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Abstract: Obese adolescents suffer negative social experiences, but no studies have examined whether
obesity is associated with dysfunction of the social brain or whether social brain abnormalities relate to
disadvantageous traits and social decisions. We aimed at mapping functional activation differences in the
brain circuitry of social decision making in adolescents with excess versus normal weight, and at examin-

ing whether these separate patterns correlate with reward/punishment sensitivity, disordered eating fea-
tures, and behavioral decisions. In this fMRI study, 80 adolescents aged 12 to 18 years old were classified
in two groups based on age adjusted body mass index (BMI) percentiles: normal weight (n 5 44, BMI per-
centiles 5th–84th) and excess weight (n 5 36, BMI percentile� 85th). Participants were scanned while per-
forming a social decision-making task (ultimatum game) in which they chose to “accept” or “reject”
offers to split monetary stakes made by another peer. Offers varied in fairness (Fair vs. Unfair) but in all
cases “accepting” meant both players win the money, whereas “rejecting” meant both lose it. We showed
that adolescents with excess weight compared to controls display significantly decreased activation of
anterior insula, anterior cingulate, and midbrain during decisions about Unfair versus Fair offers. More-
over, excess weight subjects show lower sensitivity to reward and more maturity fears, which correlate
with insula activation. Indeed, blunted insula activation accounted for the relationship between maturity
fears and acceptance of unfair offers. Excess weight adolescents have diminished activation of brain
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regions essential for affective tracking of social decision making, which accounts for the association
between maturity fears and social decisions. Hum Brain Mapp 36:226–237, 2015. VC 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Adolescent obesity is a major public health problem that
has rapidly attained epidemic levels [Gee et al., 2013; Ji,
2008; Rudolf et al., 2004; Strauss and Pollack, 2001]. Neuro-
science models posit that major societal changes have
transferred the obesity problem to the decision-making
field: in plentiful environments, decision making is essen-
tial to prioritize what to eat (i.e., health-wise versus
rewarding unhealthy food) [Zheng and Berthoud, 2007]. In
fitting with this notion, we have shown that adolescents
with excess weight have decreased activation of risk-
sensitive brain regions and increased activation of reward-
signaling brain regions during decisions about small safe
rewards versus high risky gains [Delgado-Rico et al.,
2013]. However, the relevance of decision making to ado-
lescent obesity goes beyond factoring personal rewards,
and extends to the social-evaluative domain. Adolescents
with excess weight suffer significantly more peer bullying,
marginalization, and social isolation [Ludwig, 2007;
Strauss and Pollack, 2003]. These negative social experien-
ces are the main predictor of poor psychosocial adjustment
in children and adolescents with obesity [Gunnarsdottir
et al., 2012]. Moreover, social stress is known to decrease
prosocial choices in adolescents [Youssef et al., 2012], and
preclinical studies indicate that this detrimental impact is
mediated by neuroadaptations in prefrontal and limbic
regions [Baarendse et al., 2013; McEwen, 2007]. Therefore,
excess weight adolescents are likely to experience social
stress and social decision-making deficits, which should
manifest in prefrontal-limbic neuroadaptations.

The ultimatum game (UG) is a social decision-making
task in which two parties (the proposer and the respond-
ent) negotiate how to share a specified amount of money.
The proposer makes the offer (sharing around 15, 25, or
50% of the stake) and the respondent chooses to either
accept, in which case the money is split the way is offered,
or reject, in which case none of the parties get any money.
Set this way, the task raises a conflict between the cogni-
tive choice (accepting the offer, getting the money) and the
emotional response to unfairness (unfair offers elicit nega-
tive affect and increase rejection) [van’t Wout et al., 2006].
The typical neural network activated during unfair versus
fair offers involve the anterior insula, the dorsolateral pre-
frontal cortex and the anterior cingulate cortex, purport-
edly involved in perception of unfairness, cognitive
evaluation, and conflict between emotion and cognition,
respectively, [King-Casas et al., 2008; Knoch et al., 2006;
Sanfey et al., 2003]. Moreover, brain regions involved in
reward prediction and emotional learning further contrib-

