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Abstract

Purpose This study aimed to assess the effects of consuming a very low-energy placebo breakfast on subsequent
appetite and lunch energy intake. Methods Fourteen healthy males consumed water-only (WAT), very low-
energy, viscous placebo (containing water, low-calorie flavoured squash, and xanthan gum; ~16 kcal; PLA), and
whole-food (~573 kcal; FOOD) breakfasts in a randomised order. Subjects were blinded to the energy content of
PLA and specific study aims. Venous blood samples were collected pre-breakfast, 60 and 180 min post-breakfast
to assess plasma acylated ghrelin and peptide tyrosine-tyrosine concentrations. Subjective appetite was measured
regularly, and energy intake was assessed at an ad libitum lunch meal 195 min post-breakfast. Results Lunch
energy intake was lower during FOOD compared to WAT (P<0.05), with no further differences between trials
(P>0.132). Cumulative energy intake (breakfast plus lunch) was lower during PLA (1078 + 274 kcal) and WAT
(1093 + 249 kcal), compared to FOOD (1554 + 301 kcal; P<0.001). Total area under the curve (AUC) for hunger,
desire to eat and prospective food consumption were lower, and fullness was greater during PLA and FOOD
compared to WAT (P<0.05). AUC for hunger was lower during FOOD compared to PLA (P<0.05). During
FOOD, acylated ghrelin was suppressed compared to PLA and WAT at 60 min (P<0.05), with no other hormonal
differences between trials (P>0.071). Conclusion Consuming a very low-energy placebo breakfast does not alter
energy intake at lunch but may reduce cumulative energy intake across breakfast and lunch and attenuate

elevations in subjective appetite associated with breakfast omission.

Trial registration NCT04735783, 2" February 2021, retrospectively registered.

Keywords: Breakfast skipping; Energy intake; Energy balance; Appetite hormones; Placebo feeding.
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Introduction

Obesity is a risk factor for several chronic diseases including type-2 diabetes, heart disease and some forms of
cancer [1]. Recent predictions estimate that even in the best-case scenario, the majority of the English population
will be at increased risk of disease because of excess body weight until at least the year 2035 [2]. It has been
suggested that action taken to prevent weight gain will yield greater success than action taken to treat obesity due
to the energy balance system showing a stronger opposition to weight loss than weight gain [3]. Therefore, it is
important that preventative action is taken by lean individuals, who may yet develop overweight or obesity later
in life. Obesity is caused by a sustained positive energy imbalance, in which energy intake exceeds energy
expenditure [3, 4], although the underlying causes of this positive energy imbalance are wide-ranging and
complex. Reducing daily energy intake is a seemingly simple solution to this, although numerous factors often
impede the long-term success of such interventions, including the potential for compensatory alterations in

appetite regulation that stimulate an increase in energy intake [5].

Extending the naturally occurring overnight fasting period, thereby restricting the time available for food intake,
has emerged as a simple and effective dietary strategy for reducing daily energy intake that may assist with weight
management [6-8]. Randomised, control trials have been utilised to isolate and examine the effects of breakfast
omission on energy balance by either providing or withholding breakfast. In an acute, laboratory-controlled
setting, a single omission of breakfast typically elicits elevations in subjective appetite during the morning [9-12],
elevated concentrations of the appetite-stimulating hormone ghrelin [13], and reductions in appetite suppressing
hormones such as peptide tyrosine-tyrosine (PYY) [9, 12, 14]. These appetite responses to breakfast omission
often lead to increased energy intake at lunch [10, 12, 15, 16], although the absolute increase in energy intake at
this meal is rarely large enough to fully compensate for energy omitted at breakfast. As such, breakfast omission
typically reduces daily energy intake [10, 12, 16], although this is not a universal finding, as one study observed
complete energy intake compensation at lunch [15]. Furthermore, longer-term studies have observed increased
self-reported daily energy intake during two weeks of breakfast omission in lean females [17], and that increased
energy intake over the day completely compensated for the energy omitted at breakfast during six weeks breakfast
omission in individuals living with obesity [18]. These studies highlight the challenge of compensatory eating
associated with chronic breakfast omission. It is therefore important to explore potential strategies that can

attenuate elevations in appetite and subsequent energy intake in response to breakfast omission.
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The inability to blind participants to breakfast omission causes a problem for the interpretation of data from these
studies, as the participants are acutely aware of whether or not they have consumed breakfast [19]. Placebo-
controlled study designs are used in research to dissociate the physiological and psychological effects of an
intervention and have been recently employed in the context of breakfast omission. Consuming a virtually energy-
free ‘placebo’ breakfast has been shown to suppress subjective appetite compared to plain water, and by a similar
extent to an energy-containing (~496 kcal) breakfast meal [20]. Somewhat contrastingly, the high energy-
containing breakfast suppressed total plasma ghrelin concentrations, whereas the placebo breakfast had no effect
on plasma ghrelin concentrations, mirroring the response to the plain water trial. This disparity between the
subjective and physiological markers of appetite indicates that the response to breakfast may, at least partly, be
due to psychological factors associated with the act of consuming breakfast, rather than physiological effects
related to nutrient consumption per se. Importantly, eating behaviour does not universally correspond to changes
in subjective appetite or concentrations of ghrelin and PYY [9, 21, 22], therefore, whether the observed
suppression of subjective appetite sensations following placebo breakfast consumption manifests in a reduction

in energy intake at a subsequent eating occasion is not known.

The aims of this study were to examine the effects of a very low-energy, viscous placebo breakfast on subjective
appetite, peripheral appetite-regulatory hormone concentrations, and subsequent energy intake at an ad libitum
lunch, compared to a typical whole-food breakfast and a water-only control. We hypothesised that the whole-food
and placebo breakfast meals would similarly suppress subjective appetite sensations compared to the water-only

control, and that these changes would result in comparable reductions in energy intake at lunch.

