nature publishing group

ARTICLES

PEDIATRIC OBESITY

Neural Responses to Visual Food Stimuli
After a Normal vs. Higher Protein Breakfast
in Breakfast-Skipping Teens: A Pilot fMRI Study

Heather J. Leidy"? Rebecca J. Lepping’, Cary R. Savage** and Corey T. Harris'

This functional magnetic resonance imaging (fMRI) pilot study identified whether breakfast consumption would alter
the neural activity in brain regions associated with food motivation and reward in overweight “breakfast skipping”
(BS) adolescent girls and examined whether increased protein at breakfast would lead to additional alterations. Ten
girls (Age: 15 + 1 years; BMI percentile 93 + 1%; BS 5 + 1x/week) completed 3 testing days. Following the BS day,

the participants were provided with, in randomized order, normal protein (NP; 18 + 1 g protein) or higher protein

(HP; 50 = 1 g protein) breakfast meals to consume at home for 6 days. On day 7 of each pattern, the participants came
to the laboratory to consume their respective breakfast followed by appetite questionnaires and an fMRI brain scan

to identify brain activation responses to viewing food vs. nonfood images prior to lunch. Breakfast consumption led
to enduring (i.e., 3-h post breakfast) reductions in neural activation in the hippocampus, amygdala, cingulate, and
parahippocampus vs. BS. HP led to enduring reductions in insula and middle prefrontal cortex activation vs. NP.
Hippocampal, amygdala, cingulate, and insular activations were correlated with appetite and inversely correlated with
satiety. In summary, the addition of breakfast led to alterations in brain activation in regions previously associated
with food motivation and reward with additional alterations following the higher-protein breakfast. These data suggest
that increased dietary protein at breakfast might be a beneficial strategy to reduce reward-driven eating behavior in
overweight teen girls. Due to the small sample size, caution is warranted when interpreting these preliminary findings.
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INTRODUCTION

The obesity epidemic, currently affecting nearly 25 million
young people in the United States alone, is considered to be the
greatest threat to public health this century (1,2). Recent evi-
dence suggests that several environmental factors, particularly
increased availability of highly palatable, energy dense food,
and increased presence of powerful food stimuli (i.e., bill-
boards, commercials, vending machines) contribute substan-
tially to the shift away from eating according to physiological
need towards reward-driven eating, the latter of which leads to
positive energy balance and obesity (3,4).

Overweight and obese young people appear to be at an
increased risk to these environmental factors. Specifically,
they are more likely to consume sugar sweetened drinks
(5), less likely to compensate for “fast food” calories (6), and
consume more energy-density foods (e.g., sweets, chocolate,
and chips) following exposure to food advertisements (7). In
addition to the unhealthy eating behaviors arising from the

exposure to the current food environment, adolescents also
partake in the unhealthy practice of skipping breakfast (8).
Although the relationship between breakfast skipping (BS)
and obesity is well-established (9,10), a more novel, unex-
plored association exists between BS and reward-driven eat-
ing behavior (11).

Recent data from our lab indicate that the addition of break-
fast leads to reductions in physiologic markers of appetite,
increases in physiologic markers of satiety, and reductions in
energy intake at the next eating occasion in adolescents who
habitually skip the breakfast meal (12). Furthermore, addi-
tional benefits were observed when the breakfast was higher in
dietary protein (12).

While a myriad of studies exist examining the effects of vari-
ous dietary interventions on the homeostatic, hormonal sig-
nals of energy regulation (13), no studies to date have assessed
whether the nonhomeostatic, neural mechanisms underlying
ingestive behavior are also modulated. This approach may have
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dramatic implications in terms of developing effective dietary
recommendations which target the modern food, obesogenic
environment to combat obesity in young people.

The purpose of this study was threefold: (i) to determine
whether the daily addition of breakfast, regardless of macro-
nutrient composition, influences the activation of specific
brain regions associated with food motivation and reward
in “breakfast skipping” adolescent girls; (ii) to determine
whether the macronutrient composition of the breakfast meal
(i.e., increased dietary protein) further impacts this response;
and (iii) to identify whether the brain activation responses are
associated with indexes of perceived appetite and satiety.

