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Abstract

Objective: We used functional magnetic resonance imaging (fMRI) to assess brain
regions associated with food choices between appetizing (i.e., high sugar, high fat) and
plain food in adolescents with excess weight and those with norma weight. The
associations between choice-evoked brain activation and subjective food craving and
behavioral food choices were aso eval uated.

Methods: Seventy-three adolescents (aged 14-19 years), classified into excess weight
(n=38) or normal weight (n=39) groups, participated in the study. We used a food-
choice fMRI task, between appetizing and plain food, to analyse brain activation
differences between groups. Afterwards, participants assessed their "craving" for each
food presented in the scanner.

Results: Adolescents with excess weight showed higher brain activation in fronta,
striatal, insular and mid-temporal regions during choices between appetizing and
standard food cues. This pattern of activations correlated with behavioral food choices
and subjective measures of craving.

Conclusions. Our findings suggest that adolescents with excess weight have greater
food choice-related brain reactivity in reward-related regions involved in motivational
and emotiona responses to food. Increased activation in these regions is generaly
associated with craving, and increased dorsolateral prefrontal cortex is specifically
associated with appetizing food choices among adolescents with excess weight, which
may suggest greater conflict in these decisions. These overweight- and craving-
associated patterns of brain activation may be relevant to decision-making about food

consumption.
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INTRODUCTION

The prevalence of adolescent overweight and obbagysteeply increased over the last
two decades, reaching epidemic levels (1). In roaseés, overweight and obesity are the
result of food choices characterized by high calontake. When these choices are
consolidated at an early age, obesity is more sesad associated with worse long-term

consequences (2).

Although food consumption is an essential humaratbiehn, factors that regulate dietary
choices are complex and poorly understood. Foakénts influenced by a variety of
factors besides homeostatic regulation, like sgnsoes (e.g., taste, smell, texture and
appearance), availability, motivational and affeetstates, pleasure seeking, etc. All of
these aspects influence what, and how much, huesaneven when they are satiated.
These factors are associated with specific pattefneegional cerebral blood flow
(rCBF), particularly within brain regions commoniyiplicated in motivation, emotion,

memory, and behavioral control (3).

Previous studies have demonstrated that brainadictivin response to food pictures is
a useful measure to examine both sensitivity tadfeaes and vulnerability to the
development or maintenance of overweight (4, 5ghHat foods evoke activation in
brain regions associated with reward value prongs¢e.g. dorsal/ventral striatum,
orbitofrontal cortex [OFC]), as well as with theoresentation of internal body states

such as hunger (insula) (6, 7).

Comparisons of rCBF between obese and normal-weighividuals have shown
differential responses to food cues associated wight status (6, 8, 9). Obese
individuals show greater activation to food cuescwmparison to normal-weight

participants in multiple brain regions, includingward system-related ones, like the



prefrontal cortex (PFC), OFC, anterior cingulateteo (ACC), insula, amygdala, and

striatum during hunger states (10); the PFC, ca)dappocampus, and temporal lobe
immediately after eating (8); and the striatumulas hippocampus, and parietal lobe
during neutral appetitive states (neither hungrgatrated) (6). In addition, differential

activation to food types (high- and low-caloriestaso been examined in relation to
weight. The majority of reported results of direcmparisons between normal-weight
and obese/overweight groups indicate greater divan response to high-calorie food

cues in similar brain regions among overweight/ebedividuals (6, 8, 10).

Another way to study brain activation during eatlmghavior is by using food choice
paradigms. Food decisions concern what, when, andnhuch to eat. Food choices can
lead to overconsumption, when more energy is corguthan expended. The brain
mechanisms underpinning food choices have beeniagdnin neuroimaging studies.
Several neural processes are involved in feedimguber. Firstly, the visual system is
very important to guide food selection. Inputs fréime visual system elicit a specific
pattern of brain activation related to preparationfood ingestion, which evokes the
desire to eat, as well as cognitive processes ascimemory retrieval and hedonic
evaluation of the specific food (11, 12). Secongigual food cues activate the reward
neural circuitry (e.g., PFC, OFC, amygdala, doesal ventral striatum, hypothalamus,
and insula) (10). Moreover, high-calorie food cspscifically elicit a greater response

in these regions relative to low-calorie food ima@®&, 6, 9, 10).

