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Abstract
Despite living in an obesogenic environment, some individuals maintain a thin phenotype
compared to the majority who are at risk for weight gain and obesity. Understanding how these
different phenotypes regulate energy intake is critical. The objective of this study was to examine
the differences in neuronal response to visual food cues in adults recruited as either obesity-
resistant (OR) or obesity-prone (OP) based on self-identification, BMI, and personal/family
weight history. 25 OR and 28 OP individuals were studied after 4 days of eucaloric energy intake.
Functional magnetic resonance imaging (fMRI) was performed in the fasted and acute fed states
(30 minutes after a test meal) while subjects viewed images of foods of high hedonic value and
neutral non-food objects. Measures of appetite using visual analog scales were performed before
and every 30 minutes after the test meal for 3 hours. In the fasted state, food as compared to
nonfood images elicited significant response in the insula, somatosensory cortex, parietal cortex,
and visual cortex in both OR and OP. The acute fed state resulted in significant attenuation of
these and other brain areas in the OR but not OP individuals. Furthermore, OP as compared to OR
individuals showed greater activation of medial and anterior prefrontal cortex (PFC) in response to
the test meal. Adjusting for fat mass did not impact these results. Attenuation of insula/PFC
response to food images in the fed state was associated with greater reductions in hunger. These
findings suggest that individuals prone to weight gain and obesity have altered neuronal responses
to food cues in brain regions known to be important in energy intake regulation. These altered
responses may represent an important mechanism contributing to excess energy intake and risk for
obesity.
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1. Introduction
Obesity is a serious public health problem of dramatically rising prevalence in recent
decades in the United States and the world, with two-thirds of adults in the U.S. currently
classified as either overweight or obese [1]. While genes undoubtedly play an important role
in the risk for obesity, genetic influences would not be expected to change over such a brief
period of time, suggesting that environmental influences are playing a critical role in the
current obesity epidemic [2]. Not all individuals, though, appear to be at risk for obesity
despite being in the same obesogenic environment. An individual’s susceptibility to weight
gain and obesity may relate to the capacity to adapt to these environmental influences.
Moreover, those who appear to be predisposed to thinness may be able to more rapidly and
accurately respond to food-related physiologic and environmental signals [3, 4].

Interactions between physiologic and both internal and external signals appear to be critical
to the complex regulation of energy balance [5]. Advances in neuroimaging techniques have
allowed us to better understand the neuroanatomical and neurophysiologic factors associated
with energy balance regulation and how these processes may be altered in obesity. Most
neuroimaging studies on obesity have focused on how the condition alters the cortical
response to food cues using functional magnetic resonance imaging (fMRI) [4, 6–11]. These
studies have generally found altered responses to visual, gustatory and olfactory cues
associated with high-calorie foods in obesity. Regions of increased response include areas
such as the hypothalamus, amygdala, hippocampus, orbitofrontal and prefrontal cortex, and
insula [7, 10, 11]. Furthermore, our group has shown that reduced-obese individuals have a
decreased ability to “turn off” the response to food cues after overfeeding as compared to
thin individuals [4]. These studies suggest that obesity is not only associated with altered
response to food cues, but also a deficit in the ability to modulate this response based on
metabolic need. Furthermore, MRI studies have found that brain structure, as assessed by
gray matter volume, is also altered in human obesity [12–17].

Although previous neuroimaging studies have shown that the obese phenotype is associated
with structural and functional brain alterations, it is unclear whether these changes are a core
feature of the condition that gives rise to the obese phenotype, i.e. in “at risk” individuals, or
are simply a consequence of gained excess body fat. We thus designed the present study to
examine the neuronal response to food cues in ‘never-obese’ individuals who identified
themselves as being at risk for weight gain and obesity, i.e. obesity-prone (OP), as compared
to thin individuals who identified themselves as being resistant to weight gain and obesity,
i.e. obesity-resistant (OR). Subjects were empirically classified as OR or OP based on
personal and family weight history, as previously defined, with a key feature of the
characterization being the reliance on the subject’s own perception of their tendency to gain
weight or not [17–19]. Studying OP individuals, as opposed to already obese or reduced-
obese individuals, may reveal functional brain differences that may precede weight gain and
obesity and therefore could be a causative mechanism and/or be used as a predictor of
obesity risk. Furthermore, by further characterizing OR individuals we hope to develop
better strategies for the prevention and treatment of overweight and obesity in those at risk.
We hypothesized that an acute meal would result in significantly greater attenuation of the
neuronal response to visual food cues (in a network of brain regions including the insula and
prefrontal cortex) in OR as compared to OP individuals.
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2. Methods
2.1. Research participants

This study was conducted according to the principles expressed in the Declaration of
Helsinki and was approved by the Colorado Multiple Institutional Review Board. All
research participants provided written informed consent for the collection of samples and
subsequent analysis.