METHODS AND PROCEDURES

Participants

Adolescent girls were recruited from the Kansas City, KS area through
advertisements, flyers, and email listserves to participate in the study.
Eligibility was determined through the following inclusion criteria:
(i) age range 13-18 years; (ii) overweight to obese (BMI: 25-34.9kg/
m? 85-99" percentile for BMI for age); (iii) no metabolic or neuro-
logical diseases or other health complications; (iv) not been clinically
diagnosed with an eating disorder; (v) not currently or previously on a
weight loss or other special diet in the past 6 months; (vi) documented
regular menstrual cycles between 21-36 days in duration for the past
6 months; (vii) frequently eats lunch (i.e., =5 eating occasions/week);
(viii) infrequently eats breakfast (i.e., <2 breakfast occasions/week); and
(ix) right-handed.

Fifty-one volunteers were interested in participating in the study.
Twelve met the screening criteria and began the study, and 10 completed
all study procedures. The two participants who did not complete the
study procedures were unable to stay awake during the functional mag-
netic resonance imaging (fMRI) brain scan and were thus excluded from
all analyses. Subject characteristics of those who completed the study are
presented in Table 1.

All participants and their parents (or legal guardians) were informed
of the study purpose, procedures, and risks and signed the consent/assent
forms. The study procedures were approved by the University of Kansas
Medical Center Human Subjects Committee and the General Clinical
Research Center Advisory Committee. The subjects received $120 for
completing all study procedures.

Table 1 Subject characteristics of the 10 “breakfast skipping”
adolescent girls who completed all study procedures

Subject characteristics Mean = s.e.m.

Age (years) 15+ 1
Height (cm) 165+2
Weight (kg) 79.1 £33
BMI
Actual (kg/m?) 29.0+1.0
Percentile (%) 93.1+1.4
Breakfast Skipping (# times/week) 5+1
Reasons for skipping (% of participants)
Not hungry 80%
Too early to eat 50%
Strategy to lose weight 20%
No breakfast foods in the house 10%
No one home to prepare breakfast 10%

2020

Experimental design

This fMRI pilot study was performed in conjunction with another study
examining the effects of increased dietary protein at breakfast on appe-
tite control and the regulation of food intake with respect to the physi-
ological, energy regulatory hormonal signals. The current study utilized
a semi-randomized, crossover design consisting of 3 separate testing
days (Figure 1). Following the baseline “breakfast skipping” testing
day, the participants were randomly provided with a normal protein
breakfast (NP; 18 + 1 g protein/meal) or a higher protein breakfast (HP;
50 * 1g protein/meal) to consume at home for 6 days. On the 7th day of
each pattern, the participants completed the respective testing day. Each
participant performed both breakfast patterns, with a 1 week washout
(i.e., breakfast-skipping) period between treatments.

During each testing day, the participants arrived at the General Clinical
Research Center (GCRC) following an overnight fast. At time +0min,
they were provided with the respective breakfast meal (i.e., NP or HP) or
continued to skip breakfast (i.e., BS). Perceived appetite, satiety, and brain
activation responses were measured 3 hour postbreakfast.

Breakfast patterns and respective testing day meals
Following the baseline, BS testing day, the participants randomly com-
pleted the NP and HP breakfast patterns. For each pattern, the par-
ticipants were provided with the respective breakfast meals and asked
to consume these at home between 7:00 and 9:00 AM for 6 consecu-
tive days. On day 7 of each pattern, the participants returned to the
GCRC to complete the respective testing day. Each breakfast pattern
consisted of two types of meals which were provided throughout the 7
days in an alternating style. The NP meals included two types of break-
fast cereals (i.e., crispy squares or crispy rice) and milk, whereas the
HP meals consisted of baked items (i.e., oatmeal bars or waffles with
syrup) and yogurt. Each of the breakfast meals within each treatment
were matched for protein, carbohydrates, fat, sugar, fiber, energy con-
tent, and palatability.

