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Background and aims: Whey protein and guar gum have both been reported to reduce postprandial
glycemia in health and type 2 diabetes, associated with stimulation of glucagon-like peptide-1 (GLP-1)
and/or slowing of gastric emptying. Our aim was to evaluate, in type 2 diabetes, the acute effects of low
dose “preloads” of whey and guar, given alone or in combination before a meal, on postprandial glycemia,

Keywords: ) insulin, GLP-1, and gastric emptying.
‘é"hey protein Methods: 21 patients with type 2 diabetes, managed by diet or metformin alone, were each studied on 4
uar gum

days. They received a preload “shake” 15min before a mashed potato meal (368.5 kcal) labeled with 3C-
octanoic-acid. The preloads comprised either (i) 17 g whey (W), (ii) 5 g guar (G), (iii) 17 g whey + 5 g guar
(WG) each sweetened with 60 mg sucralose, and (iv) 60 mg sucralose alone (control; C), all dissolved in
150 mL water. Venous blood was sampled frequently for measurements of glucose, insulin, and GLP-1
concentrations. Gastric half-emptying time (T50) was calculated from breath 3CO, excretion over
240 min.
Results: Postprandial blood glucose concentrations were lower with W and WG compared to C (each
P < 0.0001, treatment x time interaction), and lower after G than C only at 30min. Insulin, GLP-1, and
glucagon concentrations were higher after W than WG, G, or C (P < 0.05, treatment x time interaction),
without differences between the latter three. Gastric emptying was slower with W (T50: 179.6 + 6.1 min,
P < 0.05) and WG (T50: 197.6 + 9.7 min, P < 0.0001) when compared to C (T50: 162.9 + 6.2 min), but did
not differ between G (T50: 171.3 + 7.0) and C (P > 0.99).
Conclusion: Both whey and whey/guar preloads reduced postprandial glycemia, associated with slowing
of gastric emptying. Low dose guar was less effective as a preload for glucose-lowering and did not slow
gastric emptying.
Clinical Trial Registry number and website: Australian and New Zealand Clinical Trials Registry, Trial ID
ACTRN12615001272583, http://www.anzctr.org.au
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Introduction

There is increasing recognition of the importance of lowering
postprandial blood glucose, as opposed to fasting or pre-prandial
glycemia, to achieve target HbA1c and reduce glycemic variability
and cardiovascular risk in type 2 diabetes [1—3]. Nutritional stra-
tegies to reduce postprandial glycemia are attractive, and represent
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the greatest opportunity for optimising glycemic control at an
affordable cost as the healthcare demands of society escalate.
Both the rate of gastric emptying, and the actions of the
incretin hormones, glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP), are major de-
terminants of postprandial glycemic excursions [4,5]. In both
health and type 2 diabetes, postprandial glycemia is attenuated by
interventions that slow gastric emptying, and exacerbated by
those that accelerate it [4,6,7]. In health, GLP-1 and GIP both ac-
count for the augmentation in insulin secretion after oral
compared to isoglycemic intravenous glucose administration (the
“incretin” effect). In type 2 diabetes, the insulinotropic effect of
GIP is diminished, whereas GLP-1 retains its capacity to stimulate
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insulin secretion, and also slows gastric emptying [8,9] and sup-
presses glucagon secretion and energy intake [10]. Accordingly,
stimulation of GLP-1 secretion is appealing in the management of
type 2 diabetes.

Our group has developed the concept of giving macronutrient
“preloads” such as poorly absorbed carbohydrate [11], or protein
[12] at a fixed interval before a meal, so that the presence of nu-
trients in the small intestine stimulates the release of gut hor-
mones, including GLP-1, augments insulin secretion [12,13], and
slows gastric emptying of the meal. We have reported that 55 g
whey protein given 30 min before a high carbohydrate meal
markedly reduced postprandial blood glucose (by ~3 mmol/L) via
these mechanisms in type 2 diabetes [12]. However, such a dose of
whey entails a large energy load (210 kcal), and would be relatively
expensive if used regularly.

