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1 | INTRODUCTION

Summary

People with repeated rapid meal ingestion have been reported to have increased risk
of insulin resistance, impaired glucose tolerance and obesity. To explore whether
speed of eating a breakfast influences the postprandial rise of glucose, insulin and the
incretin hormones, 24 healthy subjects (12 men and 12 women, mean age 62 years)
ingested a standardized solid breakfast consisting of 524 kcal (60% from carbohy-
drate, 20% from protein, 20% from fat) over 5 or 12 minutes on separate days in
random order. Breakfast ingestion increased circulating glucose and insulin with
maximal levels seen at 30 minutes after start of meal ingestion with no significant
difference in the two tests. Similarly, breakfast increased circulating levels of total
(reflecting secretion) glucose-dependent insulinotropic polypeptide (GIP) and gluca-
gon-like peptide-1 (GLP-1) with, again, no difference between the tests. Furthermore,
gastric emptying, as revealed by the indirect paracetamol test, did not differ between
the tests. We therefore conclude that the speed of breakfast ingestion does not af-
fect the postprandial rise of glucose, insulin or incretin hormones in healthy

subjects.
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hormonal consequences of rapid ingestion of a meal compared to

slow ingestion.

Besides excessive food intake as an important risk factor, disruption
of regular eating is associated with obesity and hyperglycaemia.
Thus, comparing a large group of individuals who eat breakfast only
3-5 times/wk or less with a group having breakfast everyday showed
that the former group had an increased risk of developing type 2
diabetes over an eight-year follow-up period.1 Furthermore, skipping
breakfast has been shown to be associated with a higher glucose
levels through the day in subjects with type 2 diabetes.?

In addition, fast speed of eating has been shown to be asso-
ciated with health hazards, such as impaired glucose tolerance,
insulin resistance and obesity.>* This could be due to a larger ca-

loric intake in repeated rapid eating together with metabolic and

Whether the speed of eating affects postprandial metabolic con-
sequences is, however, not known. It may theoretically be specu-
lated that fast eating results in rapid increases in glucose and insulin,
which may have long-term consequences. One such consequence
would be that lipolysis would be inhibited more efficiently, since in-
sulin is known to inhibit lipolysis,” which may promote fat accumula-
tion. This hypothesis is not, however, supported by results of studies
comparing rapid or slow ingestion of a liquid meal ingestion10 orice

1112 iy healthy subjects'! or in subjects with type 2 diabe-

cream.
tes.}%12 Thus, these studies showed no difference in postprandial
levels of glucose or insulin between rapid (5 minutes) or slow (20 or

30 minutes) intake.
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Also, the incretin hormone levels may be different after rapid vs
slow eating, since their release has been demonstrated to depend
on the amount of load presented to the duodenum.® Differences in
the incretin hormones may have relevance for a potential difference
in insulin levels, since they stimulate insulin secretion.’* It may also
be of importance for regulation of food intake since the incretin hor-
mone glucagon-like peptide-1 (GLP-1) is a powerful satiety factor.*®
One study has indeed reported higher postprandial GLP-1 levels
after 60 minutes after the slow compared to fast ingestion in healthy
individuals'? but this was not confirmed in subjects with type 2 di-
abetes.!%'2 Effects of fast versus slow ingestion of a standardized
solid meal have, however, not been examined. Therefore, this study
examined levels of glucose, insulin and the two incretin hormones
glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 after
a rapid (5 minutes) vs a slow (12 minutes) intake of a standardized

solid breakfast in healthy nondiabetic subjects.