The dietary characteristics and palatability of the testing day breakfast
meals are shown in Table 2. The meals contained ~24% of estimated
energy needs (490 + 10kcal) for normal to overweight adolescents (14).
The NP meal was comprised of 15% protein (18 + 1 g protein), 65% car-
bohydrates and 20% fat, whereas, the HP meal included 40% protein
(50 £ 1.1 g protein), 40% carbohydrates, and 20% fat. Both meals were
served with 237 ml of water. Total energy content, fat, sugar, fiber, energy
density, and palatability were similar between the breakfast meals. During
the baseline, BS day, the participants were only provided with the 237 ml
of water. This day served as the subjects’ normal eating pattern and was
used to identify the normal (baseline) responses.

fMRI

Brain activation responses were assessed prior to lunch (i.e., 3h after
the start of the testing day) in each of the testing days. During the fMRI
procedure, the participants laid down in a supine position on the slid-
ing MRI table and focused on the photographs which were projected
onto a screen and easily viewed through a mirror.

Baseline 5-h 5-h 5-h
Testing day Testing day Testing day
Normal protein Higher protein
breakfast — Elr(?akif:m breakfast
pack-out pping pack-out
Breakfast
skipping
(n=10) Higher protein Breakfast Normal protein
breakfast > :fa tas breakfast
pack-out Skipping pack-out
| | (Washout) |
| I [
Day 0 Day 1 Day 7 Day 14 Day 21

Figure 1 Study design.
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Dietary characteristics?

Normal-protein (NP) breakfast

Higher-protein (HP) breakfast

Energy content (kcal) 490+ 10
PRO (g) 18.3+0.3
CHO(g) 77.2+1.6
Sugar (g) 12.6+0.3
Fiber (g) 6.8+0.1
Fat (9) 10.7+0.2

Testing day menu:

Whole milk 32 g

Reduced sugar 2% milk 235 g

Palatability (mm)° 64+9

Crispy square cereal with milk
Toasted rice cereal 32 g
Toasted wheat cereal 62 g

490+ 10
49.9+0.1
51+14
12.8+0.2
7.1+0.1
10.9+0.2

Walffle with syrup
1% fat cottage cheese 85 g
Liquid egg substitute 80 g
Margarine 10.8 g
Unbleached flour 32.2 g
Lavash bread 47 g
Maple syrup 3.2 g
Sugar free maple syrup 44 g
Yogurt
Whipped 1% cottage cheese 85 g
Raspberries 20 g

58+7

PRO, protein, CHO, carbohydrate. ®Data presented as mean + s.e.m. "Palatability assessed from a questionnaire completed during breakfast (+15min) (scale =

1-100mm).

The fMRI paradigm has been previously published and incorpo-
rated stimuli from three categories of pictures including food, non-
food (animals), and blurred baseline images (15,16). The pictures
from each category were presented in blocks of images. Ten photo-
graphs (of the same type of stimuli) were presented per block. The
scan involved three repetitions of each block of stimulus-producing
images(i.e., food, animal), alternated with blocks of randomized
blurred images. Each photograph was projected for 2.5 seconds, with
an interstimulus interval of 0.5 seconds. There was a total of 13 blocks
of stimuli presented. Individual pictures were randomly assigned to
appropriate blocks and were never repeated. Animal pictures were
used to control for visual richness and general interest (i.e., appeal-
ing but not appetizing). Food and animal image sets were selected
in pilot studies to be matched on measures of valence and arousal
based on previously validated measures (17), yet maximally different
in ratings of perceived appetitive value. The functional scan lasted
approximately 7 min and was performed in duplicate. Scanning was
performed at the Hoglund Brain Imaging Center at the University of
Kansas Medical Center on a 3 Tesla Allegra scanner (Siemens Medical
Solutions, Erlangen, Germany).