Subjects were recruited to have a propensity to be resistant to weight gain and obesity
(obesity-resistant - OR) or to be prone to weight gain and obesity (obesity-prone - OP) as
previously defined [17–19]. Subjects were 25–40 years of age (OR: 31.4±3.4 years; OP:
30.2±3.8 years, p=0.22) and were free of significant medical and psychiatric disease,
including eating disorders as assessed by screening medical history, physical examination,
biochemical testing and questionnaires (Eating Attitudes Test[20] and Center for
Epidemiologic Studies depression Scale[21]).

Specifically, OR subjects responded to advertisements for “naturally thin people”. They
defined themselves as constitutionally thin based on their perception of difficulty gaining
weight, expending little effort to maintain their current body weight, and reporting a sense
that their weight regulation was “different” from other people. OR subjects had a BMI of
17–25 kg/m2 (mean 20.8 ± 2.0 kg/m2) and reported no obese first degree relatives, never
being overweight, weight stability despite few to no attempts to lose weight and no high
levels of physical activity. OP subjects, in contrast, responded to advertisements for “people
who struggle with their weight” and defined themselves as chronically struggling with body
weight control. They had a BMI of 20–30 kg/m2 (mean 26.2 ± 2.9 kg/m2) and reported at
least one obese first degree relative, a history of past weight fluctuations despite putting
effort into not gaining weight, but were not actively attempting to lose weight and were
weight stable for at least 3 months before being studied. Subjects were right-handed and
could not have MRI exclusions. 28 subjects in each group were studied, but three subjects
were removed from the analysis due to technical problems or head movement of greater than
2 mm during scanning. Thus, 25 OR (14 men, 11 women) and 28 OP individuals (14 men,
14 women) are included in the current analyses.

2.2. Study design and measurements
2.2.1 Baseline assessments—Subjects first underwent baseline assessments, including
anthropometric measurements (body weight, height) and body composition (lean body mass,
fat mass) measurement by dual-energy x-ray absorptiometry (DPX whole-body scanner,
Lunar Radiation Corp., Madison, WI, USA).

2.2.2 Run-in diet—Subjects then completed a four day eucaloric run-in diet (50%
carbohydrate, 30% fat, and 20% protein) to ensure energy and macronutrient balance.
Estimates of daily energy needs were made using lean body mass plus an activity factor
[22]. All food was prepared and provided by the University of Colorado Clinical and
Translational Research Center (CTRC) metabolic kitchen. Subjects presented to the CTRC
every morning for the four days to pick up the eucaloric diet. They were weighed, ate
breakfast, and picked up the remainder of their daily meals in coolers. Subjects were asked
to maintain their usual pattern of physical activity and were regularly questioned regarding
activity and compliance. Subjects were asked to not consume any alcoholic or calorie-
containing beverages during the study period. In women, studies were performed in the
follicular phase of their menstrual cycle.
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2.2.3. Study day—The next day, subjects presented to the outpatient clinic of the CTRC
after an overnight fast of at least 10 hours. They first completed baseline (fasting) appetite
ratings by visual analog scale (VAS) [3]. Hunger was rated by VAS on a line preceded by
the question, “How hungry are you right now?” and anchored on the left by “not at all
hungry” and by “extremely hungry” on the right. Subjects were then escorted to the Brain
Imaging Center at the University of Colorado where they underwent fasting fMRI measures
(described below). Subjects then consumed a liquid breakfast meal over 20 minutes. The
caloric content of the liquid breakfast was equal to 25% of the energy provided during the
run-in diet and had an identical macronutrient composition. Repeat fMRI measures were
performed 30 minutes after the meal followed by repeat image ratings. Repeat appetite
ratings by VAS were also performed 30, 90, 120, 150, and 180 minutes after the meal (60
minute ratings could not be performed due to subjects being in the MR scanner).

