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Relation of obesity to neural activation in response
to food commercials

Ashley N. Gearhardt,' Sonja Yokum,” Eric Stice,” Jennifer L. Harris,” and Kelly D. Brownell’
1University of Michigan, 2268 East Hall, 530 Church Street, Ann Arbor, MI 48109 2Oregon Research Institute, 1776 Millrace, Dr Eugene, OR 97403
and >Yale University, 309 Edwards Street, New Haven, CT 06511

Adolescents view thousands of food commercials annually, but the neural response to food advertising and its association with obesity is largely
unknown. This study is the first to examine how neural response to food commercials differs from other stimuli (e.g. non-food commercials and television
show) and to explore how this response may differ by weight status. The blood oxygen level-dependent functional magnetic resonance imaging activation
was measured in 30 adolescents ranging from lean to obese in response to food and non-food commercials imbedded in a television show. Adolescents
exhibited greater activation in regions implicated in visual processing (e.g. occipital gyrus), attention (e.g. parietal lobes), cognition (e.g. temporal gyrus
and posterior cerebellar lobe), movement (e.g. anterior cerebellar cortex), somatosensory response (e.g. postcentral gyrus) and reward [e.g. orbitofrontal
cortex and anterior cingulate cortex (ACC)] during food commercials. Obese participants exhibited less activation during food relative to non-food
commercials in neural regions implicated in visual processing (e.g. cuneus), attention (e.g. posterior cerebellar lobe), reward (e.g. ventromedial pre-
frontal cortex and ACC) and salience detection (e.g. precuneus). Obese participants did exhibit greater activation in a region implicated in semantic

control (e.g. medial temporal gyrus). These findings may inform current policy debates regarding the impact of food advertising to minors.
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INTRODUCTION

Individuals are exposed to a vast amount of food advertising, particu-
larly adolescents, who are frequently targeted as a key advertising
demographic (Federal Trade Commission, 2012). The average adoles-
cent was exposed to ~6000 television food advertisements in 2010
(Rudd Center for Food Policy and Obesity, 2011), with most commer-
cials promoting products high in calories, sugar, sodium and/or fat
(Powell et al., 2011). Yet, little is known about how the brain responds
to these advertisements, which may be of importance for individuals
at-risk for obesity. Individual differences in the response to food
advertisements may contribute to problematic food consumption,
but the food images used in prior studies of obesity differ in mean-
ingful ways from food commercials. Thus, our understanding of how
food advertisements impact brain reward and attention regions is lim-
ited, as is our knowledge of how this may differ based on body mass.
This study was designed to address these two questions.
Meso-limbic-cortico regions (e.g. ventral striatum and insula)
appear to encode the reward value of food images and cues
(Stoeckel et al, 2008) and obese relative to lean participants have
been found to show greater neural activation in brain regions impli-
cated in reward [e.g. orbitofrontal cortex (OFC)], visual attention (e.g.
parietal lobe), memory (e.g. hippocampus), cognition (e.g. temporal
lobe) and somatosensory processing (e.g. postcentral gyrus) in re-
sponse to food cues (Carnell and Wardle, 2007; Rothemund et al,
2007; Stoeckel et al, 2008; Martin et al., 2009; Bruce et al., 2010;
Stice et al., 2010). Elevated nucleus accumbens response to high-fat/
sugar food images (Demos et al, 2012) and OFC response to cues
signaling impending unhealthy food image presentation predicted
future weight gain (Yokum et al., 2012). Furthermore, activation in
reward, visual and attention areas (e.g. insula, OFC, parietal and
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occipital lobe) during exposure to food cues is associated with less
successful weight loss and increased weight regain (Murdaugh et al,
2012).

Although these results highlight the potential role of food-cue
responsivity in obesity, the stimuli used in these studies are typically
a picture of food without branding and without context, limiting eco-
logical validity. Thus, these findings provide limited information about
how food advertisements in the current environment may contribute
to problematic eating. In contrast to food pictures used in prior stu-
dies, food commercials are specifically designed to induce the desire to
consume the advertised product (Council of American Research
Survey Organizations, 2005). Not only do food commercials present
enticing images of unhealthy and highly palatable foods but successful
advertising also creates positive associations with brands and reinforces
them every time an advertisement is viewed (Heath, 2001). Brands
associated with basic human motivations (e.g. happiness, attractiveness
and accomplishment) encourage product sales (Wansink, 2003) and
food advertising to young people typically utilizes appeals to these
attributes (Schor and Ford, 2007). Consumption of a preferred
brand (e.g. Coca-Cola) is related to increased activation in the
hippocampus, dorsolateral prefrontal cortex (dIPFC) and midbrain
(McClure et al., 2004). Furthermore, healthy-weight children have
shown greater activation in the OFC, temporal cortex and visual
cortex during exposure to food logos (e.g. McDonald’s arches) relative
to control images (Bruce et al., in press); exposure to food logos rela-
tive to non-food logos was also related to greater activation in the
occipital cortex, paracentral lobule, parietal gyrus, lingual gyrus and
posterior cingulate cortex. Furthermore, obese relative to lean children
exhibit greater activation in somatosensory and reward-related regions
(i.e. postcentral gyrus and midbrain) for food logos compared with
control images (Bruce et al., 2012).

