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Gastric Myoelectrical Activity in Patients
with Type I Diabetes Mellitus and
Autonomic Neuropathy
H.J.A. JEBBINK, MD, P.P.M. BRUIJS, B. BRAVENBOER, MD, L.M.A. AKKERMANS, PhD,
G.P. vanBERGE-HENEGOUWEN, MD, and A.J.P.M. SMOUT, MD

In patients with diabetes mellitus and gastroparesis, dysrhythmias of gastric myoelectrical
activity, especially tachygastrias, are thought to be involved in the pathogenesis of
dyspeptic symptoms. Using surface electrogastrography we studied the prevalence of
these abnormalities, and their relationships to dyspeptic symptoms and the extent of
cardiac autonomic neuropathy in 30 euglycemic patients with type I diabetes mellitus and
12 controls. Neither in the fasting nor in the postprandial state were differences in mean
frequency of gastric electrical control activity and its variability found between patients
and controls. In the fasting state, the power content of the 3 cpm component in the power
spectrum of the electrogastrogram was even higher in patients than in controls (P =
0.049). In the fasting state, second harmonics of the 3 cpm fundamental gastric signal were
seen more often in patients than in controls (P = 0.03). In patients with symptoms during
the study, no second harmonics were found after the meal. The postprandial/fasting power
ratio was decreased in patients with symptoms during the study as compared to patients
without symptoms and controls (P < 0.05). The incidence of dysrhythmias, such as
tachygastrias and bradygastrias, was not higher in patients than in controls (17% and 8%,
respectively). No correlation was found between electrogastrographic parameters and the
severity of autonomic neuropathy or dyspeptic symptoms scored before the study. In
conclusion, this study has shown that patients with type I diabetes mellitus and autonomic
neuropathy studied under euglycemic conditions do not have grossly disturbed myoelectrical activity, except when symptomatic during the study.
KEY WORDS: electrogastrography; diabetes mellitus; autonomic neuropathy; gastric myoelectrical activity;
dyspeptic symptoms.

Dyspeptic symptoms occur frequently in diabetes
mellitus. Disordered gastrointestinal motility is
thought to play an important role in the genesis of
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these symptoms (1-4). Gastrointestinal motility is
controlled by rhythmically recurring electrical potentials, referred to as electrical control activity
(ECA). In the human stomach these potentials originate in the gastric pacemaker in the orad corpus at
a frequency of 3 cycles per minute (cpm) (5-8) and
propagate aborally to the pylorus. In man, the frequency of the ECA is 11-12 cpm in the duodenum
and decreases to 8-10 cpm in the terminal ileum
(9-10). When phasic contractions occur, the ECA is
accompanied by a second slow component with or
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without superimposed spike potentials, which are
referred to as electrical response activity (ERA) (6).
Normal gastric myoelectrical activity and dysrhythmias can be recorded in a noninvasive way by
cutaneous electrodes. This method is known as
electrogastrography or E G G (6, 11-12).
Several types of abnormal gastric myoelectrical
activity were found in a variety of clinical syndromes, in which gastric motor disorders and dyspeptic symptoms are present: (1) instability of the
ECA; (2) absence of the postprandial amplitude
increase of the E G G signal; (3) waveform changes
in the E G G signal; and (4) dysrhythmias, such as
regular and irregular bradygastrias and tachygastrias (3, 13-22). Dysrhythmias, especially tachygastrias (4-9 cpm), are thought to be involved in the
pathogenesis of dyspeptic symptoms in patients
with diabetes mellitus. These dysrhythmias can be
associated with altered antral motility or impaired
gastric emptying (3). The pathogenesis of these dysrhythmias is obscure. Hyperglycemia, which is associated with impaired gastric emptying, might contribute to the induction of dysrhythmias (23). T o our
knowledge, a study of the gastric myoelectrical
activity under standardized glycemic conditions
had never been undertaken.
The aim of the present study was to examine: (1)
the prevalence of abnormalities in gastric myoelectrical activity in a well-defined group of patients
with type I diabetes mellitus and autonomic neuropathy studied under euglycemic conditions, and
(2) the relationship of these abnormalities with the
extent of autonomic neuropathy and the severity of
dyspeptic symptoms.
MATERIALS AND METHODS

