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Abstract

Breakfast omission induces compensatory eating bedmaat lunch, but often reduces daily
energy intake. This study investigated the effectbofakfast omission on within-day
subjective appetite, energy expenditure, substidisation and appetite hormone profiles, in
response to standardised feeding and exercise. Higile, habitual breakfast eaters
completed two randomised trials. Subjects arriveeérioight fasted (0 h), and either
consumed (BC) or omitted (BO) a standardised breakfean (SD) (3085 (217) kJ). Lunch
(4162 (510) kJ) and dinner (4914 (345) kJ) were ey at 4.5 and 10 h, respectively and
subjects performed 60 min fixed-intensity cyclind¥b VO,peak) at 8 h. Blood samples
were collected at 0, 4.5, 6 and 8 h, with expiredamd subjective appetite sensations
(hunger, fullness, desire to eat (DTE) and prospedinod consumption (PFC)) collected
throughout. Heart rate and perceived exertion wezasured during exercise. Hunger, DTE
and PFC were greater and fullness lower during B&€(05) between breakfast and lunch,
with no differences after lunchiP$0.193). Resting energy expenditure was greater at 2.5 h
during BC P<0.05) with no other differences between trials>{.156). GLP-135 was
greater P<0.05) and acylated ghrelin tended to be gred®e078) at 4.5 h during BC.
Heart rate was greater on B®<0.05) during exercise. The results of this laboratory-
controlled study suggest that the effects of brestldanission are transient and do not extend
beyond lunch, even when the negative energy balaneated by breakfast omission is

sustained via standardised feeding and exercise.

Word Count: 244
Key words: Breakfast skipping, Energy restriction, Energy balaiheal omission, Energy

expenditure.
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Introduction

Obesity is the product of prolonged positive endrsglance and has been identified as a risk
factor for several chronic diseases [1]. Meal omissis a frequently cited method of
controlling energy intake [2]. In the absence of @&bural compensation, refraining from
eating at a prescribed mealtime, such as breakfédktreate an energy deficit. It is thought
that the appetite regulatory system will countertybations in energy balance, with
metabolic and behavioural compensatory responsds téinget both energy intake and
expenditure [3]. Part of this response may be dubdaegulation of appetite hormones such
as acylated ghrelin and GLRB=k, which have been suggested as biological mechanisms that
affect hunger and food intake. Subjective appegtesations are a valid and reliable method
of assessing motivation to eat before and in respptmsest meals [4], and may also reflect
changes in appetite regulatory hormones [5].

Evidence is emerging that energy omitted at breakdasot fully compensated for over a 24
h period [3,6-8]. Furthermore, it appears that amypensatory eating behaviour is exhibited
during the next meal [3,6], and it is currently warl whether the increased energy intake at
this meal suppresses further intake throughout & dr whether the appetitive effects of
breakfast omission are diminished after the ingtahulation of food intake.

Energy expenditure may also be altered in responsituxes in energy balance due to
breakfast omission. In one study energy expenda®e shown to decrease in the morning in
response to breakfast omission, but was not diftevear a 24 h period [10]. In this study,
energy intake at lunch and dinner was increasedctoumt for the energy omitted at
breakfast, whereas complete compensation rarelyr®ccu response to acute breakfast
omission [11]. Low intensity physical activity hagdm shown to reduce in response to
chronic breakfast omission [8]. An exercise inteti@nmay have the potential to offset this

decrement somewhat, provided the subjective respmnse&ercise and/or adherence is not
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affected by breakfast omission. Lifestyle intervens that combine both dietary restriction
and exercise have been shown to be more effectivedght management in the long-term
[12]; therefore it is important to consider the efféghat a given dietary intervention has on
physical activity.