2.2.4 Functional Magnetic Resonance Imaging—Imaging studies were performed
using a General Electric (Milwaukee, WI, USA) 3.0 T MR scanner equipped with high
speed gradients (300 μs rise time and maximum gradient strength 24 mT/m). Prior to
functional imaging, high-resolution, T1-weighted 3D anatomical scan over 10 minutes was
acquired for each subject. Functional images were then acquired with an echo-planar
gradient-echo T2* blood oxygenation level dependent (BOLD) imaging contrast technique,
with TR = 2000 ms, TE = 30 ms, 642 matrix, 240 mm2 FOV, 27 axial slices angled parallel
to the planum sphenoidale, 2.6 mm thick, 1.4 mm gap. Additionally, one inversion-recovery
echo-planar-image (TI=505 ms) volume was acquired to improve coregistration between the
echo planar images and gray matter templates used in pre-processing. The acquisition voxel
size was 3.43 × 3.43 × 2.6 mm. Head motion was minimized with a VacFix head-
conforming vacuum cushion (Par Scientific A/S, Odense, Denmark). Functional imaging
was performed while the participants were presented visual stimuli using a projector and
screen system. Previously validated visual stimuli consisted of three different categories:
neutral nonfood-related objects, foods of high hedonic value, and foods of neutral hedonic
value [23]. To reduce the potential for habituation, different but similar images were used in
the two scanning sessions (fasted, fed). Because previous studies have shown that
comparisons involving neutral food objects to be qualitatively similar but less sensitive [24],
the primary analysis examined differences between hedonic foods and nonfood objects.
Images of nonfood objects included images of sceneries, furniture, buildings, tools, vehicles,
books, and others. Two runs were performed with each run consisting of a pseudo-
randomized block design with 6 blocks of pictures of each category. Seven blocks of a low-
level baseline (fixation cross) were also included in each run. Each block consisted of 4
stimuli shown for 4 seconds each for a total of 16 seconds per block. Four additional scans
were acquired at the beginning of each run to minimize saturation effects. Subjects were
asked lie quietly and to view the images.

2.3. Calculations and Statistical Analyses
fMRI data were analyzed using Statistical Parametric Mapping 8 software (SPM8,
Wellcome Dept. of Imaging Neuroscience, London, England). Data analyses were blind to
participant group. Data from each subject were realigned to the first echo-planar image,
normalized to the Montreal Neurological Institute (MNI) template, using a gray-matter-
segmented IR-EPI as an intermediate to improve registration, and smoothed with a 6 mm
FWHM Gaussian kernel. Movement parameters derived from the realignment procedure
were included in the model to reduce the effects of residual motion-related noise. The
hemodynamic response was modeled with a double gamma function, without temporal
derivatives, using the general linear model in SPM8. A 128s high pass filter was applied to
remove low-frequency fluctuation in the BOLD signal. To account for both within-group
and within-subject variance, a random effects analysis was implemented. Parameter
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estimates for each individual’s first level analysis (SPM contrast images) contrasting
“hedonic food cues” to “nonfood objects” were entered into second-level repeated measures
ANOVA. Comparisons across conditions (fasted-fed) were evaluated with directional
contrasts (SPM t-contrasts). Results were considered significant at a whole-brain level if
they exceeded a voxel-wise threshold of p < 0.01 and a cluster-level false discovery rate
(FDR) threshold of q < 0.05. Results in all figures are statistical parametric maps (i.e.
colored voxels indicate t-values), thresholded at the above level, overlaid on the group
averaged anatomical image.

Non-imaging analyses were performed using SigmaStat software (Jandel Scientific, San
Rafael, CA, USA). The total area under the curve (AUC) for hunger ratings was calculated
using the Trapezoid Method, using all time points over three hours post-test meal. Group
differences were analyzed using a two-sided t-test with significance set at a level of 0.05.
Finally, the Pearson Product Correlation between the fMRI BOLD % signal change, relative
to the global mean (local maxima) and appetite measures was examined.

3. Results
3.1. Subject Characteristics

25 OR and 28 OP subjects were studied. Compared to OR subjects, OP subjects had higher
BMI (20.9 ± 2.0 vs. 26.2 ± 2.9 kg/m2, p < 0.001) and body fat mass (14.8 ± 13.7 vs. 23.8 ±
11.3 kg, p = 0.01) but had similar fat free mass (51.3 ± 10.8 vs. 56.1 ± 11.0 kg, p = 0.11).
No significant group differences were seen in hunger ratings in either the fasted state (OR:
66±20 mm, OP: 70±23 mm, p=0.55) or in the AUC response to the test meal (OR:
7,325±3,259 mm/180 min, OP: 8,698±3,331 mm/180 min, p=0.14).

