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Sleep and duodenal motor activity in patients with
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Abstract
The prevalence of sleep disturbances was
studied in patients with severe non-ulcer
dyspepsia. It was also considered if the
change in sleep pattern was associated
with changes in the rhythmic fasting
motor activity of the gastrointestinal
tract, and if motor events correlate with
the patient's symptoms. Motor activity in
the duodenum was monitored over a 24
hour period under freely ambulatory
conditions in 10 healthy controls and in 10
patients with severe non-ulcer dyspepsia
using a transnasally placed catheter with
six solid state pressure transducers con-
nected to a digital data logging device.
Symptoms and sleep disturbance were
assessed by questionnaire and diary.
Based on their symptoms, the patients
were separated into two groups: those
with dyspepsia symptoms only (non-ulcer
dyspepsia; n=5) and those with dys-
pepsia and additional functional
symptoms thought to arise from the
lower gastrointestinal tract (non-ulcer
dyspepsia+irritable bowel syndrome;
n=5). When compared with either the
control or the non-ulcer dyspepsia+irrit-
able bowel syndrome group, non-ulcer
dyspepsia patients had a considerably
decreased number of migrating motor
complexes during the nocturnal period
(0.7 v 4-6), a decreased percentage of
nocturnal phase I (5-2% v 78-0%), and an
increased percentage of the nocturnal
period in phase II (94% v 15.4%). Patients
with non-ulcer dyspepsia+irritable bowel
syndrome were not different from normal
controls. Four of the non-ulcer dyspepsia
patients and all of the non-ulcer dys-
pepsia+irritable bowel syndrome patients
reported difficulties with sleep. Clusters
of high amplitude tonic and phasic
activity, not accompanied by subjective
reports of discomfort were noted in
several patients in both groups during the
study. In eight of 10 patients, abdominal
pain was reported during normal
motor activity, while in one patient,
pain correlated with phase III of the
migrating motor complex. In contrast
with previous reports in patients with
irritable bowel syndrome, our findings
suggest an abnormality of diurnal
rhythmicity - shown in changed sleep and
changed rhythmic duodenal motor
activity - in patients with chronic abdom-
inal pain thought to arise from the upper
gastrointestinal tract.
(Gut 1994; 35: 9 16-925)

The syndrome of non-ulcer dyspepsia
comprises a heterogeneous group of functional
disorders assumed to arise from the upper
gut, which share common symptoms: upper
abdominal pain or discomfort, bloating, gas,
nausea, and early satiety. -3 Although 50% of
these patients show evidence for delayed
gastric emptying or postprandial antral hypo-
motility, or both4-6 there is little evidence for a
primary aetiological role of the motor
abnormalities in most non-ulcer dyspepsia
patients.7 8 A considerable number of patients
with non-ulcer dyspepsia complain also of
symptoms thought to arise from the lower
gastrointestinal tract consistent with a
diagnosis of the irritable bowel syndrome.9
Recent evidence suggests that many non-ulcer
dyspepsia patients have a lowered threshold for
conscious perceptions of gastric balloon
distension, consistent with gastric hyper-
algesia.'0 11
Absence of gastrointestinal symptoms during

sleep has generally been taken as a clinical
indication for the presence of 'functional' v
'organic' disease.'2 Many patients, however,
with functional bowel disorders including non-
ulcer dyspepsia will give a history of difficulties
with sleep, including frequent awakenings
with or without pain, and non-regenerative
sleep.'3 14 Non-regenerative sleep associated
with a specific pattern on the sleep electro-
encephalogram (the alpha wave intrusion, or
'alpha abnormality') has been described in the
fibromyalgia syndrome,'5-18 a chronic somatic
pain syndrome. It has been suggested that
the 'alpha anomaly' may be a genetically
determined trait, which can occur in asympto-
matic subjects but may only manifest itself
clinically under situations of increased stress.'7
Fibromyalgia syndrome occurs in up to 60% of
patients with functional bowel disorders,'9-21
and close to 50% of patients with a diagnosis of
fibromyalgia syndrome complain of nausea,
abdominal pain, and bloating, which are
symptoms characteristic of non-ulcer dys-
pepsia.17 Similar to patients with fibromyalgia
syndrome,'7-22 a subset of patients with differ-
ent functional bowel disorders respond to low
doses of tricyclic antidepressants.23 The effect
of this type of treatment, which is independent
of mood raising properties is possibly related to
the effect of returning the sleep pattern to
normal.24 25 Recent studies using prolonged
ambulatory monitoring of duodenal motor
activity in patients with irritable bowel syn-
drome have not shown a change in nocturnal
motor patterns.26 In addition, no abnormalities
of non-rapid eye movement (non-REM) sleep
have been seen in irritable bowel syndrome
patients.27
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In this study, we sought to answer three
questions: (1) What is the prevalence of
subjective sleep disturbances in non-ulcer
dyspepsia patients? (2) Is the sleep disturbance
associated with a change in rhythmicity of
nocturnal duodenal motor activity? (3) Are the
patient's typical symptoms associated with
specific duodenal motor events during freely
ambulatory conditions.

