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ABSTRACT



With the recent rise in childhood obesity, much research has focused on exercise and diet as ways to improve health and decrease risk of disease. Not as much research, however, has investigated how to most effectively combine exercise and meals to promote healthy lifestyles for children. It is important for research to be conducted to determine the best ways to improve the health of children and decrease the rates of childhood obesity and Type 2 Diabetes. 


The aim of the current study was to investigate whether or not the timing of exercise affects a child’s blood glucose response to a meal. We investigated the relationship between exercise and mealtime in nine children ranging from 7 to 11 years old. In order to be eligible for the study, the children were required to submit a health history form, a verbal assent and a parent’s signed informed consent, and must have been healthy enough to exercise. To investigate the blood glucose response to a meal, the children underwent four days of testing at the Fitness, Instruction, Testing, and Training Facility (FITT) at ECU. For two of the trials, the children arrived at the FITT building and immediately underwent a measure of their blood glucose concentration. The children then ate a Lunchable provided by the study sponsor, followed by participation in a 60-minute exercise session comprised of active games and moderate exercise. Blood glucose measurements were recorded every 30 minutes that the children were at the FITT building for a total of 90 minutes. For the other two trials, the children also had their blood glucose concentration measured upon arrival. These children then participated in a 60-minute exercise session comprised of active games and moderate exercise, consumed their Lunchable following the exercise, and then rested for 30 minutes. Their blood glucose concentrations were also measured throughout the time they were at the FITT building for a total of 120 minutes. 

It was concluded that, in the children tested, the timing of exercise did not significantly impact the resulting blood glucose concentration after a meal. Future research can determine more specifically the ideal exercise time with respect to meals to better control blood glucose concentrations in children and investigate how the results found in this study compare to obese and diabetic children.  This new information could be used to make significant reductions in the increasing rates of childhood obesity and diabetes that exist in the United States.  

SPECIFIC AIMS AND HYPOTHESIS

This study investigated whether exercising before or after a meal results in a better, lower post-meal blood glucose concentration profile in children. 

Hypothesis:  I hypothesized that exercising before a meal would result in a lower post-meal blood glucose concentration in children because the glucose consumed in the meal would be utilized immediately during the exercise session.

Specific Aim #1:  I tested the hypothesis by measuring blood glucose before and after a meal and during a 60-minute exercise session in 7 through 11 year old children.  This was used to determine the changes in blood glucose concentration observed during meals and exercise.

Specific Aim #2:  Using the data collected, I compared the changes in blood glucose when exercise was performed before a meal and when exercise was performed after a meal.  This comparison was used to formulate conclusions regarding the best timing for exercise around meals.

Specific Aim #3:  I documented the trends in blood glucose changes in healthy children throughout each test so that these trends can be compared to trends observed in other populations for future research.  Understanding how a healthy child responds to meals and exercise will be beneficial when this research is performed on obese and/or diabetic children in the future.
INTRODUCTION

Childhood obesity is a major concern among health professionals in America.  In addition to being obese, these children are at risk for many harmful medical conditions, including but not limited to Type 2 Diabetes.  The best way to counteract the rise in childhood obesity is through lifestyle changes, such as dietary and exercise changes.  Research has shown that one bout of exercise can reduce blood glucose concentrations (Thompson, Crouse, Goodpaster, Kelley, Moyna, & Pescatello, 2001).  This is because exercise promotes improved insulin sensitivity, which allows the cells to take up glucose from the blood.  The glucose taken up provides the energy necessary for the cells to perform the exercise session.  Although there is research supporting the beneficial effect of exercise on blood glucose control, there is no research determining the best timing for exercise around meals.  Glucose is added to the body when a meal is consumed.  Since exercise can improve insulin sensitivity, it is important to understand the effect exercise timing has on the blood glucose response to a meal.  This study investigates this relationship in order to determine the optimal combination of meals and exercise in order to promote a healthier lifestyle for children that will reduce the rates of childhood obesity and Type 2 Diabetes.

Review of Literature

Childhood Obesity
The prevalence of obesity in the United States has increased throughout the past few decades.  The rise in obesity is being observed throughout the entire population; however, American children are experiencing the largest increase in this obesity epidemic.  “In the past 20 years, the prevalence of obesity in the United States increased almost 50% among adults and by 300% in children” (Messiah, Lipshultz, Natale, & Miller, 2013).   Messiah and colleagues extend these statistics further to demonstrate that obesity is affecting children of all ages.  According to their study, 9.7% of American infants up to 2 years old are obese, 25% of children 5 years and younger are overweight or obese, and 17% of all American adolescents are obese (2013).  These numbers are expected to rise as the prevalence of obesity continues to increase.   Childhood obesity is becoming a dangerous epidemic in America.  Children who are obese are at an increased risk of morbidity and mortality throughout their life (Deckelbaum & Williams, 2011).   This is because of the many health concerns that often accompany obesity.  44% of obese children have The Metabolic Syndrome (Messiah, Lipshultz, Natale, & Miller, 2013).  The Metabolic Syndrome is a cluster of negative health conditions including high blood glucose, high blood pressure, high cholesterol, and obesity.  In the Bogalusa Heart Study, 60% of overweight children between the ages of 5 and 10 years old had at least one cardiovascular risk factor (Deckelbaum & Williams, 2011).  Thus, childhood obesity often results in comorbidities that children will carry with them into adulthood and put them at a greater risk for cardiovascular disease and many other diseases as they enter adulthood.

