
Hahn et al. Int J Behav Nutr Phys Act           (2024) 21:76  
https://doi.org/10.1186/s12966-024-01620-8

REVIEW Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

International Journal of Behavioral
Nutrition and Physical Activity

Impact of physical activity on caloric 
and macronutrient intake in children 
and adolescents: a systematic review and meta-
analysis of randomized controlled trials
Heiko Hahn1  , Manuel Friedel1, Claudia Niessner2, Stephan Zipfel1 and Isabelle Mack1* 

Abstract 

Background Physical activity is widely promoted to maintain and improve health across all ages. Investigating 
how physical activity affects subsequent food intake provides insight into the factors that contribute to maintaining 
energy balance and effective weight management.

Objective This systematic review and meta-analysis summarizes the evidence on the effect of acute physical activity 
on subsequent food intake in children and adolescents.

Methods The Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA) were 
applied. Randomized controlled trials (RCTs) objectively measuring post-exercise energy intake in children and ado-
lescents aged 5 to 18 years were included. Studies with self-reported food intake were excluded. The databases 
PubMed, Web of Science and Cochrane Library were searched for RCTs, and the data were summarized at a qualitative 
and quantitative level. Version 2 of the Cochrane risk-of-bias tool for randomized trials was used to assess risk of bias. 
Changes in energy intake were examined with random effects meta-analysis. (PROSPERO: CRD42022324259).

Results Out of 9582 studies, 22 RCTs with cross-over design remained eligible for meta-analysis. The primary out-
come was post-intervention energy intake up to the next 24 h. Heterogeneity of studies was moderate, with an  I2 
of 57%. The median (interquartile range, IQR) energy expended while exercising was 240 (158) kcal. Meta-analysis 
of 41 study arms (exercise n = 780 and control n = 478) showed no differences in total energy intake between the exer-
cise and control group with a mean difference MD = 23.31 [-27.54, 74.15] kcal. No subgroup differences were found. 
Macronutrient intake and appetite sensations where not substantially affected.

Conclusion Engaging in exercise is a suitable means of raising activity-induced energy expenditure, without causing 
any noticeable changes in food intake or hunger within a single day.

Keywords Energy intake, Exercise, Physical activity, Children and adolescents

Introduction
Energy balance is regulated by a complex interplay 
between energy intake and energy expenditure [1, 2]. 
When the balance tilts in favor of energy intake, it leads 
to obesity, a significant public health concern from both 
personal and socio-economic perspectives [3]. Although 
rising trends in child and adolescent body mass index 
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(BMI) have plateaued at high levels in many high-
income countries, they have accelerated in parts of Asia 
[4]. This trend is attributed to a combination of factors 
such as decreased physical activity, increased sedentary 
behavior [5] and the overconsumption of high-energy-
dense foods and large food portions [6, 7]. Decades of 
research have provided a comprehensive understand-
ing of the factors influencing energy balance [8–11], 
resulting in similar recommendations for daily physical 
activity and a healthy diet globally [12–14]. However, 
adherence to these recommendations is challenging, as 
evidenced by alarming obesity rates [15]. Many research 
questions remain, particularly concerning body weight 
maintenance [16, 17]. Hence, ongoing research aims to 
comprehend the complex interplay of factors contribut-
ing to energy balance to offer holistic recommendations 
to society and patients while identifying targets for med-
ication and interventions.

Food intake is influenced by environmental, psycho-
logical, and physiological factors [18]. The primary physi-
ological driver of food intake is the resting metabolic 
rate (RMR), with fat-free mass being its largest contrib-
utor [19, 20]. RMR constitutes the largest component 
of daily energy expenditure and remains relatively sta-
ble throughout the day, generating a constant energetic 
demand [21, 22]. In contrast, acute exercise creates a 
short-term high energy requirement and induces various 
physiological effects as a result of increased sympathetic 
activity [23, 24].

Due to the distinct nature of these predictors of food 
intake, they are expected to have different mechanistic 
effects on appetite control, as summarized by Blundell 
et al. [25]. While RMR is relatively stable and cannot be 
acutely altered, physical activity can significantly increase 
energy expenditure through muscle activity [26, 27]. 
Activity energy expenditure is a crucial determinant of 
energy intake [28, 29]. Thus, exercise can facilitate weight 
loss by boosting energy expenditure, although this effect 
can be counteracted by subsequent sedentary behavior 
and increased food intake [30].

