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Effect of exercise-meal timing on energy intake, appetite and food reward in adolescents
with obesity: the TIMEX study

Fillon A, Mathieu ME, Masurier J, Roche J, Miguet M, Khammaaskrinlayson G, Beaulieu K,
Pereira B, Duclos M, Boirie Y, Thivel D.

Abstract

The present study manipulated the delay between exerciseestnoheal to investigate its effect on
energy intake, appetite sensations and food reward in adolesitbnibesity.

Fifteen adolescents with obesity randomly completed 3 arpetal sessions: i) rest without exercise
(CON);ii) 30 minutes of exercise 180 minutes before lunch (EX-180); iii) 30 ragof exercise 60
minutes before lunch (EX-60). Ad libitum energy intake was assegdeach and dingr, and food
reward (LFPQ) assessed before and after lunch. Appetisatiens were assessed at regular intervals.
Absolute energy intake was not different between conditions desid.46 lower intakein EX-60
relative to CON. Lunch relative energy intake (REI: energwkie — exercise-induced energy
expenditure) was highén CON compared with EX-60 (p<0.001). Lunch fat intake was |ow&X-

60 compared with CON (p=0.01) and EX-180(p=0.02). Pre-lunch hunger inv&@Nbwer than EX-
180 (p=0.02). Pre-lunch prospective food consumption and desirewemalower in CON compared
with both exercise conditions (p=0.001). A significant conditionceffeas found for explicit liking for
high-fat relative to low-fat foods before lunch (p=0.03) viak-60 being significantly lower thalbX-
180 (p=0.001). The nutritional and food reward adaptations to sgaright be dependent on the timing

of exercise, which is of importance to optimize iteeffon energy balance in adolescents with obesity.

1. Exercising close to lunch decreases relative energy intake
2. Lipids and proteins intake at lunch are decreased aE{té0

3. The timing of exercise might not impact appetite sensatio

Key words. Exercise Timing, Appetite, Energy Intake, Food reward, Ope&dolescent

Clinical Trial reference; NCT03807609
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1. Introduction

The rise of pediatric overweight, obesity and their metalooliwplications calls for the development of
innovative, effective and integrative weight managementegjfies. Physical exercise is an essential
component of multidisciplinary weight loss interventions tha longer considered as a simple source
of additional energy expenditure but is now recognized for its patezifects on energy intake (El)
and appetite control in adults (Blundell et al., 2015; Donretllgi., 2014; Hall et al., 2012; Schubert et
al., 2013) and youth with obesity (Carnier et al., 2013néteet al., 2010; Thivel et al., 201 Both
homeostatic and neurocognitive pathways have been implicateel mutritional responses to exercise,
as recently revieadand synthesized (Thivel et al., 2019Rhysiological responses to exercise such as
gastro-intestinal peptide responses have been proposed dndkgel anorexigenic effect of intensive
exercise observed in adolescents with obesity (Hunschede 2087; Prado et al., 2014) as well as

some neurocognitive and hedonic mechanisms (Fearnbach et al. Mi§dé&t et al., 2018)

While most of the studies available so far have fedum the role of exercise characteristics on
subsequent nutritional responses, such as its intensity (Tdiiad., 2011, 2012, 2014) or duration
(Masurier et al., 2018; Tamam et al., 2012), only few have iquest its timing in relation to meals
Mathieu et al. recently examined whether exercising imnelglidefore or after a lunch meal could
differently affect short term energy balance in childrad adolescents (Mathieu et al., 2018). They
obsered a lower energy balance when children exercised immegiatgbre their mealespecially
when the exercise was performed at moddi@tagorous intensity (Mathieu et al., 2018)Xditionally,
Albert et al. (2015) investigated the timing between exeggigehe following meal on El and subjective
appetite sensations in healthy young males. In their studypo1Z-year-old lean boys consumed a
standardized breakfast, then perferha 30-min exercise session of modetatgigorous intensity
either 135 minutes or immediately before an ad libitum baffee- meal (Albert et al., 2015). While
they did not observe any difference in hunger between conditttmsuthors observed a significant
reduction in overall energy intake (11%) mainly explained bgwael energy ingested from lipids (-

23%), when exercissas performed immediately before the meal compared withetased condition.
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Although the afternoon snack and dinner intakes were not elitfebetween conditions, this

demonstrates an absence of compensation for the observed acctiemedifood consumption.

Although later results confirmed the potential benefita shorter delay between exercise and meal on
energy intake and overall energy balance in lean childrerréhiains to be elucidated in children and
adolescents with obesity in order to improve our physicatigcprescriptions and then optimize our
weight loss strategies (Reid et al., 202@preover, while recent studies have highlighted the role of
food reward in post-exercise energy intake in adolescertisobvésity (Miguet et al., 2018; Thivel et
al., 2019b) the effect of exercise-meal timing on food reward is unkndwood reward, as an hedonic
pathways, has been effectively recently shown to be an iedsanor in the control of energy intake in
youth with obesity, potentially overpassing the influence of sphysiological signals, especially in
response to exercise (Thivel et al., 2019b). It seems then ésdantial to consider food reward when
guestioning the effect of acute exercise, in that contgerd#ng on its timing, on subsequent energy

intake and appetite.

Therefore, the aim of the present study (TIMEX for Timintake and Exerciseyas to assess the
effect of the delay between exercise and subsequenibmeakrgy intake, appetite sensations and food

reward in adolescents with obesity.