Recognition memory for the presented images was examined following
the scanning session to identify whether the participants were attentive
throughout the scans (See ref. 16 for further detail). Functional scans
were excluded if the participants scored less than chance (i.e., <50%).
Removal of both functional scans on any one testing day led to the exclu-
sion of the subject.

Questionnaires

Perceived indexes of appetite (i.e., hunger, desire to eat, prospective food
consumption), and perceived satiety (i.e., fullness) were assessed at the
beginning of each testing day (+0min) and prior to fMRI (+180min) on
each the testing day. The questionnaires contained validated visual ana-
log scales incorporating a 100 mm horizontal line rating scale for each
response (18). The questions are worded in the following manner: “how
strong is your feeling of” with the anchors of “not at all” to “extremely”

Data and statistical analyses

The brain activation responses were analyzed using the Brain Voyager
QX statistical package and random effects (Brain Innovation,
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Maastricht, Netherlands, 2004). Preprocessing steps included trilinear
three-dimensional motion correction, sinc-interpolated slice scan time
correction, two-dimensional spatial smoothing with 4-mm Gaussian
filter, and high-pass filter temporal smoothing (16). Functional images
were realigned to the anatomic images obtained within each session
and standardized using Brain Voyager Talairach transformation, which
conforms to the space defined by the Talairach and Tournoux’s stere-
otaxic atlas (19). Functional scans were discarded if head movement
>3 mm along any axis (X, y; or z).

To determine the effects of breakfast on neural activity associated with
food motivation, a repeated measures ANOVA was performed on the
brain activation maps within the Brain Voyager software using Stimulus
(food (i.e., appetizing and appealing) vs. nonfood (i.e., animal, non-appe-
tizing but appealing) x Breakfast (BS vs. NP; BS vs. HP) comparisons. To
identify whether the macronutrient composition of the breakfast meal
would differentially effect the neural responses, a repeated measures
ANOVA was again performed using stimulus (i.e., food vs. nonfood) x
Breakfast (NP vs. HP).

Variables representing the experimental conditions were modeled
with a hemodynamic response filter and entered into the model using
random effects. Contrast between conditions was assessed with ¢-sta-
tistics using random effects. Based on previous research with this para-
digm a priori regions of interest included the amygdala, hippocampal
formation (hippocampus and parahippocampal cortex), cingulate,
insula, striatum, orbitofrontal cortex, and prefrontal cortex (15,16). To
identify significant activations in a priori regions, cluster-level statisti-
cal threshold was applied to correct for multiple comparisons (20,21).
Using this approach, significance was set at P = 0.01, with a cluster-
level false-positive rate of o = 0.05. Cluster threshold correction relies
on the idea that true activations are likely to extend spatially across
multiple voxels within a region. By combining information about the
data, including the initial voxelwise significance threshold and data
smoothness, a distribution of probable cluster sizes can be obtained,
and a separate false-positive threshold for cluster size can be applied.
This method allows for a reduction in Type I errors while allowing for
the detection of true activations at an appropriate level of correction.
Regarding the regions of interest data analysis, follow-up analyses of
a priori regions of interest were conducted in regions noted above
that achieved statistical significance in the breakfast pattern analyses.
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Table 3 Brain regions reaching significance (Food >nonfood)
at +180min (i.e., Prelunch) during the breakfast skipping (BS),
normal protein (NP), and higher protein (HP) testing days

Coordinates

Number
Contrast and region X Y z t of voxels
BS > NP
Hippocampus -19 -20 -15 10.32 2332
Amygdala 20 -5 -9 5.49 352
Anterior Cingulate -4 25 -9 4.84 87?2
-4 40 -3 4.62 32
Parahippocampus 26 -14 -12 5.00 260
-16 1 -15 5.68 159
-28 -35 -12 6.25 2462
-28 4 -21 5.60 47
NP > HP
Insula 32 16 12 5.79 135°
=31 10 12 4.62 52
Middle prefrontal 29 40 24 4.43 51
-37 31 39 4.43 163°

aActivation shown in Figure 2a. *Activation shown in Figure 3a.

