
INTRODUCTION

Insulin resistance was defined as a condition that

requires more insulin than the normal levels to ex-
ert various cell-, organ-, and individual-level insulin
actions by Berson, et al. in 1970. The concept that in-
sulin resistance is involved in the progression from a
normal condition to abnormal glucose tolerance and
the onset of type 2 diabetes has been established,
and insulin resistance-associated hyperinsulinemia
has been reported to have a marked influence on the
development and course of arteriosclerotic diseases
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through obesity, hypertension, and hyperlipidemia
(1) and enhanced sympathetic nervous activity (2).

Diabetic paralysis of gastric motility and delayed
gastric emptying have been reported in cases of dia-
betic autonomic neuropathy (3-5), and their objec-
tive evaluation by EGG has been reported (6-13).
However, there have been no detailed reports of
the influence of insulin resistance on gastrointesti-
nal motility. In the present study, we investigated the
relationship between insulin resistance as a back-
ground factor of diabetes and gastric motility and
emptying, and changes in gastric motility with
changes in the blood glucose levels using EGG and
external ultrasonography.

MATERIAL AND METHODS

1) Subjects

Twenty non-diabetic subjects (mean age : 53.0 ±

18.0 years, 11 men and 9 women) were investigated.
None of the subjects had a past medical history of
digestive or circulatory disorders, and their physical
findings were normal without an abnormality on stan-
dard 12-lead electrocardiography and chest X-ray ra-
diography. Patients with hypertension and diabetes
and subjects who had been treated with autonomic
agonists, such as anticholinergics and β-blockers,
within 1 month were excluded from the study. Ma-
lignant disease and liver disease were also excluded
in the present study.

EGG was measured from a fasting state to 1 hour
after an intravenous administration of a 5% glucose
solution at a drip infusion rate of 300 ml/hour. A
gastric emptying test by external ultrasonography
was also performed in the same subjects. Written in-
formed consent was obtained from all subjects prior
to the start of the tests.

2) Insulin resistance

For the insulin resistance index, the homeostasis
model assessment ratio (HOMA-R) was calculated
by the following equation (14, 15) :

HOMA-R = Fasting glucose (mg/dl) × Fasting
insulin (μU/ml) ÷ 405

In the present study, the cut off value for HOMA-R
was set at 1.7. The subjects with HOMA-R�1.7 were
assigned to the high HOMA-R group, and HOMA-R
<1.7 were assigned to the normal HOMA-R group.
Table 1 compares fasting blood sugar (FBS), glycol
hemoglobin A1c (HbA1c), body mass index (BMI)
in high and normal HOMA-R groups. FBS and
HbA1c were in the normal range in both the high
and normal HOMA-R groups, and there was no sig-
nificant difference in both groups. However, the BMI
of the high HOMA-R group was significantly higher
than normal HOMA-R group.

3) EGG measurement

A Nipro electrogastrograph, EG (A&G, Tokyo)
was used for the EGG. As shown in Figure 1, 4 sur-
face probe electrodes (CH 1 - 4) were arranged so
as to surround the stomach, and the central elec-
trode (N) was placed at the mid-point between the
navel and xiphoid process. The EGG was recorded
by a bipolar lead between the central and 4 surface
probe electrodes. The sampling interval was 1 sec-
ond, and the measurement frequency was 2.1 - 6.0
cycles/min (cpm). On data recording, the influence
of respiration was completely eliminated using 10th-
order filters. In addition, the influence of body move-
ment was minimized using a linear phase filter to
minimize the distortion of EGG signals.

4) Analysis of EGG

The recorded EGG data were input into a per-
sonal computer through RC232C, and analyzed us-
ing software exclusive for EG (NIPRO ESC1, A&D,
Tokyo). A Fast Fourier Transformation (FFT) was
applied to 512 points, and the dominant frequencies
and peak powers for the 4 channels were averaged.
Frequencies of 2.4 cpm or lower, 2.4-3.6 cpm, and
3.6cpm or higher were designated as brady-, normal-,
and tachy-gastria, respectively, based on the EGG
spectral analysis (FFT analysis), and their mean peak
powers were compared.

