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Abstract 

Aim. This review aims to determine if acute exercise affects subsequent energy and macronutrients 

intake in obese and non-obese children and adolescents.  

Methods. Databases were searched between January 2015 and December 2015 for studies reporting 40 

energy and/or macronutrients intake immediately after an acute exercise and control condition, in 

children and adolescents. From the initial 118 references found, 14 were included for subsequent 

analysis after screening representing 31 acute exercise conditions that varied in intensity, duration 

and modality.  

Results. One study found increased energy intake after exercise, seven decreased and 23 revealed no 45 

change. The meta-analysis revealed a significant effect of acute exercise on intake in obese but not in 

lean youth by a mean difference of -0.430 (95% CI = -0.703 to -0.157, p=0.002) displaying low 

heterogeneity (I2 = 0.000; Q = 5.875; df = 9, p=0.752). The analysis showed that intense exercise only 

reduces intake in obese children (no intensity effect in lean). Unchanged macronutrients intake was 

reported in nine studies as opposed to three which found modified lipids, protein and/or 50 

carbohydrate intake.  

Conclusion. While acute exercise does not affect energy intake in lean, it appears to reduced food 

intake in obese youth when intense, without altering the macronutrients composition of the meal.  

 

Key words. Exercise; energy intake; macronutrient consumption, pediatric 55 
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Introduction 

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

regulation, particularly the relationships between energy intake (EI) and energy expenditure (EE), are 

currently of major interest. Although the respective implications of physical activity and EI in the 

control of energy balance have been long considered independently, this approach seems today too 80 

simplistic.   

About 60 years ago, it was considered that energy consumption was regulated with such flexibility 

that an increase in physical activity-induced energy expenditure would be immediately compensated 

for by an increase in food intake (1). Mayer et al. (1956) however demonstrated that the relationship 

between EE and EI could be reversed during habitual activities favoring very low level of EE such as 85 

sedentary behaviors (1).    

Studies exploring the impact of acute exercise or chronic physical activity programs on nutritional 

adaptations have been conducted (2, 3). Despite the large numbers of studies that have been 

conducted in adults, the question of how exercise precisely affects EI and appetite control remains 

controversial (4). In their recent meta-analysis based on 29 studies, Schubert et al. (2014) revealed 90 

that adults do not compensate for the EE induced by acute exercise by increasing their food intake 

(5). Furthermore, Donnelly and collaborators (2014) also failed (in a systematic review) to identify 

any consistent evidence to suggest that increased physical activity (or exercise) modifies energy or 

macronutrient intake in adults (6). It is acknowledged that individual responses to exercise with 

regards to energy homeostasis have been found to be variable thus making it difficult to make firm 95 

conclusions (3).  

This question has been investigated less frequently in children and adolescents with the first study of 

its kind that has been conducted in 2004 and that explored post-exercise EI responses in lean 10 

years old girls (7). In this study, the authors identified no detectable increase in EI in the short term, 
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following exercise of either low (50% V̇O2peak) or high (75% V̇O2peak) intensity (7). Since then, studies 100 

have been conducted in both lean and obese children and adolescents, examining the role of 

exercise (or physical activity induced EE) duration, modality, frequency or intensity on subsequent 

energy and macronutrient intake. For example, in 2009, Nemet and collaborators identified that EI 

was decreased after 1 hour of resistance training and remained unchanged after 1 hour of aerobic 

exercises or swimming in lean pre-pubertal children while the swimming session was the only 105 

condition that led to an increased food consumption in overweight ones (8). More recently, Thivel et 

al. (2014) examined the effeĐt of puďertal adolesĐeŶts’ body mass on post-exercise EI and identified 

that obese youth only modify (decrease) their EI after intensive exercise (>70% V̇O2max) (9). Since the 

available evidence in youth remains scarce and sometimes equivocal, it is difficult to state whether 

or not acute exercise affects subsequent food consumption. In addition, there is an important 110 

heterogeneity in the methodologies used (time interval between exercise and meal; exercise 

characteristics; participants characteristics, etc.). For detailed review see Thivel et al., 2012 (10).  

There have been two narrative reviews in which the impact of acute exercise on subsequent EI in 

children and adolescents has been explored (10, 11). Although the reviews highlight the important 

design diversity found in the literature, they suggest that post-exercise EI is not associated with the 115 

volume of energy expended during an acute exercise (11). Those reviews highlighted that the 

characteristics of the exercise (such as intensity and duration) are key factors influencing feeding 

behavior following exercise in paediatric populations (10). However they both failed in drawing a 

clear conclusion on the impact of acute exercise on adolesĐeŶts’ food intake. Therefore, the purpose 

of this systematic review and meta-analysis is to identify and evaluate studies that have employed 120 

robust study designs to determine the impact of acute exercise on energy and macronutrient intake 

in lean and obese children and adolescents.    