Methods

SUBJECTS

Normal volunteers
Ten healthy male subjects between the ages of
28 and 60 (mean age 45 5) were recruited by
advertisement. Previous studies in humans
have failed to show significant sex differences
in fasting motor activity,27 and animal studies
have not shown a consistent effect of female
sex hormones on small intestinal myoelectric
activity.28 None of the subjects had any
evidence (by history, physical examination or

upper gastrointestinal endoscopy) for an acute
or chronic illness, or for a chronic pain
problem. In particular, sleep problems, and
symptoms consistent with non-ulcer dys-
pepsia, irritable bowel syndrome or fibro-
myalgia syndrome were ruled out using the
same questionnaires used for assessment of
bowel symptoms29 and sleep disturbance as in
the non-ulcer dyspepsia patients. The study
was approved by the Veterans Administration
Wadsworth research and human studies
committees, and informed consent was

obtained from each subject.

NON-ULCER DYSPEPSIA PATIENTS

All patients with non-ulcer dyspepsia were ter-
tiary referrals for special diagnostic evaluation
to the UCLA Center for Functional Bowel
Disorders and Abdominal Pain. All patients
had seen more than one subspecialist for their
problem before referral to UCLA. A diagnosis
of non-ulcer dyspepsia, and of non-ulcer
dyspepsia+irritable bowel syndrome was made
using a modified Talley bowel symptom
questionnaire29 and a complete evaluation
by one of three gastroenterologists who
specialised in functional bowel disorders. A
diagnosis of non-ulcer dyspepsia was made
when a patient gave a history of at least three

months of abdominal pain or discomfort, and a

sensation of bloating or fullness thought to
arise from the upper gastrointestinal tract,
including nausea and early satiety.30 Patients
who had had previous gastric surgery or with a

history ofpeptic ulcer disease were excluded. A
diagnosis of irritable bowel syndrome was

made according to the Rome criteria,3' and the
number of symptoms was quantified using the
Manning criteria.32

Non-ulcer dyspepsia patients for manometric
protocol
Table I shows a summary of the clinical
characteristics of the 10 patients who had
ambulatory manometry. All patients were

women (28-60 years of age; mean age 40
years) with longstanding disease (2-20 year

duration of symptoms; mean duration nine
years). Three patients were postmenopausal,
one patient had had bilateral oophorectomy.
Patients were recruited consecutively from the
UCLA Functional Bowel Clinic for this study,
and no patient who was offered the 24 hour
manometry refused to have the test. Five
patients only complained about symptoms
thought to arise from the upper gastrointestinal
tract (non-ulcer dyspepsia), whereas five
patients had additional symptoms consistent
with a diagnosis of irritable bowel syndrome
(non-ulcer dyspepsia+irritable bowel syn-

drome.3' 32 Non-ulcer dyspepsia+irritable
bowel syndrome patients had at least 4/6
positive Manning criteria, while non-ulcer
dyspepsia patients had at most 2/6 positive
criteria (Table I). In the non-ulcer dyspepsia
group, two patients were postmenopausal
while three had menstrual cycles. Two
patients reported exacerbation of baseline
symptoms synchronous with the menstrual
cycle while four did not report such a temporal
association.

All patients had had an abdominal ultra-
sound examination and an oesophagogastro-
duodenoscopy to rule out organic disease
within the last six months. Gastro-oesophageal
reflux disease was ruled out in all subjects by
previous 24 hour monitoring of oesophageal
pH. Gastric emptying studies using a

technetium-99M (99mTc) labelled tuna salad
sandwich showed mildly delayed gastric
emptying in five patients (three in non-ulcer
dyspepsia, two in non-ulcer dyspepsia+irrit-
able bowel syndrome). Fifty per cent of

TABLE I Clinical characteristics of the 10 patients who had ambulatory manometry

Symptom Abdominal Sleep IBS
Age Sex duration pain Nauseat Bloating disturbance* symptomst