2. Methods

2.1.Population

Fifteen adolescents with obesity (according to (Cold. e2@00) aged 12-15 years (Tanner stage 3-4)
participated in this study (6 boys (14+0.7 years old); andi€(4#.6+1.6 years old)). The adolescents
were recruited through the local Pediatric Obesity Ceffiea Nou, La Bourboule, France). To be
included in the study, participants had to be free of any gagdh known to influence appetite or
metabolism not present any contraindication to physical activity, anteacalassified as physically
inactive, taking part in less than 2 hours of physical agtplr week (according to the International
Physical Activity QuestionnairelPAQ (Craig et al., 2003)). This study was conducted in aecare

with the Helsinki declaration and all the adolescents andldgil representative received information



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

sheets and signed consent forms as requested by the locdlaaithicaities (Human Ethical Comnret

authorization reference: 2018 A02161 54; Clinical Trial refeeeNECT0380760P

2.2.Design

After a preliminary medical inclusion visit made by a pedi&n to control for the ability of the
adolescents to complete the study, they were asked to perforamimal aerobic test and their body
composition was assessed by dual-energy x-ray absorptiometry (OPKA)adolescents were then
asked to complete a food preference questionnaire and tlee Factor Eating Questionnaire r17
(Bryant et al., 2018) in order to exclude children withhhcognitive restraint (none of the volunteers
was excluded based on their TFEQr17 results). Afterwardsesmknts randomly completed the three
following experimental sessions (one week apart): i) a resditton without exercise (CON); ii) an
exercise session set 180 minutes before lunch (EX-180); iiixenciee session set 60 minutes before
lunch (EX-60). On the three occasions, participants receistdralardized breakfast (08419 and
were asked to remain at rest (CON) or to cycle for 3utameither 180 (on EX-180) or 60 (on EX-60)
minutes before being served with an ad libitum lunch meh228QQm. The adolescents were asked to
complete the Leeds Food Preference Questionnaire (LFPQy&aml et al., 2008) before and after the
lunch meal. Dinner energy intake was also assessed using @itad buffet-style meal. Appetite
sensations were assessed at regular intervals throughyth®wdaide the experimental conditions and
between the two ad libitum test meals, the adolescentgistatfee laboratory, devoid of any food cues,
and were requested not to engage in any modaratigorous physical activity and mainly completed

sedentary activities such as reading, homework or board games.

2.3. Anthropometric characteristics and body composition

Body Mass and height were measured wearing light clothingWwhile-footed, using a digital scale and
a standard wall-mounted stadiometer, respectively. Body maess (BMI) was calculated as body mass
(kg) divided by height squared (m?2). Afterwards, BMI waswialted in the sex and age dependent
French reference curves to obtain the BMI percentile (WWi@ticentre Growth Reference Study

Group, 2006). Fat mass (FM) and fat-free mass (FFM) weressesbeby dual-energy X-ray
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absorptiometry (DXA) following standardized procedures (QDR450Gkrsr, Hologic, Waltham,

MA, USA). These measurements were obtained during the pnaliynvisit by a trained technician.
2.4.Peak oxygen uptake test (VOzpeak) and Resting Metabolic Rate

First the resting metabolic rate of each subject was meastiiethey were lying down for 20 minutes,
using indirect calorimetry (K4b2 COSMED, Neuve-Church, Italy)eiT, each subject performed a
VOzpeak test on a traditional concentric ergometer (Rowlh®@3) . The initial power was set at 30W
during 3 minutes, followed by a 15W increment every minute uxitidestion. The adolescents were
strongly encouraged by the experimenters throughout the f@stftsm their maximal effort. Maximal
criteria were: heart rate >90% of the theoretical maximum heart rate (210 — 0.65 x age), respiratory
exchange ratio (RER ¥CO,J/VO,) > 1.1 and/orVO; plateau. Cardiac electrical activity (Ultima
SeriesTM, Saint Paul, MN) and heart rate (Polar V800) wergtored and the test was coupled with a
measurement of breabhy-breath gas exchanges (BreezeSuite Software, Saint Paul, tHiat)
determinedVO, and VCO,. Volumes and gases were calibrated before each testV®hga. was

defined as the average of the last 30 s of exercise befoaesion.
2.5.Experimental conditions

Rest condition (CON): During this condition, the adolescent® wsked to remain quiet and were not
allowed to engage in any physical activity. They were asketiay seated on a comfortable chair (30
minutes) between 10:00am and 10:30am, not being allowed todadk, watch TV or to complete any
intellectual tasks. The 3@ninute rest energy expenditure was calculated based on the stained

assessment of the adolescents’ resting metabolic rate.

Exercise condition 180 minutes before IUNEX{180): Between 09:08mand 09:30 am, the participants
performeda moderate intensity exercise bout (65% &) on an ergo-cycle, for a total duration of 30
minutes. The intensity was controlled by heart rate rec@dlar V800) using the results from the
maximal aerobic capacity testing. Exercise-induced energgneliore was calculated based on the

results obtained during the maximal oxygen uptake evaluation.
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Exercise condition 60 minutes before lunch (EX-60): The adolescentspedithe same exercise bout

as on EX-180, but 60 minutes before the ad libitum lunch meavéea 11:0@mand 11:30 am).