3.2. Obesity-Resistant Individuals
First we describe the neuronal responses to visual stimuli as measured by fMRI in the OR
group. In the fasted state, images of foods of high hedonic value as compared to neutral
nonfood objects resulted in greater activation of insula/inferior prefrontal cortex (PFC),
somatosensory cortex, parietal cortex, and visual cortex (Figure 1 and Table 1). As shown in
Figure 2 and Table 2, the acute fed state was associated with significant attenuation of the
activation seen in the fasted state. Specifically, there was significantly reduced activation of
the insula, inferior PFC, somatosensory cortex, visual cortex, putamen, and posterior
cingulate cortex in the fed as compared to the fasted state. The fed state, however, was not
associated with greater activation of any brain regions as compared to the fasted state in this
group.

3.3. Obesity-Prone Individuals
The OP group had a similar response to images of foods of high hedonic value as the OR
group in the fasted state, showing activation of insula, orbitofrontal cortex, somatosensory
cortex, posterior cingulate cortex, parietal cortex, and visual cortex (Table 1). The fed state,
however, was not associated with significant attenuation of any brain regions as compared to
the fasted state. In fact, increased activation of the middle PFC, anterior PFC, lateral PFC,
dorsolateral PFC, and insula/inferior PFC was observed in the fed as compared to fasted
state in this group (Table 2).

3.4. Obesity-Prone Compared to Obesity-Resistant
Next, we turn our attention to how the responses differed between the OR and OP
individuals. In the fasted state, while no group differences survived the stringent whole-
brain cluster-level correction for multiple comparisons used in this study, OP individuals
tended to have higher t values and greater spatial extent of response in a number of brain
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regions compared to OR (Table 1). One region, the left somatosensory cortex (x = −57, y =
−19, z = 34), did survive a whole-brain correction, with t = 5.02, voxel-level family-wise
error (FWE) correction of p = 0.03. Unlike in the OR group, the test meal did not attenuate
the neuronal responses seen in the fasted state in OP individuals. As shown in Figure 3 and
Table 3, the fed state resulted in significantly greater attenuation of insula, inferior PFC, and
medial PFC response in OR as compared to OP individuals and significantly greater
response in the medial and anterior PFC in OP as compared to OR individuals. Thus, the
acutely fed state did not attenuate the neuronal responses to food cues in these brain regions
in OP individuals and was associated with increased activation of medial and anterior PFC
(i.e. a group by feeding state interaction). Figure 3 also shows neuronal responses for local
maxima in the insula/PFC and medial PFC, in terms of BOLD % signal change, relative to
the global mean. Because of the differences in fat mass between groups, we repeated the
above analyses adjusting for fat mass. This had no impact on the results, suggesting that the
differences seen are not a result of differences in fat mass.

3.5 Correlates of neuronal response
Across all subjects, a significant negative correlation was observed between hunger AUC
and insula/inferior PFC (x = 39, y = 20, z = 13) response in the fasted as compared to the fed
state (r = −0.42, t = 3.3, p < 0.001). In other words, the greater the attenuation of insula/
inferior PFC in response to the meal, the greater the reduction in hunger was seen. Adjusting
for fat mass did not significantly affect these results.

4. Discussion
The present study was performed to examine the neuronal response to food-related visual
cues in response to an acute meal in individuals screened to be resistant to weight gain and
obesity (OR) as compared to individuals screened to be prone to weight gain and obesity
(OP). The primary results of this study demonstrate that the neuronal response to food cues
seen in the fasted state is significantly attenuated in the acute fed state in OR but not OP
individuals. OP individuals also show increased response in prefrontal cortical regions after
the meal. These results suggest that the neuronal response to food cues is altered in
individuals prone to weight gain and obesity as compared to those resistant to obesity.
Furthermore, changes in hunger ratings appear to be associated with the neuronal response
to a meal. These findings were not influenced by fat mass, suggesting that the differences
may represent a core feature of the propensity to weight gain and obesity and are not simply
a byproduct of increased body fat.