Thus, participants may respond more strongly to food commercials
(which contain branded food images) relative to non-food commer-
cials or a television show. This study is the first to examine the neural
correlates of food commercials relative to control stimuli. The major
aims of this study are (i) to examine whether food commercials relative
to non-food commercials and television viewing are related to
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differential patterns of activation in brain regions implicated in visual
attention, somatosensory response, reward and motivation (e.g. OFC,
postcentral gyrus and occipital lobe) and (ii) to evaluate whether
neural response to these stimuli differ by weight class (e.g. obesity vs
normal weight). Although a number of strategies to choose commer-
cial stimuli were considered for this study (e.g. matching food and
non-food commercials on visual characteristics, price, participant pref-
erences, etc.), we focused on real-world exposure by choosing com-
mercials based on data from Nielsen on television and advertising
exposure for 12- to 17-year olds. To further increase the generalizabil-
ity of our paradigm to settings where food commercials are typically
encountered, commercials breaks were embedded in the context of a
television show. Finally, we conduct this study in adolescent partici-
pants, as this is a target demographic for food advertisements (Federal
Trade Commission, 2012) and a risk period for the development of
obesity (Ogden et al., 2012).

MATERIALS AND METHODS
Participants

Participants were 30 healthy adolescents [mean age = 15.20, s.d. = 1.06,
range = 14-17years old; mean body mass index (BMI)=26.92,
s.d.=5.43; 17 females] recruited from the community via ads. To
examine how neural response to food commercials differs by weight
class, we enrolled a roughly equivalent number of participants in each
weight category: 10 normal weight (mean BMI =21.20, s.d. =0.90), 8
overweight (mean BMI=25.53, s.d.=1.41) and 12 obese (mean
BMI =32.64, s.d.=5.43). Exclusion criteria were current regular use
of psychotropic medication or illicit drugs, pregnancy, head injury
with a loss of consciousness or current axis I psychiatric disorder. In
total, 6.7% reported being Hispanic, 63.3% European Americans, 3.3%
Native Americans and 26.7% mixed race/ethnicity. There were no sig-
nificant differences in age [F;,7) =3.12, P=0.06], or parental educa-
tion level [F,7)=0.157, P=0.85) for obese, overweight and lean
participants. The local Institutional Review Board approved this pro-
ject. Participants and parents provided written informed consent.

fMRI media paradigm

Participants were asked to consume a typical breakfast/lunch, but to
refrain from eating or drinking (except water) 5 h immediately pre-
ceding their scan in an effort to standardize hunger. To motivate par-
ticipants to attend to the clips, participants were told they would
complete a commercial-recognition task after the scan. Prior to scan-
ning, participants rated hunger levels on a visual analog scale (not hun-
gry at all to never been more hungry). Hunger was included as a control
variable in all analyses. All participants were scanned in the afternoon
(mean time onset scan =4 p.m., s.d. = 1.5, range =1 p.m.—6 p.m.) (all
main effects remained significant when time of day that scanning
occurred was controlled for in analyses.).

Data were obtained from Nielsen to measure the number of televi-
sion ads viewed by 12- to 17-year-old individuals in 2009 for all food
brands. After eliminating brands that are clearly aimed at younger
children (e.g. Chuck ‘E Cheese), the 10 food brands advertised most
frequently to this age group were identified. Commercials for these 10
brands were chosen as food commercial stimuli. For non-food com-
mercial stimuli, Nielsen data were used to identify the weekly television
programs that appeared during the first quarter of 2009 with the
largest audience of 12- to 17-year olds (‘American Idol’, ‘Family
Guy’, ‘Simpsons’, ‘George Lopez’ and ‘Secret Life of the American
Teenager’). During January 2010, each of these programs, including
the commercials, was recorded twice. Commercials for the 10 most
frequently featured non-food brands were selected for inclusion as
study stimuli (Table 1).
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Table 1 Food and non-food brands featured in commercial breaks®

Food brands

(1) Applebee’s Restaurant

(2)  Cheerios Cereal

(3)  Chili's Restaurant

(4)  Denny’s Restaurant

(5) International House of Pancakes
(6)  McDonald’s Restaurant

(7)  Olive Garden

(8)  Subway Restaurant

(9) TG Friday's Restaurant

(10) Wendy’s Restaurant

Non-food brands

Acuvue contacts

Allstate Insurance

AT&T Phone Service

Clean and Clear Facial Wash
Comcast Cable

Ford Car Company

H&R Block

Listerine Mouthwash

(9)  T-Mobile Phone Service

(10) Verizon Phone Service

“All commercials were 15 s in length.