Mean percent signal change (food vs. baseline) in the maximum voxel
within each region for each individual was exported to the latest ver-
sion of the Statistical Package for the Social Sciences (SPSS 17.0; SPSS,
Chicago, IL).

Pearson’s correlations were computed between the percent signal
change in the a priori regions reaching significance and perceived appetite
and satiety. Data are expressed as mean + s.e.m. A P < 0.05 was consid-
ered statistically significant. Analyses were conducted using the Statistical
Package for the Social Sciences (SPSS 17.0).

RESULTS

BS vs. breakfast

All brain regions significantly affected by breakfast con-
sumption are presented in Table 3. Prelunch neural activ-
ity in response to visual food cues (i.e., food > nonfood) was
greater in the hippocampus (x, y, z=-19, -20, —15), amygdala
(%, ¥ z =20, -5, -9), subgenual anterior cingulate (x, y, z = —4,
25, —9; —4, 40, -3), and parahippocampus (x, ), z = 26, —14,
-12; -16, 1, —15; —28, —35, —12; —28, 4, —21) regions when
breakfast was skipped (i.e., BS) compared to consuming the
NP breakfast (Table 3; Figure 2a,b (A-D)). Similar activation
responses were also observed when comparing BS vs. HP (data
not shown).

NP vs. HP breakfast meals

Brain activations significantly modulated by increased dietary
protein at breakfast (i.e., HP vs. NP) are also shown in Table 3.
In comparing breakfast type, consumption of the NP breakfast
resulted in greater activation in the anterior insula (x, y, z = 32,
16, 12; —31, 10, 12) and the middle prefrontal cortex (x, y, z =
29, 40, 24; -37, 31, 39) regions vs. the HP breakfast (Table 3;
Figure 3a,b (A,B)).

2022

a il
Sagittal l
view i |
@
|
\lR
Coronal B
) .
view
@ ©
b . & &
& O %a
\(\Q @ N Qo(;
& F © N
0.4 & < @ &
\2\\Q V‘@ ?5\ Q‘b
N N A IS
0.3
< 02
j=2)
j=4
g
° [ Breakfast
g 01 skipping (BS)
=
[z}
2 B Normal protein
5 01 (NP) breakfast
2
[}
kel
[s}
o 02
-0.3
-0.4

Figure 2 Prelunch a priori brain activation following the addition of
breakfast; all comparisons food > nonfood (animal). (a) Averaged
functional magnetic resonance imaging (fMRI) brain activation contrast
map; *greater activation following breakfast skipping vs. normal protein
breakfast in the (A) hippocampus, (B) amygdala, (C) subgenual anterior
cingulate, and (D) parahippocampus, *Cluster-level statistical threshold
adjustment for multiple comparisons; P = 0.01; o. = 0.05. (b) Bold effect
depicting treatment differences (breakfast skipping vs. normal protein
breakfast) in average percent signal change (food vs. nonfood) from the
maximum voxel of the activations in a.

Correlations between the brain activation patterns

and perceived appetite and satiety

As shown in Table 4, percent signal change in the hippocam-
pus, amygdala, cingulate, and insula were positively correlated
with indexes of appetite including perceived sensations of hun-
ger, desire to eat, and prospective food consumption.

DISCUSSION

The present study was conducted to examine the sustained
effects of normal vs. higher-protein breakfast meals on neu-
ral activity (prior to lunch) in overweight/obese “breakfast
skipping” adolescents. The addition of breakfast resulted in
reductions in brain activation responses to food stimuli in
the hippocampus, amygdala, anterior cingulate, and parahip-
pocampus prior to lunch. With respect to whether additional
alterations were observed with increased dietary protein, the
higher protein breakfast meal led to reduced activation in the
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Figure 3 Prelunch a priori brain activation following the normal protein
(NP) vs. higher protein (HP) breakfast treatments; all comparisons

food > nonfood (animal). (a) Averaged functional magnetic resonance
imaging (fMRI) brain activation contrast map; *greater activation
following the normal protein vs. higher protein breakfast in the (A) insula
and (B) middle prefrontal cortex. Cluster-level statistical threshold
adjustment for multiple comparisons; P = 0.01; o = 0.05. (b) Bold effect
depicting treatment differences (normal protein vs. higher protein
breakfast) in average percent signal change (food vs. nonfood) from the
maximum voxel of the activations in Figure 3a.