Methods

Subjects

This study was conducted according to the guidelines laid down in the 1964 Declaration of Helsinki and its later
amendments, and all procedures were approved by the Nottingham Trent University Ethical Advisory Committee;
ethics application number: 632. All subjects completed a health screening questionnaire and provided written
informed consent before commencing the study. Fourteen healthy, weight-stable (self-reported), males completed
the study (Table 1). For enrolment onto the study, subjects were required to be non-smokers who regularly
consumed breakfast and did not exhibit restrained, disinhibited, or hungry eating tendencies [23]. Given the lack
of published data to inform a sample size calculation, the sample size used was similar to previous studies from

our group which assessed energy intake at lunch in response to breakfast omission [10, 11].
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Study design

Subjects completed a preliminary trial, followed by three experimental trials which were completed in
randomised, cross-over order (randomisation by drawing trial orders for subjects out of a bag containing the six
possible combinations). Each experimental trial involved the consumption of a different breakfast, before energy
intake was assessed at an ad libitum lunch meal 195 min later. The breakfasts investigated were a very low-energy,
viscous placebo breakfast (PLA), a typical whole-food breakfast (FOOD), and a water-only control (WAT).
Subjects were not told that the PLA breakfast contained almost no energy or the aims or hypotheses of the study.
They were informed that the purpose was to compare subjective and physiological responses to a ‘novel breakfast’.
Following completion of the final experimental trial, the contents of the PLA breakfast were revealed to the

subjects, and they were informed of the true aims of the study.

Preliminary trial

Subjects’ body mass (to the nearest 0.1 kg; Adam CFW150; Adam Equipment Limited; Milton Keynes; UK) and
height (to the nearest 0.1 cm; Seca; Hamburg; Germany) were measured, before skinfold callipers were used at
four upper-body sites (biceps, triceps, subscapular and iliac crest; Harpenden, West Sussex, UK) to estimate body
fat percentage [24]. Subjects were also familiarised to the ad libitum lunch meal procedures used in experimental

trials (explained in detail below).

Pre-trial standardisation

In the 24 h prior to the first experimental trial, subjects recorded all dietary intake and physical activity. This was
then replicated during the 24 h preceding the remaining two experimental trials. Subjects were strictly instructed
to refrain from strenuous physical activity and alcohol intake in the 24 h before each experimental trial. Subjects’
adherence with these standardisation measures were confirmed verbally before each experimental trial. All

experimental trials commenced at the same time of day and were separated by at least four days.

Protocol
Subjects arrived at the laboratory at 08:30 following a >11 h overnight fast (water was permitted overnight, but
volume was standardised) and rested in a supine position for 20 min before baseline venous and capillary blood

samples were collected. Baseline measures of subjective appetite were obtained using a visual analogue scale



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

immediately before subjects were provided with their allocated breakfast meal (0 min), which was consumed in
its entirety within 10 min. A second subjective appetite measurement was obtained immediately after breakfast
consumption (10 min). Subjects then rested quietly in the laboratory, with subjective appetite measurements
collected at 30, 60, 120, and 195 min; capillary blood samples were collected at 30, 60, 90, 120, and 180 min; and
venous blood samples were collected after 20 min of supine rest at 60 and 180 min. Subjects did not consume any
additional water between breakfast and lunch. An ad libitum pasta lunch meal was served at 195 min, and subjects
were permitted 20 min to eat. Subjective appetite measurements were obtained immediately before, and
immediately (215 min) and 60 min (275 min) after the eating period. Subjects did not consume any additional

food or fluids until after the final appetite measurement was completed.

Breakfast meals

During PLA, subjects consumed a viscous breakfast meal with a volume equating to 5 mL/kg body mass. The
meal consisted of 15% (0.75 mL/kg body mass) low-energy flavoured squash (Vimto — No Added Sugar Squash,
Vimto, Warrington, UK), with the remainder made up of tap water. To thicken the solution and increase the
perception of energy intake [25], 0.1 g/kg xanthan gum (My Protein, Northwich, UK) was added and the mixture
was blended thoroughly. This resulted in a viscous mixture similar in consistency to soft-set jelly which was not
possible for subjects to simply drink and was required to be consumed from a standard bowl with a standard
spoon. During FOOD, subjects consumed a standardised meal consisting of puffed rice cereal, semi-skimmed
milk, white bread, seedless strawberry jam, and apple juice. This was selected to provide 20% of estimated energy
requirements, determined by multiplying resting metabolic rate [26] by a physical activity level of 1.6, indicating
light activity. Subjects ate the cereal and milk in FOOD from a standard bowl using a standard spoon. During
WAT, subjects consumed 8 mL/kg body mass of plain tap water. Tap water was consumed alongside the PLA
and FOOD meals, to ensure iso-volume total water content of all three meals. The nutritional contents of the

breakfast meals are presented in Table 2.

***Table 2%**

Ad libitum lunch meal
The ad libitum lunch meal consisted of pasta, tomato sauce and extra virgin olive oil (Sainsburys, UK). The meal
was standardised across all subjects and trials, and was homogenous in nature, providing 1.25 + 0.01 kcal-g (69%

carbohydrate, 11% protein, 18% fat, and 2% fibre). The meal was prepared in excess of expected consumption
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and in advance of experimental trials using standardised cooking and cooling procedures and was re-warmed prior
to serving. Subjects ate this meal in a custom-built booth to ensure external and social interactions did not interfere
with food intake. Directly outside the booth, a table was set up behind a screen to ensure complete privacy. On
this table, a serving spoon and a large plastic bowl containing the entire lunch meal were placed and subjects were
required to self-serve pasta into a smaller bowl before returning to the booth to eat with the cutlery provided.
Subjects were able to repeat this process as many times as they desired within the allotted 20 min but were
explicitly instructed to eat until they felt “comfortably full and satisfied”. Ad libitum water intake was permitted
during the eating period. Food and water were weighed before and after the eating period to quantify intakes.
Subjects were required to remain in the booth for the entire 20-min period, even if they had ceased eating. All

subjects had voluntarily ceased eating within the allotted 20 min in all trials.

Subjective appetite responses

Subjects rated their subjective sensations of hunger, fullness, desire to eat (DTE), prospective food consumption
(PFC), and nausea on paper-based 100 mm visual analogue scales (VAS) [27]. Ratings of subjective sensations
of alertness, satisfaction, tiredness, relaxation, and energy were included as decoy questions to distract subjects
from the main study outcomes. VAS had written anchors of “not at all/no desire at all/none at all” and “extremely/a

lot” placed at 0 and 100 mm, respectively.

