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ABSTRACT  
 

The Effect of an 8-Week Aerobic Exercise Program on the Diet and Eating 
Behaviours of Adolescents with a Normal Weight and Excess Body Weight 

 

Introduction: Health-related behaviours of Canadian adolescents are generally 
suboptimal. Studies have assessed effectiveness of exercise interventions primarily from 
an energy balance perspective, but not from a health promotion standpoint. This study 
assessed the effect of an 8-week aerobic exercise program on dietary intake parameters 
and eating behaviours of adolescents with a normal weight and excess body weight. 

Methods: This quasi-experimental study involved 13 male and 13 female adolescents 
between the age of 14-18 years old (17 normal weight, 9 with excess weight). The 
intervention consisted of an 8-week aerobic exercise program on cycle ergometers, 
aiming for 50-75% of heart rate reserve. Diet was assessed in pre- and post-intervention 
via 24-hour dietary recalls. Two recalls were collected for each condition: pre-
intervention, post-intervention on exercise days and post-intervention on non-exercise 
days. Diet was assessed for the following dietary intake parameters: food quantity, diet 
quality and eating patterns. 

Results: The 8-week exercise program led to a decrease in meal size at lunch and dinner, 
energy density at breakfast, carbohydrate intake as well as a slight shift in eating pattern 
of participants. At baseline, participants with excess weight had greater number of daily 
eating occurrences and portion sizes at evening snacks but consumed a smaller 
percentage of daily energy intake before school, compared to those with a normal weight. 
Participants with excess weight decreased their total number of eating occurrences, but 
not those with normal weight. The exercise program did not influence cognitive restraint, 
uncontrolled eating or emotional eating scores of participants.  

Conclusion: Significant changes in food quantity and eating pattern parameters, but not 
in diet quality, were observed following the exercise program. Differences in pre-
intervention and in response to the exercise program were observed based on weight 
status. Future studies with greater sample size are needed to confirm these findings. 
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RÉSUMÉ 
 

L’effet d’un programme d’exercice aérobie de 8 semaines sur la diète et les 
comportements alimentaires d’adolescents avec un poids normal et un surpoids 

 

Introduction: Les habitudes de vie des adolescents Canadiens sont généralement sous-
optimales. Certaines études se sont penchées sur l’effet d’interventions d’exercice sur la 
balance énergétique et le poids, sans toutefois considérer leur effet sur les habitudes de 
vie et la santé des adolescents. Cette étude a évalué l’effet d’un programme d’exercice 
aérobie de 8 semaines sur des paramètres de l’apport alimentaire et des comportements 
alimentaires d’adolescents ayant un poids normal et un surpoids. 

Méthodes: Cette étude quasi-expérimentale comptait 13 adolescents males et 13 
adolescentes femelles âgés de 14-18 ans (17 avec un poids normal et 9 en surpoids). 
L’intervention impliquait un programme d’exercice de 8 semaines sur ergocycles, visant 
50-75% de la fréquence cardiaque de réserve. La diète des participants a été évaluée via 
des rappels alimentaires de 24 heures. Deux rappels ont été complétés pour chaque 
condition expérimentale : pré-intervention, post-intervention lors de journées d’exercice 
et post-intervention lors de journées sans exercice. La diète a été évalué selon les 
paramètres suivants : la quantité d’aliments consommés, la qualité de la diète ainsi que 
les patrons alimentaires. 

Résultats: Le programme d’exercice de 8 semaines a mené à une réduction de la 
grosseur des repas au dîner et au souper, de la densité énergétique au déjeuner, de 
l’apport en glucides ainsi qu’à un délai de l’apport alimentaire au courant de la journée. 
Au départ, les participants avec un surpoids avaient une fréquence de consommation 
alimentaire et des portions de collation en soirée plus élevées, mais leur pourcentage 
d’apport énergétique avant l’école était plus faible que ceux avec un poids normal. Les 
participants avec un excès de poids ont diminué leur fréquence de consommation 
alimentaire, ce qui n’était pas le cas pour ceux avec un poids normal. Le programme 
d’exercice n’a eu aucun effet sur les scores de restriction cognitive, de désinhibition ou 
d'apport alimentaire relié aux émotions des participants. 

Conclusion : Des changements à la quantité des aliments consommés ainsi qu’aux 
patrons alimentaires, mais non à la qualité de la diète, ont été observés suite au 
programme d’exercice. De plus, certaines différences ont été observées selon le statut de 
poids. Des études futures impliquant un plus gros échantillon sont nécessaires pour 
confirmer ces résultats. 
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PREFACE  
This thesis is presented in an article format. Two manuscripts are present in Part 4, 
outlining the main findings of this thesis project. The first manuscript focuses on the 
effect of exercise and the second on the effect of weight status on post-exercise energy 
intake compensation. Both manuscripts examined the dietary parameters of adolescents 
and have been formatted for submission to peer-reviewed journals: Journal of Nutrition 
Education and Behavior (manuscript 1) and Pediatric Obesity (manuscript 2). 

This research project involved 2 master students, including Alyssa Biagé and myself. 
Alyssa Biagé assessed the effect of the exercise program on body composition as well as 
energy intake and energy expenditure1, while I focused on the effects of the aerobic 
exercise program on specific dietary parameters and eating behaviours of the participants. 
I actively participated in data collection, data entry, verification and in the various dietary 
and statistical analyses related to this project. 

Results found in Part 6, pertaining to the effect of aerobic exercise and weight on eating 
behaviours and diet quality of adolescents, were presented as poster presentations at peer-
reviewed conferences; The Obesity Society 2017 conference in Washington, DC, United 
States in November 2017 and The European Congress on Obesity 2018 in Vienna, 
Austria in May 2018. I also gave an oral presentation at the Human Kinetics Graduate 
Student Association’s Annual Conference in April 2018, where I shared and discussed 
my thesis results related to eating patterns of adolescents in response to an aerobic 
exercise program. See conference abstracts in Appendix I. 

Throughout my Master of Science degree, I was involved with the Institut du Savoir 
Montfort as a volunteer and founding member of the graduate student committee. I also 
gained experience as a research assistant on various projects, with the Institut du Savoir 
Montfort, Healthy Active Living and Obesity Research Institute as well as the University 
of Ottawa. Additionally, I collaborated with a research team, affiliated with Telfer School 
of Management at the University of Ottawa, to study the perspective of dietitians on 
interprofessional collaboration and primary care systems in the context of weight 
management. This has led me to collaborate on 6 research manuscripts (excluding the 
ones presented in this thesis); 3 accepted, 1 submitted and 2 in preparation for journal 
submission. 
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PART 1: INTRODUCTION 
In the past decades, there has been much focus on the prevention and treatment of obesity and its 
comorbidities. Adoption of an active lifestyle as well as an adequate diet, as early as during 
adolescence, could have positive repercussions later in life, with regards to weight management 
and health status2.  

The 2012-2013 Canadian Health Measures Survey (CHMS)3 and 2004 Canadian Community 
Health Survey (CCHS)4,5 highlight the lifestyle habits of adolescents. An important proportion of 
the Canadian adolescent population engages in sedentary behaviour, low levels of moderate-to-
vigorous physical activity, poor diet quality as well as poor adherence to Canada’s Food Guide 
(CFG) recommendations4–7. These unhealthy habits are concerning from a weight management 
perspective, but more importantly from a global health and quality of life standpoint. There is 
still an obvious need for research to help improve efficacy and efficiency of health promotion 
interventions in adolescence in order to reduce the incidence of obesity and its comorbidities. 

Research has turned to exercise, as a strategy for obesity prevention, due to its numerous benefits 
for overall health and its positive impact on energy balance and prevention of chronic diseases8–

14. In fact, evidence suggests that regular exercise may lead to a decrease in energy intake of 
adolescents15. However, results are highly contradicting, as there is large inter-individual 
variability and a wide variety of methodologies used to document the impact of regular exercise 
in the literature. Additionally, it remains unclear whether the chronic adaptation of adolescents 
with a normal body weight and those with an excess weight respond differently to an exercise 
intervention.  

Furthermore, the chronic effect of an exercise program on the diet of adolescents has only been 
studied from an energy balance perspective. Evidence is needed to identify potential chronic 
effect of an exercise intervention on the quantity of food consumed, the diet quality, as well as 
the daily eating patterns of adolescents. Additionally, we have yet to understand the determinants 
and mechanisms driving the acute post-exercise and the chronic effect of an exercise intervention 
on dietary energy compensation.  
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PART 2: LITERATURE REVIEW 

2.1 Health Behaviours of Canadian Adolescents 
Adolescence is a period of great interest because of the biological, psychological, social as well 
as behavioural development16. A healthy environment is needed to allow for all these changes to 
take place naturally. Combined, adequate physical activity and a healthy diet allow for growth 
and bone integrity to be optimized during puberty17. Additionally, a healthy lifestyle may have 
protective effects later on in life11. Therefore, promoting daily physical activity and a healthy diet 
could contribute to treatment and the prevention of chronic diseases, including obesity and its 
comorbidities. 

Comparisons between the 1978-79 and 2004 CCHS show a 70% increase in the rate of 
adolescents aged 12-17 years with overweight and obesity18. More importantly, heath behaviours 
of many Canadian adolescents are generally suboptimal. The reality is such that sedentary 
behavior is and lack of physical activity is increasingly common amongst Canadian adolescents. 
According to the 2012-2013 CHMS, only 9% and 24% of Canadian youth, between the ages of 
5-17 years were meeting the 24-hour movement guidelines in relation to moderate-to-vigorous 
physical activity and sedentary behaviour guidelines, respectively3. Sedentary behaviours can be 
detrimental for adolescent health, as it has been positively associated with increased rosk of 
obesity and associated health problems13. Screen time certainly contributes to this problematic in 
youth and has also been associated with a poor diet quality13,19, including consumption of high 
density snacks, lower intake of fruits and vegetables and a greater meal frequency19. This 
highlights the potential relationship between physical activity, sedentary behaviours, as well as 
the diet of adolescents.   

Undoubtedly, eating habits of Canadian adolescents are concerning based on the 2004 CCHS. 
Garriguet reported that 22.3% of the daily energy intake of Canadian adolescents comes from the 
consumption of “other foods”5. This category includes food items such as fats, oils, spreads, 
candy, chips, soft drinks, and all other foods that do not fit in any of the four recommended CFG 
food groups. Phillips and colleagues6 report that 61% of their participants, aged 13 to 17 years 
old, consumed at least one soft drink per day based on 24-hour dietary recalls. This represents an 
important source of free sugar, which should be limited to less than 10% of the total energy 
intake according to the World Health Organization guidelines20.  

Another common trend amongst adolescents includes snacking. This can be defined as the 
consumption of food between meals. Based on the 2004 CCHS, snacks contributed to 28% and 
30% of female and male adolescents’ total daily energy intake, respectively5. This may be as a 
result of a high eating frequency or large consumption of high-density food choices between 
meals. However, this was not assessed in the 2004 CCHS. Snacking and distribution of energy 
intake are important factors to consider as they can influence total energy intake and potentially 
lead to overeating21.  
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Consumption of ultra-processed foods is also prominent amongst the adolescent age group, 
contributing to 55% of their total energy intake22. In fact, children and adolescents had the 
highest consumption of processed food amongst all Canadians22. It may be related to their 
snacking habits, as there is an increasing amount of processed food products advertised as 
convenient snacks for children and adolescents23. 

Results from the 2004 CCHS also suggest that 53% of males and 63% of females, aged 14 to 18 
years old, were not meeting their vegetables and fruit recommendations5. This is an indicator of 
low diet quality and suggests that adolescents may not be meeting their needs in dietary fibre or 
vitamins, which are essential nutrients for growth and/or metabolic health24. This partly explains 
the poor diet quality scores of Canadian adolescents, assessed using the Healthy Eating Index 
adapted to Canadians (HEI-C 2009), which assesses the adherence to CFG’s recommendations. 
Indeed, 25% of 14-18 year olds were identified as having a poor diet quality, which was 
classified as a diet quality score of less than 50 percent4. 

Breakfast skipping is another dietary concern amongst adolescents. Barr and colleagues found 
that 18% of 14 to 18 years olds identified themselves as non-breakfast consumers25. Breakfast 
consumption was also found to be inversely associated with obesity, dieting and weight 
management behaviours26–28. Therefore, individuals with an excess body weight may be skipping 
breakfast as a strategy to lose weight. Furthermore, skipping breakfast could also lead to 
increased energy intake later in the afternoon and evening29.  These results suggest that breakfast 
consumption plays an important role in total energy intake and weight management, potentially 
through hunger management. Additionally, breakfast may benefit overall diet quality, as it was 
found to be associated with greater daily nutrient intake adequacy25.  

The previously listed habits related to Canadian adolescents’ sedentary behaviours, physical 
activity status and dietary intake highlight the need for health promotion and interventions 
amongst this age group. 

2.2 Exercise and Energy Compensation  
Exercise as a Strategy for Obesity Prevention 
Exercise is known to help improve mental health status, bone health, cardiometabolic health and 
reduce risk of injuries8–14. Evidence also suggests that exercise interventions could influence 
energy expenditure and energy intake, leading to potential changes in body composition and/or 
anthropometric indices9 and prevent or attenuate weight regain after a weight loss intervention12. 
This could certainly contribute to prevention of obesity and its comorbidities10.  

Evidence and clinical guidelines support the need to promote the adoption of an active lifestyle 
at an early age, for health and weight management benefits30,31. However, contradicting evidence 
exists, suggesting that initiation of exercise does not always lead to predicted weight 
management outcomes32,33. Energy balance and energy compensation theories may help explain 
these results. 
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Energy Balance 
Weight management is very complex and difficult to achieve, due to the many factors 
influencing body weight. Energy balance is thought to be the only factor directly regulating body 
weight. All other factors may play an indirect role by influencing either side of the energy 
balance equation: energy intake and/or energy expenditure. 

Total energy intake (TEI) refers to the total amount of energy consumed daily. Alternatively, 
total energy expenditure (TEE) is defined as the total amount of energy used by the human body 
to perform vital and physiological functions. TEE includes the energy expanded from the resting 
metabolic rate (RMR), thermic effect of food (TEF) as well as from any physical activity 
performed from daily activities of living and exercise.  For weight to be maintained, both these 
variables must reach equilibrium. 

Although RMR and TEF do play a role in TEE, the physical activity component is of interest as 
it is the component humans can mostly directly influence though behaviour. It contributes to 15-
20% of the TEE, compared to RMR and TEF, which contribute to 65-75% and 7-10% of TEE 
respectively34. 

Weight management is possible through manipulation of energy intake, energy expenditure or 
both components of energy balance. This may be achieved by modifying lifestyle behaviours, 
which is the preferred clinical approach30,31, as it focuses on modifiable cardiometabolic risk 
factors and overall health promotion rather than weight alone.  

Energy Compensation 
Despite our understanding of potential weight management strategies, some evidence suggests 
that an increase in physical activity does not lead to significant changes in body weight32,33. This 
may be partly explained through energy compensation, which has been observed following an 
exercise intervention33,35,36. This may be achieved through a decrease in total energy expenditure 
and/or an increase in total energy intake.  

Nonetheless, energy intake compensation, specifically, remains contradicted in the literature. 
Studies have found energy intake to decrease, increase or remain unchanged following an 
exercise session or intervention15,37. This goes to show that the relationship between exercise and 
energy balance is extremely complex. There is a need for more research in this field, as it would 
contribute to increasing efficacy and effectiveness of obesity prevention strategies and weight 
management interventions. 

2.3 Effects of Exercise on Energy Intake of Adolescents 
Thus far, research conducted in the field of nutrition and energy compensation has looked at the 
acute and chronic effects of exercise on energy and macronutrient intake, in an attempt to 
understand how exercise may impact energy balance components and subsequent body weight.  

Despite the large body of evidence published in this field, it is difficult to interpret results and 
draw conclusions. This is in part due to the high inter-individual variability in responses and 
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heterogeneity in methodologies. Researchers have chosen varying lengths of exercise 
interventions, exercise protocols, dietary assessment and populations, leading to a great variety 
of results. This section will comment on the results published in the scientific literature as well as 
attempt to identify the existing knowledge gaps.  

Heterogeneity in Methodologies 
Firstly, there is a wide variety of exercise intervention types, frequencies and intensities used 
across the various studies. Evidence suggests that an increase in daily exercise frequency leads to 
increased energy intake35. Energy intake may also be decreased in response to higher exercise 
intensity38,39. On the contrary, some studies have found no significant difference in energy intake 
or appetite based on exercise intensity40–42. The differences in results between these studies may 
have to do with the type of exercise performed, as some interventions involved cycling, whereas 
others involved running. Moderate intensity exercise may be an optimal method for assessing the 
chronic impact of exercise on the diet, as it is most realistic for inactive individuals of various 
weight status initiating an exercise program. 

 

 
Figure 1. Percentage of Acute and Chronic Post-Exercise Energy Compensation in Children, 
Adolescents and Adults Relative to their Energy Intake in Control or Pre-Intervention Condition 
from 11 Selected Studies. (See table 1 for methodologies of studies A-K) 

* indicates a significant change from baseline with intervention. 

 

Limitations of many studies include the dietary assessment of a meal consumed promptly after 
an exercise session42–45. There are several advantages to assessing daily energy intake rather than 
only one meal following a single exercise session. In fact, energy balance varies throughout the 
day, which helps in justifying why daily averages matter most for weight management46. 
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Common methods used for energy intake assessment consist of providing unlimited food access 
(Ad libitum diet) to participants41,47–49, through the use of buffets, food menus or large portioned 
meals. Although this may allow proper assessment of adaptive eating behavior following an 
acute exercise intervention, this method does not reflect free-living conditions and often does not 
take into account food preferences. The use of dietary assessment questionnaires is encouraged 
as it reflects intake of adolescents based on their usual diets and can allow for assessment of 
individual factors influencing the diet.  Additionally, there are ways to limit the risks of 
misreporting associated with these tools (i.e. repeating 24-hour dietary recalls or using the 
Multiple Pass Method)50,51. Certain studies having assessed post-exercise energy intake 
compensation have opted for dietary assessment questionnaires, which further contributes to the 
inconsistency in methodologies32,33,36. 

Additionally, there is a variety of age groups that have been assessed with regards to post-
exercise energy compensation, following both a single exercise session or an exercise program. 
Such evidence exists for children, adolescents and adults. However, results remain contradicting 
for all ages. Figure 1 highlights the potential differences that may exist between children, 
adolescents and adults, in terms of the post-exercise dietary compensation. Therefore, results 
found in adults may not be directly transposable to children and adolescent population.  

Table 1. Description of Methodologies from Selected 11 Studies Assessing the Total Daily 
Energy Intake of Children, Adolescents and Adults in Response to an Exercise Session or 
Intervention (illustrated in Figure 1) 

 Study 
Length of 
Exercise 

Intervention 

Participant Characteristics Exercise Intensity 

Age Group Weight Status Category Standard 

A1 Moore et al. (2004)42 Acute 
Children 

Normal 
Weight Moderate 50% VO2max 

A2 Moore et al. (2004)42 Acute Normal 
Weight High 70% VO2max 

B1 Thivel et al. (2012)38 Acute Adolescents Overweight Low 40% VO2max 
B2 Thivel et al. (2012)38 Acute Adolescents Overweight High 75% VO2max 

C1 Thivel et al. (2014)43 
Acute Adolescents 

Normal 
Weight High 75% VO2max 

C2 Thivel et al. (2014)43 Overweight 
D1 Prado et al. (2015)39 Chronic Adolescents Overweight Low 20% below VT1 

E1 
Biagé et al. (2016)1 Chronic Adolescents 

Normal 
Weight 

Moderate 
to High 50-75% HRR 

E2 Overweight Moderate 
to High 

F Thivel et al. (2014)32 Chronic Adolescents Overweight Moderate 
to High 

60-100% 
VO2max 

D2 Prado et al. (2015)39 Chronic Adolescents Overweight High At VT1 

G Ambler et al. (1998)33 Chronic Adolescents Normal & 
Overweight Various Various 

H King et al. (1997)52 Acute Adults Normal 
Weight Moderate 70% HRmax 
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I Martins et al. (2014)40 Acute Adults Overweight Moderate 70% HRmax 

J1 
Stubbs et al. (2002)36 Acute Adults 

Normal 
Weight Various 2 x 40min 

sessions 

J2 Normal 
Weight Various 3 x 40min 

sessions 

K1 Woo & Pisunyer 
(1985)35 Chronic Adults 

Normal 
Weight Low 110% Sedentary 

Expenditure 

K2 Normal 
Weight Moderate 125% Sedentary 

Expenditure 
VO2max, maximum oxygen consumption; VT, ventilatory threshold; HRmax, heart rate; HHR, heart rate reserve. 