Guar gum is a viscous soluble fibre, and when given with a meal,
can decrease postprandial glycaemic excursions by slowing gastric
emptying [14] and inhibiting small intestinal absorption of glucose
[15,16], associated with reduced, rather than increased plasma in-
sulin levels, as well as attenuation of plasma GLP-1 and GIP. Guar
supplementation has also been associated with reductions in waist
circumference, HbA1c and serum trans-fatty acids in patients with
type 2 diabetes [17]. Accordingly, combining both guar gum and
whey protein in a dietary supplement may be advantageous. A low
dose of whey (17 g), when combined with 5 g guar and taken
15 min before a high carbohydrate test meal, was recently reported
to reduce postprandial blood glucose excursions in type 2 diabetes
[18], and has an energy burden of only 90 kcal, making it preferable
to higher dose preloads for regular consumption. However, the
relative contribution of whey and guar to glucose-lowering and
slowing of gastric emptying when used alone, and whether their
actions are additive or synergistic when given together, are
uncertain.

The aims of this study were to compare directly the acute effects
of whey protein and guar gum preloads, either alone or in combi-
nation, on postprandial glycemia, insulin, GLP-1, and gastric
emptying in type 2 diabetes.

Materials and methods
Subjects

Twenty one patients with type 2 diabetes (16 males, 5 females),
managed by diet (n = 9) or a stable dose of metformin (n = 12) only,
were studied after providing written, informed consent. Their age
(mean =+ standard error) was 66 + 2 years, body mass index (BMI)
30.8 + 1.0 kg/m? HbAlc 6.4 + 0.1% (46.4 + 1.5 mmol/mol), and
duration of known diabetes 6.3 + 1.9 years. None had significant
comorbidities of diabetes, were smokers, or were taking any
medication known to affect gastrointestinal function. The protocol
was approved by the Human Research Ethics Committee of the
Royal Adelaide Hospital and conducted in accordance with the
principles of the Declaration of Helsinki as revised in 2000. The trial
was prospectively registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12615001272583).

Each patient was studied on 4 occasions, separated by at least 4
days, in a single-blind, randomized, cross-over design. Patients
were provided with a standardized evening meal consisting of beef
lasagne (McCain Foods, Australia) to be consumed with bread, a
non-alcoholic beverage, and one piece of fruit at 1900h on the
evening before each study. Subjects were then instructed to abstain
from all food and nutrient beverages, but were allowed to drink
water until midnight, before attending the laboratory at 0800 h. On
arrival, an intravenous cannula was inserted into a forearm vein for
repeated blood sampling.

Subjects were given a preload “shake” containing either (i) 17 g
whey protein (W), (ii) 5 g high molecular weight guar gum (G)
(both provided by Omniblend Innovation, Australia), (iii) 17 g
whey protein + 5 g guar gum (WG) each sweetened with 60 mg
sucralose, or (iv) 60 mg sucralose alone (control; C). Each preload
was dissolved in 150 mL water, and consumed at t = —15 min
within 2 min, followed by a standardised semi-solid test meal
(t = 0—5 min). The meal consisted of 65 g powdered potato (Deb;
Unilever Australia) and 20 g glucose, reconstituted with 200 mL
water and one egg yolk containing 100uL '3C-octanoate
(368.5 kcal: 61.4 g carbohydrate, 7.4 g protein and 8.9 g fat). Breath
samples were collected immediately before, and every 5 min after,
meal ingestion for the first hour and every 15 min for a further 3 h
for measurement of gastric emptying. Venous blood samples
(~15 mL) were taken immediately before administration of the
preload (t = —20 min), and at t = 0, 15, 30, 60, 90, 120, 180 and
240 min for measurement of blood glucose, and plasma insulin,
total GLP-1 and glucagon. Blood samples were placed in ice-
chilled EDTA tubes and were centrifuged at 3200 rpm for
15 min. Plasma was separated and stored at —80 °C for subsequent
analysis.

Blood glucose, GLP-1, insulin and glucagon assays

Blood glucose concentrations were measured using a gluc-
ometer (Optium Xceed, Abbott Laboratories, USA). Plasma insulin
was measured by ELISA immunoassay (10-1113; Mercodia, Swe-
den), with sensitivity of 1.0mU/L and intra- and inter-assay CVs of
2.7% and 5.8%. Plasma total GLP-1 was measured by radioimmu-
noassay (GLPIT-36HK; Millipore, USA), with sensitivity of 3 pmol/L,
and intra- and inter-assay CVs of 4.8% and 9.7% respectively. Plasma
glucagon was measured by radioimmunoassay (GL-32K; Millipore,
USA), with sensitivity of 20 pg/mL, and inter- and intra-assay CVs of
13.2% and 3.6%.

Gastric emptying

Gastric emptying of the potato meal, labeled with *C-octanoic
acid, was evaluated by excretion of 13C02 in the breath, measured
by non-dispersive infrared spectrometer (FANci2, Fischer ANalysen
Instrumente, Germany). The gastric half-emptying time (T50) was
calculated using the formula described by Ghoos et al. [19], which
has been validated against scintigraphy [20].

