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ABSTRACT

Aims: To evaluate the natural history of gastric emptying in type 2 diabetes.
Methods: 12 patients with type 2 diabetes (7 female; age 65.6 + 1.2 years; duration of known
diabetes 22.9 + 1.5 years) were invited to return for repeat measurements of gastric empty-
ing using the same dual-labelled solid and liquid meal, a mean of 14.0 + 0.5 years after their
initial study. Blood glucose levels, glycated haemoglobin, upper gastrointestinal symptoms
and autonomic nerve function at baseline and follow up were also compared.
Results: Gastric emptying of solids was more rapid at follow up than at baseline (period
effect P < 0.05), while emptying of liquids was comparable at baseline and follow up (period
effect P=0.2). Gastric emptying of the solid component was abnormally slow (based on
T100min) in 6 subjects at baseline and 1 subject at follow up. Liquid emptying was abnor-
mally slow in 6 subjects at baseline, and 5 subjects at follow up. Two patients were insulin
treated at baseline, and 6 at follow up. HbAlc was higher at follow up (P < 0.05); however,
fasting blood glucose (P = 0.6), postprandial blood glucose excursions (P = 0.07), autonomic
nerve function (P >0.999), and total upper gastrointestinal symptom score (P = 0.1) did not
differ.
Conclusions: In patients with long-term type 2 diabetes, gastric emptying of solids and lig-
uids does not usually become more delayed over time, and abnormally slow gastric emp-
tying of solids may improve.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

postprandial glycaemia, and pharmacological or nutritional
therapies that slow gastric emptying, including “short-

Gastric emptying is often disordered in people with type 2
diabetes, with abnormally delayed emptying of solids and/or
nutrient liquids observed in 30-50% with longstanding type
2 diabetes [1]. While gastric emptying may be accelerated in
early type 2 diabetes [2,3], this has not been a consistent
observation [4]. Gastric emptying is a major determinant of

acting” GLP-1 receptor agonists, pramlintide, acarbose, or
nutrient preloads, are effective in lowering postprandial gly-
caemic excursions [5]. In healthy subjects, there is substantial
inter-individual variation in the rate of gastric emptying [6],
but the intra-individual variation is modest, so that emptying
is highly reproducible [7,8]. In both type 1 and type 2 diabetes,
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the inter-individual variation of gastric emptying is pre-
dictably greater than in health because of the higher preva-
lence of abnormal gastric emptying [1,9]. In type 1 diabetes,
the natural history, even over 25 years, is for gastric emptying
to remain stable [10,11]. However, little is known about the
intra-individual stability of gastric emptying measurements
over time in type 2 diabetes. If modulating the rate of gastric
emptying is to be developed further as a therapeutic strategy
for postprandial glycaemic control, additional information is
required about the natural history of gastric emptying in
these patients. We therefore aimed to undertake a follow up
study in patients with type 2 diabetes who had previously
had gastric emptying measured in our department.

2. Materials and methods

We examined the records of 167 patients with diabetes mel-
litus who had scintigraphic measurement of gastric emptying
for research purposes in our laboratory between 2000 and
2005 [12,13]. After excluding 45 patients known to have died
(Births Deaths and Marriages Register), 42 who had type 1
diabetes, and 27 whose current address could not be deter-
mined, letters of invitation to participate in the study were
sent by mail. Twenty-one patients declined to participate,
16 did not respond (either to the original letter or a reminder
sent 2 weeks later), and 4 were excluded due to advanced
age, iron deficiency, opiate use, and bariatric surgery
respectively.

Twelve patients with type 2 diabetes (7 female, 5 male;
mean age 65.6 + 1.2 years; body mass index 31.4 = 1.0 kg/m?;
duration of known diabetes 22.9 + 1.5 years) were, therefore,
available to undergo repeat measurement of gastric empty-
ing, which was undertaken a mean of 14.0 + 0.5 years after
their initial study. Of the 12 patients, 9 had evidence of
chronic kidney disease (stage 2 in 6, stage 3A in 2, and stage
4 in one), while 2 had modest elevation of transaminases at
follow up. Two had a history of retinopathy, 3 of peripheral
neuropathy, and 2 of macrovascular complications.