Acute Dietary Response to an Exercise Session  
Most researchers, to this day, have looked at the acute effect of an exercise session on energy 
intake of adolescents, as opposed to the chronic effect of a long-term exercise intervention. 
Investigating the acute effect of exercise involved protocols that are easier to perform as they 
usually only involve one exercise session for each condition assessed. The change in energy 
compensation of adolescents, between sedentary and exercise conditions, in response to various 
single exercise sessions are presented below (see Figure 2). Results from studies having reached 
significance suggest there may be a decrease in energy intake of adolescents with an excess 
weight following an acute exercise session38,43,53. However, evidence is lacking with regards to 
normal weight adolescents and their dietary response to an acute exercise session. 

 
Figure 2. Percentage Energy Compensation of Adolescents Relative to their Energy Intake in 
Control Condition in Response to an Exercise Session of Low or High Intensity from 2 Studies. 
(See table 2 for methodologies of studies B and C) 
* indicates a significant change from baseline with intervention.  
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Exercise intensity is thought to play a role in acute energy compensation. In fact, Thivel and 
colleagues’ study43,53, which involved a high intensity exercise protocol, showed the greatest 
decrease in post-exercise energy intake. Researchers have also suggested a potential delay in 
compensation, which would explain why acute exercise interventions leads to highly variable 
dietary energy compensation38,43,53. In fact, physiological responses to physical activity may be 
responsible for suppressing appetite immediately following exercise54. Moreover, there may be a 
decrease in leptin on the day following an acute bout of exercise55, leading to delayed feeling of 
hunger. Thus, there are advantages in looking at the effect of a chronic exercise intervention on 
energy intake of adolescents, specifically when it comes to better understanding the relationship 
between these variables over time. 

 

Table 2. Description of Methodologies from 2 Studies Assessing the Total Daily Energy Intake 
of Adolescents Following an Exercise Session (illustrated in Figure 2) 

 Article Sample 
Size Significance 

Participant 
Characteristic Exercise Intensity 

Age 
(years) 

Weight 
Status Category Standard 

B1 
Thivel et al. (2012)38 15 

NS 
12-15 

Overweight Low 40% 
VO2max 

B2 P < 0.05 Overweight High 75% 
VO2max 

C1 Thivel et al. (2014)43 9 NS 12-15 Normal 
Weight High 75% 

VO2max C2 Thivel et al. (2014)43 10 P < 0.05 12-15 Overweight High 
VO2max, maximum oxygen consumption. 

 
Chronic Dietary Response to an Exercise Intervention 
Few studies have addressed the chronic effect of a long-term exercise intervention on energy 
intake of adolescents. The dietary energy compensation of adolescents, relative to the energy 
intake in sedentary condition, in response to chronic exercise interventions are presented below 
(See Figure 3). 

Based on studies reporting significant results, there seems to be a decrease in energy intake of 
adolescents following an exercise intervention1,39. These two studies1,39 involved participants 
with a normal and excess weight, as well as different intensities of exercise. As previously 
mentioned, these factors could affect dietary energy compensation. Thus, there is a need to better 
understand the effect of exercise, specifically the effect of a chronic exercise intervention, on the 
energy intake of adolescents with a normal weight and excess weight.   

There is also the question of whether there is an acute effect of exercise, following the initiation 
of an exercise program. In other words, it remains unclear whether the diet of adolescents with a 
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normal weight and those with an excess body weight differs on days with exercise, compared to 
days with no exercise. Some preliminary evidence suggests there may be a difference in energy 
intake between these two conditions1. However, more evidence is needed to support this 
statement, particularly when it comes to specific aspects of the diet. 

 
Figure 3. Percentage Energy Compensation of Adolescents Relative to their Energy Intake in 
Pre-Intervention in Response to an Exercise Intervention of Various Intensity Levels from 4 
Studies. (see Table 3 for methodologies of studies D-G) 

* indicates a significant change from baseline with intervention.  

 
 
Table 3. Description of Methodologies from 4 Studies Assessing the Total Daily Energy Intake 
of Adolescents Following an Exercise Intervention (illustrated in Figure 3) 

 Article Sample 
Size Significance 

Participant 
Characteristic 

Exercise Intensity 

Age 
(years) 

Weight 
Status Category Standard 

D1 Prado et al. (2015)39 19 NS 13-18 Overweight Low 20% below 
VT1 

E1 Biagé et al. (2016)1 17 
P = 0.008 14-18 

Normal 
Weight Moderate 

to High 
50-75% 

HRR E2 Biagé et al. (2016)1 9 Overweight 

F Thivel et al. (2014)32 26 NS 12-17 Overweight Moderate 
to High 

60-100% 
VO2max 

D2 Prado et al. (2015)39 17 P = 0.024 13-18 Overweight High At VT1 

G Ambler et al. (1998)33 71 NS 15-17 Normal & 
Overweight Various Various 

VO2max, maximum oxygen consumption; VT, ventilatory threshold; HHR, heart rate reserve. 
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2.4 Effect of Exercise on Diet Adequacy  
Exercise and Macronutrient Intake 
Researchers have started to look at potential changes in macronutrient intakes, in response to 
exercise sessions and interventions. Most of these studies were conducted in adult 
populations36,40,44,46,56–58, with only a few involving adolescents32,33,38,53.  

When combining results for all age groups, there seems to be a greater change in carbohydrate 
intake following exercise sessions as well as long-term exercise interventions, compared to 
protein or fat intake. Interestingly, carbohydrate intake was found to increase in normal weight 
adults36,56 and decrease in adults, adolescents and children with an excess weight32,33,48,53. Two of 
the four studies32,33 having found a decrease in carbohydrate intake involved an exercise 
intervention. Carbohydrates is a macronutrient of interest in this context, as it is an important 
source of fuel during exercise59. Insulin, which regulates the metabolism of carbohydrates, also 
plays a role in appetite signaling60.  

An increase in protein intake was also found in two studies involving an exercise session48,53. 
The latter were performed amongst children and adolescents, respectively, having excess body 
weight. Finally, three studies with various methodologies reported an increase in fat intake 
following an exercise intervention33,36,53.  

These potential acute and chronic changes in post-exercise macronutrient intake suggest that 
exercise may also have an effect on food choices of adolescents. Now that we have highlighted 
the potential effect of exercise on energy and macronutrient intake, it would be pertinent to 
identify the chronic effect of exercise on diet adequacy of adolescents. 

Exercise and Diet Adequacy 
The chronic effect of an exercise intervention on the diet quality and adequacy of adolescents has 
yet to be examined. Diet quality refers to the adherence to nutrition recommendations (i.e. 
Canada’s Food Guide, macronutrient distribution, etc.), whereas diet adequacy also takes into 
account other aspects of the diet such as eating patterns and portion sizes. A few studies have 
looked at associations between physical activity status and diet adequacy61–63. However, they 
were conducted in an adult population and had many flaws, explained below. Nonetheless, they 
form a basis for future adolescent studies. 

The first observational study, conducted by Gillman and colleagues61, involved 1322 adults aged 
25 to 91 years old. Participants were categorized into three groups, based on the intensity and 
duration of exercise they typically engaged in. Physical activity levels were found to be inversely 
associated with diet quality indicators, which were based on adequacy of nutrient intake and food 
choices61. That study also suggests that physical activity had not only an impact on diet quality, 
but also on the quantity of food consumed by adolescents. However, it is unclear whether a 
greater intake of nutrients was related to increased portion sizes or eating frequency, or if it was 
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driven by a change in the quality of food choices and their nutrient density. Exercise intensity 
was also positively associated with nutrient intake, which may have been driven by an increase 
in food quantity and/or a change in diet quality. This study does not consider all aspects of diet 
quality and adequacy, such as food processing and variety of food choices. Additionally, since 
that study followed a cross-sectional research design involving no intervention, it is unclear 
whether the dietary changes were a direct result of exercise, or due to other cofounding factors.  

Another study by Rhew and colleagues62 looked at the chronic effect of an exercise intervention 
on dietary intake of adults. It involved 173 sedentary post-menopausal women. It consisted of a 
randomized control trial, where participants were randomly assigned to participate in the 
exercise intervention group or stretching group, which served as control. Frequency of dietary 
intake and usual portion sizes were collected using food frequency questionnaires. Results 
showed that changes in fat intake were significantly different between groups62. Increased 
vegetable intake was also observed in the intervention group in post-exercise condition, 
compared to baseline results. This suggests that diet quality may have increased over time with 
the initiation of the exercise program even if no significant change in energy intake was observed 
between the intervention and the control group. Moreover, this study only took into account 
frequency of eating occurrences as well as portions sizes. It did not take into account adequacy 
of food intake for all food groups. Finally, a randomized control trial may not be the best choice 
of study design in this context, as it does not allow for individual differences in eating 
behaviours to be controlled. Therefore, intra-individual diet comparisons should be considered. 

The third study, by Wilcox and colleagues63, was very similar to the previous study by Rhew and 
colleagues62, in its design and methodologies. They both used food frequency questionnaires to 
measure diet quality and food quantity indicators. However, this tool did not allow for analysis 
of daily eating patterns. Therefore, these studies do not give an overall picture of the diet in 
response to an exercise intervention. Additionally, some effects may not have been observed, as 
researchers did not measure all aspects of the diet, such as timing of meals, energy intake 
distribution, variety of food choices and the degree of food processing. Moreover, adolescents 
are expected to respond differently to similar exercise interventions, compared to adults, as 
presented in Figure 1. It would be relevant to study the chronic effect of an exercise intervention 
on specific diet parameters of adolescents. 

2.5 Effect of Weight Status on Dietary Response to Exercise 
Studies have found differences in both energy48,58 and macronutrient32,48,53 intake between 
individuals with a normal or excess body weight in response to exercise. Physiological as well as 
psychological differences between groups may lead to differences in subsequent daily energy 
intake46,64. Two recently published meta-analyses15,37 suggest that adolescents with an excess 
weight decrease their total energy intake in response to exercise. However, the effect of exercise 
on energy intake of adolescents with a normal weight remains unclear. Two of the three studies 
having observed an increase in energy intake of adolescents following an exercise intervention, 
involved normal weight participants33,43. This leads to the hypothesis that there is perhaps a 
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difference in dietary energy compensation between adolescents with a normal weight and those 
with an excess weight. More research is needed, specifically regarding the chronic exercise 
effects of an exercise intervention, to confirm these observations.  

2.6 Potential Drivers for Post-Exercise Dietary Energy Compensation 
Two main theories could help explain the post-exercise dietary energy compensation, one that is 
perhaps driven by physiological mechanisms and the other being potentially triggered by a 
potential change in behaviour. With regards to the physiological responses to exercise, some 
researchers believe that acute post-exercise energy compensation may be due to the exercise-
induced energy deficit. This deficit may initiate physiological processes, such as hormonal 
responses and subsequent hunger to compensate for the increased TEE46,65. This is thought to 
lead to dietary energy compensation for reestablishing energy balance and weight maintenance.  

On the other hand, a behavioural shift may partly explain changes in energy intake following an 
exercise intervention, despite the absence of nutrition intervention66,67. Evidence suggests that 
lifestyle interventions, combining changes in diet and physical activity, may influence eating 
behaviours. More precisely, it may lead to an increase in cognitive restraint68–70. However, little 
evidence exists on potential changes in eating behaviours following an exercise intervention 
alone. This is especially the case in the adolescent population. Researchers have also alluded to 
the potential effect of weight status on the behavioural response to an exercise intervention71,72. 
In fact, cognitive restraint was found to be greater amongst the adolescents with an excess body 
weight, compared to adolescents with a normal weight, in a male population72. Thus, eating 
behaviours may help in predicting the diet of adolescents with a normal and excess body weight 
in response to an exercise intervention67,71. 

2.7 Summary and Knowledge Gaps 
Evidence is lacking when it comes to the acute and chronic effect of exercise on the diet of 
adolescence. So far, research has mainly focused on energy and macronutrient intake, which is 
certainly helpful in understanding energy balance and potential weight changes. To our 
knowledge, there has not been any study that has looked at the food quantity, diet quality as well 
as daily eating patterns of adolescents in response to a chronic exercise intervention. The 
mechanisms driving these potential changes in diet are also unclear. There is a need to know if 
and how the diet of adolescents may be modified following an exercise intervention. This would 
help guide future interventions involving inactive adolescents.  
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PART 3: THEORETICAL FRAMEWORK 
This theoretical framework (Figure 4) allows for better understanding of post-exercise dietary 
energy compensation. It combines the concept of energy balance as well as the potential factors 
mediating the relationship between energy expenditure and energy intake.  

Identifying the acute and chronic effect of exercise on the diet would allow consolidation of the 
information gathered so far in the field of energy compensation. We know that changes in energy 
intake are driven by changes made to the diet. Evidence suggests that exercise may have an 
effect on the physical and social environment, as well as on individual characteristics of 
adolescents14. Those variables are thought to give rise to changes in dietary choices and 
subsequent energy intake. This is the proposed pathway that could explain how energy, 
macronutrient intake and distribution is modified through an exercise intervention. This proposed 
mechanism outlines the complexity of the processes that regulate energy intake and health. The 
present thesis project focused on relationships illustrated in A, B and C (see Figure 4). 

3.1 Dietary Intake Parameters 
Energy intake is thought to be influenced by three dietary intake parameters: food quantity, diet 
quality and adequacy, as well as daily eating patterns. These variables may also influence one 
another, highlighting the difficulties encountered when trying to control daily energy intake.  

Food quantity can be defined as the total amount of food consumed daily. It is influenced by the 
frequency of daily eating occasions, as well as the average volume and density of food consumed 
daily73. In contrast, diet quality refers to an individual’s adherence to dietary recommendations. 
It takes into account macronutrient distribution, degree of food processing, as well as the 
adherence to CFG recommendations. Finally, the daily eating pattern can be defined as the 
distribution of energy intake throughout the day. This takes into account the percentage of total 
energy intake consumed at various time periods. 

3.2 Factors Influencing the Diet of Adolescents 
Many factors have been identified to explain the current eating habits of Canadian adolescents. 
These can be categorized as environmental and individual factors, which hold different levels in 
the framework (see Figure 4.). Environmental factors take into account the macro-level, physical 
environment, as well as the social environment. On the other hand, individual factors include 
demographics, biological, behavioural, cognitive and affective characteristics. The latter are 
thought to have a direct influence on eating behaviours and subsequently on the three dietary 
parameters defined above74. 

As previously mentioned, adolescents engage in a significant amount daily screen time18. This 
include, TV viewing, social media, video games, etc. Participation in most of these activities 
leads to prompting by food or weight loss advertisement. Schools are also surrounded with 
various fast food restaurants, and the school cafeteria may not always offer the healthiest food 
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Figure 4. Theoretical Framework of Potential Factors Involved in Post-Exercise Dietary Energy Compensation After an Exercise Session or 
an Exercise Intervention 2,9,19,53,57,66,74–103 

A highlights the relationship assessed as part of the first thesis objective; B highlights the relationship assessed as part of the second thesis objective; C highlights the 
relationship assessed as part of the third thesis objective. 

Adapted from Cameron & Doucet 2007, Shatenstein 2013, Story & Alton 1996, Story et al. 2008, Verstraeten 201485,97,104–106  

Inspired from Moreno et al. 2008, Story et al. 200273,74
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choices to their students. Thus, the environment surrounding adolescents is filled with 
macro-level influences that may impact the diet indirectly. Adolescent’s home food 
environment can also influence certain aspects of their diet. In fact, limiting unhealthy 
foods in the home environment was associated with greater diet quality in children83. This 
may also be the case in adolescents, as they remain dependent of their parents and family. 
This is categorized as the physical environment, referring to the community setting as 
well as the physical resources available to adolescents74. Finally, the social environment 
consists of individuals, networks or relationships in one’s life. The latter can “affect 
eating behaviours through mechanisms such as modeling, reinforcement, social support 
and perceived norms”74. It has been suggested that mothers engaging in dietary restriction 
could negatively impact eating behaviors of their daughters107. Parenting styles and 
feeding practices may also have an impact on the children’s future eating behaviors107. 
Therefore, social interactions with their family and friends occupy a significant role in 
dietary decisions related to the quantity of food consumed, diet quality and daily food 
intake patterns.  

There are also individual factors that may influence the diet and total energy intake of 
adolescents. This could also justify inter-individual variability in the diet of Canadian 
adolescents. Puberty and associated hormones are thought to impact energy requirements 
and subsequent hunger65. These physiological characteristics, along with age and sex, 
may therefore influence the diet of adolescents. Indeed, energy and macronutrient intake, 
as well as food choices have been shown to differ depending on these individual 
characteristics6,7. 

Weight status may also influence overall energy intake of adolescents108, through 
differences in food choices and diet quality. It has also been suggested that appetite and 
eating behaviours, which may help in controlling energy intake and maintaining energy 
balance, could be altered in individuals with excess weight as opposed to individuals with 
a normal body weight45,72. Similarly, it was proposed that coping mechanisms related to 
food consumption may differ based on weight status80.  

Psychological factors have also been studied amongst adolescents, where body image 
was identified as a driver for eating restriction and disinhibition66. Similarly, adolescents 
are susceptible to making food choices based on their mood and food preferences78–80.  

Furthermore, from a behavioural perspective, sleep was shown to impact weight through 
potential changes in energy intake109. As previously mentioned, physical activity and 
screen time can also influence the diet. These various influences certainly highlight the 
challenges that adolescents face on a daily basis, when it comes to food intake and 
choices and can help explain how energy intake may be modified following an exercise 
intervention. 
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PART 4: OBJECTIVES & HYPOTHESES 
The present thesis aims to answer the following research question: What is the effect of 
an 8-week aerobic exercise program on the diet and eating behaviours of previously 
inactive adolescents with a normal weight and excess body weight. 

4.1 Objectives 
The specific objectives of this thesis are to:  

1) Assess the effect of an aerobic exercise program and weight status on the 
following dietary parameters of adolescents: food quantity, diet quality and eating 
pattern. 

2) Examine the relationship between each dietary parameter and the change in 
energy intake induced by the aerobic exercise program. 

3) Assess the effect of an aerobic exercise program and weight status on the 
following eating behaviours of adolescents: cognitive restraint, uncontrolled 
eating and emotional eating. 

4.2 Hypotheses 
Based on the literature, it is hypothesized that: 

1) The aerobic exercise program would lead to improved dietary intake parameters; 
a decrease in total quantity of food consumed, an increase in diet quality and an 
earlier shift in daily eating patterns. Paticipants with an excess body weight may 
have a greater dietary chronic response to the exercise intervention than 
participants with normal weight. 

2) The decrease in energy intake would be associated with an improvement in diet 
quality of adolescents. 

3) The aerobic exercise program would lead to an increase in cognitive restraint, but 
no change in uncontrolled eating or emotional eating. The change in eating 
behaviours would be greater for participants with excess body weight compared 
to those with normal weight.    
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PART 5: METHODOLOGY 
This study is part of a larger research project that looked at the effect of an 8-week 
aerobic exercise program on daily energy expenditure and intake of adolescents (see 
Figure 5 for protocol timeline). The research protocol follows a pre-post quasi-
experimental design, which involves an 8-week exercise intervention, with pre- and post-
intervention dietary analysis. Data collection was performed between January and April 
2016. This project was approved by the Hôpital Montfort and University of Ottawa 
Research Ethics Boards (see information sheet and consent form in Appendix II as well 
as certificates in Appendix III) 

Refer to Methods sections in respective manuscripts for detailed methods (see Part 6). 
Copies of the questionnaires used in this study are found in Appendix IV.  

 

 
Figure 5: Research Protocol Timeline  

Adapted from Biagé et al. (2016) 
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PART 6: RESULTS 

6.1 Manuscript 1: Effects of an 8-Week Aerobic Exercise Program on Food 
Quantity, Diet Quality and Eating Patterns of Adolescents 
Catherine Pouliot, RD1,2 

Alyssa Biagé, MSc2 
Denis Prud’homme, MD, MSc1,2 
Isabelle Giroux, PhD, RD2,3 
 
1School of Human Kinetics, Faculty of Health Sciences, University of Ottawa 
2Institut du Savoir Montfort, Hôpital Montfort 
3School of Nutrition Sciences, Faculty of Health Sciences, University of Ottawa  
 
Abstract 

Objective: To assess the effects of an 8-week exercise program on food quantity, diet 
quality and eating patterns of adolescents and determine how these parameters influenced 
energy intake. 

