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Gastric Emptying in Early Noninsulin-Dependent
Diabetes Mellitus
K.L. Jones, M. Horowitz, B.I. Carney, J.M. Wishart, S. Guha and L. Green
Departments of Medicine and Endocrinology and the Diabetes Centre, Royal Adelaide Hospital, Adelaide, South Australia
The aims of this study were to determine in early noninsulindependent diabetes mellitus (NIDDM): (a) the prevalence of disor
dered gastric emptying of glucose; (b) the relationship between the
blood glucose response to an oral glucose load and gastric empty
ing; and (c) the relationship between appetite and gastric emptying.
Methods: Sixteen patients (ages 39-79 yr) with recently diagnosed
NIDDM consumed 350 ml water containing 75 g glucose and
""Tc-sulfur colloid while sitting in front of a gamma camera. Blood
glucose concentrations were monitored immediately before and
after the drink. Hunger and fullness were evaluated using visual
analog scales. The results were compared to those obtained in 13
normal subjects of similar age and body mass index. All patients and
control subjects were white and non-Hispanic. Results: Gastric
emptying was slightly slower in the NIDDM patients when compared
to the control subjects (retention at 180 min 15.9 Â±2.3% versus
3.8 Â±1.0%, p < 0.001), but there was no significant difference in the
50% emptying time between the two groups. In the NIDDM patients,
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there was an inverse relationship between the magnitude of the
increase in the blood glucose concentration and gastric emptying,
e.g., between the area under the curve for blood glucose from 0-60
min and the intragastric retention of the drink at 60 min (r = -0.60,
p < 0.05). In the NIDDM patients, fullness was greater (p < 0.005)
both before and after the drink, and the score for hunger at 30 min
was inversely related to the rate of gastric emptying (r = -0.52, p <
0.05). Conclusion: In patients with early NIDDM, gastric emptying of
75 g glucose is similar to that of normal subjects and is a significant
determinant of the glycÃ©mieresponse.
Key Words: gastric emptying; appetite; glycÃ©miecontrol; auto
nomie neuropathy
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-LJisordered gastric motility is a frequent complication of
diabetes mellitus (7). Cross-sectional studies of patients with
long-standing (>~3-yr duration) diabetes mellitus indicate that
gastric emptying of solid or nutrient liquid meals is delayed in
about 50% of cases and that the prevalence of delayed emptying
in insulin-dependent (IDDM) (2-5) and noninsulin-dependent
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diabetes mellitus (NIDDM) (6,7) is similar. While it is well
recognized that in a minority of patients with longstanding
diabetes mellitus gastric emptying, particularly that of liquids,
is accelerated (8-10), Phillips et al. (11) have recently sug
gested that gastric emptying of a drink containing 50 g glucose
is characteristically more rapid than normal in patients with
early NIDDM. This conclusion was based on a comparison of
nine NIDDM patients, of whom the majority were of Hispanic
origin, with nine control subjects, all of whom were not
Hispanic. As Schwartz et al. (12) have recently reported that
gastric emptying of glucose is faster in nondiabetic Hispanic
Americans when compared to nondiabetic, non-Hispanic white
Americans (11), racial differences between the NIDDM and
control groups may have contributed to the rapid gastric
emptying observed in early NIDDM patients (11). We wished
to establish the prevalence of disordered gastric emptying of a
glucose-containing drink in non-Hispanic white patients with
early NIDDM. A 75-g, rather than a 50-g, glucose load (11) was
used, as the former is recommended by the World Health
Organization for the diagnosis of diabetes mellitus (13).
The blood glucose response to oral carbohydrate is poten
tially dependent on many factors, including the rate at which
carbohydrate enters the small intestine, the rate of digestion and
intestinal absorption, and the rate of insulin-driven metabolism
(7). An understanding of the relationship between the glycÃ©mie
response to carbohydrate and gastric emptying is, therefore, of
fundamental importance to the treatment of diabetes mellitus.
We and others have suggested that in IDDM disordered gastric
emptying may contribute to poor glycÃ©miecontrol by causing a
mismatch between the onset of insulin action and the absorption
of nutrients from the small intestine (1,14). In contrast, patients
with NIDDM may theoretically benefit from retardation of
gastric emptying, provided that carbohydrate is absorbed more
slowly in coordination with the delayed insulin release charac
teristic of this disorder (1). The suggestion by Phillips et al. (Il)
that faster gastric emptying in NIDDM may worsen glycÃ©mie
control is consistent with this concept. We (13) and others (12)
have reported in normal subjects that gastric emptying is a
significant determinant of the rise in blood glucose after an oral
glucose load. In IDDM patients, postprandial blood glucose
concentrations are greater when gastric emptying is more rapid
(15,16) and in IDDM patients with gastroparesis, insulin re
quirement during the 120-min period after a meal is reduced
(17). Although it may be expected that the rate of gastric
emptying would have a substantial effect on the glycÃ©mie
response to oral carbohydrate in NIDDM, it has been suggested
that the latter is primarily dependent on hepatic glucose release
and does not correlate with gastric emptying (18,19). In this
latter study, gastric emptying of a mixed solid/liquid meal
containing 50 g of carbohydrate, as a gelatin, was quantified
(19). We sought to establish whether there is a relationship
between blood glucose concentrations and gastric emptying of
a drink containing 75 g glucose in NIDDM.
Although the factors which influence appetite in humans are
complex and poorly understood, recent studies suggest that both
gastric distension (20) and the extent of exposure of the small
intestine to nutrients (21-23) influence satiety. While it is well
recognized that upper gastrointestinal symptoms occur fre
quently in patients with diabetes and correlate poorly with the
rate of gastric emptying (/), to our knowledge, the relationship
between appetite and gastric emptying in NIDDM has not been
evaluated.
1644