43 F 24 Months + + + + 0
57 F 15 Years + + + + +
34 F 10 Years + + + + 0
37 F 9 Years + + + + +
30 F 28 Months + + + + +
32 F 7 Years + + + 0 0
28 F 4Years + + + + +
52 F 6 Years + + + + 0
60 F 20 Years + + + + 0
34 F 2 Years + + + + +

* +Indicates at least 1 of the following: difficulty falling asleep, awakening during the night, non-restorative sleep; t+ indicates at
least 4/6 of the following: changed bowel habit with pain onset, pain relief after defecation, sensation of incomplete evacuation,
rectal mucus, urgency, straining; 0 indicates equal or less than 2 of the above criteria; t+indicates nausea was present several
times a week. IBS=irritable bowel syndrome.
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patients had a psychiatric diagnosis (depres-
sion, anxiety or somatisation disorder), and
one third gave a history of sexual abuse. The
prevalence of psychiatric diagnoses and
psychosocial factors was not different from
non-ulcer dyspepsia patients seen at UCLA
with comparable symptom severity. Eighty per
cent of patients gave a family history of
functional bowel disorders. None of the 10
patients undergoing the manometric study
were on narcotic, sleep or psychotropic
drugs during the time of the study. Patients
were asked to stop all drugs 48 hours before
the beginning of the study. None of the
patients were studied during their menstrual
period.

ASSESSMENT OF SLEEP DISTURBANCE
The prevalence of subjective complaints
suggestive of a chronic sleep disturbance was
assessed in the 10 normal volunteers and in the
10 patients undergoing this study protocol
(manometric protocol). In addition, sleep
disturbance was assessed in 65 non-ulcer
dyspepsia patients seen consecutively over a
three month period at the UCLA Functional
Bowel Center (40 female, 25 male; mean age
50; range 26-83), and in 43 control subjects
(34 female; 9 male; mean age 36; range
22-71). Control subjects were recruited from
the clerical staffof the department of medicine.
Control subjects who complained of chronic
abdominal symptoms or who had consulted a
doctor for problems related to the gastro-
intestinal tract during the past year, were not
included in the study.
A diagnosis of a sleep disturbance was

made based on the response of the patient to
the following questions regarding their sleep
during the past year: (a) difficulty falling
asleep; (b) frequent awakening; (c) awakening
in the morning and feeling tired, or not rested
(non-regenerative sleep); (d) worsening of
sleep problems during worsening of bowel
problems. Frequent awakenings were sub-
divided into episodes resulting from abdominal
discomfort and those without symptoms. The
subjects undergoing the manometric evalua-
tion were given the questionnaire before the
study.
The influence of the test situation on all

subjects was evaluated by questionnaire using
visual analogue scales after tube removal.
Subjects were asked to rate the discomfort
experienced by the manometry tube from
mild (1) to severe (10). In addition, they were
asked to compare the quality of sleep during
the study with their usual sleep (1, same as
usual; 5, somewhat worse; 10, considerably
worse).

MANOMETRIC RECORDINGS
Antroduodenal motor activity was monitored
with a highly elastic catheter containing six
solid state pressure transducers (Koenigsberg
Instruments, Pasadena, CA). The portion of
the catheter located in the stomach and duo-
denum had a diameter of 4-65 mm, whereas

the more proximal portion of the catheter had
a diameter of 2-8 mm. Sensors were calibrated
before placement using a manometric calibra-
tion system for solid state pressure catheters
(Synectics, Irving, TX).

After an overnight fast, the catheter was
placed transnasally into the stomach.
Subsequently, the patient was placed in the left
lateral decubitus position and the tip of the
catheter was moved with biopsy forceps placed
through a paediatric duodenoscope into the
third portion of the duodenum. While the tip
was held in place with the biopsy forceps, the
endoscope was gradually withdrawn into the
stomach. If the catheter moved during with-
drawal of the endoscope, it was advanced again
by grabbing it on one of four sites where a
suture was attached to the catheter. For the
endoscopic procedure the subject's throat was
sprayed with 2% xylocaine and a maximal dose
of 2 mg of midazolam (Versed; Roche) was
given intravenously for sedation. The amount
of midazolam in mg/kg body weight given to
patients and normal subjects did not differ.
The three proximal recording sites (spaced 1
cm apart) were placed under direct vision into
the gastric antrum, whereas the three distal
recording sites (spaced 10 cm apart) were
placed into the duodenum. The distance
between the most distal antral and the most
proximal duodenal recording site was 10 cm.
The location of the catheter was verified fluo-
roscopically after placement and just before
withdrawing the catheter at the end of the
study. Based on comparison of these two radi-
ographs, there was no significant change in the
location of the sensors within the stomach,
even though small transient movements of the
tube during the study are possible, based on
the motility records. The catheter was
connected to a digital data logging device
(MicroDigitrapper, version 93-6600, Synectics
Corporation, Irving, TX), and the patient
was instructed to push one of four event
buttons to indicate symptoms, time of food
intake, and sleep. After withdrawal of the
catheter, the data were transferred from the
logging device to a PC computer and data
analysed using a previously validated analysis
software.33