Design: Quasi-experimental design with pre- and post-intervention measurements. 

Setting: High-school in Quebec, Canada. 

Participants: Twenty-six adolescents, aged 14-18 years. 

Main Outcome Measure: Food quantity, diet quality and eating patterns. Food intake 
was measured via 24-hour diet recalls. 

Analysis: Paired sample t-tests, repeated measures ANOVAs and Pearson correlations. 

Results: A decrease in meal size at lunch (-110.1g, P=.02) and dinner (-143.7g, P=.03), 
food density at breakfast (-1.8kcal/g, P=.04), daily carbohydrate intake (-56.1g, P=.005), 
percentage of energy intake consumed at school (-5.1%, P=.04) and a tendency for the 
percentage of energy intake to increase after school (+4.8%, P=.05) were observed 
following the exercise program. No changes in Healthy Eating Index scores or percentage 
of energy from processed foods were observed. Correlations were found (p<.05) between 
all dietary intake parameters and change in energy intake.  

Conclusions and Implications: Changes in food quantity but not diet quality were 
observed following the 8-week aerobic exercise program. All dietary parameters may 
have contributed to changes in energy intake. Nutrition interventions may be needed, in 
addition to participation in an exercise program, to target diet quality and help improve 
eating patterns of adolescents.  

  

Keywords: exercise, energy intake, eating behavior; adolescent. 
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Introduction 
Today’s obesogenic environment is concerning as it impacts many health-related 
behaviors such as physical activity status, sedentary behaviors and the diet1. Children and 
adolescents are especially vulnerable to food advertisement, peer influence and the use of 
technology, which leads them to adopt unhealthy eating habits and inactive lifestyles2. 
Results from the 2004 Canadian Community Health Survey (CCHS 2004) highlight the 
suboptimal food choices of Canadian adolescents as well as their poor adherence to 
Canada’s Food Guide (CFG) recommendations3,4. These dietary habits are alarming from 
a weight management and health standpoint5,6. Therefore, there is a need to develop 
interventions to address these problematic lifestyle behaviors amongst adolescents. 

One of the strategies used for health promotion and obesity prevention is exercise. In 
addition to its benefits for overall health, exercise has been found to affect the diet of 
adolescents7,8. Evidence suggests there may be a decrease in energy intake following a 
single exercise session (acute effect) as well as in response to an exercise intervention7,8 
(chronic effect). However, this has only been studied from an energy balance perspective 
and the mechanisms driving this potential decrease in energy intake after exercising, in 
acute or chronic conditions, remain unclear. 

Although energy balance is key for weight management, food choices and overall diet 
composition are of greater importance for health9. Energy balance and intake are 
influenced by the food-related decisions and subsequent eating habits9. Thus, it is 
pertinent to assess specific dietary intake indices of adolescents in response to an exercise 
intervention. Dietary intake indices, such as the quantity of food consumed, the quality of 
food choices and overall diet as well as eating patterns, are modifiable diet factors that 
could influence the total daily energy intake9. Documenting the effect of an exercise 
intervention on these dietary intake indices would contribute in determining if an exercise 
intervention alone is sufficient to elicit changes in eating habits. Furthermore, dietary 
intake indices can help understand how energy intake is modulated following an exercise 
intervention. 

Most studies in the field of exercise and subsequent energy compensation were conducted 
over a short-term period8. Thivel and collaborators10 were among the first to assess the 
chronic effect of exercise on energy and macronutrient intake of adolescents. They have 
found a significant decrease in fat intake and a trend for energy intake to decrease 
following a 10-week exercise intervention. However, it is unclear if these results were 
due to positive changes in food choices or overall diet quality. There is a need to 
investigate the effect of an exercise intervention, beyond energy and macronutrient 
intake, to better understand its impact on the diet and perhaps, if necessary, tailor 
nutritional recommendations to inactive adolescents participating in an exercise program. 
Thus, the present study addressed the following research questions: 1) What are the 
effects of a single exercise session and an 8-week aerobic exercise program on the dietary 
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parameters (food quantity, diet quality and individual eating patterns) of previously 
inactive adolescents? and 2) Are changes in dietary indices associated with changes in 
energy intake following the exercise program? It is hypothesized that the exercise 
program will lead to positive changes in dietary indices, specifically in diet quality, 
which will contribute to partly explain the decrease in energy intake previously observed. 

 

Methods 
Study Design 

The present study is a secondary analysis of data from an exercise intervention study 
regarding the effect of an 8-week aerobic exercise program on daily energy expenditure 
and intake in adolescents. The complete study design and methodology of the study is 
described in a previous publication11. The intervention consisted of an 8-week aerobic 
exercise program. Participants continued to exercise on week 9 for the purpose of data 
collection. Baseline and post-intervention testing sessions took place at the Hôpital 
Montfort on weekends prior to week 1 and at the end of week 8. Diet was assessed at 
school during lunch hours in pre-intervention (PRE) as well as weeks 8 and 9 (POST). 

Participants 

A total of 30 healthy inactive adolescents, aged 14 to 18 years old, were randomly 
selected for this study. Participants were recruited from a high school in Gatineau, 
Quebec, Canada. Power analysis revealed a minimum of 20 participants needed to reach 
significance (power=0.95, α=0.05). Exclusion criteria included: 1) saying yes to any of 
the questions on the Physical Activity Readiness Questionnaire (PAR-Q)12, 2) exceeding 
60 minutes of exercise bi-weekly in the past 4 months, 3) having type 1 or type 2 
diabetes, asthma, severe premenstrual syndrome, allergies to milk and/or gluten, or 
having any physical activity restriction, 4) being pregnant, and 5) taking prescribed 
medication. This study was approved by the University of Ottawa Research Ethics Board, 
as well as the Hôpital Montfort Research Ethics Board. All participants provided 
informed consent and those under the age of 18 years were required to provide a co-
signature from a parent or guardian. Participants were blinded to the true purpose and 
rationale of the study throughout the project. 

Exercise Intervention 

The exercise program consisted of three 30 minutes exercise sessions per week on cycle 
ergometers. The targeted exercise intensity ranged from moderate to vigorous, aiming for 
75% of heart rate reserve. Exercise sessions were led by a kinesiologist and took place at 
the participants’ high-school at lunch time. Heart rate monitors (Polar Electro Oy, 
Kempele, Finland) were worn on participants’ left wrist, and monitored throughout the 
exercise sessions to ensure they remained in the exercise targeted heart rate zone. 
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Duration of exercise, heart rate for the 5-minute warm-up and remaining 25 minutes of 
exercise, as well as rate of perceived exertion using the 14-point (6-20) BORG scale were 
measured at each session to ensure that the intervention was followed appropriately by 
participants. 

Measurements 

Questionnaires 

The International Physical Activity Questionnaire (IPAQ)13, the International Study of 
Childhood Obesity, Lifestyle and Environment (ISCOLE) questionnaire14 and a nutrition 
questionnaire were completed by participants in pre- and post-intervention to assess 
participants’ physical activity status, sleep, sedentary behaviors and involvement in food 
choices and preparation at home. Weekly Metabolic Equivalent of Task (MET) were 
computed from the IPAQ in pre- and post-intervention. Levels of physical activity were 
categorized as “low”, “moderate” or “high”, based on IPAQ guidelines15. Ethnic origin 
and puberty Tanner stage were self-reported at baseline. 

Diet  

A comprehensive dietary assessment was performed on two non-consecutive days in pre-
intervention (PRE) and on four non-consecutve days in POST; two on exercise days 
(POST-Ex) and two on non-exercise days (POST-NEx). Twenty-four hour dietary recalls 
were completed by registered dietitians as well as trained 4th year dietetic interns from the 
University of Ottawa. The Multiple Pass Method was used to ensure standardization, 
accuracy and comprehensiveness of dietary recalls16. Information such as time and type 
of meals or snacks, portion sizes, types of food and product brands were collected. Food 
models were used to help participants estimate their portion sizes. Weekend intake was 
not included, as food choices of adolescents were shown to be highly variable on those 
days3.  

Data Analysis 

Dietary Analysis 

Dietary recalls were analyzed with ESHA Food Processor SQL version 11.0.137 (ESHA 
Research, Oregon, USA) using nutrient contents from the Canadian Nutrient File and 
other sources of information (e.g. the US Department of Agriculture database). New 
products were manually entered in the database with the information provided by 
manufacturers. Data from two dietary recalls were averaged for food quantity, diet 
quality and individual eating patterns of adolescents for each of the three exercise 
conditions (PRE, POST-NEx, POST-Ex). Food quantity was measured by assessing the 
number of daily eating occurrences, (total number of meals and snacks consumed daily), 
and the average daily portion sizes and energy density were calculated.  Total portion 
sizes and energy density were also calculated for each meal and snack. Diet quality was 
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measured based on macronutrient intakes, adherence to CFG’s recommendations and 
level of food processing in participants’ diet. Macronutrients intake and their daily 
distribution were extracted from the ESHA Food Processor software. Participants 
received a score from 0-100 based on the Canadian Healthy Eating Index (C-HEI 2009) 
criteria17. All foods were categorized as being part of group I (unprocessed and minimally 
processed foods), group II (processed culinary ingredients), group III (processed foods) 
or group IV (ultra-processed food and drink products) based on the NOVA Food 
Classification System criteria for food processing4. Results are presented as percentage of 
total energy intake from each group. Finally, participants’ eating patterns were analyzed 
by calculating energy and percentage of total daily energy consumed before school 
(<9:00), at school (9:00-16:00) and after school (>16:00) for all conditions. POST-NEx 
and POST-Ex data were combined for each variable to reflect the diet of participants in 
the post-intervention condition (POST-AVG). Change scores (POST score – PRE score) 
were also computed for each diet variable to assess the relationship with change in energy 
intake and potential confounding variables. All data entries and analyses were performed 
and verified by a registered dietitian and/or trained nutrition assistant. 

Statistical Analysis 

Paired-sample t-tests were used to assess differences in pre- and post-intervention 
measurements (PRE/POST-AVG). Differences in POST-NEx and POST-Ex conditions 
were further assessed using repeated measures ANOVA. Data is not presented for POST-
NEx and POST-Ex if no significant difference was found. Mixed method ANOVA was 
performed to evaluate if any significant differences existed between boys and girls. If no 
significant differences were found, the groups were combined for greater statistical 
power. Relationships between dietary indices and energy intake, as well as factors having 
potentially influenced results (age, sleep, percentage of adherence to exercise intervention 
and change in aerobic power) were assessed using Pearson correlations. Shapiro-Wilk 
was used to test for normality of distributions. If not normally distributed, log 
transformation or non-parametric test equivalents were conducted. Post-hoc analyses with 
Bonferonni adjustments were used for significant outcomes. Effect sizes are reported as 
Cohen’s d coefficient for t-tests (negligible if d<0.2, small is 0.2< d< 0.5, medium if 0.5< 
d<0.8 and large if d >0,8) and partial eta-squared (η2p) for ANOVAs (negligible if 
η2p<0.01, small if 0.01< η2p<0.06, medium if 0.06< η2p<0.14 and large if η2p>0.14). 
Statistical analyses were performed using IBM SPSS Statistics (version 24). Data are 
presented as mean ± standard deviation (SD) or as median and interquartile range (IQR). 
Results were statistically significant when p<0.05. 
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Results 
Participant Characteristics 

A total of 26 participants (15.3 ± 1.0 years old), 13 girls and 13 boys, completed the 8-
week aerobic exercise program (Table 1). Our sample self-reported as 58% White, 15% 
Arab, 8% Chinese, 8% Black, 8% other and 3% not specified. Based on the responses 
from the nutrition questionnaire, all participants reported being involved in family meal 
suggestions to some extent; 8% always, 38 % often, 42% occasionally and 12% rarely. 
For participation in food choices for grocery shopping, 11% reported being always 
involved, 35% often, 27% occasionally and 27% rarely or never. Only 34% of 
participating adolescents often or always prepared meals on their own, 35% occasionally 
and 31% rarely or never. 

Characteristics of Exercise Sessions 

Participants attended 82.1 ± 8.8% of all exercise sessions from week 1 through 9. 
Average length of exercise sessions was 29.6 ± 0.9 minutes. Throughout the exercise 
program, 9 participants’ average heart rate was within target range while 17 participants 
exceeded 75% of their heart rate reserve. The median for rate of perceived exertion was 
12.3 (IQR = 3.00) on the 14-point (6-20) BORG scale, which is classified as moderate 
intensity exercise18.  

Lifestyle Changes Following the Exercise Intervention 

At baseline, daily physical activity was classified as “low” for 10 participants and 
“moderate” for the remaining 16 participants. Following the exercise program, physical 
activity status for all participants was moderately active, which included exercise sessions 
on cycle ergometers. There was a significant increase in total weekly METs from pre- 
(214.5 ± 227.1 MET/week) to post-intervention (281.2 ± 300.2 MET/week), estimated 
from the IPAQ. No significant change was observed in the number of hours spent 
sleeping (week days: 8.1 ± 0.8 vs 8.2 ± 0.9 hours/day, weekend days: 9.1 ± 1.2 vs 8.9 ± 
1.3 hours/day), watching television (week days: 2.5 ± 1.3 vs 2.2 ±1.1 hours/day, weekend 
days: 3.8 ± 1.6 vs 3.5 ±1.6 hours/day) or playing video games (week days: 2.9 ± 1.3 vs 
3.0 ± 1.6 hours/day, weekend days: 4.4 ± 1.7 vs 4.0 ± 1.7 hours/day) following the 
exercise program.   

Food Quantity 

Participants ate on average 5.2 ± 1.3 times/day in pre-intervention and 4.6 ± 1.0 
times/day in post-intervention. However, this difference did not reach statistical 
significance (P = .06). Daily average portion sizes were greater in male than female 
participants (PRE: 113.1 ± 28.8 vs 98.6 ± 45.5 grams, POST: 115.3 ± 23.4 vs 87.2 ± 20.2 
grams; P = .01, η2p = 0.2). No change in daily average portion sizes or energy intake 
density of participants was observed following the exercise intervention (data not shown). 
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When analyzing meals and snacks separately, the meal sizes at lunch and dinner 
decreased in post-intervention by 110.1g (P = .02, d = 0.5) and 143.7g (P = .03, d = 0.5), 
respectively (Figure 1). The change in meal size at lunch was negatively associated with 
age (r = -0.4, P = .047). Total energy density was greater in PRE (8.7 ± 5.3 kcal/g) 
compared to POST-AVG (6.9 ± 3.8 kcal/g; P = .04, d = 0.4) for breakfast and in POST-
Ex (3.7 ± 4.0 kcal/g) compared to POST-NEx (2.2 ± 2.7 kcal/g; P = .04) for afternoon 
snacks (Table 2).  

Diet Quality 

Table 3 presents results for daily macronutrient intake and distribution. Carbohydrate 
intake (P = .003) and daily percentage of energy from carbohydrate intake decreased 
following the exercise program (P = .03, d = 0.5). Additionally, POST-NEx was 
significantly different from PRE and POST-Ex for protein intake (P = .02, η2p = 0.4). No 
difference was observed for fat intake between conditions.  

No significant change was observed for the average HEI-C scores between pre- and post-
intervention (59.6 ± 12.2 vs 57.6 ± 9.8%) (Table S1). Both pre- and post-intervention 
HEI-C scores qualified as “diet needing improvement”. No participants scored above 
80%, which represents a “good quality diet”. Of the 11 participants who’s HEI-C score 
increased, 5 managed to improve their score from “poor” to “needing improvement”. The 
score of 2 participants decreased from “needing improvement” to “poor”. Consumption 
of “other foods” contributed to 28.7 ± 15.0% of the participants’ total energy intake in 
pre-intervention. Additionally, 77 % of participants did not meet CFG daily vegetables 
and fruit serving recommendation. The meat intake score (0-10) of males significantly 
decreased following the exercise program (7.2 ± 2.9 to 4.9 ± 1.5; P = .005, η2p = 0.3) 
compared to females. No other HEI-C score breakdown was influenced by the exercise 
program. The percentage of total daily energy intake consumed from each of the NOVA 
food processing groups was not different in post-intervention (Figure 2). No difference in 
HEI-C scores or NOVA food processing groups were found between Post-NEx and Post-
Ex (data not shown). 

Eating Pattern 

A significant decrease in energy intake (995.6 ± 482.3 to 745.3 ± 212.3 kcal; P = .009, d 
= 0.6) and percentage of daily energy intake (40.6 ± 13.4 to 35.5 ± 8.0%; P = .04, d = 
0.5) consumed at school was observed following the exercise program. In contrast, there 
was a tendency for the percentage of daily energy intake consumed after school to 
increase (42.1 ± 11.4 to 46.9 ± 8.4%; P = .05) (Figure 3). No difference in eating pattern 
was found between POST-NEx and POST-Ex (data not shown). 
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Dietary Indices and Energy Intake Change Scores 

A positive relationship was observed between the change in energy intake and the change 
scores for meal size at breakfast (r = 0.5, P = .02), meal size at lunch (r = 0.5, P = .009) 
and energy density at breakfast (r = 0.6, P = .001). For the diet quality indices, the 
change in energy intake was positively associated with a change in carbohydrate (r = 0.9, 
P < .001), protein (r = 0.6, p = .002) and fat intake (r = 0.6, P = .002). The NOVA Group 
4 (ultra-processed foods) change score was also positively correlated with the energy 
intake change score (r = 0.5, P =.02). For the eating pattern indices, changes in energy 
intake positively correlated with changes in energy intake consumed before school (r = 
0.6, P = .002), at school (r = 0.4, P = .03) as well as after school (r = 0.4, P = .04).  

 

Discussion 
To our knowledge, this is the first study to examine the effect of an aerobic exercise 
program on dietary indices (food quantity, diet quality and individual eating patterns) of 
adolescents, highlighting the underlying eating habits driving changes in energy intake. 
The major finding of the present study suggests that the decrease in energy intake 
observed by Biagé et al.11 following the exercise program was mainly driven by a 
decrease in meal size as well as in carbohydrate intake, rather than a change in food 
choices or overall diet quality. The absence of change in diet quality is not surprising 
following the participation in an 8-week aerobic exercise program as there was no 
nutritional education provided. As expected, the exercise program led to an increase in 
weekly MET, but did not affect the measured sedentary behavior or sleeping pattern, 
which are known to influence dietary behaviors of adolescents19,20.  

The present study found a moderate decrease in meal sizes at lunch and dinner following 
the exercise program, but did not find any significant changes in the number of eating 
occurrences. Although participants trained at lunch time, no difference was found 
between Post-Ex and Post-NEx, confirming that the study protocol did not influence the 
intake of participants at lunch. Additionally, our results align with Lopez and Johnson’s 
findings, having found that restrained eaters manipulate their portion sizes rather than 
their meal frequency21. Consuming snacks and eating regularly may have a protective 
effects on obesity for adolescents22. Therefore, maintaining the constant number of eating 
occasions could be considered as a positive habit for participants. Moreover, the decrease 
in meal size at lunch, following the exercise program, was inversely associated with age. 
Although this result was significant, the weak correlation (r2 = 0.15) suggests that other 
unknown factors may have impacted the change in lunch size following the exercise 
program, such as environmental and individual factors2. This includes peer influence, 
hunger, individual beliefs and nutrition-related knowledge, amongst many others, which 
could have influenced participants’ response to exercise. Meal size reduction at lunch 
may have also particularly contributed to the decrease in total daily energy intake (Biagé 
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et al.), as these two variables were found to be positively correlated with one another. 
These results highlight the importance of eating habits at lunch and at school for the 
regulation of total daily energy intake. 

The meal size reduction at lunch may also help partly explain the decrease in energy 
intake during school, observed in post-intervention. Additionally, it may have led to a 
partial compensation in energy intake later in the afternoon and evening (-5.1% at school 
compared to +4.8% after school), similar to Mars and colleagues’ findings23. This shift in 
eating pattern is not beneficial for health in the long run, as it has been linked with higher 
body mass index24 and suboptimal diet quality25. In contrast, consuming similar 
proportion of energy throughout the day is associated with greater diet quality26. Thus, 
there may be a need to promote an even distribution of energy intake to avoid overeating. 
Furthermore, the present study found no change in energy consumed before school, 
despite the moderate decrease in total energy density at breakfast. To explain these 
results, we would expect to have found a decrease in meal size at breakfast or a change in 
morning snack habits. However, this was not the case for our participants. We suspect 
that the high individual variation in our sample, as shown by the large standard deviations 
for food quantity variables, may have masked significant changes in breakfast size or 
morning snack parameters (size or density). Future studies may benefit from looking at 
food choices to better understand changes in energy density. 

