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Abstract

Food branding is ubiquitous, however, not all children are equally susceptible to its effects. The objectives of this study were to 1)
determine whether food brands evoke differential response than non-food brands in brain areas related to motivation and
inhibitory control using blood oxygen level dependent (BOLD) functional magnetic resonance imaging (fMRI) and 2) determine
the association between brain response and energy intake at test-meals presented with or without brands. Twenty-eight 7-10 year-
old children completed four visits as part of a within-subjects design where they consumed three multi-item test-meals presented
with familiar food brands, novel food brand, and no brand. On the fourth visit an fMRI was performed where children passively
viewed food brands, non-food brands and control images. A whole-brain analysis was conducted to compare BOLD response
between conditions. Pearson’s correlations were calculated to determine the association between brain response and meal intake.
Relative to non-food brands, food brand images were associated with increased activity in the right lingual gyrus. Relative to
control, food and non-food brand images were associated with greater response in bilateral fusiform gyri and decreased response
in the cuneus, precuneus, lingual gyrus, and supramarginal gyrus. Less activation in the bilateral fusiform gyrus to both food and
non-food brands was associated with greater energy intake of the branded vs unbranded meal. These findings may help explain
differences in the susceptibility to the intake-promoting effects of food advertising in children.
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marketing has been specifically implicated as a contributor
to the rise in childhood obesity (Harris et al. 2009).

Background

In the United States, childhood obesity rates have contin-
ued to rise over the past decade and have reached an
alarming 18.5% in 2016 (Hales et al. 2017). A major con-
tributor to increasing rates of childhood obesity is an ex-
cess intake of high-fat/high-sugar foods, drinks, and snacks
(Fox et al. 2004; Nicklas et al. 2003). These foods are
aggressively marketed to youth with recent reports show-
ing that food companies spend over $7.4 billion a year to
increase purchase and consumption of cereals, snack foods,
beverages, and fast foods (Harris et al. 2014; Harris et al.
2010, 2012, 2013, 2015). This type of targeted food
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The majority of child-targeted food advertisements focus
on establishing brand loyalty early in life (Connor 2006;
Escalante de Cruz et al. 2004). Brand loyalty involves devel-
oping a unique, emotional attachment to a company through
use of names, symbols, logos, characters, and slogans in at-
tempts to increase purchases of products over the consumer’s
lifetime (Connor 2006). Companies specifically target chil-
dren in attempts to establish brand loyalty early in life
(Escalante de Cruz et al. 2004). Brand loyalty has been asso-
ciated with an increase in children’s preferences (Coon and
Tucker 2002; Robinson et al. 2007), requests for (Valkenburg
and Buijzen 2002; McDermott et al. 2006), and consumption
of (Cravener et al. 2015; Halford et al. 2004, 2007; Keller et al.
2012b) the advertised products. This is of concern considering
that a recent evaluation of television commercials promoting
food brands showed that 98% of the advertised foods were
high in sugar, fat, and sodium (Powell et al. 2013).

Although branding and advertising are ubiquitous, there is
growing evidence of individual differences in the responsiveness
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to their effects. For example, in two recent studies overweight
children recognized more food brands than their healthy weight
counterparts in a brand awareness test (Halford et al. 2004,
2007). In addition, Forman and colleagues showed that over-
weight children were more responsive to the intake-promoting
effects of food branding than healthy weight children (Forman et
al. 2009). Identifying individuals who have increased vulnera-
bility to the effects of branding and advertising may assist re-
searchers in phenotyping children who are at risk for obesity
(Forman et al. 2009).

Tools such as functional magnetic resonance imaging
(fMRI) have been used to characterize differences in brain
response to a variety of stimuli related to obesity. Functional
MRI provides an indirect evaluation of metabolic changes in
the brain during stimulus processing (McGonigle 2012). For
example, a recent fMRI study in 10—14 year old children
demonstrated increased response to food brands compared to
non-food brands and control images in areas related to moti-
vational value and cognitive control (Bruce et al. 2014). A
study by this same group showed that compared to healthy
weight youth, children with overweight, specifically, showed
reduced response to food relative to non-food brands in brain
regions implicated in cognitive control (Bruce et al. 2013). It
is unknown if similar differences in brain response would be
apparent in a younger population (e.g., 7-10 year-old chil-
dren). Children are especially vulnerable to food marketing
because they lack the cognitive ability to comprehend or eval-
uate its purpose compared to adolescents (McClure et al.
2013; Story and French 2004). Furthermore, research suggests
that reward areas of the brain develop more rapidly than con-
trol areas, which may bias children toward selection of imme-
diate rewards (Somerville and Casey 2010) and make them
more susceptible to poor food choices following food market-
ing exposures (Somerville et al. 2010). More importantly, no
study to date has shown whether differences in brain re-
sponses to food brands correlate with eating behaviors.

The primary aim of the present study was to determine
whether food brands evoke differential response compared
to non-food brands or control images in a cohort of children
in middle childhood (ages 7—10 years-old). We hypothesized
that brain response would be greater in areas related to reward
and food motivation (e.g., ventral tegmental area, caudate,
hypothalamus, etc.) and decreased in areas related to inhibito-
ry control and executive function (e.g., prefrontal cortex, etc.)
during exposure to food brands relative to non-food brands
and control images. A secondary aim was to determine wheth-
er child brain responses to food brands compared to non-food
brands are associated with laboratory energy intake at ad
libitum test-meals presented with familiar food brands (com-
pared to novel brand and unbranded controls). We hypothe-
sized that increased brain response in areas related to reward
and decreased response in areas related to inhibitory control
and executive function would be associated with greater food
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intake from foods presented with brands relative to control
(unbranded) foods.