Statistical analysis

Data relating to glucose, insulin, GLP-1, and glucagon concen-
trations were evaluated by 2-way repeated measures analysis of
variance (ANOVA) using treatment and time as factors and are
shown as mean values + SEM. Post hoc comparisons, adjusted for
multiple comparisons by Bonferroni correction, were performed if
ANOVAs revealed significant interactions. Incremental areas under
the curves (iAUC) for blood glucose, GLP-1, insulin and glucagon
concentrations were calculated using the trapezoidal rule [21]. The
iAUCs for glucose, GLP-1, insulin, and glucagon, and the gastric
emptying T50, were compared using one-factor ANOVA. Based on
our previous studies [12,22], it was determined that inclusion of 21
participants would provide 80% power to detect a 0.6 mmol/l dif-
ference between treatments in mean blood glucose concentrations
after the test meal, with Bonferroni adjusted P < 0.05, to allow for
multiple post-hoc comparisons. Relationships between the change
in blood glucose from baseline and the T50 were evaluated using
the Pearson correlation coefficient. Analyses were performed using
GraphPad Prism 7.0 (GraphPad Software, USA). P < 0.05 was
considered statistically significant.
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Results
Blood glucose concentrations

Fasting blood glucose did not differ between the four study days
(W 7.4 + 0.2 mmol/L, G 7.4 + 0.2 mmol/L, WG 7.6 + 0.2 mmol/L, C
7.4 + 0.2 mmol/L). None of the preloads affected blood glucose in
advance of the main meal. After the meal, blood glucose concen-
trations increased on each day before returning to baseline
(Fig. 1A). There was a significant treatment effect (P < 0.05) and
treatment x time interaction (P < 0.0001) on postprandial glyce-
mia, such that blood glucose concentrations were lower after W
and WG at t = 30, 60, 90 min, and lower after G at t = 30 min only,
when compared to C. Blood glucose concentrations were lower
after W than WG at t = 120 min, after W than G at t = 60, 90 and
120 min, and after WG than G at t = 60 and 90 min (P < 0.05 for
each). Blood glucose concentrations were higher after W, G, and
WG at t = 180 min when compared to C, without any difference at
t = 240 min. Similarly, there was a significant treatment effect on
iAUC for blood glucose concentrations (P < 0.05), such that iAUC
was lower for W than G, and for WG than G (P < 0.05 for each)
(Table 1). There was no difference in iAUC for G than C (P > 0.99).

Plasma insulin concentrations

Fasting plasma insulin concentrations did not differ between the
four study days. Plasma insulin increased modestly in advance of
the main meal after W, but not WG or G (P < 0.05, treatment x time
interaction at t = 0 min). After the meal, plasma insulin concen-
trations increased on each day before returning to baseline (Fig. 1B).
There was a significant treatment effect (P < 0.0001) and
treatment x time interaction (P < 0.0001) such that postprandial
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insulin concentrations were higher after W than C at t = 15, 30 and
60 min, after W than WG at t = 15 and 30 min, and after W than G at
t =15, 30, 60 and 90 min. Postprandial insulin concentrations were
lower after G than C at t = 30 and 90 min (P < 0.05 for each). There
was also a significant treatment effect on the overall iAUC for
plasma insulin (P < 0.05), such that insulin concentrations were
higher after W than G (P < 0.05) (Table 1).

Plasma GLP-1 concentrations

Fasting plasma GLP-1 concentrations did not differ between the
four study days. Plasma GLP-1 increased in advance of the meal
only after W (P < 0.05, treatment x time effect, at t = 0 min). After
the meal, GLP-1 concentrations increased on each day before
returning to baseline (Fig. 1C). There was a significant treatment
effect (P < 0.0001) and treatment x time interaction (P < 0.05),
such that postprandial GLP-1 concentrations were higher after W
than C from t = 15—180 min, after W than WG from t = 15—120 min,
after W than G from t = 15—240 min, and after WG than G at t = 90
and 120 min. Postprandial GLP-1 concentrations were lower after G
than C at t = 15 and 60 min (P < 0.05 for each). There was a sig-
nificant treatment effect on the iAUC for plasma GLP-1 (P < 0.0001),
such that GLP-1 concentrations were higher after W than C, WG
and G (P < 0.05 for each) (Table 1).