2 | METHODS

2.1 | Study population and design

The study was performed at the Clinical Research Center at Skane
University Hospital, Lund, Sweden. Twelve healthy male and
12 healthy female subjects (age 52-69 years, mean 62 + 6 years
[mean * SD], BMI 18-36 kg/m?, mean 25.5 + 3.8 kg/m?, body weight
74 + 12 kg) were studied. The subjects were recruited through ad-
vertisements at public spaces and in local newspaper. Inclusion cri-
teria were that the subjects should not have diabetes, liver disease,
kidney disease or thyroid disorder (diagnosed as normal HbAlc [mean
was, 35.8 + 4.5 (SD) mmol/mol] and liver enzymes, serum creatinine,
TSH and thyroid hormone levels within the normal range). Treatment
of hypercholesterolaemia and hypertension was accepted provided
that lipid levels were within the normal range and blood pressure
<135/85 mm Hg. Five subjects were taking statins, and eight sub-
jects were on antihypertensive treatment. All subjects were regular
breakfast eaters and able to eat all contents of the study breakfast.
The study had a single-centre crossover design. Each participant
was studied twice, separated by at least 1 week. Therefore, for the two
tests, the study populations, including medication, were exactly the
same. After an overnight fast at 8 am, subjects were provided with an
intravenous cannula and paracetamol (1.5 g; GlaxoSmithKline, MéIndal,
Sweden) was given for assessment of gastric emptying. Thirty minutes
later, that is at 8.30 am, a breakfast was served. The breakfast consisted
of rye and wheat bread (67% carbohydrate; 60 g), 40% margarine (10 g),
smoked ham, from pork (3% fat; 15 g), cheese with 17% fat (15 g), juice
(285 g), green pepper (40 g), light sour milk with 0.5% fat (200 g), mix-
muesli cereal with fruit (40 g), water and nonsweetened coffee or tea
(total 524 kcal; 60% from carbohydrate, 20% from protein, 20% from
fat). The breakfast ingestion was closely supervised by the study nurse
to be exactly 5 minutes in one test and exactly 12 minutes in the other
test. The two tests were performed in a randomized order. These time
ranges were chosen to reflect ranges in common habits when ingesting

a relatively small amount of food as the breakfast represents. Blood

was sampled at specific time points. First sample was taken 5 minutes

before start of breakfast ingestion, which was performed at time t = 0.

2.2 | Assay

Blood was collected in chilled tubes containing EDTA (7.4 mmol/L;
glucose, insulin and C-peptide) or EDTA and the DPP-4 inhibitor
diprotin A (0.1 mmol/L; Bachem, Bubendorf, Switzerland; GIP and
GLP-1). Samples were immediately centrifuged at 4°C, and plasma
was frozen at -20°C. Glucose was measured using the glucose
oxidase method, insulin using ELISA (Mercodia, Uppsala, Sweden,
detection limit 6.9 pmol/L, interassay coefficient of variation [CV]
2.6%-3.6% and intraassay CV 2.1%-2.9% at low and high levels), total
GIP using ELISA (Merck, detection limit 0.8 pmol/L, interassay CV
3.0%-8.8% and intraassay CV 2.1%-3.9% at low and high levels),
and total GLP-1 using ELISA (Merck, Burlington, MA, USA, detec-
tion limit 1.5 pmol/L, interassay CV 2.8%-3.2% and intra-assay CV
1.0%-2.0%). Paracetamol was analysed colorimetrically (Cambridge
Life Science, Ely, Cambridgeshire, UK).

2.3 | Data analysis

Means + SEM are shown if not stated otherwise. Both total and in-
cremental areas under the curve (AUC) were calculated using the
trapezoid rule. For statistical analyses, data for insulin, GLP-1 and
GIP were logarithmically transformed. Paired t test was used to test

the differences between fast and slow ingestion.

2.4 | Ethics statement

The study was performed according to the Declaration of Helsinki
and approved by the Ethic Committee, Lund, Sweden (no 2013/2).
All participants gave written informed consent after full explanation
of the purpose and nature of all procedures used. The study was reg-
istered at clinicaltrials.gov database (NCT01779622) and conducted
using good clinical practice.

3 | RESULTS

3.1 | Glucose, insulin

Glucose and insulin levels increased after breakfast ingestion; the
peaks were observed at 30 minutes (Figure 1). There was no signifi-
cant difference at any time point in glucose or insulin levels when
breakfast was ingested over 5 or 12 minutes. Furthermore, there
was no difference in time of peak levels of glucose and insulin or
their peak concentrations between the tests.