Type 2 Diabetes Risk in Obese Children

As the prevalence of childhood obesity continues to rise, the prevalence of Type 2 Diabetes in children is also rising.  Type 2 Diabetes was once virtually nonexistent in children but Type 2 Diabetes diagnoses are no longer a rare occurrence for children today. (Ebbeling, Pawlak, & Ludwig, 2002).  Ebbeling and colleagues state that this is likely a result of the fact that, on average, American children spend 75% of their waking hours being sedentary and only getting about 12 minutes of vigorous exercise every day (2002).  This is a major concern for American children today.  The U.S. Office of Disease Prevention and Health Promotion recommend that every child participate in at least 60 minutes of moderate to vigorous exercise every single day (Pivovarov, Taplin, & Riddell, 2015).  It is no surprise that, as American children are becoming less active, obesity rates and diabetes diagnoses are rapidly increasing.  Research has demonstrated that regular physical activity improves insulin sensitivity and can prevent the onset of Type 2 Diabetes (Pivovarov, Taplin, & Riddell, 2015).  With research demonstrating the positive effect exercise has on blood glucose concentrations, many recommendations have been made for how to help children become more active.  Pivovarov and colleagues report, “With the prevalence of pediatric diabetes increasing globally, it is important for both children and parents to be aware of the benefits that exercise can confer” (2015).  It is also important for research to determine the optimal timing of exercise that promotes the best control of blood glucose concentrations.  This research will investigate this question and aims to determine the best timing of exercise and meals. 

Previous Research Investigating Exercise Timing Around Meals

Kunio and Yamanouchi conducted a study where they investigated the effect walking before and after breakfast had on the blood glucose levels of adults with Type 1 Diabetes (2002).  They tested 6 normal weight adults who had been diagnosed with Type I Diabetes.  Each participant walked on a treadmill for 30 minutes before and after breakfast.  The researchers determined that walking after breakfast significantly lowered blood glucose concentrations during the exercise and resulted in improved glycemic control throughout the morning.  Because of these results, they recommend that patients with Type 1 Diabetes walk after meals to decrease their post-meal blood glucose concentration as well as improve their glycemic control throughout the day.  Although this study examined subjects with Type 1 Diabetes, this data can possibly be applied to a population with Type 2 Diabetes.  Despite the differing origin of the development of Type 1 and Type 2 Diabetes, both conditions are ones in which the body cannot adequately maintain a healthy blood glucose concentration.   The current study will provide data to determine if the results for Type 1 diabetic subjects can be applied to a healthy population.  If the results seem to be universal, they can likely also be applied to Type 2 diabetic patients.


Maffucci and McMurray conducted a study in which they investigated the optimal time for healthy, adult athletes to eat before exercise performance (2000).  In this study, 8 women who were in good health and exercising 5 days per week for the past 3 months ate a meal 3 hours and 6 hours before their regular exercise session.  The researchers found that exercise performance was better when the participant ate 3 hours before compared to 6 hours before.  The researchers also found that when moderate intensity exercise was performed, blood glucose concentrations decreased.  When high intensity exercise was performed, however, blood glucose concentrations increased.  This finding is important to consider in the current study.  For diabetic patients, participating in high intensity exercise may result in an increased blood glucose concentration, which is not beneficial for their health.  The current study will demonstrate the blood glucose response to moderate intensity exercise in healthy children.


Katarina Borer conducted a study that determined two exercise sessions completed before a meal resulted in a lower fasting blood glucose than two exercise sessions after a meal in diabetic, postmenopausal women (2009).  In this study each participant ingested a meal and walked on a treadmill for 2 hours before the meal and after the meal.  The investigators reported that exercising twice a day before a meal will result in a reduction in fasting blood glucose concentrations in both diabetic and nondiabetic patients.  The researcher also reported that the magnitude of change in blood glucose concentration after exercising before a meal is similar to the reduction in blood glucose observed with diabetic medication.  She suggests that exercise can be used as a substitute for medications.  One limitation to this study that she notes is that it is unlikely that an average diabetic patient will participate in a 2-hour exercise session before a meal.  Borer suggests that future studies investigate the minimal length of exercise required to have the same glucose lowering effect.  The current study will investigate the blood glucose response after 1 hour of exercise; however, the subjects will be healthy children, rather than diabetic postmenopausal women.


Bennard and Doucet conducted a study in which they investigated the acute effect exercise timing and meal glycemic index had on exercise-induced fat oxidation (2006).  This study is relevant because both post-meal fat oxidation and blood glucose concentrations are important when addressing the childhood obesity and Type 2 Diabetes epidemic.  This study also tested whether it was more beneficial to eat before or after breakfast in regards to fat oxidation.  In this study 8 healthy, active, young men ate a low glycemic index breakfast and a high glycemic index breakfast and exercised either before or after each breakfast on a treadmill until 400 kcals were burned.  The researchers first determined that fat oxidation was greater when moderate exercise was performed before breakfast.  They also reported that fat oxidation was greater when exercise was performed before low glycemic index meals when compared to high glycemic index meals.  Finally, the researchers suggested that moderate intensity exercise be performed first thing in the morning before breakfast is consumed.  The current study will investigate whether exercise performed before or after a meal is better for post-meal blood glucose concentrations rather than fat oxidation.  Future research can investigate the best exercise timing for optimal post-meal fat oxidation and blood glucose concentrations by using the results found in both of these studies.

