous study, six patients with gastro-oesophageal
reflux and obstructive sleep apnoea were treated with nasal
CPAP and a significant reduction in the number of reflux
events was found [9]. The high number of reflux events in
patients with sleep apnoea was attributed to the negative
intrathoracic pressure that occurs during apnoeas and hy-
popnoeas. However, the study does not provide data to
support this hypothesis.

Standard definitions for the classification of arousal
were used in the present study [14]. An arousal was det-
ected between 1 min before and 1 min after the drop in pH
in 51 of the 52 reflux events during sleep. However,
arousals were caused by the respiratory events and were
not associated with the beginning of the reflux. It might
be worth considering more sensitive arousal markers such
as cardiac frequency and blood pressure, in order to
further check whether these reveal autonomous nervous
system activation at the beginning of each reflux event.

One aim of the present study was to investigate the time
relation between respiratory events and gastro-oesophageal
reflux. In 37 of 52 periods of reflux a respiratory event was
found within 1 min before the drop in pH. Snoring oc-
curred during the other reflux events. Considering the high
number of respiratory events in the present patients, it is
obvious that, in most cases, respiratory events were found
prior to reflux events. However, most apnoeas/hypopnoeas
did not induce reflux events in the patients. Thus, a causal
relation between respiratory events and acid reflux could
not be demonstrated.

The results indicate that gastro-oesophageal reflux in
patients with sleep-related breathing disorders is not sim-
ply induced by negative intrathoracic pressure. A causal
relation between apnoeas/hypopnoeas and reflux events
was not seen. The question remains as to why reflux is
much more common in sleep apnoea patients than in the
general population. Obesity is common in patients with
reflux and in patients with obstructive sleep apnoea. It may
be hypothesized that obesity is a very important factor in
the development of reflux. To prove this hypothesis, a
larger study comparing patients with and without obesity is
required. The present data indicate that obesity most prob-
ably promotes or aggravates a weakness of the lower oeso-
phageal sphincter. In these cases, negative intrathoracic
pressure due to the concomitant obstructive sleep apnoea
favours the occurrence of reflux, but is not its cause. This
can be prevented by effective treatment of sleep-related
breathing disorders and would explain the beneficial effect
of nasal continuous positive airway pressure ventilation on
gastro-oesophageal reflux in patients suffering from both
disorders [9, 18, 19].
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