METHODS
Subjects
We studied 16 patients (11 men, 5 women; ages 39-79 yr, range
57 yr) with recently diagnosed NIDDM who had a median body
mass index (BMI), defined as (wt/ht2), of 29 (range 22-36 BMI).
The patients were randomly selected from ambulant outpatients
presenting to the Royal Adelaide Hospital for treatment of
NIDDM. For all patients, the diagnosis of NIDDM, based on
World Health Organization criteria, had been established between
3 and 12 mo previously. No patient had prior evidence of fasting
hyperglycemia and all were treated by diet alone. Patients taking
oral hypoglycÃ©miedrugs, antihypertensive agents or any medica
tion known to affect gastrointestinal motility were excluded. None
of the patients had retinopathy and the plasma creatinine concen
tration was within the normal range (0.05-0.12 mmole/liter). In all
patients glycosylated hemoglobin was >7.0% at the time of
diagnosis of diabetes (8) and glycosylated hemoglobin at the time
of the study was 7.5 Â±0.6 mmole/liter. Results in the NIDDM
group were compared to those obtained in 13 normal volunteers (8
men, 5 women), median age 48 yr (range 40-68 yr) and median
BMI 25 (range 20-35 BMI). None of the control subjects was
taking medication known to influence gastrointestinal motility, had
gastrointestinal symptoms or a history of gastrointestinal disease.
None of the control subjects had participated in our previous study
(73). There was no significant difference in age or BMI between
the patients and the control subjects. The NIDDM patients and the
control subjects were white and non-Hispanic.
Protocol
All participants were evaluated for upper gastrointestinal symp
toms (8) and then underwent concurrent measurements of gastric
emptying (13), blood glucose concentrations and appetite (22). The
gastric emptying measurement was commenced at about 1000 hr
after an overnight fast (14 hr for solids and 12 hr for liquids).
Smoking was prohibited on the study day. A cannula was placed in
an antecubital vein for blood sampling and subjects were seated
with their backs against a gamma camera. After completion of
these measurements, cardiovascular autonomie nerve function was
evaluated (24). Written informed consent was obtained from each
participant and the study protocol was approved by the Human
Ethics Committee of the Royal Adelaide Hospital.
Assessment of Upper Gastrointestinal Symptoms
Upper gastrointestinal symptoms were assessed at study entry by
questionnaire (8). The symptoms anorexia, nausea, early satiety,
bloating, vomiting, abdominal pain, dysphagia, heart burn and acid
rÃ©gurgitationwere graded as: 0 = none, 1 = mild, 2 = moderate
or 3 = severe, for a maximum score of 27. The frequency and
consistency of bowel movements, as well as the presence or
absence of nocturnal diarrhea and fecal incontinence were also
evaluated. Constipation was defined as ^2 spontaneous bowel
actions each week (8).
Measurement of Gastric Emptying and Intragastric
Distribution
Each subject drank 350 ml of water containing 75 g glucose and
20 MBq 99mTc-sulfur colloid within 1 min. Radioisotopic data