These studies demonstrate that there is no definite, universal answer for whether or not it is better to exercise before or after a meal.  In the study with Type 1 Diabetic adults, the researchers found that it was better to exercise after a meal.  In the study with diabetic women, the researchers found that exercising before a meal was better for blood glucose concentrations.  In the study with healthy men, the researchers found that exercising before a meal was better for both fat oxidation and blood glucose concentration.  These studies investigated various populations and yielded varying results.  This variation could be due to various populations having different blood glucose responses to meals.  The results from this study can be compared to the results from previous research to see how healthy children compare to these tested populations.
METHODOLOGY

Participants

Nine children ages of 7 through 11 years old participated in this study.  The average age was 9 years.  All participants were in Elementary School but went to various schools in the greater Greenville area.  Out of the nine participants, six were males (67%) and three were females (33%).  Based on the information given by the parents on their health history form, eight of the participants were of Caucasian descent, while one of the participants was biracial (Caucasian and African American).  The participants had a body mass index (BMI) between 13 and 22 kg/m2 with the average BMI of 17.2 kg/m2.  All participants were from the same geographical regions, Pitt County, North Carolina.    

Recruitment

Flyers were placed around the Greenville, NC, community and were handed out at afterschool programs.  Emails were also sent throughout various East Carolina University databases.  Some children reported that they heard about the study through word of mouth.  

Inclusion and Exclusion Requirements

To be eligible for this study, the children had to be ages 7 through 11.  They had to have transportation to and from the testing facility.  Each child had to be healthy and not taking any prescription medications in order to participate.  The children also had to be comfortable with having his or her finger pricked for blood glucose concentrations to be measured.  They also needed to be willing to participate in a 60-minute exercise session for all 4 trials.  Before participating in this study, each child had to give verbal assent and his or her parent(s) had to complete a health history form and sign an informed consent document.  After a child met all of those requirements, he or she was eligible for testing.

Protocol

Each participant came to the FITT Building at East Carolina University five times.  The first visit was an initial consultation where the participant gave verbal assent, the parent signed the informed consent, and the health history form was completed.  Once that was done and I verified that the child was eligible to participate, I collected skinfold measurements from the child’s calf and triceps and measured his or her waist and hip circumferences.  For the remaining four visits, the child underwent testing.  There were two different tests (eat then exercise and exercise then eat) that were conducted with each test type having 2 different trials, resulting in a total of 4 testing days.  On each testing day the participants were instructed to not eat or drink any sugary drinks for at least 2 hours prior to each test.

Eat then exercise trial
Figure 1
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For this trial, the children arrived at the FITT building and had his or her blood sugar measured upon arrival.  This was used as the baseline glucose concentration for this day.  Blood samples were collected by using a spring-loaded lancet to prick the finger and then using an Accu-Chek Compact Plus Glucometer to measure the glucose level in the drop of blood collected.  Each child also had his or her height and weight recorded.  Once these measurements were collected, the participants were given a Lunchable to eat.  The Lunchables used for this study are presented in Table 1 along with their relative nutritional facts.  The participants had 30 minutes to eat their Lunchable.  After the 30-minute meal, another blood glucose measurement was collected and then the children participated in a 60-minute exercise session.  This exercise session was comprised of fun, active games and exercise.  The participants wore a heart rate monitor so that we could ensure that the exercise promoted a heart rate greater than 140 beats per minute.  The children were able to pick which games and activities they would like to participate in to ensure that they would expend energy during the exercise.  The games that were played in the various trials included tennis, wall ball, soccer, jump rope, tag, football, baseball, stationary bike, treadmill, races, and obstacle courses.  Blood glucose measurements were collected after 30 minutes of exercise and then after 60 minutes of exercise.  This protocol resulted in each participant being at the FITT building for approximately 90 minutes and having four blood samples collected.  Figure 1 demonstrates the timing of the trials in this test.

Table 1

	Lunchable
	Calories
	Fat
	Total Carbs
	Sugars
	Protein

	6” Turkey and Cheddar Sub with Pringles, 2 Hershey Kisses, and Kool-Aid
	420
	16 g
	53 g
	16 g
	13 g

	6” Ham and American Sub with Pringles, 2 Hersey Kisses, and Kool-Aid
	420
	17 g
	53 g
	16 g
	13 g

	Deep dish pepperoni pizza with Cheez-Its, Fruit Roll Up, and Kool-Aid
	400
	15 g
	53 g
	17 g
	13 g

	Deep dish pizza with bacon, with Cheez-its, 2 Oreos, and Kool-Aid
	450
	16 g
	60 g
	21 g
	15 g

	Nachos with cheese dip and salsa, Fruit by the Foot, and Kool-Aid
	360
	16 g
	49 g
	13 g
	6 g


Exercise then eat trial
Figure 2
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For this trial, the children arrived at the FITT building and had his or her blood sugar measured upon arrival.  This was used as the baseline glucose concentration for this day.  Blood samples were collected by using a spring loaded lancet to prick the finger and then using the same Accu-Chek Compact Plus Glucometer to measure the glucose level in the drop of blood collected.  Each child also had his or her height and weight recorded.  Once these measurements were collected, the participants began participating in a 60-minute exercise session.  This exercise session was the same as the eat-then-exercise trial, comprised of fun, active games and exercise.  The participants wore a heart rate monitor so that we could ensure that the exercise promoted a heart rate greater than 140 beats per minute.  The children were able to pick which games and activities they would like to participate in to ensure that they would expend energy during the exercise.  The games that were played in the various trials included tennis, wall ball, soccer, jump rope, tag, football, baseball, stationary bike, treadmill, races, and obstacle courses.  Once the 60 minutes of exercise were complete, a blood glucose measurement was recorded, followed by the consumption of a Lunchable.  The Lunchables used for this study are presented in Table 1 along with their relative nutritional facts.  The participants had 30 minutes to eat their Lunchable.  After the 30-minute meal, another blood glucose measurement was collected and then the children were asked to rest for 30 minutes. This rest time was incorporated in order to provide time for the body to digest the meal that was consumed.  During this rest time, the children were allowed to play board games, including Sorry, Battleship, and Apples to Apples, to occupy their time.  Once this rest period was over, a final blood glucose concentration was measured and recorded.  This protocol resulted in each participant being at the FITT building for approximately 120 minutes and having four blood samples collected.  Figure 2 demonstrates the timing of the trials in this test