STUDY PROTOCOL
Recording of duodenal motor activity was
started three hours after completion of catheter
placement. Normal control subjects were
freely ambulatory but were asked to stay on the
premises of the VA campus, and slept in the
clinical study centre of the hospital. They ate
two standard meals and were asked to refrain
from any additional meals, snacks or caloric
drinks. The standard meals were eaten at
lunch time (12 am; 400 kcal) and dinner
(6 pm; 570 kcal).

Patients were freely ambulatory. Two slept
in the clinical study centre, two in a hotel, and
six at home. They were asked to eat only two
meals of their own choice (at 12 am and 6 pm)
during the time of the study, and to refrain
from snacks, or caloric drinks.

918



Sleep and duodenal motor activity in patients with severe non-ulcer dyspepsia

TABLE II Type and prevalence of sleep disturbances

Questionnaire protocolt Manometric protocol i

Controls NUD Controls NUD
(n=43) (n=65) (n=10) (n=10)

Sleep disturbance (0/a) 23 67* 10 90
Repeated awakenings 70 43 0 52
Difficulty falling asleep 70 24 10 10
Non-regenerative sleep 90 19 0 33
Worsening of sleep problems associated

with dyspepsia exacerbation NA 24 NA 41

*(p<0.05); t data from symptom questionnaire given to 43 asymptomatic controls and 65
consecutive clinic patients with NUD; t data from participants (controls and NUD patients) in
the manometric study. As most subjects reported more than one symptom, percentages do not
add up to 100%. NUD=non-ulcer dyspepsia; NA=not applicable.

DATA ANALYSIS
Records of duodenal motor activity were
analysed both visually (switching from fasting
to postprandial, identification and quantifica-
tion of duration of migrating motor complex
phases, identification of a change in motor
patterns) and using a previously validated soft-
ware (to calculate motility index).33 Because of
the inconsistency of antral records (probably
because of the transient movements of the tube
during the study, in particular during food
intake), antral motor activity was not further
analysed. Pressure changes <5 mm Hg and
obvious artifacts (such as simultaneous
pressure changes occurring at all six sensors)
were excluded from analysis. Each study was

divided into a diurnal and a nocturnal period.
The nocturnal period was defined as the period
of recording between the recorded time of
going to bed (as shown by the patient) and the
time of getting up in the morning (as shown by
the patient and apparent from a clear cut
increase in phase II motor activity). Awake
periods occurring during the night were

included in the nocturnal period.
The remainder of the study was identified as

the diurnal period. During the diurnal period,
the times at which subjects ate (postprandial
period) were determined (14.5% of diurnal
time). The end of the postprandial phase was

defined at the point at which phase III of the
migrating motor complex first reappeared after
a meal. The evening postprandial periods were

similar between controls and patients. The
postprandial period was not further analysed in
this study. The remainder of the diurnal
recording, designated as fasting and the
entire nocturnal period, were analysed for
motor activity characteristic of phase I (motor
quiescence), phase II (irregular contractile
activity), or phase III (regular contractile
activity at a frequency of 1 1-13 min- 1), of the
migrating motor complex.34 35
The duration and the percentage of diurnal

(total diurnal minus postprandial) and
nocturnal recording time occupied by phase I,
phase II, and phase III of the migrating motor
complex were determined. Values obtained
from each ofthe three duodenal recording sites
were averaged. The migrating motor complex
cycle length, defined as the interval between
two successive phase III activity fronts during
which the subject did not eat or drink, was

noted.
In addition, the duration and rate of aboral

propagation of the migrating motor complex

phase III was determined as previously
described.34 The record was analysed for the
presence of a change in motor patterns such as

discrete clustered contractions, or tonic con-

tractions,35 36 and for the possible correlation
of motor activity with subjective symptoms
recorded by the patient during the study
period. A motor event was considered as

correlated with symptoms if it occurred within
five minutes before or after the symptom
report.

STATISTICAL ANALYSIS
Data are expressed throughout the study as
mean (SEM). Statistical significance was
assessed using Student's t test for unpaired
data.