SIS ESTEZ

During scanning, participants saw a video of the television show
‘Mythbusters’ that was edited to include 20 food commercials and
20 non-food commercials (two commercials from each brand, see
Table 1). The commercials were shown over four breaks (10 commer-
cials per break, 15 s per commercial). This number of commercials in
the paradigm was chosen to provide an adequate number of opportu-
nities to capture blood oxygenation level-dependent (BOLD) activa-
tion during the commercials. Order of the commercials was
randomized over the four breaks, and the order of the four breaks
was randomized over the participants. The duration of each break
was 2min and 30 s. Total paradigm duration was 34 min.

Measures
Body mass index

The BMI (BMI=kg/m?) was used to reflect adiposity. To compute
BMI, height was measured to the nearest millimeter, and weight was
assessed to the nearest 0.1 kg (after removal of shoes and coats).
Obesity was defined using the 95th percentiles of BMI for age and
sex, based on historical nationally representative data because this def-
inition corresponds closely to the BMI cut-point that is associated with
increased risk for weight-related health problems (Cole et al., 2000).
Adolescents with BMI scores between the 25th and 75th percentile
using these historical norms were defined as lean, and adolescents
with a BMI score between the 75th and 95th percentile were defined
as overweight.

Pubertal development

Adolescents were asked to report on their current state of pubertal
development using a standardized series of line drawings of youth at
various states of pubertal development (Bonat et al., 2002).

Commercial recall measures

Participants were asked to list five commercials that they had seen
during the television program they just viewed to measure top-of-
mind recall. In addition, participants were given a list of 40 different
products, including products that were and were not included in the
television program, and asked to indicate whether they had seen com-
mercials for these products to assess aided recall.
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Commercial liking and familiarity measures

Participants were asked to rate how much they liked the products/
companies featured in the advertisements on a five-point Likert scale
(dislike extremely to like extremely) and how familiar they were with the
advertisements on a five-point Likert scale (not at all familiar to ex-
tremely familiar).

Statistical analyses
fMRI data acquisition, preprocessing and statistical analysis

Scanning was performed with a Siemens Allegra 3 T head-only MRI
scanner using a standard birdcage coil. Functional scans used a T2*-
weighted gradient single-shot echo planar imaging sequence (echo
time = 30 ms, repetition time =2000 ms, flip angle =80°) with an in
plane resolution of 3.0 x 3.0 mm? (64 x 64 matrix; 192 x 192 mm?
field of view). To cover the whole brain, 32 interleaved, no skip, 4
mm slices were acquired along the AC-PC transverse oblique plane, as
determined by the midsagittal section. Prospective acquisition correc-
tion (PACE) was applied to adjust slice position and orientation, as
well as to re-grid residual volume-to-volume motion in real-time
during data acquisition for the purpose of reducing motion-induced
effects (Thesen ef al., 2000). No participant’s data set failed to meet the
movement inclusion criteria, which were that within-run movement
before correction did not exceed 2 mm in translational movement and
2° in rotational movement. For smaller movements, PACE adjusts slice
position, orientation and regrids the residual volume-to-volume
motion during data acquisition. Anatomical scans were acquired
using a high-resolution inversion recovery T1-weighted sequence
(Magnetization Prepared Rapid Acquisition Gradient Echo; Field of
View =256 x 256 mm?, 256 x 256 matrix, thickness=1.0 mm, slice
number ~ 160).

Images were manually reoriented to the AC-PC line and skull
stripped using the Brain Extraction Tool function in FMRIB’s
Software Library (Smith, 2002). Data were pre-processed and analyzed
using SPM8 (Wellcome Department of Imaging Neuroscience) in
MATLAB (Mathworks Inc.; Worsley et al., 1996). Functional images
were realigned to the mean, and both the anatomical and functional
images were normalized to the standard Montreal Neurological
Institute (MNI) T1 template brain (ICBM152). Normalization resulted
in a voxel size of 3mm® for functional images and a voxel size of 1
mm?® for high-resolution anatomical images. Functional images were
smoothed with a 6-mm FWHM isotropic Gaussian kernel.

