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Thrice daily consumption of a novel,
premeal shot containing a low dose of
whey protein increases time in
euglycemia during 7 days of free-living
in individuals with type 2 diabetes

Kieran Smith @ ," Guy S Taylor

Kelly A Bowden Davies,"* Emma J Stevenson, Daniel J West

ABSTRACT

Introduction During acute feeding trials, consuming a
large dose of whey protein (WP) before meals improves
postprandial glucose regulation in people with type 2
diabetes. It is unclear if the reported benefits of premeal
WP supplementation are translatable to everyday care
or are associated with clinically meaningful, real-world
glycemic outcomes. This study examined the application
of a novel, premeal shot containing a low dose of WP on
parameters of free-living glycemic control in people with
type 2 diabetes.

Research design and methods In a randomized,
placebo-controlled, single-blind crossover design,

18 insulin naive individuals with type 2 diabetes
((mean=SD) age, 50+6 years; HbA, _(glycated
hemoglobin), 7.4%=+0.8%; duration of diabetes, 6+5
years) consumed a ready-to-drink WP shot (15 g of
protein) or a nutrient-depleted placebo beverage

10 min before breakfast, lunch, and dinner over a 7-
day free-living period. Free-living glucose control was
measured by blinded continuous glucose monitoring and
determined by the percentage of time spent above range
(>10mmol/L), in euglycemic range (3.9—-10.0 mmol/L),
below range (<3.9mmol/L) and mean glucose
concentrations.

Results Mealtime WP supplementation reduced

the prevalence of daily hyperglycemia by 8%=+19%
(30%=25% vs 38%=28%, p<0.05), thereby enabling

a 9%=+19% (~2 hours/day) increase in the time spent

in euglycemia (p<0.05). Mean 24-hour blood glucose
concentrations were 0.6x1.2 mmol/L lower during WP
compared with placebo (p<0.05). Similar improvements
in glycemic control were observed during the waken
period with premeal WP supplementation (p<0.05),
whereas nocturnal glycemic control was unaffected
(p>0.05). Supplemental compliance/acceptance was
high (>98%), and no adverse events were reported.
Conclusions Consuming a novel premeal WP shot
containing 15g of protein before each main meal reduces
the prevalence of daily hyperglycemia, thereby enabling a
greater amount of time spent in euglycemic range per day
over 7 days of free-living in people with type 2 diabetes.

Trial registration number ISRCTN17563146; www.isrctn.

com/ISRCTN17563146

,! Lise H Brunsgaard,? Mark Walker,®
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Postprandial glycemic excursions are predominant
contributors to overall glycemic control. During
laboratory-based feeding trials, the consumption of
whey protein prior to a meal reduces postprandial
glycemia in individuals with type 2 diabetes.

= ltis unclear if the reported benefits of premeal whey
protein supplementation are translatable to every-
day care or are associated with clinically meaningful
glycemic outcomes.

WHAT THIS STUDY ADDS

= This is the first study to investigate the application
of a bespoke-made, premeal shot containing a low
dose of whey protein hydrolyzate on parameters of
day-to-day glycemic control in free-living people
with type 2 diabetes.

= Our study shows that consuming a small amount of
whey protein before each main meal reduced the
daily time spent in hyperglycemia in adults with type
2 diabetes, compared with the ingestion of placebo
treatment.

= The reduction in hyperglycemia enabled a 2-hour in-
crease in time spent within euglycemia per day and
reduced mean daily glucose concentrations without
compromising the risk of hypoglycemia.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= The prevalence of hyperglycemia remains an under-
appreciated problem for people with controlled type
2 diabetes treated with available therapies.

= Given the financial implications associated with an-
tihyperglycemic pharmacotherapies, the provision of
premeal whey protein supplementation may offer an
effective non-pharmaceutical approach to regulate
glycemia.

INTRODUCTION
For people with controlled type 2 diabetes
(T2D), the regulation of postprandial

BM)

BMJ Open Diab Res Care 2022;10:¢002820. doi:10.1136/bmjdrc-2022-002820 1

1ybuAdoo Aq pajoaloid
‘N ueljodonsy 181SayduB Je 120z ‘g Auenigad uo /wod fwg-aip//:dny woly papeojumod "220zg AN 92 U 028200-2202-24plwa/9eTT 0T Se paysiignd 1suy :a1ed say qeld uado (NG


http://drc.bmj.com/
http://orcid.org/0000-0001-7275-4379
http://orcid.org/0000-0002-5207-1498
http://orcid.org/0000-0003-2246-4925
http://dx.doi.org/10.1136/bmjdrc-2022-002820
http://dx.doi.org/10.1136/bmjdrc-2022-002820
http://dx.doi.org/10.1136/bmjdrc-2022-002820
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2022-002820&domain=pdf&date_stamp=2022-05-25
ISRCTN17563146
http://www.isrctn.com/ISRCTN17563146
http://www.isrctn.com/ISRCTN17563146
http://drc.bmj.com/
http://drc.bmj.com/
http://drc.bmj.com/
http://drc.bmj.com/
http://drc.bmj.com/
http://drc.bmj.com/