Results

QUESTIONNAIRE PROTOCOL
Table II summarises the type and prevalence
of sleep disturbances of the 43 control subjects
and the 65 non-ulcer dyspepsia subjects. Both
the complaint of general sleep disturbances
and symptoms suggestive of non-regenerative
sleep (waking up repeatedly, morning awaken-
ing without feeling rested) were significantly
more common in non-ulcer dyspepsia patients
(67%) than in control subjects (23%)
(p<0 05). When only women were compared,
75% of non-ulcer dyspepsia patients and 29%
of controls complained of difficulty with sleep
(p<0 05).
Of the 28 non-ulcer dyspepsia patients who

reported repeated nocturnal awakenings, 65%
blamed the awakening on their abdominal
symptoms, 15% did not know the reason why
they awoke, but experienced pain after
awakening, and 20% stated they awoke
because of urinary urgency.

MANOMETRIC PROTOCOL
Table II summarises the corresponding values
for subjective sleep disturbances for the 10
normal volunteers and the 10 non-ulcer dys-
pepsia patients undergoing the manometric
study. Ninety per cent of non-ulcer dyspepsia
patients reported difficulties with sleep, with
the complaints of frequent awakenings and
non-regenerative sleep being most common.
The type of gastrointestinal symptoms
(symptoms thought to arise from upper or
lower gastrointestinal tract) had no influence

TABLE III Phases of the migrating motor complex
(MMC) (mean (SEM))

Controls NUD NUD+IBS
(n= 10) (n=S) (n=5)

Diurnal proportion ofMMC phase:
Phase 1(I/o) 08 (01) 39 (10)* 13 (0 6)
Phase 2/%) 98-4 (1-2) 94 4 (9 7) 97 7 (1 7)
Phase 3 (/) 0-8 (0 2) 1-7 (0-4) 1 0 (0o5)

Nocturnal proportion ofMMC phase:
Phase 1(0) 78-3 (6 0) 5-2 (1.9)** 79 1 (6-7)
Phase 2 (/) 15 4 (2-4) 93 8 (2.9)** 17 6 (7-4)
Phase 3(/) 63 (10) 1.0(0.3)* 3-3 (1 1)

*p<0.05 v controls; **p<0.005 v controls. MMC=migrating
motor complex; other abbreviations as in Tables I and II.
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on the prevalence of poor sleep. Only one
control subject reported difficulty falling
asleep.
When subjects were asked to rate the

discomfort and the quality of their sleep during
the night of the manometric study, all normal
subjects and all patients indicated that they
slept worse than without the catheter. Patients
experienced significantly more discomfort
than controls. One of 10 normal controls and
four of 11 patients reported difficulties falling
asleep. Two controls and eight patients
(three non-ulcer dyspepsia, five non-ulcer
dyspepsia+irritable bowel syndrome) reported
awakenings during the night. One patient
(non-ulcer dyspepsia+irritable bowel syn-
drome) could not tolerate the catheter more
than 14 hours because of discomfort.

Circadian variation of motor activity
The mean time spent in the nocturnal phase
was 9 2 (1 0) h for controls and 8'9 (1 3) h for
patients.

Figure 1 shows representative tracings of
diurnal and nocturnal motor activity from
a control subject (A), from a non-ulcer
dyspepsia patient (B), and from a non-
ulcer dyspepsia+irritable bowel syndrome
patient (C). The most striking difference was a
considerably decreased frequency of migrating
motor complex phase III activity during sleep
in non-ulcer dyspepsia patients. The com-
parative duration of migrating motor complex
phases was calculated for each of the groups
(Table III). The proportion of the various
phases of motor activity did not differ signifi-
cantly among the three groups during the
diurnal recording period. In non-ulcer
dyspepsia, 94 (1)% were spent in phase II, 4
(1)% in phase I, and 2% in phase III. In
contrast, when compared with the normal
subjects there was a significant decrease in
nocturnal phase I (5 (2) v 78 (6)%) and
phase III activity (1 v 6 (1)%), and a significant
increase in nocturnal phase II activity (94 (3) v
15 (2)%) in the non-ulcer dyspepsia group.
Thus, non-ulcer dyspepsia patients spent the
same proportion (94°/O) in phase II, regardless
if they slept or were awake, while in normal
subjects the proportion of phase II decreased
by 84% during sleep. In contrast, in non-ulcer
dyspepsia+irritable bowel syndrome patients,
the nocturnal proportion spent in phase II was
not different from normal controls.