Table 1 FBS, HbA1c, BMI in high and normal HOMA-R groups

normal HOMA-R group high HOMA-R group p value

FBS (mg/dl) 83.4 ± 5.7 88.4±6.7 ns

HbA1c (%) 4.90±0.27 4.68±0.83 ns

BMI 21.3±3.3 25.9±8.9 p<0.05

FBS, fasting blood sugar ; HbA1c, glycol hemoglobin A1c ; BMI, body mass index ; HOMA-R, homeostasis model assessment
ratio ; mean ± standard deviation
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5) Gastric emptying test by external ultrasonogra-
phy

The antral stomach area was measured 1 and 15
minutes after the ingestion of a test diet using an
external ultrasonic diagnostic system (Aplio SSA-
770A, Toshiba, Tokyo), and the rate of change (%)
was evaluated. In a morning fasting state, an ultra-
sonic probe was placed at a position where the ab-
dominal aorta, superior mesenteric artery, and cross
section of the antral stomach could be seen in one
view, and the cross-sectional area of the antral stom-
ach was measured using calipers incorporated in
the system. For the liquid test diet, 400 ml of con-
sommé soup (37℃, 13 kcal, Ajinomoto, Tokyo) was
used.

6) Statistical analysis

All values are presented as the means ± standard
deviation. Statistical analyses were performed using
a personal computer. Comparison among the each
group was performed using the unpaired t and paired
t-test, and p<0.05 was regarded as significant. Lin-
ear logistic regression analysis was used to assess
correlations between continuous variables ; the cor-
relation coefficient r was calculated. StatView 5.0
software (SAS Institute Inc., Cary, North Caroline,
USA) was used for the statistical analyses.

RESULTS

1) Analysis of fasting EGG waveforms and frequency

Figure 2a shows an example of the EGG wave-
forms and the FFT analysis of their frequency in a
non-insulin resistant subject with a normal HOMA-R
(0.41). The EGG waveforms were regular sinusoi-
dal waves, the peak frequency of the FFT analysis
was 3.2 cpm with a unimodal pattern, and the mean
peak power of the 4 channels was about 75.0 μV.

There were 2 subjects with a high HOMA-R of

Figure 1 Positions of the EGG recording electrodes
RMCL, right mid-clavicular line ; LMCL, left mid-clavicular line ;
N, navel ; CH1, channel 1 ; CH2, channel 2 ; CH3, channel 3 ;
CH4, channel 4 ; C, central terminal electrode.

Figure 2 Examples of EGG waveforms and an FFT analysis
of their frequencies
(a : a non-insulin resistant case, b : a case with a HOMA-R of
6.87 suggesting insulin resistance, c : a case with a HOMA-R of
6.62 suggesting insulin resistance)

a

b

c
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more than 6.0. These two cases were not diabetic pa-
tients, and one was a 50 year old male (FBS 83mg/
dl, IRI 33.5 μU/ml, HOMA-R 6.87, HbA1c 4.7%)
and other was a 43 year old male (FBS 106mg/dl,
IRI 25.3 μU/ml, HOMA-R 6.62, HbA1c 5.3 %).

Figure 2b shows an example of EGG waveforms
and an FFT analysis of their frequency in a subject
with a high HOMA-R (6.87), indicative of insulin
resistance. The frequency of the EGG waveforms
is lower than that in Figure 2a, and the peak was
noted at a low frequency close to 1.5 cpm on FFT
analysis. The peak power decreased at about 3 cpm,
showing a bimodal pattern.

Figure 2c shows an example of EGG waveforms
and an FFT analysis of their frequency in another
subject with a high HOMA-R (6.62) suggesting in-
sulin resistance. The sinusoidal waveforms seen in
Figure 2a are absent, and irregular waveforms can
be seen. On FFT analysis, a low frequency of about
2.4 cpm was dominant, but multimodal peaks were
also noted at about 3 - 5 cpm.

2) Correlation between the HOMA-R and ratios of
brady-, normal-, and tachy-gastria on fasting EGG

Figure 3 shows the correlation between the
HOMA-R and the ratios of brady-, normal-, and tachy-
gastria on a fasting EGG. A significant positive cor-
relation was noted between the ratio of brady-gastria
on EGG and HOMA-R (r=+0.469, p=0.040). In con-
trast, a significant negative correlation was noted
between the ratio of normal-gastria and HOMA-R
(r=-0.534, p=0.015). However, no significant corre-
lation was noted between the ratio of tachy-gastria
and HOMA-R.

3) Analysis of EGG waveforms and frequency be-
fore and after intravenous glucose administration

Figure 4a shows an example of EGG waveforms
and an FFT analysis of their frequency before and
after glucose administration in a subject with a nor-
mal HOMA-R (0.73). Before glucose administration,
as seen in the subject shown in Figure 3a, the domi-
nant frequency was about 3 cpm. After intravenous
glucose administration, the amplitude of the EGG
was generally lowered, and the peak power value
was decreased on FFT analysis, but the dominant
frequency was still noted at about 3 cpm, as before
the administration.