were acquired in 30-sec frames for the first 30 min and subse
quently in 3-min frames for another 150 min. Time zero was
defined as the time of completion of the drink. Data were corrected
for subject movement, radionuclide decay and gamma ray attenu
ation using previously described methods (25). Regions of interest
(ROIs) for the total, proximal and distal stomach were drawn, with
the proximal stomach ROI corresponding to the fundus and
proximal corpus and the distal stomach ROI to the antrum and
distal corpus (22). Gastric emptying curves (expressed as percent
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of the maximum content of the total stomach) were derived for
total, proximal and distal stomach ROIs. The content of the total,
proximal and distal stomach at 0, 10, 15, 30, 45, 60, 90, 120, 150
and 180 min was calculated. For the total stomach the duration of
the lag phase and the 50% emptying time (T50) were also obtained.
The lag phase was determined visually as the time before any of the
drink had entered the proximal small intestine (25).
Measurement of Blood Glucose Concentrations
Venous blood samples were obtained immediately before inges
tion of the drink (-2 min) and then at 10, 15, 30, 45, 60, 90, 120,
150 and 180 min. Blood glucose concentrations were immediately
determined using a portable blood glucose meter and the accuracy
of these measurements was confirmed with the hexokinase method.
The incremental areas under the blood glucose concentration/time
curve (AUC) between 0-30 min, 0-60 min, 0-90 min and 0-120
min were calculated using the trapezoidal rule (13).
Assessment of Appetite
Hunger and fullness were evaluated using a validated visual
analog questionnaire. Subjects placed a vertical mark along a
100-mm line to indicate the strength of the sensation. Measure
ments were obtained immediately before ingestion of the drink and
at 15, 30, 60, 90, 120 and 180 min. Full details of this questionnaire
have been published elsewhere (26).
Assessment of Autonomie Nerve Function
Autonomie nerve function was assessed using standardized
cardiovascular reflex tests (8,24). Parasympathetic function was
calculated by the variation (R-R interval) of the heart rate during
deep breathing and the immediate heart rate response to standing
(30:15 ratio). Sympathetic function was assessed by the fall in
systolic blood pressure in response to standing. Each of the test
results was scored as 0 = normal, 1 = borderline or 2 = abnormal.
A total score of S3 was considered to indicate definite autonomie
nerve damage (8,15).
Statistical Analysis
Data were evaluated using repeated measures analysis of vari
ance (ANOVA) and are shown as mean values Â±s.e.m. Relation
ships between gastric emptying, intragastric distribution, appetite,
blood glucose concentrations, gastrointestinal symptoms and auto
nomie nerve function were assessed using linear regression anal
ysis. Comparison of the slopes of the regressions between blood
glucose concentration and gastric emptying in the control subjects
and patients was done using the Student's t-test (27). A p value
of <0.05 was considered significant.
RESULTS