The study was performed in 30 patients with insulindependent (type I) diabetes mellitus (fasting C-peptide <
0.1 nmol/liter) with cardiovascular signs of autonomic
neuropathy (AN). These patients had been recruited from
the outpatient endocrinology clinic of our hospital. In all
patients, a scintigraphic gastric emptying test was performed within one month before the study, using a solid
meal (pancake with 276 kcal, 14% protein, 15% fat, and
71% carbohydrate). Autonomic nerve function was assessed by standard cardiovascular reflex tests as described by Ewing and Classche (24), and as summarized
below. On the basis of these tests, patients were classified
as suffering from early, definite, and severe involvement
of cardiovascular AN. For each group, 10 patients were
selected. The patients were 11 women and 19 men, age
(mean -+ SEM): 45.5 -- 2.5 years, weight: 69.9 --. 2.4 kg and
duration of diabetes 25.6 -x-_8.6 years. Mechanical obstruction or other diseases responsible for the symptoms
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were excluded by routine laboratory tests, proximal endoscopy, and ultrasound examination. The blood glucose
level was kept in the range of 6-12 mmol/liter during all
studies. To achieve this, the blood glucose was measured
every 15 min with a blood glucose meter (Reflolux S,
Boehringer, Mannheim, Germany) and if necessary insulin (Actrapid Human, Novo Industri BV, Amsterdam,
The Netherlands) or glucose was given intravenously.
Twelve healthy (sex-, age-, and weight-matched) volunteers (five women and seven men; age: 46.3 +--3.7 years
and weight: 74.8 _+ 2.7 kg) served as control subjects.
Informed consent was obtained in each case and the
study protocol was approved by the Ethical Committee of
the University Hospital Utrecht.
Assessment of Cardiovascular Autonomic Neuropathy.
Autonomic nerve function was assessed by standardized
cardiovascular reflex tests (24): (1) reduction in systolic
blood pressure in response to standing up, (2) heart rate in
response to upright position with calculation of the ratio
between the heart rate response that occurs at the 15th
and 30th beat after standing up, (3) beat-to-beat rate
variation during deep breathing, (4) quotient of the heart
rate during and after Valsalve maneuver, and (5) blood
pressure response to sustained handgrip. All tests were
scored as normal (0 points), borderline (0.5 points) or
abnormal (1 point). From the total score (0-5 points) the
degree of involvement was obtained (normal: 0-0.5
points; early involvement: 1-2 points; definite involvement: 2.5-3.5 points; severe involvement: 4-5 points).
Assessment of Gastrointestinal Symptoms. All subjects
(patients and control subjects) were interviewed at the
beginning of the study to assess the severity of symptoms, experienced during the week before the study. The
symptoms experienced during the study were also assessed in patients and control subjects. This was done
before the start of the meal and at the end of the study. A
symptom score was assigned to the symptoms nausea,
vomiting, early satiety, fullness, bloating, and epigastric
pain using a scale from 0 to 3 (0 = absence of symptoms;
1 = mild symptoms noticed only when paid attention to;
2 -- moderate, symptoms clearly noticed without interfering with normal daily activities; 3 = severe, symptoms
interfering with normal daily activities). From these
scores the mean symptom score was calculated.
Electrogastrography. Gastric electrical activity was recorded from five disposable pregelled silver-silver chloride surface electrodes (Red Dot 3M, Canada Inc., Ontario, Canada), placed on the upper abdomen (Figure 1).
Four EGG signals were recorded bipolarly from these five
electrodes as potential difference between each of the
four electrodes (M1-4) and the central electrode (MC). A
reference electrode was placed on the right ankle. EGG
signals were band-pass filtered (0.01-0.50 Hz). After analogue-to-digital conversion the signals were stored online (sample frequency 1 Hz) on the hard disk of a personal computer. A respiratory signal, monitored by a
temperature-sensitive probe positioned at a nostril, was
also recorded. Recordings were made during 2 hr fasting
and 3 hr after a solid meal. The meal consisted of a
pancake containing 14% protein, 15% fat, and 71% carbohydrate (276 kcal).
For data acquisition, data analysis and graphical pre-
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Ng 1. Positions of the electrodes used in EGG recording. EGG
signals were recorded as the potential difference between MC,
the central electrode, and each of the four surrounding electrodes (Ml-4).