Clinical care/Education/Nutrition

glycemia (PPG) is essential to achieving optimal glycemic
control,! * which may reduce the risk of complications
associated with hyperglycemia.” * Indeed, PPG excur-
sions are predominant contributors to overall glycemic
control, as measured by glycated hemoglobin (HbA, ) 12
However, there is growing recognition that PPG are not
only determinants of HbA _but are also an independent
cardiovascular risk factor,” ® thus supporting the devel-
opment of strategies that limit PPG excursions. Given
the reluctance from patients to initiate new antihyper-
glycemic medications or to intensify existing treatment
regimens,’ the use of non-pharmaceutical approaches to
regulate PPG is desirable.

Nutrition plays an integral role in the management of
T2D® and represents an opportunity to optimize glycemic
control in a cost-effective manner.” We'’ and others'' ™"
have demonstrated that consuming whey protein (WP)
at a fixed interval before a main meal (preload) effec-
tively reduces PPG excursions in individuals with T2D.
The consumption of a WP preload stimulates the early
and sustained release of insulin and several gut peptides,
including glucagon-like peptide 1 (GLP-1), and delays
gastric emptying, thereby reducing the glycemic
response to a meal. However, despite promising acute
evidence, the application of mealtime WP on key clinical
outcomes is unclear. For instance, although one study
reported a statistically significant, but clinically modest,
reduction in HbA, following the chronic application of
premeal WP,"* HbA, is unable to provide insight into
day-to-day glycemic variability or the frequency of hyper-
glycemic events.”” There is also a wide range of possible
mean glucose values and the time spent within desirable
glycemic ranges with a given HbA, that limits the preci-
sion by which it can be used to detect changes in glycemic
control at the individual level.”” '® Accordingly, the utility
of mealtime WP supplementation on day-to-day glucose
control remains to be established.

It must be recognized that achieving meaningful and
sustainable improvements in glycemic control requires
approaches that are applicable and deliverable within the
real world."” To date, WP preloads have been presented
as unpalatable, powdered supplements that require dilu-
tion and mixing with flavoring immediately prior to their
consumption.'” This often produces solutions that
are large in volume and cumbersome in their delivery.'®
While such approaches have proven effective under
tightly controlled clinical trials, the degree to which
these results can be extrapolated into everyday care is
uncertain.'” Indeed, there is a general unwillingness to
consume powdered protein supplements publicly®’ with
patient embarrassment and challenging social conditions
highlighted as key deterrents to adherence to diabetes
treatments.”’ To maximize the real-world application of
mealtime WP supplementation, premeal interventions
need to be translatable into treatments that are compat-
ible with contemporary living.

In the present study, we examined the application
of a novel, ready-to-drink WP preload that was created

specifically for free-living glucose management over 7 days
of free-living in individuals with T2D. Given PPG excur-
sions are predominant contributors to overall glycemic
control,' * we hypothesized that thrice daily mealtime
WP supplementation would reduce daily hyperglycemic
exposure, thereby increasing the time spent in eugly-
cemia, as measured by continuous glucose monitoring
(CGM).

RESEARCH DESIGN AND METHODS

Participants

Patients, recruited by study advertisements, were aged
30-60 years with a duration of diabetes of >1year, treated
with lifestyle and/or oral antihyperglycemic medica-
tions, which were stable for >3 months preceding study
enrollment. All participants were required to have an
HbA1c of <80mmol/mol (9.5%) and be of stable body
mass and with a body mass index of <40 kg/ m?. Individ-
uals treated with injectable therapies (exogenous insulin
and GLP-1 receptor agonists) and those with a history
of gastrointestinal disease or a requirement for medica-
tions known to affect gastrointestinal function or appe-
tite were excluded. Respondents who met our inclusion
criteria were invited to attend our Newcastle National
Institute for Health Research Clinical Research Facility
(Newcastle upon Tyne Hospitals, Newcastle upon Tyne,
UK) for a screening visit. All participants provided their
written informed consent prior to enrollment into the
study in accordance with Good Clinical Practice. Partic-
ipant recruitment and testing were conducted between
March 2019 and September 2021.