Blood sampling and analysis

Venous blood samples (~10 mL per sample) were collected via venepuncture of the antecubital vein. The first 2
mL of each sample was discarded and then 2.7 mL of blood was collected into an EDTA tube (1.6 mg-mL;
Sarstedt AG & Co, Niimbrecht, Germany) containing a solution (10 puL-mL-? of blood) of potassium phosphate
buffer (PBS) (0.05 M), P-hydroxymercuribenzoic acid (PHMB) (0.05 M), and sodium hydroxide solution (NaOH)
(0.006 M) for determination of acylated ghrelin concentration by a commercially available ELISA (CV 4.7-8.7%;
LoD <5pg-mL; Bertin Technologies, Montigny le Bretonneux, France). A further 4.9 mL of blood was collected
into an EDTA tube (1.6 mg-mL™) for measurement of total PYY concentration using a commercially available
ELISA (CV 4.0-4.9%; LoD 5.6 pg-mL*; Merck Millipore Ltd, Watford, United Kingdom). Following collection,
venous blood samples were centrifuged (1700 g, 15 min, 4°C), and the resultant plasma was stored at -80°C until
analysis. Capillary blood samples were collected by piercing the fingertip (Unistick 3 Extra, Owen Mumford,
UK). The first drop of blood was discarded and a free-flowing capillary blood sample (20pL) was collected into

a glass capillary tube which was then added to 1 mL of a haemolysing solution. This solution was thoroughly
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mixed before being analysed immediately using a desktop blood glucose analyser (CV: 3.3%; Biosen, EKF
Diagnostics, Cardiff, UK). Due to an issue with venous blood collection, one subject’s venous blood samples were

omitted from the final analysis.

Statistical analyses

Data were analysed using SPSS v26.0 (IBM, Chicago, USA). All data were checked for normality of distribution
using a Shapiro-Wilk test. For subjective appetite-related variables and blood glucose concentrations, total area
under the curve (AUC) values were calculated using the trapezoidal method. Data containing one factor (baseline
measurements, energy/water intake, and AUC values) were analysed using one-way repeated-measures ANOVA.
Data containing two factors (appetite sensations, blood glucose, plasma acylated ghrelin, and PY'Y concentrations)
were analysed using repeated-measures ANOVA. Significant ANOVA main effects were explored with post-hoc
paired samples t-tests for normally distributed data, or Wilcoxon Signed-Rank tests for non-normally distributed
data. Holm-Bonferroni stepwise adjustments for multiple comparisons were made to reduce type | error rate. For
plasma acylated ghrelin concentrations, box plot analyses showed two consistently outlying subjects within the
data set, exhibiting concentrations ~5 and ~10 SD greater than the mean of the eleven other subjects. Therefore,
these subjects were removed from the analysis of acylated ghrelin data. Data sets were determined to be
statistically different when P < 0.05. Data are presented as mean + 1SD, unless otherwise stated. Where
appropriate and to supplement key findings, effect sizes (ES; Cohen’s d;) were calculated for within-measures

comparisons with 0.2, 0.5, and 0.8 representing small, medium, and large ES, respectively [28].

Results

Ad libitum food and water intake

Ad libitum energy intake at lunch was significantly greater during WAT (1093 + 249 kcal) compared to FOOD
(981 + 284 kcal; dz = 0.91; P < 0.05), with PLA (1062 £ 273 kcal) not different from WAT (dz = 0.24; P = 1.000)
or food (dz = 0.60; P = 0.088) (Figure 1a). There was no effect of trial order on ad libitum energy intake (P =
0.696). Combining energy intake at lunch with the energy contained in each breakfast meal, cumulative energy
intake during FOOD (1554 + 301 kcal) was greater than during PLA (1078 + 274 kcal; d, = 3.49; P < 0.001) and
WAT (1093 + 249 kcal; d, = 3.32; P < 0.001). Cumulative energy intake was not different between PLA and
WAT (d; = 0.11; P = 1.000; Figure 1b). There were no differences in ad libitum water intake at lunch between

trials (PLA: 397 + 211 mL; FOOD: 373 £ 171 mL; WAT: 376 = 154 mL; P = 0.768).
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***Eigure 1***

Subjective appetite responses

There were trial (P < 0.001), time (P < 0.001), and interaction (P < 0.001) effects for hunger, fullness, PFC, and
DTE. There were no significant effects for nausea (P > 0.081). AUC for hunger (d, = 0.79), DTE (d, = 0.69), and
PFC (d, = 0.80) were lower, and fullness was higher (d,=0.71), during PLA compared to WAT (P < 0.05). AUC
for hunger (d, = 1.63), DTE (d, = 1.43), and PFC (d, = 2.05) were also lower, and fullness was also higher (d,=
1.38), during FOOD compared to WAT (P < 0.001; Figure 2). Additionally, AUC for hunger was lower during
FOOD compared to PLA (d; = 0.60; P < 0.05). AUC for nausea was not different between trials (P = 0.070;

Figure 3).

Following breakfast consumption, hunger was lower during PLA and FOOD, compared to WAT, for 60 min (P
< 0.05) and remained lower in FOOD for 120 min (P < 0.05). Hunger was not different between trials immediately
before lunch (P > 0.091). Fullness was higher in PLA compared to WAT at 10 min and 30 min post-breakfast (P
< 0.05). Fullness was significantly greater in FOOD compared to WAT at all time points until immediately before
lunch (P < 0.05), except for 30 min (P = 0.064). PFC was lower in PLA and FOOD compared to WAT for 30 min
post breakfast (P < 0.05) and remained lower in FOOD until 120 min (P < 0.01). DTE was lower in FOOD,
compared to WAT, for 120 min after breakfast (P < 0.01), but there were no differences between PLA and FOOD

(P >0.126) or PLA and WAT (P > 0.066) at any time point.

***Eigure 2***

***Eigure 3***

Blood analyses

There were time (P < 0.001), trial (P <0.001), and interaction (P < 0.001) effects for blood glucose concentrations.
Compared to FOOD, blood glucose concentrations were lower during PLA and WAT at 30 (P < 0.001), 90 (P <
0.01), and 120 min (P < 0.05). Blood glucose concentrations increased after breakfast during FOOD and were

significantly greater than baseline between 30 and 120 min (P < 0.01), returning to baseline concentrations at 180
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min (P = 0.501). Blood glucose concentrations did not change from baseline during PLA (P > 0.883) or WAT (P
>0.302; Figure 4). AUC for blood glucose concentrations was significantly different between trials (P < 0.001).
AUC was significantly higher in FOOD compared to PLA (P < 0.001) and WAT (P < 0.001). There was no

difference in AUC for glucose between PLA and WAT (P = 0.482).

***Eigure 4***

There were time (P < 0.001), trial (P < 0.001), and interaction (P < 0.001) effects for plasma acylated ghrelin
concentrations. Acylated ghrelin concentrations were lower at 60 min during FOOD compared to PLA and WAT
(P < 0.05). Acylated ghrelin concentrations were greater than baseline at 60 and 180 min in PLA (P < 0.01), and
at 180 min during WAT (P < 0.05). Acylated ghrelin concentrations were lower than baseline at 60 min in FOOD

(P <0.01; Figure 5a).