Recent theoretical models highlight that decisicaking skills are a key factor in
controlling caloric intake in modern environmersisice these are characterized by open
access to food and strong media-driven appealattbigh-calorie food (13). Decision-
making skills are particularly pertinent in the eas adolescents, in whom transitions in

brain development appear to be geared towards nmERrRgnreward at the expense of
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risk (14). Neuroimaging studies have confirmed thdblescents have hypersensitive
striatal responses to reward prediction (15, 16) amgh activation of brain areas

implicated in the promotion of risk-taking (OFC)rohg decision-making (17).

However, the neural correlates of food choices dolescents have been less well-
studied. This matter is particularly important tlas probability that an obese adolescent
develops into an obese adult is much higher thah ¢ha normal-weight adolescent
(18). Moreover, once people have become overweaiglobese, it is quite difficult for
them to regress to a stable healthy weight. Theortapt increase in the prevalence of
obesity in children and adolescents, the compbeoatiof overweight / obesity for health
and the greater tendency to continue being ovetwedg obese in adulthood make
prevention of obesity the alternative of choice dhd optimal strategy to stop the

spread of the obesity epidemic.

In this study, we used functional magnetic resoaantaging (fMRI) to assess brain
regions associated with food choices between appgtii.e., high sugar, high fat) and
plain food in adolescents with excess weight (ogerweight and obese) versus normal
weight. We also aimed to evaluate the associatietwden choice-evoked brain
activation, subjective self-reported food cravimgl &hoice behavior. We hypothesized
that excess weight participants, in comparison i normal weight ones, would
show greater neural responsiveness in the coribtadi reward system during food
choices between appetizing and plain foods (i.&COACC, insula, ventral striatum
and amygdala). We also hypothesized that this ehewoked activation in these areas
would correlate with food craving and selection apipetizing foods in the excess-

weight group.



METHODS

Participants

Seventy-three adolescents (age range: 14-19 yeantsjipated in the study. They were
classified into two groups, excess weight [n=38] @lolescents with obesity and 11
adolescents with overweight) or normal weight [nf2@cording to their age- and sex-
adjusted body mass index (BMI) percentile, follogvitihe International Obesity Task
Force (IOFT) criteria (19). There were no signifitdifferences in age or sex between

groups. Demographic and body composition datawarergrized in Table 1.

The recruitment of participants was carried oubtighout the province of Granada
(Andalusia, Spain) in hospitals and high schooks,weell as via press and radio
advertisements. The inclusion criteria were defiasdollows: (i) aged between 14 and
19 years; (ii) BMI percentiles falling within thetervals categorized as overweight or
obesity £85: Excess weight group), or normal weight (5 to [8drmal weight group);

(i) absence of any history or current evidencenelirological mental disorders as
assessed via interviews with participants and fheients; (iv) absence of any history or
current evidence of eating disorders (e.g., bingeng, bulimia nervosa, anorexia
nervosa) assessed with the Eating Disorders Innet@dEDI-2) (20) and (v) absence
of any contraindication to undergo the fMRI sessifre. metal prosthesis or

claustrophobia). All participants had normal orrected-to normal vision.

The Ethics Committee for Human Research of the &sidad de Granada approved
the study. Both the participants and their paréutts’s signed an informed consent

form.

Insert Table 1 here.



Procedure

This study consisted of two sessions. In the faesssion, all participants were pre-
exposed to foods in a catered tasting session ctewlul week before scanner
acquisition. The participants tasted all foodsudeld later in the fMRI task in order to
become familiar with the specific foods (and therresponding flavours, textures and
sizes) that were going to be used in the fMRI taske purpose of the tasting was to
establish a context closer to real life in the febdice task. Then, they had to rate the
different foods on a 1- to 10-point self-reportlscadexing how much they liked each

meal.