Study design

Patients entered into a single-blind, randomized,
placebo-controlled, crossover design assessing the influ-
ence of premeal WP consumption on free-living glycemic
control. In a counterbalanced order, patients randomly
consumed a WP-rich, ready-to-drink shot (WP containing
15.6g of dietary protein) or a protein-depleted placebo
(PLA) shot 10 min before each of their main meals over a
7-day free-living period. Treatment sequences were deter-
mined by an online randomizer (www.randomization.
com) that randomly assigned trial order in a balanced
permutation. Free-living glycemic control was measured
by a blinded CGM (Dexcom G6; Dexcom, San Diego,
California, USA) that was implanted into subcutaneous
tissue of the anterior-medial aspect of the lower abdomen.
This device has a reported mean absolute relative differ-
ence of ~10% compared with a reference instrument and
demonstrates consistent accuracy throughout its 10-day
lifespan.” Dexcom CGMs were fitted ~48 hours prior to
the start of the trial and were removed in-clinic on comple-
tion of each free-living week. To account for compression
artifacts, the anatomical location of CGM placement
was chosen on the participants’ non-dominant sleeping
side; this anatomical site was kept consistent throughout.
Physical activity patterns were quantified by a wrist-worn
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activity monitor (GeneActiv, Activinsights, UK). An ~14-
day washout period separated each free-living phase. All
medications were kept stable and unaltered throughout
the study.

Throughout the duration of the intervention, partic-
ipants were instructed to make no changes to their
habitual dietary or physical activity patterns. Although
the consumption of alcohol was permitted during this
study, participants were asked to refrain from consuming
excessive amounts of alcoholic beverages, which was
defined as consuming alcohol (>3 alcoholic beverages
per day) >3 days per week. The duration of the study was
scheduled to coincide with periods representing partici-
pant’s normal daily life (ie, there were no planned activ-
ities, vacations, or unusual bouts of strenuous activity).

Free-living dietary intake was assessed by comple-
tion of an online, multipass 24-hour dietary recall
system (https://intake24.co.uk/). Dietary recalls were
completed daily with participants submitting a log of all
foods and drinks consumed from the previous 24 hours.
All foods within the Intake24 system are linked to the UK
National Diet and Nutrition Survey database. Participants
were given detailed instructions on how to use this appli-
cation prior to study enrollment. Paper supplement logs
were also completed to document the timings of both
supplement consumption and the commencement of
the main meals. This paper log was used to identify self-
reported postprandial events and to cross-reference with
the timing of meals submitted by the Intake24 applica-
tion; the latter was used to measure supplement adher-
ence. Participants did not include the WP or PLA shots
into their dietary recalls.

Intervention

Patients were instructed to consume a WP or PLA preload
shot 10 min prior to each of their main meals (breakfast,
lunch, and dinner) over a 7-day free-living period. The
premeal WP and PLA shots were produced by Arla Foods
Ingredients Group P/S (Viby ], Denmark) specifically
for free-living glucose management. Both treatments
were stable at both temperate and chilled environmental
conditions and had a shelf-life of 6 months. The premeal
drinks were presented in a contemporary, ready-to-
drink format as a 100mL beverage ‘shot’ and were of
similar viscosity and texture. To account for any subtle
differences in mouthfeel and to maintain supplement
blinding, the premeal supplements were presented
as two different flavors: WP, cocoa-cappuccino; PLA,
strawberry. The premeal WP treatment used a hydro-
lyzed WP ingredient (Lacprodan DI-6820; Arla Food
Ingredients Group P/S) to produce a palatable, ready-
to-drink beverage. Each WP shot (418Kk]) contained
15.6 g of dietary protein, and a small amount of dietary
carbohydrates (3g) and fat (2.3g) from 100mL of low-
viscosity liquid. Further detailed information regarding
the product development of the novel WP shot has been
published elsewhere.?”? The PLA shot (<142 k]) contained

small amounts of dietary carbohydrate (3.9g) and fat
(2.2g), with negligible protein content (<0.1g).

Outcomes

Interstitial glucose concentrations were measured every
fifth minute (288 values per day) over a period of 7 days.
CGM datawere accepted if >90% of the available daily data
and >70% of the available weekly data were collected.**
Data from the Dexcom CGMs were stored using the
Dexcom Clarity Professional web software (Dexcom,
USA). Physical activity data were converted into 15s
epoch files using the GENEActiv PC software V.3.2, which
were subsequently analyzed using Microsoft Excel Macro
files provided by the manufacturer. Energy and macronu-
trient intake collected by the Intake24 dietary recall were
exported as a Microsoft Excel spreadsheet.