One patient who was taking weekly exenatide QW with-
held his medication and was studied 2 weeks after the last
dose. Other medications, including those for hypertension
(angiotensin receptor antagonists or angiotensin converting
enzyme inhibitors in 6, beta blockers in 3, and a calcium
channel antagonist in one), were withheld on the morning
of the study. No patient was a smoker.

Written informed consent was obtained from each partic-
ipant, and the protocol was approved by the Royal Adelaide
Hospital Research Ethics Committee.

At the initial study (“baseline”), the mean age was 51.6
+ 1.2 years, body mass index (BMI) was 30.5 + 0.9 kg/m?, and
duration of known diabetes was 8.9 + 1.5 years. At follow up,
the mean age was 65.6 + 1.2 years, BMI 31.2 + 1.0 kg/m?, and
duration of known diabetes 22.9 + 1.5 years. Insulin was used
in the management of diabetes in 2 patients at baseline and 6
patients at follow up (Table 1).

2.1.  Measurement of gastric emptying

Gastric emptying was evaluated using a dual isotope scinti-
graphic method identical to that used at baseline, providing

concurrent measurement of solid and nutrient liquid empty-
ing [14]. Patients presented to the department after an over-
night fast, and were given their usual insulin dose or anti-
hyperglycaemic medication with the meal. The solid compo-
nent comprised 100g minced beef labelled with 20 MBq
9mTe_sulfur colloid chicken liver (270 kcal), and the liquid
component was 150 mL 10% glucose labelled with 7 MBq
’Ga-ethylene-diamine-tetraacetic acid (EDTA) (60 kcal). Stud-
ies were performed with the patients seated with their backs
against a gamma camera. Data were acquired for 120 min,
with 1-minute frames for the first hour, and at 3-minute inter-
vals thereafter. Patients were instructed to consume the meal
within 5 min, and time zero (t = 0) was defined as the time of
meal completion. The retention (%) of solid and liquid in the
stomach at 30, 60, 90, and 120 min was quantified, along with
the percentage of solid retained at 100 min (T100 min), and
the time taken for 50% of the liquid to empty (T50%). Gastric
emptying results were classified as normal or abnormal using
a control range (mean + 2SD) established in 25 healthy volun-
teers (solid emptying T100min [12-61%)], and liquid emptying
T50% [8-31 min]) [15].

2.2.  Assessment of gastrointestinal symptoms

Symptoms of hunger, desire to eat, and fullness were
assessed before and after the meal using validated 100 mm
visual analogue scales [16]. Upper gastrointestinal symptoms
were assessed by a standardised questionnaire [15]. Gastric
(anorexia, nausea, early satiation, abdominal bloating/full-
ness, vomiting, abdominal pain) and oesophageal symptoms
(dysphagia, heartburn, acid regurgitation) were graded as 0
(none), 1 (mild; the symptom could be ignored), 2 (moderate;
the symptom could not be ignored, but did not influence daily
activities), or 3 (severe; the symptom influenced daily activi-
ties). A total symptom score was calculated as the score for
both gastric and oesophageal symptoms, with a potential
maximum score of 27.

2.3.  Assessment of autonomic neuropathy

Autonomic nerve function was evaluated using standardised
cardiovascular reflex tests (variation in heart rate during deep
breathing, heart rate response to standing, and fall in systolic
blood pressure in response to standing). Each test result was
scored as 0 = normal, 1 = borderline, 2 = abnormal. A score > 3
was considered to indicate autonomic dysfunction [17].

2.4.  Assessment of glycaemia

At baseline and follow up, glycated haemoglobin (HbAlc) was
measured from a fasting blood sample (SA Pathology, Ade-
laide, Australia), and blood glucose concentrations were mea-
sured using a glucometer (Optium Xceed, Abbott Laboratories,
Bedford, MA, USA) immediately before ingestion of the meal
(-5 min) and then at 30, 60, 90, 120 min after meal ingestion.

2.5.  Statistical analysis

Data were evaluated using repeated measures analysis of
variance (ANOVA), with “period” (baseline vs follow up) and
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“time” point within each study as factors, and are shown as
mean values + standard error of the mean. Post hoc compar-
isons, adjusted for multiple comparisons by Bonferroni cor-
rection, were performed if ANOVAs revealed significant
interactions between “period” and “time”. Incremental areas
under the curves (iAUC) for blood glucose concentrations
were calculated using the trapezoidal rule. Comparisons
between baseline and follow up were evaluated using paired
t-tests. Relationships of blood glucose values and HbAlc with
gastric emptying of solids and liquids were evaluated using
the Pearson correlation coefficient. Analyses were performed
using Prism 7.0 (La Jolla, CA, USA). P<0.05 was considered
statistically significant.