All subjects tolerated the study well and there were no
untoward events. None of the NIDDM patients or the control
subjects experienced nausea after the glucose drink. The median
score for upper gastrointestinal symptoms in the NIDDM
patients was 2 (range 0-9), whereas none of the normal subjects
experienced symptoms (p < 0.001). None of the patients with
NIDDM suffered from constipation, diarrhea or fecal inconti
nence. Four patients had definite autonomie neuropathy and the
median score for the entire group was 2 (range 0-4). None of
the control subjects had evidence of autonomie neuropathy.
Blood glucose concentrations, including peak blood glucose,
were higher (p < 0.001) in the NIDDM patients both before and
after the glucose load (Fig. 1). The magnitude of the rise in
blood glucose from baseline was greater in the NIDDM patients
than the control subjects at all time points (Fig. 1). The timing
of peak blood glucose was later (92.8 Â±7.7 min versus 45.6 Â±
4.5 min, p < 0.0001) in the NIDDM patients.

Gastric Emptying and Intragastric Distribution
Gastric emptying approximated an overall linear pattern after
a short lag phase in both the NIDDM patients and the control
subjects. There was no difference in the lag phase between the
two groups (1.8 Â±0.3 min versus 2.7 Â±0.7 min). Although
there was no difference in the T50 (95 Â±7.3 min versus 89 Â±
7.9 min), at both 150 min (p < 0.01) and 180 min (p < 0.001),
more of the drink remained in the stomach in the NIDDM
patients (Figs. 2, 3). There was a trend (p = 0.06) for greater
retention of the drink in the proximal stomach in the NIDDM
patients at 180 min (Fig. 3). At 150 min (p < 0.01) and 180 min
(p < 0.01) the retention of the drink in the distal stomach was
greater in the NIDDM patients (Fig. 3).
Relationships between Total Stomach Emptying and
Intragastric Distribution

There were inverse relationships between the content of the
proximal and distal stomach in NIDDM patients at 15, 30, 45
and 60 min (r > -0.67, p < 0.005) and control subjects at 10,
15, 30 and 45 min (r > -0.66, p < 0.05). There were direct
relationships between emptying from the total and proximal
stomach in both NIDDM and control subjects, e.g., between the
total stomach T50 and the retention in the proximal stomach at
120 min, r = 0.86, p < 0.0001 and r = 0.70, p < 0.01,
respectively. In the NIDDM patients, there were relationships
between the retention in the total and distal stomach at 150 min
(r = 0.59, p < 0.05) and 180 min (r = 0.62, p < 0.05). In the
control subjects, there were relationships between the retention
in the total and distal stomach at 90, 120, 150 and 180 min (r >
0.63, p < 0.05).
Relationships between Gastrointestinal Symptoms,
Autonomie Nerve Function and Gastric Emptying

There were no significant relationships between the score for
upper gastrointestinal symptoms and age, BMI, the score for
autonomie nerve dysfunction, gastric emptying or intragastric
distribution. There was a relationship between the score for
autonomie nerve dysfunction and age (r = 0.59, p < 0.05).
Relationships between Blood Glucose Concentrations
Gastric Emptying

and

In the normal subjects, there were direct relationships be
tween the immediate postprandial rise in blood glucose and
gastric emptying, e.g., the blood glucose concentration at 10
min was related to the T50 (r = -0.57, p < 0.05) (13). In the
NIDDM patients, there were direct relationships between blood
glucose concentrations after the drink and gastric emptying,
e.g., blood glucose concentrations at 10, 15, 30, 45, 60 and 90
min, peak blood glucose, AUC 0-60 min and AUC 0-120 min
were related (r > -0.51, p < 0.05) to the T50. Similarly, the
blood glucose concentration at 60 min and the AUC 0-60 min
were inversely related to the retention of glucose in the stomach
at 60 min (Fig. 4). The slope of the regression between the
blood glucose and gastric emptying (e.g., blood glucose at 10
min and T50) was greater (p < 0.05) in the patients with
NIDDM than in the control subjects (Fig. 5). There was no
significant relationship between HbAlc and gastric emptying.
Appetite
Hunger decreased after the drink in the NIDDM patients (p <
0.05) but not significantly (p = 0.06) in the control subjects
(Fig. 6, left). At 180 min, hunger was greater than baseline in
both NIDDM patients (p < 0.05) and control subjects (p <
0.0001 ), but the score was lower (p < 0.05) in NIDDM patients.
At baseline, the score for fullness was greater (p < 0.01) in
the NIDDM patients than the control subjects (Fig. 6, right).
There was an increase in fullness after the drink in the control
GASTRICEMPTYINGIN NIDDM â€¢
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FIGURE 1. Blood glucose concentrations in control subjects and NIDDM
patients (mean values Â±s.e.m.). *p < 0.001 between the two groups.

subjects (p < 0.05) but not in the NIDDM patients. Although
postprandial fullness was greater in the NIDDM patients at all
times (p < 0.05), there was no significant difference between
the two groups in the magnitude of the change in fullness from
baseline.
Relationships between Appetite, Gastric Emptying and
Blood Glucose Concentrations
In NIDDM patients, there was a relationship between hunger
and the retention of the drink in the stomach, so that the scores
for hunger at 30 min (r = 0.52, p < 0.05) and at 60 min (r =
0.56, p < 0.05) were related to the retention of the drink in the
stomach at these times. There was no significant relationship
between hunger and gastric emptying in the control subjects.
There was no relationship between fullness and gastric empty
ing in either the NIDDM or control groups. There were also no
relationships between either blood glucose concentrations or
gastrointestinal symptoms and hunger or fullness.
DISCUSSION