Plasma PY'Y concentrations showed a main effect of time (P < 0.001), but there were no main effects of trial (P

=0.187), and no interaction effects (P = 0.054; Figure 5b).

***Ejgure 5***

Discussion

The aim of this study was to examine appetite responses and energy intake at an ad libitum lunch following
consumption of a very low-energy, viscous placebo breakfast meal, compared with a typical whole-food breakfast
and a water-only control. Subjective appetite was suppressed during PLA and FOOD compared to WAT, although
energy intake at lunch was lower only during FOOD, but not PLA, compared to WAT. Nevertheless, due to the
very low energy content of the placebo breakfast meal, cumulative energy intake (breakfast plus lunch) across the
PLA trial period was lower than FOOD, and not different to WAT. These results support the idea that breakfast
omission may successfully reduce energy intake over breakfast and lunch. Furthermore, consumption of a very

low-energy, viscous placebo breakfast may attenuate the elevations in subjective appetite associated with
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breakfast omission, potentially enhancing its efficacy by reducing the likelihood of mid-morning shacking and

improving dietary adherence.

With the exception of one study which provided a notably small breakfast (~250 kcal) [15], breakfast omission
studies show that the energy deficit created by omitting breakfast is not fully compensated for at lunch, and, as
such, cumulative energy intake is reduced compared to when breakfast is consumed [9, 10, 12, 16, 29]. This was
also the case in the present study, as, compared to FOOD, cumulative energy intake was approximately 477 and
461 kcal lower during PLA and WAT. Whilst it is possible that further energy intake compensation may occur at
subsequent meals, studies that have examined energy intake beyond a single meal have revealed no such
compensation [10, 16]. Collectively, these studies suggest that the effects of breakfast omission on ad libitum
energy intake are largely constrained to lunch. These findings support the hypothesis that total daily energy intake
can be similarly reduced following both complete breakfast omission and breakfast omission instigated via the

consumption of a very low-energy placebo breakfast.

We have shown a 112 kcal increase in lunch energy intake when a breakfast containing ~575 kcal was omitted,
compared to consumed. This is consistent with previous studies, which have reported an increase in lunch energy
intake of between 153 — 206 kcal following breakfast omission, compared to when a breakfast containing ~250 —
733 kcal was consumed [10, 12, 15, 16]. Some studies, however, have reported a similar energy intake at lunch
following breakfast omission and consumption [9, 16, 29]. Inconsistencies in these findings may result from
methodological differences between studies, such as differences in the time-interval between breakfast and lunch,
and/or the method employed to assess ad libitum energy intake (i.e., a homogenous, single-item meal versus a

multi-item buffet meal).

Acute, single-exposure studies support the efficacy of breakfast omission for the reduction of energy intake over
the course of a day. Findings from longer-term studies, however, suggest that some degree of adaptation may
occur when breakfast is omitted over consecutive days. In a crossover study, two weeks of daily breakfast
omission resulted in greater self-reported daily energy intake in a sample of healthy, lean females [17].
Additionally, individuals with obesity either omitted, or consumed, a 700-kcal breakfast (before 11am) daily for
six weeks and it was found that breakfast omission led to a compensatory increase in energy intake after 11am,
which ultimately resulted in no difference in total daily energy intake between the groups [18]. These data suggest
that breakfast omission over the longer-term may be associated with adaptations that drive an increase in appetite

and energy intake to account for the energy omitted at breakfast.
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Naharudin et al. [20] reported that a placebo breakfast meal suppressed appetite compared to water-only. In line
with this, the current study showed that appetite was supressed during both PLA and FOOD compared to WAT.
Specifically, hunger, PFC and DTE were lower, and fullness was higher during the PLA and FOOD trials,
compared to WAT. The regulation of appetite is important as dietary success is known to be influenced by
persistently elevated appetite sensations [5]. Dietary self-control, or ‘willpower’, appears to be negatively
associated with increased levels of hunger, for example, hungry individuals typically exhibit poorer food choices
by selecting more high-calorie or ‘junk food” options [30, 31]. Furthermore, increased hunger led to individuals
underestimating their self-belief in achieving dietary success, which worsened their dieting intentions [32]. In the
present study, the suppression of appetite during PLA was most pronounced 30-60 minutes after breakfast,
whereas FOOD suppressed appetite for longer. This indicates that consuming a placebo breakfast does not
suppress appetite as strongly as after consuming a ~575 kcal whole-food breakfast. However, the transient
suppression of appetite during PLA may be meaningful, as research has also linked breakfast omission with
increased impulsive snacking [33]. Therefore, the immediate appetite suppressing effects of consuming a very
low-energy placebo breakfast that occur between breakfast and lunch have the potential to improve dietary success
by increasing restraint and reducing the temptation for snacking during the mid-morning. Future research should
aim to elucidate the effects of placebo breakfast consumption on dietary adherence and snacking behaviours in a

free-living environment.

The viscosity of the PLA breakfast was increased by the addition of xanthan gum, a soluble fibre often used as a
low-energy thickening agent [34]. The effects of several different viscous soluble fibres, including pectin, alginate,
and B-glucan, on appetite and energy intake, have been examined in a number of studies with differing
methodological designs [25, 35]. Typically, these studies compare the satiating properties of soluble fibre mixtures
of varying viscosities [36, 37], and/or nutritional contents [38, 39]. It is generally agreed that increasing the
viscosity of a liquid enhances its effects on satiety [36, 38-40] and food intake [35, 37]. The study of Marciani
and Colleagues [38] compared the appetite responses to test breakfast meals of both a high and low viscosity,
which either contained ~323 kcal, or contained no energy. The meals of increased viscosity resulted in greater
subjective satiety ratings, independent of the presence or absence of energy. Similar findings were observed by
Solah et al. [39], who found that the viscosity of a test beverage had a greater effect on satiety than its protein
content. These results suggest that the addition of soluble fibre to a meal may have more profound effects on

appetite than its nutrient content. We extend these findings by comparing both the appetite and energy intake



313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

13

responses to a very low-energy, viscous meal with those of an ecologically valid, whole-food meal with an energy

content in line with what may be consumed at breakfast in the real-world.