Methods
Participants

Twenty-eight (V= 28) children between the ages of 7-10 years
(mean + SD =8.56 + 1.12 years) were tested. Participant char-
acteristics are summarized in Table 2. Three children were
excluded due to excessive motion, defined as >3 mm of mo-
tion during all fMRI runs. This lead to a final sample of 25
participants with complete data. In order to participate, chil-
dren were required to be in overall good health, with no met-
abolic diseases, eating disorders, or learning disabilities.
Furthermore, children were screened for participation in the
MRI portion of the study and were excluded if they were left
handed or had other characteristics that would impact fMRI
performance (e.g., braces, claustrophobia, red/green color
blindness). This study was approved by the Institutional
Review Board of The Pennsylvania State University. All par-
ents provided written informed consent and children provided
written assent before participating.

Study design and overview

Using a within-subjects, cross-over design with repeated mea-
sures, participants completed four visits, each scheduled one
week apart. The first three visits were conducted primarily in
the Children’s Eating Behavior Laboratory, while the last visit,
an fMRI, was conducted in the Social Life and Engineering
Imaging Center (see Table 1). During the first three visits,
children were presented with test-meals in a randomized,
counter-balanced order using three conditions of food pack-
aging: familiar food brands, unbranded, and a condition using
anovel food brand, referred to as “novel” herein. In the brand-
ed condition, all foods were presented in plastic containers
labeled with logos from familiar food brands (e.g., Kraft®,
Pringles®). In the unbranded condition, food containers were
presented with plain, white labels. Although we compared
children’s response to popular food versus non-food brands
(e.g., Nike®, Gap®) and scrambled images during the fMRI,
we opted not to repeat this condition in the test-meals (i.e., by
labeling applesauce with a scrambled or non-food brand logo
such as Nike®) to avoid creating an unrealistic presentation
that could confuse children. Therefore, the plain white label
was used for the unbranded condition at the test-meals to
simulate the “generic” brand condition. In the novel branding
condition, a cartoon brand image was developed called
“Kaiyo” that included a cartoon coyote on roller skates. The
novel brand was used to test an exploratory aim of the study,
determining whether children’s food intake would vary
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Table 1 Study visits timeline
Visit 1 Visit 2 Visit 3 Visit 4
Meal conditions randomized and counterbalanced: unbranded, familiar branded, or novel branded
Anthropometrics Ad Libitum Laboratory Meal  Ad Libitum Laboratory Meal =~ Mock MRI
Questionnaires Questionnaires Mock MRI fMRI scan

Ad Libitum Laboratory Meal

depending on brand familiarity. On the fourth visit, children
completed an MRI scan where they passively viewed food
brands (e.g., Kraft®, Motts®, etc.), non-food brands (e.g.,
Nike®, Tide®, etc.), and control images (scrambled versions
of the food and non-food brands).

Procedures

Children’s visits were scheduled at the same time each week
for four consecutive weeks. Study visits took place during
lunchtime (11:30 AM to 2:00 PM) or dinnertime (4:30 PM
to 7:30 PM), depending on the family’s availability. Parents
were instructed to have their child fast for at least two hours
prior to all appointments. Fasting compliance was confirmed
verbally with parents and child fullness level was assessed to
ensure they were in a neutral appetitive state at the start of each
visit (Keller et al. 2006). Children were instructed to wear
comfortable clothes without metal fasteners for both their
mock-MRI and MRI scan.

On the first visit, participants and their parents reported to
the Children’s Eating Behavior Laboratory. Each research par-
ticipant and his/her parent(s) were given an overview of the
study and provided informed consent/assent to participate.
Parents completed questionnaires to assess demographics
and general child eating behaviors while anthropometrics
were performed on children. On the first, second, and third
visits, children consumed ad libitum test-meals and completed
fullness measures before and after meal consumption using a
validated pictorial visual analog scale (Keller et al. 2006). The
scale consists of an image of a doll with a 150-mm rectangular
stomach and a slider that children can move up and down to
indicate level of fullness. The third visit also included a mock
MRI scan to expose the children to the MRI environment and
help reduce movement during the actual MRI scan. On the
fourth visit, participants reported to the imaging facility for a
5-min mock refresher scan and their MRI scan. Children also
rated perceived fullness immediately before and after the scan.

Measurements

Anthropometrics Duplicate measurements of children’s
height and weight were collected in light clothing without
jackets, socks, or shoes. Height was measured to the
nearest tenth of a centimeter using a portable stadiometer
(seca®, Chino, CA). Weight was measured to the nearest

tenth of a pound using a digital scale (Tanita®, Arlington
Heights, IL). Children’s percent body fat was measured to
the nearest tenth percent using a standing bioelectrical
impendence body composition analyzer (Tanita®,
Arlington Heights, IL).

Pilot testing to develop food brand stimuli

Brand stimuli used in the test-meals and fMRI were pilot
tested to evaluate their familiarity, emotional valence, and
excitability. The purpose of the pilot test was to ensure
that food brands and non-food brands selected for both
the test-meal and fMRI had similar ratings for familiarity,
emotional valance, and excitability. Twenty healthy, 7—
10 year-old children of similar demographics (e.g., age,
weight status, ethnicity, and socioeconomic status.) to
those enrolled in the main study were recruited to partic-
ipate. Children from the pilot study were not allowed to
participate in the main study. Familiarity of brands was
assessed by children reporting if they recognized a brand
and if they could correctly recall the brand name.
Excitability and emotional valence were assessed on pic-
torial, 5-point likert scales adapted from the International
Affective Picture System (IAPS) (Lang 2005).

