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Effect of stress on oesophageal motor function in
normal subjects and in patients with the irritable bowel
syndrome
E E SOFFER, P SCALABRINI, C E POPE II, AND D L WINGATE

From the Gastrointestinal Science Research Unit, The London Hospital Medical College, London

SUMMARY Stress can modulate the motor function ofthe stomach, small bowel, and colon in healthy
subjects, and of the small bowel and colon in patients with the irritable bowel syndrome (IBS). The
effect ofstress on oesophageal motility in eight healthy subjects and in eight IBS patients was studied,
using two pressure transducers positioned just above the lower oesophageal sphincter and 5 cm
proximally. Stressors were: a video arcade game, delayed audio feedback, and hand immersion in
cold water. Each stress period was followed by five swallows of water. Frequency and amplitude of
oesophageal contractions and the number of simultaneous and multipeaked contractions were
manually counted for each stress period and compared to the preceding rest period. Frequency of
contractions (per minute) tended to decrease during stress periods, but achieved significance only
with the video arcade game in the control group (2-0 (0-6) v 1-2 (04); p<001). No other trend was
evident in either control or IBS patients. No abnormalities of oesophageal body function were
recorded in IBS patients either in basal conditions, or under stress. Unlike the more complex motor
programmes elsewhere in the gut, the preprogrammed nature of oesophageal peristalsis is not
modulated by stress.

There is a convincing body of evidence that stress can
exert a significant effect on the motor function of the
gut: and may be used to modulate gastric,'2 small
bowel3 4 and colonic'6 motor activity in healthy
subjects. The effect of stress on oesophageal motility
is less well documented. An early study has suggested
that emotional stress increased the percentage of
deglutition induced simultaneous contractions in
some, but not all volunteer subjects.7 Psychological
stress was recently found to increase the amplitude of
oesophageal contractions.8

Stress has been shown to modulate small bowel
and colonic motor activity in patients with IBS.`8
These studies suggest that the effects of stress are
even more marked in those patients than in normal
subjects. Because stress appears to affect oeso-
phageal motility in normal subjects, this could be
even more pronounced in IBS patients. This study
was carried out in order to determine the effect of
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established stressors on oesophageal motility in
normal subjects and in IBS patients.

Methods

SUBJECTS
The control group comprised eight healthy volun-
teers, four men, aged 19 to 30 years. None of them
had a history of psychiatric illness, chronic gastro-
intestinal symptoms, or use of medications. Three
subjects were smokers, but smoking was not allowed
during the study. There were eight patients in the IBS
group (five men, three women) aged 27 to 75 years.
All had symptoms of abdominal pain and change in
bowel habits, lasting for more than one year, for
which investigations had found no pathological
cause. There was no history of psychiatric illness in
any member of this group. The use of anticholiner-
gics and antispasmodics was stopped for 24 hours
before the study. Study protocol was approved by the
local ethical committee, and subjects gave informed
written consent.
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STRESSORS

Three stressors were used in the study.

Psychological stressors
Asteroids de luxe is an electronic arcade video game
and the subject, facing a visual display which depicts
a rocket menaced by asteroids and hostile spacecraft,
operates five buttons that control the movement of
the spaceship and fires laser beams at the aggressors.
The game, enhanced by loud sound effects, requires
considerable dexterity and concentration; points are
scored for the destruction of aggressors. With higher
scores the game becomes more difficult, thereby
maintaining the stressor effect.

Delayed auditory feedback involves fluency of
speech which depends upon the continuous monitor-
ing of sound through an intact hearing system;
distortion of voice or hearing leads to abnormality of
speech. When auditory feedback is delayed, speech is
incorrectly perceived, and attempted compensation
leads to distortion of speech. Delayed auditory
feedback (DAF) makes reading aloud difficult and
unpleasant.` Using a reel-to-reel tape recorder with
a third tape head (Teac 32B), a delay of up to 0 17 s
can be imposed on an audio signal. Each subject had
to read from a standard text into a microphone con-
nected to the input of the recorder: the delayed
output from the third head was fed back to the
subject through stereo headphones.
As mental concentration, associated with the

stressors, could have an effect on oesophageal
motility independent of that of the stressor, the
subjects were asked to perform simple mathematical
functions (addition, multiplication, and division of
large numbers) in a separate period.