We contrasted BOLD activation during food commercials vs
non-food commercials, food commercials vs a television show and
non-food commercials vs a television show. Because there were 20
food commercials and 20 non-food commercials, we also included
20 randomly selected segments of the television show. Condition-spe-
cific effects at each voxel were estimated using general linear models.
Vectors of the onsets for each event of interest were compiled and
entered into the design matrix so that event-related responses could
be modeled by the canonical hemodynamic response function, as im-
plemented in SPM8. The event consisted of the entirety of the 15-s
commercial and television segment. A 128 s high-pass filter was used to
remove low-frequency noise and slow drifts in the signal.

Individual maps were constructed to compare the activations within
each participant for food commercials, non-food commercials and
television show. Consistent effects across subjects were then tested
using the contrast images in one-sample f-tests (conforming a
random effects model). We then created three groups based on
weight status (obese, overweight and lean) and conducted second-level
3 (group: obese, overweight and lean) x 2 (stimulus type: food com-
mercials, non-food commercials and television show) random-effects
analysis of variance. As this study uses a novel paradigm (i.e.
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commercials imbedded in the context of a television show), whole-
brain analyses were conducted throughout to allow for the identifica-
tion of peaks in brain regions outside the classic reward regions (e.g.
visual processing, attention) that may play a role advertising response.
Cluster level thresholds corrected for multiple comparisons were
derived using a Monte Carlo simulations (10000 iterations) of
random noise distribution in the whole-brain mask (3 x 3 x 3 mm)
using the 3dClustSim and 3dFWHMx modules in AFNI (Forman et al.,
1995; Cox, 1996). Using intrinsic smoothness, the Monte Carlo simu-
lation combines individual voxel probability threshold and minimum
cluster size to estimate the probability of a false positive. The threshold
resulted in P<0.001 with a cluster (k) > 19, which is equal to P<0.05
corrected for multiple comparisons across the whole brain. All con-
trasts were run in both directions (e.g. food commercials > non-food
commercials and non-food commercials > food commercials) and only
significant peaks are reported. Effect sizes (r) were derived from the

Z-values (Z/ \/N)

RESULTS
Behavioral results

Overall, participants recalled more food (mean=2.69, s.d.=0.92)
than non-food commercials [mean=2.0, s.d.=0.88; #29)=2.25,
P=0.03] and recognized more food commercials (mean=1.78,
s.d.=0.32) than non-food commercials [mean=1.60, s.d.=0.33;
#(29) =3.13, P=10.004]. Participants reported liking the food commer-
cials better (mean=3.52, s.d.=0.49) than non-food commercials
[mean =3.24, s.d. =0.36; #(29)=2.29, P=0.03] and reported to be
more familiar with food (mean=4.08, s.d.=0.75) than non-food
commercials [mean=3.72, s.d.=0.99; #(29)=3.13, P=0.004].
Hunger ratings suggest that participants were on average in a neutral
hunger state (mean hunger=0.63, s.d.=3.69) prior to their scan
session.

There were no significant differences between obese, overweight and
lean individuals on pubertal development [F(;,7 =1.44, P=0.26),
hunger ratings [F,7=1.58, P=0.22], aided recall of food
commercials [F(,,7)=0.07, P=0.94], aided recall of non-food com-
mercials [F;,7)=0.06, P=0.95], top-of-mind recall of food commer-
cials [F,57)=0.08, P=0.92], top-of-mind recall of non-food
commercials [F,,7)=0.17, P=0.85], liking ratings of non-food com-
mercials [F;,7=0.40, P=0.67], familiarity of food commercials
[F2,27=0.29, P=0.75] and familiarity of non-food commercials
[F227)=0.29, P=0.76] (Table 2). However, there was a significant
difference among the three groups in liking ratings of the food com-
mercials [F(;,7)=4.57, P=0.03]. Post hoc tests showed that obese
participants (mean =3.26, s.d.=0.43) reported lower liking ratings
of food commercials than overweight participants (mean=3.83,
s.d. =0.33).