Structured exercise programs for adults with obesity 
have shown varying outcomes regarding body weight 
changes, ranging from weight loss to weight gain [31, 32]. 
This variability indicates that the determinants of seden-
tary behavior and post-exercise food intake are not yet 
fully understood. Physical activity may stimulate appetite 
to compensate for burned energy, but it can also lead to 
decreased appetite and increased sensitivity to satiety 
signals [33–35].

While the acute (up to 24 h) and short-term (up to 14 
days) effects of physical activity on food intake in adults 
have been extensively studied [36–42], data for chil-
dren and adolescents are limited [43]. The most recent 

systematic review on this topic was conducted in 2016 by 
Thivel et al. [44], concluding that acute exercise did not 
affect energy intake in lean individuals but appeared to 
reduce food intake in youth with obesity when exercise 
intensity was high. Since then, further high-quality trials 
have been published, allowing for a more robust analysis 
of data with stricter inclusion criteria, which is the focus 
of this review.

The aim of this review was to analyze the effects of 
acute exercise on energy intake under controlled con-
ditions in children and adolescents. The main research 
questions were: i) whether acute exercise leads to 
increased food intake under controlled conditions; ii) 
whether these findings depend on the intensity, duration, 
and type of exercise; and iii) whether these findings are 
independent of body weight status. Understanding these 
fundamental aspects under controlled conditions is cru-
cial for advancing basic knowledge within the broader 
context of energy balance regulation, contributing to the 
development of tailored public health strategies.

Materials and Methods
Literature information sources and search strategy
This review was developed and executed according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [45]. To iden-
tify all relevant studies examining the effect of physical 
activity on caloric and macronutrient intake in children 
and adolescents across all weight categories, the data-
bases PubMed, Web of Science and Cochrane Library 
were searched on November 16th and November 20th, 
2021. The protocol of this systematic review is regis-
tered at the PROSPERO platform with the registration 
number CRD42022324259. The full search strategy is 
documented in the Supporting Information Text S1 and 
consisted of four modules in the search term: children 
and adolescents, physical activity, energy intake and 
macronutrient intake.

Eligibility Criteria
Eligibility criteria were based on the five PICOS dimen-
sions, i.e., participants (P), interventions (I), comparators 
(C), outcome (O) and study design (S) [46]. Only peer-
reviewed original studies written in English or German 
were included.

Participants: Participants included healthy, non-smok-
ing children and adolescents aged on average ≥ 5 year 
to ≤ 18 years old, without any restrictions on sex, ethnic-
ity, and weight status.

Interventions: Physical exercise intervention had to be 
conducted under guidance and supervised conditions 
without restrictions regarding intensity, duration, and 
modality. Recording of vital signs was not a prerequisite. 
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The exercise intervention had to be followed by at least one 
post-exercise ad libitum meal under controlled conditions, 
such as a laboratory or researcher-controlled setting with-
out restrictions regarding the characteristics of the meal 
conditions (e.g., ad  libitum buffets, ad  libitum single or 
multiple meals). Trials that additionally implemented die-
tary interventions or nutritional education were excluded.

Comparators: A comparison to controls was required, 
either between or within subjects.

Outcomes: The primary outcome was energy intake in 
kcal resulting from the corresponding food intake after the 
exercise intervention. Therefore, food intake in grams had 
to be measured by a calibrated scale and the foods’ caloric 
value had to be derived from validated sources, either 
bomb calorimetry or internationally known food databases. 
Data from food frequency questionnaires, 24-h recalls, or 
similar sources were excluded. Secondary outcomes were 
food intake (in grams) and macronutrient intake (in grams 
and as % energy intake) along with the appetite sensations 
hunger, satiety, and prospective food consumption (i.e. how 
much food participants thought they could eat).

Study designs: The systematic data analysis referred 
exclusively to randomized controlled trials as parallel and 
crossover designs.

Study selection, data collection and organisation
To identify eligible studies, the search results of the data-
bases were combined, and the duplicates removed. Next, 
the titles and abstracts were screened. Full-text articles 
were evaluated regarding their eligibility (HH and IM), 
with uncertainties being discussed between the authors 
(< 15%). In the case of discrepancies, a third author was 
involved (MF).