It is interesting to note that despite having a virtually identical energy and macronutrient content, PLA and WAT
produced divergent appetite responses during the early post-breakfast period. The PLA breakfast contained a small
amount of energy (16 = 1 kcal), although data from our physiological variables indicated that this is unlikely to
explain the differences in appetite between PLA and WAT. Acylated ghrelin and PYY are orexigenic and
anorexigenic hormones, respectively [13, 14], and respond predominantly to the ingestion of energy, rather than
gastric distension [41, 42]. Accordingly, the only changes observed in these physiological markers of appetite and
blood glucose concentrations were after consumption of the energy-containing breakfast during the FOOD trial.
Aligning with this, plasma concentrations of acylated ghrelin and PY'Y were not different between the WAT and
PLA trials. Therefore, despite the FOOD breakfast inducing a hormonal response associated with increased satiety
and reduced hunger, these physiological variables cannot explain differences in subjective appetite between the
PLA and WAT trials. It should be noted that the physiological regulation of appetite is complex, and the effects

of other hormones and/or neural signals on appetite during PLA cannot be ruled out.

Such discordant hormonal and subjective appetite responses have been observed previously following placebo
breakfast consumption [20]. Subjects in the present study and that of Naharudin et al. [20] were self-reported
regular breakfast consumers, and research suggests that breakfast omission adversely affects appetite to a greater
extent in habitual breakfast consumers than breakfast skippers [43]. Therefore, simply the knowledge of having
consumed breakfast, rather than the physiological responses to ingested nutrients, may mediate the satiating
effects of breakfast consumption in these individuals. Additionally, consuming a volume of water immediately
prior to a meal has been shown to reduce appetite and ad libitum energy intake, likely via gastric distension [44],
although the gastric emptying rate of water is rapid [45], and its effects on appetite are typically lost after 30
minutes in young individuals [46]. Gastric emptying is, however, slowed in semi-solid meals by the addition of
soluble fibre [47]. Because the addition of xanthan gum to PLA provided a small amount of fibre (~5 g), a delayed
gastric emptying of PLA compared to WAT is a possible mechanism explaining the divergent appetite responses
to the meals. Additionally, the oral processing of food which includes chewing and swallowing mediates the
satiating effects of a meal via physiological and psychological mechanisms [48]. As such, the prolonged oro-
sensory exposure time of more solid foods has been shown to elicit a greater and extended suppression of
subjective appetite, compared to liquid foods [49]. This may also contribute to the differences in subjective

appetite between PLA and WAT.
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Long-term weight management is dependent upon the interplay between energy intake and energy expenditure
[4], and it has been previously reported that 6 weeks of breakfast omission resulted in a reduction in habitual
physical activity energy expenditure which fully compensated for the reduction in energy intake, thus offsetting
the energy deficit created by the omission of breakfast [50]. Whether a similar effect would be shown when a very
low-energy placebo breakfast is consumed, rather than skipping the breakfast meal entirely, is unknown. It is
interesting to note, however, that two previous studies showed that endurance and resistance exercise performance
was greater after consumption of a very-low energy placebo breakfast, compared to water-only [20, 51].
Therefore, it is plausible that the act of eating (rather than the specific content of the meal) in the morning is
sufficient to maintain physical activity, and as such, this may present a more effective method of energy restriction.

This warrants further investigation.

Herein we provide novel data demonstrating that an acute, single-exposure to placebo breakfast consumption can
suppress subjective appetite compared to consuming water-only, and can reduce energy intake over breakfast and
lunch, compared to a typical breakfast meal. These findings have practical implications for lean individuals
looking to manage energy intake as a means of weight maintenance. Future studies should explore whether similar
results would be observed following multiple exposures to placebo breakfast consumption over days and weeks,
especially given the initial unfamiliarity of the viscous breakfast to subjects. Furthermore, to increase the
application of this intervention, it would be prudent to examine responses to a placebo breakfast within an
unblinded study design to account for potential demand effects resulting from knowledge of its lack of energy
content. Finally, the effects of placebo breakfast consumption should be investigated in other population groups,
specifically overweight or obese individuals, who have been shown to respond differently to acute and chronic

breakfast omission [9, 12, 18, 50].

In conclusion, a typical, whole-food breakfast and a very low-energy placebo breakfast both reduced subjective
appetite compared to water, but the placebo breakfast also reduced cumulative energy intake across breakfast and
lunch. Therefore, placebo breakfast consumption may be an effective strategy for managing the elevations in
appetite which often accompany breakfast omission, whilst still reducing cumulative energy intake over breakfast

and lunch and thus aiding weight management.

Declarations
Funding

Tommy Slater is supported by a PhD studentship awarded by Nottingham Trent University.



372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

15

Conflict of interest

LJJ is part of the National Institute for Health Research’s Leicester Biomedical Research Centre, which is a
partnership between University Hospitals of Leicester NHS Trust, Loughborough University, and the University
of Leicester. This report is independent research by the National Institute for Health Research. The views
expressed in this publication are those of the authors and not necessarily those of the NHS, the National Institute
for Health Research, or the Department of Health. LJJ has current/previous funding from Entrinsic Beverage
Company LLP, Herbalife Europe Ltd, Bridge Farm Nurseries, Decathlon SA, PepsiCo Inc., Volac International,
has performed consultancy for PepsiCo Inc. and Lucozade, Ribena Suntory, and has received conference fees
from PepsiCo Inc. and Danone Nutricia. In all cases, monies have been paid to LJJs institution and not directly to

LJJ.

CS has no conflicts of interest to declare as they relate directly to the topic of this study. More generally, potential
and perceived conflicts of interest over the last few years include: Research funding from the UK Ministry of
Defence, Natural Alternatives International, English Institute of Sport, NHS Nottingham City, Birmingham City
University, Coventry University and GlaxoSmithKline HPL (all as PI) and Fundacdo de Amparo a Pesquisa do
Estado de S&o Paulo (Brazil), Ciéncia sem Fronteiras (Brazil), British Milers Club, Irish Research Council and
NHS Nottingham City (as Co-I). Honoraria have been received from the Gatorade Sport Science Institute, UK
Dairy Council, Guru Performance Ltd, International Society of Sports Nutrition, English Institute of Sport,
GlaxoSmithKline HPL and Nutrition X. Other ‘in kind’ research support has been received from Natural
Alternatives International in the form of supplements for research, support to attend a conference and payment of
open access page charges.

Data availability

The data described in this article will be available as supplementary electronic material.

Code availability

Not applicable.