Results of the pilot study were used to determine which food
brands to use in the test meal. We selected food brands that
attained the highest scores for familiarity, emotional valance
and excitability within each category (i.e., entree, vegetables,
fruits, snacks, and beverages). These categories were selected
because they provided a variety of flavors and textures and have
previously been used in studies with children (Fisher et al. 2007;
Forman et al. 2009; Keller et al. 2012a). The final brands select-
ed for the test meals included: Kraft® Macaroni and Cheese
(Kraft®, Chicago, IL), Green Giant® Mixed Vegetables (B&G
Foods, Parsippany-Troy Hills, NJ), Mott’s® Original
Applesauce (Mott’s®, Plano, TX), Pringles® Original Potato
Chips (Kellogg’s, Battle Creek, MI), Keebler® Chips Deluxe
Chocolate Chip Cookies (Kellogg’s, Battle Creek, MI), Kool-
Aid® Bursts Tropical Punch (Kraft®, Chicago, IL), and
Nesquick® Low-Fat Chocolate Milk (Nestle, Vevey,
Switzerland). The results also confirmed that our novel logo
was not familiar to children, as only 1 child reported recognizing
the logo. In addition, the novel logo had similar emotional va-
lence (3.0/5.0), but lower excitability (2.3/5.0) than other more
well-known brands used in the study.
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Results of the pilot study were also used to determine
the 60 food brand and 60 non-food brand images used in
the MRI paradigm. Brands were only included if they were
recognized by at least 75% of children (a rating of 2 or
above) and if they had mean emotional valence and excit-
ability scores above a “neutral” rating of 3.0 on the 5-point
scale. Average ratings of the food brands were compared to
ratings of the non-food brands with paired 7-tests. There
were no significant differences between familiarity for
food brands (M =2.44; SD=0.33) and non-food brands
M =2.48; SD=0.35) (T =—1.02; P =.32). Food brands
scored higher in average emotional valence (M =3.70;
SD =0.50) compared to non-food brands (M =3.5; SD =
0.49) (T =5.15; P =.0001). Similarly food brands scored
higher for excitability (M =3.34; SD =0.65) compared to
non-food brands (M =3.04; SD=0.69) (T =5.64;
P =.0001). Images were displayed on 8 by 11 ' plain
white backgrounds and were adjusted to control for size
and proportions across images. Images were also matched
for brightness and intensity. Control images were created
by pixelating and scrambling the images in Matlab v. 8.0.
The control images were created to control for color and
other low-level visual characteristics.

Ad libitum test-meals

The foods presented at each test meal were: Kraft® macaroni
and cheese, Green Giant® mixed vegetables, Mott’s® apple-
sauce, Pringles® potato chips, Keebler® chocolate chip cook-
ies, Kool-Aid® tropical punch, and Nesquick® low-fat choc-
olate milk. Serving sizes were selected based on previous
studies within this age group (Fearnbach et al. 2015, 2016;
Fisher et al. 2007). Detailed information on serving sizes and
energy density of the meal foods and beverages can be found
in Table 2.

At least two servings of each item were prepared prior
to the ad libitum test-meal, with additional servings of
foods and beverages readily available. All test-meal foods
and beverages were served in clear plastic containers with
labels corresponding to the appropriate brand condition
(i.e., Food Branded, Unbranded, or Novel Branded) as
shown in Fig. 1. Macaroni and cheese was served in a
clear 16-0z (o0z.) plastic container with matching lid,
mixed vegetables and applesauce were served in clear 8-
oz. plastic containers with matching lids, cookies and
chips were served in clear plastic zip-top sandwich bags,
and punch and chocolate milk were served in clear 9-oz.
plastic cups with matching lids and straws. Prior to serv-
ing, test-meal foods and beverages were weighed to the
nearest hundredth of a gram using a digital food scale.
Pre-meal food weights with and without their container
were recorded. Meal containers were arranged identically
on a tray for all meals.
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A research assistant informed children that they had 30 min
to eat as much as they wanted. Children were also told that
they could ask for additional servings of any item throughout
the meal. Children were asked if they would like another serv-
ing of a particular item once they finished it. While the child
ate, a research assistant read an age-appropriate story (e.g.,
Matilda) that did not contain food references. The story served
as a consistent, neutral distraction and provided a reason for
the researcher to be in the room to monitor the child. If the
child requested seconds, the researcher brought out another
serving of the same size and in the same packaging.
Children were told they could end their meal early by
informing the researcher they had finished before the 30-min
time limit. Immediately following the meal, leftovers were
weighed in their containers and weights were recorded to the
nearest hundredth of a gram.

Mock MRI procedure

Following the test-meal on the third visit, children com-
pleted a training session conducted at the MRI imaging
facility mock scanner. This mock-training session was de-
veloped in-house to facilitate the quality of fMRI data
collection in children (English et al. 2015). The mock
scanner allows children to experience the MRI environ-
ment and practice holding still while they are observed by
research staff. Children were first asked to lie down in the
scanner and the various components such as the table,
head coil, and mirror were explained. Next, children were
given examples of movements to avoid that could cause
motion artifacts during the scan. Children were also
instructed on how to respond to questions without moving
their heads so they could communicate during the MRI.
Padding was placed around the child’s head simulating
the head cushions used in the MRI scanner. While in the
mock scanner children watched a 5-min presentation
which contained age-appropriate images not presented
during the fMRI scan (e.g., puppies, kittens). Sounds sim-
ilar to those experienced during an MRI scan were played
over speakers so children could become accustomed to
hearing them during the procedure. On the fourth visit,
participants completed a second, 5-min mock protocol as
a refresher before the MRI procedure.