sentation-dedicated locally developed software was used
as described by Bruijs et al (25). After the recording
session, the EGG signals were subjected to fast Fourier
transform (spectral analysis). Power spectra were obtained using signal stretches of 256 sec that overlapped
for 192 sec (running spectrum analysis). The mean of the
power spectra for the entire recording period was calculated. The EGG signal with the highest power in the 3
cpm band was then selected for further analysis (the
preferential EGG signal). The mean frequency of the
normal 3 cpm component, its standard deviation (SD), and
its power content (I~V2) was calculated for the fasting and
postprandial period (the entire postprandial period and
each hour separately). Higher harmonics were identified
in the spectrum using the criteria that they occur at
frequencies that are exact multiples of the fundamental
frequency and that their power should be at least 5% of
the power of the fundamental component. The more a
time signal deviates from a sinusoid, the more harmonics
are present in the frequency spectrum (18). To express
the frequency variability of the 3 cpm component, the
frequency instability factor was calculated. This parameter is defined as the ratio of the standard deviation (SD) of
the frequency of a series of spectra (eg, the entire fasting
or postprandial period) to the frequency SD of one representative spectrum (containing a clearly present 3 cpm
component) of this series (18). The early postprandial
frequency dip of the normal 3 cpm gastric component was
identified. The frequency minimum and the subsequent
frequency maximum of the dip were calculated by means
of line-to-line analysis of the first 10 running spectra after
the meal. The power ratio (the ratio of the power of the
mean spectrum of the postprandial state to the power of
the mean spectrum of the fasting state), indicative of the
postprandial increase in gastric motor activity, was calculated for the total postprandial period and for each
postprandial hour separately.
Dysrhythmias were defined as follows. A tachygastria
was considered to be present when the power spectrum
contained a sharp-peaked component with a frequency
>3.7 cpm (0.06 Hz) and <10.8 cpm (0.18 Hz), which was
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not of respiratory origin. These definitions are based on
observations made in studies in healthy control subjects
(18, 26, 27). For a definite diagnosis of tachygastria, it was
required that at the same time the normal gastric signal
(2.6-3.7 cpm) be absent in all four EGG signals and that
the abnormal rhythm be present for at least 2 min. When
a tachygastric frequency was found in the presence of a
normal gastric signal in one of the four EGG signals or the
frequency was ->10.8, the diagnosis of tachygastria was
considered probable, but not definite. A so-called bradygastria was defined as presence of a sharp peak at a
frequency less than 2.6 cpm, in the absence of a normal 3
cpm component in all four EGG leads. Duration and
mean frequency of the dysrhythmias were measured.
Statistical Analysis. All values are expressed as mean SD, unless stated otherwise. Statistical analysis of differences between groups was performed by the MannWhitney rank-sum test for unpaired data. Differences
between patients with symptoms, patients without symptoms during the study, and control subjects were assessed
by the chi-square test. P < 0.05 was considered significant. Correlations between variables were assessed by
calculation of Spearman's rank correlation coefficients.
RESULTS

General Characteristics. All patients (mean duration of diabetes mellitus: 25.6 __- 8.6 years) had one
or more other complications, such as retinopathy,
nephropathy, or peripheral n e u r o p a t h y (90%, 57%,
and 93% o f the patients, respectively). Eighteen
patients (60%) had a delayed gastric emptying.
Twenty-six patients (87%) had upper abdominal
s y m p t o m s varying in f r e q u e n c y and severity. T h e
s y m p t o m score before the study (mean - SD) was
1.2 _ 1.0 (range 0-2.8). One patient did not complete the postprandial part of the study because of
nausea and vomiting, starting during fasting. Eight
other patients but none of the control subjects reported fullness, early satiety, and bloating postprandially. Five of these patients had also nausea
and vomiting. T h e s y m p t o m score of these patients
during the study was 1.9 _ 0.8. N o correlation was
found between the severity of these s y m p t o m s and
the s y m p t o m score before the study. Metabolic
control was considered p o o r in 12 patients (HbA1 at
the time of the study >10%), as moderate in 16
patients (HbA1 8-10%), and as good in four patients
(HbA1 <8%). In patients, the mean blood glucose
level was 9.2 ___ 2.2 mmol/liter in the fasting state
and 9.5 +-- 2.7 mmol/liter in the postprandial state,
c o m p a r e d 5.0 -4- 0.6 and 5.2 _-+ 0.8 mmol/liter, respectively, in the control subjects.
Eleetrogastrographie Parameters. As shown in
Table 1, mean f r e q u e n c y of the gastric E C A and its
variability (so) in patients with diabetes mellitus
Digestive Diseases and Sciences, Vol. 39, No. 11 (November 1994)
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TABLE 1. ELECTROGASTROGRAPHICVARIABLES IN PATIENTSWITH DIABETES
MELLITUS AND CONTROL SUBJECTS IN THE FASTING AND POSTPRANDIALSTATE*

Patients
(N=30)
Fasting
Gastric ECA frequency (Hz)
Instability factor
Power in 3-cpm peak (t~Vz)
Postprandial
Gastric ECA frequency (I-Lz)
Postprandial frequency dip
minimum
maximum
Instability factor
Power in 3-cpm peak (I~Vz)
Power ratio (postprandial/fasting)

Control Subjects
(N=12)