Authors’ contributions

All authors contributed to the study conception and design; Tommy Slater, William J A Mode, David John Clayton
and John Hough completed data collection; Tommy Slater, William J A Mode and David J Clayton analysed the
data; the first draft of the manuscript was written by Tommy Slater; and all authors critically reviewed previous
versions of the manuscript. All authors have read and approved the final manuscript.

Ethics approval



402

403

404

405

406

407

408

409

16

This study was conducted according to the guidelines laid down in the 1964 Declaration of Helsinki and its later
amendments, and all procedures were approved by the Nottingham Trent University Ethical Advisory Committee;
ethics application number: 632.

Consent to participate

All subjects provided written informed consent to participate before commencing the study.

Consent to publish

All subjects provided written informed consent regarding publishing their anonymised data before commencing

the study.



17

References

1.

Bray GA (2004) Medical Consequences of Obesity. J Clin Endocrinol Metab 89:2583-2589.

https://doi.org/10.1210/jc.2004-0535

Cobiac LJ, Scarborough P (2021). Modelling future trajectories of obesity and body mass index in England.

PLOS ONE 16:20252072. https://doi.org/10.1371/journal.pone.0252072

Hill JO, Wyatt HR, Peters JC (2012) Energy balance and obesity. Circulation 26:126-132.

https://doi.org/10.1161/CIRCULATIONAHA.111.087213

Hall KD, Heymsfield SB, Kemnitz JW, Klein S, Schoeller DA, Speakman JR (2012) Energy balance and its
components:  implications for body weight regulation. Am J Clin Nutr 95:989-994.

https://doi.org/10.3945/ajcn.112.036350

Polidori D, Sanghvi A, Seeley RJ, Hall KD (2016) How Strongly Does Appetite Counter Weight Loss?
Quantification of the Feedback Control of Human Energy Intake. Obesity 24:2289-2295.

https://doi.org/10.1002/0by.21653

Clayton DJ, Mode WJA, Slater T (2020) Optimising intermittent fasting: Evaluating the behavioural and
metabolic  effects of extended morning and evening fasting. Nutr Bull 45:444-455,

https://doi.org/10.1111/nbu.12467

Betts JA, Chowdhury EA, Gonzalez JT, Richardson JD, Tsintzas K, Thompson D (2016) Is breakfast the

most important meal of the day? Proc Nutr Soc 754:464-474. https://doi.org/10.1017/S0029665116000318

Clayton DJ, James LJ (2016) The effect of breakfast on appetite regulation, energy balance and exercise

performance. Proc Nutr Soc 75:319-327. https://doi.org/10.1017/S0029665115004243



https://doi.org/10.1210/jc.2004-0535
https://doi.org/10.1371/journal.pone.0252072
https://doi.org/10.1161/CIRCULATIONAHA.111.087213
https://doi.org/10.3945/ajcn.112.036350
https://doi.org/10.1002/oby.21653
https://doi.org/10.1111/nbu.12467
https://doi.org/10.1017/S0029665116000318
https://doi.org/10.1017/S0029665115004243

10.

11.

12.

13.

14.

15.

16.

18

Chowdhury EA, Richardson JD, Tsintzas K, Thompson D, Betts JA (2016) Effect of extended morning
fasting upon ad libitum lunch intake and associated metabolic and hormonal responses in obese adults. Int J

Obes 40:305-311. https://doi.org/10.1038/ij0.2015.154

Clayton DJ, Barutcu A, Machin C, Stensel DJ, James LJ (2015) Effect of Breakfast Omission on Energy
Intake and Evening Exercise Performance. Med Sci  Sports Exerc  47:2645-2652.

https://doi.org/10.1249/MSS.0000000000000702

Clayton DJ, Stensel DJ, James LJ (2016) Effect of breakfast omission on subjective appetite, metabolism,
acylated ghrelin  and GLP-17-36  during rest and exercise.  Nutrition  32:179-185.

https://doi.org/10.1016/j.nut.2015.06.013

Chowdhury EA, Richardson JD, Tsintzas K, Thompson D, Betts JA (2015) Carbohydrate-rich breakfast
attenuates glycaemic, insulinaemic and ghrelin response to ad libitum lunch relative to morning fasting in

lean adults. Br J Nutr 114:98-107. https://doi.org/10.1017/S0007114515001506

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS (2001) A Preprandial Rise in
Plasma Ghrelin Levels Suggests a Role in Meal Initiation in Humans. Diabetes 50:1714-1719.

https://doi.org/10.2337/diabetes.50.8.1714

Batterham RL, Cowley MA, Small CJ et al (2002) Gut hormone PYY(3-36) physiologically inhibits food

intake. Nature 418:650-654. https://doi.org/10.1038/nature00887

Astbury NM, Taylor MA, Macdonald IA (2011) Breakfast Consumption Affects Appetite, Energy Intake,
and the Metabolic and Endocrine Responses to Foods Consumed Later in the Day in Male Habitual Breakfast

Eaters. J Nutr 141:1381-1389. https://doi.org/10.3945/jn.110.128645

Levitsky DA, Pacanowski CR (2013) Effect of skipping breakfast on subsequent energy intake. Physiol

Behav 119:9-16. https://doi.org/10.1016/j.physbeh.2013.05.006



https://doi.org/10.1038/ijo.2015.154
https://doi.org/10.1249/MSS.0000000000000702
https://doi.org/10.1016/j.nut.2015.06.013
https://doi.org/10.1017/S0007114515001506
https://doi.org/10.2337/diabetes.50.8.1714
https://doi.org/10.1038/nature00887
https://doi.org/10.3945/jn.110.128645
https://doi.org/10.1016/j.physbeh.2013.05.006

17.

18.

19.

20.

21.

22.

23.

24.