In the second session, we conducted the fMRI ¥8&len participants arrived at the lab,
we used an automated scale (Tanita BC-420 GP S®gppiil., London) to measure their
weight and body fapercentage. Body fat percentage was estimated ioeldgtrical

Impedance Analysis. All of the sessions were cdroat at the same time of day (4
p.m.), and always fMRI tasks were carried out betwene and three hours after lunch.
The teenagers finished their lessons in the higjodcabout 2.30 p.m., after that they
ate lunch and at 4 p.m. they started the sessimenGhe study had a more extensive
protocol that included measures assessed beford, piRicipants usually started the
fMRI tasks at about 5 p.m. Just before the fMRIsgag before beginning the task
inside the scanner, and after finishing the fMRdssen, participants rated their hunger
from O to 100 points on a visual analogue scaleesponse to the question of “how

hungry are you now?”

fMRI task

A food preference decision-making task was use@. fblod pictures used in the task

were taken earlier in the tasting session. All yries were shot ad hoc for the study



using standardized presentation and lighting cadit Therefore, all images were
matched for visual properties (size, brightnesaritgl and contrast) and serving size
(about a portion for all food images). Furthermaiéthe photographs were taken in the
same place and with the same ambient light. Thypest of food were utilized:

appetizing (food with high levels of fats and sjaplain (defined as natural food or
low in fats and/or sugars) and functional (foodatthre prepared not only for their
nutritional characteristics but also to fulfil aeggfic function, such as improving health
and reducing the risk of disease). Appetizing cimetuded, for instance, sausages,
chocolate, cake, cheese and chips and plain caokgled, for instance, fruits, yoghurt,

cereals and salads. In each trial, pairs of thé@seht types of food were presented to
participants (appetizing vs. plain, appetizing fesictional and plain vs. functional).

Participants were instructed to choose betweerethgs options taking into account
their own preference for one or the other meal. qinestion presented was: “If you had
to eat one of these foods, which would you choog&®th trial began with a fixation

cross, which appeared for 4 seconds. Then, imagdsdwo options appeared for 5
seconds (one on the left side of the screen andttie one on the right side). The order
of presentation of the images was counterbalanceshg the participants. Then, the
fixation cross was presented again (Fig 1). Thexeeva total of 36 choice trials with 12
choices for each decision type. Participants wes&ucted to press a button in order to
choose the food that they preferred. Stimuli weresented through magnetic
resonance-compatible liquid crystal display gogg(8esonance Technology Inc.,
Northridge, CA, USA), and responses were recordét the Evoke Response Pad
System (Resonance Technology Inc.). Participante westructed to press the button
with their thumb if they preferred the food on tledt side, or the button with their

forefinger for food on the right side. According tioe objectives of this study, we



focused only on the choice between appetizing faod plain food. The primary
behavioral measure was the number of selectiongppietizing and plain foods.
Additionally, we calculated the percentage of ag®g choices when participants had
to choose between appetizing and plain foods (‘#tgage of Appetizing vs. Plain Food

Choices”).

After the fMRI session, participants assessed ttemving” for each food presented
earlier in the scanner on a 9-points scale (1, théyhot desire the meal; 9, desired the
meal excessively). Valence and arousal for eachl meee also assessed via Self-
Assessment Manikin (SAM) (21). The stimuli were gangted using a computer task
programmed using e-Prime software, in which eaamutis was presented on the
screen for 5 seconds. Differences between scoresutgective ratings of craving in

response to appetizing versus plain food (refetce@ds “Appetizing vs. Plain Food

Craving Ratings”) were calculated.
Insert Figure 1 here.
I maging data acquisition and processing

A 3.0 T clinical MRI scanner (Intera Achieva; Phgi Medical Systems, Eindhoven,
The Netherlands), equipped with an eight-channaketi-array head coil, was used to
obtain a T2*-weighted echo-planar imaging sequenitk the following parameters:
repetition time (TR) = 2000 ms, echo time (TE) =185, field of view (FOV) = 230 x
230 mm, 96 x 96 matrix, flip angle = 90°, 21 4 mximaslices, 1 mm gap, 162 scans. A
sagittal three-dimensional T1-weighted turbo-gradiecho sequence (3DTFE) (160
slices, TR = 8.3 ms, TE = 3.8 ms, flip angle =V = 240 x 240, 1 miwvoxels) was
also obtained in the same experimental session isgcam gross anatomical

abnormalities.