TABLE IV Characteristics of the migrating motor complex (MMC) (mean (SEM))

Controls NUD NUD+IBS
(n= 10) (n=5) (n= 5)

MMC/day (n) 2-5 (0-4) 0 5 (0 2)* 1-5 (0-2)
MMC/night (n) 4-6 (0-4) 0 7 (0O2)* 3-5 (0 8)
Diurnal phase 3:

Cycle length (min) 238 (53) NA 345
Duration (min) 6-5 (0 5) 5-8 (0 2) 4-8 (0-4)
Propagation velocity

(cm/min) 6-9 (0 7) 2-1 (0 3)* 6-6 (1-8)
Noctunal phase 3:

Cycle length (min) 120 (14) NA 111 (15)
Duration (min) 7-2 (0 5) 7-5 (1-5) 7-3 (0 8)
Propagation velocity

(cm/min) 6-9 (0 6) 7 0 (0 6) 5-6 (1-8)
Latency of phase 3 (min) 40 4 (0 8) 147 (16)** 47-7 (1 7)

*p<0 05 v controls; **p<0.005 v controls.

Characteristics ofphase III activity
The characteristics of the migrating motor
complex were studied in all subjects
(Table IV). The number of migrating motor
complexes during the diurnal and nocturnal
period was significantly lower in the group with
non-ulcer dyspepsia, whereas this value in
non-ulcer dyspepsia+irritable bowel syndrome
patients was not different from control
subjects. In non-ulcer dyspepsia patients, the
diurnal propagation velocity of phase III
migrating motor complex (2 1 (0 3) cm/min)
was slower when compared with control
subjects (6&9 (0 7) cm/min) or when compared
with non-ulcer dyspepsia+irritable bowel
syndrome patients (6-6 (1 8) cm/min). In
contrast with previous reports,34 there was no
difference in the propagation velocity between
the diurnal or nocturnal periods in normal
subjects or patients. The time from going to
sleep (obtained from patient diary) until the
first appearance of a migrating motor complex
phase III was 40 (1) minutes in control
subjects and 147 (16) in non-ulcer dyspepsia
patients. There were no significant differences
in the diurnal and nocturnal cycle length,
phase III duration, or nocturnal propagation
velocity among the three groups.

Motor patterns
Changes in motor patterns were noted in four
non-ulcer dyspepsia+irritable bowel syndrome
patients, but were not seen in any of the
control subjects or the non-ulcer dyspepsia
patients during the time of the study (Fig 2).
Two patients had one such event/24 h period
with a duration of five and eight minutes
respectively. Two patients had two such
events/24 h period, the duration ranging from
2-10 minutes. A change in duodenal motor
activity was seen both during waking and
sleeping hours. A change in motility was seen
during fasting in the form of non-propagated
clusters of phasic motor activity in the
duodenum (A), prolonged high amplitude
tonic contractions with superimposed phasic
activity (B), and periodic propagated clusters
of phasic activity (C). During the postprandial
period, an increase in tonic motor activity
with superimposed phasic contractions was
seen (D). None of these motor events showed
a temporal correlation with patients' reports of
pain or discomfort.

Abdominal pain
Every patient reported pain or discomfort
during the study. A total number of 55
pain episodes was reported by all patients
(5.4 (1)/24 h period/patient) during the study
period. The frequency of pain episodes/patient
was not different between non-ulcer dyspepsia
(5-6 (2)/24 h) and non-ulcer dyspepsia+irrit-
able bowel syndrome (5-4 (1)/24 h). In none of
the patients was a temporal correlation of
abdominal pain or discomfort correlated with
changed motor events. As Figure 1 (C) shows,
however, one non-ulcer dyspepsia+ irritable
bowel syndrome patient reported consistently
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Figure 2: Abnormalfasting (A-C) and postprandial (D) motor events not associated with abdominal pain.
(A) Non-propagated clusters ofphasic motor activity in the duodenum; (B) prolonged high amplitude tonic contraction
with superimposed phasic contractions after a migrating motor complex phase III; (C) periodic clusters of contractile
activity ('minute rhythm'); (D) prolonged increase in tonic motor activity with superimposed phasic contractions during
postprandial period.

her typical pain during normal phasi
migrating motor complex. This pain
the patient twice. In all other patient!
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Discussion
In this study we have shown that tw
patients seen at a tertiary referral cei

complaint of abdominal discomfort i
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e III of the fasting motor activity was found in five of 10
awakened non-ulcer dyspepsia patients.