2.6.Energy intake

At 08:00am, the adolescents consumed a standardized calibratddast (500kcal) respecting the
recommendations for their age (composition: bré&fdgf), butter (10 gr), marmalade (159g), yoghurt
(125 gr) or semi-skimmed milk (20) cfruit or fruit juice (20 cl)). Lunch and dinner meals weneed

ad libitum using a buffet-type meal. The content of the bu¥els determined using a food preference
and habits questionnaire filled in by the adolescents dunmintlusion visit (as previously described
(Thivel et al., 2016a). Top rated items as well as dislikegs and items liked but not usually consumed
were excluded to avoid over-, under- and occasional consumptioch menu was beef steak, pasta,
mustard, cheese, yogurt, compote, fruits and bread. Dinnerwanham/turkey, beans, mashed potato,
cheese, yogurt, compote, fruits and bread. Adolescentstaldreo eat until sensations comfortably
satiated(“You can eat until feeling comfortably fed”). Food items were presented in abundance.
Adolescents made their choices and composed their trays indiyidefore joining their habitual table
(5 adolescents per table). They had lunch in a quiet@mignt without being disturbed by music, cell-
phones or television. The experimenters weighed the food itdime lzand after each meal. Energy
intake in kcal and macronutrient composition (proportinfat, carbohydrate and protein) were
calculated using the software Bilnut 4.0. This methodology haspseegiously validated and published
(Thivel et al., 2016a). Lunch and total relative energy in{&€€l) were calculated such as: energy

intake— exercise-induced energy expenditure.

2.7.Subjective appetite sensations

Appetite sensations were collected throughout the day usingd gisabbgue scales (150 millimeters
scale} (Flint et al., 2000)Adolescents had to report their hunger, fullness, desir tnel prospective

food consumption at regular intervals (before and immegliafedr breakfast, prior and after rest (CON)
or exercise (EX-180 and EX-60), before and immediately hfteh, 30 minutes and 60 minutes after

lunch, before and immediately after dinner). The questi@ne:i) “How hungry do you feel?”” (hunger)
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i) “How full do you feel?” (fullness) iii) “How strong is your desire to éat(desire to eat; DTE), iv)

“How much do you think you can eat?”(prospective food consumption’ PFC).

The satiety quotients (SQ) for hunger, fullness, PFC arfd ltave been calculated as follows (Drapeau

et al., 2007)

Satiety quotient mm/kcal = [(pre meal AS mafmean post meal and 60 minutes post meal AS mm)) /

energy content of the meal (kcal)]*100.

2.8.Food liking and wanting

The Leeds Food Preference Questionnaire (described iregreathodological detail by Dalton and
Finlayson (Dalton and Finlayson, 2014) provided measures of foeférence and food reward.
Participants were presented with an array of picturesdofidual food items common in the diet. Foods
in the array were chosen by the local research teamdrvalidated database to be either predominantly
high (>50% energy) or low (<20% energy) in fat but similar in feamiiy, protein content, palatability
and suitable for the study population. The LFPQ has been deplogednge of research (Dalton and

Finlayson, 2014) including a recent exercise/appetiteitrigdung French males (Thivel et al., 2018)

Explicit liking and explicit wanting were measured by participaating the extent to which they like
each food (“How pleasant would it be to taste this food now?”’) and want each food (“How much do you
want to eat this food nd). The food images were presented individually, in a randomized order and
participants make their ratings using a 100-mm VAS. Impliaitting and relative food preference were
assessed using a forced choice methodology in which the food imagepaired so that every image
from each of the four food types was compared to every other dypr 96 trials (food pairs).
Participants were instructed to respond as quickly and aciguaatthey could to indicate the food they
want to eat the most at that time (“Which food do you most want to eat now?”’). To measure implicit
wanting, reaction times for all responses were covertlyrdecband used to compute mean response
times for each food type after adjusting for frequencsetéction. To measure food choice as a marker

of food preference, the mean frequency of selectionafoin éood type was recorded.
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Responses on the LFPQ were used to compute mean scores ftat higiv-fat, sweet or savoury food
types (and different fat-taste combinations). Fat biasesoeere calculated as the difference between
the high-fat scores and the low-fat scores, with positiveegaindicating greater liking, wanting or
choice for high-fat relative to low-fat foods and negatig@igs indicating greater liking, wanting or
choice for low-fat relative to high-fat foods. Sweet biawas were calculated as the difference between
the sweet and savoury scores, with positive values indicaagegrliking or wanting for sweet relative
to savoury foods and negative values indicating greater likimgaating for savoury relative to sweet

foods.

2.9. Statistical analysis

Statistical analyses were performed using Stata softWarsjon 13 (StataCorp, College Station, TX,
US). The sample size estimation was determined accord{)d@@NSORT 2010 statement, extension
to randomised pilot and feasibility trials (Eldridge et @ONSORT 2010 statement: extension to
randomised pilot and feasibility trials. Pilot and Feasjbibtudies (2016) 2:64) and (ii) dBen’s
recommendations (Cohen, 1988) who has defined effect-size boundsadis(ES™M0.2), medium (ES:
0.5) and large (ES: 0.8, “‘grossly perceptible and therefore large”). So, with 15 patients by condition,

an effect-size around 1 can be highlighted for a two-digwesll error at 1.7% (correction due to multiple
comparisons), a statistical power greater than 80% and anclass correlation coefficient at 0.5 to
take into account between and within participant vdiigbiAll tests were two-sided, with a Type |
error set at 0.05. Continuous data was expressed as meandardtaeviation (SD) or median
[interquartile range] according to statistical distributiohe Bssumption of normality was assessed by
using the Shapiro-Wilk test. Daily (total) and 60 minutes pastirarea Under the Curves (AUC) have
been calculated using the trapezoidal methods. Random-effectdsnfoderepeated data were
performed to compare three conditions (i) considering the follovieg effects: time, condition and
time x condition interaction, and (ii) taking into accoletween and within participant variability
(subject as randoreffect). A Sidak’s type I error correction was applied to perform multiple
comparisons. As proposed by some statisticians (Feise, 2002; RotmdaGreenland, 1998

particular focus will be also given to the magnitude of difiees, in addition to inferential statistical
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tests expressed using p-values. The normality of residuals fram thedels was studied using the
Shapiro-Wilk test. When appropriate, a logarithmic transédion was proposed to achieve the

normality of dependent outcome.
3. Results

Fifteen adolescents with obesity participated in this stitigir mean age was 13.1 + 1.4 years, body
weight was 98.0 + 25.8 kg, with a BMI of 34.7 + 6.0 (z-BMI 2.8.8), a percentage body fat mass of

