Journal of Nutritional Health & Food Engineering
Research Article

Open Access

Participation in physical activity after consuming
meals of differing caloric content does not alter
appetite four hours post-activity
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The present study assessed children’s appetite after consumption of either a lowcalorie (LC) or high-calorie (HC) meal, followed by a timed bout of physical activity.
Children aged six to tenyears (N=19) participated in each of two trials, where they
were asked to consume a HC or LC meal, and were then given free-choice access to
physical and sedentary activities for 30minutes. Trials were separated by one week,
and treatment order of meals was randomized. The two, fast food-style meal conditions
were comprised of the same food items and identical in macronutrient proportion,
however were designed to contain approximately twice as much energy in the HC
(~600 calories) compared to LC (~300 calories) condition. Subjective satiety ratings
were collected via Visual Analogue Scale (VAS) at four time points during each trial
(pre-meal, post-meal, post-activity, and four hours post-meal). ANOVA revealed a
meal condition by time interaction (p=0.045) for Appetite rating. Compared to HC,
Appetite ratings were greater (p≤0.015) in LC both immediately post-meal (71±74,
HC versus 131±96, LC) and post-activity session (96±66 HC, 160±57 LC). There were
no differences (p≥0.16) in Appetite rating between the conditions at the pre-meal and
four hours post-meal time points (p’ s ≥0.16). Therefore, while Appetite was greater
immediately after eating the LC meal than the HC meal, that difference is eliminated
by four hours post-meal which is likely to be the time the next meal is consumed.
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Introduction
High-intensity exercise has been found to temporarily reduce
appetite.1 While some previous evidence has indicated the effect of
exercise on appetite is brief, several studies have demonstrated that
appetite may be suppressed for an extended period of time by postmeal exercise in adults and adolescents.1,2 These previous studies have
demonstrated that about of exercise can lead to a prolonged decrease
in hunger, a delay before food is again desired and/or reduced caloric
intake versus not exercising, up to three hours post-meal, relative to
meal consumption alone.1‒3 This greater satiation and reduced caloric
intake that may occur after exercise may be attributed to potentiating
of anorexigenic gut hormones such as glucagon like peptide-1 and
pancreatic polypeptide.3,4
In addition to immediate caloric expenditure, the evidence
supporting attenuation of appetite and/or reduced caloric intake postexercise could have important implications for preventing daily caloric
surpluses.4 However, these effects have thus far only been assessed in
adults and adolescents. Studying this effect in children is of importance,
as 80% of overweight or obese children become overweight or obese
adults.5 Therefore, better understanding of approaches that may reduce
caloric intake in children is warranted and may have a significant,
positive impact on the likelihood of the development of obesity in
adulthood. If post-meal exercise reduces appetite in children it may
be possible to maintain satiety after exercise even after a lower calorie
meal. Such a finding could inform recommendations seeking to
encourage healthy weight-control behaviors in children. In addition
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to daily caloric and exercise guidelines, new recommendations for
healthy weight-control may also include the importance of postmeal exercise in appetite suppression, leading to lower daily caloric
consumption. Presently, it is unknown if post-meal exercise can hold
postprandial appetite constant across two meals of differing caloric
content: one high calorie and one low calorie. If post-meal exercise
aids in appetite control, it may be possible to feed exercising children
lower calorie meals and maintain an appetite that is comparable to
a higher calorie meal. This could have implications on total daily
caloric consumption. Therefore, the purpose of the present study was
to assess children’s appetite for four hours after eating a low-calorie
meal (LC) and participating in a bout of exercise, versus eating a highcalorie meal (HC) and participating in exercise. We hypothesized that
children will respond in a similar manner to what has been previously
demonstrated in adults and adolescents where post-meal exercise will
have prolonged appetite-suppressing effects even after consuming a
LC meal.

