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Abstract

Objective—To evaluate the effects of an egg breakfast on lunchtime energy intake in children
(age 4-6 years) and adolescents (age 14-17 years).

Methods—In 2 randomized crossover trials, participants received either an egg breakfast or an
isocaloric bagel breakfast. In both trials, subsequent lunchtime energy intake was the primary
outcome. The trial with adolescents also measured each participant’s serum ghrelin, serum peptide
YY (PYY), and self-assessment of appetite rated using a visual analog scale.

Results—Lunchtime food intakes after egg and bagel breakfasts were not significantly different
for either age group. Visual analog scale ratings of hunger and satiety were also not different
between the 2 treatments in adolescents. Consumption of the egg breakfast led to a significant
increase in serum PYY levels (p=0.0001) in adolescents. However, increased levels of PYY were
not correlated with reduced food intake.

Conclusion—Short-term food intake in children and adolescents is not differentially altered by

an egg breakfast compared to a bagel breakfast.

Keywords
eggs; obesity; appetite; PYY; ghrelin

INTRODUCTION

Childhood obesity is a growing problem in the United States and many countries around the
world. Currently 17% of children and adolescents in the United States are considered obese,
over 3 times more than in the 1960s [1,2]. However, treatment options are more limited for
this vulnerable age group than for adults. Drug therapies and bariatric surgery are not
commonly recommended, and restrictive dieting can be problematic during growth and
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development. One of the major avenues to combat obesity is to alter energy intake, and there
are many factors that influence children’s eating behaviors. Thus, dietary interventions that
modulate satiety and food consumption may offer pragmatic approaches for reducing energy
intake.

Foods that increase satiety can result in decreased energy intake later in the day [3]. Eggs are
a highly nutritious and commonly consumed breakfast item in the United States. They are a
good source of protein, with one large egg providing approximately 6 g of protein [4]. Some
studies have linked high-protein diets with enhanced weight loss [5-7], but the findings are
somewhat controversial, because other studies have reported total energy intake to be more
important than the macronutrient composition of the diet [8-10]. We and others have
previously shown that consuming an egg breakfast increases satiety and reduces lunchtime
food intake in adults [11-14]. This effect may be mediated by alterations in appetite
hormones such as ghrelin and peptide YY (PYY).

Ghrelin, a hormone produced by the stomach, is believed to have appetite-stimulating
effects. Ghrelin levels rise during states of energy deficiency and decrease in response to
feeding. Intravenous infusion of ghrelin causes increased energy intake at subsequent meals
[15,16]. PYY, a hormone produced by the ileum and colon, may have appetite-suppressing
effects. In initial adult human studies, intravenous infusion of PY'Y decreased subsequent
food intake [17,18]. Dietary manipulations that increase endogenous PYY levels such as
high-protein diets may aid in increasing satiety [19]. Studies in adults have shown that both
ghrelin and PY'Y responses vary depending on the macronutrient composition of the meal.
Meals high in carbohydrates generally have the most suppressive effect on ghrelin levels
immediately following meal ingestion, but meals high in protein tend to result in lower
serum concentrations for longer periods of time, resulting in a lower area under the curve
[20-23]. High-fat and high-protein meals have been shown to induce prolonged increases in
PYY levels [24].

Thus far, few studies have examined how certain foods affect satiety and appetite hormone
levels in children. Egg breakfast consumption has been shown to suppress levels of ghrelin
and increase levels of PYY in adults [12,25]. Our objective was to determine whether
consuming an egg breakfast would reduce subsequent food intake in children and
adolescents.

MATERIALS AND METHODS

Participants and Study Design

The study was approved by the Institutional Review Board at Pennington Biomedical
Research Center and was conducted in accordance with the Declaration of Helsinki. Written
informed consent was obtained from the legal guardians of all subjects prior to study
initiation. The study consisted of 2 separate randomized crossover trials. The first trial
consisted of children, 4-6 years of age, recruited from a local preschool. All study
procedures were performed at the preschool between February and April 2012. Eligible
participants were free of chronic disease and had no known allergies or sensitivities to eggs,
wheat, dairy, or soy. Children were randomly assigned to receive an egg or bagel breakfast

JAm Coll Nutr. Author manuscript; available in PMC 2016 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Page 3

on their first test day (Table 1). Care was taken to ensure that the children’s daily routine was
kept as close to normal as possible. Study personnel verified that all participants were fasting
upon arrival and no food items were available between breakfast and lunch. Breakfast was
provided to children in their regular classroom as usual. Children were required to eat the
entire breakfast as provided, and 3 hours later they received an ad /ibitum lunch. Lunch was
provided in the cafeteria, which was their normal lunch area. Children were seated together
at tables in their normal configuration and monitored so that they did not exchange food.
Food intake was covertly determined by weighing back leftovers immediately after lunch.
One week later, study procedures were repeated and children received the breakfast they did
not consume on the first test day.