A more complete understanding of the hormonal andalbodic responses to breakfast
omission is warranted. This this study was designadvestigate the appetite and metabolic
responses to breakfast omission, with energy intékench and dinner held constant, which
has not been previously investigated. Thereforeathreof this study was to investigate the
effect of breakfast omission on subjective appetiesations and metabolism in response to

standardised feeding and sub-maximal exercise.
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Methods

ubjects

Eight healthy, recreationally active males (age:(@7y; weight: 75 (8.1) kg; height: 1.74
(0.07) m; BMI: 25 (2) kg-ifi; body fat: 18 (3) %; V@peak: 53.4 (5.1) mL-kh(mean (SD))
volunteered to participate in the study. All sulbgestre regular breakfast eaters, reported to
have been weight stable for 6 months, and wereasttained, disinhibited or hungry eaters
[13]. The study was approved by the Loughboroughvelsity Ethics Approvals (Human
Participants) Sub-committee, and all subjects pexbitlill written consent and completed a
health screen questionnaire prior to participation.

Preliminary trial

Subjects’ height (Seca, Birmingham, UK), weight (AdAFW-120K, Milton Keynes, UK)
and body fat percentage [14] were determined. Cgcii®.peak was determined using a
discontinuous incremental exercise test (Lode Cbhri@oningen, Holland). Increments
lasted 4 min, were separated by ~5 min rest, andk vead was increased until volitional
exhaustion. Expired air was collected into a Dougjag during the final min of each stage,
with heart rate (Polar Beat, Kemple, Finland) anthgaof perceived exertion (RPE) [15]
recorded at the end of each increment.

Pre-trial standardisation

Dietary intake and physical activity in the 48 h qading the first experimental trial were
recorded by each subject in a diary and these patteere replicated in the 48 h before the
next trial. Subjects also abstained from alcohol strehuous exercise during this period.
Protocol

Subjects completed two experimental trials; bredakfamsumption (BC) and breakfast
omission (BO). Trials were separated by at leasaysdconducted at the same time of day,

on the same day of the week and administered ingoraised, counterbalanced order.
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Subjects travelled to the laboratory via motoris@shgport arriving at approximately 08:00,
following at least a 10 h fast, and were weighedenuiter 30 min supine rest (0 h), blood
and expired air samples were collected. Subjecippetite sensations were then assessed on
a visual analogue scale (VAS) before subjects cordugither a standardised breakfast (BC)
or no breakfast (BO). Subjects then rested quiettyhe laboratory. At 4.5 h, a blood sample
was collected, before a standardised lunch was ooedu Subjects again rested in the
laboratory with blood samples collected at 6 h and. &ubjects then completed 60 min
cycling at 50% V(@peak (8-9 h). Heart rate and RPE were recorded after 20, 40 and 60 min
of exercise. One hour after exercise (10 h) a stdmkad dinner meal was consumed.
Subjects then left the laboratory, but were not pdech to eat until the following morning,
completing VAS scales at 12, 13.5 and 24 h..

Sandardised meals

During BC subjects were provided a standardisedkfmetiof 25% estimated daily energy
requirements (DER), determined by multiplying regtimetabolic rate (RMR) [16] by a
physical activity level of 1.7. Breakfast consistiddccrisped rice cereal, semi-skimmed milk,
white bread, butter, strawberry jam and orange j@i@sco, Cheshunt, UK). During BO,
subjects ingested water (624 (44) mL) to match watertained in the breakfast of BC.
Subjects were provided the same lunch and dinndsobim trials. Lunch consisted of ham
sandwiches, crisps and yoghurt (35% DER) and dimoesisted of pasta, tomato sauce,
cheese and olive oil (40% DER). Subjects consumeti ezeal gradually over a 30 min
period (Table 1).

After breakfast, subjects ingested 45 mL* kpdy mass water on each trial (2318 (284) mL).
This water was distributed so that 100 mL was predidvery 20 min during exercise. Of the
remaining water, 25% was ingested at lunch and djramel 12.5 % at 2.5, 7, 12 and 13.5 h.