Reimbursement for Participation

Each child received $5 toward a Target gift card for each day of testing in which he or she participated.  If the child participated in all 4 days of testing, he or she received a $25 Target gift card.  This is because the child received $5 for all 4 days of testing and a $5 bonus for completing the entire study, totaling $25.  All 9 children participated in all 4 testing days, and therefore, all participants received a $25 Target gift card upon completing the study.

Statistical Analysis

All of the data recorded in each trial were entered into an Excel Spreadsheet.  Each individual’s data for all 4 trials were entered and converted to graphs.  The change in blood glucose from arrival to departure was calculated to determine the effect exercise had on the final blood glucose concentration for each trial and each individual.  The patterns of change in blood glucose were also analyzed for each individual’s trials.  Then, the mean, standard deviation, and standard error of the mean were calculated for each of the trials to determine the overall effect exercise had on blood glucose concentrations.  Next, the change in blood glucose concentrations from pre-exercise to post-exercise was calculated.  These measurements were collected at the beginning and end of the 60-minute exercise session for each trial.  Lastly, the change in blood glucose concentration from pre-meal to 30 minutes post-meal was calculated for each trial.  These measurements were collected immediately before the meal and 30 minutes after the meal was consumed in each trial.   All of these calculations were graphed using the mean, standard deviation, and standard error of the mean.  These results were then analyzed and used to develop the study’s conclusions.

RESULTS
Overall Change in Blood Glucose Concentration

Each of the nine children participated in two trials of each test type.  This resulted in 36 total tests, which comprised of 18 total eat-then-exercise trials and 18 total exercise-then-eat trials.  The overall change in blood glucose from the baseline arrival measurement to the final departure measurement was first analyzed.  Overall, 42% of the trials resulted in an increase in blood glucose concentration, 56% of the trials resulted in a decrease in blood glucose concentration, and 2% of the trials resulted in no net change in blood glucose concentration from baseline.  Each test type was further analyzed separately.  For the eat-then-exercise tests, 44% of the trials resulted in an increase in blood glucose concentration and 56% of the trials resulted in a decrease in blood glucose concentration from baseline.  The results are reported in a mean ± standard deviation format.  The average arrival glucose was 116 ± 24 mg/dL.  The average departure glucose was 115 ± 13 mg/dL.  For the exercise-then-eat trial, 56% of the trials resulted in an increase in blood glucose concentration, 39% of the trials resulted in a decrease in blood glucose concentration, and 5% of the trials resulted in no net change in blood glucose concentration from baseline.     The average arrival glucose was 130 ± 29 mg/dL.  The average departure glucose was 119 ± 26 mg/dL.  All of these results are displayed in Figure 3.   The average glucose concentrations for all of the trials for each test type are displayed in Figure 4, along with the corresponding standard deviation for each average.

Figure 3
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Eat-then-exercise Trials

	Participant
	Trial 1 (Arrival Glucose/ Departure Glucose) mg/dL
	Trial 2 (Arrival Glucose/ Departure Glucose) mg/dL

	001
	108/117
	100/118

	002
	124/103
	89/103

	003
	113/109
	136/121

	004
	160/113
	120/116

	005
	111/118
	129/117

	006
	121/103
	107/102

	007
	117/128
	86/131

	008
	88/151
	137/119

	009
	77/107
	164/95


Exercise-then-eat Trials

	Participant
	Trial 1 (Arrival Glucose/ Departure Glucose) mg/dL
	Trial 2 (Arrival Glucose/ Departure Glucose) mg/dL

	001
	102/102
	90/126

	002
	156/122
	136/159

	003
	107/169
	169/116

	004
	115/120
	104/155

	005
	170/96
	128/109

	006
	96/92
	117/96

	007
	106/110
	118/88

	008
	158/162
	180/125

	009
	164/95
	122/101


Figure 4
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X-Axis Legend:  1 = Arrival Glucose, 2 = After Meal Glucose, 3 = After 30 Min of Exercise Glucose, 4 = Departure Glucose
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X-Axis Legend:  1 = Arrival Glucose, 2 = After Exercise Glucose, 3 = After Meal Glucose, 4 = Departure Glucose
Change in Blood Glucose from Pre-Exercise to Post-Exercise