Plasma glucagon concentrations

Fasting plasma glucagon concentrations did not differ between
the four study days. Plasma glucagon increased in advance of the
main meal after W (P < 0.0001, treatment x time interaction, at
t = 0 min) and WG (P < 0.05, treatment x time interaction, at
t = 0 min) when compared to C, with a greater increase after W
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Fig. 1. Effects of preloads whey (W), guar (G), whey/guar (WG), or control (C) on blood glucose (A), plasma insulin (B), plasma GLP-1 (C), and plasma glucagon (D) in response to a
high carbohydrate meal in 21 patients with type 2 diabetes. Repeated-measures ANOVA was used to determine statistical difference. Post hoc comparisons were adjusted by
Bonferroni-Holm correction. P < 0.05 for each treatment x time interaction; *P < 0.05 W vs. C, #P < 0.05 WG vs C, aP<0.05 G vs C, B P < 0.05 W vs WG, ¢P<0.05 W vs G, 3P<0.05 WG

vs G. Data are mean values + SEM.
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Table 1

Effects of preloads whey (W), guar (G), whey/guar (WG), or control (C) on iAUC, glucose, plasma insulin, plasma GLP-1, and plasma glucagon in response to a high carbohydrate

meal in 21 patients with type 2 diabetes.

C w G WG P value
Glucose iAUC _15-240min (Mmol/L-min) 597 + 53 505 + 58¢ 617 + 58 506 + 550 <0.05
Insulin iAUC _15-_240min (MU/L-min) 5340 + 629 7041 + 1139¢ 4661 + 530 5955 + 833 <0.05
GLP-1 iAUC _15_240min (pmol/L-min) 1180 + 214 2197 + 342*B ¢ 853 + 183 1256 + 181 <0.0001
Glucagon iAUC _;5-_240min (Pg/mL-min) 674 + 107 4663 +383"( ¢ 851 + 192 3140 + 3353# <0.0001

Data are mean + SEM. One-factor ANOVA was used to determine statistical difference. Post hoc comparisons were adjusted by Bonferroni-Holm correction. *P < 0.05 W vs. C,

P < 0.05 W vs WG, ¢P<0.05 W vs G, 3P<0.05 WG vs G #P < 0.05 WG vs C.

than WG (P < 0.05, treatment X time effect, at t = 0 min). After the
meal, glucagon concentrations increased on each day before
returning to baseline (Fig. 1D). There was a significant treatment
(P < 0.0001) and treatment x time interaction (P < 0.0001), such
that glucagon concentrations were higher after W than C from
t = 15—120 min, after W than WG at t = 15, 30 and 60 min, after W
than G from t = 15—120 min, after WG than C from t = 15—120 min,
and after WG than G from t = 15—120 min. There was also a sig-
nificant treatment effect on the overall iAUC for plasma glucagon
(P <0.0001) such that glucagon concentrations were higher after W
than C, after W than WG, after W than G, after WG than C, and after
WG than G (P < 0.05 for each) (Table 1).

Gastric emptying

There was a treatment effect for gastric emptying (Fig. 2), such
that the T50 was greater after WG (197.6 + 9.7 min) than either C
(162.9 + 6.2 min, P < 0.0001) or G (171.3 + 7.0, P < 0.05). The T50
was also greater after W (179.6 + 6.1 min) than C (P < 0.05). While
the mean T50 was numerically greater after WG than W, this dif-
ference did not achieve statistical significance (P = 0.10). Gastric
emptying was similar between G and C (P > 0.99). In a pooled
analysis of all subjects on all four study days, there was an inverse
relationship between the change in blood glucose between
t = 0—60 min and T50 (r = —0.59, P < 0.0001) such that when
gastric emptying was slower (i.e. T50 greater), the rise in post-
prandial glucose was less (Fig. 3).

Discussion

In patients with type 2 diabetes managed by diet or metformin
alone who have relatively good glycemic control, we observed that
(i) a low dose whey preload reduced the postprandial glycemic
response to a high carbohydrate meal, associated with stimulation
of insulin, GLP-1, and glucagon before and after the main meal, and
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gastric emptying half time (T50) of a high carbohydrate meal in 21 patients with type 2
diabetes. One-factor ANOVA was used to determine statistical difference. Post hoc
comparisons were adjusted by Bonferroni-Holm correction. *P < 0.05 W vs C.
#P < 0.0001 WG vs. C, aP<0.05 WG vs G. Data are mean values + SEM.
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Fig. 3. Relationship between change in blood glucose at 60 min and gastric emptying
(T50) evaluated using the Pearson correlation.

slowing of gastric emptying; (ii) a low-dose guar preload reduced
only the early postprandial glycemic response, attenuated post-
prandial insulin and GLP-1 secretion, and did not slow gastric
emptying; and (iii) the combined whey/guar preload exhibited
similar effects on postprandial glycemia and gastric emptying to
those of whey alone, but was associated with relatively attenuated
insulin, GLP-1, and glucagon secretion.