3. Results
3.1.  Gastric emptying

As a group, gastric emptying of solids was more rapid at fol-
low up than at baseline (period effect P < 0.05, and period*-
time interaction P <0.05), with significant differences at
t =90 and 120 min (P < 0.0001 for both), while emptying of lig-
uids was comparable at baseline and follow up (period effect
P =0.2). Gastric emptying of the solid component was abnor-
mally slow (based on T100min) in 6 subjects at baseline and 1
subject at follow up. Liquid emptying was abnormally slow in
6 subjects at baseline, and 5 subjects at follow up; 4 of these
subjects had delayed liquid emptying at both baseline and fol-
low up (Fig. 1). Both solid and liquid gastric emptying were
delayed in 4 subjects at baseline and none at follow up. No
subject had abnormally rapid gastric emptying of either solids
or liquids at baseline or follow up.

3.2.  Gastrointestinal symptoms

Fasting scores for hunger (30.8 + 8.5 mm at baseline vs 39.7
+9.1mm at follow up, P =0.07), desire to eat (34.8 +9.1 mm
vs 43.8 £ 10.2 mm, P =0.2), and fullness (9.2 + 4.1 mm vs 13.5
+7.9mm, P =0.6) did not differ between baseline and follow
up. Postprandial scores for hunger (0-120 min) were lower at
follow up than at baseline (period*time interaction P < 0.05,
however post-hoc comparisons were non-significant); ratings
of desire to eat (P=0.2) and fullness (P=0.5) were similar
(Fig. 2).

Eleven subjects had upper gastrointestinal symptoms at
baseline and 11 at follow up. The mean score for oesophageal
symptoms was greater at follow up than at baseline (baseline
0.8 £ 0.3 vs follow up 1.9 + 0.3, P = 0.04), but there were no dif-
ferences in either gastric (P = 0.4) or total upper gastrointesti-
nal symptom scores (P = 0.1) between baseline or follow up.

3.3. Glycaemic assessment

The mean HbAlc was higher at follow up (9.0 +0.3% [73.5
+3.5mmol/mol]) when compared to baseline (7.4+0.4%
[56.8 + 4.5 mmol/mol], P < 0.05). Fasting blood glucose concen-
trations were comparable at baseline (9.7 + 0.8 mmol/L) and
follow up (10.4 + 0.8 mmol/L) (P = 0.6). Blood glucose concen-
trations increased postprandially, and tended to be higher at
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Fig. 1 - A: Gastric emptying of solid (retention at 100 min) and liquid (50% emptying time (T50)) meal components measured
at baseline and follow up in 12 patients with type 2 diabetes. Normal ranges are indicated by the shaded areas. B: Gastric
emptying (mean + SEM) of solid and liquid meal components measured at baseline (white circles) and follow up (black circles)

in 12 patients with type 2 diabetes. ‘indicates P < 0.0001 for baseline versus follow up by repeated measures ANOVA.
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Fig. 2 - Visual analog scores for hunger, desire to eat, and fullness at baseline (white circles) at follow up (black circles).
Repeated-measures ANOVA was used to determine significance between baseline and follow up for hunger (P < 0.05), desire

to eat (P = 0.2), and fullness (P = 0.5).

follow up than at baseline (P =0.07 for period * time interac-
tion; P=0.1 for comparison of iAUC (baseline 223.8
+34.73mmol/L.min vs follow up 300 +54.17 mmol/L.min)
(Fig. 3).

There were no relationships evident between fasting blood
glucose or HbAlc and the rate of gastric emptying of both
solids and liquids, either at baseline or follow up in the 12
patients studied twice, or in the entire original cohort. How-
ever, there was a strong relationship between the increment
in blood glucose 30 min after the meal and the liquid half-
emptying time in the 12 patients at baseline (r=-0.77,

P =0.004), as well as the whole original cohort (r=-0.48,
P =0.008), i.e., the faster the liquid emptying, the greater the
blood glucose increment at 30 min. This relationship was
not statistically significant in the 12 patients at their follow
up visit.