Data items and statistics
The following information was extracted from each 
included article: year of publication, country of origin, 
study type, type of intervention, method for data collec-
tion, study outcomes including caloric intake, macro-
nutrient intake and appetite sensations, and sample 
characteristics (including sample size, BMI, sex, and age).

Characteristics across studies are presented as absolute 
values for sample size, sex and exercise duration, as mean 
and standard deviation (SD) or per cent (%) for macronu-
trient intake and exercise intensity and as mean and SD 
or standard error (SE) for sample size, age, BMI, energy 
expenditure and energy intake. All energy intake and energy 
expenditure values were converted to kilocalories (kcal).

Exercise intensity was determined to be either low, mod-
erate, or high, based on percentages of maximum oxygen 
consumption (VO2max) or maximum heart rate (HRmax) 
[47, 48]. Intensity was low if average heart rate was < 64% of 
HRmax or if VO2max was < 50%. Intensity was moderate 

if average heart rate was ≥ 64%—≤ 76% of HRmax, or if 
VO2max was ≥ 50%—< 70%, or if exercise was performed 
at ventilation threshold. Intensity was high if average heart 
rate was ≥ 77% of HRmax or if VO2max was ≥ 70%. In stud-
ies in which neither heart rate nor VO2 max was measured, 
the classification into low, moderate, and high was adopted 
according to the classification given in the trials.

For the energy intake (kcal), the results of all 22 trials 
were evaluated quantitatively (meta-analysis) and qualita-
tively. Qualitative analysis was also carried out to describe 
the direction of change in energy intake (whether par-
ticipants ate more, the same or less) between exercise and 
control groups. In the case of missing data, the provided 
graphs were measured with the help of a software tool 
(Digitizeit [49] and WebPlotDigitizer [50]) to obtain the 
values needed. For the meta-analysis of cross-over trials, 
the mean difference (MD) and standard error (SE) were 
calculated according to the Cochrane Handbook for Sys-
tematic Reviews of Interventions [51]. If the studies did not 
provide sufficient data from a paired analysis, a correlation 
coefficient of 0.5 was set. This approach is consistent with 
that of another meta-analysis of exercise interventions [52], 
and is described in detail by Elbourne et al. [53]. Sensitiv-
ity analyses were performed for correlation coefficients of 
0.3 and 0.7. The results were then entered into a generic 
inverse variance approach with the random-effects model 
using the software package Review Manager, version 5.4 
[54]. In studies with multiple intervention arms the sam-
ple size of the shared group was split according to the 
Cochrane Handbook [51] and Rücker et  al. [55] to avoid 
“double-counting” of participants (unit-of-analysis error). 
For the meta-analysis, 41 study arms were eligible. The dif-
ference in energy intake in kcal is presented as mean dif-
ference (MD), 95% confidence interval (CI) and standard 
error (SE) and is displayed in forest plots.

Statistical heterogeneity was examined by visual 
inspection of forest plots and using the  I2 statistics to 
quantify inconsistency between the studies. Values < 25% 
were interpreted as low, 25%—75% as moderate and val-
ues > 75% were interpreted as high [56]. To reduce heter-
ogeneity, subgroup analyses were performed for intensity 
of physical activity, age, risk of bias and weight status.

Data on the appetite sensations hunger, satiety, and pro-
spective food consumption was evaluated qualitatively 
because different assessment tools were used, and many 
studies did not report data but only stated that either dif-
ferences or no differences were found between the groups. 
Authors were contacted in case of missing data up to three 
times and 33% (2 out of 6) responded to the inquiry.

Risk of Bias
For all eligible studies, a risk of bias assessment was 
conducted using the Cochrane Risk-of-Bias tool for 
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randomized crossover trials (RoB 2) [57]. The tool con-
sists of 5 domains addressing different types of bias: 
randomization process, deviations from the intended 
interventions, missing outcome data, measurement of 
the outcome and selection of the reported result. In each 
domain, appropriate questions must be answered for each 
single study. Next, the RoB 2 algorithm is applied which 
evaluates the risks of the individual domains. Finally, an 
overall risk is calculated and expressed as “low” or “high” 
risk of bias, or the judgment can be expressed with “some 
concerns”.

Results
Study selection and categorization
The literature search process used to identify eligible 
studies is shown in Fig. 1. Out of 9582 identified studies, 
22 studies remained for analysis.