In the first analysis above, we simply determined the overall change in blood glucose from arrival to departure.  To determine the effect exercise has on blood glucose concentrations, only the data collected at the beginning and end of each exercise session were analyzed.  These data are presented below.  For the eat-then-exercise trials, the pre-exercise measurement was the one collected after the meal was consumed, immediately before the exercise began, while the post-exercise measurement was the departure measurement that was collected immediately after exercise was completed. For the exercise-then-eat trials, the pre-exercise measurement was the one collected at arrival, before exercise began, while the post-exercise measurement was the one collected after the 60-minute exercise session, before the meal was given.  Overall, 22% of the trials resulted in a higher blood glucose level at the end of exercise compared to at the start of exercise, 75% of the trials resulted in a lower blood glucose level at the end of exercise compared to at the start of exercise, and 3% of the trials resulted in no net change at the end of exercise compared to the start of exercise.  
For the eat-then-exercise trials, 17% of the trials resulted in a higher blood glucose level at the end of exercise compared to at the start of exercise, 5% of the trials had no net change at the end of exercise compared to at the start of exercise, and 78% of the trials resulted in a lower blood glucose level at the end of exercise compared to at the start of exercise.   One of the participants had an increase in blood glucose for both trials, one participant had a decrease in blood glucose for the first trial and an increase in blood glucose for the second trial, and one participant had a decrease in blood glucose for the first trial and no change for the second trial.  All of the remaining 6 participants demonstrated a decrease in blood glucose concentrations for both trials in this test type.  The average pre-exercise glucose was 134 ± 33 mg/dL.  The average post-exercise glucose was 116 ± 13 mg/dL.  
For the exercise-then-eat trials, 28% of the trials resulted in higher blood glucose concentration at the end of the exercise session compared to at the start of the exercise session and 72% of the trials resulted in a lower blood glucose concentration at the end of the exercise session compared to at the start of the exercise session.  Two participants had an increase in blood glucose for both trials, one participant had a decrease in the first trial and an increase in the second trial, and six participants had a decrease in both of their trials for this test type.  The average pre-exercise glucose was 127 ± 28 mg/dL.  The average post-exercise glucose was 112 ± 14 mg/dL.  These results are displayed in Figure 5.

The blood glucose data were further used to analyze the magnitude of each increase and decrease in blood glucose concentration for each test type.  Based on the average amount of change for each trial, one participant had a greater increase in blood glucose concentration in the eat-then-exercise test than the exercise-then-eat test, 5 participants had a greater decrease in blood glucose concentration in the exercise-then-eat test than the eat-then-exercise test, 2 participants had a greater increase in blood glucose concentration in the eat-then-exercise test than the exercise-then-eat test, and 1 participant had the same average change in blood glucose concentration for both tests.

Figure 5
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Eat-then-exercise Trial

	Participant
	Trial 1 (Pre-Exercise/ Post-Exercise) mg/dL
	Trial 2 (Pre-Exercise/ Post-Exercise) mg/dL

	001
	86/117
	104/118

	002
	149/114
	121/103

	003
	139/109
	151/121

	004
	162/113
	218/116

	005
	168/118
	128/117

	006
	107/103
	102/102

	007
	132/128
	132/131

	008
	179/151
	109/119

	009
	124/107
	100/95


Exercise-then-eat Trial

	Participant
	Trial 1 (Pre-Exercise/ Post-Exercise) mg/dL
	Trial 2 (Pre-Exercise/ Post-Exercise) mg/dL

	001
	102/105
	90/114

	002
	156/126
	136/104

	003
	107/96
	169/120

	004
	115/126
	104/106

	005
	170/118
	128/124

	006
	96/95
	117/99

	007
	106/91
	118/121

	008
	158/127
	180/137

	009
	122/106
	107/96


Change in Blood Glucose Concentration from Pre-Meal to 30-Minute Post-Meal

For this analysis, the blood glucose concentration measured immediately before the meal and then 30 minutes after the meal was completely consumed were compared.  For the eat-then-exercise test, the pre-meal measurement was the baseline arrival blood glucose concentration and the 30-minute post-meal measurement was the blood glucose concentration after 30 minutes of exercise.  For the exercise and then eat test, the pre-meal glucose concentration measurement was the one collected immediately after the 60 minute exercise session and the 30 minute post-meal glucose concentration measurement was the one collected immediately before departure (after the 30 minute rest period).    
For the eat-then-exercise trial, 1 participant had incomplete data due to refusing to have his blood glucose measured at the 30-minute post-meal interval for both trials.  Of the remaining 7 participants, 1 participant had an increase in blood glucose concentration for both trials, 1 participant had a decrease in blood glucose concentration for both trials, and 6 participants had an increase in blood glucose in one trial and a decrease in blood glucose for another.  Of the 16 total trials, 50% 0f the trials resulted in a lower blood glucose concentration at the 30-minute post-meal interval when compared to the pre-meal measurement and 50% of the trials resulted in a higher blood glucose concentration at the 30-minute post-meal interval when compared to the pre-meal measurement.  The average pre-meal glucose was 118 ± 24 mg/dL.  The average 30-minute post-meal glucose was 116 ± 11 mg/dL.  
For the exercise-then-eat trial, 1 trial was incomplete because the child could not stay for the 30-minute rest period in the first trial.  This participant did, however, have a full test for the second trial.  For this test, 2 participants had an increase in blood glucose concentration, 4 participants had a decrease in blood glucose concentration, and 2 participants had an increase in blood glucose concentration in one trial and a decrease in blood glucose concentration in the other.  Of the 17 total trials, 65% of the trials resulted in a lower blood glucose concentration at the 30-minute post-meal interval when compared to the pre-meal measurement and 35% of the trials resulted in higher blood glucose concentration at the 30-minute post-meal interval when compared to he pre-meal measurement.  The average pre-meal glucose was 112 ± 14mg/dL.  The average 30-minute post-meal glucose was 120 ± 27 mg/dL.  These results are shown in Figure 6.

