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Sleep and nocturnal acid reflux in normal subjects
and patients with reflux oesophagitis

N Freidin, M J Fisher,W Taylor, D Boyd, P Surratt, RW McCallum, R K Mittal

Abstract
Nocturnal gastro-oesophageal reflux may be
important in the pathogenesis of reflux oeso-
phagitis. This study aimed to determine
whether: (1) gastro-oesophageal reflux occurs
during sleep in patients with reflux oeso-
phagitis and, if so, to explore the mechanism,
and (2) the sleep pattern of patients with
oesophagitis is different from that of control
subjects. After a standard evening meal, simul-
taneous manometric, oesophageal pH, and
polysomnographic recordings were obtained
in 11 patients with endoscopic oesophagitis
and 11 control subjects. Patients with gastro-
oesophageal reflux disease had significantly
more total reflux episodes throughout the
nocturnal monitoring period than control sub-
jects (105 v 6). Ninety two of 105 episodes of
gastro-oesophageal reflux in patients occurred
during the awake state and 10 during sleep
stage II. A number of reflux episodes occurred
during briefperiods ofarousal from the various
sleep stages. Of the 105 reflux events recorded
in patients, 42 were induced by transient lower
oesophageal sphincter relaxation, 20 by stress
reflux, 22 by free reflux mechanisms, and in 21
the mechanism was unclear. The sleep pattern
and the time spent in each sleep stage was not
different between the two groups. It is con-
cluded that the awake state is crucial for the
occurrence of nocturnal reflux episodes in
normal subjects as weli as in patients with
reflux oesophagitis and that the difference
between the frequency of gastro-oesophageal
reflux between normal subjects and patients
cannot be explained by different sleep patterns.
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Nocturnal gastro-oesophageal reflux is con-

sidered to be important in the pathogenesis of
reflux oesophagitis.l2 In normal subjects it
occurs by the mechanism of transient lower
oesophageal sphincter relaxation.34 Reflux
episodes and transient lower oesophageal
sphincter relaxations in normal subjects have
been reported to occur only in the awake periods.3
The mechanism of nocturnal gastro-oesophageal
reflux in patients with reflux disease is not
known. In patients with reflux oesophagitis,
other mechanisms besides transient lower oeso-
phageal sphincter relaxation, such as free reflux
and stress reflux, may induce gastro-oesophageal
reflux.'6 The relation between reflux episodes
induced by the latter mechanisms and sleep is
unknown. In addition, the sleep pattern of
patients with reflux disease in comparison with
that in normal subjects is unknown. If gastro-
oesophageal reflux occurs only during the awake
periods then a difference in sleep patterns may

explain the increased frequency of nocturnal
reflux episodes in patients.

This study aimed to determine whether:
(1) gastro-oesophageal reflux occurs during sleep
in patients with oesophagitis and, if so, to
determine its mechanism during sleep and
(2) the sleep pattern of patients with reflux
disease is different from that of control subjects.

Methods

SUBJECTS
Eleven normal subjects, nine men and two
women with a mean age of 39.6 (range 25-75)
years, participated in this study. These subjects
had no history of gastrointestinal symptoms -
specifically heartburn, dysphagia, regurgitation,
nausea, or chest pain. Subjects were free of
insomnia, pulmonary disease, and heart disease
and none were taking any medicines known to
interfere with smooth muscle function.

Eleven patients, eight men and three women
with a mean age 38.7 (range 28-71) years, were
recruited from the gastroenterology clinics at the
University of Virginia. All subjects had under-
gone endoscopy and were known to have endo-
scopic evidence of oesophagitis - that is, erosions
or linear ulcers, or both. In addition to oeso-
phagitis, two patients had Barrett's mucosa. The
patients were required to stop medications such
as H2 receptor antagonist and smooth muscle
active drugs for at least 24 hours and to refrain
from cigarette smoking for at least 12 hours
before the study. The protocol for this study was
approved by the Human Investigations
Committee of the University of Virginia and
informed consent was obtained from each subject
before the study.