Materials and methods
Nineteen children (n=13 male and six female), aged six to
tenyears, reported to our laboratory twice in order to complete
two experimental conditions (LC, HC). During the initial visit the
parents/legal guardians and the children read and signed informed
consent and assent forms, respectively. Children were free of any
contraindication to physical activity (e.g. cardiovascular, metabolic,
orthopedic disorders). All study procedures were approved by the
Institutional Review Board at Kent State University. Laboratory visits
were scheduled for the same day of the week, one week apart and for
the same time, either 11:00 am or 12:00 pm Monday through Friday.
Condition order (LC, HC) was randomly assigned. Participants were
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required to eat a similar breakfast no later than 9:00 am and participate
in similar activity during mornings that preceded each trial. In order
to confirm between-trial consistency parents were verbally asked
whether or not their child had complied with these eating and activity
specifications. If a child did not comply, they would have been sent
home and rescheduled for the following week. There were no children
that needed to be rescheduled. After obtaining consent and assent,
children’s height (cm) and weight (kg) were assessed with a balance
beam scale (Health-O-Meter, Alsip, IL) and electronic stadiometer
(Charder Electronic, Taipei, Taiwan), respectively. A member of
research staff directed participants to complete a subjective assessment
of Appetite (visual analogue scale, VAS) then to consume one of the
two experimental meals. Children were instructed to consume meals
in their entirety, or in case of refusal, to eat as much of the food as
they could within the meal period (15minutes). Previous studies have
indicated that watching television while eating may increase caloric
consumption in children.6 To this end, participants were permitted to
select age-appropriate DVDs (Scooby Doo® or Sponge Bob Square
Pants®) to view on a television located in the laboratory. At the end of
the meal period, Appetite again was assessed via VAS.
After the immediately post-meal VAS assessment, children were
taken to a 4,360 square foot gymnasium located within the same
building as the laboratory where meals were consumed. In the
gymnasium, children had free-choice access to physical and sedentary
activities for 30minutes (described in section below) and total activity
was monitored via a validated accelerometer (ACtigraph GT1M,
Pensacola, Florida).7 Immediately following the activity period,
children were asked to complete a third VAS Appetite assessment,
then children and their parents were provided with a written reminder
asking them to abstain from eating or drinking anything (except
water) for a period of four hours after completion of the experimental
meal. At the four-hour post-meal time point, children were instructed
to complete the fourth and final appetite assessment VAS (provided to
them by study staff in the earlier laboratory session). Upon completion
of the final Appetite VAS children were free to eat as per normal family
routine. Parents were instructed to ensure that their child did not eat
until the final appetite assessment was completed and were asked to
mail the final Appetite assessment VAS back to the laboratory in a
postage-paid envelope provided. No parents indicated any difficulty
in completing this final Appetite assessment as instructed and all final
assessments were returned to the laboratory. The second trial was
identical to the first except the participant consumed the opposite
meal.

Meal conditions
Current dietary guidelines specify that daily energy requirements
for children (aged 6-10) range from 1600 to 2200kcal,1 consistent
with studies employing double-labeled water methods. Thus, our
HC and LC test meals, (732 and 315kcal respectively) provided
approximately 38% and 17% of estimated daily needs for participants
(assuming 1900kcal diet). These energy provisions are either less
than (LC condition) or equal to (HC condition) those provided in an
average school lunch for children in this age group.8,9 Experimental
meals contained 9% of daily protein, 47% of daily carbohydrates, and
44% of recommended daily fat intake. Meals consisted of Wendy’s®
chicken nuggets and French fries, Hawaiian® punch, and Heinz®
ketchup. Food was weighed before and after each meal to obtain
weight of all foods consumed. In the HC condition children were
served 90grams of chicken nuggets, 110grams of French fries, 27grams
of ketchup, and 10 ounces of Hawaiian punch. In the LC condition
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children were served 36grams of chicken nuggets, 44grams of French
fries, 27grams of ketchup, and 4 ounces of Hawaiian punch. Food for
meals were purchased immediately prior to the session and reheated
to 140 degrees before serving. The tray used to serve participants
was organized the same way for each participant for each trial. The
tray consisted of a bowl of chicken nuggets, a bowl of French fries,
ketchup, a cup of Hawaiian punch, and napkins. Participants were able
to request water if all Hawaiian punch was consumed. Participants
had 15minutes to consume the meal, and were given a stopwatch in
order to aid with pacing of consumption. Research personnel provided
verbal encouragement to children as needed, using phrases such as,
“Can you eat one more chicken nugget?” or “Can you finish your
juice?” If children were unable to finish, but consumed at least half
of the presented meal they were allowed to continue with the study.
While some children were not able to consume the HC meal in its
entirety, children consumed an average of 55% less energy in the LC
(291.8±12.1kcals) compared to HC condition (659.5±101.3kcals).