Summary of study characteristics
A detailed overview of the characteristics of the indi-
vidual trials is presented in Table  1. The characteristics 
across the studies are given below.

The studies were published between 2009 and 2020. 
Most studies were conducted in Europe (n = 17; 67%) 
[60, 62–68, 71–79] followed by Canada and USA (both 
n = 2; 13%) [58, 59, 61, 70]. In general, a frequently imple-
mented design in the included trials was the following: 
after a preliminary visit where baseline characteristics 
where collected, participants then visited a controlled 
environment for one to five intervention days, where data 
for primary and secondary outcomes where measured.

The studies differed in the number of post-exer-
cise test meals. Thirteen studies examined two post-
intervention meals, usually lunch and dinner [61, 
63–65, 67, 70–72, 75–78, 80]. Eight studies had one 

Fig. 1 PRISMA flow chart for study inclusion
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post-intervention meal [58–60, 62, 66, 68, 69, 79]. One 
study had three test meals [73].

All studies used a cross-over design and compared 
energy intake in a timeframe of up to 24 h. In all trials, 
absolute short-term energy intake was the primary or 
secondary outcome. For the meta-analysis, all 22 trials 
were eligible.

Population characteristics
In total, the 22 trials included 447 participants. The 
median (Interquartile range, IQR) age was 13.2 (1.1) 
years, with a range of 9 to 16 years (one trial did not 
report data on mean age [58]). Twenty-one trials except 
for one study [58] reported data on sex and 44% of the 
participants were female. The median (IQR) sample size 
of the selected studies was 15 (6), the sample size ranged 
from 9 to 38. Sample size was found to be small in eight 
studies [64, 65, 68, 69, 71, 73, 74, 78].

Four studies included participants with normal weight 
[59, 61, 68, 79], 13 studies included participants with 
overweight or obesity [60, 63–67, 71–74, 76–78], and five 
studies included both, participants with normal-weight, 
overweight and/or obesity [58, 62, 69, 70, 75].

Exercise characteristics
The 22 trials used eleven different exercise modalities and 
compared them with control interventions, where partic-
ipants remained sedentary. Having groups with normal 
weight and overweight exercising at varying intensi-
ties resulted in a total number of 43 exercise conditions, 
which were compared to a control group in cross-over 
design. Most of the trials used cycling on an ergometer 
as the exercise intervention (80%), the second most exer-
cise intervention was walking or running on ground or 
on a treadmill (12%). Exercise duration ranged from 15 
min [59, 67] to 60 min [76], with a median (IQR) duration 
of 40 (15) minutes. Twenty studies reported the energy 
expended during the exercise intervention, and two did 
not [58, 68].

Of the 43 exercise conditions, four (9%) were low in 
exercise intensity, 26 (60%) used a moderate intensity, 
and 13 (30%) implemented a high exercise intensity. In 
most studies (68%), desired exercise intensity was con-
trolled by the previously determined VO2max [60–65, 
70–78]. Two studies (9%) determined desired exercise 
intensity with the use of previously measured ventila-
tion threshold [59, 66] one study determined desired 
intensity with a percentage of the heart rate reserve 
[58]. Some studies solely differentiated between high 
intensity activities (e.g. bouts of 30 s sprints) [68] and 
low or medium intensity activities (e.g. swimming) 
[69].

Summary of study outcomes
Total energy intake
At qualitative level, of the exercise conditions compared, 
three study arms (7%) found a significantly higher energy 
intake (EI) after exercise [69, 77], ten (23%) found a sig-
nificant reduction in EI [62, 63, 67, 69, 71–75, 77] and 
30 (70%) exercise interventions resulted in no significant 
change in EI [61–66, 68–70, 73, 75, 76, 78, 79].

In line, the meta-analysis of 41 study arms (exercise 
n = 780 and control n = 478) showed no differences in 
total energy intake between the exercise and control 
group with a mean difference MD = 23.31 [-27.54, 74.15] 
kcal (Fig. 2). Sensitivity analyses showed that the results 
were robust to different correlation coefficients.

Overall, the heterogeneity of studies was moderate, 
with an  I2 of 57%. After excluding studies with a high risk 
of bias,  I2 increased to 69% (Fig. 3).