Figure 4b shows an example of EGG waveforms
and an FFT analysis of their frequency in a subject
with a high HOMA-R (4.01) suggesting insulin re-
sistance. Before glucose administration, multimo-
dal divided peaks were noted within a range of 1-4
cpm. After intravenous glucose administration, the
power value of about the 3-cpm waveforms was
slightly decreased, but no significant change was
noted in the peak power of brady-gastria with a fre-
quency of 2.4 cpm or less.

4) Comparison of the ratios of brady-, normal-, and
tachy-gastria before and after intravenous glucose
administration between subjects with normal and
high HOMA-R

Figure 5 shows a comparison of the ratios of
brady-, normal-, and tachy-gastria before and after
intravenous glucose administration for subjects with
normal and high HOMA-R. In the subjects with a
normal HOMA-R, the ratio of each waveform was
not significantly changed by glucose administration.
In contrast, in subjects with a high HOMA-R, intra-
venous glucose administration significantly decreased
the ratio of normal-gastria (p<0.05) and increased the
ratio of brady-gastria (p<0.05). However, no signifi-
cant change was noted in the ratio of tachy-gastria.

Figure 3 Correlation between HOMA-R and the ratios of brady-, normal-, and tachy-gastria on a fasting EGG
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Figure 4 Examples of EGG waveforms and an FFT analysis of their frequencies before and after glucose loading
(a : a non-insulin resistant case with a HOMA-R of 0.73, b : a case with a HOMA-R of 4.01 suggesting insulin resistance)

a

b
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5) Gastric emptying test by external ultrasonogra-
phy

Figure 6a shows an example of a gastric empty-
ing test by external ultrasonography in a subject
with a normal HOMA-R (0.41). The rate of change
in the cross-sectional antral gastric area was 55.9%.
Figure 6b shows the test results for a subject with
a high HOMA-R (6.62) showing insulin resistance.
The rate of change in the antral gastric sectional area
was 18.9%, lower than that in non-insulin resistant

subjects.
The rates of change in the antral gastric sectional

area in subjects with normal and high HOMA-R were
58.6 ± 6.6 % and 25.8 ± 18.9 %, respectively, show-
ing a significant decrease in the case of insulin-
resistant subjects (p<0.05).

DISCUSSION

Regarding the relationship between insulin resis-
tance-associated hyperinsulinemia and gastrointes-
tinal motility, 3-cpm waveforms, which are consid-
ered to represent normal gastric movement, were
decreased, and brady-gastria, which represents ab-
normal gastric movement, was increased in sub-
jects suggested to have insulin resistance. An intra-
venous glucose load increased the abnormal wave-
forms representing brady-gastria on EGG in sub-
jects with insulin resistance. Moreover, gastric mo-
tility was decreased in an external ultrasonographic
gastric emptying test in subjects with insulin resis-
tance, suggesting an association between insulin re-
sistance and gastric motility.

In the present study, the differences in fasting
EGG between the normal and high HOMA-R groups
cannot be explained by both blood glucose level
and hyperinsulinemia, because the EGG spectrum
did not change after an intravenous administration
of glucose in normal HOMR-R subjects. Although
the spectral power of the EGG was correlated with
HOMA-R, the findings suggest that incretin, show-
ing insulin resistance, or an adipocyokine might be
related to the EGG differences in both groups. Fur-
ther information on the relation between abnormal

Figure 5 Ratios of brady-, normal-, and tachy-gastria before and after intravenous glucose administration in subjects with normal
and high HOMA-R

Figure 6 Examples of gastric emptying tests by external ultra-
sonography
(a : a non-insulin resistant case with a HOMA-R of 0.41, b : a case
with a HOMA-R of 6.62 suggesting insulin resistance)

a

b
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gastric motility and other serum parameters (incre-
tin, adipocyokine, etc) would clarify this issue.

1) Insulin resistance and EGG findings

EGG is a non-invasive gastric motility examina-
tion that records the electrical action potential of gas-
tric smooth muscle through the body surface. EGG
was initially reported by Alvarez, et al. in 1922 (16),
and subsequent developments and advancement of
digital filters have allowed more stable EGG meas-
urements (17, 18).

Gastric electrical activity is generated by a pace-
maker located at a site in the upper 1/3 of the stom-
ach body on the greater curvature side, and is clas-
sified into electrical control activity (ECA), which is
generated at about 3 cpm and is transmitted toward
the pyloric side, and electrical response activity
(ERA), which is involved in rhythmical contractions
of the stomach (19-21). EGG is generally considered
to reflect both ECA and ERA : the cycle of gastric
movement is consistent with the EGG cycle, and the
strength of gastric motility is generally considered
to be related to the peak power on EGG (22).