36.5+4.4% and a FFM of 54.6 + 14.7 kg.

The adolescents hadvO2peak of 21.6 + 5.7 mi/min/kg. Energy expenditure induced byxieise
(total duration 3@nin) was significantly higher compared to the 30-min resting energy expenditure (186

+ 52 kcal and 57 % 4 kcal, respectively; p < 0.001).

Table 1 details the results related to absolute and relative eneagg. Lunch, dinner and total daily
absolute ad libitum energy intake were not significantly diffiebetween conditions. Lunch REI was
significantly higher m CON compared witHEX-60 (p<0.001). Total REI wasa different between

conditions.

As shown in Table 2, while the dinner and total absolute (in ggstion of protein did not differ
significantly between conditions, the ANOVA showed a tendencirath (p=0.07) with a lower
ingestion on EX-60 compared with EX-180 (p=0.027). The relative energsté@mgfrom proteins at
lunch was not different between conditions with however arloelative intake of proteins at dinner
on CON compared with EX-60 (p=0.02). There was a tendency foreticerniage of energy ingested
from proteins to be different between conditions (p=0.06) witiNGower than EX-180 (p=0.04) and
EX-60 (p=0.04). The absolute consumption of fat was significantly low&X-60 compared with both

CON (p=0.01) and EX-180 (p=0.02) at lunch. Dinner and total fakénwas not different between

10
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conditions. While there was no difference between the #nperimental sessions for dinner and total
relative intake of fat, it was significantly lower on EX-68ngpared with CON (p=0.02) and EX-180
(p=0.05) at lunch. The absolute and relative intake of carbategd(@HO in g and %) did not differ

significantly between conditions.

Table 3 details the results related to appetite sensakiasng hunger, 60-minute post-meal AUC and
total daily hunger AUC were not different between condgidtiowever, there was a tendency for pre-
lunch hunger to be different between conditions (p=0.08) with G@W¢r than EX-180 (p=0.02).
Similarly there was a tendency for SQ hunger to differ betmaonditions (p=0.06) with CON lower
than EX-180 (p=0.03) and EX-60 (p=0.04). None of the fullness varialgdes significantly different
between conditions. Fasting, 60-min post-meal AUC and totbl A&IC for PFC were not different
between conditionsPre-lunch PFC was significantly lower in CON compared with bBe¥:180
(p=0.003) andX-60 (p=0.01). SQ for PFC was significantly lower in CON compavital both EX-
180 (p=0.006) and EX-60 (; p=0.003). Fasting and 60-min post-meal AUQTiBrwere not different
between conditions. Pre-lunch DTE was significantly lower@NCGompared withEX-180 (p=0.001)
and EX-60 (p=0.004). SQ for DTE was significantly lower in CON caoegbavith EX-180 (p=0.01)
and EX-60 (p=0.001). Total daily AUC for DTE was significartdyer in CON compared witEX-

180 (p=0.003) and EX-60 (p=0.008).

As detailed in Table 4, there were no main effects of conditidime (pre- to post-meal) on preference

(choice, liking or wanting) for high fat relative to loatfor sweet relative to savoury foodfge found

11
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a significant time x condition interaction between CON BXd180 for Implicit (p=0.01) and Explicit
Wanting (p=0.05) Taste bias. Post hoc analyses revealed asiedneliking for high fat food in
response to the test meal in EX-180 while there was an inareBXe60. A significant condition effect
was found for explicit liking for high fat food before tlest meal (p=0.03) with liking for high-fat foods
in EX-60 being significantly lower than EX-180 (p=0.001). A significant coowlieffect was also
observed for explicit liking for sweet food post-meal (p=0.005)) WION having significantly lower
liking for sweet compared t6X-180 (p=0.002). Explicit liking for sweet was also significantly resiic

after the ad libitum test meal in CON (p=0.001).

4. Discussion

Based on the increasing prevalence of pediatric obesite the growing interest and need for the
development of effective weight management strategies amdvéntions. This requires a clear
understanding of the regulation of energy balance and controhppetite in adolescents with obesity
The current literature provides growing evidence regardingfthet of the intensity (Prado et al., 2015;
Thivel et al., 2011, 2012, 2014), duration (Hintze et al., 201%uker et al., 2018; Schippers et al.,
2017; Tamam et al., 2012) and modality (Julian et al., 2019¢Téi al., 2016b) of exercise as important
considerations in weight loss interventions. Although recemiiyosed as an essential component to
consider to improve interventions, the timing of exerciselation to meals remains poorly explored
(Reid et al., 2019). In that context, the present wodstianed the effect of the delay between exercise
and the following meal on energy intake, appetite sensaticthdoma reward in adolescents with

obesity.

