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Abstract

Acute exercise has been found to reduce subsequent energy intake in obese adolescents. Although 

it has been suggested that some neural pathways are involved in this post-exercise energy intake 

regulation, it remains unknown whether the post-exercise attentional response to food cues differs 

as a function of weight status. We hypothesize that there will be a reduction in the neural response 

to food cues as a result of exercise in obese adolescents, but not in their lean counterparts. 

Fourteen obese and 14 lean adolescent boys (12–15 years) were randomized (within-subjects 

design) to remain seated (CON) or to exercise 45 minutes at 65% of their maximal capacities 
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(EX). After the exercise or sitting period, the adolescents' cognitive engagement in the processing 

of food vs. non-food cues was assessed during an attentional computer-based task with 

electroencephalography (EEG) recording. An ad libitum lunch meal was offered and appetite 

feelings were assessed (visual analog scales). There was no main effect of condition on energy 

intake in lean subjects, but obese adolescents ate significantly less following EX compared with 

CON (P < .05). There was no effect of condition or stimulus type (food vs. non-food) on the EEG-

recorded amplitude of the P3b component in lean adolescents. However, the response to food cues 

was significantly reduced compared with non-food stimuli after exercise in obese participants (P 
< .01). Following EX, but not CON, total body weight, body mass index, and fat mass were 

inversely correlated with the EEG response to food–non-food stimuli (all P < .05). However, this 

response was not associated with ad libitum EI (both P > .1). Acute exercise favors decreased 

neural response to food cues compared with non-food cues in obese but not lean adolescents, 

suggesting differential effects of exercise on the neural processing of food cues based on weight 

status.
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1. Introduction

Based on the increasing rates of pediatric overweight and obesity worldwide, energy balance 

regulation, particularly the relationship between energy intake (EI) and energy expenditure 

(EE), is currently of major interest. Long considered independently, EI and EE have been 

shown to closely interact suggesting new approaches to control and manipulate energy 

balance [1,2].

In both adults and children, an acute bout of intensive exercise (above 70% of the 

individual's maximal capacity) has been shown to favor a transient anorexigenic effect in 

obese patients, leading to a reduced subsequent energy consumption without any alteration 

of appetite sensations [3–5]. This acute effect of exercise on appetite control has mainly 

been attributed to its impact on particular gastro-peptides (eg, Peptide YY, GLP-1, ghrelin) 

involved in the short-term regulation of EI in adults [2,3,6] and youth [7].

Peripheral factors (such as gastro-peptides) communicate information regarding energy 

homeostasis to the hypothalamus, suggesting one potential explanation for this post-exercise 

modification of food consumption. In addition, recent studies have suggested a role for 

additional neural pathways implicated in the cognitive processing of food-related cues [8,9]. 

Results from one functional magnetic resonance imaging (fMRI) study in healthy adult men 

suggest that the activation of several brain areas involved in the attentional processing of 

food-related cues could be reduced with 60 minutes of intensive cycling exercise [8]. Using 

event-related potentials (ERPs) derived from electroencephalography (EEG) recordings, 

Hanlon and collaborators measured the late positive potential (LPP) evoked by visual food 

cues among lean and obese women [9]. According to their results, 45 minutes of moderate-

to-vigorous treadmill exercise favored the reduction of the LPP in response to food cues in 
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both groups [9]. This effect was interpreted as a reduced neurologically determined food 

motivation (and more precisely as a lower attentional processing of the food stimuli). 

Unfortunately, the authors did not assess whether this was accompanied by an actual 

decrease in objectively-measured food consumption. More recently, we showed that the 

amplitude of the P3b component (another ERP component thought to reflect more directly 

the intensity by which cognitive resources in the brain are engaged to attend to certain 

stimuli [10]) is significantly reduced in response to food stimuli (compared to non-food) 

following a 45-minute moderate cycling exercise in obese adolescent boys. Importantly, this 

time, the reduced neural response to food cues observed after exercise was accompanied by 

a concurrent reduction in ad libitum food intake at the following meal (compared to a resting 

condition) [11]. However, since our previous study involved only obese adolescents, it 

remains unknown whether these effects differ by weight status in youth. The aim of the 

present study was therefore to compare the post-exercise neural P3b response to food cues, 

body composition, ad libitum energy intake, and appetite ratings between lean and obese 

adolescent boys. We hypothesize that there will be a reduction in the neural response to food 

cues as a result of exercise in obese adolescents, but not in their lean counterparts.