The primary outcome of this study was the time
spent in hyperglycemia (>10mmol/L) during a 7-day
free-living period. In addition to the primary outcome,
secondary outcomes included the time spent in eugly-
cemic range (TIR), time below range, time above range,
PPG events (incremental area under the curve (IAUC)
and the peak incremental change in glucose (APPG)),
measures of intraday (coefficent of variance (%CV),
mean amplitude of glycemic excursions (MAGE)) and
interday (mean of daily differences (MODD)) glycemic
variability, and indices of hypoglycemic and hypergly-
cemic risk (low blood glucose index and high blood
glucose index, respectively). Glucose management indi-
cator (GMI), which gives an approximation of HbA,
based on the average glucose levels collected by CGM,
was also calculated.”

Glycemic ranges were defined as <3.0mmol/L (time
below range level 1), 3.0-3.8 mmol/L (time below range
level 2), 3.9-7.8 mmol /L (time in tight euglycemic range),
3.9-10.0mmol/L (TIR), 10.0-13.9mmol/L (time above
range level 1), and >13.9mmol/L (time above range
level 2).**** %CV was calculated as the SD divided by
mean glucose multiplied by 100. GMI (mmol/mol) was
calculated using the formula proposed by Bergenstal et
al® Risk indices for high and low blood glucose, MAGE,
and MODD were computed using an automated soft-
ware package (EasyGV V.9.0R2; University of Oxford,
UK). Daytime and nocturnal glycemia were defined as
06:00-23:55 hours and 24:00-05:55 hours, respectively.”
The iAUC for cumulative PPG events was calculated
using the trapezoidal rule, depicting the area above base-
line concentrations, which was accepted as the reported
timing of consumption of the preload. PPG excursions
were accepted if there were no self-reported eating occas-
sions within 120min following the commencement of
the meal. Where the time of meal commencement could
not be established, the data were excluded from analysis.
PPG events were identified and averaged per individual:
that is, if 10 iAUC events were identified, the iAUC was
calculated per event and then averaged per 10 to give a
single iAUC event.

BMJ Open Diab Res Care 2022;10:¢002820. doi:10.1136/bmjdrc-2022-002820
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Sample size

A sample size estimate was made using interstitial glucose
collected during a 6-hour laboratory visit from prelimi-
nary data.'’ To detect a difference of at least 10% in time
spent above 10mmol/L in the postprandial period, 18
participants were required to fully complete two trials
(WP vs PLA), to test the null hypothesis that the popu-
lation means are equal across trials with a probability of
0.8 and a type 1 error of 0.05. Sample size calculation
was completed using Stata, with PLA mean time above
10mmol/L at 63.0% vs 51.5% following WP (SD of the
mean differences of 16%).

Statistical analysis

All data were assessed for normal distribution by a
Shapiro-Wilks test. Non-parametric data were logarith-
mically transformed and reassessed for distribution.
Where transformation failed, data were assessed non-
parametrically. Paired sampled t tests or Wilcoxon signed-
rank test were used to explore treatment differences on
variables that displayed normal or non-normal distribu-
tion, respectively. Inferential statistics were conducted
using the software package IBM SPSS Statistics (V.27;
IBM, USA). Significance was set at alpha p<0.05. Treat-
ment differences in the time spent in glycemic ranges are
expressed as the absolute percentage point change. Data
are presented as means+SD unless stated otherwise.

RESULTS

Participants

The Consolidated Standards of Reporting Trials flow
diagram is shown in online supplemental figure 1. A
total of 26 participants were recruited for this study.
From this cohort, eight participants were withdrawn for
the following reasons: one participant withdrew their
consent prior to randomization; three participants were
withdrawn due abnormal laboratory findings (laboratory
measured HbA| >80 mmol/mol (9.5%)); two participants
were withdrawn due to the COVID-19 pandemic and the
cessation of research activities during March—September
2020; one due to a change in glucose-lowering medica-
tion during the trial; and one due to non-adherence.
Therefore, data are analyzed and presented on n=18.
Patient characteristics are presented in table 1. In brief,
participants had a mean HbA,_ of 57.4+9.2mmol/mol
(7.4%+0.8%) and a self-reported diabetes duration of
6.2+4.9 years. All participants were of white Europid
descent. The most common antihyperglycemic treat-
ments were either metformin monotherapy (n=5, 28%)
or the combination of metformin and a sulfonylurea (n=6,
33%). Hypertensive and statin therapies were prescribed
for 78% (n=14) and 56% (n=10) of participants, respec-
tively. Five of the 18 participants were women (28%).