Figure 6
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Eat-then-exercise Trial

	Participant
	Trial 1 (Pre-Meal/ 30-Minute Post-Meal) mg/dL
	Trial 2 (Pre-Meal/ 30-Minute Post-Meal) mg/dL

	001
	108/107
	100/124

	002
	124/128
	89/110

	003
	113/114
	136/110

	004
	160/127
	120/117

	005
	111/90
	129/130

	006
	121/112
	107/109

	007
	Incomplete
	Incomplete

	008
	88/124
	137/109

	009
	77/131
	164/113


Exercise-then-eat Trial

	Participant
	Trial 1 (Pre-Meal/ 30-Minute Post-Meal) mg/dL
	Trial 2 (Pre-Meal/ 30-Minute Post-Meal) mg/dL

	001
	Incomplete
	114/126

	002
	126/122
	104/159

	003
	96/169
	120/116

	004
	126/124
	106/155

	005
	118/96
	124/109

	006
	95/92
	99/96

	007
	91/110
	127/162

	008
	121/88
	137/125

	009
	106/101
	96/84


DISCUSSION

This study is one of the first to investigate the effect exercise has on the glucose response to a meal in 7-11 year old children.   This study was performed in order to determine the effect exercise timing has on the blood glucose response to a meal in children.  This information can be used to determine the optimal combination of exercise and eating in order to promote better blood glucose management, and ultimately, healthier children.  The results above simply reported the data that was collected during this study.  The implications of the above presented data are further discussed below.

Overall Change in Blood Glucose Concentration

The overall change analysis was performed in order to determine how blood glucose concentration changed from the arrival time to the departure time in this study.  Analyzing the difference between the arrival and departure blood glucose concentrations for each participant allows us to examine the change in blood glucose concentration that occurs during a 90 – 120 minute period of eating a meal and exercising.  This overall change is important because it demonstrates if exercise combined with a meal results in either a higher, lower, or equal blood glucose concentration than the baseline measurement that was measured before the meal was consumed and exercise was performed.  The results from the overall change analysis demonstrated that exercise does not have a significant impact on the blood glucose response to a meal over a 90-minute or 120-minute time period.  For all trials, 56% resulted in an overall decrease in blood glucose and 42% resulted in an overall increase in blood glucose.  Since there is not a large difference in the number of trials that resulted in the increased and decreased change in blood glucose concentration, there is not enough evidence to say that exercise combined with a meal will likely result in a specific change (either increased, decreased, or none) in blood glucose concentration.  For the eat-then-exercise test (a 90-minute period), there was also no large difference in the percentage of trials that resulted in a decreased blood glucose (56%) and increased blood glucose (44%).  For the exercise-then-eat test (a 120-minute period), there was a larger difference between the percentage of trials that resulted in a lower blood glucose (56%) and trials that resulted in a higher blood glucose (39%).  This, however, was because there were more trials that had no net change, rather than more trials with a lower overall blood glucose concentration.  This could be because, since this trial was 30 minutes longer, the trials that would have resulted in an increased departure blood glucose in the shorter eat-then-exercise trial may have had additional time for the participant’s tissues to take up the blood glucose and, therefore, the final blood glucose ended with no net change.  If the trial had lasted longer, there could have possibly been an even larger number of participants with an overall decrease in blood glucose concentration because the tissues could have continued to take up the glucose from the blood and into the body’s cells.  If longer trials were performed and this pattern continued, there could be significant data to state that exercise performed before or after a meal results in a decreased blood glucose concentration over a prolonged period of time.  Since this study only evaluated a 90-minute and 120-minute time period, there is no significant data to support this claim.  This analysis simply states that there is no evidence to be able to accurately predict whether or not a healthy child aged 7 to 11 years old will have an overall decreased or increased blood glucose concentration from the arrival time to the departure time following a combination of eating and exercising over a 90 to 120 minute time period.  This is not stating that exercise did not affect the body’s glucose response after a meal in the children tested in this study.  Figure 5 demonstrates how, on average, blood glucose concentrations increased after the meal but decreased after exercise.  The results in this analysis were not determining the change at each measurement timepoint, but rather the overall change in blood glucose concentration from lab arrival to lab departure time.  These results demonstrate that when exercise is performed around a meal, the final glucose concentration at the end of a 90-minute or 120-minute time period is slightly more likely to be lower than the original blood glucose concentration but these findings were not statistically significant.  Therefore, the timing of exercise around a meal does not consistently alter blood glucose over a 2 hour time period.

Change in Blood Glucose from Pre-Exercise to Post-Exercise

This analysis was performed in order to determine what changes in blood glucose concentrations occur throughout a single bout of exercise before and after a meal.  Blood glucose concentration decreased during an exercise session regardless of whether the exercise was performed before or after the meal.  This is supported by the fact that 75% of all of the trials showed a decrease in blood glucose concentration from the beginning of exercise to the end of exercise.  The data also demonstrated that the mealtime did not make a significant difference in the final outcome of either increasing or decreasing blood glucose concentrations at the end of exercise.  The two different test types had very similar results, with the eat-then-exercise test having 78% of all trials resulting in a decreased blood glucose concentration and the exercise-then-eat test having 72% of all trials resulting in a decreased blood glucose concentration.  
In addition to simply examining if the participant experienced a decreased or increased blood glucose concentration following an exercise session, the magnitude of these changes can be analyzed.  As reported in the results, on average, the eat-then-exercise trials ended an 18 mg/dL lower blood glucose a the end of the exercise session than before exercise, while the exercise-then-eat group, on average, ended with a 15 mg/dL lower blood glucose concentration at the end of the exercise session than before exercise.  This demonstrates that there was no significant difference in the magnitude of the change in blood glucose response to a meal whether the participant exercised before or after the meal.  
Finally, based on the individual data shown for all trials for each participant, some participants had an increase in blood glucose concentration for most or all trials while others had a decrease in blood glucose concentration for most or all trials.  When comparing the magnitude of the increases and decreases for all trials for all participants in both test types, the decreases were larger than the increases.  This demonstrates the power exercise has on the body’s ability to use and resist the rise of blood glucose.  Since the increases were not as large as the decreases, it is likely that the exercise session was the factor that was resisting a large increase in blood glucose concentration, as well as assisting the body tissues to take up the blood glucose.  