Functional images were analyzed using Statisticatafetric Mapping (SPMB8)
software (Wellcome Department of Cognitive Neurglogstitute of Neurology, Queen
Square, London, UK), running on MATLAB R2009 (Matlis, Natick, MA). Prior to
preprocessing, all images were visually inspectedaftifacts. Preprocessing included
reslicing to the first image of the time series¢esltiming correction, normalization
(using affine and smooth nonlinear transformaticimspn EPI template in Montreal
Neurological Institute (MNI) space, and spatial stng by convolution with a 3D
Gaussian kernel (full width at half maximum = 8 miNp participant was excluded due
to excessive motion, defined as a degree of moveraove 3 mm or 3 degrees in

either direction.

Data analysis

Group comparisons of sociodemographic, task, artireqmorted variables were

performed with independent-sample t-tests (twaeethil

For the neuroimaging analystbe conditions of interest were modelled from theetat
which the food choice was presented to the timevlath participants responded.
Baseline was modelled as the time that the fixatomss was on the screen. Task
regressors were convolved with the SPM8 canoniealddynamic response function.
The key contrast of interest was “appetizing vairpb baseline”, defined in first-level

(single subject) and between-group analyses.

One-sample t-tests were conducted to assess mup-@ctivations (healthy weight and
excess weight) in the contrasts of interest. Bebagreup comparisons were conducted
using two-sample t-tests. The statistical threshidd was p<0.05 family wise error
(FWE) for the within-group analysis and p<0.05 éaldiscovery rate (FDR) for the

between groups analysis whole-brain corrected, witminimum cluster size extent



(KE) of 10 contiguous voxels. To exclude the patdrgffect of the age in the results,
we replicated all the analysis including age asmamder variable. Results were similar

in both approaches, so we only report the origmael-covaried results.

Finally, in order to examine the association betwlegin activation during exposure to
appetizing and plain food cues during the food sleni task and behavioral food
choices and subjective food craving, the peak kaanvalues from each cluster of
significant brain differences between groups werttaeted for each participant and
correlated with the “Percentage of Appetizing viirP Food Choices” (food choice)

and the “Appetizing vs. Plain Food Craving Ratin{(febd craving), respectively.

RESULTS

There were not significant group differences if-sghort measures (see Table 2).

Insert Table 2 here.

Brain activation during exposure to appetizing and plain food cues during the food

decision task compared to baseline (fixation cross)

Both groups showed extensive activation in sevenaas of the frontal cortex
(dorsolateral prefrontal cortex [dIPFC], dorsomégieefrontal cortex [dmPFC] and
ventrolateral prefrontal cortex [VIPFC]), supplertay motor area (SMA), occipital
cortex (visual cortex), supramarginal gyrus, midtdenporal gyrus, and subcortical

regions (caudate, putamen, hippocampus and amyddakatable S1).

Differences in brain activation between participants with excess weight and normal

weight
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During exposure to appetizing and plain food cuethé food decision task, adolescents
with excess weight, compared to those with normagit, had increased activation in
the dIPFC (bilaterally), superior temporal cortéilgterally), hippocampus, medial
temporal cortex, putamen, superior frontal cortéxalamus (bilaterally), globus
pallidus, inferior temporal cortex, OFC, VvIPFC, slrACC, insula and dorsal caudate
(see Table 3). The reverse contrast (i.e., norneadjwt > excess weight) yielded non-

significant results (see Figure 2).

Insert Table 3 here.

Insert Figure 2 here.

Association between brain activation during exposure to appetizing and plain food cues

in the food decision task and food choice

The Percentage of Appetizing vs. Plain Food Choipesitively correlated with
dorsolateral prefrontal cortex (dIPFC) activation participants with excess weight

(r=0.370, p=0.024), but not in healthy-weight cofgr(r=0.086, p=0.618).

In contrast, the Percentage of Appetizing vs. Plood Choices negatively correlated
with the activation of the ACC (r=0.338, p=0.04#dahe thalamus (r=0.356, p=0.033)
among healthy-weight controls, but not among pigaicts with excess weight

(r=0.138, p=0.417 and r=-0.084, p=0.619 respect)vel

Association between brain activation during exposure to appetizing and plain food cues

in the food decision task and food craving

In participants with excess weight, “Appetising \Rlain Food Craving Ratings”
positively correlated with activation in the dIPFCyIPFC, ACC, insula,

superior/medial/inferior temporal cortices, dorsaudate, putamen and thalamus. In
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contrast, only insula activation was correlatechwAppetising vs. Plain Food Craving
Ratings” in normal-weight participants (see Table\WWe performed an FDR adjustment
for multiple comparisons and the regions that reeai significant were the right

dIPFC, dorsal caudate and superior temporal canéxin the excess-weight group.