The second trial consisted of adolescents, 14-17 years of age, recruited from the greater
Baton Rouge, Louisiana, area. All study procedures were performed at Pennington
Biomedical Research Center between June and August 2012. Eligible participants were free
of chronic disease, not actively attempting to lose weight, and had no known allergies or
sensitivities to eggs, wheat, dairy, or soy. Adolescents were randomly assigned to receive an
egg or bagel breakfast on their first test day. Participants were admitted to the inpatient unit
of Pennington Biomedical Research Center, and an intravenous was inserted for blood
collection. Participants were required to eat all food provided at breakfast. Blood was
collected before breakfast and 30 and 180 minutes after breakfast completion to measure
appetite hormone levels. Adolescents also rated their hunger and fullness levels before
breakfast and 30, 60, 120, and 180 minutes after breakfast completion using electronic visual
analog scales. Three hours after breakfast, adolescents were provided with an ad /ibitum
lunch and instructed to eat as much or as little as they wanted and to stop when they were
comfortably full. Food intake was covertly determined by weighing back leftovers
immediately after lunch. Study procedures were repeated one week later with the other
breakfast. Because of the setting of this trial, participants were in private rooms and ate
alone but were accompanied by a parent or legal guardian.

The randomization sequence was generated by a statistician using a series of permuted
blocks of 4 treatment sequences with 2 of each type (bagel, egg or egg, bagel). The study
coordinator enrolled participants, and the study dietitian assigned participants to their
treatment sequence using the randomization sequence.

Meal Composition

All meals were prepared and served by the Pennington Biomedical Metabolic Kitchen staff.
Breakfast compositions are shown in Table 1. Breakfasts were matched for total calories and
energy density. The bagel breakfast provided 13% of calories from protein, 58% from
carbohydrate, and 27% from fat. The egg breakfast provided 20% of calories from protein,
37% from carbohydrate, and 43% from fat. The ad /ibitum lunch consisted of baked chicken,
macaroni and cheese, green beans, mandarin oranges, rolls, and 1% milk (Table 2). The
lunch meals were served on trays at a dining table.
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PYY and Ghrelin Concentrations

Total PY'Y was measured via radioimmunoassay according to the manufacturer’s
instructions (Millipore, Billerica, MA). Acylated ghrelin was measured via
radioimmunoassay according to the manufacturer’s instructions (Linco Research, Saint
Charles, MO).

Statistical Analysis

RESULTS

Subjects

Food Intake

The primary outcome of the study was ad /ibitum lunchtime food intake. Sample size was
determined based on a previous study in adults [11]. The planned study called for enrolling
22 children and 16 adolescents with at least 80% power to detect as statistically significant a
minimal average egg/bagel breakfast difference of 23.3 and 81 kcal of food intake at lunch,
respectively, for children and adolescents. Post hoc calculations revealed that the final
sample size with 13 children and 15 adolescents, less than originally planned, provided at
least 80% power for detecting egg/breakfast difference of 31.5 and 85 kcal, respectively.
Secondary outcomes included visual analog scale ratings of hunger and fullness, serum PYY
levels, and serum ghrelin levels. Statistical analysis was performed using SAS 9.2 (SAS
Institute Inc., Cary, NC). Data were analyzed using a mixed model with repeated measures.
The fixed effects were test day effects, treatment effects, treatment sequence (order) effects,
time effects, and the interaction between time and treatment, where signify interaction
indicates substantial variation in treatment differences across time. The random effects were
subjects within treatment sequence groups. Differences were considered statistically
significant at p < 0.05. Only subjects who completed the study were included in the final
analyses.

Twenty-five children enrolled in the first trial and were randomly assigned to treatment
sequence. Twelve participants were dropped because they did not finish breakfast as
required by the study protocol. Thirteen children (6 males and 7 females; all Caucasian; age
= 5 years) completed the study.

Sixteen adolescents enrolled in the second trial and were randomly assigned to treatment
sequence. One subject dropped because he was unwilling to eat the foods provided. Fifteen
adolescents completed the study and their characteristics are shown in Table 3.