Subjective appetite sensations
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Hunger, fullness, desire to eat (DTE) and prospedtmd consumption (PFC) were assessed
on 100 mm VAS at 0, 0.5, 1.5, 2.5, 3.5, 4.5, 5, 68,79, 10, 10.5, 12, 13.5, 24 h. Verbal
anchors of ‘not at all/no desire at all/none at afid ‘extremely/a lot’ were placed at 0 and
100 mm, respectively.

Expired air samples

Ten min expired air samples were collected at 0,2% 6, 8 and 10 h in a supine position
after 20 min supine rest [17]. The first 5 min wascdrded and the second 5 min was
collected into a Douglas bag.,Cand CQ concentration were determined using a
paramagnetic oxygen analyser and an infra-red cadomtde analyser, respectively (1400
Series, Servomex, East Sussex, UK). These wererat@ prior to each sample using
certified reference gases (BOC, Guildford, UK). TWidume (Harvard Dry Gas Meter,
Harvard Ltd, Kent, UK) and temperature (Edale theteri Cambridge, UK) of each expired
air sample were also determined. Energy expendindesubstrate oxidation were calculated
using the stoichiometric equations described by frfdy]. Four min expired air samples
were collected after 20, 40 and 60 min of exeradeyhich the first 2 min of each sample
was discarded.

Blood sampling and analysis

Blood samples (12 mL) were drawn after 30 min supest, at 0, 4.5, 6 and 8 h via
venepuncture of an antecubital vein. Five mL blocas immediately mixed with 50 pL
Dipeptidyl-peptidase 4 inhibitor (DPP4-010, Merckliiore, Watford, UK) and dispensed
into an EDTA tube (1.75 mg-mi), for determination of active glucagon-like peptide-1
(GLP-1;.3¢) by ELISA (EGLP-35K, Merck Millipore, Watford, UK). Two and a half mL
blood was dispensed into an EDTA tube containingiLomL* of a potassium phosphate
buffer (PBS) (0.05 M),P-hydroxymercuribenzonic acid (PHMB) (0.05 M) and sodium

hydroxide solution (NaOH) (0.006 M) for determinatiof acylated ghrelin concentration by



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

ELISA (A05106, Bioquote Ltd, York, UK). Two and alhenL of blood was dispensed into
an EDTA tube for measurement of blood glucose canagon (GOD-PAP method, Randox
Laboratories Ltd, Crumlin, UK) and insulin concetibta by ELISA (DX-EIA-2935,
Immunodiagnostic Systems, Boldon, UK).

All samples were centrifuged at 175fag a total of 15 min in a refrigerated centrifuge (4°C).
After 10 min of centrifugation, the supernatant (L)nof the PHMB/PBS/NaOH treated
blood was combined with 100 pL-mIHCI (1 M) before all samples were centrifuged for a
further 5 min. The supernatant of each sample was tamoved and stored at -20°C until
frozen and then transferred to -80°C for later agialy

A further 2 mL blood was collected into an EDTA tutwed used for the determination of
haemoglobin (via the cyanmethaemoglobin method) drakmatocrit (via micro-
centrifugation), and used to estimate changes snpdavolume relative to baseline [19].
Satistical Analysis

Data was analysed using SPSS 21.0 (SPSS Inc., SON¥rdJSA). Area under the curve
(AUC) values were calculated using the trapezoid&thod and averaged over time.
Subjective appetite sensations were then separatethree periods (0-4.5 h, 5-10 h, 10.5-24
h) and energy expenditure was presented as totHD (@), and also divided into two time
periods (0-4.5 h, 5-10 h). Correction of hormonecemtrations for plasma volume change
did not alter the results so the unadjusted valuespeesented. All data were checked for
normality of distribution using a Shapiro-Wilk teBtata containing one factor were analysed
using a t-test or Wilcoxon signed-rank test, as eypate. Data containing two factors were
analysed using a two-way repeated measures ANOViigwied by post-hoc Bonferroni-
adjusted paired t-tests or Bonferroni-adjusted Wieco signed-ranks, as appropriate. Data
sets were determined to be significantly differehiewP<0.05. Data are presented as mean