Insert Table 4 here.

DISCUSSION

We found that adolescents with excess weight, coedpep those with normal weight,

show greater brain activation in frontal, striatedsular and mid-temporal regions
during exposure to appetizing and plain food cunea food decision task. This pattern
of activations correlated with behavioral food a®s and subjective measures of
craving. The pattern of brain activation of excess weightipi@ants was consistent

with that of previous cue-reactivity studies (4, 810, 22, 23). However, there is
limited research on exposure to food cues durifigod decision task in adolescents.
The link between brain activation and selectiormambetizing foods and related craving
illustrate the relevance of brain function for agtbehavior during this period, which is

associated with high prevalence of obesity in thesi&rn world (24).

Group differences in brain activation may reflegpérsensitivity to food stimuli in
adolescents with excess weight. Brain differencesompass regions involved in
cognitive control, attention, interoception and neeynand habit formation, which have
been collectively or discreetly associated withraxeght and obesity (6, 8, 9, 22, 23).
Increased activation seems to suggest heighterveardevaluation during preference
formation and/or greater effort during action setet which are two critical

components of decision-making (25). However, tha&-specific control condition
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precludes conclusions about decision-making meshasjiand thus we use correlations

with behavioral measures to refine our interpretati

The positive association between dIPFC activatiod appetizing food choices in
excess-weight adolescents can be explained byotbeof this region in conflict-based
decision-making. Activation of the dIPFC increasath a rising amount of conflict,
regardless whether it is emotional (preference &tiom) or cognitive (action selection)
(26). This interpretation fits with previous findis that suggest that children and
adolescents with excess weight show increasedadictivof this region in response to
food versus other non-food related pleasant stif@2@®). In addition, recent meta-
analyses have concluded that the dIPFC engagesgddiiferent forms of conflict
monitoring, including incongruent trials of the &ip task, task switching, and high
working memory loads (27-29). Based on this eviéemee reason that increased dIPFC
reflects greater conflict associated with selectadnappetizing food choices among
adolescents with excess weight. In contrast, atipesassociation between anterior
cingulate and thalamic activation and appetizingdf@hoices has been found only in
the normal weight group. These results are comgistéh the role of these regions on

attention orientation to task-relevant stimuli (30)

The correlations between most of the regions aeli/dy the cues in the decision-
making task and craving further support the generafion that excess-weight
adolescents are hypersensitive to appetizing foasksc (23, 31, 32). This
hypersensitivity may influence craving for speciiods in daily life (i.e., high fat, high
sugar food) (33). Subjective craving in responsefaod cues is a well-validated
experimental model of sensitivity to the high-cadioods we frequently encounter in
the current “obesogenic” environment (33-36). Thaee prevention policies that

reduce exposure to cues of foods high in sugar fahdare important to control
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adolescent obesity. Although cue-related change&onto-limbic activity are also

observed in drug addiction, our findings do nokedily speak to the concept of food
addiction. Future studies are needed to establishei reported differences in brain
activation correlate with self-report measures agd addiction (Yale Food Addiction
Scale, YFAS) (37) and related behaviors such agienab eating (The Dutch Eating
Behavior Questionnaire, DEBQ) (38). In addition, limoodal studies linking brain

activation and direct measures of dopamine conagomrs are needed to clarify
dopaminergic involvement in food cue reactivity {asas been shown for drugs of

abuse) (35, 39, 40).

In sum, the main funding of this study is that adeknts with excess weight have
increased activation in several regions involvedeward valuation, salience detection
and conflict monitoring when they are faced witltid®ns between appetizing versus
plain food. Our results also suggest that braiivations are meaningfully linked to the
subjective value of appetizing food, as we fourgphificant correlations with appetizing

food choice and related cravings.