Gymnasium set-up
Immediately following completion of the meal participants were
fitted with the ACtigraph accelerometer and brought to the gymnasium
for a 30minute free-choice play session. After the accelerometer
was fitted to the child’s waist using an elastic belt and instructions
were given, research personnel interacted with the child only if they
required assistance. Each child participated in the free-choice play
condition independently. Other than a single member of the research
team observing the child, there were no other individuals present
in the gymnasium while each child was participating in the activity
session. The gymnasium provided free-choice access to hurdles,
jump rope, Nerf footballs, soccer balls, basketballs, and two obstacle
courses made of gymnastics soft play equipment. A table and chair
with sedentary alternatives was also available to the child. Sedentary
alternatives included: blank paper and coloring utensils, genderappropriate dolls and figurines, structured games such as Jenga TM
and Perfection TM, and crossword/word find puzzles. Children were
instructed to sit in the provided chair if they wished to utilize any of
the activities on the table. Children moved between physical activities
and the sedentary table as much as they pleased for the 30minutes.
Total per-minute accelerometer counts were recorded as the measure
of physical activity behavior for each child. Accelerometer counts per
child were then averaged across all participants for the high calorie
and low calorie conditions separately.

Measurement of appetite and subjective satiety
Visual analog scale (VAS) booklets were utilized to assess measures
of participants’ satiety. The scale used is a 100-millimeter line with
extreme opposite ratings of various components that influence satiety
at either end of the line. Children were asked to mark a point on the
line to which their sensation of each component corresponds. The
marked points were then measured with a standard metric ruler to
determine the VAS score for each satiety component at each time
point. Criteria assessed included: prospective food consumption (or
how much the child feels they could eat), hunger, fullness, as well
as thirst and nausea (used as distracters). An appetite score was then
calculated. The appetite score incorporated the three measured satiety
scores (hunger, fullness and prospective food consumption) and was
calculated using the following
Formula: Appetite Score=Hunger + Prospective Consumption + (100
– fullness)
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Participants completed a VAS appetite assessment booklet before
each experimental meal, immediately after those meals, immediately
after the 30minute activity sessions and four hours after the meals.
This methodology for assessing appetite via VAS has been shown
to be valid in adults and children.10,11 Research personnel read each
criterion to the participant as to be sure the child understood the
question and responded appropriately. The fourth booklet was sent
home with the child and parents were coached on how and when to
complete it and asked to bring it back for the second visit or provided
with an envelope and stamp to mail it back to the lab. Satiety has
similarly been evaluated using VAS in previous studies and these
scales have been shown to be valid and reproducible, particularly in
studies with repeated measurements such as this present study.12
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immediately post-meal (71±74HC, 131±96LC) and immediately
post-activity session (96±66 HC, 160±57LC, power 0.96).There
were no differences (p≥0.16) in appetite pre-meal (225±63 HC,
222±61 LC, power=0.06) or four hours post-meal (234±69 HC,
259±52 LC, power=0.26) between the two meal conditions. There
was an additional sex by time interaction (p=0.02) as girls (165±28)
had greater (p=0.02) appetite scores than boys (109±49) at the postactivity time point and were not different (p≥0.15) at any other time.
There were no additional significant (p≥0.08) main or interaction
effects.

Analytical plan
Participant’s physical characteristics (age, height, weight) were
compared between boys and girls using independent-samples t-tests.
A paired-samples t-test was performed to compare accelerometer
counts∙min-1 during the HC condition to the LC condition. A two
sex (boys, girls) by two conditions (HC, LC) by four-time point (premeal, immediately post-meal, immediately post-activity, four hours
post-meal) analysis of variance (ANOVA) with repeated measures on
condition and time point was performed to assess changes in appetite
scores. Post-hoc t-tests with the Benjamini and Hochberg13 False
Discovery Rate correction for multiple comparisons were performed
for any significant main or interaction effects.

Results

Figure 1 Mean (±SE) appetite Scores for both low and high-calorie conditions
across four-satiety questionnaire time points.