Functional MRI paradigm

Development of stimuli used in the fMRI was described
above. Using a block design, children were shown a total of
180 images: 60 food brands, 60 non-food brands, and 60
control images over 18 min. Stimuli were presented over 12
functional runs. Each functional run lasted approximately 90 s
and contained three blocks of stimuli (i.e., food brands, non-
food brands, scrambled control). Block design was employed
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Table 2 Test-meal foods and beverage

Meal Item Serving Size Weight (g) Energy (kcal) Energy Density (kcal/g)
Kraft® Macaroni and Cheese 1 cup 189 302.4 1.3

Green Giant® Mixed Vegetables Y2 cup 85 50.6 0.6

Mott’s® Original Applesauce 2 cup 141 121.2 0.9

Pringles® Original Potato Chips 16 chips 29 155.4 54

Keebler® Chips Deluxe Chocolate Chip Cookies 3 Cookies 49 261.3 53

Kool-Aid® Bursts Tropical Punch 6.75 oz. 211 21.1 0.1

Nesquick® Low-Fat Chocolate Milk 8 oz. 251 159.5 0.6

to allow comparison with previous studies (Bruce et al. 2013,
2014). Furthermore, block designs produce robust results with
increased statistical power which is a benefit with smaller
sample sizes (Amaro Jr and Barker 2006). Block order was
randomized within and counterbalanced across each run. Each
stimuli block contained 5 condition specific images displayed
for 2 s each with a half second fixation cross between images.
Inter-block intervals were jittered between 10 and 20 s.
Participants were instructed to look at each picture as it ap-
peared on the screen.

MRI data acquisition
MRI data were acquired using a Siemens MAGNETOM

Trio 3 T MRI scanner (Siemens Medical Solutions,
Erlangen, Germany) with a standard 12-channel head coil.

Fig. 1 The foods presented at each test meal were: Kraft® macaroni and
cheese, Green Giant® mixed vegetables, Mott’s® applesauce, Pringles®
potato chips, Keebler® chocolate chip cookies, Kool-Aid® tropical
punch, and Nesquick® low-fat chocolate milk. Detailed information on
serving sizes and energy density of the meal foods and beverages can be
found in Table 1. Macaroni and cheese was served in a clear 16-0z (0z.)

To restrict movement, padding around the head, arms, and
body was used. Furthermore, to reduce motion-induced
effects during functional runs in-scan prospective move-
ment correction (PACE) was used (Thesen et al. 2000).
Stimuli were projected onto an MRI compatible screen
and were controlled by a computer using Matlab v. 8.0
(The Mathworks Inc., Natick, Massachusetts).

The following parameters were used to obtain a T1-
weighted MPRAGE structural scan for each subject: TR/
TE =1650/2.03 ms, flip angle =9°, FOV =256 mm, slice
thickness = 1 mm, sagittal plane, voxel size 1xIx1 mm.
Functional scans used a T2-weighted gradient single-shot ech-
o planar imaging (EPI) sequence (TE =25 ms, TR =2000 ms,
flip angle = 90°, matrix 64 x 64) with an in-plane resolution of
3x3%x3 mm (FOV =220 mm) to acquire 33, 3 mm
(interleaved) slices along the AC-PC plane.

plastic container with matching lid, mixed vegetables and applesauce
were served in clear 8-oz. plastic containers with matching lids, cookies
and chips were served in clear plastic zip-top sandwich bags, and punch
and chocolate milk were served in clear 9-0z. plastic cups with matching
lids and straws. Foods were presented according to condition food brand-
ed (left), unbranded (right), or novel branded (bottom)
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Data analysis

Participant’s descriptive data, food intake, and fullness scores
were analyzed in SPSS 22.0 (IBM Corp., Chicago, IL, USA).
Total energy intake from test meals was calculated by
converting gram amounts consumed to total energy (kcal).
Linear mixed models were used to test for differences in pre-
meal fullness and total energy intake between the three meal
conditions. Three separate models were used to assess if sex,
BMI-z scores, or pre-meal fullness impacted the relationship
between brand condition and test-meal intake. Covariates
were tested in individual models and eliminated from the final
model if they did not significantly impact the relationship
between brand condition and test-meal intake.

Statistical analyses for whole-brain response from the
fMRI data were conducted using BrainVoyager 20.6 (Brain
Innovation, Maastricht, The Netherlands). Functional data
preprocessing steps consisted of 3D motion correction (trilin-
ear sync interpolation) using 6 vectors (3 translations, 3 rota-
tions), temporal high-pass filtering using a GLM-Fourier basis
set with 3 cycles per time course, and 3D spatial smoothing
using an 6-mm® FWHM Gaussian filter. Anatomical data
were normalized to MNI space using the MNI-152 template.
Functional data were co-registered to each participant’s ana-
tomical data. Runs were excluded if there was excessive mo-
tion, defined as 3 mm of translation or 3° of rotation in any
direction. Three participants did not have any successful func-
tional runs and were excluded from final analyses. Functional
data were then analyzed using a random-effects general linear
model (GLM). Regressors were created coding for food brand
blocks, non-food brand blocks, and control blocks. Blocks
were modeled by convolving the standard hemodynamic re-
sponse function with a 30-s boxcar function.