3.4.  Autonomic neuropathy
Seven subjects had evidence of cardiovascular autonomic

neuropathy at baseline, and 6 at follow up; five of these had
abnormal tests at both baseline and follow up. The mean
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Fig. 3 - A. Postprandial blood glucose concentrations (Period * Time P = 0.07, repeated measures ANOVA) B: iAUGC for
postprandial blood glucose concentrations (mean values + SEM, paired t-test baseline and follow up, P = 0.1), and G: HbA1lc
(values for individual patients at baseline and follow up, paired t test baseline vs follow up, P < 0.05).

score for autonomic nerve function score did not change
between baseline and follow up (P > 0.999).

3.5.  Comparison with patients not followed up

When the baseline characteristics of our patient group were
compared with those of the type 2 diabetes patients who
had died, refused to participate, or were otherwise lost to fol-
low up, there were no differences in age (51.6 + 1.2 versus 52.7
+ 1.6 years), BMI (30.5+0.9 versus 31.4+ 0.6 kg/m?), HbAlc
(7.4 +0.4 versus 7.2+0.3%), fasting blood glucose (9.7 +0.8
versus 9.6+ 0.7 mmol/L), or gastric emptying for solids
(T100min 64.1+5.9 versus 63.2+4.7) or liquids (t50% 35.6
+5.7 versus 29.1 + 3.7 min).

4, Discussion

This study has evaluated of the natural history of gastric emp-
tying in patients with type 2 diabetes. During a mean follow-
up of 14 years, gastric emptying of solids tended to improve in
those who had abnormally slow emptying at baseline. Empty-
ing of nutrient liquids was stable over time, such that if it was
abnormally slow at baseline, it was also slow at follow up.
Moreover, for both solids and liquids, emptying that was ini-
tially in the normal range generally did not become slower
over time.

We previously evaluated the natural history of gastric
emptying using scintigraphy in patients with predominantly
type 1 diabetes, and observed no overall change over time
in the rate of emptying of either solids or liquids. Jones et al
studied twenty patients with diabetes — 16 type 1 and 4 type
2 — and reported no differences in either solid or liquid gastric
emptying over a period of 12 years [11]. Similarly, Chang et al
evaluated the same group 25 years after the initial study and
found that gastric emptying remained stable over that period
[10]. Our findings in patients with type 2 diabetes suggest sim-
ilar stability in those with normal solid emptying, and in
those with either slow or normal liquid emptying on the ini-
tial study. However, our finding that initially slow solid emp-
tying can became more rapid over time in type 2 diabetes
contrasts with these longitudinal studies of predominantly
type 1 patients. The reasons for this difference are unclear.

Prevailing blood glucose concentrations influence gastric
emptying, such that acute hyperglycaemia — even at physio-
logical postprandial levels - is associated with slowing of gas-
tric emptying compared with euglycemia, in both health and
type 1 diabetes [18,19]. In our study, the delay in solid gastric
emptying at baseline compared to follow up is not attributa-
ble to differences in blood glucose concentrations, which
were similar during the fasting state on both occasions and
tended to be higher postprandially at follow up. Moreover,
we did not observe a relationship between fasting blood glu-
cose and gastric emptying of liquids or solids, at either base-
line or follow up. This is consistent with the observations of
other investigators that the rate of gastric emptying in type
2 diabetes was not related to fasting glucose or HbAlc
[20,21]. However, in the DCCT/EDIC cohort of patients with
type 1 diabetes, slow gastric emptying at long term follow
up was found to be related to a high baseline HbA1lc [22], sug-
gesting that hyperglycaemia early in the course of type 1 dia-
betes is relevant to the development of disordered gastric
function. Other than the reversible influence of acute hyper-
glycaemia, the pathophysiology of delayed gastric emptying
is complex and heterogeneous. Irreversible autonomic neu-
ropathy potentially contributes, but its relationship with the
rate of gastric emptying is, at best, weak, particularly in type
2 diabetes [1]. In our patients, autonomic neuropathy was pre-
sent in 3 of 6 patients who had delayed gastric emptying at
baseline, and we did not observe a relationship between auto-
nomic function scores and solid gastric emptying.

