
Previous investigations suggested the actual blood
glucose concentration to be a determinant of the
rate of gastric emptying. In healthy subjects, experi-
mentally induced hyperglycaemia slowed emptying
[1±3] and in patients with Type I (insulin-dependent)
diabetes mellitus, emptying was slower during in-
duced hyperglycaemia than in euglycaemia [3, 4]. In
cross-sectional investigations in diabetic patients,
these relations between naturally occurring, longer-

lasting increases in blood glucose concentrations and
gastric emptying were less clear or even indiscernible
[5±9]. To explain the impact of actual, longer-lasting
increases in blood glucose concentrations and of their
reduction on gastric emptying, we studied gastric
emptying in patients with Type II (non-insulin-de-
pendent) diabetes mellitus and secondary failure to
respond to oral hypoglycaemic therapy firstly before
treatment readjustment and secondly 1 week thereaf-
ter, when glycaemia was greatly decreased.
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Abstract

Aims/hypothesis. Hyperglycaemia that is induced
short-term slows gastric emptying in healthy subjects
and patients with diabetes mellitus. Little informa-
tion is available on the impact of longer-lasting, natu-
rally occurring blood glucose increases and their re-
duction to euglycaemic values. We studied the rela-
tion between gastric emptying and pre-prandial and
postprandial blood glucose concentrations in patients
with Type II (non-insulin-dependent) diabetes melli-
tus and secondary failure to respond to oral hypo-
glycaemic treatment (a) before readjusting hypo-
glycaemic therapy and (b) 1 week thereafter.
Methods. We studied 9 female and 1 male patient
(age 60±78 years, BMI 21.9±32.5 kg/m2, diabetes du-
ration 3±33 years, HbA1 c 8.8±13.2%). Gastric empty-
ing of a radiolabelled semisolid 1168 kJ meal was re-
corded scintigraphically.

Results. Blood glucose concentration pre-prandial
and postprandial was considerably lower subsequent
to than before therapy readjustment in all patients
(fasting, 7.9 mmol/l ± 1.5 SD vs 11.7 ± 1.7 mmol/l;
60 min postprandial, 11.7 ± 2.0 vs 15.4 ± 2.2 mmol/l).
By contrast, gastric emptying was unchanged (residu-
al radioactivity in stomach 50 min postprandial
65.7 ± 14.1% vs 66.5 ± 12.9%). There was no relation
between emptying and either fasting blood glucose
concentration or its postprandial increase.
Conclusion/interpretation. The data do not support a
major impact of actual, longer-lasting, naturally oc-
curring blood glucose concentrations upon the rate
of gastric emptying in patients with Type II diabetes.
[Diabetologia (1999) 42: 1410±1412]
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Subjects and methods

Patients. We studied nine women and one man with Type II di-
abetes and secondary failure to respond to oral hypoglycaemic
therapy [age 60±78 (median 71) years; duration of Type II dia-
betes 3±33 (median 15) years; BMI 21.9±32.5 (median 27.7)
kg/m2; HbA1c 8.8±13.2 (median 10.7) %, normal range 4±6 %]
before and after therapy readjustment. None had signs indica-
tive of peripheral neuropathy, had undergone operations or
was taking drugs that potentially interfere with gastrointestinal
motility. After admission to hospital, their therapy was read-
justed by either switching to, or combining with, another hy-
poglycaemic agent or switching to insulin. The study was con-
ducted according to the Declaration of Helsinki as revised in
1996.

Procedure. Patients underwent assessments of the gastric emp-
tying of a semisolid standard meal immediately before therapy
readjustment and 1 week thereafter. Capillary blood glucose
was recorded just before meal ingestion and at 15-min intervals
up to 120 min thereafter. Venous blood for the determination
of insulin concentration by radioimmunoassay was drawn be-
fore meal ingestion. All investigations were done in the morn-
ing with patients who had finished their last meal no later
than 2000 hours on the preceding day; no hypoglycaemic
agents were taken in the preceding 12 h.

Assessment of gastric emptying. The emptying of a semisolid
1168 kilo-Joule meal (250 ml milk, 15 g sugar, 14 g maize starch
and cinnamon) mixed with 72 MBq [99mTc]phytate was record-
ed scintigraphically [8]. Recording began at the end of meal in-
gestion and lasted 50 min. Serial images over 1 min each were
acquired in frame mode. Counts in the region of interest in-
cluding the stomach were corrected for the variation in tissue
attenuation caused by the changing position of the meal within
the stomach, background activity, the use of a single-headed
gamma camera and radionuclide decay. The counts at each
time-point were related to the counts at the start of data acqui-
sition considered as 100 % and expressed as the percentage of
radioactivity remaining in the stomach, i. e. residual radioactiv-
ity (RRA). The areas under the activity-time curves (AUC)
were calculated as overall measures of emptying. The criterion
for delayed emptying was an AUC greater than 4526 units, i. e.
more than the mean AUC + 1.5 SD of 67 healthy, symptom-
free subjects (9 women, 58 men; aged 32.0 ± 12.3 years; BMI
22.9 ± 3.2 kg/m2).