ute to subjective feelings about the offers and behavioral
decisions to accept/reject [Gospic et al., 2011; Hollmann
et al., 2011]. Therefore, the UG poses an interpersonal
decision-making conflict in which brain regions typically
involved in emotion and reward processing come into
play in the social domain [Xiang et al., 2013]. Further, the
degree of engagement of this circuitry in response to
unfair offers might be sensitive to psychological character-
istics of the excess weight population that are disadvanta-
geous in the social domain. Specifically, obesity has been
associated with high maturity fears, which reflects the anx-
iety of facing the social-evaluative demands of adult life
[Garner, 1994]. These fears are the most potent determi-
nant of social maturation during adolescence [Westenberg
et al., 2004]. Further, obese populations typically display
low sensitivity to reward and high sensitivity to punish-
ment [Davis, 2009], which are known to impact social
function specifically during adolescence [Harms et al.,
2014].

In this study, we aimed at mapping the activation of the
social decision-making brain circuitry as measured by the
UG in adolescents with excess versus normal weight and
examining the association between separate patterns of
activation (in excess vs. normal weight groups) and psy-
chological traits including reward sensitivity and disor-
dered eating features that are central to obesity and social
decision-making behavior. On the basis of previous evi-
dence, we expect that excess weight adolescents display
blunted activation of regions involved in social decisions
(i.e., anterior cingulate, insula) and social rewards (i.e.,
striatum, amygdala), and that these separate patterns cor-
relate with reward sensitivity, obesity-related traits, and
behavioral decisions of accept/reject.

MATERIALS AND METHODS

Participants

Eighty adolescents aged between 12 and 18 years par-
ticipated in the study. They were classified in two groups
(normal weight [n 5 44] and excess weight [n 5 36]) based
on their age adjusted body mass index (BMI) percentile
[Cole and Lobstein, 2012]. The classification of the two
groups was conducted in alignment with the guidelines of
the International Obesity Task Force and the Centers for
Disease Control and Prevention: Normal weight partici-
pants had age adjusted BMI percentiles in the range
between the 5th and the 84th percentile, and excess weight
participants had age adjusted BMI percentiles� 85 (see
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Table I). Participants’ sociodemographic characteristics,
BMIs, percentage fat, and blood count-based biochemical
parameters are as well displayed in Table I. Participants
were recruited from the paediatrics and endocrinology
services of the Hospital “Virgen de las Nieves” in Granada
(Spain), and from schools located in the same geographical
area. The inclusion criteria for participants were defined as
follows: (i) age range between 12 and 18 years; (ii) BMI
percentiles falling within the intervals categorized as over-
weight or obesity (�85: Excess weight group), or normal
weight (5–84: Normal weight group); (iii) absence of his-
tory or current evidence of neurological or psychiatric dis-
orders, assessed by participants and parents interviews
and the Eating Disorder Inventory [Garner, 1994]; (iv)

absence of significant abnormalities on magnetic resonance
imaging (MRI) or any contraindications to MRI scanning
(including claustrophobia and implanted ferromagnetic
objects). All participants had normal or corrected-to-
normal vision.

The study was approved by the Ethics Committee for
Human Research of the Universidad de Granada. Both
participants and parents signed an informed consent form.

Experimental Task

We utilized an fMRI suitable previously validated UG
task [Crockett et al., 2008] involving one proposer and one

TABLE I. Demographic and body characteristic, scores from SPSRQ and EDI-2 and behavioral performance during

the UG inside the scanner

Normal weight Excess weight
(n 544) (n 5 36) P-value

mean (SD) mean (SD)

Demographic variables
Age 15.32 (1.69) 15.06 (1.88) 0.514
Gender (male/female) 19/25 12/24 0.375
BMI 20.96 (2.31) 29.11 (3.90) <0.001
Range of BMI percentiles 9–84 85–97
Fat (%) 18.49 (33.89) 33.89 (8.33) <0.001

Biochemical parameters
Insulin 33.61 (37.78) 40.26(50.91) 0.548
Basal glucose 90.61 (10.42) 90.85 (7.85) 0.910
Triglycerides 66.70 (28.63) 83.11 (35.02) 0.025
HDL 59.04 (14.86) 55.38 (12.90) 0.253
Total cholesterol 150.23 (24.52) 163.86 (29.77) 0.029

Sensitivity to punishment and reward
Sensitivity to punishment 10.52 (5.15) 10.39 (5.03) 0.907
Sensitivity to reward 11.84 (4.15) 9.78 (3.50) 0.020