anterior insula and the middle prefrontal cortex compared to
the NP breakfast. Activations in many of the a priori, limbic
regions were associated with perceived hunger, desire to eat,
and food motivation. These data indicate that the daily addition
of a protein-rich breakfast leads to sustained reductions in neu-
ral activity in brain regions associate with food motivation and
reward. This is the first, but vital step to identify whether mod-
est dietary interventions alter the neural responses surrounding
food motivation and reward. Future studies are needed to iden-
tify whether these alterations lead to reduced reward-driven
eating behavior and over-eating later in the day.
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Previous fMRI studies have examined the neural responses
involved with acute (premeal (fasting) vs. postmeal (fed)) and
chronic (lean vs. obese) energy regulation (15,16,22-26). The
primary targets have been key regions of the limbic system
which control various aspects of hedonic, reward-driven eat-
ing. These include the hippocampus, parahippocampus, and
amygdala which are involved with the development of short
and long term memories, including memories of food (27); the
anterior cingulate known for its role in reward; and the insula
which is associated with gustatory processing, reward, desire,
and cravings (27). Other medial and prefrontal regions have
also been examined due to their integration of physiologic
and reward signals and overall executive control of ingestive
behavior (27).

Chronic energy imbalance, as observed in obesity, has been
shown to impact neural activation in many of the previously
mentioned regions. In a recent study (16), pre-and postmeal
neural responses were compared between 20 normal weight
and obese volunteers. The obese participants exhibited greater
premeal activation in the anterior cingulate, medial prefrontal
cortex and greater postmeal activation in the medial prefron-
tal cortex and hippocampus compared to the normal weight
participants (16). Several other studies comparing obese and
normal weight participants report greater activation in the
amygdala, medial prefrontal cortex, insula, anterior cingulate,
and hippocampus in obese vs. normal weight (24-26). Stice et
al. (24). also reported that individuals exhibiting heightened
activity in the anterior insula experienced greater weight gain
throughout a 1 year post follow-up period compared to those
displaying less insula activation (24).

With respect to acute energy states, Holsen et al. (15).
illustrated that the consumption of a standardized meal led
to reduced activation in the amygdala, insula, parahippoc-
ampus, and anterior cingulate compared to fasting (i.e., pre-
meal). Other studies by Fuhrer et al. (22) and Goldstone et
al. (23) report similar findings. Specifically, when compared
to the fasted state, meal consumption led to reduced brain
activation in the amygdala, anterior cingulate, insula, and/or
medial frontal cortex (22,23). Collectively, these data illus-
trate that activation of specific brain regions in the cortico-
limbic system are responsive to acute and chronic energy
status and may play a key role in reward-driven eating behav-
ior and obesity.

The studies mentioned above utilized fMRI technology dur-
ing fasting or within 30-60 minutes following a standardized
meal. Our current study extends these findings to include the
assessment of the neural responses 3 h postbreakfast, which is
the time in which the next eating occasion would typically be
initiated. Using this approach, we are able to identify whether
the consumption of normal vs. higher protein breakfast meals
have a sustained impact with respect to motivational drive
to eat prior to lunch. Breakfast consumption and increased
dietary protein were chosen as the dietary interventions due
to their established improvements in physiological appetite
control and satiety (28) and/or their inverse association with
overeating, weight gain, and obesity (8,29,30).