In contrast to the lack of effect of fasting blood glucose on
gastric emptying, there was a strong relationship between the
rate of emptying of the liquid phase (which contained virtu-
ally all the carbohydrate) and the increment in blood glucose
30min after the meal. A similar observation has been
reported previously in health [23] as well as type 2 diabetes
[4]. However, such a relationship was not apparent on the fol-
low up study, possibly because many more patients were
using exogenous insulin at follow up than at baseline (6 ver-
sus 2).

In response to the same meal, postprandial hunger scores
overall were lower at follow up compared with baseline. This
finding was not unexpected, as aging is known to be associ-
ated with some degree of physiological anorexia [24]. Oeso-
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phageal symptoms such as dysphagia, heartburn, and acid
regurgitation worsened over time, however there were no sig-
nificant changes in total upper gastrointestinal symptoms
between baseline and follow up. That symptoms should not
improve over time despite a normalisation of delayed solid
emptying is not entirely unexpected; although there is some
relationship between upper gastrointestinal symptoms and
delayed gastric emptying [25], and symptoms may improve
with prokinetic drugs [26], the relationship between symp-
toms and delayed gastric emptying is known to be weak [15].

It has been postulated that accelerated gastric emptying
may precede the development of type 2 diabetes, and/or con-
tribute to worsening of glycaemic control [2,3]. Rapid gastric
emptying has also been demonstrated in adolescents with
type 1 diabetes [27], and is predictably associated with a
greater rise in postprandial blood glucose. Similarly, studies
evaluating patients with longstanding type 2 diabetes have
reported abnormally rapid gastric emptying in approximately
20% [28]. No patient in our study had abnormally rapid empty-
ing of solid or liquid at either baseline or follow up. It is well
established that the relationship between liquid and solid gas-
tric emptying in type 2 diabetes is weak, such that those with
severe gastroparesis of solids may have normal gastric empty-
ing of liquids, while up to 24% of those with delayed emptying
of a nutrient liquid have normal solid emptying [15,29]. In our
study, all 6 patients with delayed liquid gastric emptying at fol-
low up demonstrated normal emptying of solids, while emp-
tying of the liquid component — which contained almost all
of the carbohydrate content — remained stable over time. It
is likely that the deterioration in glycaemic control evident
in our patients at follow up, as reflected in the HbAlc, was
attributable to progressive beta cell failure, an established fea-
ture of type 2 diabetes, although we did not confirm this by
measuring plasma insulin concentrations. That we did not
observe any significant difference in postprandial incremental
glucose concentrations over time in our patients, is consistent
with the lack of change in liquid emptying.

Potential mechanisms by which initially slow gastric emp-
tying could become more rapid over time may include the
development of impaired proximal gastric accommodation
to a meal, or a loss of factors that inhibit emptying [30,31].
An example of the latter is amylin, a pancreatic hormone
co-secreted with insulin, which often reaches low or unde-
tectable plasma concentrations in patients with type 1 or
late-stage type 2 diabetes [32,33]. Accordingly, relative amylin
deficiency could potentially contribute to an increase in the
rate of gastric emptying over time in longstanding type 2 dia-
betes [34]; however, we did not measure plasma amylin con-
centrations in our patients.

There are limitations to our study. The number of patients
was small, so that larger cohorts should be studied to confirm
our findings. At baseline, patients had already been diagnosed
with diabetes for a mean of almost 9 years, so our study does
not provide information about changes in gastric emptying
early in the disease course. Moreover, they had relatively sub-
optimal glycaemic control at follow up (mean HbA1lc 9.0%), so
our observations may not generalise to a better controlled
population. We did not assess patients under identical fasting
glucose conditions, but this seems unlikely to account for the
changes in solid meal emptying over time. At follow up, a