Eating disorders scales
Drive for thinness 3.00 (4.27) 7.63 (5.81) <0.001
Bulimia 1.33 (2.18) 1.16 (1.76) 0.716
Body dissatisfaction 5.50 (5.97) 12.25 (7.32) <0.001
Ineffectiveness 3.22 (3.53) 3.34 (3.82) 0.892
Perfectionism 5.25 (4.10) 5.44 (3.50) 0.841
Interpersonal distrust 3.56 (3.00) 2.50 (2.75) 0.137
Interoceptive awareness 4.17 (3.92) 4.09 (3.60) 0.937
Maturity fears 5.50 (2.81) 8.31 (4.84) 0.006
Asceticism 3.64 (2.65) 3.91 (2.52) 0.672
Impulse regulation 3.39 (3.79) 4.00 (4.17) 0.529
Social insecurity 4.14 (3.45) 3.75 (3.62) 0.652

UG behavioral performance
Accepted offers (%)

All offers 58.69 (19.74) 55.90 (21.18) 0.543
Fair offers 82.36 (19.49) 83.84 (21.11) 0.870
Unfair offers 46.70 (28.41) 42.05 (29.53) 0.476

Response time (s)
All offers 1.010 (0.297) 1.029 (0.275) 0.777
Fair offers 0.934 (0.293) 0.971 (0.284) 0.568
Unfair offers 1.046 (0.316) 1.053 (0.279) 0.912

SD, standard deviation; BMI, body mass index; s, seconds; HDL, high-density lipoprotein.
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responder. Participants always played the responder’s
role. To enhance the credibility and the interpersonal
appeal of the game, participants were told that the pro-
poser was another participant of the research project, who
had left a picture of himself/herself and a list of proposals
after his/her own scanning session. We told them that this
proposer had been randomly selected from the pool of
previous participants, and that they could see his/her pic-
ture during the game. In addition, they were told they
would have the opportunity to play the role of the pro-
poser with other volunteers who would participate in the
future, if they would allow their photograph to be taken
and used in future sessions, and submit their own pro-
posals for several stake sizes. In reality, the picture of the
proposer was taken from a web pool of images and uti-
lized with all participants to minimize potential confound-
ers associated with social identification.

In each trial, participants were initially prompted with a
picture of the proposer (2 s), followed by a graphical
depiction of the money available to split in that particular
trial (indicated by the number expressed in Euro and the
length of a horizontal light-colored bar) and the amount of
money that the proposer offered to share (indicated by the
number expressed in Euro and the proportion of the above
bar filled in red; 1 s). Once the offer was presented, partici-
pants had 3 s to accept or reject the offer using designated
buttons in a button-box response pad. They were told that if
they accepted the proposer’s offer, both players were sup-
posed to be paid in the specified way. Conversely, by reject-
ing the offer, none of them would get the money. After the
response, each trial was followed by 3 s of baseline during
which a fixation cross was presented in the screen until the
next trial started, for a total trial duration of 9 s (see Fig. 1).
Event onsets were jittered with respect to scan onsets across
trials [Henson and Mouchlianitis, 2007].

The task included two types of offers varying on degree
of fairness: Fair offers, in which the proposer offered to
share around 46% of the money, and Unfair offers, in
which the proposer offered to share between 15 and 25%
of the money. Participants were informed that payments
were hypothetical. Our main interest was to contrast
group differences in brain activations involved in (1) mak-
ing decisions about Unfair versus Fair offers (indexing the
conflict between perception of unfairness and cognitive
evaluation); and (2) deciding to Reject versus Accept the
offers (indexing emotion-based decisions involving miss-
ing reward vs. strategic decisions).

Inside scanner behavioral measures

Acceptance rates (% of offers accepted) and response times
were calculated for each participant as a function of offer type.

Outside scanner behavioral measures

The Sensitivity to Punishment and Sensitivity to Reward
Questionnaire (SPSRQ) [Torrubia et al., 2001]. It is a 48

yes–no response item questionnaire that measures trait sen-
sitivity to reward (24 items) and punishment (24 items).
The SPSRQ has demonstrated sound psychometric proper-
ties, construct validity, and significant associations with bio-
logically plausible brain systems [Costumero et al., 2013].