Supporting previous findings [25–28], viewing food cues when hungry in the current study
led to neuronal response in a network of brain regions in OR individuals, including the
insula, somatosensory cortex, and visual cortex. When participants viewed food cues
following the administration of a liquid meal, this activity was significantly attenuated in
OR individuals, as has been shown with acute feeding and short-term overfeeding [26–28].
The same down-regulation, however, was not observed in OP individuals, who not only
failed to reduce activity in the insula/inferior prefrontal cortex (PFC) but actually showed
increased response following the meal. Not only have similar results been reported in
‘already’ obese individuals (both in children and adults) who also show greater responses to
visual food cues after eating as compared to normal weight individuals [7, 29, 30], but Stice
et al also showed that normal weight adolescents who are “at risk” for obesity had greater
striatal and somatosensory responses to milkshake receipt [31]. These, along with our
findings, suggest that risk for weight gain and obesity is associated with increased or hyper-
sensitivity to food related cues and may therefore be a potential cause as opposed to as a
result of obesity.
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The insula, specifically, is thought to be involved in the regulation of feeding behaviors [26,
32–34] and is involved in cognitive functions such as memories of past eating experiences
and rewarding aspects of food, as well as containing primary taste cortex [26, 34–39].
Previous studies have shown abnormal insula reactivity to food cues in obese [10, 40–44]
and reduced-obese [26, 42] individuals. The current study shows similar altered insula
response to a meal in OP individuals, suggesting that this altered brain response precedes
weight gain rather than being a result of increased weight. That the current findings are not
correlated with measures of fat mass further supports this. Measures of hunger and
prospective food consumption were negatively correlated with insula change in response to
a meal, suggesting that less reduction in activation following a meal was related to feeling
more hunger and desire to eat even when satiated. Furthermore, Mehta et al, found that
insula response to visual food cues in the fed state predicted greater consumption of higher
fat foods in a subsequent ad libitum buffet meal [45].

Inferior PFC is thought to be important for response inhibition [46–49]. The OP groups
failure to down-regulate inferior PFC activation to food cues following a meal could indicate
a need to suppress the prepotent response to food cues in a satiated state. Obese individuals
are thought to have heightened responses to visual food cues compared to lean individuals
[6, 11, 43, 50, 51] and it is likely that OP individuals show a similar sensitivity. Previous
studies have shown increased activation in inferior PFC in response to high-calorie
compared to low-calorie food cues in lean individuals [52], and it has been suggested that
increased inferior PFC activation is related to placing higher value on food items [44, 53].
Increased inferior PFC activation has also been observed in response to taste stimulation in
reduced-obese individuals, thought to reflect increased inhibitory restraint [54].
Furthermore, in lean individuals, inferior PFC was engaged during food-related tasks
requiring successful self-control [55]. Thus, the current finding of abnormal inferior PFC
responsivity after a meal in OP compared to OR individuals could reflect OP individuals
placing higher value on food cues, necessitating the recruitment of additional inhibitory
restraint when there is no homeostatic need to eat.

In addition to altered insula/inferior PFC activity, OP participants also demonstrated a post-
meal increase in medial PFC activity not observed in OR participants. This finding is
consistent with a previous fMRI study finding greater activation to visual food cues in
medial PFC in obese compared to lean participants following a meal [7]. Increased post-
meal medial PFC activation in obese compared to lean individuals has also been found using
PET [40, 41]. That the current study found the same response in OP individuals suggests
that increased medial PFC activity during satiation may precede weight gain. The medial
PFC is thought to be involved during processing of internal conflict [56, 57] and self-
referential processing [7, 56, 58–60]. Following feeding, individuals are aware that they
have no homeostatic need to eat and as such, cravings induced by visual food cues may
create a sense of conflict. In other words, the desire to eat when presented with hedonic
visual food cues in a satiated state could produce internal conflict indexed by increased
medial PFC activity. This corresponds with the abnormal inferior PFC regulation seen in the
OP group following satiation, suggestive of increased response inhibition.

The PFC activity (medialand inferior PFC) seen in OP participants following feeding in the
current study could also reflect increased inhibitory control. The PFC has projections to
limbic areas involved in hunger and appetite [32, 61, 62] and response in the PFC is thought
to inhibit limbic activity, thus reducing food intake and terminating the feeding period [36,
40, 41, 57, 62, 63]. It has been suggested that obese individuals have a decreased ability to
inhibit food intake [64, 65] and have alterations in reward systems involved in food intake
[43, 51, 64]. As such, OP individuals may need greater inhibitory control when faced with
food cues in an attempt to avoid overeating [57]. Given this, the increased prefrontal
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activation seen in OP individuals could reflect an attempt at suppression of the desire to eat
cued by visual food images during a state of satiation. That the decreased limbic response
(i.e., insula) seen in OR participants was not seen in OP participants supports the idea that
this additional inhibitory feedback may be necessary. Multiple areas of PFC are thought to
be important in reward processing [11, 56, 66] and animal studies have suggested that the
medial PFC is critical in controlling the impulse to eat in response to food cues [67]. Indeed,
PET studies have found increases in medial PFC activity in both lean and obese participants
immediately following feeding, although obese individuals show greater activation [40, 41].
This could reflect a reduced ability to adapt appropriately to a state of positive energy
balance in OP individuals, as has been hypothesized in obese and reduced-obese individuals
[26]. Future studies could further explore the timing of this activation/deactivation between
OR and OP individuals using simultaneous EEG and fMRI recording.