The dietary analyses revealed that eating habits of our participants were suboptimal at 
baseline, in comparison with Canadian Food Guide recommendations, similar to the 
Canadian adolescent population3. Unfortunately, the exercise intervemtion did not lead to 
any changes in the percentage of energy intake from processed or ultra-processed foods, 
overall HEI-C scores or any of its components. However, improvements in diet quality 
could lead to healthier outcomes, compared to reduction in meal sizes observed at lunch 
and dinner.  

The present study found a positive correlation between the change in consumption of 
ultra-processed foods and the change in energy intake of participants, highlighting the 
potential of reducing ultra-processed foods for energy intake regulation. Despite no 
change in overall diet quality, males were found to decrease their intake of meat and 
alternatives (based on the HEI-C score breakdown) in post-intervention, but not their 
daily protein intake. Sex differences are common when it comes to baseline eating 
habits3. However, the latter results suggest that males’ response to exercise program may 
be different than females’, which goes against previous findings27. A greater sample size 
may help further analyze sex differences in dietary intake parameters, in response to an 
exercise program. Moreover, the absence of significant change in the other diet quality 
indices may be related to the high variability in individual HEI-C scores and food 
processing data.  This might have to do with the various levels of involvement of 
participants in food-related decisions at home and nutrition-related knowledge. 
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Additionally, environmental factors, such as home food environment greatly influences 
adolescents’ food-related decisions and may have not made changes in food choices or 
diet quality possible for participants. 

Participants’ daily carbohydrate intake moderately decreased following the exercise 
program, which modified its daily distribution. Despite these results, the percentage of 
daily energy intake from carbohydrates remained within the recommended range (45-
65% of total energy intake28). Our findings are consistent with the results reported by  
Schwartz and colleagues7. However, these researchers have also found a decrease in 
protein and fat intake in response to an exercise intervention, which was not the case in 
this study7. We identified a positive correlation between the change in carbohydrate 
intake and the change in energy intake, as carbohydrates provide an important source of 
energy to the body. Researchers have focused on physiological mechanisms to help 
explain these changes in energy and carbohydrate intake following exercise7,8. Yet, many 
have ignored how this may translate to eating habits of adolescents. Dietary sources of 
carbohydrates include dairy products, grains, fruits, “other foods” (such as cookies, 
spreads, sugar sweetened beverages, etc29), and processed or ultra-processed foods, which 
contain added fats and/or sugars4. Interestingly, the present study did not find any 
significant changes in the previously mentioned foods. Cumulative changes in various 
diet quality indices could have led to the overall reduction in carbohydrate intake with 
exercise intervention. Alternatively, the HEI-C score breakdowns for dairy, grain 
products, fruits and “other foods” may not have detected changes in total number of CFG 
servings. If participants were still meeting recommendations after having decreased their 
number of servings, they would have still been assigned the highest possible score for 
that category. Due to this tool’s limitations, we cannot conclude that the decrease in 
carbohydrate intake was caused by a change in diet quality. More studies are warranted to 
understand the changes in daily carbohydrate intake, and especially fibre and sugar 
intake, following an exercise program.  

This study also aimed to understand the acute effects of exercise on food quantity, diet 
quality and eating patterns, by comparing POST-Ex to POST-NEx. Despite the high 
standard deviations, total energy density of afternoon snacks was found to be greater in 
POST-Ex compared to POST-NEx. This reflects a potential change in food choices 
following exercise sessions, which may be explained by an increase in appetite, 
previously observed in response to an acute bout of moderate intensity exercise30. 
Furthermore, rather than focusing on the adoption of healthier eating habits following an 
exercise session, participants may have focused on popular sports nutrition beliefs. 
Protein intake was found to be greater in POST-Ex compared to PRE and POST-NEx. 
Though this is not supported by evidence, participants may have thought additional 
protein was needed on days when they were more physically active. However, we did not 
assess nutrition beliefs of participants. Whether changes in the diet were intentional or 
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not may be an important consideration for future studies in order to better target nutrition 
education and intervention amongst adolescents initiating an exercise program. 

The present study has some limitations. First, the study did not include a control group, 
which limits the ability to infer that changes in diet were associated with changes in 
physical activity status. However, the quasi-experimental design allowed to control for 
some inter-individual differences (i.e. baseline eating behaviours, food related 
knowledge, body image, etc). Second, we were not able to interpret results based on sex 
and race due to our relatively small sample. Third, this study did not assess nutrition 
knowledge of participants prior to the study. This could have helped in interpreting 
results and better understanding changes made to the participants’ diet. It could have also 
helped in identifying if changes were intentional or not. Although the sample was 
relatively small, recruiting from one school may be considered as a strength, as it allowed 
to control for socio-economic status, education and school environment, which are 
factors known to influence food access and intake2. Other strengths include the use of 
questionnaires to control for potential confounding variables, the participants’ high level 
of engagement in the study as well as the dietary assessment performed in free-living 
conditions. 

 

Implication for Research and Practice 
The diet of participants was suboptimal at baseline based on HEI-C scores and intake 
from processed and ultra-processed foods. Participation in an exercise program did not 
trigger substantial changes to diet quality of adolescents. However, a decrease in meal 
sizes at lunch and dinner as well as a decrease in carbohydrate intake were observed 
following the exercise program. It is unclear whether these changes were attributed to the 
intervention, therefore results may be interpreted with caution. In addition to an exercise 
program, a nutrition education intervention addressing food choices, meal patterns and 
media messaging regarding nutrition and physical activity, may be beneficial to support 
adolescents in improving their diet quality. Involving parents in nutritional interventions 
may also provide additional support for changes in home food environment. Future 
research is warranted to confirm these findings in a larger sample and allow for 
generalizability of results to the adolescent population.  
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Tables & Figures 
 

Table 1. Descriptive characteristics of participants (n=26) 

Variables Girls (n=13) Boys (n=13) 

Age (years) 15.4 ± 1.0 15.2 ± 1.0 

Height (m) 1.6 ± 0.1 1.7 ± 0.05* 

Weight (kg) 62.4 ± 15.0 69.7 ±15.6 

BMI (kg/m2) 23.6 ± 5.5 23.5 ± 4.8 

BMI for Age  

   < 50th percentile 

   50th – 85th percentile  

   85th – 97th percentile 

   > 97th percentile 

 

15% (4) 

15% (4) 

8% (2) 

12% (3) 

 

8% (2) 

27% (7) 

4% (1) 

12% (3) 

Tanner Stage 

   External Genitalia 

   Pubic hair    

   Breast Development 

 

-- 

4.3 ± 1.1 

4.1 ± 1.0 

 

4.2 ± 0.7 

4.3 ± 0.6 

-- 

*Significantly different from girls (p<0.001, paired sample t-test) 

Values are presented as percentage (n) or means ± standard deviation  
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Figure 1. Average daily portion sizes at meals and snacks before and after an 8-week 
aerobic exercise program (n=26) 

*p<0.05, Paired sample t-test 

Values are presented as means ± standard error  

PRE: pre-intervention, Post-AVG: post-intervention (average of Post-NEx and Post-Ex) 

 

Table 2. Average daily energy density at meals and snacks before and after an 8-week 
aerobic exercise program (n=26) 

 PRE POST-NEx POST-Ex POST-AVG 

Breakfast (kcal/g) 8.7 ± 5.3 7.0 ± 3.9 6.9 ± 4.4 6.9 ± 3.8* 

Lunch (kcal/g) 11.6 ± 4.4 10.7 ± 4.4 11.3 ± 4.7 11.0 ± 3.8 

Dinner (kcal/g) 11.6 ± 6.0 8.8 ± 5.0 10.3 ± 4.3 9.6 ± 3.8 

Morning snacks (kcal/g) 2.1 ± 2.6 1.2 ± 2.2 1.3 ± 1.8 1.3 ± 1.9 

Afternoon snacks (kcal/g) 3.8 ± 3.6 2.2 ± 2.7 3.7 ± 4.0† 3.0 ± 2.8 

Evening Snacks (kcal/g) 2.3 ± 3.2 2.8 ± 3.1 2.0 ± 1.9 2.4 ± 2.1 

*Significantly different from PRE (p<0.05, paired sample t-test) 
†Significantly different from POST-NEx (p<0.05, Wilcoxon signed rank test) 

Values are presented as means ± standard deviation  

PRE: pre-intervention, POST-NEx: post-intervention on non-exercise days, POST-Ex: post-intervention on 
exercise days, Post-AVG: average of Post-NEx and Post-Ex 
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Table 3. Pre- and Post-Intervention Daily Macronutrient Intakes and Distribution (n= 26) 

 PRE POST-NEx POST-Ex POST-AVG 

Carbohydrates (g) 337.9 ±  94.1 275.8 ± 64.8 287.6 ± 91.4 281.7 ± 72.9* 

Protein (g) 93.9 ± 26.8 80.2 ± 23.0† 92.53 ± 26.1 86.3 ± 22.4 

Fat (g) 80.0 ± 27.0 75.6 ± 21.5 75.4 ± 22.6 75.5 ± 19.0 

Carbohydrate (%) 56.5 ± 7.0 53.4 ± 6.5 53.0 ± 5.8 53.2 ± 5.3 

Protein (%) 15.6 ± 3.2 15.5 ± 2.7 17.2 ± 3.0 16.3 ± 2.2 

Fats (%) 29.4 ± 6.8 32.3 ± 6.8 31.4 ± 5.7 31.9 ± 5.7 

*Significantly different from PRE (p<0.05, paired sample t-test) 
†Significantly different from POST-Ex and PRE (p<0.05, repeated measure ANOVA using Bonferroni 
adjustment) 

Values are presented as means ± standard deviation  

PRE: pre-intervention, POST-NEx: post-intervention on non-exercise days, POST-Ex: post-intervention on 
exercise days, Post-AVG: average of Post-NEx and Post-Ex 

 

 
Figure 2. Distribution of daily energy intake based on NOVA Classification System for 
food processing (n=26) 

P = NS 

Values are presented as means ± standard error  

PRE: pre-intervention, Post-AVG: post-intervention (average of Post-NEx and Post-Ex), NOVA Group 1: 
unprocessed or minimally processed foods, NOVA Group 2: processed culinary ingredients, NOVA Group 
3: processed foods, NOVA Group 4: ultra-processed food and drink products 
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Figure 3. Distribution of energy intake in pre- and post-intervention in relation to school 
schedule (n=22) 

*p<0.05, Paired sample t-test 

Values are presented as means ± standard error  

PRE: pre-intervention, Post-AVG: post-intervention (average of Post-NEx and Post-Ex) 
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Supplementary Materials 
 

Table S1. Pre- and Post-Intervention HEI-C scores and breakdown (n=26) 

 PRE POST-AVG 

Total HEI-C Score 59.6 ± 12.2 57.6 ± 9.8 

Adequacy (0-60)   

    Total vegetable & fruit consumption (0-10) 7.4 ± 2.6 6.9 ± 2.3 

    Whole fruit (0-5)  3.6 ± 1.6 3.1 ± 1.7 

    Dark green and orange vegetables (0-5) 2.6 ± 2.0 2.0 ± 1.2 

    Total grain product consumption (0-5) 4.1 ± 0.9 3.9 ± 0.9 

    Whole grains (0-5) 1.4 ± 1.7 1.4 ± 1.5 

    Milk and alternatives (0-10) 6.1 ± 2.7 5.5 ± 2.1 

    Meat and alternatives (0-10) 6.9 ± 2.8 6.3 ± 2.1 

    Unsaturated Fats (0-10) 8.3 ± 1.9 8.0 ± 1.3 

Moderation (0-40)   

    Saturated Fats (0-10) 6.6 ± 3.0 6.4 ± 2.1 

    Sodium (0-10) 4.5 ± 2.6 5.4 ± 2.1 

    “Other foods” (0-20) 8.2 ± 5.9 8.7 ± 4.5 

Values are presented as means ± standard deviation  

PRE: pre-intervention, Post-AVG: post-intervention (average of Post-NEx and Post-Ex) 
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Abstract 
Background: Exercise may lead to decreased energy intake in adolescents. This is 
mainly the case for adolescents with excess body weight. Moreover, it remains unclear 
whether these changes are driven by behavioral or physiological adaptations. 

Objective: To assess the effect of weight status on dietary parameters and eating 
behaviors of adolescents in response to an exercise program. 

Methods: Twenty-six adolescents (17 with normal weight, 9 with excess weight) 
engaged in an 8-week aerobic exercise program. Diet and eating behaviors were assessed 
in pre- and post-intervention, via 24-hour diet recalls and the three-factor eating 
questionnaire, respectively. Diet was further analyzed to assess food quantity, diet quality 
and eating patterns. 

Results: At baseline, adolescents with excess weight ate more frequently (p=0.02), had 
greater portion sizes for their evening snack (p=0.05), consumed a smaller proportion of 
their total energy intake before school (p=0.05), and had less cognitive restraint 
(p=0.008) than those with normal weight. A decrease in the total number of eating 
occurrences was observed following the exercise program, only for participants with 
excess weight (p=0.01). 

Conclusion: Weight status may affect dietary parameters and eating behaviors of 
adolescents as well as their dietary response to an exercise program. More studies are 
needed to support these findings.  

 

Keywords: energy intake, feeding behavior, exercise, adolescents 
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Introduction 
Our modern environment is known to promote sedentary lifestyles and unhealthy food 
choices. This may be one of the main drivers for obesity and its comorbidities. In Canada, 
less than 20% of children and adolescents are meeting the 24-hour Canadian Movement 
Guidelines1, for their sedentary activities, physical activity levels and sleeping habits. 
Furthermore, sedentary behavior may be associated with poor diet quality2.  This may 
explain why more than 50% of Canadian boys and girls, aged 14-18 years, are not 
meeting their fruit and vegetable intake recommendations3. Additionally, nearly a quarter 
of the daily energy consumed by adolescents comes from the consumption of “other 
foods”3. This category includes fats, oils, spreads, candy, soft drinks and any other food 
item that does not fit in any of the four Canada’s Food Guide food groups. 

There is a need to address these poor lifestyle behaviors at an early age to promote better 
health-related outcomes in adulthood4. This may be achieved by having adolescents 
engage in structured exercise programs. Benefits of exercise are known to go beyond its 
influence on cardiovascular health and strength. As such, studies have investigated the 
effect of aerobic exercise program on energy intake of adolescents. A recent systematic 
review has found that exercise program leads to a decrease in energy intake, particularly 
in adolescents with an excess body weight5, suggesting that adolescents with excess body 
weight may respond differently than those with normal weight. However, experimental 
studies have only focused on energy and macronutrient intake of adolescents in response 
to exercise program. 

Two hypotheses have been highlighted in the literature to explain the change in energy 
intake documented following an exercise program6. The first being that physiological 
changes induced by exercise program may influence subsequent energy intake6. Another 
interesting theory is that there may be a behavioral shift induced by an exercise program, 
promoting a change in eating behaviors6. There is the possibility that a positive change in 
physical activity (i.e. participation in an exercise program) would elicit a positive change 
in the diet of adolescents. Alternatively, adolescents may be tempted to reward 
themselves for their positive change in physical activity behaviors by consuming low 
quality food choices.  

Lifestyle interventions, combining changes in diet and physical activity, may lead to an 
increase in cognitive restraint7–9. However, it is unclear if this was a result of the nutrition 
counselling provided to participants. Little evidence exists on potential changes in eating 
behaviors following an exercise program alone, especially in the adolescent population. 
This is pertinent as it could support the use of exercise to help address the problematic 
eating habits of adolescents. Chanoine and colleagues found that cognitive restraint was 
greater amongst adolescents with excess body weight, compared to those with normal 
weight10. This discrepancy in cognitive restraint depending on weight status may help 
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explain why adolescents with excess weight respond differently than those with normal 
weight to an exercise intervention.  

This study aims to assess the effect of weight status on dietary parameters (food quantity, 
diet quality and eating pattern) and eating behaviors of adolescents in response to an 8-
week aerobic exercise program. This will help better understand how to tailor lifestyle 
interventions to adolescents with normal weight and excess weight. 

 

Methods 
Participants 

A total of thirty participants aged between 14-18 years old, including adolescents with 
normal weight (BMI<85th percentile for age and sex) and excess weight (BMI≥85th 
percentile for age and sex), were recruited from a High-School in Quebec, Canada. 
Participants engaged in less than 60 minutes of physical activity twice per week and did 
not have any medical conditions affecting their metabolism or response to the exercise 
program prior to the study. This study was approved by the University of Ottawa and 
Montfort Hospital Research Ethics Board. 

Exercise Intervention 

Participants engaged in an 8-week aerobic exercise program on cycle ergometers 
(Monark, Sweeden), aiming for 75% of their heart rate reserve. Exercise sessions were 30 
minutes in length and conducted at the participants’ school. Heart rate was measured 
throughout the exercise sessions using heart rate monitors (Polar Electro Oy, Kempele, 
Finland). Rate of perceived exertion (RPE) was also collected at each session using the 
20-point Borg scale. Individual exercise target heart rates were calculated using the 
Karvonen equation11.  

Anthropometric Measurements 

Participant’s body weight and height were measured using Health-O-meter digital scale 
(Pelstar LLC d.b.a., Health-o-meter® Professional Scale, McCook, Illinois) and SECA 
stadiometer (SECA, Birmingham, United Kingdom). Body composition and waist 
circumference were also assessed using hand-to-food bioelectric impendence analysis 
(Tanita BC-418, Corporation of America Inc., Arlington Heights, IL) and a flexible 
measuring tape (mean of 3 measures at the mid-distance between the lowest rib and the 
iliac crest). Body mass index (BMI) was calculated using the following equation: BMI 
(kg/m2) = body weight (kg) /[heigth(m)]2. Normal weight was considered as BMI for age 
between -2 and +1SD z-score, overweight between +1 and +2SD and obese greater than 
+2SD12. NW group includes participants with normal weight and EW group includes 
participants with overweight or obesity.  

 



 

40 

 

Participant Characteristics and Lifestyle  

Tanner stage, sedentary behaviours, sleep, weight perception and involvement in food 
preparation and choices at home were assessed using the Tanner Stage Questionnaire, 
International Study of Childhood Obesity, Lifestyle and Environment (ISCOLE) 
questionnaire13 as well as a weight and nutrition-related questionnaire developed by our 
research team to assess adolescents’ involvement in food-related tasks at home. 

Eating Behaviours 

The 18-item Three-Factor Eating Questionnaire (TFEQ-18) was used to assess cognitive 
restraint (CR), uncontrolled eating (UE) and emotional eating (EE) of participants in pre- 
and post-intervention. This questionnaire consists of three parts, each assigned to one of 
the eating behaviour listed above. Responses to each question are scaled (definitely true, 
mostly true, mostly false and definitely false) and assigned a score ranging from 1-4. Raw 
scores for each question were transformed to percentages using the following equation14: 
Transformed score (%) = [((raw score - lowest possible raw score)/possible raw score 
range) x 100]. Transformed scores were then averaged for each eating behavior. 

Dietary Assessment 

Diet was assessed using 24-hour dietary recalls. Two recalls were collected on non-
consecutive weekdays in pre-intervention and four in post-intervention. Participants 
continued to exercise on some days following the 8-week mark until post-tests was 
completed. Dietary recalls were performed by dietitians and trained dietetic interns, using 
the Multiple Pass Method15 as well as food models. Diets were entered in ESHA Food 
Processor SQL to calculate energy and nutrient intakes. Data was extracted from the diet 
analysis software to evaluate portion sizes (g) and energy density of foods (kcal/g). 
Further dietary analyses were conducted by the research team using the Healthy Eating 
Index adapted to Canadians (HEI-C)16 and the NOVA classification system17. Meal 
patterns were assessed based on percentage of energy intake consumed before school 
(<9:00), at school (9:00-16:00) and after school (>16:00). 