Although our results did not show any significant differemteabsolute energy intake between
conditions (CONvs. exercise set 66r 180 minutes before lunch), a mean reduction of approximately
170 kcal was observed when the exereiss performed closer to lunch (EX-60), which might be of
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clinical interest. Indeed, lunch and total food consumptiere reduced by 14.4% and 9.2% respectively
in EX-60 compared with the CON, which could be of imporgafioc weight loss. This reduction of 170
kcal of the adolescents’ energy intake, combined with the 186 kcal of energy expended on average
during the exercise, can propose a reduction of their dagygy balance of about 350 kcal, which can
definitely favor weight loss if repeated over time (theodiit effect remaining to be further studied).
Our results are in line with previously published studies showing eddergergy intake 30 minutes after
an acute exercise bout (Miguet et al., 2018; Prado €2Gl4; Thivel et al., 2012, 2014) while early-
morning and mid-morning exercise bouts were not found to dmpabsequent food intake in
adolescents with obesity (Fearnbach et al., 2016; Tamdm28E2; Thivel et al., 2019bJyhe moderate
intensity of our exercise (65% \ga) that has been selected based on the adolescents low fitdess a
physical activity level, might explain why the observed deszeéa EI did not reach statistical
significance since the anorexigenic effect of acute exeheisdbeen mainly described after intensive
exercise (Prado et al., 2014; Thivel et al., 2012, 20Hsd)ever, our results reinforced that moderate-
to-high intensity exercise could also have a beneficiah auppressive, effect on subsequent food
consumption in adolescents with obesity, as previously proposEdampbach et a(Fearnbach et al.,
2016, 2017) Importantly, lunch RElwas significantly lower in the EX-60 compared with CON,
underlying the importance of the observed decréasmergy intake that allows a negative energy
balance when combined with the energy expenditure induced koissxaontrary to what is observed
in response t&X-180. We found only one study that examined the effect of thegiof exercise on
subsequent nutritional responses in lean adolescents (Albatt, 2015). In their work, adolescents
cycled for 30 minutes either 135 minutes or immediately befolanch test meal. Their results
corroborate the present study showing lower food intake at lwilamn exercise is performed
immediately before the test meal compared with after ayd@lbert et al., 2015). Similarly, they did

not observe any compensation at the dinner test meal, whislo imdine with our results

While most of the studies conducted in the field have used &pbaifet meals composed of single
items (such as pizzas or yogurts for instance), the present wantkausalanced buffet meal offering

several items selected to avoid any over-, under- or occasimnsumption (as previously validated,
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(Thivel et al., 2016a)This provicesthe opportunity to also assess the repartition of the macr@mtut
intake. According to our results, the relative and absoluteueoption of lipidswas significantly
reduced at lunch during the EX-60 condition compared with both @@N=X-180. This is similar to
the 23% and 12% reductions observed by Albert et al. for theuabsold relative ingestion of lipids,
respectively, when the exercise is performed immediatdlyrdehe meal compared to 135 minutes
before (Albert et al., 2015). Also in accordance withekt et al., the consumption of carbohydrates
(relative and absolute) was not different between conditioltbodgh the consumption of proteins
remained unchanged in normal-weight adolescesgardless of the timing between exercise and the
test meal (Albert et al., 2015), in the current study, absahiéd&e decreased at lunch in ER-6
compared td&X-180 in adolescents with obesity. Moreover, the daily ljtodative energy ingested
through proteins appeza reduced after exercise independently from its timing (EX46&X-180)
compared to control. This lower protein consumption is in lifie previous studies investigating the
effect of an acute exercise bout performed 30 minutes baforad libitum lunch meal in similar
populations (Miguet et al., 2018; Prado et al., 2014). Despitecagasing number of studies assessing
the nutritional responses to acute exercise in childreradal@scentsasonly a few have used buffet
meals to allow for the differentiation of macronutrieahsumption, this makes it difficult to draw any

firm conclusions.

Regarding appetite sensations, despite PFC and DTE being highediately before lunch in both
exercise conditions (EX-180 and EX-60), hunger sensations wereasedrein EX-180 only.
Interestingly, this higher hunger sensation after EX-M@8 not accompanied by increased energy
intake and similarly, the higher PFC and DTE observed &¥60 appear contradictory with the
reduction in food intake. Such results strengthen once more tldusions of previous studies
suggesting an uncoupling effect of exercise on subsequent subjeppette and effective energy

intake in children and adolescents (for review see (ThivélGhaput, 2014)).

In addition to an effect on appetite sensations, some rsitehies also examined the effect of exercise
on the satiating effect of food by calculating SQ. This irtdicaf the satiating effect of food integrates

in its calculation both the caloric quantity of food ingesladng a meal and the assoctthange in
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appetite (Green et al., 199¥%) adolescents with obesity, SQ has been found to be ngetian response
to acute exercise (with or without post-exercise energlacement strategy) (Thivel et al., 2019b)
Interestingly, in their study also investigating the effeat>adrcise timing, Albert and colleagues also
did not find any changes in SQ at their lunch meal, régssdf the delay from exercise (89 135
minutes) in lean adolescents (Albert et al., 2015). Caictiagl, we found significant differences 80Q

for hunger, PFC and DTE between both exercise sessiosissv&ON. This difference in SQ might
suggest that, regardless of the timing, exercise could meekext on the satiating effect of food in this
population. While it has been shown that SQ can be a predictubsequent energy intake (Drapeau
et al., 2007)we dd not find any energy intake differencadinner. The SQ results in the current study
should be interpreted with caution as they were calcukttad ad libitum meal and their validity and

reproducibility remain to be clarified, especially in aafalents with obesity.