number of patients had developed renal impairment, and dia-
betes medications had changed in many. While these factors
may have influenced gastric emptying, they would be more
likely to slow than accelerate it, so they appear unlikely to
account for our observations. We acknowledge that selection
of study participants was potentially biased, since they had
previously participated in research studies concerning exper-
imental therapies for gastroparesis within our department
[12,13]. However, a strength is that follow up measurement
of gastric emptying was by invitation from the investigators,
rather than being performed for clinical indications; the latter
might have biased the outcomes. Moreover, the baseline char-
acteristics of the patients whom we were able to follow up did
not differ from those of the patients who could not be studied
again due to death, refusal, or inability to contact, suggesting
that our follow up data ought to be representative of the
entire original cohort. We used a meal that differs from that
advocated by the American Neurogastroenterology and Motil-
ity Society and the Society of Nuclear Medicine [29], but it was
essential that we used the same meal at follow up as at base-
line. Our data highlight that there is frequently inconsistency
between solid and liquid gastric emptying; in our opinion, this
supports our practice of measuring both. We evaluated gastric
retention over 2 h rather than 4, but the correlation between
retention at these time points is reported to be good [35].
Our reference range to define “normal” gastric emptying rep-
resents 2 standard deviations on either side of the mean,
derived from 25 healthy volunteers [15]. We could have used
a more conservative range defined by the 10th and 90th per-
centiles from this sample, which would categorise 9 patients
as having abnormally slow solid emptying at baseline and 3 at
follow up, and 8 patients having abnormally slow liquid emp-
tying at baseline and 9 at follow up; however, this would not
change the interpretation of our observations substantially.
We acknowledge that various validated scoring systems have
been developed to evaluate gastrointestinal symptoms in dia-
betes (eg. the Gastroparesis Cardinal Symptom Index [36]), but
as for gastric emptying measurement, it was important for
the purposes of this study to use an identical questionnaire
at baseline and follow up.

The main clinical implication of our findings relates to the
relative stability of gastric emptying in type 2 diabetes, partic-
ularly if gastric emptying is within the normal range on initial
evaluation. These patients would be candidates for pharma-
cological or dietary therapies that slow gastric emptying in
order to improve postprandial glycaemic excursions. Patients
with initially slow emptying of solids, on the other hand, do
not inexorably progress and indeed may improve over time,
so that they may merit re-evaluation if such therapies were
to be considered later in the course of their management.

Acknowledgements

This study was funded by a grant awarded by the National
Health and Medical Research Council of Australia
(APP1066815). L.E.-W was supported by a Dawes Scholarship,
and TW and LKP by Early Career Fellowships, awarded by
the Royal Adelaide Hospital. KL] was supported by a Univer-
sity of Adelaide Beacon Research Fellowship.



DIABETES RESEARCH AND CLINICAL PRACTICE IG54 (2019) 27-34 33

Declaration of Competing Interest

The authors declare no conflict of interest.

REFERENCES

[1] Horowitz M, Harding PE, Maddox AF, Wishart JM, Akkermans
LM, Chatterton BE, et al. Gastric and oesophageal emptying in
patients with type 2 (non-insulin-dependent) diabetes
mellitus. Diabetologia 1989;32:151-9.

[2] Phillips W, Schwartz J, McMahan C. Rapid gastric emptying of
an oral glucose solution in type 2 diabetic patients. ] Nucl
Med 1992;33:1496-500.

[3] Schwartz JG, Green GM, Guan D, McMahan CA, Phillips WT.
Rapid gastric emptying of a solid pancake meal in type II
diabetic patients. Diabetes Care 1996;19:468-71.

[4] Jones KL, Horowitz M, Carney BI, Wishart JM, Guha S, Green L.
Gastric emptying in early noninsulin-dependent diabetes
mellitus. ] Nucl Med 1996;37:1643-8.

[5] Marathe CS, Rayner CK, Jones KL, Horowitz M. Relationships
between gastric emptying, postprandial glycemia, and
incretin hormones. Diabetes Care 2013;36:1396-405.

[6] Collins PJ, Horowitz M, Cook DJ, Harding PE, Shearman DJ.
Gastric emptying in normal subjects-a reproducible
technique using a single scintillation camera and computer
system. Gut 1983;24:1117-25.

[7] Camilleri M, Iturrino J, Bharucha AE, Burton D, Shin A, Jeong
ID, et al. Performance characteristics of scintigraphic
measurement of gastric emptying of solids in healthy
participants. Neurogastroenterol Motil 2012;24:1076-e1562.

[8] Nair NS, Brennan IM, Little TJ, Gentilcore D, Hausken T, Jones
KL, et al. Reproducibility of energy intake, gastric emptying,
blood glucose, plasma insulin and cholecystokinin responses
in healthy young males. Br ] Nutr 2009;101:1094-102.

[9] Horowitz M, Harding PE, Maddox A, Maddern GJ, Collins PJ,
Chatterton BE, et al. Gastric and oesophageal emptying in
insulin-dependent diabetes mellitus. ] Gastroenterol Hepatol
1986;1:97-113.