Pain stressor
Hand immersion in cold water (4°C) was repeated at
one minute intervals, and the hand removed for 15
seconds between immersions. The test lasted for 10
minutes.

OESOPHAGEAL MOTILITY

Oesophageal motility was measured by two pressure
sensitive transducers, spaced 5 cm apart, mounted
on a thin, 2 mm od, catheter (Gaeltec Limited,
Dunvegan, Isle of Skye, UK). The catheter was
passed transnasally and the distal transducer was
positioned just above the lower oesophageal
sphincter. Pressure signals from the transducers were
encoded in pulse mode and stored on magnetic
tape using a miniature data cassette tape recorder
(Medilog 4-24, Oxford Medical Systems, Abingdon,
Oxon, UK), which the subject carried in a shoulder
bag. The subjects were thus fully ambulatory
throughout the study. At the end of each study the

tape was run through a replay unit, and data decoded
and transferred to a chart recorder.

STUDY PROTOCOL
Studies were conducted in the morning after an
overnight fast. After a control period of 30 minutes
the volunteers were subjected to the various
stressors. Each stress period lasted approximately 30
minutes, and was followed by a rest period of
equivalent duration. The sequence of events was
randomised except that the cold water test was
always left to the end, and lasted 10 minutes. Each
event was followed by five swallows of water, of 10 ml
volume, with a time interval of 30-60 seconds
between swallows.

ANALYSIS OF DATA
The graphic records were divided into segments
covering periods of stress and control and could only
be identified by a code; analysis was carried by an
observer who was unaware of the conditions of the
study relating to each segment. Frequency of con-
tractions, amplitude of contractions (observed
throughout the various periods), amplitude of wet
swallows (in response to 10 ml of water given at the
end of each stressor), and number of simultaneous
and multi-peaked (defined as having three of more
peaks) contractions were manually counted for each
period. After the code was broken, the data for each
stress period were compared with the data of the
control period immediately preceding it.

STATISTICAL ANALYSIS
The median value was used to express frequency and
amplitude of dry swallows in the various periods, in
each subject. The median values were compared by
the paired Student's t test to assess the significance of
change for each stress variable, and 0*05 was chosen
as the level of significance required for rejection
of the null hypothesis. Results expressed as mean
(1) SD.

Results

Over 5000 oesophageal contractions were analysed.
The only significant effect elicited by any of the
stressors was a consistent reduction in the frequency
of contractions produced by the video arcade game in
healthy controls but not in IBS patients (Figure). The
other stressors had no significant effect on the
frequency of contractions in either group (Table 1).
The amplitude of contractions in the various

periods, and after wet swallows, was not significantly
affected by the various stressors neither in control
nor in the IBS group (Tables 1, 2).
No substantial change in qualitative abnormalities
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Effect ofstress on oesophageal motility in normal subjects and irritable bowelpatients

Table 1 Frequency ofcontractions (per minute) and amplitude (in mmHg) in the various periods

Variable Rest Asteroids Rest DAF Rest Math Rest Water

Frequency
Control 2.0+0.6* 1.2+0-4 1-9+0-7 1.6+0 5 1.5+09 1.5+1.0 1-7+0-8 1-5+0-7
IBS 1.2+0.5 0.9+0.5 1.0+0-2 1.2+0.7 1.3+0-4 0.9+0.3 1.1+0.5 1.3+0(4

Amplitude
Control 39 9+11 3 39-0+17-7 35-6+13-6 40-3+16-1 34 6+14 6 31-8+12-9 36 7+13 8 33-7+10-8
IBS 25-0+9-5 31.3+13.9 27.6+8-9 32-9+13.2 27-1+12-4 28.4+9-3 28 4+12 2 28.0+10 9

Each stress period is compared with the preceding rest period. *=p<0.01. DAF=delayed auditory feedback. Math=mathematics. Water=
cold water.

of contractions (simultaneous or multi-peaked) was
observed under stress, with the largest increase in
simultaneous contractions during stress being 26%.
No abnormalities of oesophageal body function were
observed in IBS patients, either in basal conditions or
under stress.

Discussion

In 1962 Rubin et al, using non-perfused catheters,
studied oesophageal motility in five volunteers during
neutral interviews, and during interviews in which
material previously found to be upsetting to each of
the volunteers was discussed.7 In three of the five sub-
jects more simultaneous contractions were observed
during the stress interviews. The manometric system
in use at that time did not allow accurate estimation
of peristaltic amplitude, duration, and could not
detect multiple peaks. In a recent study by Richter et

3.