To account for differences regarding the exercise condi-
tion, age and weight status, subgroup analyses were per-
formed for i) low to moderate exercise vs. high intensity 
exercise (Fig.  4), ii) normal weight vs. overweight/obese 
(OW/OB; Fig.  5), iii) high intensity exercise in relation 
to normal weight vs. OW/OB (Fig.  6) and iv) partici-
pants with age < 13 years vs. age ≥ 13 years (Fig.  7). The 
heterogeneity decreased to  I2 = 0% when only partici-
pants with normal weight were compared, as well as in 
the group with normal weight exercising at high intensity. 
No subgroup differences were observed. In particular, 
there was no influence of intensity of exercise on subse-
quent energy intake. Sensitivity analyses revealed that the 
results were robust to different imputed correlation coef-
ficients (corr = 0.3, 0.5, 0.7) (Supporting Information S2).

Energy expenditure
Nineteen studies reported the exercise-induced energy 
expenditure in 33 different exercise conditions, whereas 
three did not [58, 68, 75]. The energy expended while 
exercising ranged from 63 ± 7 kcal (in 15 min) [59] to 
549 ± 3 kcal (in 60 min) [76], with a median (IQR) energy 
expenditure of 240 (158) kcal.

Macronutrients
Seventeen studies investigated macronutrient intake 
(Fig. 8), while five did not [58, 59, 69, 72, 79]. Of them, fif-
teen studies reported data on macronutrient intake either 
in grams or percentage of total food intake, and two stud-
ies solely stated whether macronutrient intake differed 
between intervention groups [64, 78]. Regarding protein, 
three studies found a significant increase in protein-
intake after exercise [61, 65, 74], whereas the remaining 
14 reported no significant changes. With regard to fat, 
three studies observed a significant increase in fat-intake 
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Fig. 2 Quantitative analysis for energy intake of randomized controlled trials. In multi-arm trials, the sample size of the shared control group 
was divided to prevent double counting

Fig. 3 Quantitative analysis for energy intake of randomized controlled trials with low or moderate risk of bias. In multi-arm trials, the sample size 
of the shared control group was divided to prevent double counting
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after exercise [61, 74, 76], the remaining 14 found no such 
relationship. Finally, two studies reported a decrease in 
carbohydrate intake after exercise [74, 75] which was not 
the case in the other 15 studies. Overall, physical activity 
had no substantial effect on macronutrient intake.

Appetite Sensations
All but three studies [61, 69, 71] examined hunger, satiety 
and prospective food consumption, one did report only 
hunger and prospective food consumption [71] (Fig.  9). 
Six studies also investigated the desire to eat [59, 63–65, 
67, 78] and two studies used the Leeds food preference 
score [64, 65]. Summarized across studies, there was 
no significant effect on hunger, satiety, and prospective 
food consumption, with the exception of two studies: 

Bozinovski et  al. [59] found hunger significantly attenu-
ated after short duration exercise compared to long dura-
tion exercise and control and Fillon et  al. [63] reported 
significantly reduced hunger in both exercise groups 
compared to control. Overall, physical activity had no 
substantial effect on appetite sensations.

Risk of bias
The risk of bias assessment is presented in Table 2. The 
overall risk of bias was low in seven studies (31%), with 
some concerns in eleven studies (50%) and high in four 
studies (18%). One of the major methodological problems 
of the studies was that the data used to determine the 
outcome were not analysed according to a pre-specified 
analysis plan (which was completed before the outcome 

Fig. 4 Quantitative analysis for energy intake of randomized controlled trials categorized by low or moderate vs. high intensity exercise. In 
multi-arm trials, the sample size of the shared control group was divided to prevent double counting
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data were available for analysis), as required in domain 5 
(D5) [57]. Another common issue relates to the duration 
that elapsed between interventions. Due to the within-
subject design of the trials, studies were only classified as 
low-risk if no more than 28 days elapsed between inter-
ventions to rule out a significant alteration in metabolism 
during this time. However, several trials did not report 
any time between interventions, so they were classified as 
“some-concerns”, as required in domain 4 (D4) [57]. Most 
studies did not do a power calculation, two reported to 
be underpowered [59, 61].

Discussion
The aim of this study was to analyze the effects of acute 
exercise on energy intake under controlled conditions 
in children and adolescents to contribute to our under-
standing of energy balance regulation. The first research 

question analyzed whether acute exercising is followed 
by increased food intake. We found that children and 
adolescents did not alter their caloric and macronutri-
ent intake after exercise tasks compared to their seden-
tary controls. These findings are in line with the previous 
study conducted in children and adolescents by Thivel 
et  al. [44]. They are also largely consistent with meta-
analyses conducted in adults on the acute (24 h) and 
short-term (up to 14 days) impact of exercise on food 
intake [37, 38].