Methods 

Database searching  

The following electronic bibliographic databases were searched: MEDLINE, EMBASE, CINAHL 125 
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psycINFO, SPORTDiscus and SocINDEX. All searches were conducted from January 2015 and 

December 2015. KeǇǁord searĐhes ǁere perforŵed for ͞EǆerĐise͟, ͞phǇsiĐal aĐtiǀitǇ͟, ͞eŶergǇ 
eǆpeŶditure͟, ͞eŶergǇ iŶtake͟, ͞food iŶtake͟, ͞appetite͟, ͞huŶger͟, ͞ĐhildreŶ͟ aŶd ͞adolesĐeŶts͟. 
Titles and abstracts of potentially relevant articles were screened. Full text articles were screened in 

duplicate for inclusion in the review and any discrepancies were collectively discussed by the 130 

authors. All the selected references were then extracted to the Endnote software. The PRISMA 

guidelines were followed for the preparation of this paper (12).  

 

Study eligibility 

Inclusion criteria. To be included in the analysis, studies had to enroll lean, overweight or obese 135 

children or adolescents (5-to-18 years old). The participants had to be non-smoking individuals, to be 

free of any medications affecting the control of energy intake and appetite or exercise 

contraindications. To be included, the studies had to assess post exercise EI, at the meal immediately 

following exercise. There was no exclusion criterion for the exercise characteristics (intensity, 

duration, modality, etc.). All studies were required to include a control condition and to use an 140 

appropriate trial randomization approach (13). The post exercise meal presented to the children and 

adolescents had to be in the laboratory (i.e. not free-living EI). There was no exclusion criterion for 

the type (e.g., buffet, single meal) of ad libitum meal provided. Published peer-reviewed studies, 

conference proceedings, theses and dissertations were eligible.    

 145 

Exclusion criteria. Studies were excluded for further analysis if they did not report absolute or 

relative EI. When data were presented in a graphical form without mean or standard deviation (SD) 

indicated, the corresponding author of the work was contacted to obtain complementary data. If the 

corresponding author did not answer or declined the query, studies were excluded.   

 150 

Data synthesis.  After a first selection based on the title of the papers, a second author 

iŶdepeŶdeŶtlǇ assessed the papers’ eligiďilitǇ ďased oŶ titles. EaĐh authors had to Đode papers as 
͞Ǉes͟ or ͞Ŷo͟ or ͞ŵaǇďe͟ for eligiďilitǇ. OŶce this first round of selection was completed (based on 

title only), any disagreement was discussed and a common decision taken. The same procedure was 

followed a second time based on the abstract of the previously selected papers. Any disagreement 155 

regarding eligibility for inclusion was discussed and a consensus made among co-authors. Computer 

files were developed containing the selected papers at each stage of the selection, and made 

available to all the co-authors. By the end of the study selection process (as described above), all the 

references were classified in the EndNote reference management software (Endnote X4, Thomson 

Reuters, NYC, USA). Any issue encountered by an author when extracting the data was discussed 160 

collectively and a consensus was agreed to harmonize the extraction process. For every paper under 

consideration, an extraction sheet was completed in order to collect the following data: sample size, 

sex of the sample (or sex repartition), age, EI, macronutrient intake, EE, exercise modality, exercise 

intensity, exercise duration. All the extraction sheets were then saved in a dedicated folder. The flow 

diagram presented in Figure 1 illustrates the selection/inclusion/exclusion process.  165 

 

Synthesis of the Results. Tables were composed on a priori established columns chosen collectively 

by the authors (Reference; Population; Exercise Characteristics; Meal Characteristics; Energy Intake; 

macronutrients consumption). A table for all studies related to lean children and adolescents (Table 

1) and overweight/obese children and adolescents (Table 2) were developed. In some instances 170 
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duplicate study citations appear in both Tables 1 and 2 as the studies in question employed both lean 

and overweight/obese children and/or adolescents. Studies were ranked in the tables according to 

the publication year (from the oldest to more recent). All EI and EE values were converted to 

kilocalories (kcal).     

 175 

Risk of Bias in Individual studies. Risk of bias was independently evaluated by two authors using the 

Cochrane risk of bias tool (13). Risk of bias was assessed for: selection bias; performance bias; 

detection bias; attrition bias; reporting bias. Any discrepancies in bias coding were resolved by a third 

reviewer (Table 3). Studies were not excluded on the basis of risk of bias.  