s, pain was Several human physiological functions seem

activity, or to vary with a periodicity of 90 minutes. Such
ity (Fig 3). periodicity is seen in the form of the cyclic

fasting gut motor activity,35 and in a change of
REM and non-REM sleep.37 38 Sleep has been
divided into five stages based on differences in

,o thirds of the predominant frequency distribution of
ntre with a the electroencephalogram.12 Stages 2 and 4
or pain, or are generally combined and referred to as

?er gastro- non-REM sleep. REM sleep sets in about
sleep. In 90 minutes after the onset of sleep, and REM

F nocturnal and non-REM sleep alternate subsequently at
about 90 minute intervals. Non-REM sleep is
considered the quiescent period of sleep,
during which autonomic activity decreases to
its minimum.39

t, Early studies under non-ambulatory con-

ditions showed a correlation between the
periodicities of the REM-non-REM sleep cycle
and fasting duodenal motor activity,40 while
others could not confirm such a correlation.4'
The correlation was taken as evidence for the
existence of a basic neurological oscillatory
mechanism that controlled the periodicity of

L both sleep and gut motility. When small
bowel motility was measured during freely

Hg ambulatory conditions, the diurnal state was

characterised by prolonged phase II activity
(with comparatively little phase I and phase III
activity), while in the nocturnal state phase II

activity was virtually absent.34
Five of 10 patients studied were found to

have a change in rhythmicity of nocturnal
duodenal motor activity, primarily in the form
of increased phase II activity. The possible role

.- of female steroid hormones in the change of
or events duodenal motor activity28 42 was not con-
ormal sidered directly in this study. Several findings,
ominalpain however, make it unlikely that such hormonal

influences were responsible for the current
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results. Firstly, non-ulcer dyspepsia and non-
ulcer dyspepsia+irritable bowel syndrome
groups had a similar percentage of men-
struating and non-menstruating women.
Secondly, exacerbations of dyspeptic
symptoms synchronous with the menstrual
cycle were reported by few patients enrolled in
this study. Thirdly, in previous studies using
prolonged ambulatory monitoring of intestinal
motor activity in humans, no difference
between male and female subjects was
reported.26 Fourthly, while female steroid
hormones have been suggested to play a part
in the regulation of gastric emptying and
gastrointestinal transit,42 these effects have
largely been explained by the negative
inotropic effect of progesterone on gastro-
intestinal smooth muscle.43 In contrast, no
consistent effect of female steroid hormones on
fasting myoelectric activity has been found.28

Several indirect pieces of evidence suggest
that phase II activity reflects increased CNS
arousal. We and others34 have shown that
phase II activity in normal subjects and in
patients decreases soon after going to sleep and
promptly increases upon awakening (Fig 1).
Similarly, the electroencephalogram pattern
associated with arousal, the alpha electro-
encephalogram typically disappears with onset
of sleep and reappears during arousal from
sleep. Disruption of gut brain communication
- which mediates the effect of CNS arousal on
gut function - by vagal cooling has been found
to decrease the percentage of phase II activity
in animals.44 If phase II activity reflects
increased CNS arousal, it could be argued that
the increase in nocturnal phase II activity seen
in one half of patients is simply related to the
increased discomfort (and therefore poor
sleep) resulting from the test situation in these
subjects. Even though all subjects slept worse
during the test compared with their normal
sleep, and normal control subjects did report
less discomfort from the study when compared
with patients, there was no difference in the
reported discomfort between those patients
who had increased phase II activity and those
who did not. Furthermore, there
was no correlation of the nocturnal motor
pattern with the site at which the patient spent
the night of the test. Thus sleeping in an
unfamiliar environment (hotel, clinical study
centre) did not make it more probable for
increased phase II activity to occur. Similarly,
none of the control subjects who slept in a
hospital bed showed the nocturnal motor
pattern. Another variable that could have
resulted in prolonged phase II like activity is a
difference in gastric emptying rates. Even
though mildly delayed gastric emptying was
noted in five patients, it could hardly have
accounted for the absence of phase III activity
during the entire nocturnal period. In addition,
delayed gastric emptying was present in two
non-ulcer dyspepsia+irritable bowel syndrome
patients who had normal nocturnal motor
patterns.
A variety of studies show a relation between

a change in sleep physiology with symptoms of
chronic unrefreshing sleep, musculoskeletal

pain/fibromyalgia syndrome, dysphoric mood,
and irritable bowel syndrome.15 17 18 20 21 45
The prolonged disruption of stage 4 or slow
wave (deep) sleep in healthy subjects results in
the emergence of gastrointestinal symptoms
such as nausea, abdominal cramping, and
diarrhoea, and somatic symptoms that include
musculoskeletal complaints and fatigue.46 It
is felt that sleep deprivation may lead to a
daytime hyperalgesic state, with increased
sensitivity to several normal bodily functions.
This hypothesis is supported by recent
evidence showing that sleep deprivation can
result in a lowering of rectal sensory thresholds
to balloon distension (N Read, personal
communication).