In patients with early NIDDM, gastric emptying of a 75-g
glucose load is similar to normal subjects and is a significant
determinant of the glycÃ©mieresponse. We consider that while
the overall slower gastric emptying of glucose in patients with

early NIDDM is statistically significant, when compared to
control subjects, it is unlikely to be of pathophysiological
importance as the magnitude of the change was small, e.g.,
there was no difference in the 50% emptying time between the
two groups. This observation conflicts with that of Phillips et al.
(77) who reported that gastric emptying of glucose was much
more rapid than normal in such patients. This discrepancy may
reflect the differences in racial distribution between the
NIDDM and the control subjects in the latter study (77),
particularly as gastric emptying of glucose is more rapid in
Hispanic Americans compared to non-Hispanic white Ameri
cans (72), although other factors should be considered. There
are differences in both the glucose load (75 g as compared with
50 g) and its osmolality (28) between our study and that of
Phillips et al. (77), but it seems unlikely that observations made
with 75 g glucose would differ fundamentally from 50 g. In
contrast to our patients, the majority of the NIDDM patients in
the study by Phillips et al. (77) were taking oral hypoglycÃ©mie
agents. It has not been established whether long-term glycÃ©mie
control affects gastric emptying in diabetes mellitus but the
NIDDM patients studied by Phillips et al. (77) may have had
worse glycÃ©miecontrol than our group. Certainly, mean blood
glucose concentrations in their NIDDM patients were higher
than those observed in our study, despite the lower oral glucose
load. There was no significant difference in age or body weight
between the two groups in our study although mean age and
body weight were slightly greater in the NIDDM patients. The
age range of our NIDDM patients was similar to those studied
by Phillips et al. (77). These factors are, therefore, unlikely to
have influenced our results (29,30).
Although in many patients with NIDDM, fasting hyperglycemia is present for many years before diagnosis (37), all of our
NIDDM patients had this diagnosis made no more than 12 mo
previously compared to up to 3 yr in the study by Phillips et al.
(a)
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FIGURE 2. Gastric emptying from the total stomach in control subjects and
NIDDM patients (mean values Â±s.e.m.). *p < 0.05, "p < 0.01 between the
two groups.
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(//) and none had retinopathy. Autonomie nerve function is
frequently impaired soon after the onset of diabetes mellitus (/)
and the observation that autonomie function was abnormal in
some of our NIDDM patients was not unexpected. Gastric
emptying of glucose is influenced by prior patterns of dietary
glucose intake (30,32). For example, in normal subjects, dietary
glucose supplementation accelerates (32), while caloric restric
tion delays, gastric emptying of glucose (30). It is possible that
potential differences in diet between the two groups, which
were not evaluated, could have influenced our observations and
those of Phillips et al. (//). Gastric secretion cannot be
quantified by radionuclide gastric emptying techniques, but the
theoretical possibility that gastric acid secretion may be less in
the NIDDM patients would result in a spurious increase in the
rate of gastric emptying, rather than the observed slightly
slower emptying. Frank et al. (19) recently reported that gastric
emptying of the liquid component of a mixed solid/liquid meal
was more rapid in 10 patients with longstanding NIDDM (mean
duration 4.2 yr) than in the normal subjects, the magnitude of
the difference was relatively small and this observation con
flicts with previous reports (6,7). Additional studies evaluating
gastric emptying in NIDDM, with different test meals will be
required to resolve these controversies.
Delayed gastric emptying in diabetes mellitus has been
traditionally thought to reflect irreversible autonomie dysfuncFullness
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FIGURE 6. Scores for hunger (left)and fullness(right)in control subjects and
NIDDM patients (mean values Â±s.e.m.). tP < 0.05 cf. baseline. *p < 0.05
between groups.