 180 

Meta-analysis procedure  

  

The data were compiled into software designed specifically for meta-analyses (Comprehensive Meta-

Analysis, version 2; Biostat, Englewood, NJ). Data included: sample size, absolute EI for the exercise 

and control sessions as well as their respective SDs, body mass and exercise intensity. Intensity was 185 

defined as follows: Low intensity: <50% maximal capacities; moderate intensity: 50-69% maximal 

capacities; and intensive exercise: ≥70% maximal capacities. Two of the authors extracted the studies 

independently and any disagreement was discussed and a common decision taken. Studies were 

selected if they met all the inclusion criteria previously detailed and if their design was judge 

satisfactory (13). The mean standardized differences were calculated by the software to determine 190 

CoheŶ’s d for eaĐh studǇ aŶd Hedge’s g ǁas used to aĐĐouŶt for poteŶtial ďias of small sample sizes. 

Effect sizes (ES) were calculated using a random-effects model that accounts for true variation in 

effects occurring from study to study, as well as random error within single studies. This random 

effects model was preferred over a fixed-effect approach as some experimental parameters such as 

the measurement of EI had wide variation, which is better considered with the random-effects model 195 

during analysis (14). 

Since only one of the included studies reported relative EI, and none provided results for EE, only 

absolute energy intake was considered in the meta-analysis. The effect sizes were interpreted 

according to Cohen (1992) such as <0.2 as trivial, 0.2–0.3 as small, 0.5 as moderate, and >0.8 as large 

(15). A negative effect size value indicates that exercise decreased energy intake while a positive 200 

effect size indicates that exercise increased energy intake. CoĐhraŶe’s Q aŶd the I2 index were used 

to calculate Heterogeneity with 25%, 50% and 75% respectively indicating low, moderate and high 

heterogeneity according to the I2 analysis (16) aŶd a CoĐhraŶe’s Q ǀalue aďoǀe the degree of 
freedom (df) to attest for a significant heterogeneity (17). To test sensitivity and whether results 

were driven by any one study, the analyses were conducted by excluding one study at a time. 205 

Subgroup meta-analysis and/or meta-regression were also performed to test whether differences in 

methodologies could explain the variation in ES between trials (14, 18). This analysis included meta-

regressions of EI as a continuous variable and sub-group meta-analyses were conducted for 

categorical data such as exercise intensity and body mass status. Funnel plots were used to assess 

publication bias (14, 18), in absence of bias, studies should be distributed evenly around the mean ES 210 

because of random sampling error. The trim-and-fill correction described by Duval and Tweedie 

(2000) was used to assess bias (19), which give the possibility to compute and include potentially 

missing studies to create symmetry about the overall mean ES. Statistical significance was set at p < 

0.05 in a Z-test analysis. The Z-tests were used to examine if ES were significantly different from zero. 

 215 
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Results 

The initial database search identified 163 studies and 15 additional studies were also identified (book 

of abstracts, conference proceedings, dissertations, and ongoing data). Following the removal of 

duplicate studies, 118 studies were identified. After review of titles and abstracts, 79 studies were 220 

excluded and after close consideration of the inclusion criteria 14 studies were finally considered for 

analysis (as detailed in Figure 1). The Table 3 details the risk of bias analysis.    

 

Population characteristics  

Of the 14 studies considered in the final part of the analysis, five included lean participants only (7, 225 

20-23) and five included overweight/obese ones only (24-28). Four studies enrolled both lean and 

obese subjects (8, 9, 29, 30).    

Overall, the studies selected included sample sizes ranging from 10 (27) to 22 (8), with subsamples of 

lean ranging from nine (9) to 22 (8) and from seven (25) to 22 (8) in obese.  

The selected studies enrolled participants from 9.1 ± 0.6 (8) to 16.1 ± 0.3 years old (23). Studies 230 

involving lean individuals only used an age range from 9.4 ± 0.3 y (8) to 16.1 ± 0.3 y (23); while 

studied enrolling obese individuals only present an age ranged from 9.1 ± 0.6 y (8) to 14.5 ± 0.8 years 

old (28).    

 

Exercise characteristics  235 

Altogether, the 14 studies included compared 31 different exercise conditions (all study 

characteristics taken together) with control sessions.  

Type/modalities of training varied to a great extent. Nine studies used cycling as an exercise modality 

(7, 9, 22-28, 30). Treadmill exercise was used in two studies (20, 29); aerobic games, swimming and 

resistance exercises used in one study (8), and collective games used in two studies with Rumbold et 240 

al. using Netball (21) and Thivel et al. using rugby (23).  