The second question addressed whether training inten-
sity, duration, and type of exercise affected subsequent 
energy intake, and the third question examined the influ-
ence of body weight status on the findings. Our data are 
partly in line with those of the earlier study by Thivel et al. 
[44]. In accordance with their findings, the group with 
normal weight did not alter their energy intake following 

Fig. 5 Quantitative analysis for energy intake of randomized controlled trials categorized by subgroups with normal weight vs. overweight 
or obesity. In multi-arm trials, the sample size of the shared control group was divided to prevent double counting
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exercise. However, they found a reducing effect of high-
intensity exercise on energy intake only in the subgroup 
with obesity. The authors concluded that performing 
exercise at high intensity may have a transient anorexi-
genic effect in adolescents with obesity. These findings 
could not be confirmed in the present meta-analysis. 
This is most likely because stricter inclusion criteria were 
applied, and new high-quality randomized controlled tri-
als were included in the analysis.

As shown in this meta-analysis, children and adoles-
cents did not acutely compensate for an exercise inter-
vention with increased food intake, regardless of age 
group, body weight status or exercise intensity. This 
results, on average, in a short-term negative energy bal-
ance, assuming an otherwise neutral energy balance. In 
the trials examined, a median of 240 kcal was expended 
during exercise. This corresponds to more than 10% 
of the daily caloric needs of a moderately active 10- to 
13-year-old child [81]. A long-term caloric deficit of 
this magnitude resulting from exercise would lead to 
loss of adipose tissue or, if compensated for, contrib-
ute to a stable bodyweight, improved body composition 
and aid in healthy weight management [82–84]. This 
weight-reducing effect indicated by the results reported 
here was also demonstrated for adults with overweight 
in an umbrella review [85]. Since the actual weight loss 
is often less than expected, compensatory mechanisms 
such as increased sedentary behavior or a reduction in 
metabolic activity to keep energy balance stable have 
been suggested [86, 87]. This assumption is referred 

to as the “constrained total energy expenditure model” 
[88], but its validity is the subject of current debate [89]. 
Data on whether and under what circumstances exer-
cise leads to a subsequent reduction in non-exercise 
physical activity are mixed [30, 32, 86, 90, 91].

Data on food intake in relation to longer periods of 
physical activity training are based on self-reported data. 
Thus, results from such longer studies cannot be directly 
compared with short-term, highly controlled conditions 
such as those reviewed here. However, the effect of at 
least 10 weeks of regular physical activity was systemati-
cally reviewed by Schwartz et  al. [92]. Adolescents with 
obesity were found to reduce their self-reported food 
intake in response to several weeks of sports intervention. 
Similarly, the longer-term effects of an exercise interven-
tion on energy intake have been studied in adults. In their 
meta-analysis, Beaulieu et al. [36] investigated the impact 
of exercise training interventions (median duration 12 
weeks) on energy intake and appetite in adults with over-
weight/obesity. They found that no significant changes 
in food intake or appetite over the course of an exercise 
intervention occurred. In summary, the above results all 
point in the direction that, on average, exercise does not 
lead to an increase in food intake.

We demonstrated that not only caloric intake, but also 
macronutrient consumption remained unaffected by the 
intervention. This is in line with the findings by Thivel et al. 
[44] and is still the case when long-term interventions (at 
least 10 weeks) are examined under less controlled condi-
tions, as reported by Schwartz et al. [92]. Similarly, adults 

Fig. 6 Quantitative analysis for energy intake of randomized controlled trials with high intensity exercise categorized by subgroups 
with overweight or obesity vs. normal weight. In multi-arm trials, the sample size of the shared control group was divided to prevent double 
counting
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also do not alter their macronutrient intake in response to 
exercise as presented by Donnelly et al. [37] and Beaulieu 
et  al. [36]. Contrary to popular belief, this meta-analysis 
showed no increase of appetite after acute exercise. This 
is in accordance with the literature on adults [36, 37], and 
youth alike [44]. The influence of exercise on appetite-
related hormones in children and adolescents has been 
sparsely studied to date [93]. In contrast to most studies 
in adults, Rumbold et al. [94] found increased levels of the 
hunger-inducing hormone Ghrelin after acute exercise in 
adolescent females. Consistent with the findings in adults, 
Prado et al. [95] demonstrated a significant increase in the 
hunger-reducing hormone Peptide Y in adolescent girls 
with obesity following 30 min of exercise.