2
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p< 0.05

R A
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IBS

Figure Frequency ofcontractions in each subject, in both
groups, during rest (R) and the Asteroids de Luxe (A) stress
periodfollowing it. Each pair ofdata points is joined. The
statistical significance (P) ofthe difference between each set
ofpaired data is given over the appropriate panel.

al,' loud noise and difficult cognitive tasks used as
stressors induced a modest (10-17%) increase in the
amplitude of oesophageal contractions during stress;
they did not report any increase in simultaneous
contractions previously reported during stress7 and
after loud noise."
The results of our study suggest that mild stressors

have little effect on oesophageal motility in normal
subjects and IBS patients. This is in contrast with
previous work showing that stress can affect the
motility of other parts of the gut. Hand immersion in
cold water was shown to delay the gastric emptying of
a liquid meal in normal subjects.' The mild psycho-
logical stressors (video arcade game and DAF) used
in our study are known to induce a consistent
reduction in the incidence of fasting migratory motor
complexes in the small bowel of normal subjects,4
and may also evoke abnormal irregular small bowel
contractile activity in IBS patients.9
We feel justified in comparing the results of our

study with those mentioned above as we used the
same stressors, and applied the same criteria for the
selection of IBS patients, drawn from the same
geographical area. We did not attempt to evaluate
the extraintestinal effects of stress (cardiovascular
responses, skin conductance, etc), or to measure
subjective responses for several reasons. First, the
measurements would result in repeated interruptions
of each study. Second, there is no correlation
between the magnitude of either the extraintestinal
or subjective responses to stress and the magnitude of
the gastrointestinal response.4 Finally, as mentioned

Table 2 Amplitude ofcontraction (in mmHg) in response
to wet swallows after the various stressors

Group Rest Asteroids DAF Math Cold water

Control 54 1+26-2 54.5+17 1 58 4+22.7 42 6+7.5 55.9+25.7
IBS 40(1+16 3 35.7+9.8 38 9+10 2 44 8+13 6 48.3+8.6

Each stress period is compared with the control rest period. No
significant changes were observed under stress.
Math =mathematics.
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above, the same stressors have been used in our unit
in the past and proved effective.4"
The oesophagus is able to withstand another type

of perturbation, that produced by the vestibular
system. Motion sickness can be produced by placing a
stationary subject in a rotatory drum. This produces
tachygastria, as measured by surface electrodes, and
if the stimulus is continued, nausea and vomiting
ensues.'2 Yet, perturbation of the vestibular system
in control subjects during oesophageal manometry,
using labyrinthine caloric stimulation, produced no
qualitative difference in peristaltic activity as com-
pared with the control period.'3
One possible reason for the lack of response of the

oesophagus to stress could be a different innervation
of this organ compared with that of the stomach and
the small bowel. Response of the gut to stress
requires modulation of the activity of the enteric
nervous system (ENS) by neural input from gut
sensory receptors, and from the central nervous
system through vagal efferents and spinal efferents
through the preventebral ganglia.'4 It is increasingly
evident, however, that the ENS does not just provide
the common effector pathway, but in the stomach
and intestine, also has a complex information pro-
cessing and programming function.' The motor
function of the oesophagus is in contrast confined to
a single programme peristalsis which is reflex in
character; in the oesophagus, the role of the ENS
may be confined to the sequential contraction and
relaxation of smooth muscle cells. It is of relevance
hence, that a recent study of the myenteric plexus of
the human gut has shown that the distal oesophagus,
together with the proximal colon, are the least
densely innervated regions in the gastrointestinal
tract;'6 the opossum oesophagus has an equally
sparse myenteric plexus.'7 These findings are con-
sistent with the lack of variation of motor activity in
the oesophagus. One explanation for its apparent
resistance to stress is that the selection of ENS
programmes cannot be disrupted as there is only a
single 'hard-wired' programme.

In conclusion, oesophageal contractile activity, in
normal subjects and in IBS patients, was not affected
by stressors previously shown to modulate gastric and
small bowel motility. This would be due, in part, to
the automatic and reflex nature of oesophageal
motor activity.
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