These findings have to be appraised in the cordkxrelevant limitations, such as the
type of contrast that we used (appetizing and dlaia cues vs. baseline), since some
of the activations could not be specifically rethte decision making. In addition, the
lack of attention measures makes impossible to kihgarticipants could be looking at
healthy or unhealthy foods. Direct attentional nuees (e.g. eye tracking) should be
included in future research. However, this limdatiwas partially overcome by the
significant correlation of brain activation with dd choice behavior and craving
measures. On the other hand, although we obseread and extensive differences
between our obese and control samples, becauseesleacross-sectional experimental

design, it was not possible to determine whether dhserved effects represent the
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causes or consequences of obesity. Moreover, itdudoel interesting if the functional
implications of the current results could be adskeds in longitudinal studies.
Furthermore, research is needed to compare thiésedtained between participants in
fasted and satiated states. Finally, the effectae@Mmenstrual cycle should be taken into
account in future studies, since a number of stutleve reported that brain activation
and decision making processes are modulated bjadhmaonal stage of the menstrual

cycle during exposure to food cues (41, 42).

Notwithstanding these limitations, the findings thfe study may have important
treatment implications. Interventions for adolesceesity should focus not only on
physiological endpoints, but also in decision-mgkimechanisms such as reward
valuation and conflict monitoring. The ability tesist reward-related temptations and
cravings in response to high-calorie food is exglgmmportant to prevent unhealthy
eating behaviors. Therefore, prevention policied gromote a reduction in exposure to
high in fat and/or sugar food cues in the environihté adolescents with excess weight
could be useful. Furthermore, more research intortbural correlates of food choice
may provide better insight into the effects of agex, and weight on food-related
decision-making processes, and provide targetfidaithy eating interventions. Since
an overweight child or adolescent has a high priibalof developing into an

overweight adult, prevention of overconsumptiorunhealthy foods and formation of

healthy eating habits in children is crucial in@rtb reverse the prognosis

CONCLUSION

We show that adolescents with excess weight havghtemed activation in a
distributed set of frontal, temporal, insular amdgasal regions during exposure to food

cues in a decision-making task. Increased actinatio these regions is generally
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associated with craving, and increased dorsolaterafrontal cortex is specifically
associated with appetizing food choices among adelds with excess weight, which
we interpret as greater conflict in these decisidie main implication of this finding
is that policy, prevention and treatment intervemsi for obesity need to tackle

vulnerabilities in brain-cognitive-affective de@sirmaking systems.
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Tablel

Socio-demogr aphic characteristics, BMI and percentage of fat for each group.

Excess weight (n=38) Normal weight (n=39) t/chi p-value
Mean (SD”) Mean (SD) square®
Age 16.47 (1.66) 16.58 (1.36) -0.30° 0.768
Sex (%men/women 47.37/52.63 48.72/51.28 0.00° 0.991
BMI® 29.89 (3.72) 21.36 (2.07) 12.58° <0.001
Fat (%) 29.03 (10.28) 15.61 (7.39) 6.56° <0.001

%Body Mass Index’: Standard Deviatiorf; value of Student’s f: value of Chi-squarg2



Table 2

Means (+SD) of food choices and self-reported meass (tasting, valence, arousal,
percentage of appetizing choices, craving and hunge

Excess weight (n=37) Normal- weight (n=36) p-value

Mean (SD) Mean (SD)
Appetizing food
Food Tasting 7.59 (1.09) 7.74 (1.15) 0.571
Valence 6.45 (1.09) 6.58 (1.19) 0.633
Arousal 5.32 (1.63) 5.48 (1.45) 0.657
Craving 5.61 (1.29) 5.75 (1.49) 0.679
Plain food
Food Tasting® 7.43 (1.06) 7.28 (1.08) 0.552
Valence 6.22 (1.04) 6.2 (1.19) 0.956
Arousal 5.15(1.43) 5.23(1.22) 0.801
Craving 5.35(1.13) 5.26 (1.38) 0.745
Percentage of appetizingb 53.24 (20.57) 54.81 (18.97) 0.734
choices
Appetizing vs. Plain 0.26 (0.93) 0.49 (0.73) 0.238
Craving
Hunger1® 20.69 (21.2) 19.84 (18.9) 0.861
Hunger2® 18.42 (21.06) 27.7 (24.56) 0.102
Hunger3® 36.68 (27.67) 46.43 (28.15) 0.156