The Eating Disorder Inventory—Second Edition (EDI-2)
[Garner, 1994]. It is a 64-item self-report measure assess-
ing disadvantageous psychological traits commonly associ-
ated with eating disorders. Responses are made on a 6-point
Likert-type scale ranging from never to always. The EDI-2
has demonstrated sound psychometric properties and con-
struct validity [Elder and Grilo, 2007; Reas et al., 2006].

Imaging Data Acquisition

A 3.0 T clinical MRI scanner, equipped with an eight-
channel phased-array head coil was used (Intera Achieva,
Philips Medical Systems, Eindhoven, The Netherlands).
During task performance, a T2*-weighted echo-planar imag-
ing (EPI) was collected, (repetition time (TR) 5 2000 ms,
echo time (TE) 5 35 ms, field of view (FOV) 5 230 3

230 mm, 96 3 96 matrix, flip angle 5 90�, 21 4 mm axial sli-
ces, 1-mm gap, 442 scans). A sagittal three-dimensional T1-
weighted turbo-gradient-echo sequence (3D-TFE; 160 slices,
TR 5 8.3 ms, TE 5 3.8 ms, flip angle 5 8�, FOV 5 240 3 240,
1 mm3 voxels) was obtained in the same experimental ses-
sion for anatomical reference. Stimuli were presented
through magnetic resonance-compatible liquid crystal dis-
play goggles (Resonance Technology, Northridge, CA) and
responses were recorded through Evoke Response Pad Sys-
tem (Resonance Technology).

Imaging Data Processing and Analysis

The functional images were analyzed using Statistical
Parametric Mapping (SPM8) software (Wellcome

Figure 1.

Schematic representation of the UG task through depiction of

one experimental trial. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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Department of Cognitive Neurology, Institute of Neurol-
ogy, Queen Square, London, UK), running under MAT-
LAB R2009 (MathWorks, Natick, MA). Preprocessing
included reslicing to the first image of the time series, slice
timing correction, normalization, using affine and
smoothly nonlinear transformations, to an EPI template in
the Montreal Neurological Institute (MNI) space, and spa-
tial smoothing by convolution with a 3D Gaussian kernel
(full width at half maximum 5 8 mm).

Data Analysis

Behavioral analyses

We used the Statistical Package for the Social Sciences
version 19 (SPSS 19; Chicago, IL) for these analyses. We
conducted independent-sample t-tests (two-tailed) to com-
pare the two groups on relevant sociodemographic varia-
bles and inside and outside scanner behavioral measures.

fMRI, main task effects

The conditions of interest were modeled from the time at
which the offer was presented to the time at which partici-
pants responded. Two contrasts of interest were defined at
the first-level (single-subject) and between-group analyses:
(1) “Unfair> Fair offers,” (2) “Reject>Accept unfair offers.”
The BOLD response at each voxel was convolved with the
SPM8 canonical hemodynamic response function and a high-
pass filter was used to remove low-frequency noise (1/128
Hz). The resulting first-level contrast images were then car-
ried forward to subsequent second-level random-effect
(group) analyses. Main task effects were assessed with one-
sample t-test while two-sample t-tests were used to assess
between-group differences. The results were corrected for
multiple comparisons with a combination of voxel intensity
and cluster extent thresholds. The spatial extent threshold
was determined by 1000 Monte Carlo simulations using
AlphaSim as implemented in the SPM REST toolbox [Song
et al., 2011; Ward, 2013]. For one-sample t-tests, input param-
eters included a brain mask of 161,455 voxels, an individual
voxel threshold probability of 0.005, and a cluster connection
radius of 5 mm, considering the actual smoothness of data
after model estimation. A minimum cluster extent (KE) of
436 voxels was estimated to satisfy a PFWE< 0.05. Significance
in two-sample t-tests was assessed using the same input
parameters, masking results on the basis of activation and
deactivation maps derived from the one-sample t-tests.
Therefore, for contrasts 1 and 2, respectively, a minimum
cluster extent (KE) of 54 and 87 voxels (within brain masks of
17,968 and 18,266 voxels), was estimated to satisfy a
PFWE< 0.05. All analyses were conducted both including and
not including age as a nuisance variable. As in both cases we
obtained the same results, we only report uncorrected effects.