[10] Chang], Russo A, Bound M, Rayner CK, Jones KL, Horowitz M.
A 25-year longitudinal evaluation of gastric emptying in
diabetes. Diabetes Care 2012;35:2594-6.

[11] Jones KL, Russo A, Berry MK, Stevens JE, Wishart JM, Horowitz
M. A longitudinal study of gastric emptying and upper
gastrointestinal symptoms in patients with diabetes
mellitus. Am J Med 2002;113:449-55.

[12] Russo A, Stevens JE, Giles N, Krause G, O’Donovan DG,
Horowitz M, et al. Effect of the motilin agonist KC 11458 on
gastric emptying in diabetic gastroparesis. Aliment
Pharmacol Ther 2004;20:333-8.

[13] Stevens JE, Russo A, Maddox AF, Rayner CK, Phillips L, Talley
NJ, et al. Effect of itopride on gastric emptying in
longstanding diabetes mellitus. Neurogastroenterol Motil
2008;20:456-63.

[14] Jones KL, Horowitz M, Wishart JM, Maddox AF, Harding PE,
Chatterton BE. Relationships between gastric emptying,
intragastric meal distribution and blood glucose
concentrations in diabetes mellitus. ] Nucl Med
1995;36:2220-8.

[15] Horowitz M, Maddox AF, Wishart JM, Harding PE, Chatterton
BE, Shearman DJ. Relationships between oesophageal transit
and solid and liquid gastric emptying in diabetes mellitus.
Eur J Nucl Med 1991,18:229-34.

[16] Parker BA, Sturm K, MacIntosh CG, Feinle C, Horowitz M,
Chapman IM. Relation between food intake and visual
analogue scale ratings of appetite and other sensations in

healthy older and young subjects. Eur J Clin Nutr
2004;58:212-8.

[17] Ewing DJ, Clarke BF. Diagnosis and management of diabetic
autonomic neuropathy. Br Med ] 1982;285:916-8.

[18] Fraser R, Horowitz M, Maddox A, Chatterton B, Harding P,
Dent J. Hyperglycaemia slows gastric emptying in type 1
(insulin-dependent) diabetes mellitus. Diabetologia
1990;30:675-80.

[19] Schvarcz E, Palmer M, Aman ], Horowitz M, Stridsberg M,
Berne C. Physiological hyperglycemia slows gastric emptying
in normal subjects and patients with insulin-dependent
diabetes mellitus. Gastroenterology 1997;113:60-6.

[20] Bharucha AE, Kudva Y, Basu A, Camilleri M, Low PA, Vella A,
et al. Relationship between glycemic control and gastric
emptying in poorly controlled type 2 diabetes. Clin
Gastroenterol Hepatol 2015;13(466-476) e461.

[21] Merio R, Festa A, Bergmann H, Eder T, Eibl N, Stacher-Janotta
G, et al. Slow gastric emptying in type I diabetes: relation to
autonomic and peripheral neuropathy, blood glucose, and
glycemic control. Diabetes Care 1997;20:419-23.

[22] Bharucha AE, Batey-Schaefer B, Cleary PA, Murray JA, Cowie
C, Lorenzi G, et al. Delayed gastric emptying is associated
with early and long-term hyperglycemia in type 1 diabetes
mellitus. Gastroenterology 2015;149:330-9.

[23] Horowitz M, Edelbroek MA, Wishart JM, Straathof JW.
Relationship between oral glucose tolerance and gastric
emptying in normal healthy subjects. Diabetologia
1993;36:857-62.

[24] Cook CG, Andrews JM, Jones KL, Wittert GA, Chapman IM,
Morley JE, et al. Effects of small intestinal nutrient infusion
on appetite and pyloric motility are modified by age. Am J
Physiol 1997;273:R755-61.

[25] Vijayvargiya P, Jameie-Oskooei S, Camilleri M, Chedid V,
Erwin PJ, Murad MH. Association between delayed gastric
emptying and upper gastrointestinal symptoms: a
systematic review and meta-analysis. Gut 2019;68:804-13.

[26] Vijayvargiya P, Camilleri M, Chedid V, Mandawat A, Erwin PJ,
Murad MH. Effects of promotility agents on gastric emptying
and symptoms: a systematic review and meta-analysis.
Gastroenterology 2019;156:1650-60.