(SD) unless otherwise stated.
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Results

Pre-trial values

Pre-trial body mass$PE0.155), subjective appetite sensationsRai0.346), RMR P=0.393),
carbohydrate oxidationPE0.815) and fat oxidationPEQ0.290) were not different between
trials. Plasma concentrations of gluco$e=(.512), insulin P=0.488), acylated ghrelin
(P=0.526) and GLP-13¢ (P=0.636) were also not different between trials at baseline.
Subjective appetite sensations

All subjective appetite sensations showed an interaceffect P<0.001). Sensations of
fullness were lower concurrent with greater hun@®rg (all P<0.01) and a tendency for
greater PFCH=0.078) at 0.5 h during BO compared to BC. Between 1.5 and 3.5 h, lower
fullness and greater hunger, DTE and PFCRa0.05) was observed during BO compared to
BC. Lower hungerH<0.01), PFC P<0.05) and a tendency for lower DTB=0.078) was
found immediately prior to lunch (4.5 h) during B@Gntpared to BO, but there was no
difference between trials for fullnes®=0.234). After lunch there were no differences
between trials for any appetite variables (5.5-2&Px0.125; Fig 1).

Data was divided into 3 sections for AUC analysesddine to lunch (0-4.5 h), post-lunch to
dinner (5-10 h) and post-dinner (10.5-24 h). Thesalyses revealed differences between
trials for all appetite variables between baselind &unch (allP<0.05), with no further
differences between trials (albB.719; Fig 1).

Energy expenditure and substrate oxidation

Due to a fault with the gas collection equipmentmyione trial for one subject, this subjects
air samples were removed from the analysis. Thezafata from 7 subjects is presented.
Respiratory exchange ratio (RER) showed an intenactifect P<0.05) and was greater at

2.5 (P<0.01), 4.5 P<0.05) and 10 hR<0.05) during BC compared to BO (Fig 2a).
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Carbohydrate oxidation was greater at 250.001) and 4.5 hR<0.05) during BC, but fat
oxidation was not different between trial3=0.413).

There was an interaction effect for energy expenelitfP<0.01), with greater energy
expenditure at 2.5 h during B€<0.05) compared to BO, with no other differences between
trials (P>0.156; Fig 2b). AUC analyses revealed a tendency for increased energy expenditure
at 0-4.5 hP=0.066) during BC, but no difference at 5-10Px0.523) or in total®=0.193).

Blood parameters

Plasma acylated ghrelin concentrations showed a mf@ct of time P<0.001), but no
interaction effect P=0.238). Bloxplot analysis revealed one consistently outlying subject
within the data set, exhibiting acylated ghrelin @amtrations ~11 standard deviations greater
than the mean of the 7 other subjects. Therefoi® stibject was removed from the analysis.
After removal, an interaction effect was identifi®k0.05). Acylated ghrelin tended to be
higher during BC compared to BO at 4.5A%(Q.078). Compared to 0 h, acylated ghrelin was
greater at 4.5 h during B®<0.05) and reduced at 6 h during BEx(.05) (Table 2).

An interaction effect®<0.05) was identified for GLP7ke, with greater concentrations at 4.5
h during BC compared to B®€0.05). Compared to baseline, GLRsdwas greater at 6 and

8 h during BC and at 8 h during BB<0.05; Table 2)

Plasma insulin showed a main effect of tirke@.001) and was greater than baseline at 6 h
during BC P<0.05) as well as at 6 and 8 h during B®x@.05). No interaction effect was
observed for plasma insuliRP£0.468) or glucoseR=0.067) concentration (Table 2).