2. Methods and materials

2.1. Participants

Twenty-eight adolescent boys (14 with obesity, 14 lean as defined by Cole et al., 2000 [12]) 

aged 12–15 years (Tanner stage 3–4) took part in this study. Adolescents with obesity were 

recruited through pediatric consultations (Clermont-Ferrand University Hospital and 

Romagnat Children Medical Center, France), while lean participants were recruited through 

protocol advertisements. To be included in the study, participants had to be free of any 

medication that could interact with the protocol, could not present any contraindications to 

physical activity, had to take part in less than 2 hours of physical activity per week, and had 

to be unrestrained eaters (as assessed by the Dutch Eating Behavior Questionnaire, DEBQ). 

Only male adolescents were recruited for the present study to avoid any potential sex effect 

in the control of energy intake. All adolescents and their legal guardians received 

information sheets and signed consent forms as requested by the ethical authorities 

(AU1107). This protocol is registered as a clinical trial (clinicaltrials.gov: NCT02100878). 

Fig. 1 illustrates the recruitment process.

2.2. Overview of the study protocol

First, a medical inclusion visit was conducted by a pediatrician to confirm eligibility of the 

candidates to participate in all aspects of the study. The participants were asked to perform a 

submaximal aerobic exercise test and their body composition was assessed by dual-energy 

X-ray absorptiometry (DXA) at baseline. The adolescents then visited the laboratory on 2 

separate occasions (at least 7 days apart) following a within-subjects crossover design: (1) a 

control session consisting of quiet sitting (CON); (2) a cycling exercise session (EX). Heart 

rates were recorded during the two sessions (Polar technology monitors). Immediately 

following the resting control or exercise session; the participants were asked to perform a 

short visual food-related computer task while an electroencephalogram (EEG) was 

registered to assess their neural response to food cues. Thirty minutes after the end of the 
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exercise (EX) or resting (CON), the participants were served an ad libitum buffet-style meal. 

Their appetite feelings were assessed using visual analogue scales at regular intervals 

throughout the day. Energy expenditure was assessed during the exercise and resting 

conditions using a portable indirect calorimeter (K4b2).

2.3. Anthropometric and body composition measurements

Body weight was measured to the nearest 0.1 kg using a digital scale, and barefoot standing 

height was assessed to the nearest 0.1 cm using a wall-mounted stadiometer. Body mass 

index (BMI) was calculated as body weight (kg) divided by height squared (m2). Fat mass 

(FM) and fat-free mass (FFM) were assessed using DXA following standardized procedures 

(QDR4500A scanner, Hologic, Waltham, MA, USA). These measurements were obtained 

during the preliminary visit by a trained technician. The validity and accuracy of this method 

in this population have been previously demonstrated [13].

2.4. Aerobic capacities

Each participant's aerobic capacity was assessed during a submaximal graded cycling test 

performed at least 1 week before the experimental session (preliminary visit). The test was 

composed of 4 stages of 4 minutes each starting from 30 W with an increment of 15 W each. 

An electromagnetically braked cycle ergometer (Ergoline, Bitz, Germany) was used to 

perform the test. VO2 and VCO2 were measured breath-by-breath through a mask connected 

to O2 and CO2 analyzers (Oxycon Pro-Delta, Jaeger, Hoechberg, Germany). Calibration of 

gas analyzers was performed with commercial gases of known concentration. Ventilatory 

parameters were averaged across every 30 seconds. Electrocardiography was also used for 

the duration of tests. This test, performed under the supervision of an accredited medical 

doctor, aimed at establishing the individual relationship between heart rate and VO2, and 

work load (W) and VO2 in order to calibrate the intensity of the exercise for the 

experimental session. The procedures of this test followed the appropriate recommendations 

[14].