STUDY PROTOCOL
All subjects fasted for at least six hours before the
study. Subjects were admitted to a private room
in the Clinical Research Center of the University
of Virginia.
A motility catheter with a 6 cm Dent sleeve

(Arndorfer Medical Specialties, Greendale,
WN) with an attached micro pH electrode
(Microelectrodes Inc, London Derry, NH) was
passed transnasally. This assembly was
positioned so that oesophageal pH was recorded
at a location 5 cm proximal in the manometric
lower oesophageal sphincter. Pressures were
recorded simultaneously from the gastric fundus,
lower oesophageal sphincter, oesophageal body
(at sites 2 and 7 cm proximal to the lower
oesophageal sphincter), and pharynx. The
pharyngeal and oesophageal pressures were
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TABLE I Time spent and lower oesophageal sphincter pressure in each sleep stage per sui

Sleep stage

Awake I II III IV R

Control subjects
Total time (min) 950 24-0 190-0 21-0 19-0 3
%Time 25-3 6 49-8 5-7 5-3
Lower oesophageal

sphincter pressure
(mm Hg) 20-1 21-5 22-4 25-0 24-7 1

Patients
Totaltime(min) 119-0 24-0 168-0 13-0 7.0 2
% Time 34-9 6-9 46-2 3-5 2-2
Lower oesophageal

sphincter pressure
(mm Hg) 20-5 24-6 22-4 26-8 32-8 2`

REM=rapid eye movement

monitored by means of the water filled rather
than the continuously perfused method in order
to minimise the water loading of the subjects.
The pharyngeal pressure was measured on the
highest polygraph sensitivity so that a swallow
signal could still be recorded even when the
catheter was not continuously perfused. The
lower oesophageal sphincter and gastric pressures
were measured with a continuously perfused (0 6
ml/minute) Dent sleeve and side hole located
2 cm below the sleeve. The pH and manometric
signals were recorded on an eight channel
recorder (R-612 Sensormedics, Anaheim, CA).
Once the tube position was satisfactorily
established, 10 swallows of 5 cc water each,
spaced 30 seconds apart, were performed.
Subjects were then given a 900 Kcal meal, which
comprised 40 g protein, 40 g carbohydrate, and
20 g fat. Liquids with a pH less than 4.0 were
excluded from the diet. During the rest of the
study subjects were permitted to have small sips
ofwater only. The meal was given by 7 pm in the
evening. Continuous manometric and pH
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Figure 1: Transient lower oesophageal sphincter relaxation (TLOSR) frequency after a
standard evening meal. Thefrequency at each hour represents the cumulative number of
transient lower oesophageal relaxations in the previous hour. There are no significant differences
between patients or controls at any time during the study. Thefrequency ofTLOSRs was higher
in the postprandial period in both patients and controls (hours I and 2 compared with hour 5).

recordings were performed postprandially until
6 am the next morning. At approximately 9.30
pm, sleep recording was started by monitoring
the electroencephalogram, electro-oculogram
and electromyogram on a Grass polygraph (Grass
Instruments, Quincy, MA), which was
synchronised with the Sensormedics polygraph.
To assist with the identification ofreflux episodes
during the sleep periods, the pH and the lower
oesophageal sphincter pressure were also
recorded on the Grass polygraph. The entire
apparatus was monitored continuously by means
of a video camera from the sleep technician's
polygraph room.