Correlation analyses

Correlation analyses were performed in SPSS. Specifi-
cally, the beta eigenvalues from the peak coordinates of

each cluster of significant brain results were extracted for
each participant, and then correlated with behavioral
measures within each group. Correlation analyses were
complemented with structural equation modeling (SEM)
analyses aimed at testing and estimating causal relation-
ships between the different variables involved in our
imaging and behavioral assessments. Specifically, we
examined whether obesity-related psychological traits
were associated with the decision of accepting or rejecting
social offers through the activation/deactivation of specific
brain regions. Thus, we estimated the direct effect of trait
measures on the behavioral response, the effect of trait
measures on brain activity (the brain-trait pathway), the
effect of brain activity on the behavioral response after
controlling for trait measures (the brain-state pathway),
and the indirect relationship (through activation/deactiva-
tion of specific brain regions) between trait measures and
the behavioral response. The effect and statistical signifi-
cance of the different paths were estimated using the
mediation toolbox (http://wagerlab.colorado.edu/files/
tools/mediation.html).

RESULTS

Behavioral Results

Independent-sample t-tests showed no significant
between-group differences on acceptance rates or response
times to any type of offer (P> 0.1 in all cases). Participants
with excess weight showed significantly lower scores in
sensitivity to reward, and significantly higher scores in
drive for thinness, body dissatisfaction, and maturity fears
compared to normal weight peers.

Imaging Results

Unfair>Fair offers.

Intra-group activations

One-sample t-tests showed that Normal weight partici-
pants significantly activated medial wall regions (includ-
ing the anterior cingulate cortex, the medial frontal gyrus,
and the supplementary motor area), the superior and mid-
dle fontal gyrus, the thalamus (extending to midbrain and
amygdala), and the right precentral gyrus (somatosensory
cortex encompassing posterior insula). Normal weight par-

ticipants also showed significant deactivations in left parie-

tal and occipital cortices. Excess weight participants did

not show significantly increased activations. However,

they showed significant deactivations in a large cluster

including left anterior insula, frontal operculum, and supe-

rior temporal gyrus. Similar to normal weight adolescents,

they also showed deactivations in bilateral parietal and

occipital cortices (extending to the fusiform gyri; Fig. 2

and Supporting Information Table SI).
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Group differences

Excess weight adolescents showed significantly reduced
activations in dorsal anterior cingulate cortex, left anterior
insula/frontal operculum, superior temporal gyrus, and
thalamus and midbrain (extending to the amygdala) com-
pared to normal weight peers (Fig. 2 and Supporting
Information Table SI).

Correlations between brain activation patterns and

behavioral measures

Regarding acceptance rates, the proportion of unfair
offers accepted positively correlated with dorsal anterior
cingulate cortex activation in normal and excess weight
subjects, although such correlation was statistical signifi-
cant only in the former (r 5 0.321, P 5 0.034, and r 5 0.283,

Figure 2.

Brain activations, deactivations, and group differences during

“Unfair> Fair” contrast. Note: (A) Top panel displays the brain

regions showing activations and deactivations during

“Unfair> Fair” offers in both groups. Warm colors reflect nor-

mal weight group and cold colors reflect excess weight group.

(B) Bottom panel displays the differences between groups.

Bottom-right panel displays the correlations between “Unfair

offers accepted” and peaks activation at dorsal ACC and ante-

rior insula/frontal operculum in the “Unfair> Fair” comparison.

X, Y and Z denote coordinate in standard MNI space. Right

hemisphere is displayed on the right. Color bar indicates T

value. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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P 5 0.105, respectively). By contrast, the proportion of
unfair offers accepted correlated negatively with anterior
insula/frontal operculum activation in excess weight par-
ticipants (r 5 20.353, P 5 0.038), whereas this correlation
was positive and nonsignificant in the normal weight
group (r 5 0.241, P 5 0.114). The direct comparison
between these correlations revealed a significant group dif-
ference, with z 5 2.63, P 5 0.008 (Fig. 2).

As for psychological traits, both maturity fears and sen-
sitivity to reward scores negatively correlated with ante-
rior insula/frontal operculum activation in excess weight
participants (r 5 20.443, P 5 0.011 and r 5 20.335,
P 5 0.046, respectively), whereas these correlations were
positive and nonsignificant in the normal weight group
(r 5 0.245, P 5 0.149 and r 5 0.121, P 5 0.433). The direct

comparison between these correlations revealed a signifi-
cant group difference, with z 5 2.85, P 5 0.004 (for maturity
fears) and z 5 2.01, P 5 0.044 (for sensitivity to reward; Fig. 3).
We found no significant correlations between drive for thin-
ness or body dissatisfaction and brain activation patterns.