Change in Blood Glucose Concentration from Pre-Meal to 30-Minute Post-Meal

This analysis was performed to determine the effect exercise timing has on the change in blood glucose concentration throughout a meal and 30 minutes of digestion.  For the eat-then-exercise test, these results demonstrate the acute effect exercise has on blood glucose concentration following a meal since the 30-Minute Post-Meal measurement was taken after 30 minutes of the 60-minute exercise session.  For the exercise-then-eat test, these results demonstrate the more prolonged effect exercise has on blood glucose concentration following a meal since the 30-Minute Post-Meal measurement was taken an hour after the 60-minute exercise session ended.  
The eat-then-exercise test demonstrated that there is no conclusive evidence to determine the effect exercise has on the change in blood glucose concentration from pre-meal to 30 minutes post-meal.  This is because 50% all of the eat-then-exercise trials resulted in an increased blood glucose concentration and 50% of them resulted in a decreased blood glucose concentration.  These results could be due to the fact that after consuming a meal, blood glucose concentrations should rise as a result of the additional glucose put into the body.  For half of the trials, the exercise resulted in the body using enough glucose to actually have a lower blood glucose concentration after just 30 minutes of exercise as compared to the blood glucose concentration of the participant before consuming the meal.  For the other half of the trials, the exercise was not enough to cause the body to use enough glucose and the participants had a higher blood glucose concentration after 30 minutes of exercise than they did before the meal was consumed.  This could be a result of the children not working at the same intensity.  If some of the participants began their exercise at a higher intensity than others, the cells in their body may take up more of the glucose in the blood to have adequate energy to continue to perform at that intensity.  If some participants started the exercise session at a lower intensity, the demand for glucose in the cells would not be as high and the children would likely have an increased blood glucose concentration due to the additional glucose consumed with the meal.  Finally, research has shown that exercising at extremely high intensities can result in an increase in blood glucose concentration.   These varying exercise intensities could be the cause of the various changes in blood glucose concentration after a meal and 30 minutes of exercise.

For the exercise-then-eat test, 65% of all of these trials resulted in a decrease in blood glucose concentration at the 30-Minute Post-Meal measurement compared to the Pre-Meal measurement.  This demonstrates that performing exercise before a meal does significantly assist the body in utilizing the additional blood glucose consumed with the meal.  Although more of the trials resulted in a decrease in blood glucose concentration, when analyzing the magnitude of change, the decreases were smaller than the increases.  This difference in magnitude resulted in the average of the 30-Minute Post-Meal measurements being higher than the average of the Pre-Meal measurements.  This means that, even though the majority of the trials resulted in a decrease in blood glucose concentration by the 30-Minute Post-Meal measurement, these decreases were not very large compared to the trials that resulted in an increase in blood glucose concentration. These results demonstrate that, as for the change in blood glucose concentration following a meal, it may be better to perform exercise before a meal.  This is because exercising before a meal resulted in more trials with a decreased blood glucose concentration 30 minutes after the meal was consumed.  Even though these decreases were small, they demonstrated that the combination of exercise then eating helps to decrease blood glucose concentration and, if more measurements were taken over time, the small decreases in blood glucose concentration would likely turn into larger decreases.
Limitations

As this study progressed, several limitations were noted.  These limitations are discussed below.
Sample Size:

First, this study examined a very small group of children.  After the recruitment period, only 9 children showed interest in the study.  Although 9 children is a sufficient number to determine any possible relationships that may exist between exercise timing, meals, and resulting blood glucose concentrations, it is not enough to achieve adequate power to detect statistically significant differences in glucose responses.  With more participants there would be more data to compare.  If this larger amount of data had similar results, then there would be stronger support for the results found in this study.  

Demographics:

This study examined a very homogenous group of children.  All participants were of the same race (although one participant was biracial), from the same community, and approximately the same body fat and body mass index.  All children were healthy and active prior to this study.  Since the population was so similar, these results are only applicable to this specific population.  This research is limited when applying the results to all children ranging from age 7 through 11 years old.   This research is also limited in applying these results to help at risk populations.  Since this study was primarily designed to determine the optimal timing of exercise and meal-times in order to decrease the rise in childhood obesity and risk of Type 2 Diabetes, the results are limited in answering this question because the population tested were not comprised of children who are obese or have Type 2 Diabetes or are at risk for developing these conditions.  Although this is a limitation, this study had to be conducted with healthy children due to the qualifications of the personnel working on this study.  Even though these results cannot confidently be applied to an at risk population, these results can be used as a baseline for determining the optimal balance of exercise timing and meals for obese and diabetic children.  It should be noted that there were very heterogeneous responses despite the homogeneous group, indicating that there is likely a great deal of individual variation in blood glucose response to exercise and meal timing in this seemingly homogeneous group of children.