Glycemic control

Mean 24-hour glucose control

Key glycemic parameters during 7days of free-living
are presented in figure 1 and table 2. During the PLA

Table 1 Patient characteristics

Characteristics (n=18)

Sex (male/female) 13/5

Age (years) 50+6 (40-60)
Stature (cm) 172+10

Body mass (kg) 98.7+19.5 (66.8-130.5)
BMI (kg/m?) 33.3+5.7 (21.3-43.6)
HbA, , (mmol/mol) 57.4+9.2 (42-73)
HbA, (%) 7.4+0.8 (6.0-8.8)
Duration of diabetes (years) 6.2+4.9 (2-20)
Family history of diabetes (n) 8
Diabetes treatment

Metformin 5

SuU 1

Metformin+SU 6

Metformin+SGLT2i 2

Metformin, SU+TZD 1

Diet and lifestyle 3

Data are presented as mean+SD unless stated otherwise. Data in
parenthesis are ranges.

BMI, body mass index; HbA, , glycated hemoglobin; SGLT2i,
sodium-glucose cotransporter 2 inhibitor; SU, sulfonylurea; TZD,
thiazolidinedione.

free-living week, patients spent 38.1%+28.4% of the
24-hour period at blood glucose >10.0mmol/L. The
prevalence of daily hyperglycemia (>10.0mmol/L)
was reduced by —-8.3%+19.3% following treatment with
mealtime WP supplementation (figure 1A), resulting
in —117+276 min less per 24hours spent in hypergly-
cemia (p=0.024). The subsequent reduction in hyper-
glycemic exposure enabled patients to achieve an
increase in TIR of +8.7%= 19.0%, compared with PLA
(p=0.035; figure 1B). Within this euglycemic range,
premeal WP supplementation increased the time spent
between glucose concentrations of 3.9-7.8mmol/L
by +8.8%+14.7% (p=0.022), corresponding to an average
increase of +127+210min per day (figure 1C). The time
spent within hyperglycemic levels 1 and 2 were numer-
ically, but not statistically (p=0.089and p=0.352, respec-
tively), lower following the WP preload (table 2).

Patient’s GMI, which is an estimate of overall glycemic
control, was reduced by —2.9+5.6 mmol/mol during the
WP treatment arm compared with PLA (p=0.045), indic-
ative of improved glycemic control and a reduction in
hyperglycemia (table 2). Indeed, relative to PLA, mean
24-hour glucose concentrations were —0.6+1.2mmol/L
lower following the premeal WP treatment (p=0.045).
Despite a reduction in mean 24-hour glucose concentra-
tions and time spent >10.0 mmol/L, this was not accom-
panied by an increase in time below range or low blood
glucose index (all p>0.317). Markers of glycemic vari-
ability were similar between treatments (table 2).
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Figure 1 The mean+SD percentage of time spent per day
in (A) hyperglycemia (>10.0mmol/L), (B) euglycemia (3.9-
10.0mmol/L), and (C) normoglycemia (3.9-7.8 mmol/L) during
7 days of free-living with premeal supplementation of a whey
protein (WP) (blue circles) or placebo (PLA) (red circles)
preload. Panel (D) depicts the per patient delta change in
the percentage of time spent >10.0 mmol/L with premeal
WP supplementation relative to PLA. *Denotes a statistical
treatment effect as measured by a paired samples t test or
Wilcoxon signed rank test (p<0.05).

Diurnal and nocturnal glucose control

Mean glucose concentrations during the waken hours
(06:00-23:55 hours) were —0.7+1.2 mmol/L lower during
the WP week compared with PLA (p=0.023). Similarly, TIR
was +8.7%+20.5% greater after treatment with premeal
WP supplementation compared with PLA (p=0.048), and
correspondingly, less time was spent in hyperglycemia
(-8.9%+20.9%; p=0.048). On the other hand, param-
eters of glycemic control during the nocturnal period
(24:00-05:55 hours) were comparable between treat-
ments (online supplemental table 1).

Postprandial glucose control

A total of n=652 postprandial events were identified
and analyzed. The number of postprandial events were
similar between treatments (WP, n=321; PLA, n=331).
Relative to PLA, PPG iAUC, ,, - were —24%+29% lower
during the WP free-living week (p=0.003). On average,
APPG was reduced by -0.7+0.9 mmol/L (p=0.007). The
within-subject timing of meals were similar between free-
living weeks (mean difference, 27+24 min), as shown in
online supplemental figure 2.

Energy intake

There was a modest reduction in self-reported energy
intake during the WP week compared with PLA
(-631+1314 k] per day), although this was statistically
insignificant (p=0.057). When accounting for the energy
content associated with the preloads, cumulative energy
intake was similar between free-living weeks (p=0.635).