Exercise durations ranged from 15 min (20, 29) to 60 min (23) in lean individuals and from 15 min 

(29) to 59 ± 6 min (26) in obese individuals. 

Exercise intensities ranged from 50% V̇O2max (7) to 75% V̇O2max (7, 9, 22, 23) in lean children and 

adolescents, and from 40% V̇O2max (26) to 75% V̇O2max (9, 26, 27) in obese ones.  245 

Of the 14 studies included in the analysis, only two did not report the exercise-induced energy 

expenditure (9, 22). In studies using lean participants, the gross exercise-induced energy expenditure 

ranged from 57 ± 3 kcal (20) to 549 ± 3 kcal (23) and from 63 ± 7 kcal (29) to 358 ± 3 kcal (28) in 

samples with obese participants. 

 250 

Test meal characteristics 
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All the studies included in the present analysis proposed ad libitum buffet meals. The buffets were 

provided 30 minutes (9, 20, 22-30) to 80 minutes (7) after exercise. While most of the studies 

provided buffet meals composed of a range of foods, two studies used single-item foods such as 

pizzas (20, 29) and pasta (21). 255 

Total Energy Intake 

Of the 31 different exercise conditions tested, one study found a significantly higher energy intake 

after exercise (8) and 7 found a significant reduction of energy intake after exercise (7-9, 24-26, 31) 

and 23 reported no difference (7-9, 20-23, 25, 26, 28-30). None of the studies involving lean 

participants observed an increased in EI after exercise. However, a significant decrease in food 260 

consumption was observed twice (7, 8) and no difference was observed 16 times (7-9, 20-23, 29, 30). 

Among obese individuals, only Nemet et al. observed a significant increase in EI after exercise (8), 5 

studies found decreased post-exercise EI (9, 24-26, 31), and 7 found no changes (8, 25, 26, 28-30).     

Only one study reported relative EI (REI=EI-ExEE) and failed to find any differences between long 

duration (45 min) and short duration (15 min) exercise compared with a control session in lean boys 265 

and girls (20).   

 

Macronutrients intake 

Nine out of the 14 studies included reported macronutrient intakes (9, 22-26, 28, 30, 31), 4 in lean 

children (9, 22, 23, 30) and 7 in obese (9, 24-26, 28, 30, 31).  270 

Three out of the 4 studies providing results in lean individuals reported no change in macronutrient 

intake after exercise compared with a control session (9, 22, 30). Only Thivel et al. found a 

statistically significant increase in the intake of energy-derived from fat after a bout of cycling in 

adolescent males (no modification of the energy ingested derived from protein or CHO; (23)). In 

obese adolescents; 6 studies revealed no significant change in macronutrients intake after an acute 275 

bout of exercise (9, 24-26, 28, 30) and one reported a significant increase in energy-derived from 

protein and fat, and a significant reduction of the energy intake derived from CHO (31).       

 

Meta-Analysis 

Effect of acute exercise on absolute energy intake in adolescents (lean + OW/OB): The effect size 280 

ranged from -1.051 to 0.895 (n=25). Results of the meta-analysis revealed a mean effect size of 

exercise to reduce EI of -0.188 (95% CI = -0.644 to 0.268, p= 0.418; Figure 2A). Results for 

heterogeneity among these studies were as follow: I2 = 31.347; Q = 34.958; df = 24, p=0.069.  

Table 4 details the meta-analysis results in lean and overweight youth according to exercise intensity 

(Low, moderate and high), highlighting a significant effect of intensive exercise only on subsequent 285 

energy intake (decrease) in overweight/obese youth (p=0.001), as shown by the Figure 2B.  
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Discussion 

The effect of acute exercise on energy intake has been widely explored and discussed in adults for 

the last 20 years (3, 5, 6). Recently, the interest around this question in pediatric population emerged 

(10).  A growing number of studies has been published during the last decade addressing this issue in 290 

lean and obese children and adolescents. Data appear relatively equivocal and it remains unclear 

whether or not acute exercise affects EI in youth. The purpose of this study was to systematically 

review the available literature in this field and to perform a meta-analysis to determine the efficacy 

of acute physical exercise for reducing EI in children and adolescents.  

The present paper systematically reviewed fourteen original publications that questioned the effect 295 

of acute exercise on subsequent energy intake in children and adolescents, with lean participants 

taking part in 9 of these studies (7-9, 20-23, 29, 30) where 9 included overweight/obese participants 

(8, 9, 24-26, 28-31). Although cycling was the most common exercise mode, there was variability in 

the exercise modalities between the selected studies. For example running, cycling, resistance 

exercises, swimming, rugby and netball (7, 9, 22-26, 28, 30, 31). In addition to variability in modality, 300 

exercise durations ranging from 15 to 60 minutes, exercise-induced energy expenditures from 57 to 

549 kcal and exercise intensities from 40% to 75% of the partiĐipaŶts’ ŵaǆiŵal ĐapaĐities ǁere also 

highly variable between trials.  