Interestingly, the present study also examined the potesitedt of exercise and its timing on food
reward. Using the Leeds Food Preference Questionnaire (LBBQEsults mainly show a significantly
lower pre-meal explicit liking for high-fat relative to lefat foods in EX-60 compared to EX-180 that
seems to be in line with the observed reduced energy imak&-60 and not EX-180. Moreover, we
observed a significant time (pre-post meal) x condition intena for explicit liking for high-fat foods.
There was a decrease in liking in response to the testmie4180 while there was an increase in EX-
60 leading to similar post-meal values, which might contributbe observed similar energy intake at
dinner between conditions. These results are in line witmratedies showing reduced explicit liking
for high-fat foods only in response to acute exercise in scetgs with obesity (Thivel et al., 2019b)
The present results are however contradictory with those Klagunet and colleagues who observed
reduced relative preference for fat and sweet taste,nguiitit wanting for high-fat foods (also using
the LFPQ) in response to an ad libitum meal set 30 minditeaisaal6-minute cycling high intensity
interval exercise in a similar population (Miguet et 2018). Although these studies seem to indicate a
potential effect of acute exercise on food reward wiestents with obesity, evidence remains limited

in this population and further investigations are required.
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The present works the first, to our knowledge, to examine the nutritional respaosexercise by
varying the delay between exercise and the subsequentimadblescents with obesitfhe well-
controlled nature of the present design and the use of an vbjeeasurement of energy intake are the
two main strengths of the present study. However, the results mustdopreted in light of some
limitations. Mainly, these include the lack of a direct sueament of energy expenditure during
exercise, using indirect calorimetry, as well as the lack lelan control group to examiagotential
weight status effecSimilarly, the IPAQ questionnaire has been used to assess the adolescents’ initial
physical activity level while its validity remains undertairthiis population. Importantly, the fact that
are sample excluded adolescents presenting a high level of cogestitietion must also be underlined.
Indeed, further studies should compare the appetite and enerlgg ietgponses to acute exercise
between children and adolescents with low of high levebghitive restriction that might affect their
responses, as recently suggested (Miguet et al., 2019a, 2013juldthave been also interesting to
extend the evaluation of energy intake over the following 24 to 48h@hivel et al., 2012), which
was not possible for practical reasons. The laboratorydbsgare of this study might also have affected
our results compared to free-living conditions, such as the schtinbsets previously suggested by

Mathieu and collaborators in healthy lean adolescents (®attial., 2018).

5. Conclusion

To conclude, the present study highlights the importance ofxiéreige-meal timing to optimize its
effect on energy balance, showing a reduced energy balancaugbeof a sufficient, while not
significant, decreasén absolute energy intake and significantly reduced REI) whencisgeis
performed close to a meal (compared with a longer deldlile food reward seems to be implicated,
further studies are needed in this field, comparing for instdifterent timings, the potential synergic
effect of the exercise-timing and intensity or considetitig) meal-exercise delay with the breakfast or

dinner; in order to improve future exercise prescriptionsimptement efficient weight loss strategies.
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561  Table 1: Absolute and Relative Energy Intake in response the three cmsditi

CON EX-180 EX-60 . ES

Mean (SD) Mean (SD) Mean (SD) CONvs EX-180 CONvs EX-60 EX-180vs. EX-60
Energy | ntake
(kcal)
Lunch 1204 (288) 1146 (288) 1031 (308) 0.13 -0.14[-0.65-0.36] -0.54[-1.05- -0.04] -0.41[-0.91-0.10]
Dinner 801 (183) 802(259) 790 (210) 0.89 0.06[-0.45-0.56] -0.02[-0.53-0.48] -0.08[-0.58-0.43]
Total 2004 (430) 1948 (416) 1820 (459) 0.32 -0.07[-0.57-0.44] -0.36[-0.87-0.14] -0.30[-0.81-0.20]
Relative Energy
I ntake (kcal)
Lunch 1146 (285) 976 (211) 855 (315)* 0.01 -0.51[-1.02-0.00] -0.91[-1.41- -0.40] -0.41[-0.91-0.10]
Total 1947 (428) 1779 (382) 1644 (446) 0.12 -0.31[-0.82-0.19] -0.61[-1.12- -0.11] -0.31[-0.81-0.20]

562
563 **n<0.001 EX-60 versus CON ; CON: contral condition; EX-60: Exercise 60 minutes beforetest meal; EX-180:
564 Exer cise 180 minutes before test meal; SD: Standard Deviation

565

21



566  Table2: Macronutrient Intake in response the three conditions.
CON EX-180 EX-60 ES
Mean (SD) Mean (SD) Mean (SD) CON vs. EX-180 CONvs EX-60  EX-180vs EX-60