As in excess weight participants, anterior insula/frontal
operculum activation was significantly related to both the
behavioral response (i.e., the proportion of unfair offers
accepted) and specific trait measures (maturity fears and
sensitivity to reward); in a post hoc analysis, we studied
the relationships between these variables using a SEM
approach. Specifically, we observed that maturity fears
were indirectly and positively associated with the accep-
tance of unfair offers through the decreased anterior
insula/frontal operculum activation observed in excess

Figure 3.

Scatterplots displaying the correlation between behavioral meas-

ures (“Sensitivity to Reward” and “Maturity Fears”) and brain

activation patterns during the “Unfair> Fair” contrast (peak acti-

vation at the anterior insula/frontal operculum region). The data

of excess weight and normal weight participants are represented

with different symbols (crosses and circles, respectively) to illus-

trate the different direction of the correlation as a function of

group. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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weight participants (z 5 2.17, P 5 0.03; Fig. 4). Of note, the
direct correlation between maturity fears (X) and accep-
tance of unfair offers (Y) was negative, although nonsigni-
ficant (zero-order or c: z 5 20.44, P 5 0.660). The lack of
significance of direct effects indicates that the association
between maturity fears and acceptance of unfair offers is
exclusively accounted for the pattern of insula activation.
Moreover, the opposite signs observed between direct (c’)
and indirect (ab) effects further supports that the associa-
tion between these behavioral variables is specifically con-
veyed by the pattern of insula activation. None of these
effects were observed in control participants. Likewise, we
did not observe any significant relationship between sensi-
tivity to reward and behavioral responses in the task.

REJECT >ACCEPT UNFAIR OFFERS

Intra-group activations

One-sample t-test showed that during rejected offers,
both groups showed significant activations in the dorsal
anterior cingulate cortex, the somatosensory cortices, the
insula, and the adjacent temporal cortices. However, in
normal weight participants, the activation in the postcen-
tral gyri extended to the precentral gyri and additional
activations involved the supplementary motor area and
the thalamus extending to putamen, midbrain, and the left
amygdala (Fig. 5 and Supporting Information Table SII).

Group differences

We did not observe significant differences between the
groups at the selected threshold.

Correlations between brain activation patterns

and behavioral decisions

Regarding acceptance rates, the proportion of unfair
offers accepted positively correlated with amygdala activa-
tion in excess weight participants (r 5 0.448, P 5 0.032),
whereas this correlation was negative, albeit nonsignifi-
cant, in the normal weight group (r 5 20.227, P 5 0.205).
The direct comparison between these correlations revealed
a significant group difference, with z 5 2.47, P 5 0.013
(Fig. 6).

As for psychological traits, sensitivity to punishment pos-
itively correlated with right somatosensory cortex activation
in excess weight participants (r 5 0.415, P 5 0.049), whereas
this correlation was negative and nearly significant in the
normal weight group (r 5 20.339, P 5 0.053). The direct
comparison between these correlations revealed a signifi-
cant group difference, with z 5 2.75, P 5 0.006 (Fig. 6). We
found no significant correlations between drive for thinness
or body dissatisfaction and brain activation patterns.

DISCUSSION

We showed that adolescents with excess weight have
reduced activation of brain regions involved in emotion
and reward processing including the anterior cingulate
cortex, the insula, and the thalamus during social decision
making. Furthermore, we showed that deactivation of the
anterior insula correlates with higher sensitivity to reward
and higher maturity fears uniquely in the excess weight
group and that such deactivation accounts for an indirect
relationship between maturity fears and a higher probabil-
ity of accepting unfair offers. Moreover, somatosensory
cortex activation during rejection of unfair offers positively
correlates with sensitivity to punishment, and amygdala
activation positively correlates with acceptance of unfair
offers uniquely in the excess weight group. Collectively,
our findings indicate that adolescents with excess weight
display blunted activation of the social decision-making

Figure 4.

Path diagram showing the relationships between maturity fears

(X), percentage of unfair offers accepted (Y), and insula activa-

tion (M) during the UG task in excess weight participants. X

was inversely related to M (a, or the brain-trait pathway), while

M was also inversely related to Y (b, or the brain-state pathway).

X was not directly related to Y (c’), but these two measure-

ments were indirectly related through M (a*b). *P< 0.05,

**P< 0.01.

Figure 5.