A group-level analysis was conducted using ANOVA on
the whole-brain data with picture type (food brand, non-food
brand, control) as fixed factors and participants as a random
factor. A grey matter mask was applied to the functional data.
To correct for multiple testing, results were thresholded with a
voxel-wise P < 0.001 and spatial extent threshold of 17, deter-
mined by using the standard procedures of the ClusterThresh
plugin of the BrainVoyager software (Forman et al. 1995;
Goebel et al. 2006). Parameters were determined, as recom-
mended by Woo and colleagues, by conducting 10,000 Monte
Carlo simulations to yield an overall P-value of P <0.05
(Forman et al. 1995; Goebel et al. 2006). To allow for com-
parison with previous studies that have used less stringent
multiple comparison corrections (Bruce et al. 2013, 2014)
we also thresholded the MRI output using an uncorrected
voxel-wise P-value of P<0.001 and an arbitrary cluster
threshold of 3 voxels (3x3x3 mm) for exploratory purposes
(Woo etal. 2014). Three contrasts were used for analysis, food
brands > non-food brands, food brands > control images, and
non-food brands > control images. Peak beta coefficients were
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extracted from all areas of BOLD response that survived the
multiple comparison correction and were subjected to further
analysis (ANOVA) in SPSS. To determine whether key vari-
ables influenced these findings, we included sex, BMI z-score,
and pre-fMRI fullness ratings as covariates in general linear
models predicting brain response as a function of brand con-
dition. Again, each variable was tested in a separate model.

To determine the relationship between BOLD response and
test-meal intake, we first calculated difference scores in beta
coefficient values between fMRI conditions (e.g., food brands
> non-food brands; food brands > control). Therefore, positive
beta coefficient values indicate greater response to food brand
images relative to non-food brand or control. Differences in
energy intake between the food branded and unbranded meals
and novel branded and unbranded meals were also calculated.
Positive difference scores indicate greater intake in the presence
of food brands relative to control. Pearson’s correlations were
then calculated between the difference scores obtained from the
fMRI data (i.e., beta values from the contrast of food brands vs.
non-food brands or control) and the test-meals (i.e., energy
intake in the presence of food brands vs. unbranded or novel
brand) to determine the relationship between brain response
and test-meal intake. Three statistical outliers (greater than 1.5
the interquartile range) were observed in the intake data. Two of
these outliers were observed for differences in intake between
the branded and unbranded meal (intake differences of
764.7 kcal and 558.45 kcal between meal conditions) and one
outlier was observed for differences in intake between the novel
branded meal and the unbranded meal (intake difference of
583.0 kcal between meal conditions). We therefore report only
the correlations without the outliers present. A P-value <0.05
was used to determine significance in all analyses, and we
corrected for false discovery rate using the Benjamini-
Hochberg method (Hochberg and Benjamini 1990).

Results

Participant characteristics are summarized in Table 3. The ma-
jority of participants were Caucasian (n=23). Participants re-
ported no difference in pre-meal fullness between sessions (F =
1.18; P =0.31). Furthermore, there was no difference in energy
intake between conditions (familiar branded, novel branded, and
unbranded containers) (F =0.42; P =0.65). None of the covari-
ates tested (i.e., sex, BMI z, order of test visits, and pre-meal
fullness) impacted the significance of the meal intake model.

fMRI results

A full list of corrected fMRI results are reported in Table 4 and
visualized in Fig. 2. Regions from the uncorrected fMRI re-
sults are reported in Table 5 and visualized in Fig. 3. As
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Table 3 Participant characteristics (n =25) fullness as covariates did not influence the significance of
Age () 856+1.12 these results (Table 4, Fig. 2 panel A).

Sex Male (48%); Female (52%) ) )

Height (cm) 135441002 Non-food brands.> control images Relative to control %mages,
Weight (ke) 32954870 non-food b.rand images resulted in greater response in right
BMI (ke/m?) 17.68£2.77 and left fusiform gyrus (P< 0.00901 for both). De.creased re-
BMI-Age-Sex-Percentile 5028+ 3046 sponse was ok?serVF:d in the right supramarginal gyrus
Body Fat (%) 20.88£7.90 (P= 0.0002), right lingual g'yrus (P=0.00009) and the left
Race White (92.9%). Black (3.6%). cuneus (P= 0.0004). Including sex, BMI z-score, and pre-

Hispanic (3.6%)

Values represented are mean + SD
BMI = Body Mass Index

regions from the uncorrected analysis are for comparison to
previous studies, they will not be reported in detail.

Food brands > non-food brands In the corrected whole brain
fMRI analysis, food brands were associated with increased
brain response in the right lingual gyrus relative to non-food
brands (P =0.00002). Including sex, BMI z-score, and pre-
fMRI fullness as covariates did not influence the significance
of these results (Table 4, Fig. 2 panel C).

Food brands > control images Relative to control images,
food brand images resulted in greater response in the right
and left fusiform gyrus (P <0.00001 for both). Decreased re-
sponse was observed in the right precuneus (P = 0.0005), right
lingual gyrus (P=0.001), and the left supramarginal gyrus
(P= 0.0006). Including sex, BMI z-score, and pre-fMRI

fMRI fullness as covariates did not influence the significance
of these results (Table 4, Fig. 2 panel B).