Statistical Analysis 

Participant characteristics and lifestyle factors were compared based on weight status 
using independent samples t-test. The concurrent effects of the exercise program and 
weight status on diet parameters and eating behaviors were assessed using mixed method 
ANOVA. Shapiro-Wilk test was used to assess normality of distributions. If normality 
assumptions were not met, log transformation or non-parametric tests were conducted 
(Wilcoxon signed rank test for within-subject and Mann-Whitney U for between subject). 
Effect sizes were reported as Cohen’s d coefficient (d) for independent t-tests and partial 
eta square (η2p) values for mixed ANOVA (negligible if d <0.2/η2p<0.01, small if 0.2< d 
<0.5/0.01< η2p <0.06, medium if 0.5< d <0.8/0.06< η2p <0.14 and large if d >0.8/η2p 
>0.14). Statistical analyses were performed using IBM SPSS Statistics, version 24.  
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Results 
Participant Characteristics 

Twenty-six healthy adolescents (17 with NW, 9 with EW) participated in this study (see 
Table 1). Of the nine adolescents with EW, three were classified as overweight and six as 
obese based on their BMI for age z-scores. When asked about their weight, 17% (1NW, 
3EW) of participants reported making active efforts to lose weight, 22% (3NW, 2EW) 
reported trying to maintain their weight and 16% (3NW, 1EW) reported making attempts 
to gain weight at baseline. The remaining 55% of participants felt indifferent about their 
weight prior to the intervention. 

Participants spent an average of 2.54±1.27 and 2.92±1.29 hours watching TV and playing 
video games on weekdays as well as 3.77±1.61 and 4.38±1.70 hours on the weekend 
days, respectively. EW group reported sleeping longer on weekends than NW group 
(9.78±1.15 vs 8.79±1.14 hours, p=0.05, d=2.10). Participants slept on average 8.14±0.83 
hours on week days. Average RPE throughout the exercise program was similar between 
the NW and EW group.  

The EW group seemed to be more involved when it came to food preparation compared 
to NW group (p=0.04). The perspective of participants on their dietary habits, 
involvement in family meal suggestions, involvement in food choices while grocery 
shopping, frequency of cooking independently and consuming meals with family were 
not statistically different between groups (data not shown). Responses to self-reported 
nutrition questionnaire revealed that 11.5% perceived their diet as very good, 53.8% as 
good, 23.1% as not good nor bad and 11.5% as bad. 

Dietary Parameters 

Table 2 presents the dietary parameters of participants in pre- and post-intervention 
based on weight status. At baseline, EW group ate more frequently than NW group 
(p=0.02, η2p=0.23). A significant interaction was found between exercise program and 
weight, where the EW group decreased their total number of eating occurrences (p=0.01, 
η2p=0.69), whereas the NW group did not. No effect of weight status or interaction was 
found for average daily portion sizes or for total portion sizes at each meal. Portion sizes 
of evening snacks were also found to be greater in the EW group compared to the NW 
group at baseline (Mann Whitney U, EW: 239.31±202.03 vs NW: 91.39±126.05 grams; 
p=0.05). This was not influenced by the exercise program. As for eating patterns, 
participants with NW group consumed greater percentage of their daily energy intake 
before school (p=0.05, η2p=0.18). No effect of weight status or interaction between 
exercise program and weight was observed for diet quality parameters. 
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Eating Behaviors 

There was no statistically significant interaction between exercise program and weight 
status for any of the three eating behaviors assessed by the TFEQ-18. Weight status had a 
significant effect on cognitive restraint of participants (p=0.008, ƞ2p=0.27), but not on 
uncontrolled eating (p=0.27) or emotional eating scores (p=0.62). Precisely, NW group 
had greater cognitive restraint scores (pre: 56.5% ± 1.5 vs post: 58.5% ± 2.2) than EW 
group (pre: 51.2% ± 2.0, post: 51.9% ± 3.0) in both pre- and post-intervention conditions 
(see Table 3). 

 

Discussion 
A recent systematic review highlighted the potential difference between adolescents with 
NW and EW in their dietary response to a single  exercise session5. The present study, 
involving an exercise program, attempted to dig deeper in the dietary parameters of 
adolescents to determine if and how weight status affects their dietary response to an 8-
week aerobic exercise program.  

Behavioral factors, such as sleep, TV viewing and video gaming were measured at 
baseline as these variables are known to influence the diet and overall health of 
adolescents18,19. No differences were observed based on weight status, except for sleeping 
time on weekends. Both groups met the 24-hour Movement Guidelines20 for sleep on 
weekdays and weekends. However, the average was situated in the lower range of the 
recommendations. In contrast, participants did not meet the sedentary behavior 
guidelines20, as both groups exceeded 2 hours of screen time per day. Sedentary 
behaviors was found to be associated to poor diet quality2. In fact, our participants 
consumed between 66.9-71.2% of their total energy intake as processed and ultra-
processed foods, with an average HEI-C classifying as “diet needing improvement”, 
comparable to the Canadian adolescent population3,21. Diet quality was not significantly 
different between NW and EW. Pediatric obesity clinical practice guidelines may need to 
be reinforced to emphasize the importance of diet quality for all the adolescent, 
independently of their weight status22. The difference in weight status between NW and 
EW may then be explained by a difference in physical activity status or sedentary 
behaviors. This may be another aspect that should be emphasized in public health 
interventions and obesity guidelines. 

The present study found a large effect of weight status on the total number of eating 
occasions, where participants with EW ate more frequently than those with a NW. The 
association between eating frequency and weight remains unclear in the literature. Some 
studies have found a negative association between eating frequency and BMI23. However, 
a greater eating frequency could be associated with increased snacking. Given that the 
diet quality of participants is suboptimal at baseline and that snacking foods are usually 
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pre-packaged, dense in energy and high in added sugars and/or fats, a greater eating 
frequency in adolescent may not be beneficial to their health. Yet, the EW group 
decreased the number of eating occurrences following the exercise program, which can 
be perceived as a positive change. This supports the hypothesis that response to exercise 
in adolescent with EW may be different than adolescent with NW. 

The EW group was also found to consume greater portion sizes at evening snacks 
compared to NW group. Eating closer to the onset of bedtime was found to lead to 
greater energy intake and to be associated with a greater BMI24,25. This may also have to 
do with the daily energy distribution of participants. Compared to NW group, the EW 
group consumed a smaller percentage of their total energy intake before school. Omitting 
breakfast or engaging in eating restriction early on in the day has been associated with 
greater energy intake later in the day and evening26. This concept, related to eating 
patterns, is also reinforced in pediatric obesity guidelines22. There may be a need to 
provide education, particularly to adolescents with EW, regarding the importance of 
consuming breakfast and having an even energy intake distribution throughout the day.  

Eating behaviors are thought to impact dietary parameters and may play a role in the 
dietary response to an exercise program14,27. In the present study, no effect of the exercise 
program was observed on either of the measured eating behaviors. This is surprising as 
previous studies have found an increase in cognitive restraint following a lifestyle 
intervention, including dietary counselling and an exercise program7,8. Thus, physical 
activity alone may not elicit changes in eating behaviours. However, adolescents with 
NW were found to have greater cognitive restraint than those with EW. This goes against 
previous findings by Chanoine and colleagues10. These researchers suggest that their 
group of overweight boys may have been more aware of their BMI, therefore engaging in 
greater cognitive restraint. In our sample, only 3 (12%) participants with EW reported 
making active efforts to lose weight. The EW group may not have attempted to limit their 
food intake, potentially due to their lack of awareness of their weight status, motivation 
or education to act on it. 

The present study has some limitations when it comes to its sample size and external 
validity. Both groups were not of equal size and may not have been large enough to 
detect significant change. However, all significant differences observed had a large effect 
size. Additionally, participants were recruited within one high-school to limit the variable 
effect of socioeconomic status and environmental factors and to make the intervention 
possible. This influences the external validity of our results, which may not be 
generalizable to the adolescent population. Future studies with a greater sample size and 
randomized sampling are warranted to confirm our findings. Additionally, the 8-week 
aerobic exercise program may not have been long enough to detect changes in eating 
behaviors and dietary parameters. A longer, potentially higher intensity exercise program 
and or different type of exercise may be needed to trigger changes in eating behaviors. 
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However, inactive adolescents could be less motivated to participate in a higher intensity 
exercise program. The strengths of this study include the thorough dietary assessment and 
analyses conducted by dietitians and 4th year trained dietetic interns, as well as the high 
retention and adherence of participants to the exercise program.  

 

Conclusions 
Differences were observed in the dietary intake parameters of adolescents with normal 
weight and excess weight, at baseline as well as in response to the exercise program. 
However, there were also similarities in terms of their poor diet quality and food choices.  
This highlights the need to address the diet quality of adolescents and to tailor nutrition 
interventions to adolescents’ weight status, as adolescents with excess weight may 
respond differently to an exercise program than those with a normal body weight. Future 
studies should involve a more thorough assessment of participants’ weight perception, as 
this may impact their food intake and dietary parameters. 
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Tables and Figures 
 

Table 1. Participant characteristics based on weight status 

 Normal Weight 

(n=17) 

Overweight 

(n=9) 

Age (years) 15.17±0.92 15.4±0.97 

Weight (kg) 56.85±7.49 81.50±12.05** 

Height (m) 1.67±0.07 1.67±0.07 

Waist Circumference (cm) 70.26±6.23 89.49±12.55** 

BMI (kg/m2)  20.38±1.86 29.02±3.63** 

Body Fat (%) 20.15±6.11 33.11±6.13** 

Fat-Free Mass (kg) 45.04±6.78 54.24±8.95* 

Tanner Stage 4.21±0.80 4.00±1.07 

*p<0.01 
**p<0.001 

Data presented as mean ± SD. 
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Table 2. Diet parameters of participants with normal weight (NW) and excess weight 
(EW) before and after the 8-week aerobic exercise program§ 

 Pre-Intervention Post-Intervention 

 NW EW NW EW 

Food Quantity (n=26, 17NW, 9 EW) 

    Number of daily eating occurrences 

    Average daily portion size (g) 

    Average daily food density (kcal/g) 

 

4.77±1.13* 

100.69±43.59 

2.14±0.30 

 

6.07±1.21 

115.66±23.52 

2.14±0.47 

 

4.69±1.02 

96.53±23.20 

2.09±0.24 

 

4.64±0.76† 

110.16±29.44 

2.15±0.47 

Diet Quality (n=26, 17NW, 9EW) 

    Carbohydrate intake (g/day) 

    Protein intake (g/day) 

    Fat intake (g/day) 

    HEI-C Score (%) 

    NOVA - Class I (%) 

    NOVA - Class II (%) 

    NOVA - Class III (%) 

    NOVA - Class IV (%) 

 

323.16±81.91 

92.53±28.04 

79.29±28.77 

59.84±10.33 

31.18±10.26 

2.69±3.04 

24.60±16.56 

41.39±16.81 

 

365.44±113.68 

96.55±25.71 

81.33±25.05 

59.22±15.95 

26.71±13.25 

2.04±2.46 

24.73±8.67 

46.52±16.91 

 

288.16±79.77 

85.69±25.08 

74.69±20.71 

56.87±10.86 

25.96±8.72 

2.05±2.30 

26.10±6.39 

45.89±10.89 

 

269.47±60.28 

87.57±17.37 

77.07±16.41 

59.00±7.88 

26.23±9.26 

1.32±1.79 

20.83±5.07 

51.62±8.86 

Timing (n=22, 15NW, 7OW) 

    Before school (%) 

    At school (%) 

    After school (%) 

 

20.22±8.89* 

37.90±12.59 

39.50±12.74 

 

10.54±7.74 

46.37±14.06 

46.68±7.30 

 

19.31±8.43 

33.91±8.27 

47.49±7.81 

 

14.51±9.31 

38.73±4.19 

46.49±9.96 

*p<0.05, difference between group 
†p<0.05, difference with pre-intervention  
§Based on 24-hour dietary recalls 

Data presented as mean ± SD. 
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Table 3. TFEQ-18 scores of participants with normal weight (NW) and excess weight 
(EW) before and after the 8-week aerobic exercise program (n=26) 

 
Pre-Intervention Post-Intervention 

NW (n=17) EW (n=9) NW (n=17) EW (n=9) 

Cognitive restraint (CR) 56.54 ±5.97* 51.23 ±6.07 58.50 ±9.24 51.85 ±8.33 

Uncontrolled eating (UE) 60.78 ±11.78 54.32 ±14.46 61.87 ±16.60 56.38 ±12.93 

Emotional eating (EE) 75.16 ±31.06 65.43 ±29.63 73.86 ±30.67 67.90 ±36.19 

*p=0.008, difference between group 

Data presented as mean ± SD. 
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PART 7: GENERAL DISCUSSION & CONCLUSIONS 

7.1 Thesis Discussion 
The main purpose of this thesis was to better understand the chronic effect of an 8-week 
aerobic exercise program on the diet and eating behaviours of previously inactive 
adolescents with normal weight and excess body weight. Previous studies have only 
assessed post-exercise energy compensation from an energy balance and macronutrient 
intake standpoint15,37. Gillman et al. looked at the association between exercise and 
dietary intake adequacy but were not able to assess the cause-effect relationship between 
these two variables61. Additionally, most studies involved adults, and did not 
comprehensively assess the diet61–63. Therefore, dietary parameters, such as food 
quantity, diet quality and daily eating patterns, have yet to be assessed in the adolescent 
population in response to an exercise program. This is of utmost importance for health 
promotion purposes as well as prevention of obesity and its comorbidities. 

The most recent Canadian Community Health Survey conducted in 2004 highlights the 
suboptimal diet quality of adolescents aged 14-18 years old. Baseline dietary parameters 
of our sample were comparable to the Canadian adolescent population, when it came to 
their HEI-C score (59.6 vs. 54.3-55.6), percentage of daily energy intake from snacks 
(21.5% vs. 28-30%), “other foods” (28.7% vs. 25% and ultra-processed foods (43.2% vs. 
55%). A recent study by Janssen et al.110 reported that health outcomes of children and 
youth improved as more recommendations from the 24-Hour Movement Behaviour 
Guidelines were achieved. As such, we would have expected our sample to improve their 
dietary intake parameters, specifically diet quality, after having participated in the 8-week 
aerobic exercise program. However, many factors, such as the ones listed in the 
theoretical framework (Part 3, Figure 4), may help explain the observed responses within 
our sample of adolescents, including environmental (i.e. family influences, food 
availability, etc.) as well as individual factors (appetite response, eating behaviours, etc.). 

The first objective, addressed in manuscripts 1 and 2, was to assess the chronic effects of 
the exercise program and weight status on food quantity, diet quality and eating pattern 
(relationship A illustrated in Part 3, Figure 4). Our findings suggest that the aerobic 
exercise program led to a decrease in participants’ carbohydrate intake, meal size at lunch 
and dinner, a decrease in energy density at breakfast and a slight shift in daily energy 
intake distribution of participants. Contrary to our hypothesis, we found that an 8-week 
moderate intensity aerobic exercise program was not sufficient to trigger changes in 
adolescents’ diet quality, which was suboptimal at baseline. This is not overly surprising 
as adolescents’ food choices are known to be highly influenced by their family and home 
food environment74. Therefore, changes in food choices and subsequent diet quality may 
not have been possible despite participants’ intentions. Our findings are also aligned with 
results from previous randomized control trials, having looked at the effect of an exercise 
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program on dietary habits of adults62,63. Although some small improvements were 
observed in the exercise compared to the control group (decrease in fat intake and 
increase in vegetable intake), most dietary intake variables remained unchanged 
following the exercise program62. Similarly, Wilcox et al. found no association between 
changes in dietary habits following exercise and changes in physical activity. An exercise 
program alone may not be sufficient to trigger changes in diet quality of participants. 
Thus, participants may require nutrition education and/or motivational counselling to 
promote behaviour change for improvements in their adherence to nutrition 
recommendations. 

This first thesis objective also aimed to assess the effect of weight status on the dietary 
response of adolescents to an aerobic exercise program. Some differences in dietary 
intake parameters were observed at baseline between adolescents with normal weight and 
those with excess weight. This was true for the total number of daily eating occurrences, 
portion sizes at evening snacks and percentage of daily energy intake consumed before 
school. Moreover, as hypothesized, the group with excess weight had a greater response 
to the exercise program, compared to the group with normal weight, when it came to their 
total number of eating occurrences. A review by French et al. highlighted the association 
between excess weight and key eating behaviours, such as eating in absence of hunger, 
disinhibition, response to immediate food reward as well as loss of self-control. These 
undesired eating behaviours, which are prominent amongst adolescents with excess 
weight, may predispose them to eating more frequently, engaging in evening snacking 
and potentially overeating, compared to adolescents with a normal body weight111. 
Alternatively, the difference in response between adolescents with normal weight and 
excess weight may be partly explained by the altered gut-brain axis previously observed 
amongst individuals with an excess weight or obesity. Alteration in gut hormones and 
appetite signaling could therefore influence feelings of hunger and satiety112. Very few 
studies have compared the dietary response of adolescents with normal weight to those 
with excess weight, in response to an exercise session or intervention1,43. Many studies 
have only focused on adolescents with obesity38,39,53. However, suboptimal eating habits 
should be addressed regardless of adolescents’ weight status. Conducting research 
amongst both groups (adolescents with normal weight and those with excess weight) is 
paramount and could help adapt health promotion strategies to increase effectiveness of 
exercise and lifestyle interventions.  

Differences in baseline and chronic effects of an exercise intervention on dietary intake 
parameters should also be considered between male and female adolescents. Results from 
this thesis suggest that average daily portion sizes of males were greater than females and 
that only males reduced their meat intake score in response to the aerobic exercise 
program. Differences in appetite hormone regulation, between male and females113 might 
help explain these results. However, this is highly contradicted in the literature and needs 
to be explored further, especially in response and exercise intervention113.  
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In addition to assessing the chronic effect of the aerobic exercise program, this project 
looked at the dietary response to a single exercise session in post-intervention. This was 
also part of the first thesis objective, as an exploratory component. We found greater total 
daily protein intake and energy density of afternoon snacks on post-exercise exercise 
days compared to non-exercise days. Evidence exists related to the acute and chronic 
effect of exercise on energy and macronutrient intake15,37. However, the difference 
between the acute and chronic effect of exercise on the diet remains unclear. Both acute 
and chronic effects of exercise should be considered when participating in an exercise 
program, as this could have an impact on long-term weight and health outcomes. 
Additionally, more research is needed to better understand the drivers for acute and 
chronic dietary compensation, after an exercise session or exercise intervention 
respectively. 

The second thesis objective, addressed in manuscript 1, was to examine the relationship 
between each dietary parameter and the change in post-exercise energy intake of 
adolescents following the aerobic exercise program (relationship B illustrated in Part 3, 
Figure 4). Changes in meal sizes at breakfast and lunch, energy density at breakfast, daily 
carbohydrate, protein and fat intake as well as percentage of energy ultra-processed foods 
were positively associated with changes in energy intake following the aerobic exercise 
program. As hypothesized, improvements in diet quality parameters were associated with 
a decrease in post-exercise energy intake. Thus, it is possible that improving food choices 
and overall adherence to Canadian nutrition recommendations, could help regulate 
energy intake and weight of adolescents, which in the long run could have a positive 
effect on their health. This type of approach is supported by Obesity Practice 
Guidelines30,31. Although all dietary intake parameters contribute to energy intake 
regulation73, there is a need to identify the ones that are most important when it comes to 
post-exercise energy intake compensation. Cluster analyses may help identify these 
factors and may also be helpful in addressing the high inter-individual variability 
observed in our sample as well as in previous work32. Despite our attempts to control for 
inter-individual variability, it can be very challenging to do so, as there are various 
factors influencing food choices and eating habits of adolescents. Therefore, future 
studies should involve larger sample size to allow for clustering analyses and 
identification of various types of acute and chronic post-exercise dietary responses. 

The third thesis objective, addressed in manuscript 2, was to assess the effect of the 
aerobic exercise program and weight status on eating behaviours of participants 
(relationship C illustrated in Part 3, Figure 4). The 8-week aerobic exercise program did 
not have any effect on cognitive restraint, uncontrolled eating or emotional eating. These 
results lead to the rejection of the third hypothesis. Surprisingly, participants with normal 
weight were found to have greater cognitive restraint than those with excess body weight, 
which challenges Chanoine and colleagues’ findings72. More research is needed to 
understand the eating behaviour responses of adolescents to an exercise intervention. 
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Evidence suggests that eating behaviours may help explain changes in dietary intake 
parameters as well as differences in responses between weight status groups67–71. 