This study has strengths and limitations. Strengths 
include adherence to PRISMA guidelines and exclusive 
examination of randomized controlled trials. The risk 
of bias in the studies was assessed using the Cochrane 
RoB-2-tool. Additionally, studies utilizing self-reported 
dietary intake, food frequency questionnaires, and 
similar potentially biased data acquisition methods 
were excluded [96–98]. All studies employed a crosso-
ver design, where subjects acted as their own controls, 
ensuring high comparability. The heterogeneous study 
population, comprising both sexes, all levels of fitness, 
and a broad body weight range, was chosen to closely 
reflect real-life conditions, enhancing generalizability. 
However, there are limitations. Sample sizes were often 

Fig. 7 Quantitative analysis for energy intake of randomized controlled trials for subgroups aged < 13 years vs. age ≥ 13 years. In multi-arm trials, 
the sample size of the shared control group was divided to prevent double counting
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small, and studies predominantly focused on older chil-
dren and adolescents. Moreover, the short-term dura-
tion of the studies prevents determination of whether 
compensatory food intake occurred in subsequent 
hours (e.g., at night or the next morning). When stud-
ies did not provide sufficient data from a paired analysis, 
a correlation coefficient of 0.5 was applied. Sensitivity 

analysis revealed stable results when using 0.3 and 0.7 as 
correlation coefficient. Nevertheless, a degree of uncer-
tainty for data interpretation remains. Additionally, the 
applicability of results from randomized controlled tri-
als in laboratory settings to the everyday lives of chil-
dren and adolescents remains uncertain. Environmental 
factors could lead to overconsumption of palatable, 

Fig. 8 Changes in macronutrient intake (protein, carbohydrates, fat) after exercise intervention compared to sedentary control. ↑: intake was higher 
after exercise; ↓: intake was lower after exercise; ↔ : no significant differences; NR: not reported

Fig. 9 Changes in hunger, satiety, prospective food consumption after exercise intervention compared to sedentary control. ↑: higher after exercise; 
↓: lower after exercise; ↔ : no significant differences; NR: not reported
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high-energy-dense foods and large portions [6], even 
after exercising. In many study designs, accurately deter-
mining whether caloric intake met or exceeded energy 
needs was challenging. Solely Thivel et  al. [43] utilized 
a calorimetric chamber, to precisely measure energy 

balance. Only two of the included studies accounted for 
fluid intake through beverages, standardizing post-inter-
vention intake across participants [59, 79]. It is conceiv-
able that increased drinking, due to thirst after exercise, 
led to a feeling of fullness and reduced food intake, as 

Table 2 2 Risk of bias. +: Low risk, !: Some concerns, -: High risk, D1: Randomization process, D2: Deviations from the intended 
interventions, D3: Missing outcome data, D4: Measurement of the outcome, D5: Selection of the reported result. All studies analyzed as 
intention-to-treat except: * = per-protocol analysis
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distension of the gastric wall is a key signal generator for 
satiety [99–101].

Conclusions
Engaging in physical activity has no significant effect 
on the subsequent energy or macronutrient intake of 
children and adolescents, nor on their appetite sensa-
tions, compared with a sedentary control group within 
a single day. However, exercise acutely raises energy 
expenditure and thus may help to control energy bal-
ance. The findings of this meta-analysis and other 
reviews related to this field support the importance of 
physical activity in promoting weight loss and improv-
ing body composition along with a balanced diet, 
as children and adolescents are not expected to eat 
more as a result of exercise. Additionally, there was 
no increase in appetite, which would be detrimen-
tal to weight reduction efforts. These findings were 
derived from controlled conditions. Considering other 
literature from the field, environmental factors could 
lead to overconsumption of palatable, high-energy-
dense foods and large portions and/or increased sed-
entary behavior after exercising, compensating for the 
increased energy expenditure. Therefore, monitoring 
and reflecting on individual behavior after exercising 
appears to be useful for individual recommendations 
and countermeasures.
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