Whey reduces postprandial glycemia by stimulating the release
of GLP-1 and augmenting insulin secretion [12,13] as well as
slowing gastric emptying [12], while guar reduces postprandial
glycemia through slowing gastric emptying [14] and inhibiting
small intestinal absorption of glucose [15,16]. In our study, both the
whey and whey/guar preloads were effective in reducing post-
prandial glycemia and slowing gastric emptying, supporting the
use of either as a glucose-lowering therapy. Guar reduced the early
rise in blood glucose at the 30 min time point only, and had a
neutral effect on gastric emptying whether given alone or when
added to whey. This is in contrast to our previous report that
showed slowing of gastric emptying when guar was added to a
glucose drink [14], although in the latter study the dose of guar
used was higher (9 g). The reduction in postprandial glycemia with
guar may, therefore, be related to inhibition of intestinal absorption
of glucose as opposed to slowing of gastric emptying. It has pre-
viously been established, moreover, that guar is much more effec-
tive for lowering glycemia when added to a high-carbohydrate
meal than when given as a pre-meal drink [23]. When pooling data
from all the preloads, however, we observed a strong correlation
between the postprandial rise in blood glucose and the rate of
gastric emptying, consistent with the concept that slowing of
gastric emptying is a key mechanism for reducing postprandial
glycemia [4].

Whey protein is a rich source of essential and branched chain
amino acids, which are known to have potent insulinotropic [24]
and glucagonotropic [25] properties. We did not measure plasma
amino acid concentrations, but the observation that whey stimu-
lated greater insulin and glucagon release than the other preloads
supports the concept that amino acids are important in stimulating
the secretion of these hormones.
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Guar is reported to attenuate the rise in plasma GLP-1 to
intraduodenal glucose, and whey protein to stimulate GLP-1 [12].
As expected, the whey preload in our study stimulated GLP-1
release prior to the meal, which was not observed with either the
guar or control preloads. The addition of guar to the whey preload
reduced this effect substantially, likely due to guar reducing the
rate of digestion of whey and the exposure of the products of
digestion to the distal small intestinal mucosa [16], where the
entero-endocrine cells that release GLP-1 are located. This suggests
that the timing of preload ingestion in relation to the subsequent
meal may be more critical for the whey preload than for the whey/
guar combination, since the effects of the former would be opti-
mised when the peak GLP-1 response coincides with the time of
meal ingestion. Conversely, the whey/guar combination may prove
to be effective even if given with, rather than in advance of, the
meal. Moreover, since glucose-lowering by the whey/guar preload
does not appear to be dependent on the stimulation of insulin
secretion, it may represent an advantage when given to patients
with type 2 diabetes who have substantial beta cell dysfunction.
However, we acknowledge that we would need specifically to
evaluate such patients with more advanced diabetes in order to be
able to establish this point with confidence.

An advantage of our study is that we examined the effects of
these preloads in patients with good overall glycemic control
(HbAlc < 7.9%), a group in which overall HbA1lc is particularly
dependent on managing postprandial glycemia [26,27]. There are,
however, several limitations which should be appreciated. We did
not evaluate the effects of varying the interval between preload
administration and meal ingestion, and as discussed above, this
may have differential effects depending on the nature of the pre-
load. Guar, in particular, may have a greater effect to reduce post-
prandial glycemia the closer it is taken to the meal [23].
Furthermore, we did not compare different doses of whey or guar;
varying the dose of each may have impacted on the glucose
lowering effect. For example, 55 g whey preloads appear to be
associated with greater glucose lowering than 25 g [12,28]. How-
ever, in this study we wished to focus on low-dose preloads in the
interests of limiting both their energy burden and cost.

In summary, in relatively well-controlled type 2 patients, both
low-dose whey and whey/guar preloads reduced the postprandial
glycemic excursion in response to a high carbohydrate meal,
associated with slowing of gastric emptying. The addition of guar to
whey did not augment glucose-lowering compared to whey alone,
but attenuated the secretion of GLP-1, insulin and glucagon. These
observations indicate that further investigation on the efficacy of
the whey/guar preload is warranted for postprandial glycaemic
control in patients with more advanced type 2 diabetes or higher
HbAlc.
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