[27] Perano SJ, Rayner CK, Kritas S, Horowitz M, Donaghue K,
Mpundu-Kaambwa C, et al. Gastric emptying is more rapid in
adolescents with type 1 diabetes and impacts on
postprandial glycemia. J Clin Endocrinol Metab
2015;100:2248-53.

[28] Bharucha AE, Camilleri M, Forstrom LA, Zinsmeister AR.
Relationship between clinical features and gastric emptying
disturbances in diabetes mellitus. Clin Endocrinol (Oxf)
2009;70:415-20.

[29] Abell TL, Camilleri M, Donohoe K, Hasler WL, Lin HC, Maurer
AH, et al. Consensus recommendations for gastric emptying
scintigraphy: a joint report of the American
Neurogastroenterology and Motility Society and the Society
of Nuclear Medicine. ] Nucl Med Technol 2008;36:44-54.

[30] Nowak TV, Johnson CP, Kalbfleisch JH, Roza AM, Wood CM,
Weisbruch JP, et al. Highly variable gastric emptying in
patients with insulin dependent diabetes mellitus. Gut
1995;37:23-9.

[31] Weytjens C, Keymeulen B, Van Haleweyn C, Somers G,
Bossuyt A. Rapid gastric emptying of a liquid meal in long-
term Type 2 diabetes mellitus. Diabet Med 1998;15:1022-7.

[32] Samsom M, Szarka LA, Camilleri M, Vella A, Zinsmeister AR,
Rizza RA. Pramlintide, an amylin analog, selectively delays
gastric emptying: potential role of vagal inhibition. Am J
Physiol Gastrointest Liver Physiol 2000;278:G946-51.

[33] Thompson RG, Pearson L, Schoenfeld SL. Kolterman OG:
Pramlintide, a synthetic analog of human amylin, improves
the metabolic profile of patients with type 2 diabetes using


http://refhub.elsevier.com/S0168-8227(19)30290-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0005
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0010
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0010
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0010
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0015
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0020
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0020
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0020
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0025
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0030
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0035
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0040
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0045
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0050
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0055
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0060
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0065
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0070
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0075
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0080
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0085
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0090
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0095
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0100
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0100
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0100
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0100
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0105
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0105
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0105
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0105
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0110
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0115
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0120
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0125
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0130
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0135
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0140
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0145
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0150
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0150
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0150
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0150
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0155
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0155
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0155
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0160
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0160
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0160
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0160
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0165
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0165
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0165

34

DIABETES RESEARCH AND CLINICAL PRACTICE I54 (20I9) 27-34

insulin. The Pramlintide in Type 2 Diabetes Group. Diabetes [36] Revicki DA, Rentz AM, Dubois D, Kahrilas P, Stanghellini V,
Care 1998;21:987-93. Talley NJ, et al. Development and validation of a patient-
[34] Hieronymus L, Griffin S. Role of amylin in type 1 and type 2 assessed gastroparesis symptom severity measure: the

diabetes. Diabetes Educ 2015;41:47s-56s. Gastroparesis Cardinal Symptom Index. Aliment Pharmacol
[35] Pathikonda M, Sachdeva P, Malhotra N, Fisher RS, Maurer AH, Ther 2003;18:141-50.

Parkman HP. Gastric emptying scintigraphy: is four hours
necessary? J Clin Gastroenterol 2012;46:209-15.


http://refhub.elsevier.com/S0168-8227(19)30290-6/h0165
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0165
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0170
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0170
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0175
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0175
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0175
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0180
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0180
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0180
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0180
http://refhub.elsevier.com/S0168-8227(19)30290-6/h0180

	Longitudinal evaluation of gastric emptying in type 2 diabetes
	1 Introduction
	2 Materials and methods
	2.1 Measurement of gastric emptying
	2.2 Assessment of gastrointestinal symptoms
	2.3 Assessment of autonomic neuropathy
	2.4 Assessment of glycaemia
	2.5 Statistical analysis

	3 Results
	3.1 Gastric emptying
	3.2 Gastrointestinal symptoms
	3.3 Glycaemic assessment
	3.4 Autonomic neuropathy
	3.5 Comparison with patients not followed up

	4 Discussion
	ack16
	Acknowledgements
	Declaration of Competing Interest
	References