Physical characteristics
Physical characteristics are shown in Table 1. Boys (8.6±1.1years
old) were significantly (p=0.004) older than girls (6.7±1.1years old).
Boys (136.3±7.7cm) were also significantly (p=0.026) taller than
girls (125.2±12.0cm). There was no significant (p≥0.16) difference
in weight between boys (32.6±9.6kg) and girls (26.1±6.5kg). There
was also no significant (p≥0.54) difference in BMI between boys
(17.2±3.1kg∙m-2) and girls (16.4±1.0kg∙m-2).
Table 1 Physical characteristics. Data are means±SD
Boys

Girls

Age (years)*

8.6±1.1

6.7±1.1

Height (cm)*

136.3±7.7

125.2±12.0

Weight (kg)

32.6±9.6

26.1±6.5

BMI (kg∙m-2)

17.2±3.1

16.4±1.0

*Significantly different between sexes

Physical activity
Physical activity during the HC (2729±1066 counts∙min-1) and LC
(2457±1233 counts∙min-1) conditions was not different (p=0.4).

Appetite scores
ANOVA revealed a significant (p=0.045) meal condition (HC, LC)
by time (pre, immediately post-meal, post-activity, four hours postmeal) interaction for appetite (Figure 1). Relative to the HC condition,
appetite was greater (p≤0.015, power=0.81) in the LC condition

*Significant difference (p<0.01) between conditions at these time points.

Discussion
While there is some evidence examining the effects of exercise
on appetite and subsequent caloric consumption in adults and
adolescents1‒3 we are not aware of any previous investigation that
has examined the effect of exercise on controlling post-prandial
appetite in children who consume meals of differing caloric contents.
The present results indicated that children performing a bout of selfpaced exercise after eating a LC meal resulted in a four-hour postprandial appetite score that was similar to eating a HC meal followed
by a similar bout of exercise. This would suggest that during the LC
condition, by the time children would have been eating their next
meal (i.e. dinner) their appetite was not different than it was in the
HC condition.
This combined effect of exercise and eating on appetite regulation
has previously been studied in adults and adolescents. Specifically,
previous reports indicate that a high-intensity bout of exercise
has suppressive effects on appetite in adults and caloric intake in
adolescents.2,3 Possible mechanisms behind this effect may include
changing satiety hormone levels.4 For example, glucagon like
peptide-1, an appetite suppressive gut hormone, levels are greater
during and following exercise than resting .4 In addition, exercise has
also been shown to elicit a significant increase in post-prandial plasma
levels of pancreatic polypeptide in normal-weight men.4 Increases in
glucagon like peptide-1 and pancreatic polypeptide following exercise
is a possible explanation for the prolonged suppressed appetite effects
of exercise as both of these hormones reduce the sensation of hunger.
Increased gut hormones and appetite regulating hormones may lead
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to increased satiety and decreased hunger. This may cause a delayed
appetite for the next meal following acute exercise and less caloric
consumption during the next meal, lowering daily caloric intake.
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While this study shows that the four-hour appetite scores across the
two conditions were similar, there are some limitations. The sample
size is relatively small and does not allow for the comparison of
overweight/obese and non-overweight children. Obesity-status may
have an effect on the appetite scores in the present design. Overweight
individuals have a lower concentration of glucagon like peptide-1
when compared to normal weight individuals.14 If glucagon like
peptide-1 is reduced, appetite scores may be increased, as glucagon
like peptide-1 is an appetite suppressant hormone. This may suggest
that obese individuals need to exercise at a greater intensity or duration
in order to achieve a similar amount of glucagon like peptide-1
secretion and satiety as lean individuals. The present study did not
assess these hormones that are commonly linked to satiety, hunger and
appetite (e.g. ghrelin, leptin, glucagon like peptide-1, and pancreatic
polypeptide). Understanding the fluctuations in the hormones post
meal and post exercise in children may provide a mechanism for the
effects on appetite that were noted presently. Currently, the similar
four-hour post-meal appetite scores between LC and HC suggest that
caloric consumption at this point should be similar across the two
conditions. However, the present study did not examine caloric intake,
only appetite scores. Future research should measure caloric intake at
the following meal (i.e. dinner). If the appetite score are predictive
of actual caloric consumption, the ability of physical activity to
blunt the appetite response in children may have significant benefits
on controlling daily caloric intake. In addition, future studies may
want to examine hormone levels, physical activity levels and caloric
consumption if the caloric content of the meal was kept constant,
but the percent of macronutrients (i.e. fat, protein, carbohydrate)
were altered. For example, previous studies have demonstrated that
pancreatic polypeptide increases during a high-protein meal and
subsequently suppresses appetite,15 if caloric content was kept the
same, but the percent of protein present in the meal was greater, the
participant may experience lower appetite than a lower-protein meal.
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