3.2 | GLP-1,GIP

Levels of GLP-1 and GIP increased after breakfast ingestion
with, again, no significant difference between ingestion over 5 vs
12 minutes at any time point (Figure 1). Furthermore, there was no
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Paracetamol (1.5 g) was given 30 min 0
before start of breakfast ingestion, which
was at time t = 0. Means + SEM are shown

difference in time of peak levels of GLP-1 and GIP or their peak con-

centrations between the tests.

3.3 | Paracetamol

Plasma paracetamol concentrations throughout the test and the
120 minutes AUC 3.4+ 0.7 and 3.6 + 0.8 mmol/L minutes
after rapid and slow breakfast ingestion, respectively) did not differ-

paracetamol (

ent significantly between the two tests (Figure 1).

4 | DISCUSSION

The main finding in this study is that rapid and slow ingestion of a
standardized solid breakfast within the time limit of 5-12 minutes
has no differential impact on postprandial glucose, insulin, GIP or
GLP-1 in healthy subjects. The rationale of the study was that it is
known that fast eating is associated with insulin resistance, impaired
glucose tolerance and obesity“'5 and it would therefore be of im-
portance to know whether postprandial glucose, insulin and incre-
tin hormones are affected by the speed of intake of a standardized

40 60 80 100 120

Time (min)

solid breakfast. Previous studies have shown similarly no difference
in postprandial glucose and insulin after slow vs rapid intake of liquid
meal or ice cream in healthy subjects.'®!! Besides that these stud-
ies examined liquid meals and our study standardized solid meal, a
difference between the studies was that the first blood sample after
meal ingestion was taken at 30 minutes in these previous studies, %!
and therefore, important early time points were not analysed.

It has been demonstrated before that there is a caloric-depen-
dent regulation of insulin and incretin hormone responses after meal
ingestion, since a larger meal elicits a higher postprandial insulin and
incretin hormone response than a smaller meal.'®' In fact, the re-
lease of GLP-1 has been shown to correlate to the rate of calories
delivered to the gut.18 This would theoretically suggest that rapid
eating would elicit a faster and higher incretin hormone response.
However, our results do not support this hypothesis, since within the
time frame of the eating period (5-12 minutes), there was no differ-
ence in the responses. Also, glucose and insulin levels were similar
after the two meal ingestion rates, which support previous results
after liquid and soft meal ingestions.lo'11
A major determinant for release of incretin hormones is gastric

emptying.13 If eating rate impacts gastric emptying, a difference in
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incretin hormone levels between the rapid and slow meal ingestion
would be anticipated. However, the regulation of gastric emptying is
strictly controlled by neurohormonal and adaptive mechanisms.'?2°
Therefore, an initial larger load to the duodenum after a rapid inges-
tion may be followed by adaptive responses to inhibit gastric emptying.
This could result in no difference in gastric emptying between rapid and
slow meal ingestion. To study gastric emptying in our present study, we
determined paracetamol concentrations after 1.5 g paracetamol was
taken 30 minutes before breakfast. This test of gastric emptying is easy
to perform and non-invasive, but it is important to acknowledge that
this technique is not the best test for estimating gastric emptying.21
Nonetheless, it has previously been validated as an indirect determi-
nation of gastric emptying.?%?® We found that there was no significant
difference in gastric emptying between the two tests, which illustrates
the finely tuned regulation of gastric emptying and also corroborates
the data on incretin hormones.

A strength of the study was that we examined a larger number of
subjects (24 subjects), to avoid conclusions drawn on an insufficient
number of subjects. We also studied healthy nondiabetic subjects to
assure a normal regulation of islet function. Another strength was that
we studied both men and women. A strength is also that we sampled
blood repeatedly over the study period, and therefore, it is unlikely that
we have missed a difference at some specific postprandial time point. A
limitation of our study was that we tested a single ingestion of rapid and
fast eating, and therefore, it remains to be studied whether long-term
difference in the speed of food ingestion impacts glucose, insulin and
incretin hormones. Another limitation may be that we studied middle-
aged subjects with a mean age of 62 years that are known to have a
slightly reduced gastric emptying.?*

Based on the data achieved from this study, we conclude that the
speed of a standardized solid breakfast ingestion within 5-12 min-
utes does not affect the postprandial rise of glucose, insulin or incre-

tin hormones in healthy subjects.
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