Clinical care/Education/Nutrition

Table 2 Free-living glycemic control parameters

WP PLA P value
Data collected (hour:min)  2946:09 2950:28 -
Glucose parameters
Mean 24-hour glucose  8.9+1.8 9.5+2.0# 0.045
(mmol/L)
GMI (mmol/mol)* 54.6+8.6 57.4+9.5# 0.045
iAUC 0-120 min 1.6+0.6 2.1+0.9# 0.003
(mmol/L/min)
PPG (mmol/L) 3.0+1.0 3.7+1.3# 0.007
Time in ranges
<8.0 mmol/L (%)* 0.1+0.3 0.1+0.3 0.317
Time (hour:min) 0:00+0:06 0:00+0:06
3.0-3.8 mmol/L (%)* 0.5+1.4 1.0+3.4 0.953
Time (hour:min) 0:06+0:18 0:12+0:48
3.9-7.8 mmol/L (%) 38.3+26.0 29.5+22.2# 0.021
Time (hour:min) 9:02+6:02 7:05+5:18
3.9-10.0 mmol/L (%)* 69.6+24.6 60.9+£27.4# 0.035
Time (hour:min) 16:42+5:54  14:37+6:36
10.0-13.9 mmol/L (%) 24.7+18.6 30.0+17.9 0.089
Time (hour:min) 5:55+4:30 7:11+4:48
> 13.9 mmol/L (%)* 5.5+7.9 8.5+12.9 0.352
Time (hour:min) 1:19+1:54 2:02+3:06
> 10 mmol/L (%)t 29.8+25.1 38.1+28.4# 0.024
Time (hour:min) 7:09+6:01 9:08+6:48
Glycemic variability
%CV 23.8+5.8 23.1+5.0 0.609
MAGE (mmol/L) 5.0+1.1 5.1+£1.0 0.653
High blood glucose 7.0+4.6 8.5+5.6 0.052
indext
Low blood glucose 0.8+1.0 0.9+1.4 0.689
index*
MODD (mmol/L) 1.9+0.5 2.0£0.5 0.349

Boldface and # indicates a statistical difference between treatments
determined by a paired sampled t-test or Wilcoxon signed-rank test (p<0.05).
All data are presented as means+SDs unless stated otherwise.

*Data were analyzed non-parametrically by a Wilcoxon signed-rank test.
tData were logarithmically transformed prior to analysis.

%CV, coefficient of variance; GMI, glucose management indicator; iAUC,
incremental area under the curve; MAGE, mean amplitude of glycemic
excursions; MODD, mean of daily differences; PLA, placebo; APPG, peak
incremental change in glucose; WP, whey protein.

Physical activity

There were no differences in the time spent at differing
physical activity levels between the WP and PLA weeks
(p>0.605).

Compliance

All participants tolerated the PLA and WP treatments
well and reported no gastrointestinal side effects. Supple-
mental compliance during the intervention weeks was
exemplary (WP, 97.5%+2.4%; PLA, 99.3%+2.4%).

DISCUSSION

This study examined the application of premeal WP
supplementation on daily glycemic control over 1week
in people with T2D. For the first time, we demonstrate
that daily hyperglycemia can be significantly reduced by
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the provision of a low dose of WP (15¢g) ingested prior to
each main meal over 7days of free-living. This enabled
patients to achieve 2hours more per day spent within
euglycemia, without increasing the risk of hypoglycemia.
These results occurred without a change in patient medi-
cation, dietary intake, or physical activity levels, thereby
demonstrating the utility of premeal WP supplementa-
tion for the management of hyperglycemia.

The present study extends from previous acute labo-
ratory work highlighting the PPG-lowering efficacy of
premeal WP for people with T2D.'""* However, for the
first time, we report the translatability and reproduc-
ibility of these findings under real-world and free-living
conditions. It was found that premeal ingestion of our
novel WP shot effectively mitigated free-living PPG
excursions, thereby reducing the prevalence of hyper-
glycemia by ~2hours per day, compared with PLA. This
subsequently enabled an absolute daily increase in TIR
of 8.7%, the magnitude of which is substantial. Indeed,
an increase in TIR of >5% is considered clinically signif-
icant” and may be associated with a reduced risk of
developing vascular complications.” * For instance, for
every 10% reduction in TIR (roughly equivalent to the
increase in TIR in the present study with mealtime WP
supplementation), the risk of developing retinopathy
or microalbuminuria was increased by 64% and 40%,
respectively, in the Diabetes Control and Complications
Trial cohort.” A similar 10% reduction in TIR has also
been associated with a 13% and 25% increased risk of
developing cardiovascular autonomic neuropathy and
peripheral neuropathy, respectively, in people with long-
standing T2D.* *' Promisingly, the preload treatments
were well accepted among participants, as demonstrated
by their exemplary compliance, and no adverse side
effects were reported supporting the application of this
novel mealtime therapy.