This systematic review reveals methodological heterogeneities in all components of the study 

designs. Indeed, the meal type and exercise to meal interval also varied. Although all the included 305 

studies proposed ad libitum buffet-type meal, the time interval between the exercise bout and the 

meal varied from 30 minutes (9, 20, 22-26, 28-31) to 80 minutes (7). Difference in timing between 

the exercise and the subsequent meal was shown to influence EI (32). In addition, most of the 

proposed buffets excluded preferred items based on food preference questionnaires while some 

studies used single items such as pizzas (20, 29) or pasta (21) that can represent highly palatable 310 
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foods for some children. Given the limited number of studies, analyses based on timing and EI 

protocols were not addressed specifically, but they would warrant further investigation.  

The 14 included studies represent a total of 31 different exercise sessions where ad libitum EI has 

been studied after an acute bout of exercise. The present systematic exploration showed that of 

those 31 exercise conditions, 7 found a significant reduction in EI (7-9, 24-26, 28, 31), only one found 315 

increased EI (8) and the large majority (n=23) reported no difference (7-9, 20-23, 25, 26, 28-30). The 

absence of post-exercise energy consumption modification observed in the majority of the included 

studies is aligned with the results of our meta-analysis performed on the whole sample, showing no 

significant effect of acute exercise on energy intake (Figure 2A). However, the analysis also shows 

that 16 of the 23 experimental conditions showing no change in post-exercise food intake were 320 

performed in lean youth (7-9, 20-23, 29, 30). This suggests that body composition or body weight 

influences the outcome. 

Indeed, when considering obese children and adolescents separately, the results are much more 

ambiguous, with one study showing increased intake (8), 5 showing a decrease (9, 24-26, 31), and 7 

showing no difference (8, 25, 26, 28-30). Although our meta-analysis approaches found no significant 325 

effect of acute exercise in lean youth, it shows significantly reduced post-exercise food ingestion in 

obese (Figure 2B). Yet it has already been suggested  that changes in post-exercise energy intake are 

not associated with the volume of energy expenditure-induced by exercise in children and 

adolescents (11, 26), the intensity of exercise seems to be a key factor (26, 29).  

The publications systematically reviewed here proposed a range of intensities form 40% to 75% of 330 

the participants’ individual maximal capacities. Subgroup meta-analysis were then performed 

questioning the effect of exercise intensity on subsequent energy intake, by classifying the studies as 

follows: i) low intensity: <50% maximal capacities; ii) moderate intensity: between 50% and 70% of 

the maximal capacities; iii) and intensive exercise: >70% maximal capacities. Although the meta-

analysis confirmed that an acute bout of exercise (whatever its intensity) does not affect the 335 
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subsequent ad libitum energy intake in lean children and adolescents, intensive exercise (but not 

moderate or low intensity exercises) has been shown to significantly reduce post-exercise food 

consumption in obese youth. This confirms what was previously suggested by narrative reviews (10) 

based on strongly designed RCT comparing isoenergetic low and high intensity exercises and showing 

decreased energy intake only after the intensive exercise (26). This is also in line with results 340 

obtained in adults where intensive exercise has been shown to decrease energy intake in lean and 

overweight/obese subjects compare to exercises of lower intensities (33, 34). According to the 

authors, this intensity-dependent reduction in energy intake was explained by significantly higher 

post-exercise concentrations of some anorexigenic gastro-peptides such as CCK and GLP-1 (33).  

None of the studies included for analysis here assessed appetite-regulating hormones. We found 345 

only one study that simultaneously measured post-exercise energy intake and appetite-hormones in 

obese adolescents to date (35). In their work Prado and colleagues asked 9 obese girls to perform a 

30-minute treadmill exercise set at their ventilatory threshold; leptin and PYY3-36 concentrations were 

assessed as well as appetite feelings, before, 30 minutes and 150 minutes post-exercise (35). 