Proteins (g)
Lunch 68 (18) 70 (19) 59(19)2 0.07 0.10[-0.40-0.61] -0.53[-1.03- -0.02 0.64[-1.14- -0.13]
Dinner 43 (14) 48 (20) 47 (12) 0.19 0.45[-0.06-0.96] 0.36[-0.14-0.87] -0.08[-0.59-0.42]
Total 111 (30) 117 (30) 105 (24) 0.15 0.38[-0.13-0.89] -0.16[-0.67-0.34] -0.55[-1.05- -0.04]
Proteins (%)
Lunch 22.6(1.5) 24.1(35) 22.7(29) 0.35 0.42[-0.09-0.92] -0.01[-0.52-0.49] -0.43[-0.94-0.08]
Dinner 21.2(5.0) 23.8(6.1) 24.6(7.1) 0.04 0.44[0.07-0.94] 0.54[0.03-1.04] 0.11[-0.40-0.61]
Total 22.0(2.5) 24.1(3.7) 235(3.7) 0.06 0.52[0.02-1.03] 0.37[0.14-0.88] 0.15[-0.66-0.35]
Lipids (g)
Lunch 42 (16) 39 (13) 29 (11y*2 0.02 -0.13[-0.64-0.37] -0.81[-1.31- -0.30 -0.68[-1.19- -0.18]
Dinner 28 (13) 21 (12) 27 (18) 0.40 -0.40[-0.91-0.11] -0.06[-0.57-0.44] 0.34[-0.17-0.84]
Total 70 (23) 60 (22) 56 (25) 0.30 -0.34[-0.84-0.17] -0.51[-1.02- -0.01 -0.18[-0.69-0.32]
Lipids (%)
Lunch 30.6 (5.9) 30.1(7.3) 24.6(4.2)" 0.05 -0.07[-0.57-0.44] -0.77[-1.28- -0.26 -0.71[-1.21- -0.20]
Dinner 30.8(8.4) 22.4(9.8) 29.2(15.4) 0.21 -0.55[-1.06- -0.04. -0.10[-0.61-0.40] 0.45[-0.06- 0.95]
Total 30.8(4.8) 27.1(7.0) 26.7(8.1) 0.27 -0.43[-0.93-0.08] -0.48[-0.99-0.02] -0.06[-0.57-0.45]
CHO(9)
Lunch 136 (30) 127 (26) 131 (43) 0.76 -0.19[-0.69-0.32] -0.12[-0.63-0.38] 0.06[-0.44-0.57]
Dinner 94 (18) 106 (33) 90 (38) 0.13 0.37[-0.14-0.87] -0.14[-0.64-0.37] -0.51[-1.01-0.00]
Total 230 (38) 234 (49) 221 (65) 0.31 0.07[-0.43-0.58] -0.15[-0.66-0.36] -0.22[-0.73-0.28]
CHO (%)
Lunch 45.8 (6.6) 45.3(9.4) 50.5(9.7) 0.35 -0.06[-0.57-0.44] 0.45[-0.05-0.96] 0.52[0.01-1.03]
Dinner 48.5(9.7) 54.3(11.5) 46.6(16.2) 0.10 0.40[0.11-0.91] -0.24[-0.75-0.26] -0.65[-1.15- -0.14]
Total 46.9 (6.4) 48.7(8.9) 49.0(10.5) 0.78 0.16[-0.34-0.67] -0.21[-0.30-0.71] 0.05[-0.46-0.55]

567 EX-60: Exercise 60 minutes beforetest meal; EX-180: Exer cise 180 minutesbeforetest meal; SD: Standard Deviations,

568 *p<0.05 versus CON ; **p<0.01 versus CON ; ***p<0.001 versus CON ; 3<0.05 EX-60 vs EX-180; Pp<0.01 EX-60 vs

569  EX-180; °p<0.001 EX-60 vs EX-180
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570  Table 3: Appetite sensation and satiety quotient results.

CON EX-180 EX-60 ES

Mean (SD) Mean (SD) Mean (SD) P CON vs. EX-180 CON vs. EX-60 EX-180 vs. EX-60
Hunger
SQ (mm/keal) 6.5 (3.4) 8.5 (4.3)* 8.0 (5.0)* 0.06 0.74[0.23-1.25] 0.73[0.22-1.23] 0.03[-0.48-0.54]
AUC 60min post lunch (mm2 336 (292) 185 (177) 208 (349) 0.12 -0.61[-1.12- -0.10] -0.04[-0.86-0.15] 0.23[-0.27-0.74]
Total AUC (mm?2) 29279 (12259) 28637 (14108) 27559 (15246) 0.52 0.08[-0.42-0.59] 0.24[-0.27-0.74] 0.17[-0.34-0.67]
Fullness
SQ (mmikcal) -6.5 (4.3) 7.4 (4.7) -6.6 (3.8) 0.35 -0.14[-0.65-0.36] -0.02[-0.53-0.48] 0.12[-0.39-0.62]
AUC 60min post lunch (mm2 6661 (2820) 6280 (2820) 5265 (3207) 0.24 -0.11]-0.62-0.39] -0.36[-0.87-0.14] -0.25[-0.76-0.25]
Total AUC (mm?2) 50993 (26460) 43929 (26341) 39070 (22711) 0.15 -0.37[-0.88-0.13] -0.53[-1.04- -0.03] -0.18[-0.69-0.32]
PFC
SQ (mm/kcal) 4.2 (2.9) 7.6 (3.3)** 7.8 (3.3)** 0.006 0.86[0.35-1.37] 0.94[0.43-1.44] 0.10[-0.40-0.61]
AUC 60min post lunch (mm2 645 (848) 458 (524) 711 (1162) 0.35 -0.18[-0.68-0.33] 0.10[-0.40-0.61] 0.27[-0.23-0.78]
Total AUC (mm?) 25864 (15508) 32451 (16219) 32169 (16941) 0.10 0.56[0.06-1.07] 0.69[0.19-1.20] 0.16[-0.35-0.67]
DTE
SQ (mm/kcal) 5.1 (2.9) 7.8 (3.5)* 8.8 (3.7)** 0.004 0.81[0.31-1.32] 1.11[0.60-1.62] 0.34[-0.16-0.85]
AUC 60min post lunch (mm2 391 (407) 445 (450) 553 (713) 0.45 0.09[-0.41-0.60] 0.28[-0.23-0.78] 0.19[-0.32-0.70]
Total AUC (mm?) 25490 (13109) 33632 (16315)* 31381 (17162F 0.0063 0.86[0.35-1.36] 0.83[0.33-1.34] 0.02[-0.48-0.53]