This thesis contributes to a unique body of knowledge as it focused on the chronic effects 
of an exercise program on various diet indices as well as explored the acute effects of 
exercise in post-intervention condition. Additionally, it is the first study to 
comprehensively assess the effect of exercise on dietary intake parameters of adolescents 
to help explain changes observed in post-exercise energy intake. Thus, it contributed to 
better understanding relationships A, B and C illustrated in the conceptual framework 
presented previously (see Part 3, Figure 4). The comparison between sex and weight 
status, as well as analysis of eating behaviours generates new findings that will help 
further our knowledge in the field of post-exercise energy compensation following an 
exercise intervention. Eventually, the goal is to develop a thorough understanding of the 
individual characteristics that predispose adolescents to responding to exercise in a 
particular way, given the high inter-individual variability previously observed32. Such 
evidenced-based knowledge would help in adapting recommendations to subpopulations 
of adolescents to promote healthy behaviours and contribute to obesity prevention and 
health promotion strategies. 

7.2 Practice Implications 
The findings from this thesis suggest that an 8-week moderate intensity aerobic exercise 
program alone may not be sufficient to elicit substantial chronic changes in diet quality of 
adolescents. A nutrition intervention may be needed, in addition to the exercise program, 
to encourage the adherence to the CFG recommendations and consumption of healthier 
food choices in previously inactive adolescents. Previous findings suggest that combining 
an exercise intervention and nutrition counselling leads to an increase in cognitive 
restraint and a decrease in disinhibition and susceptibility to hunger in men69. Such a 
combined intervention may also be effective to help improve diet quality and food 
choices of adolescents. Differences in sex and weight status of adolescents should also be 
considered when counselling adolescents, as their acute and chronic responses to exercise 
and eating behaviours may be different. Additionally, a motivational counselling 
approach may be needed to trigger behavioural changes amongst adolescents and 
encourage them to adopt healthier eating habits along with a more active lifestyle31. This 
study provides insight on how to tailor future lifestyle interventions that target health 
behaviours of previously inactive adolescents while contributing to obesity prevention.  

7.3 Limitations and Strengths 
The quasi-experimental design did not allow for randomization of participants to an 
intervention or control group, which could have affected the validity of our inferences in 
relation to the effect of the 8-week exercise program. Therefore, results may be 
interpreted with caution. However, the experimental design, involving a control group, 
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would not have taken into account inter-individual differences in factors affecting food 
choices and overall intake of participating adolescents (outlined in Part 3, Figure 4), 
justifying the use of a pre-post quasi-experimental design for this study.  

Despite the power calculation conducted as part of the study conceptualization 
(suggesting a minimum of 20 participants for statistical power), our sample size may be 
considered a limitation, as it did not allow for analysis of covariates or factors predicting 
changes in energy intake using ANCOVAs and multiple regressions. The sample size 
may have also affected the statistical power for our group comparison (i.e. weight and 
sex) analyses. Additionally, there was also a high inter-individual variability observed 
amongst the sample, which may have made it difficult to detect individual as well as 
group differences amongst participants. However, the study had a high retention of 
participants (93%), with only 2 participants having dropped-out of the study for lack of 
interest/time. Those who completed the exercise program had a high adherence to the 
aerobic exercise program, with 82% attendance to prescribed exercise sessions. 
Additionally, all participants were meeting or exceeding targeted exercise intensity 
during exercise sessions. 

There may also be an increased risk of type 1 errors to consider, related to the multiple 
statistical analyses and multiple comparisons conducted as part of this study. Corrections 
were used when appropriate. However, Bonferroni adjustments for multiple comparisons 
were not performed, as we intended to test the null hypothesis for each diet-related 
variable independently114. The universal null hypothesis was not of interest in this study. 
Furthermore, the Bonferroni adjustments could have led to an increased risk of type 2 
errors114.  

Another study limitation includes the missing data from four participants for the eating 
pattern analysis. The timing of food intake for these four participants were not recorded 
for all three conditions (PRE, POST-Ex and POST-NEx), which led to data exclusion. 
This contributed to a smaller sample size for eating pattern analysis. However, significant 
changes, with small to medium effect size, were still observed despite the small sample 
size. A larger data set would help confirm these findings. 

The use of self-reported food intake assessment via 24-hour dietary recalls for the dietary 
assessment may also be considered as a limitation, as this tool may be subject to 
misreporting, particularly under-reporting of total energy intake115. Other methods such 
as weighing food intake from ad libitum buffets may be more accurate, rather than 
relying on memory. However, the latter method would not have taken into account free-
living conditions of adolescents. Ideally, participants would have been asked to complete 
weighed food journals. Yet, this would have increased participants’ burden and may have 
affected participants’ food choices or food-related decisions, as they would have been 
conscious their intake was being weighed daily. Additionally, the main objective of this 
thesis was to assess the dietary intake parameters of adolescents, rather than focusing on 
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total daily energy intake. Despite the numerous critiques on self-reported dietary 
assessment measurements, the latter remain a useful tool for collection of valuable 
dietary intake data on the consumption of food and beverages116. As recommended by 
Subar et al.116, additional measures were taken to limit measurement errors or 
misreporting. For instance, recalls were performed on two non-consecutive days, as well 
as analyzed and verified by dietitians and 4th year dietetic interns50. The validated 
Multiple Pass Method for performing 24-hour dietary recalls as well as food models were 
also used for a more thorough assessment and more accurate report of portion sizes.  

The interdisciplinary team is considered a strength for this research project as it allowed 
for thorough dietary assessments and analyses, as well as for appropriate implementation 
of the aerobic exercise program and standardization of the exercise protocol. Moreover, 
the study was conducted in free-living conditions which helps reflect participants daily 
choices and habits in response to the aerobic exercise program. This is extremely 
important, as we know adolescents are subject to many environmental and social 
influences. Despite these influences, we were able to control for some cofounding factors 
by recruiting participants from one high-school. Finally, our research team was able to 
give back to participants at the end of the study by providing them with reports on their 
physical activity and dietary status in comparison with Canadian recommendations. We 
plan on returning to the participants’ high-school to share our research findings in hopes 
of making a positive impact on the community’s health and lifestyle. 

7.4 Future Directions 
More research is needed to confirm the thesis’ findings. Future studies should involve a 
longer duration of the aerobic exercise program with a longer follow-up period. This 
would allow more time for participants to modify their lifestyle behaviour and assess 
sustainability of dietary changes adopted by participants in response to an exercise 
intervention. Additionally, researchers should consider different intensities and/or 
frequencies of exercise sessions to match 24-hour Movement Guideline 
recommendations for daily physical activity. This type of exercise intervention should be 
feasible, as our participants were able to reach 75% of heart rate reserve with expected 
RPE values, despite low levels of physical activity at baseline. Studies should also aim 
for a thorough dietary assessment, taking into account the three main dietary intake 
parameters considered in this study (i.e. food quantity, diet quality and eating patterns). 
Furthermore, there is a need to analyze the daily carbohydrate intake of adolescents more 
thoroughly, with regards to sugar and fibre intake, as well as analyze specific food 
choices of participants to better understand and interpret changes in dietary intake 
parameters following an exercise program. A mixed method approach involving a 
qualitative component would also be pertinent as it would help in understanding 
nutrition-related knowledge of participants and intentionality of post-exercise dietary 
changes. This approach would also help explore the behavioural response to an exercise 
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program, which has not been considered in previous studies. Finally, in order to confirm 
our findings and improve external validity, it is recommended for future studies to have a 
greater sample size, that would allow for comparison of sub-groups (sex and weight 
status), covariate analyses, multiple regression analyses with an overall greater statistical 
power. A larger sample size may also be useful in order to conduct cluster analyses, to 
identify individual responses to an exercise intervention. Adolescents, their parents and 
families, teachers, school administration and health professionals may benefit from these 
findings. 

7.5 Conclusions 
A decrease in meal size at lunch and dinner, as well as a decrease in total daily 
carbohydrate intake and shift in eating patterns of participants were observed following 
the 8-week aerobic exercise program. The exercise program alone was not sufficient to 
trigger substantial changes in diet quality or eating behaviours. Additionally, changes in 
meal sizes at breakfast and lunch, energy density at breakfast, daily carbohydrate, protein 
and fat intake as well as percentage of energy from ultra-processed foods (NOVA group 
IV) may have especially contributed to the decrease in post-exercise energy intake 
following the exercise intervention. Some differences in dietary intake parameters were 
also found at baseline and in response to the aerobic exercise program based on sex and 
weight status, as well as on post-intervention on exercise days compared to non-exercise 
days. It is important to note that due to the many factors involved in the relationship 
between exercise and the diet (i.e. environmental, physiological, behavioural, etc.) as 
well as due to the study’s research design, it is difficult to determine if changes observed 
in the diet were attributed to the exercise intervention. Therefore, caution may be used 
when interpreting results observed. Nonetheless, these results contribute to the scientific 
literature and may help tailor interventions to promote a healthy lifestyle as well as 
prevent development of obesity and its comorbidities amongst adolescents. More 
research is needed to confirm these findings and to better understand the mechanisms 
driving the acute and chronic post-exercise dietary changes.  



 

58 

 

REFERENCES 
1.  Biagé A. Effect of an Aerobic Exercise Program on Daily Energy Expenditure and 

Intake in Adolescents. 2016. Thesis. University of Ottawa. 
2.  Alberga AS, Sigal RJ, Goldfield G, Prud Homme D, Kenny GP. Overweight and 

obese teenagers: Why is adolescence a critical period? Pediatr Obes. 
2012;7(4):261-273. doi:10.1111/j.2047-6310.2011.00046.x 

3.  Tremblay MS, Barnes J, LeBlanc A, Janson K. The ParticipACTION Report Card 
on Physical Activity for Children and Youth. WellSpring. 2016;27(7):1-4. 
http://spot.lib.auburn.edu/login?url=http://search.ebscohost.com/login.aspx?direct
=true&db=aph&AN=116833454&site=ehost-live. 

4.  Garriguet D. La qualité de l’alimentation au Canada. Stat Canada. 2009;20(3):1-
13. 

5.  Garriguet D. Canadians’ eating habits. Stat Canada. 2007;18(2):17-32. 
6.  Phillips S, Starkey LJ, Gray-Donald K. Food Habits of Canadians: Food Sources 

of Nutrients for the Adolescent Sample. 2004:81-84. 
7.  Geoff DC, Dru J, Linda J. Physical Activity , Aerobic Fitness , Self-Perception , 

and Dietary Intake in At Risk of Overweight and Normal Weight Children. Can J 
Diet Pract Res. 2005;66(3):162-169. 

8.  Gutin B. Diet vs exercise for the prevention of pediatric obesity: the role of 
exercise. Int J Obes (Lond). 2011;35(1):29-32. doi:10.1038/ijo.2010.140 

9.  Sigal RJ, Alberga AS, Goldfield GS, et al. Effects of aerobic training, resistance 
training, or both on percentage body fat and cardiometabolic risk markers in obese 
adolescents: the healthy eating aerobic and resistance training in youth randomized 
clinical trial. JAMA Pediatr. 2014;168(11):1006-1014. 
doi:10.1001/jamapediatrics.2014.1392 

10.  Janssen I, Lebkanc AG. Systematic review of the health benefits of physical 
activity and fitness in school-aged children and youth. Int J Behav Nutr Phys Act. 
2010;7(40). 

11.  Moore LL, Gao D, Bradlee ML, et al. Does early physical activity predict body fat 
change throughout childhood? Prev Med (Baltim). 2003;37(1):10-17. 
doi:10.1016/S0091-7435(03)00048-3 

12.  Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK. 
Appropriate physical activity intervention strategies for weight loss and prevention 
of weight regain for adults. Med Sci Sports Exerc. 2009;41(2):459-471. 
doi:10.1249/MSS.0b013e3181949333 

13.  Carson V, Tremblay MS, Chaput J-P, et al. Associations between sleep duration, 
sedentary time, physical activity, and health indicators among Canadian children 
and youth using compositional analyses 1. Appl Physiol Nutr Metab. 
2016;41(June):294-302. doi:10.1139/apnm-2016-0026 



 

59 

 

14.  Pedersen BK, Saltin B. Exercise as medicine - Evidence for prescribing exercise as 
therapy in 26 different chronic diseases. Scand J Med Sci Sport. 2015;25:1-72. 
doi:10.1111/sms.12581 

15.  Schwartz C, King NA, Perreira B, Blundell JE, Thivel D. A systematic review and 
meta-analysis of energy and macronutrient intake responses to physical activity 
interventions in children and adolescents with obesity. Pediatr Obes. 2016:1-16. 
doi:10.1111/ijpo.12124 

16.  Guyer AE, Silk JS, Nelson EE. The neurobiology of the emotional adolescent: 
From the inside out. Neurosci Biobehav Rev. 2016;70:74-85. 
doi:10.1016/j.neubiorev.2016.07.037 

17.  Soliman A, De Sanctis V, Elalaily R. Nutrition and pubertal development. Indian J 
Endocrinol Metab. 2014;18(Suppl 1):S39-47. doi:10.4103/2230-8210.145073 

18.  Shields M. Nutrition: Findings from the Canadian Community Health Survey–
Measured Obesity: Overweight Canadian Children and Adolescents.; 2005. 

19.  Pearson N, Biddle SJH. Sedentary behavior and dietary intake in children, 
adolescents, and adults. A systematic review. Am J Prev Med. 2011;41(2):178-
188. doi:10.1016/j.amepre.2011.05.002 

20.  World Health Organization. Guideline : Sugars Intake for Adults and Children.; 
2015. 

21.  Mesas AE, Muñoz-Pareja M, López-García E, Rodríguez-Artalejo F. Selected 
eating behaviours and excess body weight: A systematic review. Obes Rev. 
2012;13(2):106-135. doi:10.1111/j.1467-789X.2011.00936.x 

22.  Moubarac JC, Batal M, Louzada ML, Martinez Steele E, Monteiro CA. 
Consumption of ultra-processed foods predicts diet quality in Canada. Appetite. 
2017;108:512-520. doi:10.1016/j.appet.2016.11.006 

23.  Potvin Kent M, Pauzé E. The effectiveness of self-regulation in limiting the 
advertising of unhealthy foods and beverages on children’s preferred websites in 
Canada. Public Health Nutr. 2017;(9):1-10. doi:10.1017/S1368980017004177 

24.  Edwards CA, Xie C, Garcia AL. Dietary fibre and health in children and 
adolescents. Proc Nutr Soc. 2015;74(3):292-302. 
doi:10.1017/S0029665115002335 

25.  Barr SI, DiFrancesco L, Fulgoni 3rd VL. Breakfast consumption is positively 
associated with nutrient adequacy in Canadian children and adolescents. Br J Nutr. 
2014;112(8):1373-1383. doi:10.1017/s0007114514002190 

26.  Timlin MT, Pereira MA, Story M, Neumark-Sztainer D. Adolescents: Project EAT 
(Eating Among Teens) breakfast eating and weight change in a 5-year prospective 
analysis of breakfast eating and weight change in a 5-year prospective analysis of 
adolescents: Project EAT (Eating Among Teens). Pediatrics. 2008;121(Fig 1):638-
645. doi:10.1542/peds.2007-1035 

27.  Coppinger T, Jeanes YM, Hardwick J, Reeves S. Body mass, frequency of eating 
and breakfast consumption in 9-13-year-olds. J Hum Nutr Diet. 2012;25(1):43-49. 



 

60 

 

doi:10.1111/j.1365-277X.2011.01184.x 
28.  Ahadi Z, Qorbani M, Kelishadi R, et al. Association between breakfast intake with 

anthropometric measurements, blood pressure and food consumption behaviors 
among Iranian children and adolescents: The CASPIAN-IV study. Public Health. 
2015;129(6):740-747. doi:10.1016/j.puhe.2015.03.019 

29.  Reeves S, Huber JW, Halsey LG, Horabady-Farahani Y, Ijadi M, Smith T. 
Experimental manipulation of breakfast in normal and overweight/obese 
participants is associated with changes to nutrient and energy intake consumption 
patterns. Physiol Behav. 2014;133:130-135. doi:10.1016/j.physbeh.2014.05.015 

30.  Lau DCW, Douketis JD, Morrison KM, Hramiak IM, Sharma AM. 2006 Canadian 
clinical practice guidelines on management and prevention of obesity in adults and 
children. Can Med Assoc J. 2007;176(8). 

31.  Styne DM, Arslanian SA, Connor EL, et al. Pediatric obesity-assessment, 
treatment, and prevention: An endocrine society clinical practice guideline. J Clin 
Endocrinol Metab. 2017;102(3):709-757. doi:10.1210/jc.2016-2573 

32.  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;135:130-134. doi:10.1016/j.physbeh.2014.06.013 

33.  Ambler C, Eliakim A, Brasel JA, Lee WN, Burke G, Cooper DM. Fitness and the 
effect of exercise training on the dietary intake of healthy adolescents. Int J Obes 
Relat Metab Disord. 1998;22(4):354-362. 
http://www.ncbi.nlm.nih.gov/pubmed/9578242. Accessed October 3, 2016. 

34.  Sims EAH, Danforth EJ. Expenditure and Storage of Energy in Man. J Clin 
Investig. 1987;79:1019-1025. 

35.  Woo R, Pisunyer FX. Effect of Increased Physical-Activity on Voluntary Intake in 
Lean Women. Metab Exp. 1985;34(9):836-841. doi:10.1016/0026-0495(85)90108-
8 

36.  Stubbs RJ, Sepp A, Hughes DA, et al. The effect of graded levels of exercise on 
energy intake and balance in free-living women. Int J Obes Relat Metab Disord. 
2002;26(6):866-869. doi:10.1038/sj.ijo.0801874 

37.  Thivel D, Rumbold PL, King NA, Pereira B, Blundell JE, Mathieu M-E. Acute 
post-exercise energy and macronutrient intake in lean and obese youth: A 
systematic review and meta-analysis. Int J Obes (Lond). 2016;(May):1469-1479. 
doi:10.1038/ijo.2016.122 

38.  Thivel D, Isacco L, Montaurier C, Boirie Y, Duché 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). 

39.  Prado WL, Lofrano-Prado MC, Oyama LM, et al. Effect of a 12-Week Low vs. 
High Intensity Aerobic Exercise Training on Appetite-Regulating Hormones in 
Obese Adolescents: A Randomized Exercise Intervention Study. Pediatr Exerc 
Sci. 2015;27(4):510-517. doi:10.1123/pes.2015-0018 



 

61 

 

40.  Martins C, Stensvold D, Finlayson G, et al. Effect of moderate- and high-intensity 
acute exercise on appetite in obese individuals. Med Sci Sports Exerc. 
2014;47(1):40-48. doi:10.1249/MSS.0000000000000372 

41.  Saunders TJ, Chaput J-P, Goldfield GS, et al. Children and youth do not 
compensate for an imposed bout of prolonged sitting by reducing subsequent food 
intake or increasing physical activity levels: a randomised cross-over study. Br J 
Nutr. 2014;111(4):747-754. doi:10.1017/S000711451300295X 

42.  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;43(2):127-134. doi:10.1016/j.appet.2004.02.008 

43.  Thivel D, Metz L, Julien A, Morio B, Duché P. Obese but not lean adolescents 
spontaneously decrease energy intake after intensive exercise. Physiol Behav. 
2014;123:41-46. doi:10.1016/j.physbeh.2013.09.018 

44.  Hubert P, King NA, Blundell JE. Uncoupling the effects of energy expenditure and 
energy intake: appetite response to short-term energy deficit induced by meal 
omission and physical activity. Appetite. 1998;31(1):9-19. 
doi:10.1006/appe.1997.0148 

45.  Dodd CJ, Welsman JR, Armstrong N. Energy intake and appetite following 
exercise in lean and overweight girls. Appetite. 2008;51(3):482-488. 
doi:10.1016/j.appet.2008.03.009 

46.  King NA, Tremblay A, Blundell JE. Effects of exercise on appetite control: 
implications for energy balance. Med Sci Sports Exerc. 1997;29(8):1076-1089. 
http://www.ncbi.nlm.nih.gov/pubmed/9268966. Accessed October 3, 2016. 