On a frequency analysis of EGG, waveforms with
a normal periodic variation of 2.4 - 3.6 cpm were des-
ignated as normal-gastria, fast periodic waveforms
with a frequency of 3.6 cpm or higher as tachy-
gastria, and slow periodic waveforms with a fre-
quency of 2.4 cpm or less as brady-gastria. In healthy
subjects, regular periodic waveforms at about 3 cpm,
which indicate normal-gastria, are noted in both the
fasting and postprandial states on EGG, and the peak
power increases with an enhancement in gastric peri-
stalsis. An increase in the ratio of normal-gastria is
considered to correspond to an increase in gastric
peristalsis, i,e., an increase in the action potential
of gastric smooth muscle, and the rate of change
in peak power within this frequency range on EGG
is correlated with gastric contraction (11).

In our investigation of insulin resistance and
gastric motility, the dominant frequency was about
3 cpm in the fasting state in subjects with a normal
HOMA-R, as in generally healthy individuals. In sub-
jects with a high HOMA-R, the peak frequency was
low, or peaks were noted at high and low frequen-
cies, showing a multimodal pattern, while the peak
power of the about-3cpm waveforms was decreased.
Regarding the relationship between HOMA-R and
the ratio of the waveforms with each frequency, an
increase in HOMA-R was significantly negatively cor-
related with the ratio for normal-gastria, and signifi-
cantly positively correlated with the ratio for brady-

gastria. These findings suggested that insulin resis-
tance is associated with decreased gastric motility.

Regarding changes in EGG with an elevation in
blood glucose levels after intravenous glucose ad-
ministration, an elevation in blood glucose levels led
to a decreased peak power and ratio of normal-gastria
in subjects with a normal HOMA-R, suggesting that
gastric contractility was inhibited. In subjects with
a high HOMA-R, indicative of insulin resistance, in
addition to a decrease in the peak power of normal-
gastria, the ratio of brady-gastria was increased with
an elevation in blood glucose levels, indicating ab-
normal gastric motility, and decreased gastric con-
tractility due to hyperinsulinemia-induced abnormal
autonomic nervous function.

2) Insulin resistance and gastric emptying activity

The gastric emptying test using external ultra-
sonography has been increasingly used as a simple
non-invasive method (23-25). The rate of change in
the sectional area of the antral stomach was lower
in subjects with a high HOMA-R than in subjects
with a normal HOMA-R. Thus, this method also sug-
gests that insulin resistance reduces gastric emp-
tying activity.

3) Relationship between insulin resistance and gas-
tric motility

EGG and external ultrasonographic investigations
indicate a reduced gastric motility in the presence
of insulin resistance. Considering that insulin resis-
tance is a background factor for type 2 diabetes, the
abnormal autonomic nervous function may have ap-
peared by a certain mechanism as a prestep to dia-
betes.

A glucose tolerance test was not performed in
the high HOMA-R cases in Figure 2b, c. Fasting
blood sugar and HbA1c levels in these subjects
were in the normal range, but impaired tolerance
subjects might have been included in the HOMA-R
group. The findings herein suggest that increased
insulin resistance is related to a high BMI level in
the high HOMA-R group. Quilliot, et al. (26) re-
ported that autonomic nervous activity using heart
rate variability was correlated to BMI and was inde-
pendent of age and HOMA-R. The findings of the
present study suggest that a high level of BMI in
the high HOMA-R group is related to autonomic
nervous abnormality.

It has recently been established that interstitial
cells of Cajal adjacent to Auerbach’s plexus manage
gastric smooth muscle movement, serving as a gas-
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tric pacemaker system (27). This pacemaker system
has been reported to contain neurotransmitter and
hormone receptors, integrate information from these
receptors, and control gastric movement. The gas-
trointestinal pacemaker system transmits neuromus-
cular and hormonal signals through periodic elec-
trical activity (28). Studies of this pacemaker system
may lead to a re-evaluation of abnormal gastrointes-
tinal movement.

STUDY LIMITATIONS

The involvement of autonomic nerves and gastro-
intestinal hormones in insulin resistance-associated
abnormal gastric motility is assumed, but the pos-
sibility that the pacemaker system integrates these
actions remains to be investigated. An assessment
of gastric motility by EGG may lead to the develop-
ment of methods for evaluating gastrointestinal hor-
monal and autonomic nervous activities.
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