2.5. Attentional computer task

Fifteen minutes after the EX or CON condition, the adolescents were asked to complete a 

computer-based oddball task involving the presentation of infrequently presented food and 

non-food target visual stimuli among repeated presentations of a non-target item [9,15]. This 

task included 288 trials. The frequent, standard Non-Target item was a colored abstract 

pattern (n = 216). The Target items (n = 72) were colored pictures taken from the food.pics 

database [16] which includes pictures of food and neutral objects on a white background, 

homogeneous in terms of viewing distance and figure-ground composition. Half of the 

Target items (n = 36) were pictures of food (Food; eg, muffin, candies, sandwich, 

hamburger, etc.), the other half neutral household objects (Non-food; eg, stapler, ladder, 

flower bouquet, hairbrush, etc.). The sets of Food and Non-food pictures were chosen in 

such a way that, based on food.pics scores, they did not significantly differ (two-tailed t-

tests) with regard to global perceptual characteristics (brightness, P = .35; contrast, P = .19) 

and visual complexity (jpg compression, P = .21; edge detection, P = .22), as well as to 

subjective ratings for complexity (P = .92).
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Each of the Target items appeared only once during the experiment. All the stimuli were 

displayed for 750 milliseconds in the center of a computer screen, on a white background. In 

between each stimulus, a black fixation cross was shown, with a duration varying randomly 

between 1200 and 1800 milliseconds (with a mean of 1500 milliseconds). The stimuli were 

presented in a pseudo-randomized order, different for each participant, so that there were no 

consecutive Target trials. The experiment was divided into 2 blocks of 144 Non-Target and 

36 Target stimuli (half Food), separated by a rest period which ended when the participant 

was ready to move on and pressed the space-bar.

Participants were asked to press the space-bar as quickly as possible every time they saw a 

picture different from the Non-Target item. Central fixation was required throughout and the 

participants were encouraged to blink only when the fixation cross was displayed on the 

screen. The oddball task lasted about 11 minutes.

2.6. Electrophysiological data recording

Sixty-four active electrodes were used to continuously record the EEG (extended 10–20 

system) with BioSemi Active II System (BioSemi, Amsterdam, Netherlands), with a band 

pass from 0.16 Hz to 100 Hz and at a rate of 512 Hz. Off-line analyses were computed with 

BESA 5.2.3. ERPs time-locked to the stimuli (−100 to 600 milliseconds) were averaged 

separately for each channel and for each experimental condition, were digitally filtered at 40 

Hz (12 Db/octave, zero phase shift digital filter) and recalculated to the average reference. 

Trials with blinks, saccades and non-ocular artifacts were rejected from further analysis: 

trials with signals exceeding ±100 μV as well as a gradient criterion with more than 75 μV 

were rejected automatically. A visual inspection of the grand-average waveforms for Target-

Food versus Non-Target and Target-Non-food versus Non-Target trials in the CON condition 

revealed an enhanced posterior positivity for Target trials (P3b), which reached its maximum 

amplitude over Pz at around 430 milliseconds for the lean group and 480 milliseconds for 

the obese group. For all the experimental conditions, the P3b was therefore quantified as the 

mean amplitude at Cpz, Pz and POz from 380 to 480 milliseconds for the lean group and 

from 430 to 530 milliseconds for the obese group. The data from these electrodes were then 

averaged together. This method has been previously used and detailed in this population 

[11].

2.7. Energy intake assessment

At 8:30 am, the participants had to consume a standardized breakfast in its entirety (same 

composition and caloric content as previously detailed [17,18]). Thirty minutes after the end 

of the experimental session, an ad libitum lunch was offered to the participants. The 

composition of the buffet meal was conformed to the adolescents' tastes as determined by a 

food preference questionnaire completed prior to the experimental sessions (ie, during the 

preliminary visit). Top rated items were avoided to limit overconsumption, as well as rarely 

consumed items to avoid occasional eating, as generally seen in ad libitum feeding 

experiments with adolescents published previously [18]. The buffet consisted of two choices 

per course and was composed of ham, turkey, salad and raw vegetables, mashed potatoes, 

beans, minced beef, chicken, cheese, yogurts, apple compotes, fruits and bread. The buffet 

offered to the participants was identical for the 2 experimental sessions. Macronutrient 
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composition and energy density of the meals were consistent across participants. Participants 

were told to eat until satisfied and additional food was provided if desired. Food 

consumption was weighed and recorded by investigators (Bilnut 4.0 SCDA Nutrisoft 

software, France) to calculate total EI during lunch. The proportion of the total EI derived 

from fat, carbohydrate and protein was calculated using the same nutritional software used 

to assess total EI. Relative EI (REI) was then calculated as EI-EE for each condition. Ad 

libitum lunch meal methodology and spontaneous EI assessment were previously detailed 

[11] and their reproducibility and accuracy has been demonstrated in this population [19].