47.  Cameron JD, Goldfield GS, Riou M-È, Finlayson GS, Blundell JE, Doucet É. 
Energy depletion by diet or aerobic exercise alone: impact of energy deficit 
modality on appetite parameters. Am J Clin Nutr. 2016;103(4):1008-1016. 
doi:10.3945/ajcn.115.115584 

48.  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 Obes. 2010;5(3):221-229. doi:10.3109/17477160903311538 

49.  Thivel D, Isacco L, Taillardat M, et al. Gender effect on exercise-induced energy 
intake modification among obese adolescents. Appetite. 2011;56(3):658-661. 
doi:10.1016/j.appet.2011.02.020 

50.  De Keyzer W, Huybrechts I, De Vriendt V, et al. Repeated 24-hour recalls versus 
dietary records for estimating nutrient intakes in a national food consumption 
survey. Food Nutr Res. 2011;55:1-10. doi:10.3402/fnr.v55i0.7307 

51.  Moshfegh AJ, Rhodes DG, Baer DJ, et al. The US Department of Agriculture 
Automated Multiple-Pass Method reduces bias in the collection of energy intakes. 
Am J Clin Nutr. 2008;88(2):324-332. doi:88/2/324 [pii] 

52.  King NA, Lluch A, Stubbs RJ, Blundell JE. High dose exercise does not increase 
hunger or energy intake in free living males. Eur J Clin Nutr. 1997;51(7):478-483. 



 

62 

 

http://www.ncbi.nlm.nih.gov/pubmed/9234032. Accessed October 3, 2016. 
53.  Thivel D, Metz L, Aucouturier J, Brakoniecki K, Duche P, Morio B. The effects of 

imposed sedentary behavior and exercise on energy intake in adolescents with 
obesity. J Dev Behav Pediatr. 2013;34(8):616-622. 
doi:10.1097/DBP.0000000000000010 

54.  Durrant ML, Patrick Royston J, Wloch RT. Effect of exercise on energy intake and 
eating patterns in lean and obese humans. Physiol Behav. 1982;29(3):449-454. 
doi:http://dx.doi.org/10.1016/0031-9384(82)90265-7 

55.  King JA, Garnham JO, Jackson AP, Kelly BM, Xenophontos S, Nimmo MA. 
Appetite-regulatory hormone responses on the day following a prolonged bout of 
moderate-intensity exercise. Physiol Behav. 2015;141:23-31. 
doi:10.1016/j.physbeh.2014.12.050 

56.  Stubbs RJ, Hughes D a, Johnstone  a M, et al. Rate and extent of compensatory 
changes in energy intake and expenditure in response to altered exercise and diet 
composition in humans. Am J Physiol Regul Integr Comp Physiol. 
2004;286(2):R350-R358. doi:10.1152/ajpregu.00196.2003 

57.  McNeil, J., Cadieux, S., Finlayson, G., Blundell, J.E., Doucet E. The effects of a 
single bout of aerobic or resistance exercise on food reward. Small. 
2015;30(7):2428-2432. doi:10.1523/JNEUROSCI.5483-09.2010.Genetically 

58.  George VA, Morganstein A. Effect of moderate intensity exercise on acute energy 
intake in normal and overweight females. Appetite. 2003;40(1):43-46. 
doi:10.1016/S0195-6663(02)00146-0 

59.  Jéquier E. Carbohydrates as a source of energy. Am J Clin Nutr. 1994;59(3):682-
685. 

60.  Delzenne N, Blundell J, Brouns F, et al. Gastrointestinal targets of appetite 
regulation in humans: ILSI Supplement. Obes Rev. 2010;11(3):234-250. 
doi:10.1111/j.1467-789X.2009.00707.x 

61.  Gillman MW, Pinto PM, Tennstedt S, Glanz K, Marcus B, Friedman RH. 
Relationship of Physical Activity with Dietary Behaviors among Adults. Prev Med 
(Baltim). 2001;32:295-301. doi:10.1006/pm 

62.  Rhew I, Yasui Y, Sorensen B, et al. Effects of an exercise intervention on other 
health behaviors in overweight/obese post-menopausal women. Contemp Clin 
Trials. 2007;28(4):472-481. doi:10.1016/j.cct.2007.01.002 

63.  Wilcox S, King AC, Castro C, Bortz W. Do changes in physical activity lead to 
dietary changes in middle and old age? Am J Prev Med. 2000;18(4):276-283. 
doi:10.1016/S0749-3797(00)00117-3 

64.  Thivel D, Blundell JE, Duché P, Morio B. Acute exercise and subsequent 
nutritional adaptations: What about obese youths? Sport Med. 2012;42(7):607-613. 
doi:10.2165/11632460-000000000-00000 

65.  Stensel D. Exercise, appetite and appetite-regulating hormones: Implications for 
food intake and weight control. Ann Nutr Metab. 2011;57(SUPPL. 2):36-42. 



 

63 

 

doi:10.1159/000322702 
66.  Andrade AM, Coutinho SR, Silva MN, et al. The effect of physical activity on 

weight loss is mediated by eating self-regulation. Patient Educ Couns. 
2010;79(3):320-326. doi:10.1016/j.pec.2010.01.006 

67.  Emery RL, Levine MD, Jakicic JM. Examining the effect of binge eating and 
disinhibition on compensatory changes in energy balance following exercise 
among overweight and obese women. Eat Behav. 2016;22:10-15. 
doi:10.1016/j.eatbeh.2016.03.033 

68.  Chaput JP, Drapeau V, Hetherington M, Lemieux S, Provencher V, Tremblay A. 
Psychobiological impact of a progressive weight loss program in obese men. 
Physiol Behav. 2005;86(1-2):224-232. doi:10.1016/j.physbeh.2005.07.014 

69.  Chaput J-P, Drapeau V, Hetherington M, Lemieux S, Provencher V, Tremblay A. 
Psychobiological effects observed in obese men experiencing body weight loss 
plateau. Depress Anxiety. 2007;24(7):518-521. doi:10.1002/da 

70.  Nurkkala M, Kaikkonen K, Vanhala ML, Keranen AM, Korpelainen R. Lifestyle 
intervention has a beneficial effect on eating behavior and long-term weight loss in 
obese adults. Eat Behav. 2015;18:179-185. 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS
=N&AN=26112229. 

71.  Stein AT, Greathouse LJ, Otto MW. Eating in response to exercise cues: Role of 
self-control fatigue, exercise habits, and eating restraint. Appetite. 2016;96:56-61. 
doi:10.1016/j.appet.2015.09.007 

72.  Chanoine J-P, Mackelvie KJ, Barr SI, Wong ACK, Meneilly GS, Elahi DH. GLP-1 
and appetite responses to a meal in lean and overweight adolescents following 
exercise. Obesity (Silver Spring). 2008;16(1):202-204. doi:10.1038/oby.2007.39 

73.  Moreno L a, Ochoa MC, Wärnberg J, Marti A, Martínez J a, Marcos A. Treatment 
of obesity in children and adolescents. How nutrition can work? Int J Pediatr 
Obes. 2008;3:72-77. doi:10.1080/17477160801897158 

74.  Story, M; Neumark-Steinzer, D; French S. Individual and environmental 
influences on adolescent eating behaviors. J Am Diet Assoc. 2002;102(3):40-51. 

75.  Evero N, Hackett LC, Clark RD, Phelan S, Hagobian T a. Aerobic exercise 
reduces neuronal responses in food reward brain regions. J Appl Physiol. 
2012;112(March 2012):1612-1619. doi:10.1152/japplphysiol.01365.2011 

76.  Hagobian T a, Sharoff CG, Stephens BR, et al. Effects of exercise on energy-
regulating hormones and appetite in men and women. Am J Physiol Regul Integr 
Comp Physiol. 2009;296(2):R233-42. doi:10.1152/ajpregu.90671.2008 

77.  Collins R, Stafford LD. Feeling happy and thinking about food. Counteractive 
effects of mood and memory on food consumption. Appetite. 2015;84:107-112. 
doi:10.1016/j.appet.2014.09.021 

78.  McMartin SE, Willows ND, Colman I, Ohinmaa A, Storey K, Veugelers PJ. Diet 
quality and feelings of worry, sadness or unhappiness in Canadian children. Can J 



 

64 

 

Public Heal. 2013;104(4). doi:10.17269/cjph.104.3845 
79.  Patel K a, Schlundt DG. Impact of moods and social context on eating behavior. 

Appetite. 2001;36(2):111-118. doi:10.1006/appe.2000.0385 
80.  Canetti L, Bachar E, Berry EM. Food and emotion. Behav Processes. 

2002;60:157-164. http://ac.els-cdn.com.libproxy.usc.edu/S0376635702000827/1-
s2.0-S0376635702000827-main.pdf?_tid=a0bac762-d6ae-11e4-9f36-
00000aacb362&acdnat=1427700803_6179645cbfd2b811ae7003ea5d80ffac. 

81.  Shorten AL, Wallman KE, Guelfi KJ. Acute effect of environmental temperature 
during exercise on subsequent energy intake in active men. Am J Clin Nut. 
2009;90:1215-1221. doi:10.3945/ajcn.2009.28162.Am 

82.  Herman CP, Polivy J. Normative influences on food intake. Physiol Behav. 
2005;86(5):762-772. doi:10.1016/j.physbeh.2005.08.064 

83.  Østbye T, Malhotra R, Stroo M, et al. The effect of the home environment on 
physical activity and dietary intake in preschool children. Int J Obes (Lond). 
2013;37(10):1314-1321. doi:10.1038/ijo.2013.76 

84.  Carnell S, Wardle J. Measuring behavioural susceptibility to obesity: Validation of 
the child eating behaviour questionnaire. Appetite. 2007;48(1):104-113. 
doi:10.1016/j.appet.2006.07.075 

85.  Cameron J, Doucet E. Getting to the bottom of feeding behaviour: who’s on top? 
Appl Physiol Nutr Metab. 2007;32(2):177-189. doi:10.1139/h06-072 

86.  Bibiloni MDM, Pich J, Pons A, Tur JA. Body image and eating patterns among 
adolescents. BMC Public Health. 2013;13(1). doi:10.1186/1471-2458-13-1104 

87.  Wardle J, Parmenter K, Waller J. Nutrition knowledge and food intake. Appetite. 
2000;34(3):269-275. doi:10.1006/appe.2000.0314 

88.  Shepherd R, Towler G. Nutrition knowledge, attitudes and fat intake: Application 
of the theory of reasoned action. J Hum Nutr Diet. 2007;20(3):159-169. 
doi:10.1111/j.1365-277X.2007.00776.x 

89.  Chaput JP, Dutil C. Lack of sleep as a contributor to obesity in adolescents: 
Impacts on eating and activity behaviors. Int J Behav Nutr Phys Act. 2016;13(1):1-
9. doi:10.1186/s12966-016-0428-0 

90.  Hersch D, Perdue L, Ambroz T, Boucher JL. The Impact of Cooking Classes on 
Food-Related Preferences, Attitudes, and Behaviors of School-Aged Children: A 
Systematic Review of the Evidence, 2003–2014. Prev Chronic Dis. 
2014;11(2):140267. doi:10.5888/pcd11.140267 

91.  Bollati V, Favero C, Albetti B, et al. Nutrients intake is associated with DNA 
methylation of candidate inflammatory genes in a population of obese subjects. 
Nutrients. 2014;6(10):4625-4639. doi:10.3390/nu6104625 

92.  Woods, Stephen C.; Gotoh, Koro; Clegg DJ. Gender Differences in the Control of 
Energy Homeostasis. Soc Exp Biol Med. 2003;228(10):1175-1180. 

93.  Cameron JD, Sigal RJ, Kenny GP, et al. Body composition and energy intake - 



 

65 

 

skeletal muscle mass is the strongest predictor of food intake in obese adolescents: 
The HEARTY trial. Appl Physiol Nutr Metab = Physiol Appl Nutr métabolisme. 
2016;41(6):611-617. doi:10.1139/apnm-2015-0479 

94.  Elder SJ, Roberts SB. The Effects of Exercise on Food Intake and Body Fatness : 
A Summary of Published Studies. Nutr Rev. 2007;65(1):1-19. 
doi:10.1301/nr.2007.jan.1 

95.  Eicher-Miller HA, Khanna N, Boushey CJ, Gelfand SB, Delp EJ. Temporal 
Dietary Patterns Derived among the Adult Participants of the National Health and 
Nutrition Examination Survey 1999-2004 Are Associated with Diet Quality. J 
Acad Nutr Diet. 2016;116(2):283-291. doi:10.1016/j.jand.2015.05.014 

96.  Hiza HAB, Casavale KO, Guenther PM, Davis CA. Diet Quality of Americans 
Differs by Age, Sex, Race/Ethnicity, Income, and Education Level. J Acad Nutr 
Diet. 2013;113(2):297-306. doi:10.1016/j.jand.2012.08.011 

97.  Story M, Kaphingst KM, Robinson-O’Brien R, Glanz K. Creating healthy food 
and eating environments: Policy and environmental approaches. Annu Heal. 
2008;29:253-272. doi:10.1146/annurev.publhealth.29.020907.090926 

98.  Lapierre MA, Fleming-Milici F, Rozendaal E, McAlister AR, Castonguay J. The 
Effect of Advertising on Children and Adolescents. Pediatrics. 
2017;140(Supplement 2):S152-S156. doi:10.1542/peds.2016-1758V 

99.  Tarabashkina L, Quester P, Crouch R. Food advertising, children’s food choices 
and obesity: interplay of cognitive defences and product evaluation: an 
experimental study. Int J Obes. 2016;40(4):581-586. doi:10.1038/ijo.2015.234 

100.  Darmon N, Drewnowski A. Contribution of food prices and diet cost to 
socioeconomic disparities in diet quality and health: A systematic review and 
analysis. Nutr Rev. 2015;73(10):643-660. doi:10.1093/nutrit/nuv027 

101.  Annesi JJ, Porter KJ. Reciprocal effects of treatment-induced increases in exercise 
and improved eating, and their psychosocial correlates, in obese adults seeking 
weight loss: a field-based trial. Int J Behav Nutr Phys Act. 2013;10:133. 
doi:10.1186/1479-5868-10-133 

102.  Annesi JJ, Mareno N. Indirect effects of exercise on emotional eating through 
psychological predictors of weight loss in women. Appetite. 2015;95:219-227. 
doi:10.1016/j.appet.2015.07.012 

103.  Finlayson G, Bryant E, Blundell JE, King NA. Acute compensatory eating 
following exercise is associated with implicit hedonic wanting for food. Physiol 
Behav. 2009;97(1):62-67. doi:10.1016/j.physbeh.2009.02.002 

104.  Shatenstein B, Gauvin L, Keller H, et al. Baseline determinants of global diet 
quality in older men and women from the NuAge cohort. J Nutr Heal Aging. 
2013;17(5):419-425. doi:10.1007/s12603-012-0436-y 

105.  Story M, Alton I. Becoming a Woman: Nutrition in Adolescence. Aspen 
Publishers; 1996. 

106.  Verstraeten R, Van Royen K, Ochoa-Avilés A, et al. A conceptual framework for 



 

66 

 

healthy eating behavior in ecuadorian adolescents: A qualitative study. PLoS One. 
2014;9(1):1-7. doi:10.1371/journal.pone.0087183 

107.  Scaglioni S, Arrizza C, Vecchi F, Tedeschi S. Determinants of children ’ s eating 
behavior. Am J Clin Nutr. 2011;94(6 Suppl):S2006-2011. 
doi:10.3945/ajcn.110.001685.1 

108.  Gillis LJ, Kennedy LC, Gillis AM, Bar-Or O. Relationship between juvenile 
obesity, dietary energy and fat intake and physical activity. Int J Obes Relat Metab 
Disord. 2002;26(4):458-463. http://www.ncbi.nlm.nih.gov/pubmed/12075571. 
Accessed October 3, 2016. 

109.  St-Onge M-P. Sleep-obesity relation: underlying mechanisms and consequences 
for treatment. Obes Rev. 2017;18(February):34-39. doi:10.1111/obr.12499 

110.  Janssen I, Roberts KC, Thompson W. Is adherence to the Canadian 24-Hour 
Movement Behaviour Guidelines for Children and Youth associated with 
improved indicators of physical, mental, and social health? Appl Physiol Nutr 
Metab. 2017;42(7):725-731. doi:10.1139/apnm-2016-0681 

111.  French SA, Epstein LH, Jeffery RW, Blundell JE, Wardle J. Eating behavior 
dimensions. Associations with energy intake and body weight. A review. Appetite. 
2012;59(2):541-549. doi:10.1016/j.appet.2012.07.001 

112.  Lean M, Malkova D. Altered gut and adipose tissue hormones in overweight and 
obese individuals: cause or consequence? Int J Obes. 2015;40(August 2015):622-
632. doi:10.1038/ijo.2015.220 

113.  Thackray AE, Deighton K, King JA, Stensel DJ. Exercise, Appetite and Weight 
Control: Are There Differences between Men and Women? Nutrients. 8(9). 
doi:10.3390/nu8090583 

114.  Perneger T V. What’s wrong with Bonferroni adjustments. BMJ. 
1998;316(7139):1236-1238. doi:10.15713/ins.mmj.3 

115.  Dhurandhar N V., Schoeller D, Brown AW, et al. Energy balance measurement: 
When something is not better than nothing. Int J Obes. 2015;39(7):1109-1113. 
doi:10.1038/ijo.2014.199 

116.  Subar AF, Freedman LS, Tooze JA, et al. Addressing Current Criticism Regarding 
the Value of Self-Report Dietary Data. J Nutr. 2015;145(12):2639-2645. 
doi:10.3945/jn.115.219634 



 

67 

 

APPENDIX I 
EUROPEAN CONGRES ON OBESITY 2018 (EUROPEAN ASSOCIATION FOR THE 
STUDY OF OBESITY), VIENNA, AUSTRIA 
MAY 22ND – MAY 26TH, 2018 
 
Average Diet Quality Scores of Inactive Adolescents Was Not Altered by an 8-Week 
Aerobic Exercise Program 
Pouliot C1,2, Biagé A2, Prud’homme D1,2, Giroux I 2,3 
 
1School of Human Kinetics, Faculty of Health Sciences, University of Ottawa, ON, Canada 
2 Institut du Savoir Montfort, ON, Canada 
3School of Nutrition Sciences, University of Ottawa, ON, Canada 
 
Intro: Exercise is known to have many health benefits. Studies suggest it may lead to a decrease 
in energy intake of adolescents, thus playing a role in obesity prevention and management. This 
may be in part due to changes in macronutrient intake, which was especially observed in 
adolescents with excess body weight. However, studies remain unclear as to how adolescents 
modify their diet following the initiation of an exercise program. This study examined the effect 
of both exercise and weight status on diet quality of previously inactive adolescents. 
 
Methods: A total of twenty-six adolescents, 17 with normal weight (BMI: 20.4±1.9kg/m2) and 9 
with excess body weight (BMI: 29.0±3.6 kg/m2), participated in an 8-week moderate intensity 
aerobic exercise program on cycle ergometers. Two 24-hour dietary recalls were completed in 
pre-intervention and four in post-intervention. Dietary assessments were conducted by dietitians 
and trained nutrition interns using the Multiple Pass Method and food models. Data were 
analyzed with ESHA Food Processor software. The Healthy Eating Index adapted to Canadians 
(HEI-C) was used to assess diet quality of participants. Daily scores were averaged for pre- and 
post-intervention conditions. Scores were categorized as “good quality diet” (>80%), “diet 
needing improvement” (50-80%) or “poor quality diet” (<50%). A mixed-method ANOVA was 
conducted to compare pre- and post-intervention HEI-C scores between adolescents with normal 
and excess body weight. Friedman’s test was also used for data that did not meet normality 
assumptions.  
 
Results: Average HEI-C scores of adolescents was 59.62 ±12.24% at baseline, which qualifies as 
“diet needing improvement”. There was no significant difference in baseline scores based on 
weight status or sex. Our analyses also revealed no significant interaction or independent effect of 
exercise or weight status on HEI-C scores of adolescents (p>0.05). When analyzing each 
components of the HEI-C, scores were not statistically different between pre- and post-
intervention conditions (p>0.05). However, we observed individual variation in diet quality 
scores in response to the exercise program (Figure 1). Twenty-seven percent of participants 
changed diet quality categories following the exercise program. Five of those participants made 
improvements to their diet (“poor quality diet” to “diet needing improvement”) while the other 
two decreased their adherence to Canadian Food Guide recommendations (“diet needing 
improvement” to “poor quality diet”). 
 