19

Farshchi HR, Taylor MA, Macdonald 1A (2005) Deleterious effects of omitting breakfast on insulin
sensitivity and fasting lipid profiles in healthy lean women. Am J Clin Nutr 81:388-396.

https://doi.org/10.1093/ajcn.81.2.388

Chowdhury EA, Richardson JD, Holman GD, Tsintzas K, Thompson D, Betts JA (2016) The causal role of
breakfast in energy balance and health: a randomized controlled trial in obese adults. Am J Clin Nutr 103:

747-756. https://doi.org/10.3945/ajcn.115.122044

Sievert K, Hussain SM, Page MJ, Wang Y, Hughes HJ, Malek M, Cicuttini FM (2019) Effect of breakfast on
weight and energy intake: systematic review and meta-analysis of randomised controlled trials. BMJ 364:142.

https://doi.org/10.1136/bmj.142

Naharudin MN, Adams J, Richardson H et al (2020) Viscous placebo and carbohydrate breakfasts similarly
decrease appetite and increase resistance exercise performance compared with a control breakfast in trained

males. Br J Nutr 124:232-240. https://doi.org/10.1017/S0007114520001002

Clayton DJ, Stensel DJ, Watson P, James LJ (2014) The effect of post-exercise drink macronutrient content

on appetite and energy intake. Appetite 82:173-179. https://doi.org/10.1016/j.appet.2014.07.013

James LJ, Funnell MP, Milner S (2015) An afternoon shack of berries reduces subsequent energy intake
compared to an isoenergetic confectionary snack. Appetite 95:132-137.

https://doi.org/10.1016/j.appet.2015.07.005

Stunkard AJ, Messick S (1985) The three-factor eating questionnaire to measure dietary restraint,

disinhibition and hunger. J Psychosom Res 29:71-83. https://doi.org/10.1016/0022-3999(85)90010-8

Durnin, JVGA, Womersley J (1974) Body fat assessed from total body density and its estimation from
skinfold thickness: measurements on 481 men and women aged from 16 to 72 Years. Br J Nutr 32:77-97.

https://doi.org/10.1079/BJN19740060



https://doi.org/10.1093/ajcn.81.2.388
https://doi.org/10.3945/ajcn.115.122044
https://doi.org/10.1136/bmj.l42
https://doi.org/10.1017/S0007114520001002
https://doi.org/10.1016/j.appet.2014.07.013
https://doi.org/10.1016/j.appet.2015.07.005
https://doi.org/10.1016/0022-3999(85)90010-8
https://doi.org/10.1079/BJN19740060

25.

26.

217.

28.

29.

30.

3L

32.

33.

20

Fiszman S, Varela P (2013) The role of gums in satiety/satiation. A review. Food Hydrocoll 32:147-154.

https://doi.org/10.1016/j.foodhyd.2012.12.010

Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA, Koh YO (1990) A new predictive equation for
resting energy expenditure in healthy individuals. Am J Clin Nutr 51: 241-247.

https://doi.org/10.1093/ajcn/51.2.241

Flint A, Raben A, Blundell JE, Astrup A (2000) Reproducibility, power and validity of visual analogue scales
in assessment of appetite sensations in single test meal studies. Int J Obes 24:38-48.

https://doi.org/10.1038/sj.ij0.0801083

Cohen J (1988) Statistical Power Analysis for the Behavioural Sciences, 2nd edn. Routledge, New York.

https://doi.org/10.4324/9780203771587

Gonzalez JT, Veasey RC, Rumbold PLS, Stevenson EJ (2013) Breakfast and exercise contingently affect
postprandial metabolism and energy balance in physically active males. Br J Nutr 110:721-732.

https://doi.org/10.1017/S0007114512005582

Read D, van Leeuwen B (1998) Predicting hunger: The effects of appetite and delay on choice. Organ Behav

Hum Decis Process 76:189-205. https://doi.org/10.1006/obhd.1998.2803

Tal A, Wansink B (2013) Fattening fasting: hungry grocery shoppers buy more calories, not more food.

JAMA Itern Med 173:1146-1148. https://doi.org/10.1001/jamainternmed.2013.650

Nordgren LF, van der Pligt J, van Harreveld F (2008) The instability of health cognitions: Visceral states

influence self-efficacy and related health beliefs. Health Psychol 27:722-727. https://doi.org/10.1037/0278-

6133.27.6.722

Schlundt DG, Hill JO, Sbrocco T, Pope-Cordle J, Sharp T (1992) The role of breakfast in the treatment of

obesity: a randomized clinical trial. Am J Clin Nutr 55:645-651. https://doi.org/10.1093/ajcn/55.3.645



https://doi.org/10.1016/j.foodhyd.2012.12.010
https://doi.org/10.1093/ajcn/51.2.241
https://doi.org/10.1038/sj.ijo.0801083
https://doi.org/10.4324/9780203771587
https://doi.org/10.1017/S0007114512005582
https://doi.org/10.1006/obhd.1998.2803
https://doi.org/10.1001/jamainternmed.2013.650
https://doi.org/10.1037/0278-6133.27.6.722
https://doi.org/10.1037/0278-6133.27.6.722
https://doi.org/10.1093/ajcn/55.3.645

34.

35.

36.

37.

38.

39.

40.

41.

21

Habibi H, Khosravi-Darani K (2017) Effective variables on production and structure of xanthan gum and its
food applications: A review. Biocatal Agric Biotechnol 10:130-140.

https://doi.org/10.1016/j.bcab.2017.02.013

Ho IHH, Matia-Merino, Huffman LM (2015) Use of viscous fibres in beverages for appetite control: a review

of studies. Int J Food Sci Nutr 66:479—-490. https://doi.org/10.3109/09637486.2015.1034252

Bennett J, Rhodes M, Malcom P et al (2009) Assessment of the relationship between post-meal satiety, gastric
volume and gastric emptying after Swedish adjustable gastric banding. A pilot study using magnetic
resonance imaging to assess  postsurgery  gastric  function. Obes Surg 19:757-763.

https://doi.org/10.1007/s11695-008-9596-6

Vuksan V, Panahi S, Lyon M, Rogovik AL, Jenkins AL, Leiter LA (2009) Viscosity of fiber preloads affects
food intake in adolescents. Nutr, Metabol Cardiovasc Dis 19:498-503.

https://doi.org/10.1016/j.numecd.2008.09.006

Marciani L, Gowland PA, Spiller RC, Manoj P, Moore RJ, Young P, Fillery-Travis AJ (2001) Effect of meal
viscosity and nutrients on satiety, intragastric dilution, and emptying assessed by MRI. Am J Physiol

Gastrointest Liver Physiol 280:G1227-G1233. https://doi.org/10.1152/ajpgi.2001.280.6.G1227

Solah VA, Kerr DA, Adikara CD et al (2010) Differences in satiety effects of alginate- and whey protein-

based foods. Appetite 54:485-491. https://doi.org/10.1016/j.appet.2010.01.019

Marciani L, Gowland PA, Spiller RC et al (2000) Gastric response to increased meal viscosity assessed by
echo-planar magnetic resonance imaging in humans. J Nutr 130:122-127.

https://doi.org/10.1093/jn/130.1.122

Williams DL, Cummings DE, Grill HJ, Kaplan JM (2003) Meal-related ghrelin suppression requires

postgastric feedback. Endocrinology 144:2765-2767. https://doi.org/10.1210/en.2003-0381



https://doi.org/10.1016/j.bcab.2017.02.013
https://doi.org/10.3109/09637486.2015.1034252
https://doi.org/10.1007/s11695-008-9596-6
https://doi.org/10.1016/j.numecd.2008.09.006
https://doi.org/10.1152/ajpgi.2001.280.6.G1227
https://doi.org/10.1016/j.appet.2010.01.019
https://doi.org/10.1093/jn/130.1.122
https://doi.org/10.1210/en.2003-0381

42,

43.