DATA ANALYSIS
The sleep stage and manometric records were
scored independently by WT and NF respec-
tively. A reflux episode was defined as an abrupt
fall of at least one pH unit from a baseline pH of
6.5 or less. The lower oesophageal sphincter
pressure was measured as the highest pressure
for each 30 seconds of the recording period in
reference to the intragastric as the zero pressure.
Transient lower oesophageal sphincter relaxation
was defined as an abrupt fall in lower oeso-
phageal sphincter pressure (unrelated to
swallow) of at least 5 mm Hg and lasting longer
than five seconds. The transient lower oeso-
phageal sphincter relaxations were further
categorised into complete and incomplete. If the
lower oesophageal sphincter pressure during
relaxation was <4 mm Hg it was labelled as
complete, otherwise it was considered to be
incomplete. Sleep stages were determined
according to the criteria proposed by
Rechtschaffen and Kales.7 Each minute of
recording during sleep was scored for the sleep
stage (I, II, III, or rapid eye movement (REM)),
transient lower oesophageal sphincter relaxation,
swallow, and reflux episode (present or absent).
Percentages of each sleep stage and awake
periods were calculated for each subject. The
total time of sleep was defined as starting from
the first sleep stage I and ending at 6 am. The
number of reflux episodes in each sleep stage was
determined for the two groups. The mechanisms
of reflux during the various sleep stages were
determined in the two groups. The mechanism
of reflux was categorised into transient lower
oesophageal sphincter relaxation, stress reflux,
free reflux, and unclear. Reflux occurring at a
time when there was a transient increase in
intragastric pressure in the absence of transient
lower oesophageal sphincter relaxation was
labelled stress reflux. Free reflux was the term
used when reflux occurred in the presence of a
basal lower oesophageal sphincter pressure of
<4mm Hg. If no pressure change in the stomach
could be recognised, and lower oesophageal
sphincter pressure was >5 mm Hg at the
moment of gastro-oesophageal reflux, it was
called an unclear mechanism.6 Data were entered
on clinical information data management and
analyses hardware and software (BBN Software,
Cambridge, MA) and analysed using statistical
analysis software (SAS Institute Inc, Cary NC).
One and two way analysis of variance and paired
and unpaired t tests were used as appropriate to
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Figure 2: Effect ofsleep stages on thefrequency oftransient lower oesophageal relaxations
(TLOSR). There was a significant increase in the TLOSRs during awake periods compared
with other sleep stages (p<0 01). There were no differences between patients and controls in the
TLOSR frequency during any sleep stage.

assess statistical significance. Data are presented
as mean (SEM).

Results
The mean (SEM) times spent by control subjects
and patients in sleep were 6.32 (0.31) and 5.90
(0.49) hours respectively. These were not
significantly different. Most of the time was
spent in sleep stage II in both the groups. The
total time spent in an awake state was higher in
the patient group, but the difference was not
statistically significant. Furthermore there was
no difference in the time spent in the various
sleep stages between the two groups (Table I) as

Control Reflux

70

60-

50-

40-

30-

20-

10-

0

Awake Stage 1 Stage 2 Stage 3
Sleep stages

Stage 4 REM

Figure 3: The effect ofsleep stage on swallow frequency. Swallow frequency was assessed
during concurrent polysomnographic monitoring. The greatestfrequency ofswallows per minute
occurred during intermittent awake periods during the night. There was a significant increase in
the swallowfrequency in the awake state when compared with all ofthe other sleep stages
(p<001). There were no differences in swallowfrequency between control subjects and patients
with reflux oesophagitis.

assessed by weighted least square logistic regres-
sion of percentage sleep on groups and repeated
for each subject.8 The number of awake periods
interspersed between the various sleep stages
was also not different in two groups - 11.6 (1.4)
and 14.6 (2.3) in controls and patients respec-
tively.
The resting lower oesophageal sphincter

pressure in the two groups according to the sleep
stage is shown in Table I. Within each group
there was a trend towards higher pressure in
sleep stages III and IV compared with the other
sleep stages and the awake period, but the
difference was not statistically significant. There
was no difference in the lower oesophageal
sphincter pressure between the two groups for
the various sleep stages. (Based on t tests.)
The transient lower oesophageal sphincter

relaxation frequency in the period after the meal
was highest in the first hour in the control
subjects (6 (0.7)/hour) and in hour two in the
reflux oesophagitis patients (4.9 (0.9)/hour) (Fig
1). The mean (SEM) percentage of complete
transient lower oesophageal sphincter relaxations
in the postprandial period was 73 0 (8.4)% in
control subjects and 77T2 (7T5)% in patients with
reflux oesophagitis (p>005 based on a two
sample t test).

Transient lower oesophageal sphincter
relaxation frequency and the swallow frequency
were analysed during each stage of sleep
throughout the night (Figs 2 and 3). Two way
analysis of variance was performed to test the
group and sleep stage effect on transient lower
oesophageal sphincter relaxations and swallows.
In both cases, the group effect was not significant
while the sleep stage effect was very significant
(p<O 0001). Duncan's multiple range tests found
significantly more transient lower oesophageal
sphincter relaxations and swallows in the awake
state compared with other sleep stages for both
control subjects and patients (p<0O05). In the
nocturnal monitoring period, there was no
difference between the mean (SEM) number of
complete transient lower oesophageal sphincter
relaxations (10.9 (1-7) in controls, 11.2 (3.7)
in patients, p>0 05 or the percentage of total
transient lower oesophageal sphincter relaxations
that were complete (85.5 (4.6)% for controls,
70 7 (8.3)% for patients p>0 05 based on two
sample t tests.) Among the two groups there was
a relation between the mean transient lower
oesophageal sphincter relaxation frequency and
the mean swallow frequency. The regression
equation was found to be: mean transient lower
oesophageal sphincter relaxation frequency=
0 006+0.093 xmean swallow frequency (r=0-63
p=0 00001) for controls and =0.0011+
0 099xmean swallow frequency (r=0.75
p=0 0001) for patients.
The reflux episodes occurred predominantly