Statistical analysis. An analysis of variance for repeated mea-
sures was carried out on the differences between the RRAs be-
fore and after therapy readjustment at 10, 20, 30, 40, and
50 min postprandially. The influences of the pre-prandial
blood glucose concentration and that of the increase recorded
15, 30 and 45 min postprandially over pre-prandial values
(area under curve) were accounted for by using the differences
between the values before and after therapy readjustment as
covariables. To analyse the shape of the emptying curves, re-
gression analyses for the differences between the RRAs as re-
corded before and after therapy readjustment at 10, 20, 30, 40,
and 50 min postprandially were carried out, which accounted
also for the above-mentioned covariables. In addition, correla-
tion analyses between the RRA at 50 min and HbA1 c, pre-
prandial blood glucose concentration and that at 60 min after
meal ingestion, respectively, as well as two-sided t tests for
paired observations were carried out. The zero hypothesis
was rejected at an error probability of p less than 0.05 (2-
tailed).

Results

Blood glucose concentrations pre-prandially as well
as at every postprandial time-point were considerably
lower after than before therapy readjustment in all
patients. The mean pre-prandial and postprandial
glucose concentrations differed significantly (t (9)
= 9.12, p < 0.0001; Fig.1). Despite the significantly
lowered blood glucose, gastric emptying was virtually
unchanged and the mean emptying curves did not dif-
fer (Fig.2). This was confirmed by the regression
analyses which showed that none of the differences
between the RRAs recorded before and after therapy
readjustment at 10 to 50 min postprandially differed
significantly from zero. The mean AUCs at 50 min
were 4277 ± 359 and 4139 ± 278 units, respectively.
The mean AUC before therapy readjustment was sig-
nificantly larger than that of the healthy subjects (t
(75) = 2.95, p < 0.01).

The analysis of variance yielded no hint that the
course of emptying over time was systematically
changed [F (4, 28) = 2.21, NS]. There was no influ-
ence of the differences between the pre-prandial glu-
cose concentrations as recorded before and after
therapy readjustment on emptying [F (1, 7) = 0.31,
NS]. The differences between increases in blood glu-
cose concentrations over those pre-prandial, as re-
corded before and after readjustment, also had no in-
fluence on emptying [F (1, 7) = 0.26, NS]. The pre-
prandial blood glucose concentration was not related
to the RRA at 50 min postprandial [r (18) = 0.099,
NS]. Further, the absolute blood glucose concentra-
tions attained 60 min postprandially were not related
to the RRAs at 50 min [r (18) = 0.086, NS]. There
was also no relation between the RRA at 50 min as
recorded before therapy readjustment and the
HbA1 c at that point [r (8) = 0.160, NS]. Fasting insu-
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Fig.1. Blood glucose concentrations before ingestion of the
semisolid standard meal (0 min) and 15 to 120 min after the
end of meal ingestion. Solid line, before therapy readjustment;
broken line, after therapy readjustment (means ± SD)



lin concentrations before and after therapy readjust-
ment (means, 8.0 ± 4.8 and 7.0 ± 3.6 mU/l, respective-
ly) did not differ [t (8) = 0.93, NS].

Discussion

Because gastric emptying remained unaffected by the
significantly lower pre-prandial and postprandial
blood glucose concentrations, which resulted from
therapy readjustment, this does not speak for a major
impact of actual, longer-lasting, naturally occurring
blood glucose concentrations upon the emptying in
patients with Type II diabetes. Our observations con-
trast with reports of an association between high glu-
cose concentrations and slow emptying in healthy
people [1, 2, 10] as well as in Type I diabetic patients
[4, 6]. Most of the latter studies [1, 2, 4] investigated,
however, the influence of experimentally induced
short-term and massive increases in blood glucose
concentrations, whereas we evaluated the impact of
sustained but in relation modestly heightened con-
centrations and of their reduction. No relation be-
tween fasting blood glucose concentration and gastric
emptying was also found in previous studies in pa-
tients with Type I diabetes [5, 7, 9]. Against a major
importance of pre-prandial blood glucose concentra-
tion also speaks the lack of a relation between empty-
ing and HbA1 c shown in this and an earlier study [9].

The emptying rates observed also were not influ-
enced noticeably by the extent of the postprandial in-
crease in blood glucose concentration: neither the ab-
solute glucose concentration attained nor the extent
of increase above those pre-prandial corresponded
to the emptying rate. This finding is not consistent
with earlier observations made in subjects who had

ingested liquid [6, 7, 10] and semisolid meals [9],
which suggested a direct relation between emptying
rate and increase in blood glucose concentration.
The discrepancy could be explained by most of these
investigations having been made, in contrast to the
present one, in patients with Type I diabetes [7, 9] or
in a group consisting predominantly of such patients
[6]. The latter study in 86 patients with Type I and
Type II diabetes also indicated that there is no close
relation between postprandial blood glucose concen-
tration and emptying: although liquid was emptied
slower in patients with a mean plasma glucose con-
centration greater than 15 mmol/l than in those with
a mean concentration less than 15 mmol/l, solid meal
components were not emptied differently [6].

In conclusion, the data do not support a major im-
pact of actual, longer-lasting, naturally occurring
blood glucose concentrations upon the rate of gastric
emptying in patients with Type II diabetes.
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Fig.2. Gastric emptying of the semisolid standard meal before
(solid line) and after (broken line) therapy readjustment
(means ± SD)