2.8. Subjective appetite sensations

At regular intervals throughout the day starting at 8:00 am, participants were asked to rate 

their hunger, fullness and prospective food consumption using visual analogue scales (VAS 

of 100 mm), for which the reliability has been reported previously [20]. Participants filled in 

VAS before and after the breakfast, before and after the EX and CON experimental sessions, 

before and after lunch, and 30 minutes after lunch. This method has previously been used 

among adolescents with obesity to evaluate appetite feelings [4,21].

2.9. Description of the experimental sessions

Control session (CON)—for 45 minutes (from 10:45 am to 11:30 am) the participants 

remained seated in a comfortable chair. They were not allowed to talk, read, watch TV, or 

complete any intellectual tasks. Energy expenditure was assessed by indirect calorimetry.

Exercise session (EX)—from 10:30 am the adolescents were asked to complete a 45-

minute cycling exercise set at moderate intensity (65% of their individual VO2max). The 

intensity was controlled using recorded heart rate and the workload setting on the cycle 

ergometer, based on the results from the submaximal aerobic capacity testing.

2.10. Statistical analyses

The number of subjects was determined on the basis of previous studies and after simulation 

of statistical power [22]. With n = 14 subjects per groups (28 total), the statistical power is 

greater than 80% with an intra-subject correlation coefficient greater than 0.5. Statistical 

analyses were performed using Statview 5.0 (SAS Institute, Cary, NC, USA). Results are 

expressed as means ± SD. The distribution of the data was tested using the Smirnov-

Kolmogorov test prior to analysis and data did not require any transformation prior to 

analysis. Two-way ANOVA were used to compare total EI, REI and the energy ingested 

derived from each macronutrient (Protein, CHO and fat) (group: Lean vs Obese by 

condition: CON vs EX). A 2-way ANOVA with repeated measures was used to compare 

appetite feelings AUC (Area Under the Curve) between experimental sessions. Regarding 

the computer-based oddball task, reaction times (for correct responses) and ERP amplitudes 

were examined using 2 × 2 × 2 mixed-model ANOVAs with group (Lean vs Obese) as a 

between-subject factor and target type (Food vs Non-food) and condition (CON vs EX) as 

within-subjects factors. Clean EEG data were obtained for 11 lean and 12 obese participants. 

Tests of simple effects were used to decompose significant main effects and interactions. 

Correlations (Pearson or Spearman according to statistical distribution) were performed 

between anthropometric/body composition values and EI following both conditions (EX and 
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CON). Similarly, correlations were performed between anthropometric characteristics and 

body composition, EI, and the P3b amplitudes delta ([Food – Non-food]) following both 

conditions (EX and CON). The level of significance was set at P < .05.

3. Results

As presented in Table 1, there was no difference in age between the lean and obese groups. 

The adolescents with obesity had significantly higher body weight (89.6 ± 19.3 vs. 53.6 

± 9.8 kg), BMI (31.6 ± 4.5 vs. 19.2 ± 3.2 kg/m2) and FM percentage (35.1 ± 6.4 vs. 12.9 

± 3.2%) compared with the lean group (P < .001). FFM was also significantly higher in 

obese compared with lean adolescents (P < .01).

The EE induced by the 45-minute exercise was significantly higher in obese (373 ± 57 kcal) 

compared with lean (241 ± 93 kcal) (P < .001). The EE induced by the 45-minute rest was 

also significantly higher in obese (102 ± 19 kcal) compared with lean (85 ± 11 kcal) (P < .

01). The EE during EX was significantly higher compared with the EE during CON in both 

groups (P < .001).