The findings presented herein are of interest given our
data demonstrate that the intervention of available oral
antihyperglycemic medications are insufficient in the
protection against hyperglycemia. Current recommenda-
tions state that people with T2D should strive for <6 hours
per day at glucose concentrations >10.0mmol/L.**
However, despite the continued use of patient’s antihyper-
glycemic agents, our cohort spent up to 9hours (38%) of
the day at glucose concentrations >10.0 mmol/L during
the PLA free-living week. This observation is similar to
what has been reported by others®® and underscores the
need for further strategies designed to reduce the preva-
lence of hyperglycemia in people with T2D.

Our primary finding that premeal WP supplementa-
tion reduces the prevalence of hyperglycemia corrob-
orates with data demonstrating a reduction in overall
hyperglycemia following the application of PPG-lowering
therapies.” Indeed, our observed reduction in time
spent >10.0mmol/L derived from the waken/feeding
period, as shown by the reduction in diurnal but not
nocturnal hyperglycemia. Although the free-living nature
of our study makes it difficuilt to discern mechanisms

associated with our findings, prior literature has demon-
strated that a WP preload of similar amounts (15-20g)
elevates GLP-1 above preprandial concentrations
for ~180min following ingestion of a meal.'* "> * The
ingestion of WP also modestly stimulates the secretion of
glucose-dependent insulinotropic polypeptide (GIP)'%;
though the relevance of this to the observed improve-
ment in glycemic control is likely minimal since endog-
enous GIP has little to no effect on PPG in individuals
with T2D.** Herein, it is possible that diurnal increases in
GLP-1 secretion from thrice daily WP supplementation
may have enhanced B-cell glucose sensitivity and delayed
the rate of gastric emptying, thereby slowing the systemic
appearance of meal-derived glucose and augmenting an
efficient islet response.” *® These effects are consistent
with what was previously observed following adminstra-
tion of a protein preload given prior to an oral glucose
load,” supporting this assertion. Nonetheless, litera-
ture examining the glucoregulatory effects of premeal
WP have been conducted solely following an overnight
fast. Considering the regulation of PPG displays a clear
circadian pattern,” whether a low dose of mealtime
WP supplementation is sufficient to augmenting a PPG-
lowering milieu to meals consumed later in the day is
unclear and requires future study.

The present analyses demonstrates that the addition of
premeal WP to patient care has the potential to reduce
daily hyperglycemia and increase TIR without increasing
the risk of hypoglycemia, as shown by the low blood
glucose index and time spent below range. An increase
in TIR is also suggestive that the frequency of erratic
glycemic swings were reduced with mealtime WP.*’ Fluc-
tuations in glycemia are posited to be implicated in the
pathogenesis of diabetes-related vascular complications,
supporting the development of strategies designed to
reduce glycemic variability.*” Although there were no
changes in amplitude markers of glycemic variability
with WP supplementation (ie, %CV), this likely reflects
the relative glycemic stability of the cohort studied since
all patients had a %CV <36%.%* Nevertheless, the risk of
microvascular complications has recently been shown
to be inversely related to TIR, independent of %CV.*®
Therefore, although there were no changes in amplitude
markers of glycemic variability with the WP treatment,
this is unlikely to affect the clinical value of our results.

To the best of the authors’ knowledge, this is the
first study designed and powered to examine the use
of premeal WP on free-living glycemic management
captured by masked CGM. Our study is rendered timely
as its design benefits from incorporating current recom-
mendations that endorse the use of CGM when assessing
glycemic control at the individual level.*® Offering
ecological validity to our findings, patient’s GMI during
PLA was identical to their laboratory-measured HbAl(_.
This suggests that our reported data reflects a true
change from participant’s habitual glycemic control.”” In
this regard, an increase in TIR of ~9% with premeal WP
supplementation is projected to confer a ~5-7mmol/
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mol (0.6%) reduction in HbA]C.16 27 This assertion is
supported by our findings of a reduction in mean daily
glucose concentrations (-0.6mmol/L). In the context
of available treatments for T2D, the magnitude of this
projected reduction in HbA, is akin to what would be
expected from the adminstration of thiazolidinediones,
sodium-glucose cotransporter 2 inhibitors and dipep-
tidyl peptidase-IV inhibitors.* Considering adherence to
pharmacological agents can be poor,” the data presented
herein may hold important implications for the manage-
ment of hyperglycemia.