Exercise responses

There was a main effect of trial for heart rd@&@.05), which was elevated at 60 min during
BO compared to BCR<0.05), and tended to be elevated at 40 ni#r0(068). VQ
(P=0.503), RER P=0.135), carbohydrate oxidatiorP£0.143), fat oxidation R=0.143),

energy expenditurd’E0.289) and RPER=0.129) were similar between trials (Table 3).
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Discussion

This investigation found that subjective appetitassgions, appetite hormones and energy
expenditure were not different after lunch, regassllef whether the subject consumed or
omitted breakfast. Therefore, it appears that thpetgive and metabolic effects of breakfast
omission are transient and might be offset by adstathised lunch. Breakfast omission also
does not influence perception of effort or energgesditure during 60 min of steady-state
cycling exercise performed 3 h after lunch. Thisadatiggests that occasional breakfast
omission may not stimulate appetite and promote ggnartake as has been previously
inferred (20).

Regularity of breakfast consumption has been idedtibs a risk factor for obesity, with
correlational evidence to suggest that habitual Kfasé consumers have a lower BMI than
breakfast omitters [20]. However, habitual breakfastsumers also tend to exhibit healthy
lifestyle practices, such as greater levels of patsactivity [21] and improved dietary
profiles [22] than breakfast omitters, making causathanisms difficult to elucidate. Acute
studies that have directly manipulated the conswnptr omission of breakfast have
generally reported that the omission of breakfasl wicrease appetite and induce
compensatory eating behaviour at lunch [6,9]. Wiuist study found that the energy omitted
at breakfast was fully compensated for ataaHibitum lunch meal [23], the majority of
studies have reported that energy intake at a smghd [6,9,24] or over a 24 h period [3,6-8]
is rarely sufficient to fully compensate for the eyyeomitted at breakfast. In the current
investigation, the energy consumed at each mealfiwad so an increase in energy intake
could not occur. These results demonstrate that ewen energy consumed at lunch is
controlled, there were no differences in appetitesagons or concentrations of acylated

ghrelin and GLP-&.36) after lunch.
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253  The transient suppression of appetite after consomgompared to omission of breakfast
254  has previously been observed after aghlibitum lunch meal, which was used to gauge
255 voluntary food intake [6,9]. However, the presenvestigation has demonstrated that
256  appetite in the post-lunch period can be offset mylbsolute energetic load, as opposed to
257  subjects eating to satiation. This effect was shtwpersist throughout the rest of the day,
258 despite subjects consuming ~3000 kJ less during Bt@refore, controlling food intake at
259 subsequent meals does not appear to affect the itagpaesponse to acute breakfast
260 omission, and this could allow greater energy disfito be achieved, compared to wiagh

261 libitum meals are consumed. However, it should be noted that subjective appetite sensations
262  do not always accurately predict subsequent foakenf25].

263  Energy expenditure increased at 2.5 h during BC pawad to BO. This would be anticipated
264  due to dietary induced thermogenesis (DIT). Thentlogrenesis associated with feeding is
265 dependent on the energetic load and the macronutcement of the meal. When the
266  Dbreakfast meal was broken down into its constityeiis estimated DIT of the meal was
267  approximately 9.8% of the total energy content efitieal, which is in line with the typically
268 reported DIT of a mixed meal of 10% [26]. Takingsthinto account, it is likely that the
269 majority of the post-prandial increase in energyesxpture at 2.5 h was due to an increase in
270 DIT. Even including DIT in the morning, AUC analysthd not reveal any differences
271  between trials over the 10 h expired air samplingope This is in line with the finding of
272  Kobayashiet al. [10] who reported that breakfast consumption increased energy expenditure
273 in the morning, compared to breakfast omission, 2uth energy expenditure was not
274  different between trials. In this study, the enecgptent of the lunch and dinner meals were
275 increased in the no breakfast condition to matcal tily energy intake between trials. The

276  results of the current study have therefore extertiede of Kobayashét al. [10] and
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277 determined that, even in an energy deficient sw@tergy expenditure is not affected by
278  occasional breakfast omission.