Our statistical analysis revealed a weight status effect for absolute EI, such that adolescents 

with obesity ate significantly more calories during the ad libitum lunch than lean adolescents 

(P < .05). There was no effect of condition in the lean sample, as presented in Table 2, but 

obese adolescents ate significantly less following EX compared with CON (P < .05). We did 

not find a main effect of weight status on REI, but REI was significantly lower in both lean 

and obese following EX compared with CON (P < .01 and P < .001 respectively, Table 2). 

While there was no significant condition or weight status effect on the energy derived from 

fat and carbohydrates, adolescents with obesity ate significantly more energy from protein 

than lean adolescents (P < .05), regardless of condition (Table 2).

For the full sample (lean and obese combined), correlations between EI and body 

composition are reported in Table 3. Total body weight, BMI and FM were all positively 

correlated with EI at the ad libitum buffet-style meal on both CON and EX (all P < .01). In 

addition, FFM was positively correlated with ad libitum EI on both days (P < .05). There 

were no significant differences in effect size between CON and EX.

As illustrated by the Fig. 2, there were no significant differences in appetite feelings (satiety, 

prospective food consumption, and hunger) between conditions or groups.

Regarding the behavioral results of the oddball task, the mean percentage of correct 

responses (Target stimulus; response given) was very high for both the lean (99.5 ± 0.4%) 

and the obese (99.4 ± 0.8%) samples. The 2 × 2 × 2 ANOVA (group × target type × 

condition) revealed no significant main effect or interaction between the three factors on 

percentage of correct responses (all P > .14). The same analysis performed on reaction times 

to targets indicated that the participants were overall faster to respond to Food (478 ± 32 

milliseconds) than to Non-food (488 milliseconds ± 26 milliseconds) Targets (F(1,21) = 5.1; 

P < .05), regardless of weight status. However, none of the other main effects or interactions 

were significant (all P > .58). Finally, false alarms (Non-target stimulus; response given) 
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were very rare, occurring on only 0.42 ± 0.7% and 0.54 ± 0.8% of the trials in the lean and 

obese group respectively (P > .7).

Concerning the EEG data, the 2 × 2 × 2 ANOVA performed on P3b mean amplitudes 

revealed that the main effect of target type (Food vs Non-food) was significant (F(1,21) = 

5.57; P < .05). However, this effect was better qualified by the interaction between the three 

factors (F(1,21) = 5.66; P < .05). A 2 × 2 repeated-measures ANOVA (Target type × 

condition) was therefore performed on P3b amplitudes separately for each group (Fig. 3A, 

B). In lean adolescents, none of the main effects or interactions reached significance (all P 
> .34, Fig. 3A). However, in adolescents with obesity, the Target type × condition interaction 

was significant (F(1,11) = 5.52; P < .05). Planned comparisons showed that while there was 

no difference between Food and Non-food Targets in the CON condition (P > .88), during 

the EX condition the P3b amplitude to Food Targets was significantly reduced compared 

with the P3b amplitude to Non-food Targets (P < .01, Fig. 3B).

Finally, correlations between EEG responses (delta [Food – Non-food]), EI, and body 

composition are presented in Table 4. Following EX, but not CON, total body weight, BMI, 

and FM were all inversely correlated with the response to Food – Non-food stimuli (all P < .

05). In other words, higher indices of adiposity were associated with lower brain 

responsiveness to Food stimuli following exercise, but this association was not present after 

the control condition. FFM was not associated with EEG response on either EX or CON 

(both P > .2). In addition, EEG responses were not associated with ad libitum EI following 

either condition (both P > .1).

4. Discussion

Identifying the physiological and neurocognitive signals involved in the post-exercise energy 

intake responses previously observed in children and adolescents is of particular interest in 

order to better understand their energy balance regulation, and better prevent and treat 

pediatric overweight and obesity. The present results confirm our hypothesis that an acute 

bout of moderate intensity exercise would reduce the neural response to food stimuli in 

obese but not lean adolescent boys. This may reflect a difference in the cognitive effort 

engaged in response to food stimuli (compared with non-food stimuli) that may be specific 

to their weight status or body composition.