Correlation between fMRI results and test-meal intake

Pearson’s correlations between brain response to both food and
non-food brands and test-meal intake are detailed in Table 6.
Greater responses in the bilateral fusiform gyrus in response to
both food and non-food brands relative to control images were
negatively associated with intake at the branded compared to
the unbranded test-meal (R-values=-0.42 to —0.52;
P-values =0.01 to 0.04; see Table 6). In other words, children
who had greater BOLD response in fusiform regions to both
food or non-food brands images relative to control stimuli
tended to consume less from meals presented with food-
brands in the laboratory (see Fig. 4). The results remained sig-
nificant when including sex and pre-fMRI fullness as covari-
ates. When controlling for child BMI-z, the correlation between
BOLD response in the right and left fusiform from the food
brands > control and energy intake was no longer significant.
However, after applying the Benjamini Hochberg correction,
only the correlation between meal intake and BOLD response

Table 4 Regions of interest

obtained from the whole brain Region Name No. Voxels X Y Z F- P-value
analysis value
Food Brands > Non-food Brands
R. Lingual Gyrus 22 —94 -8 13.13 0.00002
Food Brands> Control Images
R. Fusiform Gyrus 338 39 —62 —-14 20.23 <0.00001
R. Precuneus* 21 13 —60 28 8.77 0.0005
R. Lingual Gyrus* 36 1 —87 -9 10.75 0.0001
L. Supramarginal Gyrus * 20 -36 —42 34 8.58 0.0006
L. Fusiform Gyrus 574 —40 =58 —14 21.91 <0.00001
Non-food Brands > Control Images
R. Fusiform Gyrus 356 41 —60 —14 17.74 0.000002
R. Supramarginal Gyrus* 36 35 —41 35 9.67 0.0002
R. Lingual Gyrus* 134 8 -92 -3 11.27 0.00009
L. Cuneus* 18 -10 -99 5 9.09 0.0004
L. Fusiform Gyrus 526 —41 —64 —-12 21.78 <0.00001

Reported regions are at a voxel-wise P-value=.00land k=17
*QGreater BOLD response for control stimulus
(R=Right; L = Left)
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Fig. 2 Results from the whole brain fMRI analysis (n = 28) corrected for
multiple comparisons. Panel a Results from Food brand > control image
contrast. Significant regions include 1) right fusiform gyrus 2) right
precuneus 3) right lingual gyrus 4) left fusiform gyrus and left
supramarginal gyrus (not pictured). Panel b Results from Non-food
brand > control image contrast. Significant regions include 1) right
fusiform gyrus 2) right supramarginal gyrus 3) right lingual gyrus 4)
left cuneus 5) left fusiform gyrus. ¢ Results from Food brand > Non-

food brand contrast. Significant region 1) right lingual gyrus. Overall
group-level analysis was conducted using ANOVA on the whole-brain
data with picture type (food brand, non-food brand, control) as fixed
factors and participants as a random factor. Results were thresholded
with a voxel-wise P-value of P<0.001 and spatial extent threshold of
17. Parameters were determined by conducting 10,000 Monte Carlo
simulations to yield an overall P-value of P <0.05

Table 5 Additional regions of
interest obtained from the

uncorrected whole brain analysis

Region Name No. Voxels X Y z F-value P-value
Food Brands > Non-food Brands
R. inferior Frontal Gyrus 5 21 33 =5 9.03 0.0004
Food Brands > Control Images
R. Inferior Parietal Lobule* 11 35 —42 37 10.28 0.0001
R. Cingulate Gyrus* 7 8 =33 41 6.99 0.002
R. Posterior Cingulate* 4 10 -28 28 8.5 0.0006
R. Medial Frontal Gyrus 3 5 39 -17 6.16 0.004
R. Caudate 3 2 16 13 6.85 0.002
L. Inferior Frontal Gyrus 4 -36 34 -16 7.39 0.001
L. Middle Temporal Gyrus 4 —61 -2 -8 59 0.005
Non-food Brands > Control Images
R. Inferior Frontal Gyrus* 6 21 35 -5 8.7 0.0005
R. Caudate* 6 16 -29 28 8.16 0.0008
R. Cingulate Gryus* 3 8 —20 28 6.8 0.002
L. Culmen 3 -9 -35 —4 5.87 0.005
L. Lingual Gyrus 7 -15 =50 -3 6.95 0.002
L. Middle Temporal Gyrus 9 —48 —44 -2 6.6 0.002
L. Inferior Frontal Gyrus 9 =55 28 11 8.62 0.0006

Regions are significant with a voxel-wise P-value =.001 and k=3

*QGreater BOLD response for control stimulus

(R = Right; L= Left)
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Fig. 3 Results from the whole brain fMRI analysis (n =28) uncorrected
for multiple comparisons. a Results from Food brand > control image
contrast. b Results from Non-food brand > control image contrast. ¢
Results from Food brand > Non-food brand contrast. Overall group-
level analysis was conducted using ANOVA on the whole-brain data

in the right fusiform gyrus to non-food brands > control sur-
vived. Children’s response to food brand images in the other
regions identified by the whole-brain analysis did not correlate
with intake at the test-meals (P values ranging from 0.15-0.91).

Discussion

This study makes two contributions to the literature. First, we
partially confirm previous fMRI results from studies conduct-
ed with older children (Bruce et al. 2013, 2014). These stud-
ies, like ours, demonstrate that food brands compared to con-
trol images increase response in brain regions related to visual
processing and attention (i.e., fusiform gyrus). Our study also
observed reduced BOLD response to food and non-food
brand images when compared to control images in regions
related to memory, information retrieval, and spatial attention
(i.e., precuneus, lingual gyrus, and supramarginal gyrus).
These results confirm previous studies and extend their results
to a younger cohort of pre-adolescent youth.