571 CON : rest condition ; EX-60: Exercise 60 minutes before test meal; EX-180: Exercise 180 minutes before test meal; SD: Standard Deviations; SQ : Satiety Quotient ; AUC : Area
572 Under the Curve; PFC : Prospective Food Consumption ; DTE : Desire To Eat ; *p<0.05 versus CON ; **p<0.01 versus CON ; ***p<0.001 versus CON ; 3p<0.05 EX-60 vs EX-180;
573 bp<0.01 EX-60 vs EX-180 ; °p<0.001 EX-60 vs EX-180
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574  Table4: Pre- and Post-test meal food reward on the three expgahoenditions
CON EX-180 EX-60 I nteraction time x condition
Mean (SD) Mean (SD) Mean (SD) p CON vs. EX-180 CON vs. EX-60 EX-180 vs. EX-60
Choice
Fat Bias
Before meal 4.0 (7.1) 4.4 (10.4) 1.6 (9.0) 0.38
Aftermeal 3.0(8.1)  42(102)  14(65  0.36 0.91 0.80 0.7
p before vs. 0.64 0.83 0.92 0.03[-0.48-0.54] 0.06[-0.44- 0.57]  0.07[-0.43-0.58]
after meal ' ) )
Taste Bias
Before meal 0.6 (11.6) 1.8(12.1) 2.3(16.2) 0.96
After meal -0.2(11.3) 0.2(134) 04(125 0.8 0.94 0.73 0.95
p before vs. 0.49 0.37 0.47 -0.02[-0.53-0.48]  -0.09[-0.59-0.42] 0.01[-0.49-0.52]
after meal
Implicit
Wanting
Fat Bias
Before meal 8.3 (20.8) 17.0 (30.2) -1.2 (32.8) 0.19
After meal 6.7 (445)  1.7(308)  3.7(175) 0.93 044 0.74 0.09
p before vs. 0.89 0.03 0.90 -0.20[-0.70-0.31]  0.09[-0.42-0.59] -0.43[-0.94-0.07]
after meal
Taste Bias
Before meal -2.9(26.7) 8.4 (325) -0.9(42.7) 0.40
After meal 12.0(34.6) -4.7(27.2) -0.8(39.1) 0.23 0.01 0.27 0.40
p before vs. -0.62[-1.13--0.11]  -0.28[-0.79-0.22] -0.22[-0.72-0.29]
after meal 0.01 0.13 0.99
Explicit
Wanting
Fat Bias
Before meal 18.2(16.2) 13.7(11.2) 14.1(10.7) 0.46
After meal  13.5 (9.6) 12.4 (8.7) 8.1(9.9 041 0.53 0.86 0.42
p before vs. 0.06 0.77 0.07 0.16[-0.35-0.67] 0.04[-0.46-0.55] 0.21[-0.30-0.71]
after meal
Taste Bias
Before meal 22.8(23.3) 16.5(8.4) 22.5(23.0) 0.40
After meal 7.6 (8.3) 16.5 (21.7) 7.7(6.2) 0.16 0.05 0.09 0.98
p before vs. 0.01 0.13 0.99 0.51[00.0-1.01] 0.44[-0.07-0.94] 0.01[-0.50-0.51]
after meal ' ) )
Explicit Liking
Fat Bias
Before meal 11.7(13.2) 15.3(12.3) 8.4(6.9f  0.03
Aftermeal 9.5(7.5)  11.0(10.7) 15.8(15.4) 0.41 0.62 0.09 0.01
p before vs. 0.62 0.30 0.02 -0.13[-0.63-0.38]  0.43[-0.08-0.94] -0.63[-1.13- -0.12]
after meal ' ) )
Taste Bias
Before meal 17.4(12.1) 13.8(10.9) 19.2(16.1) 0.47
Aftermeal  4.0(3.9) 12.9(205* 10.4(6.3) 0.005 0.52 0.25 0.07
p before vs. 0.16[-0.34-0.67] 0.30[-0.21-0.80] 0.46[-0.05-0.96]
after meal 0.001 0.9 0.25
575
576 CON : rest condition ; EX-60: Exercise 60 minutes before test meal; EX-180: Exercise 180 minutes before test meal;
577 SD: Standard Deviations; *p<0.05 versus CON ; **p<0.01 versus CON ; ***p<0.001 versus CON ; 3p<0.05 EX-60 vs
578 EX-180; °p<0.01 EX-60 vs EX-180 ; p<0.001 EX-60 vs EX-180
579
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580  Figure 1: Daily appetite sensations
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581

582 Figure 1. Daily Hunger (A); Fullness (B); DTE (C) and PFC (D) during the CON (black line), EX-180 (blue line) and
583 EX-30 (light-blueline). DTE; Desireto Eat; PFC: Prospective Food Consumption; BF: Breakfast; CON: rest condition
584 ; EX-60: Exercise 60 minutes beforetest meal; EX-180: Exer cise 180 minutes beforetest meal; AUC EX-180 and AUC
585  EX-60>AUC CON for DTE (p<0.01).
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