Previous neuroimaging research has begun to characterize the post-exercise neural responses 

to food, but differences by weight status (lean vs obese) have not been fully examined, 

especially in youth. Using fMRI, Evero et al. were the first to investigate the effect of an 

acute bout of exercise on the neural control of appetite. They showed that a 60-minute 

intensive (83% HRmax) bout of cycling exercise reduces the response to food vs. control 

images in several regions of the brain implicated in visual attention and the control of EI, but 

this protocol was only conducted in lean young adults [8]. Hanlon and collaborators 

published the only results available thus far comparing post-exercise neural responses to 

food cues (based on an EEG exploration) and EI between lean and obese [9]. According to 

their results, a moderate-to-vigorous 45-minute treadmill exercise can favor the reduction of 

the Late Positive Potential (LPP) in response to visual food cues in both obese and lean 
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premenopausal women, without any differences in 24-hour self-reported energy intake [9]. 

Studies examining post-exercise neural responses to food and objectively measured food 

intake are lacking in the literature.

We recently explored the post-exercise neurocognitive responses to food cues and objective 

food intake in adolescents with obesity for the first time [11]. Our analyses revealed that a 

45-minute cycling exercise set at 65% of individual maximal aerobic capacities favors 

decreased neural responses to visual food cues in 12- to 15-year-old adolescent boys with 

obesity [11]. Although appetite feelings (hunger, satiety and prospective food consumption) 

remained unchanged, the post-exercise decrease in the neural response to food stimuli 

observed in this work was accompanied by a concurrent, significant decrease in food intake 

[11]. The present analysis expanded on the original to examine the weight status effect, and 

found unchanged post-exercise neural responses, appetite feelings and food consumption in 

lean adolescents. These results suggest differential effects of exercise on neural processing 

of food cues and EI based on weight status. The current findings align with previous studies 

showing reduced post-exercise EI in obese but not lean age-matched adolescents [18].

Regarding the EEG findings, the current results are, however, contradictive with those 

published by Hanlon et al., who failed to identify any weight status differences in EEG 

response between lean and obese adult women [9]. In their study, participants were adult 

women and their dietary status (restrained or unrestrained) was not assessed, which may 

explain some of these discrepancies. In another study, Hofmann and collaborators found 

increased neural responses to food cues in obese compared with lean adolescents, but the 

obese sample was defined as restrained while the lean sample was defined as unrestrained 

according to DEBQ scores [23]. In the present work, both lean and obese adolescents were 

categorized as unrestrained. Taken together, these results suggest that dietary status may 

have a greater effect on the neural controls of food intake than weight status (see also Hill et 

al., 2013 [24]), but further studies are definitely warranted in this area.

Because weight status does not always fully capture differences in body composition, we 

also examined the influence of FM and FFM on EEG response to food cues and ad libitum 

energy intake following exercise, compared to a control condition, across the full sample. 

Interestingly, our results show negative correlations between obesity indicators (body 

weight, BMI and FM percentage) and the P3b amplitude difference between food and non-

food cues (Food – Non-food) after the exercise bout. In other words, higher adiposity was 

associated with a greater reduction of the neural responses to food following acute exercise. 

However, these associations were not present on the control day. Such results underline the 

importance of considering body composition (and especially FM) rather than just weight 

status in the post-exercise attentional response to food cues. While chronic physical activity 

has been found to mainly affect food intake through its effect on FFM (as a homeostatic 

driver for energy balance) in both adults [25] and youth [26], FM might be implicated in the 

short term EI response to acute exercise.

Although the obese adolescents showed a greater intake of energy derived from protein, 

regardless of the condition (EX or CON), we did not observe any effect of exercise on 

macronutrient intake in either group. This absence of post-exercise modification of the EI 
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derived from each macronutrient remains difficult to interpret due to limited and 

contradictive results in this population [11,18,27,28]. Our results regarding appetite feelings 

confirm once more the previously described “uncoupling effect” of acute exercise on 

appetite sensations and EI [29], since hunger, satiety or prospective food consumption were 

not modified by exercise in either lean or obese adolescents. This was despite the fact that 

obese adolescents showed a decrease in EI following EX compared to CON.