2023

95U8917 SUOLLIOD SAITe8.D) 3|qealdde au) Ag pausenob afe sojoile YO ‘8sh JO S3|nJ o) Aelg1 8UlUO AS|IM UO (SUONIPUOD-PUR-SLUBIW0Y B |IM"AReq)1jpU1 UO//:SdILY) SUONIPUOD pUe SWwie | aU1 885 *[G202/60/20] UO Akeiqiauljuo A8|IM ‘80T TT0Z A0/SE0T OT/I0P/L0D" Ao IM Aleid 1 jBUl|Uo//Sdny Wi} papeoiumod ‘0T ‘TTOZ X6EL0E6T



ARTICLES

PEDIATRIC OBESITY

Table 4 Correlations between prelunch neural activity and perceived appetite and satiety

Hippocampus Amygdala Cingulate Insula
Variable R P value R P value R P value R P value
Perceived appetite
Hunger 0.578 0.01 0.554 0.01 0.429 0.05 0.346 NS
Desire to eat 0.584 0.01 0.572 0.01 0.484 0.05 0.473 0.05
Prospective food 0.558 0.01 0.478 0.05 0.327 NS 0.384 0.09
consumption
Perceived satiety
Fullness -0.421 0.07 -0.464 0.05 -0.368 NS -0.334 NS

NS, nonsignificant (P > 0.1).

In summary, the findings from this study indicate sustained,
reduced activation in key prefrontal and limbic brain regions
following the consumption of breakfast, particularly in those
meals containing increased dietary protein. In addition, the
strong associations between the neural activity of the limbic
regions and the perceived hunger, desire, and food motivation
responses further support the role of these regions in reward-
driven eating behavior.

Limitations

Some of the study limitations are described below. Given that
the day-to-day habits of adolescents during the school year are
quite different than during the summer months, we sought to
test all participants in the same season. In doing so, we were
unable to control for menstrual phase for the testing days.
According to Barr et al. (31) and Dye et al. (32), hormonal fluc-
tuations throughout the menstrual cycle effect appetite con-
trol and energy intake, with greater appetite and daily intake
occurring during the luteal vs. follicular menstrual cycle. Based
on our study design, we are unable to determine the effects of
menstrual phase on our study outcomes. However, menstrual
cyclicity was documented and varied between testing days
and between participants thus reducing any systematical bias/
effect. Although the current sample size is small with only 10
subjects in a repeated measure design, cluster-level statisti-
cal threshold adjustment was applied to correct for multiple
comparisons. Regardless, caution is warranted concerning the
interpretation and generalizability of the study findings and
results should be considered preliminary. Lastly, the current
study rationale relies, in part, upon the correlational findings
surrounding Breakfast Skipping, reward-driven eating behav-
ior, and obesity and suggests that consuming breakfast, par-
ticularly a protein-rich breakfast, will reverse these unwanted
outcomes. Even though the relationship between Breakfast
Skipping and obesity is strong, limited data exist concern-
ing whether Breakfast Skipping plays a causal role in obes-
ity. Several prospective studies (33-35), ranging from 1 to 10
years, indicate that individuals who skip breakfast on a daily
basis have a greater risk of being overweight and/or developing
obesity compared to breakfast consumers. While untested, it is
also plausible that overweight and obese adolescents begin to
skip breakfast as a means to reduce daily energy intake to lose
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weight. Although this has been frequently cited as the primary
reason for Breakfast Skipping, several studies have shown that
most adolescents report skipping breakfast mainly due to “lack
of time,” “not feeling hungry,” and/or “not liking to eat that
early” as opposed to using it as a strategy to lose weight (36,37).
We are currently completing a long term (i.e., 12-week) ran-
domized controlled breakfast trial to provide support for the
causal role of Breakfast Skipping.

Adolescents in the United States are exposed to limitless food
stimuli, on a daily basis, that lead to overeating (38-40). Further,
Breakfast Skipping is a common dietary practice that is strongly
associated with overweight/obesity in adolescents and could be
adversely contributing to the susceptibility to these detrimental
environmental stimuli. Dietary recommendations to combat
reward-driven eating are lacking, especially in adolescents. In
the current study, we demonstrate that the addition of breakfast
in overweight/obese “Breakfast Skipping” adolescents leads to
reductions in brain activation in specific regions involved with
food motivation and reward. In addition, a breakfast higher in
dietary protein leads to additional improvements.
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