Main neural responses to food commercials compared with
non-food commercials

On average participants exhibited greater activation in bilateral
posterior cerebellar lobe (declive) (r left>0.9 and r right>0.9;
Figure 1A), bilateral middle occipital gyrus (MOG; r left>0.9 and
r right = 0.87), right precentral gyrus (r>0.9), right inferior temporal
gyrus (ITG; r>0.9), bilateral inferior parietal lobe (IPL; r left=0.88
and r right=0.75), left postcentral gyrus (r=0.78), right
precuneus (r=0.74) and right superior parietal lobe (SPL; r=0.69)
(Table 3). The areas of greater neural response for non-food commer-
cials and the television show are included in the Supplementary
Table S1.
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Main neural responses to food commercials compared with
television show

Participants exhibited greater activation in the left cuneus (7>0.9),
bilateral posterior cerebellar lobe (r left>0.9 and r right>0.9), right
anterior cerebellar lobe (culmen) (r>0.9), right lingual gyrus (> 0.9),
bilateral MOG (r right>0.9 and r left=0.74), left cingulate gyrus
(r=0.85), right ventromedial prefrontal cortex (vinPFC; r=0.72;
Figure 1B), left anterior cingulate cortex (ACC; r=0.71) and right
ventromedial PFC/medial OFC (vmPFC/medial OFC; r=0.68).

Relation between main neural responses and self-report ratings
of commercials

Because participants recalled more food commercials than non-food
commercials, reported greater familiarity with food vs non-food com-
mercials and reported greater liking of food commercials vs non-food
commercials, we examined the relations between these variables and
the main neural responses. We extracted the main effect parameter
estimates at the individual level and calculated the Pearson correlation
coefficients in SPSS (SPSS for Windows, version 19.0, IBM-SPSS,
Chicago, IL, USA). Activation in the left posterior cerebellar lobe in
response to food commercials relative to non-food commercials was
positively correlated with familiarity ratings of food commercials
(r=0.46, P=10.03). Activation in the midcingulate cortex in response
to non-food commercials relative to food commercials was negatively
correlated with liking ratings of non-food commercials (r=—0.49,

Table 2 Pubertal development, hunger and commercial ratings of obese, overweight and
lean participants

Obese Overweight  Lean F(28) P
n=12) (n=328) (n=10)
Mean (s.d.) Mean (s.d.) Mean (s.d.)

Pubertal development® 463 (0.50) 4.19 (0.53) 4.56 (0.73) 1.44 0.26
Hunger 88 (43) 107(19 119((5.1) 158 022
Top-of-mind recall food commercials 8.2 (13) 84 (1.5 8.6 (13) 007 0%
Top-of-mind recall non-food commercials 7.0 (2.9) 9 (19  73(20) 006 09
Aided recall food commercials 1.8 (0.4) 8 (0.3) 1.8 (0.1) 0.08 092
Aided recall non-food commercials 1.6 (0.4) 1 5 0.3) 16 (03) 017 085
Liking food commercials 3.26 (0.43) 3.83 (0.33) 3.66 (0.49) 457  0.03°
Liking non-food commercials 3.29 (0.5) 3.26 (0.16) 3.13 (0.19) 0.40  0.67
Familiarity food commercials 401 (0.65) 4.27 (0.92) 4.01 (0.81) 029 0.75

3.66 (0.81) 3.97 (1.34) 359 (0.98) 029 0.76

“Girls were given line drawings of the five stages of breast and female pubic hair development with
appropriate written descriptions of each stage. Boys were given line drawings of boys showing the
five stages of pubic hair and external genitalia development and appropriate written descriptions of
each stage. For girls, we averaged the scores on breast and pubic hair development. For boys, we
averaged the scores on pubic hair and external gemtalla development. The pubertal development
scale ranges from prepubertal =1 to adult stage = 5.

®Post hoc analyses identified that obese participants reported liking food commercials significantly
less than overweight participants.

Familiarity non-food commercials
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P=0.02). There were no significant correlations between the main
neural responses and recall measures.

Differences in brain activation in response to food commercials
vs non-food commercials between obese, overweight and
lean individuals

Obese individuals showed greater activation in the middle temporal
gyrus (MTG; r=0.77) and less activation in the left cuneus (r=—0.74;
Figure 2A) and left posterior cerebellar lobe (r = 0.70) compared with
overweight individuals (Table 4). Overweight individuals showed
greater activation in the left cuneus (r = 0.73) and left posterior cere-
bellar lobe (r = 0.73) compared with lean individuals (Table 4).