44,

45.

46.

47.

48.

49,

22

Oesch S, Ruegg C, Fischer B, Degen L, Beglinger C (2006) Effect of gastric distension prior to eating on
food intake and  feelings of satiety in  humans. Physiol Behav  87:903-910.

https://doi.org/10.1016/j.physbeh.2006.02.003

Thomas EA, Higgins J, Bessesen DH, McNair B, Cornier MA (2015) Usual breakfast eating habits affect
response to breakfast skipping in overweight women. Obesity 23:750-759.

https://doi.org/10.1002/0by.21049

Corney RA, Sunderland C, James LJ (2016) Immediate pre-meal water ingestion decreases voluntary food
intake in lean young males. Eur J Nutr 55:815-819. doi: 10.1007/s00394-015-0903-4.

https://doi.org/10.1007/s00394-015-0903-4

Vist GE, Maughan RJ (1994) Gastric emptying of ingested solutions in man: effect of beverage glucose

concentration. Med Sci Sports Exerc 26:1269-1273.

Van Walleghen EL, Orr JS, Gentile CL, Davy BM (2007) Pre-meal Water Consumption Reduces Meal

Energy Intake in Older but Not Younger Subjects. Obesity 15:93-99. https://doi.org/10.1038/0by.2007.506

Yu K, Ke MY, Li WH, Zhang SQ, Fang XC (2014) The impact of soluble dietary fibre on gastric emptying,
postprandial blood glucose and insulin in patients with type 2 diabetes. Asia Pac J Clin Nutr 23:210-218.

https://doi.org/10.6133/apjcn.2014.23.2.01

de Graaf C (2012) Texture and satiation: the role of oro-sensory exposure time. Physiology & behavior

107:496-501. https://doi.org/10.1016/j.physbeh.2012.05.008

Mattes R (2005) Soup and satiety. Physiology & behavior 83:739-47.

https://doi.org/10.1016/j.physbeh.2004.09.021



https://doi.org/10.1016/j.physbeh.2006.02.003
https://doi.org/10.1002/oby.21049
https://doi.org/10.1007/s00394-015-0903-4
https://doi.org/10.1038/oby.2007.506
https://doi.org/10.6133/apjcn.2014.23.2.01
https://doi.org/10.1016/j.physbeh.2012.05.008
https://doi.org/10.1016/j.physbeh.2004.09.021

50.

Sl

23

Betts JA, Richardson JD, Chowdhury EA, Holman GD, Tsintzas K, Thompson D (2014) The causal role of
breakfast in energy balance and health: a randomized controlled trial in lean adults. Am J Clin Nutr 100:539—

547. https://doi.org/10.3945/ajcn.114.083402

Mears SA, Dickinson K, Bergin-Taylor K, Dee R, Kay J, James LJ (2018) Perception of Breakfast Ingestion
Enhances High-Intensity Cycling Performance. Int J Sports Physiol Perform 13:504-509.

https://doi.org/10.1123/ijspp.2017-0318



https://doi.org/10.3945/ajcn.114.083402
https://doi.org/10.1123/ijspp.2017-0318

Tables

Table 1 Participant baseline characteristics (n = 14)

24

Characteristic Mean SD
Age (Y) 24 2
Weight (kg) 77.1 6.8
Height (m) 1.81 0.07
BMI (kg-m?) 23.5 2.3
Body fat (%) 13.2 3.4
Dietary restraint? 6 2
Dietary disinhibition? 5 2
Hunger? 6 3
Estimated resting metabolic rate (kcal-day)P 1792 93

@ Three-factor eating questionnaire [23]

b Estimated via predictive equation [26]

Table 2 Nutritional content of the breakfast meals

WAT PLA FOOD
Mean SD Mean SD Mean SD

Carbohydrate (g) 0 0 14 0.1 114.9 5.9
Protein (g) 0 0 0.3 0 15.7 0.8
Fat (9) 0 0 0 0 5.1 0.3
Fibre (g) 0 0 4.8 0.4 2.4 0.1
Energy (kcal) 0 0 16 1 573 30
Energy (kJ) 0 0 68 6 2399 124
Water (mL) 618 54 618 54 618 54
Volume (g) 618 54 625 55 757 60

WAT, water-only control; PLA, placebo breakfast; FOOD, typical whole-food breakfast
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Figure Captions

Fig. 1 (a) Ad libitum energy intake (kcal) at lunch and (b) cumulative energy intake (kcal) across the entire trial.
The bars display mean values at lunch and breakfast, with vertical error bars representing SD. The lines display
individual subjects’ lunch energy intake for each experimental trial. ¥ P <0.05 FOOD vs WAT; * P <0.05 FOOD

vs PLA

Fig. 2 (a) Hunger, (b) fullness, (c) prospective food consumption (PFC), and (d) desire to eat (DTE) during WAT,
PLA, and FOOD. Data are presented at each time point (left) and as total area under the curve (AUC) for each
trial (right). T P < 0.05 FOOD vs WAT; * P < 0.05 FOOD vs PLA; # P < 0.05 PLA vs WAT. Black rectangles

represent breakfast and lunch. Data are mean + SEM

Fig. 3 Nausea during WAT, PLA, and FOOD. Data are presented at each time point (left) and as total area under

the curve (AUC) for each trial (right). Black rectangles represent breakfast and lunch. Data are mean + SEM

Fig. 4 Blood glucose concentrations over the course of the trial during WAT, PLA, and FOOD. 1 P <0.05 FOOD

vs WAT; * P <0.05 FOOD vs PLA. Data are mean = SD

Fig. 5 (a) Plasma acylated ghrelin (n = 11) and (b) plasma PY Yt (n = 13) concentrations over the course of the
trial during WAT, PLA, and FOOD. 1 P < 0.05 FOOD vs WAT; * P < 0.05 FOOD vs PLA. Black rectangle

represents breakfast. Data are mean + SD

Supplementary Material Captions

Online Resource 1 Raw dataset for the experimental study is available as online supporting information