in the immediate postprandial period (Fig 4).
Patients continued to have some reflux episodes
during the night but the frequency of reflux
diminished considerably in the control subjects.
Three subjects in the patient group and nine in
the control did not have any reflux episodes
during the nocturnal period. The total number
of reflux episodes recorded during nocturnal
monitoring in the patients and controls were 105
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TABLE II Effect ofsleep on frequency ofreflux

Sleep stage

Total reflux
episodes Awake I II III IV REM

Control subjects 6 4 1 0 0 0 1
Patients 105 92 0 10 0 1 2

REM=rapid eye movement

TABLE III Mechanisms ofnocturnal reflux in patients

Sleep stage

Awake I II III IV REM Total

TLOSR 40 0 1 0 0 1 42
Stress 17 0 2 0 1 0 20
Free 21 0 1 0 0 0 22
Unclear 14 0 6 0 0 1 21
Total 92 0 10 0 1 2 105

TLOSR=transient lower oesophageal relaxation. REM=rapid eye movement.

and six respectively. One patient contributed 35
reflux episodes to the total number in the patient
eroun but others contributed evenlv. Two

transient lower oesophageal sphincter relaxation
but in other reflux occurred by other mechanisms
as well. Of 105 episodes of gastro-oesophageal
reflux in the patient group, 42 were due to
transient lower oesophageal sphincter relaxation,
20 due to stress induced reflux, 22 to free reflux,
and in 21 the mechanism was unclear. Most
reflux episodes caused by any mechanism
occurred during the awake phase and transient
arousals from sleep stage II (Table III). The
control subjects experienced reflux by transient
lower oesophageal sphincter relaxation only.
Since the frequency of transient lower oeso-
phageal sphincter relaxation between the two
groups was similar, the higher number of reflux
events in patients was due to two reasons (1): a
higher number of transient lower oesophageal
sphincter relaxations were associated with the
gastro-oesophageal reflux and (2) gastro-
oesophageal reflux by mechanisms other than
transient lower oesophageal sphincter relaxation
did not occur in control subjects.

C>_%. ML.ALA%'i"i %,V--AAAJ. Discussio

patients with Barrett's oesophagus had 18 gastro- Discussion
oesophageal reflux events during the nocturnal In normal subjects, gastro-oesophageal reflux at
period. Most reflux events occurred in the awake night occurs only during periods of wakefulness
stage (92 of 105 in the patient group) or during because transient lower oesophageal sphincter
short arousal periods in sleep stage II (Table II). relaxation, the major mechanism of reflux,
There were 10 episodes documented during occurs only during the awake state.3 Our study
sleep stage II. Close scrutiny of the tracings, confirms these previously reported findings in
however, showed a transient arousal of five to 10 normal subjects. In addition, our study shows
seconds before the onset of a reflux event. Since that in patients with reflux disease, the vast
sleep was recorded for each minute interval and majority of reflux events occur during the awake
most of that minute was spent in sleep stage II, periods. Patients with reflux disease showed
the reflux was classified as occurring during sleep reflux by transient lower oesophageal sphincter
rather than during an awake period. relaxation only 40% of the time. The remaining
The mechanism of gastro-oesophageal reflux 60% ofreflux episodes were divided between free

during the nocturnal monitoring period in reflux, stress reflux, and unclear mechanisms.
patients is shown in Table III. Two patients We find that even these mechanisms of reflux are
refluxed exclusively by the mechanism of operative only in the awake state. Even though a

number of reflux episodes occurred during sleep
stage II, close scrutiny of the tracings shows that

i Control Reflux they actually occurred during short arousal
- +- Control -_i-- Reflux |periods rather than sleep periods. They were

misclassified in sleep stage II because of the
limitation of the sleep stage scoring system. We
used a standard scoring system that has been
routinely used in the published reports. In this
system sleep is scored in one minute intervals.
The sleep stage present during most of the one
minute interval is assigned to that minute even
though there may be five to 10 second periods of
arousal during that minute. Similar to the reflux