Differences in brain activation in response to food commercials
vs television show between obese, overweight and lean
individuals

Obese individuals showed greater activation in the MTG (r = 0.74)
compared with overweight individuals and less activation in

Table 3 Average comparisons (N = 30) contrasting differences in brain responses to food
commercials vs non-food commercials and food commercials vs television show

Contrast and region BA &k Z-value  MNI coordinates Effect size

Food > non-food
Posterior cerebellar lobe (declive) 813 5.96 —33, —64, —20  >0.90
MOG 5.09 —30, —88, 7 >0.90
Precentral gyrus 4 78 5.62 57, —19, 37 >0.90
Posterior cerebellar lobe (declive) 382 5.34 30, —52, —20  >0.90
ITG 5.29 48, —58, —14  >0.90
IPL 18 481 —42, —40, 52 0.88
Postcentral gyrus 2 427 419 —45, —28, 46 0.76
MOG 213 479 33, =79, 10 0.87
Precuneus 4.03 24, —79, 34 0.74
IPL 40 48 418 36, —46, 52 0.76
SPL 37 3.71 27, —55, 58 0.68

Food > television show
Cuneus 19 820 5.95 —12, =91, 25 >0.90
Posterior cerebellar lobe (declive) 5.28 —27, =58, —17  >0.90
Anterior cerebellar lobe (culmen) 510 5.69 24, —43, =23 >0.90
Lingual gyrus 18 5.23 21, =79, =14 >0.90
MOG 227 532 36, —79, 13 >0.90
Cingulate gyrus 32108 4.60 —3,17, 40 0.84
MOG 24 4.09 —42, =73, —14 0.75
vmPFC 97 3.90 0, 56, —5 0.71
ACC 32 3.82 —6, 47, =2 0.70
OFC n 3.66 3,50, =11 0.67

For all contrasts, activated regions, Brodmann areas (BA), Z-values and coordinates within the MNI
coordinate system are displayed. Number of contiguous voxels (k) are shown for peak coordinates.
Peaks within the regions were considered significant at k> 19, P <0.05, corrected for multiple
comparisons across the entire brain.

Fig. 1 Participants (V= 30) exhibited greater activation in (A) bilateral posterior cerebellar lobe (MNI: —33, —64, —20, Z=5.95, k=2811) in response to food commercials vs non-food commercials and
greater activation in (B) the right vmPFC (MNI: 0, 56, —5, Z=3.94, k=106) in response to food commercials vs television show.
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Fig. 2 Overweight participants exhibited greater activation in (A) the left cuneus (MNI: —12, —91, 13, Z=4.06, k=47) in response to food commercials vs non-food commercials compared with obese
participants. Obese participants exhibited less activation in (B) the right ACC (MNI: 0, 32, —5, Z=3.31) in response to food commercials vs television show compared with lean participants.

Table 4 Group differences in brain activation in response to food commercials vs
non-food commercials and food commercials vs television show between obese
(n=12), overweight (n =28) and lean (n = 10) individuals

Contrast and region BA k Z-value MNI coordinates Effect size
Food > non-food
Obese > overweight
MTG 20 4.24 57, —46, —5 0.77
Overweight > obese
Cuneus 18 47 4.06 —12, =91, 13 0.74
Posterior cerebellar lobe 24 3.86 —21, —76, —26 0.70
Overweight > lean
Cuneus 18 53 4.02 —15, —88, 16 0.73
Posterior cerebellar lobe 31 401 =21, =76, =23 0.73
Food > television show
Obese > overweight
MTG 22 4.06 60, —46, —5 0.74
Lean > obese
vmPFC 21 3.97 -3, 41, -N 0.72
ACC 331 0,32, =5 0.60
Precuneus 31 32 3.84 3, —70, 19 0.70

For all contrasts, activated regions, BA, Z-values and coordinates within the MNI coordinate system
are displayed. Number of contiguous voxels (k) are shown for peak coordinates. Peaks within the
regions were considered significant at k > 19, P < 0.05, corrected for multiple comparisons across
the entire brain.

the vimPFC (r = 0.73), ACC (r = 0.60; Figure 2B) and precuneus (r =
0.70) compared with lean individuals.

DISCUSSION

In this study, adolescents generally exhibited greater activation in
regions implicated in visual processing (e.g. MOG), attention (e.g.
parietal lobes), cognitive processing (e.g. ITG and posterior cerebellar
lobe), movement (e.g. anterior cerebellar lobe), somatosensory
response (postcentral gyrus) and reward (i.e. OFC and ACC) during
food commercials relative to non-food commercials and the television
show. This pattern of results is consistent with participants’ greater
recall of food commercials compared with non-food commercials.
Viewing of food commercials vs non-food commercials and the
television show was related to greater activation in the occipital
gyrus. This finding extends previous evidence that suggest that activa-
tion in the occipital gyrus is greater during exposure to food pictures
relative to non-food pictures (Schur et al., 2009). Frank et al. (2010)
also found that the occipital gyrus displayed greater activation than
traditional reward-related regions (e.g. OFC and insula) in response to
high-calorie food pictures (compared with non-food pictures that were
matched on physical features). Similarly, the occipital gyrus was also
the most active brain region during exposure to food logos (relative to