Although leptin concentrations were not modified, which is not surprising since this adipokine is 350 

mainly involved in the long term control of energy intake, the authors observed a significant increase 

in circulating PYY3-36 concentrations 30 minutes after exercise. Although the authors concluded that 

an acute bout of intensive exercise favors a transient anorexigenic effect in obese adolescent girls 

(35), they used a 24-hr diary record to assess self-reported energy intake, which limits their 

interpretations and conclusion (36).  355 

Although the post-exercise modifications of appetite-regulating hormones are mainly mentioned to 

explain these different nutritional responses between lean and obese children and adolescents, 

neurocognitive factors should also be considered. Some recent studies effectively pointed out the 

role of weight status and body composition on the neural control of energy intake, with higher neural 

responses to food cues observed in overweight/obese youth compared with lean once (37, 38). 360 
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Interestingly, an acute exercise has been recently showed to decrease the neural response to food 

stimuli in obese adolescent boys, which was accompanied by a reduce food intake at the following 

meal (39), which is not observed in lean adolescents (ongoing data).   

No meta-analysis was performed in this work to determine the impact of acute exercise on 

macronutrients intake because only a few studies assessed macronutrient repartition at a meal that 365 

follows acute exercise in children and adolescents. However, the systematic review indicated that 

children and adolescents do not alter the macronutrient composition of their meal in response to 

acute exercise (9, 22, 24-26, 28, 30). Only 2 reported a change in fat (23, 31) or protein and CHO (31). 

This has obviously to be interpreted with caution and further studies assessing post-exercise 

macronutrient intake are obviously needed.   370 

Similarly, absolute post-exercise energy intake only was considered for analysis in this work since 

only one study reported relative energy intake (REI=EI-ExEE) (20) and the other included studies did 

not clearly indicate exercise- and/or resting-induced energy expenditure. 

Several other important limitations have to be considered when interpreting the present analysis. 

First, the important heterogeneity revealed by our systematic approach regarding the methodologies 375 

used. While the literature is limited on this topic, studies use a large range of exercise modalities or 

intensities making any comparison difficult. This is also true when it comes to the characteristics of 

the meal with a wide range of delays between the end of the exercise and the weighted meal 

between trials or the composition of the meal. As previously highlighted, there is a need for more 

standardized procedures between research teams to allow comparison between studies (10, 40). The 380 

most critical limitation might be the lack of powered studies to detect significant effect of acute 

exercise, with studies enrolling from 7 to 22 participants in their groups. Finally, the lack of data 

regarding the important inter-individual variability in the energy intake response to exercise in 

children and adolescents must be considered here. Although this variability has been highlighted in 
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adults in response to acute exercise (41), it has been only discussed in response to chronic physical 385 

activity in obese adolescent boys (42) and acute analysis must be performed in the future.  

Conclusion 

The present systematic review and meta-analysis reveals that an acute bout of exercise, when 

performed at high intensity (above 70% of individual capacities) favors reduced energy consumption 

in obese children and adolescents without altering the qualitative composition of the meal (in terms 390 

of macronutrient repartition). Since several methodological limitations have been highlighted, and 

particularly an important heterogeneity in the methods employed, additional well-controlled trials 

specially designed and powered to detect post-exercise energy intake modification in youth have to 

be encouraged. Future studies should consider energy expenditure by providing relative energy 

intake and absolute results, and report the energy consumed derived from each macronutrient 395 

relatively to total energy consumed (in percentage of total energy intake). Finally, although studying 

the effect of acute exercise on subsequent food consumption in children and adolescents is recent, it 

seems today necessary to explore the physiological mechanisms involved.  

 

 400 

Acknowledgements 

TD as the first author initiated the paper and wrote the first version of the manuscript. BP and TD 

were in charge of the statistical analysis. TD, RPL, MEM, NK and BJE led the writing process and 

helped in the redaction of the paper. The authors have no conflict of interest to declare.  

 405 

Conflict of Interest: The authors have no conflicts of interest to disclose. The authors have no 

financial relationships relevant to this article to disclose. 

 

 

 410 

 

 



14 

 

References 

1. Mayer J, Roy P, Mitra KP. Relation between caloric intake, body weight, and physical work: 

studies in an industrial male population in West Bengal. Am J Clin Nutr. 1956 Mar-Apr;4(2):169-75. 415 

2. Blundell JE, King NA. Physical activity and regulation of food intake: current evidence. Med 

Sci Sports Exerc. 1999 Nov;31(11 Suppl):S573-83. 

3. Blundell JE, Gibbons C, Caudwell P, Finlayson G, Hopkins M. Appetite control and energy 

balance: impact of exercise. Obes Rev. 2015 Feb;16 Suppl 1:67-76. 

4. Bilski J, Teleglow A, Zahradnik-Bilska J, Dembinski A, Warzecha Z. Effects of exercise on 420 

appetite and food intake regulation. Medicina Sportiva. 2009;13:82-94. 

5. Schubert MM, Desbrow B, Sabapathy S, Leveritt M. Acute exercise and subsequent energy 

intake. A meta-analysis. Appetite. 2013 Apr;63:92-104. 