Brain regions activated during “Reject>Accept” unfair offers in

both groups. Note: Warm colors reflect normal weight group and

cold colors reflect excess weight group. X, Y, and Z denote coor-

dinate in standard MNI space. Right hemisphere is displayed on

the right. Color bar indicates T value. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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circuitry, which correlates with disadvantageous traits and
interpersonal decisions.

Our social decision-making task (UG) induced a reliable
pattern of brain activations including the dorsal anterior
cingulate cortex, the insula and thalamic/limbic regions,
which is in fitting with previous evidence [Gospic et al.,
2011; Sanfey et al., 2003]. Moreover, the activation of the
anterior cingulate cortex correlated with acceptance rates
in both groups, indicating good fit between brain activa-
tion measures and behavioral decisions [Glascher et al.,
2012]. In this context, adolescents with excess weight
exhibited significantly decreased activation of dorsal ante-
rior cingulate cortex and thalamic regions and concomitant
deactivation of the anterior insula/frontal opercular

region. The dorsal anterior cingulate and the thalamus are
functionally associated with the generation of emotional
responses to social stressors [G€uroglu et al., 2011]. The
anterior insula is generally associated with perception of
bodily signals and emotional awareness [Wager et al.,
2009]. Moreover, in the context of the UG, insula activation
is specifically associated with subjective feelings of unfair-
ness [Sanfey et al., 2003]. Therefore, the decreased activa-
tion of this set of regions suggests decreased affective
tracking of social unfairness in the excess weight group.

The central question is whether this brain activation pat-
tern is relevant and potentially disadvantageous for the
social behavior of adolescents with excess weight. Correla-
tion analyses strongly suggest this is the case. First, insula

Figure 6.

Scatterplots displaying the correlation between behavioral meas-

ures (“Unfair offers accepted” and “Sensitivity to Punishment”

and brain activation patterns during the “Reject>Accept” con-

trast (peak activations at the amygdala and the postcentral cor-

tex regions, respectively). The data of excess weight and normal

weight participants are represented with different symbols

(crosses and circles, respectively) to illustrate the different direc-

tion of the correlation as a function of group. [Color figure can

be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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deactivation correlated with higher acceptance rates, sug-
gesting that reduced affective tracking of social unfairness
is linked to more acceptances of unfair offers. As the con-
tribution of the affective neural circuitry is essential for
adequate social functioning [Bar-On et al., 2003], this pat-
tern is likely to impact the real-life interpersonal decisions
of obese adolescents. Moreover, the opposite pattern (posi-
tive correlations, hence more insula greater acceptance
rates) has been previously demonstrated in healthy adoles-
cents [G€uroglu et al., 2011], similar to what we showed in
our control group. Second, we found that insula deactiva-
tion correlated with increased maturity fears. Fears of
social-evaluative situations are indicative of poor social-
cognitive development [Westenberg et al., 2004]. Therefore,
this finding is the first to demonstrate an association
between poor affective tracking of social unfairness
(indexed by insula deactivation) and this hindering trait of
adolescent obesity. Finally, and linking the two above
described relationships, we also showed that maturity
fears are indirectly associated to social decision making
through blunted insula activation. Such findings demon-
strate for the first time a significant association between a
trait marker of eating disorders and the social decision-
making behavior of excess weight adolescents conveyed
by a particular pattern of brain activity. This notion agrees
with developmental models that highlight the insula as a
key region for the maturation of social decision-making
systems during adolescence [Smith et al., 2014]. At differ-
ence with maturity fears, we found no significant associa-
tions between brain activation patterns and body
dissatisfaction and drive for thinness. This discrepancy is
reasonable as the latter traits basically reflect the difficul-
ties associated with physical weight gain, whereas matu-
rity fears capture personality and interpersonal aspects of
obesity [Garner, 1994]. Therefore, this negative finding
conceivably speaks of the specificity of the UG task as a
biomarker of social disadvantage in adolescent obesity.