Food intake results are shown in Fig. 1. In total, adolescents consumed more calories than
children due to the larger size of their required breakfast (170 vs 339 kcal). On average,
adolescents consumed 903 + 100 kcal and children consumed 699 + 36 kcal. Lunchtime
food intake was not significantly different between the egg and bagel breakfast conditions in
either trial. Children consumed 536 + 36 kcal and 523 + 37 kcal at lunch after a bagel or egg
breakfast, respectively. Adolescents consumed 571 + 99 kcal and 556 + 104 kcal at lunch
after a bagel or egg breakfast, respectively.
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Visual Analog Scale Ratings

For adolescents, subjective ratings of hunger, satiety, fullness, and prospective food intake
were not different between breakfasts (Fig. 2A-D).

Appetite Hormones

Serum PYY increased 50.7% + 6.1% 180 min after egg breakfast consumption, whereas it
only increased 19.4% after bagel breakfast consumption (p < 0.0002, Fig. 3A). Acylated
ghrelin was unchanged when adolescents consumed the egg breakfast. However,
consumption of the bagel breakfast led to a significant decrease in acylated ghrelin at 30
minutes post-breakfast (o < 0.002, Fig. 3B). Levels of ghrelin and PY'Y were not
significantly correlated with visual analog scale ratings (data not shown).

DISCUSSION

Our study was designed to compare the effects of 2 conventional whole food breakfasts on
satiety in children and adolescents. The total weight and energy content were carefully
matched, but the breakfasts differed in macronutrient content. The egg breakfast contained
higher levels of both protein and fat (20% and 43% vs 13% and 27% for the bagel
breakfast). Though the difference in protein content was relatively small relative to other
studies [26,27], our goal was to examine the effects of whole foods on satiety rather than
levels of a specific macronutrient.

This study indicates that compared to a bagel breakfast, consuming an egg breakfast did not
alter satiety or subsequent food intake despite a substantial increase in serum PYY in
adolescents. This seems to indicate that even though consuming eggs elicits a PY'Y response,
it does not necessarily translate into altered satiety or food intake in adolescents. Indeed,
previous studies have observed that in children PYY tends to increase after a meal,
especially with meals that are high in protein or fat [28,29]. However, there was no
correlation between hormone levels and appetite ratings [28,30,31].

Several other hormones are believed to be involved in the satiety response, including ghrelin.
In adults, ghrelin stimulates appetite and decreases postprandially and then subsequently
rises over time. We observed that the ghrelin response in adolescents varied with the
macronutrient composition of the meal. Consuming a bagel breakfast elicited a response
similar to that seen in adults with a postprandial decrease followed by a rise over time.
However, when an egg breakfast was consumed, ghrelin did not change significantly over
time. The literature on the ghrelin response to meal feeding in children is quite mixed. Some
studies report that ghrelin is unresponsive to meal feeding [28,29,32,33]. Others report
responses similar to those observed in adults with ghrelin transiently decreasing
postprandially [30,31,34,35]. As with PYY, there was no observed correlation between
ghrelin levels and appetite ratings.

Given the results of our study and previous studies observing no correlations between
appetite hormone levels and subjective hunger ratings, these data would suggest that
children may not be as sensitive to alterations in appetite hormone levels [28,30,31]. Though
food consumption may elicit a hormonal response in children and adolescents, this does not
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appear to translate into altered food intake. There may be other hormones or systems that
play more important roles in appetite regulation during this period of development.

Our study was limited in that we did not power the study to stratify participants by body
weight category. There is evidence in both adults and children that suggests that appetite
hormones are less responsive to meal feeding in obese subjects [18,32,33]. However, due to
the limited number of studies and small sample sizes, it is difficult to draw any broad
conclusions regarding how the appetite hormone response differs between lean and obese
children. Another limitation of the study was that 12 of the children had to be dropped from
the study because they did not consume the whole breakfast. We felt that this was necessary
to ensure the integrity of the lunchtime meal test data. However, there may also be
underlying differences between completers and noncompleters, such as food aversions or
breakfast skippers vs normal breakfast eaters. Unfortunately, we did not determine their
reasons for not completing breakfast because we were trying to be as unobtrusive as possible
to their normal school day.

In summary, consuming an egg breakfast increased serum PYYY levels in adolescents.
However, this did not affect subjective hunger ratings or food intake at lunch. More research
is needed to define the roles of different foods on satiety and appetite hormone levels in
children during their development.
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Food intake. Data for children and adolescents are summarized as means + SE (children n=
13, adolescents = 15).
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Table 3

Subject Characteristics of Teenagers (/7= 15)

Age (years) 156+1.1
Female 9 (60%)
Ethnic origin
White 11 (73%)
Black 4 (27%)
Height (cm) 169.7 +5.1
Weight (kg) 725+22.6

Overweight or obese? 6 (40%)

aDefi ned as >85th body mass index—for-age percentile.
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