6. Donnelly JE, Herrmann SD, Lambourne K, Szabo AN, Honas JJ, Washburn RA. Does increased 

exercise or physical activity alter ad-libitum daily energy intake or macronutrient composition in 425 

healthy adults? A systematic review. PLoS One. 2014;9(1):e83498. 

7. Moore MS, Dodd CJ, Welsman JR, Armstrong N. Short-term appetite and energy intake 

following imposed exercise in 9- to 10-year-old girls. Appetite. 2004 Oct;43(2):127-34. 

8. Nemet D, Arieli R, Meckel Y, Eliakim A. Immediate post-exercise energy intake and 

macronutrient preferences in normal weight and overweight pre-pubertal children. Int J Pediatr 430 

Obes. 2010 Dec 4;5(3):221-9. 

9. Thivel D, Metz L, Julien A, Morio B, Duche P. Obese but not lean adolescents spontaneously 

decrease energy intake after intensive exercise. Physiol Behav. 2014 Jan 17;123:41-6. 

10. Thivel D, Blundell JE, Duche P, Morio B. Acute Exercise and Subsequent Nutritional 

Adaptations: What About Obese Youths? Sports Med. 2012 May 22;42(7):607-13. 435 

11. Thivel D, Aucouturier J, Doucet E, Saunders TJ, Chaput JP. Daily energy balance in children 

and adolescents. Does energy expenditure predict subsequent energy intake? Appetite. 2013 

Jan;60(1):58-64. 

12. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA 

statement for reporting systematic reviews and meta-analyses of studies that evaluate health care 440 

interventions: explanation and elaboration. J Clin Epidemiol. 2009 Oct;62(10):e1-34. 

13. Higgins JP, Green SM, Coollaboration C. Cochrane handbook for systematic reviews of 

interventions. Wiley Online Library. 2008. 

14. Conger SA, Warren GL, Hardy MA, Millard-Stafford ML. Does caffeine added to carbohydrate 

provide additional ergogenic benefit for endurance? Int J Sport Nutr Exerc Metab. 2011 Feb;21(1):71-445 

84. 

15. Cohen J. A power primer. Psychol Bull. 1992 Jul;112(1):155-9. 

16. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. 

BMJ. 2003 Sep 6;327(7414):557-60. 

17. Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, Botella J. Assessing heterogeneity in 450 

meta-analysis: Q statistic or I2 index? Psychol Methods. 2006 Jun;11(2):193-206. 

18. Warren GL, Park ND, Maresca RD, McKibans KI, Millard-Stafford ML. Effect of caffeine 

ingestion on muscular strength and endurance: a meta-analysis. Med Sci Sports Exerc. 2010 

Jul;42(7):1375-87. 

19. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and adjusting 455 

for publication bias in meta-analysis. Biometrics. 2000 Jun;56(2):455-63. 

20. Bozinovski NC, Bellissimo N, Thomas SG, Pencharz PB, Goode RC, Anderson GH. The effect of 

duration of exercise at the ventilation threshold on subjective appetite and short-term food intake in 

9 to 14 year old boys and girls. Int J Behav Nutr Phys Act. 2009;6:66. 

21. Rumbold PL, St Clair Gibson A, Stevenson EJ, King JA, Stensel DJ, Dodd-Reynolds CJ. Influence 460 

of netball-based exercise on energy intake, subjective appetite and plasma acylated ghrelin in 

adolescent girls. appl Physiol Nutr Metab. 2013;in press. 



15 

 

22. Schwartz C. Effect of acute exercise on energy intaek in lean adolescent boys. [Master thesis]: 

Clermont Auvergne University; 2014. 

23. Thivel D, Maso F, Aouiche S, Coignet B, Dore E, Duche P. Nutritional responses to acute 465 

training sessions in young elite rugby players. Appetite. 2015 Jan;84:316-21. 

24. Thivel D, Isacco L, Rousset S, Boirie Y, Morio B, Duché P. Intensive exercise: A remedy for 

childhood obesity? Physiol Behav. 2011 Oct 30;102(2):132-6. 

25. Thivel D, Isacco L, Taillardat M, Rousset S, Boirie Y, Morio B, et al. Gender effect on exercise-

induced energy intake modification among obese adolescents. Appetite. 2011 Jun;56(3):658-61. 470 

26. Thivel D, Isacco L, Montaurier C, Boirie Y, Duche P, Morio B. The 24-h Energy Intake of Obese 

Adolescents Is Spontaneously Reduced after Intensive Exercise: A Randomized Controlled Trial in 

Calorimetric Chambers. PLoS One. 2012;7(1):e29840. 