control images) in children (Bruce et al., 2012a). The lingual gyrus and
precuneus were also more active during food commercials relative to
other stimuli, and these regions (in addition to the occipital lobe) are
thought to be related to identifying the salience of appetitive cues
(Tang et al., 2012). The lingual gyrus has been found to be more
active during food relative to non-food logos (Bruce et al, 2012a).
Thus, participants in this study may have found food commercials
to be more salient and may have been visually attended more to
food commercials relative to the other stimuli in the paradigm. In
contrast, television viewing relative to food and non-food commercials
was related to greater activation in neural regions associated with se-
mantic processing and language (e.g. superior temporal gyrus and
middle frontal gyrus) (Binder et al., 1997; Buchsbaum et al, 2001),
which may reflect the more complicated nature of the discussions
occurring in the television segments.

The IPL and SPL, which are related to mediating attentional pro-
cesses (Pessoa et al., 2002), were more active during food relative to
non-food commercials. Greater activation in the SPL has been related
to initial orientation to food cues (Yokum et al, 2012), and greater
regional cerebral blood flow in the parietal lobe during exposure to
food pictures has been linked to feelings of hunger in obese women
(Karhunen et al., 1997). The ITG was also more active during food
relative to non-food commercials and has been linked to a variety of
cognitive processes, including semantic memory, language, visual per-
ception and sensory integration (Ojemann et al., 2001; Noppeney and
Price, 2002; Price, 2002). Both the parietal lobe and temporal gyrus
have been found to be more active in healthy children during food logo
exposure (Bruce et al., 2012a). The cerebellar lobe was also more active
during food relative to non-food commercials and the television show,
which is consistent with prior research that found greater cerebellar
activation in response to food stimuli (Killgore et al., 2003). While the
anterior cerebellar lobe has been associated with motor responses, the
posterior cerebellar lobe has been linked to cognitive and attention
processes (Stoodley et al., 2012) and activation in this region may
reflect a ‘hyper-attentive state’ (Anderson et al, 2005). Therefore,
these findings suggest that participants’ attention may have been
more fully captured by the food commercials (relative to the non-
food commercials) and greater cognitive processing regarding these
commercials may have occurred. This is consistent with participants’
greater recall of food commercials and the association between activa-
tion in the posterior cerebellar lobe and food-commercial familiarity.

Somatosensory, motor and reward-related regions were more active
during food commercials relative to other stimuli. The postcentral
gyrus is implicated in taste perception, and food cues exposure is
related to activation in this region (Killgore et al., 2003; Frank et al,
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2010). Increased activation in motor-related regions (i.e. anterior cere-
bellum, precentral gyrus) (Stoodley et al., 2012) in response to binge-
type food cues for obese binge eaters has been interpreted as reflecting
planning to acquire of consume food (Geliebter et al., 2006). The ACC
is a region associated with reward-related decision making, motivation
and attention (Bush et al, 2002; Tang et al., 2012; Totah et al, 2013).
Greater activation in this area is related to high (vs low) calorie food
stimuli (Bruce et al., 2010) and increased response in the ACC to high-
calorie food images (relative to control pictures) is predictive of greater
difficulty losing weight (Murdaugh et al, 2012). Activation of the
medial OFC is thought to reflect the intensity of desire (Kawabata
and Zeki, 2008) and subjective evaluation of reward (Berridge et al,
2010). Increased activation in the medial OFC is related to higher
ratings of food pleasantness (Kringelbach, 2005) and elevated hunger
(Siep et al., 2009; Bruce et al., 2010), as well as food logo exposure in
children (Bruce et al, 2012a). The vmPFC is also thought to encode
value (Hare et al., 2009), guide reward-related behaviors (Miller et al.,
2007) and is more active during exposure to food (relative to neutral
stimuli) (Killgore et al., 2003). Thus, in this study, food commercials
relative to other stimuli may have triggered increased subjective pleas-
ure and intensified motivation to seek out the featured products.