Exercise Intensity

Another limitation to this study was the inability to accurately monitor and control the intensity in which each participant was exercising.  All participants wore a heart rate monitor and were encouraged to exercise at an intensity that resulted in an average heart rate of at least 140 beats per minute over the exercise time.  Although it was fairly simple to monitor the heart rate of each participant, it was not simple having each child maintain a constant heart rate range.  Some days, the child may exercise at a very high intensity and some days the child may exercise at a much lower intensity while keeping the heart rate above 140 beats per minute. Also, many different games were played during the 60-minute exercise session in order to keep the children active and engaged.  These different games often resulted in different exercise intensities.  This fluctuation in exercise intensity likely impacted the change in blood glucose concentration for each trial and each measurement taken throughout the trial. 
Meal Consistency

A fourth limitation to this study was that each participant did not eat the same meal for every single trial.  The participants always had a Lunchable but the type of Lunchable was not consistent.  This factor was not accounted for in the protocol originally and the children enjoyed picking which food they wanted that day, rather than being told that they had to continuously eat the same thing.  When this limitation was discovered, I attempted to require each child to eat the same meal, but discovered that, since this was not discussed prior to beginning the study, some children simply refused to eat the meal if they did not have a choice.  Each type of Lunchable does not have the exact same nutritional information so this could explain some of the difference in blood glucose concentration change between different trials for the same individual.   Table 1 (in the methodology section) listed the nutritional information for each Lunchable.  The total carbohydrates for each Lunchable type ranged from 49 g to 60 g and the total sugars for each Lunchable ranged from 13 g to 21 g.  Also, every participant did not always eat their entire meal, which means that the total nutritional values displayed in Table 1 were not always consumed with every meal for every participant.

Adherence to Study Requirements

Some participants did not always adhere to the requirements for this study.  First, for example, each participant was told not to eat or drink sugary drinks for at least 2 hours before the test.  Compliance with this rule was only determined based on the participant’s word when he or she arrived for testing.  There was no objective way to determine when exactly the participant last ate or drank a sugary drink.  If the participant did have food or drinks within 2 hours of the start of the test, the participant’s blood glucose concentration may have already been elevated and this would affect the change in blood glucose concentration throughout the test.  Next, one participant had to leave her first trial early due to a family situation, which resulted in a missed blood glucose concentration measurement for that trial.  Another participant refused to have his blood glucose concentration measured for 2 of the measurements during one of his trials.  Also, some children did not like wearing the heart rate monitor and would slip it off while exercising until they were instructed to put it back on.  These limitations were spontaneous and inevitable when working with a population of this age.  The results for some of the trials that experienced these limitations could have been discarded, however, due to the limited sample size, I chose to analyze all data I collected and note that there are some limitations with the data.

No Control Group

Lastly, there was no control group to determine the changes in blood glucose concentrations that would naturally occur after a meal without any exercise performed before or after the meal.  This means that there is no way to conclude that the changes recorded throughout all of the trials for both test types were due to the exercise or if these same results would have been observed without the exercise.  Since the two different test types had varying results, it is likely that the timing of exercise was the cause of this difference.  Therefore, we would expect a control trial without exercise to have different results compared to the two test types.  Implementing a control trial to this study would have allowed a stronger foundation for comparison.
Suggestions for Future Research

Future research should be conducted in order to support or negate the results found in this study.  
Population Suggestions

Recommendations for future research would, first, include recruiting a larger population of children ranging from age 7 through 11 years.  This population should include children with various demographics.  These demographics should include various sexes, races, socioeconomic statuses, body mass indexes, and body fat percentages.  Results from healthy children should be compared to children who are either at risk or diagnosed with obesity or Type 2 Diabetes who have other similar demographics.  This would allow future research to compare the effect obesity and diabetes has on a child’s blood glucose response to a meal and exercise.  

Protocol Suggestions

In future studies, the food consumed for each trial should be standardized and controlled.  The amount of food consumed should be recorded by weighing the meal before eating and weighing the amount of food that remains after the participant has finished eating.  Also, the exercises performed and the intensity of the exercises should be more consistent between trials.  Future research should also monitor blood glucose concentration for a period longer than 90 to 120 minutes.  In this study, this time period did not seem sufficient to accurately demonstrate the change in blood glucose.  Having more time and more measurements would be beneficial to determine the long-term effect exercise timing around a meal has on blood glucose concentrations, rather than just the acute effect examined in this study.  Understanding the long-term effect will be more beneficial when designing ways to reduce the rate and prevalence of obesity and Type 2 Diabetes diagnoses in children.

CONCLUSION

It has previously been proven that exercise helps the cells in the body take up glucose from the blood stream for energy.  This study confirmed this fact and also provided information regarding the optimal timing of exercise around meals.  Based on the data collected, exercising either before or after a meal has a beneficial effect on the blood glucose response to a meal.  While exercising after a meal did have a positive effect on the resulting blood glucose concentration, exercising before a meal had a slightly better effect on lowering the blood glucose response to a meal.  This means that children who exercise before they eat will likely have a lower blood glucose concentration once the meal is consumed when compared to eating and then exercising.  Future research needs to be performed in order to support this claim and expand on this knowledge.  

In addition to determining the effect exercise has on the blood glucose response to a meal in children, this study also demonstrated that changes in blood glucose occur gradually over a prolonged period of time.  The exercise-then-eat trials often resulted in better, lower blood glucose concentrations because these trials were 30 minutes longer than the eat-then-exercise trials.  Understanding the time it takes for a child’s body to utilize glucose in the blood stream after exercise and a meal will be beneficial when designing future studies and implementing these findings into daily lifestyle changes for at risk children.  
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