27. Thivel D, Metz L, Aucouturier J, Brakoniecki K, Morio B, Duché P. Intensive exercise and 

physical inactivity have opposite effects on daily energy intake and energy balance in obese 475 

adolescents. Obesity Facts. 2012; 5(Suppl 1):273. 

28. Chaput JP, Schwartz C, Boirie Y, Duclos M, Tremblay A, Thivel D. Energy intake adaptations to 

acute isoenergetic active video games and exercise are similar in obese adolescents. Eur J Clin Nutr. 

2015 Mar 25. 

29. Tamam S, Bellissimo N, Patel BP, Thomas SG, Anderson GH. Overweight and obese boys 480 

reduce food intake in response to a glucose drink but fail to increase intake in response to exercise of 

short duration. Appl Physiol Nutr Metab. 2012 Jun;37(3):520-9. 

30. Chaput JP, Tremblay A, Pereira B, Boirie Y, Duclos M, Thivel D. Food intake response to 

exercise and active video gaming in adolescents: effect of weight status. Br J Nutr. 2015 Nov 24:1-7. 

31. Thivel D, Metz L, Aucouturier J, Brakoniecki K, Duche P, Morio B. The effects of imposed 485 

sedentary behavior and exercise on energy intake in adolescents with obesity. J Dev Behav Pediatr. 

2013 Oct;34(8):616-22. 

32. Albert MH, Drapeau V, Mathieu ME. Timing of moderate-to-vigorous exercise and its impact 

on subsequent energy intake in young males. Physiol Behav. 2015 Nov 1;151:557-62. 

33. Ueda SY, Yoshikawa T, Katsura Y, Usui T, Fujimoto S. Comparable effects of moderate 490 

intensity exercise on changes in anorectic gut hormone levels and energy intake to high intensity 

exercise. J Endocrinol. 2009 Dec;203(3):357-64. 

34. Ueda SY, Yoshikawa T, Katsura Y, Usui T, Nakao H, Fujimoto S. Changes in gut hormone levels 

and negative energy balance during aerobic exercise in obese young males. J Endocrinol. 2009 

Apr;201(1):151-9. 495 

35. Prado WL, Balagopal PB, Lofrano-Prado MC, Oyama LM, Tenorio TR, Botero JP, et al. Effect of 

aerobic exercise on hunger feelings and satiety regulating hormones in obese teenage girls. Pediatr 

Exerc Sci. 2015 Nov;26(4):463-9. 

36. Schwartz C, Thivel D. PYY3-36 and Hunger Responses to Exercise in Obese Adolescent Girls: 

Which Effects on Effective Energy Intake? Pediatr Exerc Sci. 2015 Feb;27(1):175-6. 500 

37. Fearnbach SN, English LK, Lasschuijt M, Wilson SJ, Savage JS, Fisher JO, et al. Brain response 

to images of food varying in energy density is associated with body composition in 7- to 10-year-old 

children: Results of an exploratory study. Physiol Behav. 2016 Mar 10. 

38. Hofmann J, Ardelt-Gattinger E, Paulmichl K, Weghuber D, Blechert J. Dietary restraint and 

impulsivity modulate neural responses to food in adolescents with obesity and healthy adolescents. 505 

Obesity (Silver Spring). 2015 Nov;23(11):2183-9. 

39. Fearnbach SN, Silvert L, Keller KL, Genin PM, Morio B, Pereira B, et al. Reduced neural 

response to food cues following exercise is accompanied by decreased energy intake in obese 

adolescents. Int J Obes (Lond). 2016 Jan;40(1):77-83. 

40. Thivel D, Duché P, Morio B. Energy intake and appetite response to acute short duration 510 

exercise in obese youths Appl Physiol Nutr Metab. 2012;37(5):1014-5. 

41. Hopkins M, Blundell JE, King NA. Individual variability in compensatory eating following acute 

exercise in overweight and obese women. Br J Sports Med. 2014 Oct;48(20):1472-6. 



16 

 

42. Thivel D, Chaput JP, Adamo KB, Goldfield GS. Is energy intake altered by a 10-week aerobic 

exercise intervention in obese adolescents? Physiol Behav. 2014 Aug;135:130-4. 515 

 

 

 

 

 520 

 

Figure legends 

 

Figure 1.  Flow diagram of the description of the screening, selection and inclusion process 

Figure 2. (A) Effect size forest plot for absolute energy intake in both lean and obese youth (mean ± 525 

95% confidence intervals); (B) Effect size forest plot for absolute energy intake in obese youth, 

depending on the exercise intensity (mean ± 95% confidence intervals).  

 