Moreover, insula deactivation also correlated with
higher sensitivity to reward. Sensitivity to reward has
been associated with higher risk-taking in social scenarios
specifically during adolescence [Chein et al., 2011]. Fur-
thermore, lower insula activations predict greater risk tak-
ing [Mohr et al., 2010] and this notion has been linked to
insula-mediated sensitization of the reward system [Smith
et al., 2014]. More broadly, sensitivity to reward has been
associated with several aspects of unhealthy eating, includ-
ing binge eating patterns [Ziauddeen et al., 2012]. Uncou-
pling of reward (i.e., wanting) from emotion (i.e., liking)
processing is as well reminiscent of addictive features, in
which sensitivity to rewarding stimuli increases while the
hedonic quality of these stimuli decreases [Robinson and
Berridge, 2003]. Also in this case, the opposite pattern is
typically found in healthy adolescents [Jarcho et al., 2012],
consistent with what we showed in our control group.
Collectively, our findings suggest that the anterior insula,
which is strongly involved in the processing of highly
appetizing food [Wang et al., 2004], may consequently lose

control over more complex reward-related choices includ-
ing social decisions.

We did not find significant group differences in brain
activation as a function of type of choice (reject vs. accept).
However, the relationship between behavioral responses
and brain activity was again distinctive in the excess
weight group. Specifically, reject-related amygdala activa-
tion correlated with greater probability of accepting unfair
offers. Such finding suggests that excess weight adoles-
cents display a paradoxically increased negative emotional
reactivity in situations where they adopt a more assertive
social role. Therefore, this finding suggests an abnormal
role of the amygdala in directing social behavior, as
greater amygdala activation is typically associated with
rapid rejection of unfair offers [Gospic et al., 2011]. More-
over, the pattern of somatosensory activation contingent to
rejecting offers (entailing losing reward) was positively
correlated with sensitivity to punishment in the excess
weight group, and negatively correlated with this trait in
controls. Somatosensory regions are relevant to anticipate
reinforcement outcome [Bieszczad and Weinberger, 2012],
but in excess weight subjects the activation of these
regions seem to reflect a trait susceptibility to reward
omission or punishment. Hence, similar to those results
and to the reward sensitivity-insula correlations reported
above, this finding indicates that the association between
reinforcement-based temperamental traits and somatosen-
sory regions is abnormal in excess weight adolescent
populations.

Our findings show that excess weight adolescents show
dysfunctional engagement of brain regions involved in
emotion perception and reward during social decisions.
These early deficits may not only predict poor clinical
prognosis [Ludwig, 2007] but also lie at the root of well-
described socioeconomic disadvantage in the adult obesity
population, including wage penalty and hiring discrimina-
tion [Agerstr€om and Rooth, 2011; Baum and Ford, 2004;
Caliendo and Lee, 2013; Latner et al., 2012]. This study has
several strengths, including a large sample size, detailed
medical and psychological characterization of participants,
and novel use of a social decision-making paradigm in
this population. Nonetheless, findings should also be
assessed in the context of several limitations. First, our
sample spans a 6-year adolescent period characterized by
intense maturational processes, which may have impacted
results. However, the psychological features addressed in
the UG seem to be already optimized by the age of 9
[G€uroglu et al., 2009], and analyses covaried by age
showed equivalent results. Second, we used a simple ver-
sion of the UG because our main interest was to raise the
conflict between emotion and cognition in an interpersonal
scenario. We are aware of the existence of a more specific
UG literature; however, the purpose of this study was not
to experimentally characterize the task but to make it
instrumental to understand a clinical population. Similarly,
we did not detect behavioral differences between the
groups in the UG task. This is likely due to the fact that
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this UG task was specifically designed for fMRI experi-
ments, seeking maximization of engagement of relevant
brain circuitry but not of potential behavioral differences.
Future studies that utilize UG tasks more sensitive to
behavioral profiles are warranted to reveal if our brain
activation findings are mirrored by conceptually compati-
ble behavioral group differences. Finally, future studies
and longitudinal designs are warranted to address
whether these deficits precede excess weight problems or
arise as a consequence of weight gain or related psycho-
social burden. Similarly, future studies are warranted to
investigate whether these patterns can predict clinical
prognosis and socioeconomic disadvantage during
adulthood.

CONCLUSION

We show that excess weight adolescents display
impaired activation of affective brain regions during social
decision making, and that blunted activation of this cir-
cuitry accounts for the association between maturity fears
and social decisions. The study yields a high translational
value as the UG neural circuitry may serve as a dimen-
sional biomarker of the risk of social disadvantage in obe-
sity and of the effectiveness of novel treatments that focus
on the social burden of obesity.
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