Some limitations of the current study should be acknowledged. Previous fMRI literature has 

shown that areas of the brain involved in reward signaling (eg, substantia nigra, amygdala) 

may be differentially associated with FM versus FFM [30]. However, these deep, subcortical 

regions of the brain cannot be accurately imaged using EEG methods, which tend to mainly 

capture neural activity closer to the scalp surface. This may be one reason why the current 

study was unable to characterize any associations between FFM and the neural response to 

food stimuli. In addition, fMRI studies in adults have found effects of exercise on activation 

in reward (eg, insula, putamen), homeostatic (eg, hypothalamus), and inhibitory (eg, 

dorsolateral prefrontal cortex) brain regions [8,31], which cannot be adequately measured 

using EEG. However, the extrapolation of these previous findings in adults to populations of 

children and adolescents is difficult given the inherent developmental differences in some of 

these brain areas. Although 14 subjects per group appeared sufficient from a statistical point 

of view (as indicated by the sample power calculation), larger sample sizes would have 

strengthened our results. It would be valuable to measure the post-exercise neural 

adaptations to food stimuli in young girls to expand on the generalizability of the current 

findings.

While the peripheral-central crosstalk between the hypothalamus and gastro-peptides from 

the gastro-intestinal tract (such as PYY3–36, GLP1, CCK, ghrelin) has traditionally been 

hypothesized to explain the observed post-exercise nutritional adaptations, our results add to 

the recent literature that additional neurocognitive pathways must also be considered in 

adolescents with obesity. From a practical point, the present study reinforces the interest in 

prescribing moderate-to-high intensity exercise for adolescents with obesity, especially by 

the end of the morning to favor both increased energy expenditure and reduce energy intake. 

This illustrates that not only the exercise characteristics, such as its modality, duration or 

intensity, but also the chronobiology (time of day) are important to improve our weight loss 

interventions. However, further studies are needed to better understand the effects of acute 

exercise on the control of energy intake. In addition, future research must also be conducted 

to identify the potential effect of long-term exercise training programs on the central and 

peripheral pathways involved in appetite regulation to improve our current weight loss and 

weight control strategies.
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Abbreviations

EI Energy intake

EE Energy expenditure

BMI Body mass index

FM% Fat mass percentage

FFM Fat free mass

CON Control

EX Exercise

CHO Carbohydrates
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Fig. 1. 
Selection of subjects for the study (VAS, Visual Analog Scale; EI, energy intake; VO2, 

maximal aerobic capacity; BC, body composition; EEG, electroencephalogram).
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Fig. 2. 
VAS ratings of satiety through both conditions (EX and CON) in lean and obese adolescents 

(no condition and no group effect). (CON, Control; EX, Exercise; VAS, Visual Analogue 

Scale; BF, Breakfast; COND, condition).
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Fig. 3. 
Mean amplitudes of the P3b elicited by Food and Non-food visual cues during the Control 

(CON) and Exercise (EX) sessions in lean (A, 380–480 milliseconds) and obese (B, 430–

530 milliseconds)) adolescents. **P < .01.
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Table 1

Anthropometric characteristics and body composition

Lean Obese

Age (yo) 13.7 ± 1.1 13.9 ± 1.1

Weight (kg) 53.6 ± 9.8 89.6 ± 19.3***

BMI (kg/m2) 19.2 ± 1.7 31.6 ± 4.5***

FM (%) 12.9 ± 3.2 35.1 ± 6.4***

FFM (kg) 46.4 ± 6.9 56.1 ± 11.1**

Values are means ± SD; yo, years old;

***
P < .001;

**
P < .01.
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Table 2

Energy intake and macronutrient ingestion

Lean Obese

CON EX CON EX

EI (kcal) 854 ± 362 744 ± 246 1091 ± 252 965 ± 214*

REI (kcal) 769 ± 364 512 ± 274** 988 ± 249 592 ± 235***

Protein (%) 28.0 ± 7.2 28.1 ± 5.3 31.1 ± 5.5 31.8 ± 4.8

Fat (%) 16.4 ± 4.9 16.1 ± 4 17.5 ± 3.2 17.1 ± 3.3

CHO (%) 55.1 ± 11.1 52.2 ± 8.6 50.8 ± 8.3 50.4 ± 7.7

Values are means ± SD; CON, Control. EX, Exercise;

*
P < .05;

**
P < .01;

***
P < .001;

EI, Energy intake; REI, Relative Energy Intake; CHO, Carbohydrates.
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