279  The nature of measuring energy expenditure in arébry requires the subject to be at rest,
280 and therefore changes in habitual activity pattenag have been overlooked. Bettsal. [8]

281 found that over a 6 week period, breakfast omissiecreased habitual energy expenditure
282 by ~1850 kJ-d compared to when breakfast was consumed. This was attributed to a decrease
283 in low intensity physical activity, as opposed toealuction in exercise intensity/duration,
284  which was not measured in the current investigatibis possible that physical activity of
285 this nature is subconsciously affected by breakéasission. Results of the present study
286  show that any reduction in energy expenditure iscus to changes in resting metabolism,
287 and therefore the incorporation of exercise intdydautines may help offset this reduction
288 in low intensity physical activity, provided adhecento exercise is not affected by the
289  dietary intervention.

290 Time constraints of a working lifestyle often restrtime to exercise to the morning or
291 evening, with evening exercise classes associatiddinareased alertness and enthusiasm, as
292  well as being deemed to require less effort thamimgrclasses [27]. This may help improve
293 adherence to an exercise program in the long teffhe current study implemented a
294  prescribed exercise protocol on both experimenialsirand found that heart rate was
295 elevated during exercise on BO compared to BC. $higgests that subjects were more
296 physiologically challenged during exercise on BQhalgh this was not reflected in RPE,
297 VO, or energy expenditure. Digestion and absorption of nutrients from the gut is a process
298 that requires oxygen to be delivered to the splaiechissue, typically achieved via a
299 redistribution of blood away from the skeletal mesol an increase in cardiac output [28].
300 During exercise, where the skeletal muscle requingsi®r oxygen are high, an increase in

301 heart rate would facilitate meeting the metabolgureements of skeletal muscle activity and
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digestion and absorption of nutrients. Heart ratg hreve been increased to a greater extent
during exercise on BO, as splanchnic blood supplydigestion and absorption of nutrients
may be prioritised, due to the subjects periphewal supply being reduced during BO
compared to BC [29]. Noradrenaline is an indicatbrperipheral sympathetic nervous
activity, and has been shown to peak after bregkéast progressively decline following
lunch and dinner meals [30]. By removing breakfagind) BO, it is possible that the peak
sympathetic response occurred after lunch, whictsesgently increased heart rate to a
greater extent during exercise on BO.

The increase in appetite over the morning periothduBO has been suggested to lead to the
consumption of energy dense snacks [31], and indaadcrease in snacking behaviour has
been observed in a previous study [3]. Elevatedidepkthe appetite stimulating hormone
ghrelin and suppression of satiety hormones, suclGBB-1, have been suggested as
biological mechanisms that stimulate hunger and ptenfood intake [5,32]. In the present
study, GLP-%3s was suppressed immediately prior to lunch in BO compared to BC, which
may be linked to greater fullness and lower hun@arE and PFC in the present study,
following breakfast consumption. Interestingly, atgd ghrelin tended to be higher prior to
lunch during BC compared to B®£0.078). The reason for this is unclear; however ghrelin
has been shown to respond diurnally, peaking acipated meal times. Extending the
overnight fast during BO may have affected this miahvariation, which may be governed
primarily by post-prandial decreases rather thanppaedial increases [33]. After lunch,
there were no differences in acylated ghrelin andPGg-36 suggesting, in line with the
subjective appetite sensations, there was no additidesire to increase food intake after
lunch.

In conclusion, this laboratory-controlled investigat found that subjective appetite

sensations, acylated ghrelin, GLP=k) and resting energy expenditure were not different,
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independent of whether breakfast was consumed ottesmiThis was found in spite of
sustaining the negative energy balance induced dgkifaist omission, via standardised lunch
and dinner feeding and a prescribed exercise prbtd€onsuming breakfast in the morning
appears to only transiently suppress appetite caedper when breakfast is omitted, and
appetite can be offset with provision of a standsdilunch meal. This extends findings from
ad-libitum feeding studies, and suggests that a similar effect can be achieved with a
standardised lunch meal, which may help enhancesnieegy deficit that can be achieved.
Therefore, this study supports occasional breakbasission as a means to reduce daily

energy intake.
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Captions (Figures 1 & 2)

Figure 1. Subjective feelings of hunger (A), fullness (B), desire to eat (C) and prospective
food consumption (D) (left panel) and AUC analysight panel) during BCx() and BO ().
Data are mean (SE) for the left panel and mean (fgb) panel. White rectangle indicates
breakfast, hatched rectangles indicate standardspriglatk rectangle represents exercise.