A few limitations must also be discussed. While a strength of the study is that we chose to
measure these outcomes in people who were not yet obese but were selected for a propensity
to gain weight or remain thin, there are inherent problems with classifying individuals as
being prone or resistant to obesity before its development. Nevertheless, we have previously
shown that these groups as defined are associated with other physiologic differences [17–
19]. Ultimately, though, it will be the longitudinal weight data which is currently being
collected that will determine whether or not these categories are valid. Furthermore, because
the OP individuals had higher BMI and fat mass than the OR individuals, it is possible that
the group differences seen may be related to the greater fat mass and not the classification of
obesity proneness. Because our secondary analysis, adjusting for fat mass, did not alter the
findings and that previous studies have shown similar findings in obese and reduced-obese
individuals, we would argue that these effects are likely not dependent on excess adiposity
and therefore are potentially a marker of obesity risk.

In conclusion, the results of this study suggest that individuals who are at risk for weight
gain (OP) have functional differences in brain regions known to be important in body weight
regulation as compared to individuals who appear to be resistant to weight gain and obesity
(OR). Specifically, the neuronal response to food cues seen in the fasted state was
significantly attenuated in the acute fed state in OR as compared to OP individuals, and OP
individuals showed increased activation in prefrontal cortical regions after the meal. These
findings suggest that neuronal response to food cues in the acute fed state is altered in OP
individuals in a manner that could potentially lead to excess energy intake and thus may be a
core feature of weight gain and obesity risk.
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Highlights

• Significant attenuation of neuronal response to food cues in fed state in OR.

• Increased activation in prefrontal cortical regions after a meal in OP.

• Changes in hunger ratings are associated with the neuronal response to a meal.
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Figure 1. Neuronal response to visual foods cues in obesity-resistant (OR) individuals in the
fasted state
The neuronal response in OR individuals to visual stimuli of foods of high hedonic value as
compared to non-food objects in the fasted state is shown. Robust activation is observed in
the insula, sensory cortex, posterior cingulate, parietal cortex, and inferior temporal visual
cortex. Statistical maps thresholded at a voxel-wise threshold of p < 0.01 and a cluster-level
false discovery rate (FDR) threshold of q < 0.05 and overlaid onto the group averaged
anatomical image. Data are shown in the neurological convention (right hemisphere on the
right).
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Figure 2. Neuronal response in fasted as compared to fed state in obesity-resistant (OR)
individuals
The difference in neuronal response to foods of high hedonic value in the fasted as
compared to fed state in OR individuals is shown. Reduced response in the insula and
prefrontal cortex is observed after the test meal. Statistical maps thresholded at a voxel-wise
threshold of p < 0.01 and a cluster-level false discovery rate (FDR) threshold of q < 0.05 and
overlaid onto the group averaged anatomical image. Data are shown in the neurological
convention (right hemisphere on the right).
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Figure 3. Neuronal response in the fasted as compared to fed state in obesity-resistant (OR) as
compared to obesity-prone (OP) individuals
The difference in neuronal response in the fasted as compared to fed state in OR as
compared to OP individuals when viewing foods of high hedonic value is shown. Greater
deactivation of the insula, prefrontal cortex (PFC) and medial PFC seen in OR as compared
to OP individuals is shown in upper panel. Lower panel shows reductions in both insula/
inferior PFC and medial prefrontal cortex in the fed as compared to fasted state in OR. In
OP, the opposite effect was observed, with increased responses in these regions in the fed as
compared to the fasted state. Statistical maps thresholded at a voxel-wise threshold of p <
0.01 and a cluster-level false discovery rate (FDR) threshold of q < 0.05 and overlaid onto
the group averaged anatomical image. Data are shown in the neurological convention (right
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hemisphere on the right). Mean BOLD responses (± SEM) are shown for the insula/PFC and
medial PFC.
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