2 Catered tasting session; ® Percentage of appetizing choices when comparing to Plain food; & Hunger evaluation
before entering the resonance machine; % Hunger evaluation before food-choice task; ® Hunger evaluation after
fMRI task



Table 3

Brain regions that show greater activation in “appéizing versus plain choices > baseline”
in excess weight group than in the normal weight gup.

a

Region Side MNI coordinates Ke t-value
X Y z
dipFc® Right 32 34 36 133 4.12
Left -34 a4 10 199 5.26
STCX Right 60 20 2 364° 4.58
Left -52 -30 6 131 4.19
Hippocampus Right 42 -16 -18 945° 4.46
MTCE Right 46 -36 2 364° 4.37
Putamen Right 34 -16 0 945° 4.34
SFCx" Right 10 36 48 241 4.32
Thalamus Right 10 -8 2 945° 43
Left -6 -20 0 152 3.82
GlobusPallidus Left -12 -2 -4 51 4.22
ITC" Left -60 -4 -18 93 4.15
orc Right 38 48 -6 182° 4.13
vIPFC Right 30 30 -20 182° 3.96
Dorsal ACC Right 6 48 4 91 3.88
ACC Left -10 36 16 96 3.82
Insula Right 40 6 -4 48 3.7
DorsalCaudate Right 12 10 8 23 3.74

2 Cluster size (voxels); ® Dorsolateral Prefrontal Cortex; “*®: Part of the same cluster;": Superior Tempora Cortex; &
Medial Tempora Cortex; ™ Superior Frontal Cortex; “Inferior Temporal Cortex; ' Orbitofrontal Cortex; ©
Ventrolateral Prefrontal Cortex; ': Dorsal Anterior Cingulate Cortex.



Table 4

Correlations between craving scores (Appetizing vsPlain Food Craving Ratings) and
“appetizing versus plain choices > baseline” brairactivation as a function of group. Only
areas with significant correlations are displayed.

Excess weight Normal weight Fisher
Side MNI coordinates p-value r p-value r p
X y z

diPFC® Left -34 44 10 0.04 0.35 0.43 -0.136 0.017
Right 32 34 36 0.001° 0.53 0.819 -0.04 0.004

TSCC Right 60 -20 2 0.003* 0.49 0.84 0.035 0.017
T™C® Right 46 -36 2 0.04 0.34 0.221 0.209 0.274
Putamen Right 34 -16 0 0.01 0.43 0.385 0.149 0.097
TIc® Left -60 -4 -18 0.03 0.38 0.628 0.083 0.092
vIPFC' Right 30 30 -20 0.03 0.38 0.388 0.148 0.145
Thalamus Left -6 -20 0 0.02 0.4 0.892 -0.023 0.03
AcCC® Left -10 36 16 0.009 0.44 0.381 0.15 0.089
Insula Right 40 6 -4 0.03 0.38 0.049 0.33 0.405
DorsalCaudate  Right 12 10 8 0.004° 0.48 0.738 0.058 0.025

2 These results survived FDR correction for multiple comparison;® Dorsolateral Prefrontal Cortex; © Temporal
Superior Cortex; % Temporal Media Cortex; ® Tempora Inferior Cortex; " Ventrolateral Prefrontal Cortex; %
Anterior Cingulate Cortex



Figurel

Schematic representation of thefMRI task through depiction of the sequence of one
experimental trial
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Figure 2

Between-group differences during “appetizing vs. @in > baseline” contrast.

Excess weight > Normal weight

1: dIPFC: dorsolateral prefrontal cortex; 2: Putamen; 3: Insula; 4: vIPFC: ventrolateral prefrontal cortex;
5: OFC: orhitofrontal cortex; 6: SFC: superior frontal cortex; 7: Thalamus; 8: Dorsal Caudate; 9: Rostral
ACC: rogtral anterior cingulate cortex; 10: ACC: anterior cingulate cortex; 11: Thalamus, 12: Globus
Pallidus; 13: STC: superior temporal cortex; 14 ITC: inferior temporal cortex.