Gastrointestinal symptoms that awaken the
patient from sleep have generally been con-
sidered to be of organic origin.12 Our study
confirms previous reports, however, that sub-
jective reports of poor sleep are common in
patients with functional bowel symptoms.'3 14
Furthermore, our findings suggest a possible
correlation between poor sleep, increased
nocturnal phase II motor activity, and the
presence of chronic visceral pain syndromes.

Possible mechanisms to explain the increase
in nocturnal phase II motor activity seen in this
study include the effect of chronic distress on
sleep, or the stimulation of sensitised visceral
afferents by mechanical or chemical events, or
both related to the presence of the manometry
tube. Such stimulation could result in
increased afferent input to brainstem areas
concerned with the regulation of the wake-
sleep cycle.47 48 For example, appearance of
the 'alpha electroencephalogram abnormality'
has been reported to occur in response to
inflation of a balloon catheter in the oesopha-
gus during sleep.49 Oesophageal chemorecep-
tor stimulation associated with spontaneous
relaxation of the lower oesophageal sphincter
and resulting in gastro-oesophageal reflux, has
been found to be associated with arousal from
sleep.50 Gastro-oesophageal reflux may be
facilitated by the manometry tube.
Our findings of increased nocturnal phase II

motor activity in patients who only complain of
symptoms thought to arise from the upper gut
(non-ulcer dyspepsia), differ from those who
also complained of symptoms thought to arise
from the lower gut (non-ulcer dyspepsia+-irrit-
able bowel syndrome), even though both
group of patients complained of poor sleep. It
has previously been reported that patients with
a diagnosis of irritable bowel syndrome have
similar nocturnal motor patterns as normal
controls.44 Similarly, a recent study of irritable
bowel syndrome patients and healthy controls
by Kumar et al 27 found no differences
between the two groups in the nocturnal
intestinal motility pattern. The number of
migrating motor complexes during sleep was
within normal limits, and there was very little
nocturnal phase II activity in either group. The
proportion of time spent in REM was signifi-
cantly increased in irritable bowel syndrome
patients compared with controls. It is con-
ceivable that lowered mechanoreceptor (or
chemoreceptor, or both) thresholds in the
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oesophagus or stomach, or both (a finding
common in non-ulcer dyspepsia patients)
results in a greater likelihood of sleep dis-
ruption by normal physiological events, or in
response to the manometry tube. Even though
we did not characterise gastric sensory
thresholds in our patients, the fact that normal
or abnormal duodenal motor events did not
correlate with discomfort except in one patient
with non-ulcer dyspepsia+irritable bowel
syndrome, while similar small intestinal motor
events are associated with abdominal dis-
comfort in irritable bowel syndrome patients26
suggests possible regional differences in
visceral hypersensitivity.
As shown in this study and previous

reports,13 14 20 sleep disturbances including
the 'alpha abnormality' are not restricted to
non-ulcer dyspepsia patients but are common
in patients with irritable bowel syndrome
symptoms as well. In a study of 123 patients
with fibromyalgia syndrome (thought to
exhibit the 'alpha abnormality'), discomfort or
pain, or both thought to arise from the lower
gastrointestinal tract, and consistent with a
diagnosis of irritable bowel syndrome were
found in 54% ofpatients, while complaints of a
change in bowel habits in these patients were
not different from control subjects without
fibromyalgia syndrome.20 Nausea was found in
21%.
Our findings indirectly support an associa-

tion between changed nocturnal duodenal
motor activity and a changed sleep pattern in
some non-ulcer dyspepsia patients. Currently
available data17 20 27 40 suggest that based on
specific sleep abnormalities, there may be
distinct subgroups of patients with functional
bowel disorders. One could speculate that
those patients who exhibit the 'alpha abnor-
mality' may show increased responsiveness to
treatment with low dose tricyclic anti-
depressants, similar to fibromyalgia syndrome
patients. Formal polysomnographic studies in
these patients and correlation of sleep patterns
with motor and sensory function of the upper
gut will be necessary to firther test this
hypothesis.
This study was supported in parts by NIH grant DK 40919 and
by funds from the Veterans' Administration.
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