Conclusion: Participation in the 8-week exercise program did not significantly influence the total 
HEI-C scores of adolescents or any of its components. Our results highlight the need to provide 
nutrition education to adolescents initiating an exercise program. Future studies should aim for a 
larger sample size and examine the effect of exercise on other dietary assessment parameters.
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HUMAN KINETICS GRADUATE STUDENT ASSOCIATION CONFERENCE, 
UNIVERSITY OF OTTAWA, CANADA 
APRIL 12, 2018 
 
Can an aerobic exercise program play a role in modidying eating patterns of previously 
inactive adolescents? 
Catherine Pouliot1,2, Alyssa Biagé2, Denis Prud’homme1,2, Isabelle Giroux3 
 
1School of Human Kinetics, University of Ottawa, Ottawa, ON 
2Institut du savoir Montfort Recherche, Hôpital Montfort, Ottawa, ON 
3School of Nutrition Sciences, University of Ottawa, Ottawa, ON 
 
Introduction: Adopting healthy eating habits and an active lifestyle early on in life was found to 
have preventative effects on obesity. Engaging in exercise may lead to a decrease in energy 
intake. However, it remains unclear how exercise affects the eating pattern of adolescents with 
normal and excess weight. This study aimed to evaluate the effect of an aerobic exercise program 
and weight status on eating frequency, snacking pattern and daily energy distribution of 
adolescents. 
 
Methods: Twenty-six adolescents (15.28±0.96yrs), 17 normal weight and 9 with excess weight, 
participated in three 30-minute sessions/week on cycle ergometer for 8 weeks. Diets were 
assessed using 24-hour recalls, in pre- and post-intervention. Baseline differences in frequency of 
eating occurrences, snacking and daily energy intake distribution were assessed using 
independent sample t-tests. Mixed method ANOVA was conducted to assess the effect of the 
exercise program and weight status on the previously listed variables.  
 
Results: The exercise program lead to a decrease in eating frequency of participants with excess 
weight (p=0.01). All participants significantly decreased the percentage of energy intake 
consumed as snacks following the intervention (p=0.002). Additionally, participants decreased 
the percentage of energy intake consumed at school (p=0.04) and increased the percentage of 
energy consumed after school (p=0.05).  
 
Discussion and Conclusions: Participation in an aerobic exercise program may lead to changes 
in eating patterns of adolescents. The decrease in energy intake observed in previous studies may 
be driven by the decrease in daily eating frequency and energy consumed as snacks. More 
research is needed to support these findings.  
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OBESITY WEEK 2017 CONFERENCE (THE OBESITY SOCIETY), WASHINGTON 
DC, USA 
OCTOBER 30TH – NOVEMBER 2ND, 2017 
 
The Effect of Exercise on Eating Behaviors of Adolescents with Normal and Excess Body 
Weight 
Pouliot C1,2, Biagé A2, Prud’homme D1,2, Giroux I 2,3 
 

1School of Human Kinetics, Faculty of Health Sciences, University of Ottawa, ON, Canada 
2 Institut du Savoir Montfort, ON, Canada 
3School of Nutrition Sciences, University of Ottawa, ON, Canada 
 
Background: Evidence suggests that exercise may lead to changes in eating behaviors, which 
could help explain subsequent changes in energy intake. Moreover, dietary responses to exercise 
are thought to differ based on weight status. While these variables have been examined in adults, 
it remains unclear as to how a long-term exercise intervention elicits a change in eating behaviors 
of adolescents. This study examined the concomitant effects of an aerobic exercise program and 
weight status on eating behaviors of inactive adolescents with normal and excess body weight.  
 
Methods: This quasi-experimental study involved seventeen adolescents with normal body 
weight (BMI: 20.4±1.9kg/m2) and nine with excess body weight (BMI: 29.0±3.6 kg/m2) having 
taken part in an 8-week aerobic exercise program on cycle ergometers. Participants completed the 
18-item Three-Factor Eating Behavior Questionnaire (TFEQ-18) to assess cognitive restraint, 
uncontrolled eating, and emotional eating. A mixed-method ANOVA was used to compare pre- 
and post-intervention TFEQ-18 scores between adolescents with normal and excess body weight. 
Statistical analyses were adjusted for sex. 
 
Results: No statistically significant interaction was found between exercise and weight status for 
cognitive restraint (p=0.95), uncontrolled eating (p=0.88) or emotional eating (p=0.52). There 
was also no effect of the exercise intervention on any of the previously mentioned eating 
behaviors (p>0.05). Weight status did not statistically influence uncontrolled eating (p=0.27) or 
emotional eating (p=0.62). However, we observed that adolescents with normal body weight had 
greater cognitive restraint than those with excess body weight (p=0.008, ƞ2=0.27).  
 
Conclusion: An 8-week aerobic exercise program did not elicit changes in eating behaviors of 
adolescents. However, weight status was found to affect cognitive restraint. Studies with a greater 
sample size are needed to further investigate the effect of exercise on eating behaviors of 
adolescents.   
 



 

70 

 

APPENDIX II 

 
 
 
 
 



 

71 

 

 

 
 
 
 
 
 



 

72 

 

 

 
 
 
 
 
 



 

73 

 

 

 
 
 
 
 
 



 

74 

 

 

 
 
 
 
 
 



 

75 

 

 

 
 
 
 
 
 
 
 



 

76 

 

 



 

77 

 

APPENDIX III 
 

 

Catherine




 

78 

 

 
 
 
 

 

Catherine




 

79 

 

 

Catherine


Catherine




 

80 

 

APPENDIX IV 
INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
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TANNER STAGES 

Mettre un X sur l’image qui vous représente le plus présentement. 

 

 
Date de la dernière menstruation : Du _______________ au __________________ 

 

WEIGHT PERCEPTION 

Réponds à ces questions sincèrement. 

Entreprends-tu des démarches spécifiques présentement pour… 

1. … Perdre du poids?       Oui   Non 
2. … Maintenir ton poids?       Oui   Non 
3. … Prendre du poids (ex. masse musculaire)?    Oui   Non 

 

Si oui, précise le type de moyen(s)? _______________________________________ 
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ETHNIC ORIGIN 

Êtes-vous: 1 : Blanc / 2 : Sud-Asiatique (p. ex., Indien de l'Inde, Pakistanais, Sri-
Lankais, etc.) / 

 3 : Chinois / 4 : Noir / 5 : Philippin / 6 : Latino-Américain / 7 : Arabe / 8 : Asiatique du 
Sud-Est (p. ex., Vietnamien, Cambodgien, Malaisien, Laotien, etc.) / 9 : Asiatique 
occidental (p. ex., Iranien, Afghan, etc.) / 10 : Coréen / 11 : Japonais 

12 : Autre – Précisez : _____________________________________________________ 

 

ISCOLE QUESTIONNAIRE 

Pour les questions 1 à 4, dites-nous ce que vous avez fait la semaine passée? 

 

1. Pendant une journée d’école (de semaine), combien d’heures de télévision avez-vous 
visionnées? 

 
 

 Aucun  < 1 heure   1 heure  2 heures  3 heures  4 heures  5 heures ou plus 

  de télévision lors de journées d’école 

 

2. Pendant une journée d’école (de semaine), combien d’heures avez-vous passé à jouer un 
jeux vidéo ou un jeu d’ordinateur ou utiliser l’ordinateur pour une raison autre que vos travaux 
d’école? 

 

 Aucun  < 1 heure   1 heure  2 heures  3 heures  4 heures  5 heures ou plus 

 à jouer un jeux vidéo ou un jeu d’ordinateur ou à utilisé l’ordinateur pour une raison autre 
que vos travaux d’école? 

 

3. Pendant une journée de fin de semaine, combien d’heures de télévision avez-vous 
visionnées? 

 
 

 Aucun  < 1 heure   1 heure  2 heures  3 heures  4 heures  5 heures ou plus 

 

 de télévision lors de journées de fin de semaine 

 

4. Pendant une journée de fin de semaine, combien d’heures avez-vous passé à jouer un jeux 
vidéo ou un jeu d’ordinateur ou utiliser l’ordinateur pour une raison autre que vos travaux 
d’école? 
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 Aucun  < 1 heure   1 heure  2 heures  3 heures  4 heures  5 heures ou plus 

 à jouer un jeux vidéo ou un jeu d’ordinateur ou à utilisé l’ordinateur pour une raison autre 
que vos travaux d’école? 

 

5. Lors de la dernière semaine, à quelle heure avez-vous, en moyenne, fermer les lumières 
pour aller vous coucher et dormir lors des journées d’école (durant la semaine)? 

¨¨:¨¨ AM / PM (encerclez AM or PM) 

6. Lors de la dernière semaine, à quelle heure vous êtes-vous, en moyenne, réveillez le matin 
lors des journées d’école (durant la semaine)? 

¨¨:¨¨ AM / PM (encerclez AM or PM) 

7. Lors de la dernière semaine, à quelle heure avez-vous, en moyenne, fermer les lumières 
pour aller vous coucher et dormir lors des journées de fin de semaine? 

¨¨:¨¨ AM / PM (encerclez AM or PM) 

8. Lors de la dernière semaine, à quelle heure vous êtes-vous, en moyenne, réveillez le matin 
lors des journées de fin de semaine? 

¨¨:¨¨ AM / PM (encerclez AM or PM) 

9. Lors de la semaine passée, comment qualifierais-tu la qualité de ton sommeil en somme? 

(Comment dors-tu?) 

  Très bien   Bien  Mauvais   Très mauvais  

 

10. Lors de la semaine passée, comment qualifierais-tu la quantité de ton sommeil en somme?  

 

 Très bien   Bien    Mauvais   Très mauvais 
 

11. Avez-vous une télévision dans votre chambre? 
 

  Oui   Non   
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12. À quelle fréquence, en moyenne, regardez-vous cette télévision par semaine (combien de 
fois par semaine regardez-vous cette télévision) ? 
  

____________ fois par semaine 

 

18-ITEM THREE FACTOR EATING BEHAVIOUR QUESTIONNAIRE  

Partie 1  

1. Je choisis volontairement de manger des petites portions d’aliments afin de 
contrôler mon poids. 

 

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

2. Je m’abstiens volontairement de manger aux repas afin d’éviter de prendre du 
poids.  

 

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

3. Je ne mange pas certains aliments, car ils me font prendre du poids.  

 

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

4. À quelle fréquence évitez-vous de manger des aliments qui vous semblent 
tentants ?  

 

□ Presque jamais □ Parfois □ La plupart du temps □ Presque toujours 

 

5. À quel point avez-vous tendance à consciemment manger moins que vous le 
désiriez ?  
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□ Presque jamais □ Parfois □ La plupart du temps □ Presque toujours 

 

6. Sur une échelle de 1 à 8, où 1 signifie aucune restriction alimentaire (manger ce 
que vous voulez, lorsque vous voulez), et 8 signifie une restriction importante 
(vous limitez constamment votre apport alimentaire et refusez de succomber aux 
tentations), quel numéro vous donnerez-vous ?  

 

□ 1 □ 2 □ 3 □ 4 □ 5 □ 6 □ 7 □ 8 

 

Partie 2  

1. Lorsque je sens l’odeur d’un steak en train de cuire ou lorsque je vois un beau 
morceau de viande, il m’est très difficile de ne pas manger même si je sors de table.   

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

2. Parfois, lorsque je commence à manger, je n’arrive pas à m’arrêter.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

3. Être avec quelqu’un qui mange me donne souvent envie de manger aussi.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

4. Lorsque je vois un délice, je commence souvent à avoir tellement faim que je dois 
manger tout de suite.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

5. J’ai souvent si faim que mon estomac semble être un puits sans fond.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 
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6. J’ai toujours faim donc il est difficile pour moi d’arrêter de manger avant d’avoir fini 
mon assiette.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 
7. J’ai toujours assez faim pour manger à n’importe quel moment.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

8. À quelle fréquence avez-vous faim?  

□ Seulement aux 
moments des repas 

□ Parfois entre les 
repas 

□ Souvent entre les 
repas 

□ Presque en tout 
temps 

 
9. Est-ce qu’il vous arrive de manger de grandes quantités d’aliments même si vous 

n’avez pas faim?  

  □ Jamais □ Rarement  □ Parfois  □ Au moins une 
fois par semaine    

 

Partie 3 

1. Lorsque je suis anxieux, il m’arrive souvent de manger.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 
2. Lorsque je me sens déprimé, je mange souvent trop.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 

 

3. Lorsque je me sens seul, je me console en mangeant.  

□ Définitivement vrai □ Souvent vrai □ Souvent faux □ Définitivement faux 
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GENERAL NUTRITION QUESTIONNAIRE  

 
1. Souffrez-vous d’allergie à certains aliments (ex. allergie aux arachides, aux fruits 

de mer, etc.)?  
� Oui   � Non 
Si oui, quels aliments?  
  
 

2. Souffrez-vous d’intolérance à certains aliments (ex. intolérance au lactose, aux 
produits laitiers, au gluten, etc.)?  

� Oui   � Non 
Si oui, quels aliments?  
  
 

3. Souffrez-vous de maladie(s) qui affectent votre digestion (ex. maladie cœliaque, 
maladie intestinale comme la maladie de Crohn, etc.)?  

� Oui   � Non 
Si oui, laquelle ou lesquelles?  
  
 

4. Suivez-vous une diète particulière à cause de votre état de santé (ex. sans gluten, 
sans lactose, etc.) de façon régulière?  

Oui □ Non □ 
Si oui, quel type de diète?   
 

5. Suivez-vous une diète particulière à cause de votre religion ou vos croyances (ex. 
végétarienne, sans porc, etc.) de façon régulière?  

Oui □ Non □ 
Si oui, quel type de diète?   
 

6. Suivez-vous une diète particulière à cause de vos préférences alimentaires (ex. 
sans poisson, sans sel, sans produits animaux, etc.) de façon régulière?  

Oui □ Non □ 
Si oui, quel type de diète?   
 

7. Modifiez-vous votre alimentation à cause de traitement dentaire (ex. appareil 
d’orthodontie, etc.)?  

Oui □ Non □ 
Si oui, comment modifiez-vous votre alimentation?   
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8. Prenez-vous des suppléments nutritionnels (ex. multivitamine, fer ,  protéines,  
etc.) de façon régulière chaque jour?     

Oui □ Non □ 
Si oui, quel est le nom du (des) supplément(s) ?  
 

9. Prenez-vous des médicaments de façon régulière ?  
Oui □ Non □ 
Si oui, quel est le nom du (des) médicament(s) :    

 

EATING HABIT AND FOOD FREQUENCY QUESTIONNAIRE  

1. En général, diriez-vous que vos habitudes alimentaires sont…? 
a. Excellentes 
b. Très bonnes 
c. Bonnes 
d. Ni bonnes, ni mauvaises 
e. Mauvaises 
f. Très mauvaises 
g. Je ne sais pas 

 

2. Questions en lien avec les choix et la préparation des repas. Cochez la case qui 
vous représente le plus. 

 
  Toujours Souvent Des fois Rarement Jamais 
2a Faites-vous des 

suggestions pour les repas 
familiaux? 

     

2b Participez-vous aux choix 
faits lors de l’achat des 
aliments à l’épicerie? 

     

2c Aidez-vous lors de la 
préparation des repas ou de 
la cuisson des aliments 
(exemple couper, brasser, 
peler, laver)? 

     

2d Préparez-vous des repas 
pour vous-même? 

     

 

3. À quelle fréquence, habituellement, mangez-vous le repas PRINCIPAL avec 
votre famille assise à la table ensemble? Le repas principal représente le repas 
dans la journée qui requière le plus de préparation. Ce n’est pas tous les 
membres de la famille qui doivent être présents. 
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a. Chaque jour 
b. Presque chaque jour 
c. Environ 2 à 3 fois/semaine 
d. Environ une fois/semaine 
e. Jamais 
f. Je ne sais pas 

 

4. Combien de jours par semaine consommez-vous…? 

  Nombre de jours par semaine 
(entre 0 et 7 jours) 

4a Déjeuner  

4b Diner  

4c Souper  

4d Collation le matin  

4e Collation en après-midi  

4f Collation en soirée  

 

5. À quelle fréquence mangez-vous les aliments suivants? Combien de fois (écrire 
un chiffre sous la case qui convient le mieux à votre consommation) par jour, par 
semaine, par mois ou par année? Si vous ne mangez jamais d’un certain aliment, 
écrivez 0 dans chacune des cases associées à cette aliment. 

 

 

 

À quelle fréquence mangez-vous les aliments 
suivants? 

Par jour Par semaine Par mois Par année 

 Consommation de céréales, de fruits et de 
légumes 

    

5a Céréales chaudes ou froides     

Les questions qui suivent se rapportent aux aliments que vous avez l’habitude de manger ou de boire. 
Pensez à tous les aliments que vous mangez, comme repas ou comme collation, tant à la maison qu’à 
l’extérieur.  



 

91 

 

5b Pain à grains entiers     

5c Pain blanc (y compris bagel, pita, tortillas)     

5d Pâtes alimentaires     

5e Riz instantané     

5f Muffins     

5g Agrumes (comme les oranges et les 
pamplemousses)  

    

5h Fruits orangés (comme les pêches, abricots, 
mangues, nectarines, papayes, cantaloups) 

    

5i Fraises, framboises, bleuets     

5j D’autres types de fruits (bananes, pommes, 
poires, etc.) 

    

5k Légumes verts foncés (comme la laitue et les 
épinards) 

    

5l Légumes orangés (comme les carottes et les 
courges) 

    

5m Pommes de terre     

5n D’autres types de légumes (comme les tomates, 
champignons, etc.) 

    

 Consommation de viande et subsituts     

5o Viande rouge (bœuf, hamburger, porc, agneau)     

5p Du foie (foie de bœuf, de veau, de volaille)     

5q Hot-dog de bœuf ou de porc     

5r Saucisse ou bacon     
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5s Viande à sandwich     

5t Œuf     

5u Poisson et fruits de mer     

5v Légumineuses     

5w Noix ou beurre d’arachides     

 Consommation de produits laitiers     

5x Substitut de lait (boissons enrichies à base de 
soya, de riz ou d'amandes) 

    

5y Lait ou boissons à base de lait aromatisées     

5z Fromage cottage     

5aa Fromage fondu (Cheez Whiz)     

5bb Fromage (cheddar, suisse, mozzarella)     

5cc Yogourt     

5dd Crème glacée     

 Breuvages     

5ee Boissons gazeuses diètes     

5ff Boissons gazeuses ordinaires     

5gg Boissons sportives (gatorade, powerade)     

5hh Boisson alcoolisée (comme de la bière, du 
cooler ou du vin) 

    

5ii Jus d’orange ou pamplemousse pur à 100%     

5jj D’autres jus de fruits purs à 100% (pomme, 
raisins, etc.) 
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5kk Boissons à saveur artificielle de fruits     

5ll Jus de légumes     

5mm Café, thé     

5nn Eau du robinet ou de la fontaine     

5oo Eau embouteillée     

 Types de repas     

5pp Aliments faits maison (repas préparés à la 
maison) 

    

5qq Aliments pré-préparés de type repas congelés 
(ex. pizza congelée) 

    

5rr Aliments pré-préparés de type en conserve (ex. 
soupe) 

    

5ss Aliments pré-préparés de type amenés déj� 
faits (ex. sous-marin frais) 

    

 Autres aliments  

(cochez la case qui convient le mieux à vos 
habitudes alimentaires) 

Quelques 
fois par 
jour 

Une fois 
par jour 

Quelques 
fois par 
semaine 

Jamais 

5tt Nourriture frite (comme patates frites)     

5uu Desserts sucrés (comme du gâteau et des 
tartelettes) 

    

5vv Chips et croustilles salées     

5ww Ma�s soufflé     

5xx Craquelins     

5yy Sucreries (comme du chocolat, des friandises et     
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des bonbons) 

5zz Biscuits     

5aaa Beignes, pâtisseries     

 

6. Dans le dernier mois, à quelle fréquence avez-vous mangé ou commandé à un 
restaurant…? 

a. Jamais 
b. 1 à 3 fois par mois 
c. Une fois par semaine (dans le dernier mois) 
d. Plus qu’une fois par semaine (dans le dernier mois) 
e. Chaque jour (dans le dernier mois) 
f. Je ne sais pas 

 

7. Dans le dernier mois, à quelle fréquence avez-vous mangé à la cafétéria…? 
a. Jamais 
b. 1 à 3 fois par mois 
c. Une fois par semaine (dans le dernier mois) 
d. Plus qu’une fois par semaine (dans le dernier mois) 
e. Chaque jour (dans le dernier mois) 
f. Je ne sais pas 

 