0.0489 ___0.0006
1.33 +-- 0.05
8.01 ± 3.80a

0.0478 --¢ 0.0001
1.57 --- 0.13
2.13 ± 1.25

0.0488 ± 0.0006

0.0494 _+ 0.0009

0.0444
0.0515
1.43
10.13
4.51

___0.0007
± 0.0008
--- 0.08
± 3.96
± 1.66

0.0457
0.0522
1.48
3.70
4.07

- 0.0009
___0.0009
± 0.27
± 1.22
± 1.54

*Values are expressed as mean ± SEM, a, P = 0.049.

were not different from those found in control subjects, both in the fasting and the postprandial state.
The frequency instability factor was not different
between patients and control subjects. The postprandial frequency decrease was also similar in
patients and control subjects. However, the power
content of the 3 cpm component was higher in the
patients than in the control subjects (P = 0.049). In
the postprandial state this power content tended to
be higher in patients compared to control subjects
(P
0.1).
As shown in Figures 2 and 3, in the fasting state,
second harmonics were observed more frequently
in patients compared to control subjects (P = 0.03).
In the postprandial state, no differences were
=

p'O.03

I
FASTING

I

@ @

found. However, in patients with postprandial
symptoms during the study, no second harmonics
were found after the meal, which was a significant
difference compared to patients without symptoms
during the study and control subjects (50% and
54.5%, respectively; P = 0.03).
The postprandial/fasting power ratio was not different between patients and control subjects, not
only for the total postprandial period, but also for
each hour separately (Table 1). As shown in Figures
3 and 4, patients with symptoms during the study
had a lower power ratio than patients without symptoms during the study and control subjects (P <
0.05). No differences were found in the other EGG
parameters between patients with and without
symptoms during the study. No correlation was
found between the EGG parameters of the gastric
signal and the extent of cardiovascular autonomic
neuropathy.

9.1%

53.3%

46.7%

90.9%

POSTPRANDIAL

37.9%

PATIENTS

45.5%

CONTROLS

Fig 2. Prevalence of second harmonics in EGG power spectrum
of patients with diabetes mellitus (striated pie portions) compared to controls, fasting (P = 0.03) and postprandially (NS).
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DYSRHYTHMIAS
Definite dysrhythmias were seen in five of the
patients (17%) and one of the control subjects (8%),
the difference not being significant. Definite tachygastrias were seen in two patients, with frequencies
of 4.2 cpm and 10.2 cpm (duration: 5 and 15 min,
respectively) and in one of the control subjects,
with a frequency of 4.2 cpm (duration: 4 min). In the
patients, all tachygastrias were associated with
vomiting, fasting in one patient and postprandiaUy
in the other patient (Figure 5). The only tachygastria observed in the control subjects occurred during fasting and was not associated with symptoms.
Probable tachygastrias (high frequency simultaneously present with a normal 3 cpm gastric signal)
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Fig 3. Pseudo-3-dimensional display of running spectra of EGG signals from a patient with
diabetes mellitus, in whom no postprandial power increase occurred (postprandial/fasting power
ratio 0.5). A second harmonic is recognized in the spectra of the fasting state ( 1' ).

were seen in the same two patients with definite
tachygastrias, in six other patients, and in two (other) control subjects. In the patients these probable
tachygastrias were in the range of 8.4-10.8 cpm,
except one with a frequency of 4.2 cpm (mean
duration: 61 --- 14.1 min). In the two control subNo symptoms

10

jects, the frequencies were 4.2 cpm and 9.6 cpm
(duration 5 and 45 min, respectively).
Bradygastrias with a duration of 3-10 min were
seen in five patients (in one patient during fasting
and in four patients postprandially) and in one of the
control subjects (during fasting) showing frequenSymptoms
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Fig 4. Postprandial/fasting power ratio in patients with symptoms during the study (striated
bars) compared to patients without symptoms (dotted bars), for each hour separately (*P =
0.03) and for the total postprandial period (**P = 0.048).
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Fig 5. Grey-scaleplot in a symptomatic patient, showing a normal 3 cpm gastric signal (0.05
Hz) in the fasting state. After the meal vomiting occurred. Thereafter, a component of 10.2
cpm (0.17 Hz) appeared, and the 3 cpm component became unstable. The spectrum of the
respiratory signal can be seen at 0.3-0.4 Hz.
cies of 0.6-2.1 cpm. In four of the patients bradygastrias were temporarily related to symptoms of
nausea and vomiting. In two patients and one control subject both tachygastrias and bradygastrias
were seen. No correlation was found between dysrhythmias, the severity of symptoms scored before
the study, and the extent of cardiovascular AN.
DISCUSSION