When accounting for the energy associated with
the preloads, daily energy intake was similar between
treatments. This was despite patients consuming an
additional ~836k]/day when adherent to the WP shot,
compared with PLA. Therefore, patients may modestly
adjust their energy intake to account for the caloric load
associated with a small WP preload. This is in line with
previous observations that reported no change in body
mass following the long-term ingestion of mealtime WP
supplementation (~753k]/day) in people with T2D."*
These collective findings are appealing and suggest that
the adherence to a low dose of premeal WP is unlikely
to compromise weight management in obese and dysgly-
cemic populations.

There are several strengths associated with our study
including our randomized, placebo-controlled, crossover
design, and the counterbalanced administration of treat-
ments to minimize treatment order effects. Furthermore,
and unique to this study, patients were provided with
premeal WP and PLA shots created specifically for the
real-world application of mealtime WP supplementation.
Nonetheless, our study is not without its limitations. First,
our analyses were conducted on people of white, Europid
descent; thus, the applicability of these results to other
ethnic groups and races is unclear. Second, although
our study was powered to test the primary outcome, we
acknowledge that our analyses are conducted on a small
sample of people with T2D (n=18). Since our patients
were of relatively controlled diabetes and treated with
oral therapies, our findings cannot be extrapolated to
the wider T2D population. Finally, although our find-
ings indicate an improvement in glycemic control with
mealtime WP supplementation, the long-term evidence
supporting our data is lacking with only one study to date
reporting a modest improvement in HbA, with premeal
WP supplementation.”* Whether the results presented
herein are sustainable longer term or are associated with
improvements in clinically relevant end points cannot be
inferred and require further investigation. Importantly,
however, the glucose-lowering mechanisms by which
premeal WP supplementation regulates PPG remain
functionable after its chronic application'* supporting
these findings.

In summary, we show that thrice daily consumption of
anovel preload shot containing a low dose of WP reduces
daily hyperglycemia, increasing the time spent in euglyc-
amia by ~2 hours per day during 7 days of free-living. This

Clinical care/Education/Nutrition

is of importance given our analysis clearly demonstrates
that the prevelance of hyperglycemia is an underappreci-
ated problem for people with controlled T2D treated with
available oral medications. The provision of a contempo-
rary WP preload shot may represent an effective sole or
adjunctive therapy for the treatment of hyperglycemia,
which could also have important financial implications
at a time where public health budgets are constrained.
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Supplemental Figure 1: CONSORT diagram of a randomized, placebo-controlled,

crossover trial
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Supplemental Figure 2: Mean 24h interstitial glucose concentrations during 7days
of free-living following pre-meal treatment with WP (blue solid) or PLA (red dashed)
pre-meal shots. The data presented represents the average daily glucose profile
from individual CGM plots. The shaded areas represent the SD of the mean. Arrows
and horizontal whiskers depict the mean + SD timing of meals, as reported by the
Intake24 dietary recall and patient's supplement log. The average timing of
breakfast, lunch and evening meals during the WP and PLA weeks were 08:31 £
1:18h:min and 08:29 + 1:18h:min, 13:27 + 0:52h:min and 13:40 + 0:37h:min, and
19:43 £ 1:08h:min and 19:54 + 1:14h:min, respectively. The timing of matched meals

per participant were similar between weeks.
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Supplemental Table 1: Diurnal and nocturnal free-living glycaemic variability parameters

Daytime Nocturnal

wP PLA p-value WP PLA p-value
Mean glucose [mmol/L] 8.8+1.9 9.5 +2.0* 0.024 8.9+21 93+24 0.348
< 3.0 mmol/L [%] 0.1+04°% 0.1+0.2 0.655 0.0+0.0° 0.2+0.7 0.317
3.0 — 3.8 mmol/L [%] 0.8+2.0° 0.8+24 1.0 0.1+£0.12 2+85 0.317
3.9 —10.0 mmol/L [%)] 69.0 +23.1° 60.3 + 26.9" 0.048 70.9+33.0° 63.0 £ 32.4 0.082
10.0 — 13.9 mmol/L [%] 24.8+16.42 30.7£17.5 0.083 23.9+27.2% 27.3+24.4 0.349
> 13.9 mmol/L [%)] 55+95 8.6 +12.5 0.266 5.6 +8.5° 8.0+19.0 0.638
> 10 mmol/L [%] 30.0£23.6% 38.9 + 27.7* 0.048 29.0 +33.0° 35.0 £ 33.6 0.102

Boldface indicates a statistical difference between treatments as determined by a paired samples t test or Wilcoxon signed ranks

test, where appropriate (p<0.05). All data is presented as means + SD. @ Data were analysed a Wilcoxon signed ranks test. ® Data

were

logarithmically

transformed

before

analysis.
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