Significantly different to BCR<0.05).

Figure 2. Respiratory exchange ratio (RER) during Bf} 4nd BO (0) (A); and Resting
energy expenditure (B). Data are mean (SD). On g;a¥hite rectangle indicates breakfast,
hatched rectangle indicates standard meal, blatkngle represents exercideSignificantly

different to BC P<0.05); * Significantly different to baselin®<€0.05).
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Tables with captions

Table 1. Ehergy and macronutrient intake. Values are mean (SD).

22

CHO (g) PRO (g) FAT (9) FIBRE (g) ENERGY (kJ)
Breakfast

BC 130.0 (9.1) 19.5 (1.4) 13.7 (1.0) 4.5 (0.3) 3085 (217)

BO 0 0 0 0 0
Lunch

BC

BO 118.9 (8.3) 38.6 (2.7) 41.1 (2.9) 12.0 (0.8) 4162 (301)
Dinner

BC

BO 150.6 (10.5) 41.2 (2.9) 43.2 (3.0) 6.8 (0.5) 4914 (345)
Total

BC 399.6 (28.0) 99.4 (7.0) 94.4 (13.0) 23.2 (1.6) 12162 (988)

BO 270.0 (18.9) 79.9 (5.6) 80.7 (12.3) 18.8 (1.3) 9077 (789)
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Table 2. Plasma concentrations of acylated ghrelin, GLRglinsulin and glucose. Data are

mean (SD)! Significantly different to BC; Significantly different to baselind®0.05).

Oh 45h 6 h 8h
Acylated Ghrelin (pg-mL™)
BC 162 (132) 213 (147)* 114 (132) 156 (150)
BO 168 (150) 178 (171) 111 (148)* 150 (165)
GLP-17_36(pM)
BC  9.67(8.49) 10.13 (8.22) 12.34 (7.67)* 11.72 (8.32)*
BO  9.92(9.78) 8.52 (8.83) 13.01 (7.92) 12.85 (8.88)*
Insulin (pIU-mL™)

BC  9.56 (4.29) 7.03 (3.98) 30.09 (11.68)* 18.49 (8.67)
BO  8.74(3.90) 7.56 (3.35) 34.90 (15.86)* 15.58 (3.78)*
Glucose (mmol- L1

BC 5.33(0.22) 4.77 (0.42) 5.28 (0.79) 5.17 (0.45)
BO  5.35(0.23) 5.26 (0.47) 5.69 (0.88) 4.88 (0.56)
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455  Table 3. Variables collected during exercise. Data are mean (SEWynificantly different to

456  BC (P<0.05).

BC BO P-value
VO, (L-min?) 1.95 (0.25) 1.92 (0.26) 0.503
RER 0.92 (0.03) 0.90 (0.01) 0.107
Carbohydrate oxidation (g-mith ~ 1.93 (0.34) 1.72 (0.14) 0.143
Fat oxidation (g- mit) 0.25 (0.14) 0.31 (0.08) 0.143
Energy Expenditure (kJ-mii 42.05 (5.01) 40.78 (5.16) 0.289
Heart rate (beats- mith 130 (5) 134 (6) 0.032
RPE 11 (1) 12 (1) 0.129

457
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Highlights

» Appetite responses to breakfast omission/ consumption were compared

* Lunch and dinner intake were standardised

»  Subjective appetite was not different between trials after lunch

*  GLP-173 and acylated ghrelin were not different between trials after lunch

» The effects of breakfast omission appear transient and do not extend beyond lunch