Contrary to our hypothesis, obese participants exhibited less activa-
tion during food commercials relative to non-food commercials in
neural regions implicated in visual processing (i.e. cuneus) (Meyer
et al, 2007) and attention (i.e. posterior cerebellar lobe) (Stoodley
et al, 2012). Obese relative to normal-weight participants also
exhibited less activation in regions related to reward (i.e. vmPFC
and ACC) (Hare et al., 2009; Tang et al., 2012) and salience detection
(i.e. precuneus) (Tang et al, 2012). Although previous research has
typically found obese participants to be more responsive to food cues
(Rothemund et al., 2007; Stoeckel et al, 2008; Martin et al., 2009;
Bruce et al., 2010; Stice et al., 2010), a recent study examining
neural response to food logos (relative to non-food logos) in children
found that healthy weight compared with obese children exhibited
greater activation in a number of regions (e.g. frontal gyrus, precuneus,
parietal lobe and insula) (Bruce et al., 2012b). Thus, branded food
items may differ from the type of food cues used in prior studies in
a manner that alters the pattern of neural response for lean and obese
participants. Prior research also found that obese compared with
normal-weight participants exhibited greater activation in multiple
brain regions in response to food cues, but only prior to eating a
meal (Dimitropoulos et al, 2012). Following the meal, obese partici-
pants exhibited greater activation in prefrontal and corticolimbic re-
gions relative to normal-weight participants. The obese participants’
hypo-activation in pre-meal condition was thought to reflect the use of
control strategies to reduce food desire during cue exposure. Obese
relative to overweight adolescents in this study exhibited greater acti-
vation in the MTG during food commercials relative to overweight
participants. The MTG has been related to the implementation of se-
mantic control used in executively demanding semantic decisions
(Whitney et al., 2011). In other words, semantic control is associated
with focusing on one target response (e.g. avoiding the advertised
product), when multiple response options are available (e.g. attending
to the advertised product). Thus, it is possible that obese participants
were using control strategies to reduce their response during food
commercials.

Interestingly, overweight participants showed increased activation in
the regions associated with attention/cognition (i.e. posterior cerebel-
lum) (Stoodley et al., 2012) and visual processing (i.e. cuneus) (Meyer
et al., 2007) relative to both obese and lean participants. This pattern of
results suggests a non-linear relationship between body weight and
neural response to food advertisements. These findings are consistent
with the hypothesis that risk for obesity (i.e. being overweight) may be
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related to hyper-responsivity to food-related reward, but the develop-
ment of obesity may lead to a reduction in reward circuitry functioning
(Stice and Burger, 2012). Consistent with this interpretation, obese
relative to overweight participants reported decreased liking of the
food commercials.

It is important to consider the limitations of this study. First, this
study was designed to most accurately capture exposure to food com-
mercials in real-world settings. This goal led us to embed commercial
breaks in the context of television viewing and to choose commercial
stimuli based on the frequency that adolescents were exposed to these
commercials types. Thus, the commercials types likely differ in mean-
ingful ways (e.g. color intensity and emotional response). As these
variables may differ in certain ways in a manner that increases the
effectiveness of marketing for the different product types, we choose
not to match commercials on these characteristics. The greater recall of
food commercials relative to non-food commercials suggests that food
advertising might have been more effective in this study. It will be
important for future research to identify how attributes that differ
by commercial type may impact neural response, memory and eating
behavior. Second, the sample size of this study is relatively small, thus
there may have been limited power to detect other effects between
weight classes, such as individual differences in the midbrain or stri-
atum. This may be even more likely given the complicated nature of
the stimuli used in this paradigm (e.g. commercials). Finally, this study
is cross-sectional, which does not provide information regarding the
time course of eating-related problems and the pattern of neural acti-
vation associated with food commercials. It may be especially import-
ant to conduct longitudinal studies on this topic, as lean relative to
obese participants in this study exhibited greater activation in the ACC,
cuneus and cerebellum. Greater neural response in these areas during
exposure to high-calorie food images (relative to control pictures) is
implicated in difficulties with weight loss/maintenance (Murdaugh
et al., 2012). Thus, neural response to food commercials might pro-
spectively predict weight gain, especially in normal-weight adolescents.

CONCLUSIONS

Despite these limitations, this study has a number of strengths and
implications. This is the first study, to our knowledge, to examine how
the brain responds to food commercials. Relative to prior research on
food pictures, the stimuli in this study were designed to evoke desire
and prominently featured well-known food brands (e.g. McDonalds)
that could also influence neural response (Bruce et al., 2012a). Further,
the study was designed to recreate the environment that represents
how adolescents are often exposed to advertising (e.g. commercials
chosen based on age-group exposure and viewed during television
commercial breaks). Thus, the study provides some insight into how
the ubiquitous nature of food advertising may play a role in the obesity
epidemic. Interestingly, regardless of weight class, participants recalled
food commercials more than non-food commercials. This is consistent
with greater activation across a number of domains (e.g. attention,
cognition and reward) in response to food commercials relative to
other stimuli. Also, lean relative to obese adolescents exhibited greater
neural response to food commercials in regions related to greater
difficulty with weight loss/maintenance. This suggests that even
adolescents who are not currently exhibiting signs of pathology (e.g.
normal-weight) may be impacted by commercials in a manner that
might shape future eating tendencies. These findings might inform
current policy debates about food advertising to minors.
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