I ~ events, the swallow events and transient lower
oesophageal sphincter relaxations occurred only
in the brief arousal periods during various sleep

T,1 Astages. We further analysed the data to determine
,Il > \ ,l' \ ~ if the reflux event caused secondary arousal in

\1\ |--'xTT v our subjects and found that reflux events always. . <L---~--- I ' followed the arousal period, suggesting that
/ 1 ,,reflux was not the primary cause of arousal.

I Z | | , ,~t+tPatients with reflux oesophagitis had more
0 1 2 3 4 5 6 7 8 9 10 11 reflux events than the control subjects. Even

though a large number of reflux events occurred
during the immediate postprandial period, most

4: Frequency ofreflux episodes after a standard evening meal. Thefrequency at each patients continued to have reflux at night whereas
presents the cumulative number ofreflux episodes occurring in the previous hour. There control subjects did not. Similar findings have
greater total cumulative frequency ofreflux episodes after the standard meal in patients
controls. The maximum frequency ofreflux episodes occurred in the postprandial period been reported by other investigators.2910 Since
pattents and controls. reflux occurred during awake periods only, we
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hypothesised that the reason for an increase in
the frequency of night time reflux in patients
with oesophagitis may be a poor sleep pattern.
However, we found that this was not the case.
There was no difference in the time spent in the
various sleep stages by the two groups.
The published reports on sleep suggest that in

order to monitor sleep adequately it should be
recorded on two separate days.'1 12 We studied
our patients only once because we could not
persuade them to participate for more than one
day. Our subjects, for example, had a greater
period of intermittent awakening than reported
by other researchers.'2 While it is possible that
the sleep times in our subjects may not be
comparable with the ones in other studies, we
feel that our conclusions are valid since we
compared our patients with control subjects, and
both groups were studied in an identical fashion.
It is possible, however, that if we had studied a
larger number of patients and controls we might
have detected small differences in their sleep
patterns.
The effect of sleep on the frequency of

swallowing had been reported before.'3 Our
study confirms previous reports. As with
swallowing, the transient lower oesophageal
sphincter relaxation frequency is also correlated
to sleep stages, with the highest frequency in the
awake state. It seems that there are a number of
similarities in the swallow induced and transient
lower oesophageal sphincter relaxation - both
are mediated by the vagus nerve,'"'6 wakefulness
is essential to both of them, and both have been
speculated to occur through the stimulation of
the pharyngeal mechanoreceptors. 17 18 A number
of these similarities suggest that common path-
ways are involved in the swallow induced lower
oesophageal sphincter relaxation and transient
lower oesophageal sphincter relaxation.
The precise reason for the increased frequency

of nocturnal gastro-oesophageal reflux in our
patients remains unclear. Stress, free, and
unclear mechanisms of reflux are clearly present
in the patient population only and account for
some of this increased frequency. Is the transient
lower oesophageal sphincter relaxation frequency
different in the two groups, thereby accounting
for the remaining reflux episodes? As in our
previous study6 and the study of Baldi,'9 we did
not find any differences between patients and
controls in the frequency of transient lower
oesophageal sphincter relaxation, either in the
immediate postprandial period or later on during
the night. We also assessed whether the transient
sphincter relaxations in patients were more
complete because only complete relaxations are
associated with the reflux episode.34 There was

no difference in the absolute number or in the
percentage of complete transient sphincter relax-
ations between patients and control subjects in
either the postprandial or the nocturnal periods.
It is true, however, that a larger number of
transient lower oesophageal sphincter relaxations
in patients were associated with reflux events.
Why should this be the case? Even though it
cannot be directly addressed from our study, it is,
possible that other factors such as delayed gastric
emptying20 (by providing a larger gastric
reservoir) or presence of hiatal hernia2' in gastro-
oesophageal reflux patients (by holding a pool of
acid close to the ooesophagus) may explain our
observations.
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