Second, this is the first study to our knowledge examining
the association between brain response to food and non-food
brands and objectively measured intake from meals presented
under similar experimental conditions (i.e., food brand, non-
branded, novel branded). While there were no differences in
children’s intake across the three conditions, individual

with picture type (food brand, non-food brand, control) as fixed factors
and participants as a random factor. Results were thresholded with a
voxel-wise P-value of P<0.001 and spatial extent threshold of three
(3x3x3 mm) voxels

differences in BOLD response to food brand images were
associated with laboratory food intake. Specifically, BOLD
response in bilateral fusiform gyri to either food brands or
non-food brands was negatively associated with children’s
intake from meals presented with food brands relative to a
no-brand condition. These findings provide evidence that
BOLD response to food cues is associated with objective
measures of food intake, whereas previous studies
(Masterson et al. 2016; Rothemund et al. 2007; Yokum et al.
2011) have only been able to speculate about this relationship.

Functional MRI results

Relative to non-food brands we found increased brain response
to food brands in the right lingual gyrus. The lingual gyrus is
associated with visual processing, recognition, memory, and
information retrieval (Badgaiyan and Posner 1997; Esch et al.
2012; Gilboa et al. 2004). It is also related to selective attention
processing (Labudda et al. 2008). In this study of primarily
healthy weight children, greater brain response was observed
to food brands relative to non-food brands. This greater activa-
tion likely reflects stronger attentional bias to the food logos
compared to non-food logos. It is important to note that food
and non-food brand images used in the fMRI paradigm were
matched for visual saliency characteristics (size, brightness, and
intensity) and therefore observed response is likely not due to
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Table 6 Pearson’s correlation coefficients for the relationship between the difference in energy intake between meal conditions and the difference in

brain response between brand conditions

Meal Comparison fMRI Contrast Brain Region Pearson Correlation P-value
Food branded vs. Unbranded Meal Food Brands > Non-food Brands R. Lingual Gyrus -0.29 0.18
Food Brands > Control Images R. Fusiform Gyrus -0.47 0.02
R. Precuneus* —0.11 0.61
R. Lingual Gyrus* —0.03 0.86
L. Supramarginal Gyrus* -0.17 0.42
L. Fusiform Gyrus —0.42 0.04
Non-food brands > Control Images R. Fusiform Gyrus —-0.52 0.01
R. Supramarginal Gyrus* —-0.07 0.74
R. Lingual Gyrus* —-0.02 091
L. Cuneus* —-0.09 0.68
L. Fusiform Gyrus -0.43 0.04
Novel branded vs. Unbranded Meal Food Brands > Non-food Brands R. Lingual Gyrus —-0.13 0.54
Food Brands> Control Images R. Fusiform Gyrus -0.23 0.30
R. Precuneus* —-0.18 0.40
R. Lingual Gyrus* -0.25 0.24
L. Supramarginal Gyrus* 0.02 0.91
L. Fusiform Gyrus -0.17 0.42
Non-food brands> Control Images R. Fusiform Gyrus —0.05 0.79
R. Supramarginal Gyrus* —0.03 0.88
R. Lingual Gyrus* —-0.31 0.15
L. Cuneus* —0.44 0.04
L. Fusiform Gyrus —-0.09 0.66

(R =Right; L = Left)

*Greater BOLD response for control stimulus

differences in visual characteristics of the images themselves.
However, the pilot study results presented in this paper suggest
that the food brands used in the fMRI paradigm had intrinsical-
ly higher emotional valence and excitability than the non-food
brands. Although the food and non-food brand stimuli were
matched for level of familiarity, we were unable to practically
match for these other characteristics. However, it has been sug-
gested that food logos may be inherently more emotional and
exciting as they are related to the salience of food as a biological
necessity (Bruce et al. 2014).

In both the food brands > control and the non-food brands
> control contrasts, greater activation to brand logos was ob-
served in the bilateral fusiform gyri. The fusiform gyrus is
thought to be primarily involved in the retrieval of information
(de Zubicaray et al. 2001; Okada et al. 2000), memory pro-
cesses (Garoff et al. 2005), object recognition (Gauthier et al.
1999) and processing of negative emotions (Schienle et al.
2005). Our results corroborate other studies that have shown
brand images, regardless of if they are of food or non-foods,
engage this region to a greater extent than control stimuli
(Bruce et al. 2013, 2014; Esch et al. 2012; Maynard et al.
2017). Greater response in the fusiform gyrus has also been
implicated in response to evaluation of a variety of food

@ Springer

stimuli (Killgore et al. 2003; Masterson et al. 2016; Pelchat
et al. 2004) suggesting it may play a more general role in the
evaluation of food images, specifically.

Greater BOLD response to control images relative to either
food or non-food brands was observed in several brain regions
implicated in memory, information retrieval, and spatial atten-
tion including the cuneus (Price 2000), precuneus (Cavanna
and Trimble 2006), lingual gyrus (Esch et al. 2012), and
supramarginal gyrus (Hillis et al. 2005). One possible expla-
nation for the observed response in these regions may be due
to the use of scrambled images as a control. These images
were pixilated and scrambled versions of the original images.
Therefore, response may be partly due to children’s attempts
to unscramble and recognize the images.