Recent studies have suggested that gastric dysrhythmias in patients with diabetes mellitus may
contribute to dyspeptic symptoms (3, 16, 18, 20,
22). In the present study, however, the prevalence
of dysrhythmias in patients with type I diabetes
mellitus and autonomic neuropathy studied under
euglycemic conditions was found not to be higher
than in healthy control subjects. Definite tachygastrias were observed in two of the 30 patients and in
one healthy control subject. This discrepancy in the
incidence of dysrhythmias might in part be due to
differences in patient selection. Previous studies
were performed in selected patient groups with
scintigraphically proven gastroparesis, whereas
only 60% of our patients had delayed gastric emptying. The discrepancy could also be caused by the
blood glucose level during the study (3, 20). In this
study a euglycemic level was maintained during the
whole study. In the other studies, electrogastrograms were obtained without controlling the serum
Digestive Diseases and Sciences, Vol, 39, No. 11 (November 1994)

glucose level. It is therefore possible that hyperglycemia, which also contributes to impaired gastric
emptying (23), was a factor in the induction of these
dysrhythmias. Another possible explanation for the
discrepancy might be found in the definition of
dysrhythmia, used in the different studies. For a
definite diagnosis of tachygastria, we required the
presence of a sharp-peaked component of >3.7 and
< 10.8 cpm, in the absence of a 3 cpm component.
When a 3 cpm component persisted or the abnormal
peak had a frequency >__10.8 cpm, we considered a
tachygastria probable, but not definite. Probable
tachygastrias, with the simultaneous presence of a
normal 3 cpm signal, were seen in eight patients and
two control subjects.
In most of these patients the tachygastrias had a
frequency of approximately 10 cpm. Simultaneous
recording of a respiratory signal excluded that this
high frequency was due to respiration. It cannot be
completely excluded that this frequency is of small
intestinal origin: in the human small bowel the ECA
shows a frequency gradient from 12 cpm in the
duodenum to 7 cpm in the terminal ileum (11-12,
27). However, the presence of a duodenal frequency in the surface signal is very rare in humans
(6). In a study in patients who had undergone a
Billroth II resection, a high prevalence of a 10 cpm
activity was found. The investigations suggested
that this frequency could be caused by retrograde
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conduction (into the stomach) of the electrical activity of the jejunum (28). An ectopic focus in the
antrum has been unequivocally shown to be the
cause of periods in the frequency band of 4-5 cpm
(6, 29). This was seen in only one patient and also in
one control.
Low-frequency components (bradygastrias) were
recorded in patients with and without symptoms
during the study. In our opinion, the significance of
these low-frequency components is still unclear,
and it is far from certain that they originate in the
stomach. In our study no correlations were found
between dysrhythmias, dyspeptic symptoms scored
before the study, and the extent of cardiac AN. This
observation is in accordance with findings reported
by others (4, 14, 29).
The mean frequency and the frequency instability
factor were not different between the groups. The
power content of the gastric signal was even higher
in the patients than in the control subjects. It is
suggested that the power of the signal is related to
the amplitude and regularity of the gastric signal
and an increase in the power may reflect the presence of contractile activity (6, 10). The absolute
value of the power is also influenced by other factors (eg, electrode-skin resistance, tissue conductivity, distance between electrode and gastric wall).
Therefore, conclusions about intra- and interindividual power data should be made with caution (30).
The postprandial/fasting power ratio, indicative of
the postprandial increase in gastric motor activity,
was not different between patients and control subjects. However, in patients with symptoms during
the study, this power ratio was lower than in patients without symptoms, especially during the first
two postprandial hours. In addition, the symptomatic patients showed a decreased incidence of socalled higher harmonics. In healthy subjects, the
incidence of higher harmonics increases after a
meal. The most likely explanation for this phenomenon is that the occurrence of contraction-related
ERA causes a change in the waveform of the EGG,
which leads to higher harmonics after a meal (17).
Postprandial antral hypomotility and thus absent
ERA could be responsible for the absence of higher
harmonics in the diabetic patients with symptoms
during the study. It is likely, therefore, that both the
decreased power ratio and the absence of higher
harmonics in the EGG reflected postprandial antral
hypomotility in patients.
In conclusion, this study has shown that patients
with type I diabetes mellitus and autonomic neuro-
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pathy studied under euglycemic conditions do not
have grossly disturbed gastric myoelectrical activity, except when symptomatic during the study. In
the pathogenesis of disordered electrical activity in
patients with diabetes mellitus, the extent of the
cardiovascular AN appears to be a factor of limited
importance.
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