tion (33), but recent studies indicate that the blood glucose
concentration has a substantial effect on gastric motility and
gastric emptying (1,6,30,32,34-37).
For example, in IDDM
patients, gastric emptying is slower during hyperglycemia
compared to euglycemia (36) and accelerated during hypoglycemia (37). In our study the slightly slower emptying in
NIDDM may, therefore, be attributable to the hyperglycÃ©mie
effects. The threshold, or latency, for slowing of gastric
emptying by hyperglycemia may be greater than normal in
NIDDM patients (38) and this perhaps accounts for the fact that
slower emptying was only evident some time after ingestion of
the drink (after 150 min). The prevalence of delayed gastric
emptying during euglycemia has not been evaluated in either
NIDDM or IDDM, but is likely to be less than that reported for
patients with diabetes mellitus in general (/). Thus, our study
does not exclude the possibility that gastric emptying may be
accelerated or normal in early NIDDM during euglycemia.
Dietary modification is the major approach to the manage
ment of NIDDM and the demonstration that postprandial
hyperglycemia in NIDDM, after a glucose load, is related to the
rate of gastric emptying, has major implications for the man
agement of these patients (/). We have demonstrated that
gastric emptying accounts for about 36% of the variance in
blood glucose concentrations after a 75-g glucose load in early
NIDDM, similar to that reported in normal subjects (13). The
slope of the regression between blood glucose and gastric
emptying was significantly greater in the NIDDM patients than
the control subjects, indicative of a greater rise in blood glucose
from the entry of glucose into the small intestine.
Frank et al. (19) recently demonstrated that hepatic glucose
release is a determinant of postprandial blood glucose concen
trations in NIDDM, perhaps because suppression of postpran
dial glucagon release is impaired. In contrast to us, these
authors were unable to demonstrate a relationship between the
rate of systemic appearance of glucose and gastric emptying in
NIDDM. There are several factors which may account for this
discrepancy. Frank et al. (19) used a solid/liquid meal with 50 g
glucose included as a gelatin. Although gelatin is a liquid at
body temperature, its rate of emptying was slower than would
be expected of a liquid (11,13). The relationship between
postprandial blood glucose concentrations and gastric emptying
is likely to be the strongest with liquid meals of high glucose
content which empty relatively rapidly from the stomach
(11,13,30). Fasting blood glucose concentrations in the NIDDM
patients were higher in the study by Frank et al. (~11
mmole/liter compared to ~8 mmole/liter) and this may have
influenced their results (15). Most importantly, the relationship
between the rate of systemic appearance of glucose and gastric
emptying was evaluated by Frank et al. (19) at only one time
point (60 min) and at this time the relationship was almost
significant in the normal subjects (r = 0.50, p = 0.1). It is
uncertain whether a relationship may have been evident at other
times. It is not surprising that Frank et al. (19) found no
difference in the systemic appearance of ingested glucose
between the control and NIDDM groups as there was relatively
little difference in gastric emptying of the liquid component of
the meal, particularly in the first 50 min (65% compared with
59%).
In contrast to the above data, two recent studies demonstrat
ing that slowing of gastric emptying improves glycÃ©miecontrol
in NIDDM (39,40), strongly support our assertion that gastric
emptying is a major determinant of the blood glucose response
to oral carbohydrate in NIDDM. In early NIDDM, intravenous
administration of cholecystokinin octapeptide (39) and oral
administration of a proteinase inhibitor (40) both retard gastric
GASTRICEMPTYINGIN NIDDM â€¢
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emptying of glucose and this is associated with lower postpran
dial blood concentrations of both glucose and insulin. Phillips et
al. (11,39) have accordingly suggested that pharmacological
retardation of gastric emptying may have a therapeutic role in
the treatment of NIDDM and we agree with this concept. The
beneficial effects of high glycÃ©mieindex foods and certain
forms of fiber (41 ) on glycÃ©miecontrol in NIDDM may reflect
retardation of gastric emptying, as well as slower intestinal
carbohydrate absorption (40). The recent observation that ca
loric restriction improves glycÃ©miecontrol in obese patients
with NIDDM, independent of changes in body weight (42) may
reflect slowing of gastric emptying (30), as well as changes in
hepatic glucose metabolism (42). The beneficial effects of a
galactosidase inhibitors, such as acarbose, on glycÃ©miecontrol
in NIDDM (43) may also be mediated by changes in gastric
emptying.
CONCLUSION

The observed differences in hunger and fullness between
NIDDM patients and the control subjects are of some interest
but require confirmation. In particular, the higher score for
fullness in the patients with NIDDM may reflect the greater
prevalence of gastrointestinal symptoms in this group. How
ever, the observed direct relationship between hunger and
gastric emptying of glucose suggests that the stimulation of
small intestinal receptors, rather than gastric distension, influ
ences postprandial hunger in NIDDM.
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