‘We do note that while we identified many similar regions to
previous studies we ultimately reported fewer regions overall
than reported by others (Bruce etal. 2013, 2014). This is likely
due to the utilization of a stricter voxel-wise threshold
(P= .001) for multiple comparisons testing. The initial
voxel-wise p-value has been suggested as the most important
factor for reducing the likelihood of false positives (Eklund et
al. 2016; Woo et al. 2014). Our uncorrected analysis, however,
suggests that very similar regions to previous studies may be
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Fig.4 Relationships between brain response and difference between food
branded and unbranded meal intakes. a R. Fusiform from Food brands >
Control Images Contrast. b L. Fusiform from Food brands > Control
Images Contrast. ¢ R. Fusiform from Non-food brands > Control
Images Contrast. d L. Fusiform from Non-food brands > Control
Images Contrast. Differences in fMRI beta values were calculated by
subtracting one condition from another. Differences in energy intake

involved in the processing of food and non-food brands, par-
ticularly in frontal regions of the brain (i.e., inferior frontal
gyrus, medial frontal gyrus). This speaks to the replicability
of neuroimaging findings more broadly, given that this has
been a concemn raised in recent reports (Eklund et al. 2016).
It is possible that the use of strict multiple comparison
thresholding (P= .001; k=17) within the relatively small
sample size of this study may be masking these results. This
has previously been noted as a concern of the use of strict
multiple comparison corrections (Woo et al. 2014).

Correlations between BOLD response and food intake

The BOLD signal from both left and right fusiform gyri
from both the food brands > control and non-food brands >
control showed a negative correlation with energy intake
between the branded compared to the unbranded meal.
Reduced BOLD response in the fusiform to brands may
be indicative of vulnerability to the intake promoting ef-
fects of food marketing. While our study population was
primarily healthy weight previous work has observed re-
duced BOLD response to food logos in children with
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was calculated by subtracting caloric intake between meal conditions
i.e., Food Branded kcal — Unbranded kcal. Pearson’s correlations were
then conducted between the differences in BOLD response and meal
intake to determine the relationship between brain response and test-
meal intake. Lower response in all regions were negatively associated
with intake at the branded compared to the unbranded test-meal

obesity when compared to healthy weight counterparts
(Bruce et al. 2013). Of note is that the correlation between
BOLD response and intake is present in both the food
brand > control and non-food brand > control contrasts.
This suggests that brain response to branding more gener-
ally, and not specifically food brands, could be predictive
of a child’s vulnerability to the energy intake promoting
effects of food marketing. We do note that the correlation
between response in the fusiform gyri to food brands and
energy intake appears to be partially explained by child
BMI-z, suggesting that these results may be partly mediat-
ed by weight status. While these initial results are promis-
ing it is important to interpret them with caution, particu-
larly since they are correlational and were only observed
after the removal of statistical outliers. Therefore, future
studies are needed to confirm these results.

Although these results should be interpreted cautiously and
require replication in larger more diverse samples, they do hold
implications for public policy and the development of novel
intervention techniques. First, marketing cues, such as food
branding, may affect energy intake even within healthy weight
populations. Therefore, reducing children’s exposure to these
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cues may help in regulating energy intake, particularly for chil-
dren who may have an attentional bias toward these stimuli.
Second, characterizing the brain neurocircuitry that is associat-
ed with increased intake in the presence of food brands may
help researchers identify neural targets for future interventions
aimed at treating excess energy intake and obesity.

Strengths and limitations

This study has several strengths and limitations. Although
some studies have examined the effects of food branding
and advertising in youth (Bruce et al. 2013, 2014;
Gearhardt et al. 2014; Yokum et al. 2014), few have focused
on pre-adolescent children. Children at this age are especial-
ly vulnerable to food advertising and branding because they
have limited cognitive ability to fully comprehend or eval-
uate its purpose (McClure et al. 2013; Story and French
2004). Furthermore, those previous studies in adolescents
have lacked measures of food intake, which limits the inter-
pretations that can be drawn. This study also had a high
success rate of fMRI scanning which is likely due to the
careful mock training protocol we employed. A final
strength is the use of brand images that were piloted with a
cohort of children from similar demographics and matched
for contrast, color, and visual saliency.

It should be noted that previous studies have found differ-
ential responses to food brands in children with overweight
and obesity. Although this study had a wide BMI range we
may have been underpowered to detect these effects particu-
larly since the majority of the sample was considered to be
healthy weight. Additionally, our cohort was homogenous in
ethnicity and socioeconomic status, which affects the gener-
alizability of the results. Future studies should examine the
effects of branding in more diverse populations as food adver-
tising may have unique impacts on energy intake within spe-
cific sub groups of the population as food companies spend a
disproportionate amount of money on advertising to racial
minorities such as Hispanic and African Americans (Grier
2009; Grier and Kumanyika 2008, 2010). A final limitation
to consider is the conversion of children’s MRI data to a stan-
dardized MNI space. This conversion allows for generaliza-
tion of findings and for comparison to previous studies and
has been shown to be feasible in populations as young as
6 years old (Muzik et al. 2000). However, no current process
for spatial normalization of anatomical data perfectly matches
brains across individuals (Sanchez et al. 2012). Future studies
may consider the use of study specific templates to help in-
crease spatial specificity.

Conclusion

In conclusion, relative to non-food brands we found increased
brain response to food brands in the right lingual gyrus, an

@ Springer

area related to visual processing, recognition, and attention.
Furthermore, we provide preliminary evidence that brain re-
sponse in the fusiform gyri to branding in general correlates
with children’s eating behavior when foods are presented
paired with associated brands in the laboratory. These findings
may help explain differences in children’s susceptibility to the
intake-promoting effects of food advertising.
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