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Selective Reduction in Neural Responses to High Calorie Foods
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Objective: To investigate changes in neural activation and desire to eat in
response to appetitive cues from pre- to postbariatric surgery for obesity.
Background: Roux-en-Y gastric bypass (RYGB) is the most common bariatric
procedure. However, the mechanisms of action in RYGB are not well under-
stood. A significant proportion of the resulting reduction in caloric intake
is unaccounted for by the restrictive and malabsorptive mechanisms and is
thought to be mediated by neuroendocrine function. Numerous investigations
of postsurgical changes in gut peptides have resulted; however, changes in
neural activation after RYGB surgery have not been previously investigated.
Methods: Functional magnetic resonance imaging and verbal rating scales
were used to assess brain activation and desire to eat in response to high-
and low-calorie food cues in 10 female patients 1-month pre- and post-RYGB
surgery.
Results: Postsurgical reductions in brain activation were found in key areas
within the mesolimbic reward pathway, which were significantly more pro-
nounced in response to food cues that were high (vs. low) in caloric density.
These changes mirrored concurrent postsurgical reductions in desire to eat,
which were also greater in response to food cues that were high versus low in
caloric density (P = 0.007).
Conclusions: Findings support the contention that RYGB surgery leads to
substantial changes in neural responses to food cues encountered in the envi-
ronment, provide a potential mechanism for the selective reduction in prefer-
ences for high-calorie foods, and suggest partial neural mediation of changes
in caloric intake seen after RYGB surgery.

(Ann Surg 2011;253:502–507)

O besity has reached pandemic proportions,1 with bariatric
surgery representing the only currently available treatment

demonstrating long-term effectiveness.2 Roux-en-Y gastric bypass
(RYGB) remains the most common and effective bariatric procedure
used today, accounting for approximately 65% of the procedures per-
formed worldwide.3 However, the mechanisms that lead to reduced
caloric intake and weight loss after RYGB are poorly understood.4–7

Although the restricted (15–50 mL) postsurgical pouch limits inges-
tive capacity2,5 and the bypassing of the upper portion of the small
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intestine may prevent a percentage of ingested calories from being
absorbed into the body,2,5,8 these mechanisms do not fully account
for the associated postsurgical weight loss.4–7,9–14 The neurohormonal
system has been implicated in accounting for at least some proportion
of the postsurgical weight loss not explained by these changes in gut
physiology.4,5,7,13,14 Numerous investigations of appetite-related gut
peptides have resulted;4,7,13,14 however, there have been only 2 prelim-
inary (N = 5 in each) positron emission tomography studies15,16 of
D2 receptor availability in the striatum before and after gastric bypass
surgery, and no published investigations of changes in neural activity
after RYGB using functional magnetic resonance imaging (fMRI).
Further, no studies have specifically examined whole brain responses
to food cues postsurgery, which may give a more comprehensive
picture of neural changes contributing to postsurgical decreases in
appetite and weight.

The homeostatic regulation of energy balance (ie, food in-
take) is largely mediated by hypothalamic activity.17 Alternately, the
perceived reward or “hedonic” value of external stimuli, including
food,18 is mainly processed within the mesolimbic reward pathway.
This system operates primarily through dopaminergic signaling17 to
form judgments and initiate behavioral responses based on the per-
ceived reward value of food cues encountered in the environment.19 A
number of areas within the mesolimbic pathway contribute to reward
value appraisals of food cues, including the ventral tegmental area
(VTA), amygdala, hippocampus, and ventral striatum,17,18 all falling
under the executive control of the prefrontal cortex (PFC).18–20 The
PFC integrates reward-related information from other corticolimbic
areas and sensory information (primarily) from the thalamus,17,20 and
is responsible for initiating behavioral responses (ie, whether or not to
consume food) based on hedonic appraisals of food cues.17,18,20 Some
increases in activation within the mesolimbic pathway have been
found after caloric restriction,21 which may explain the heightened
desire to eat reported during weight loss maintenance.21,22 However,
such increases in desire to eat are not seen after RYGB,9,10 even upon
exposure to highly palatable food cues.9

Highly palatable and high energy density (ED; kcal/g) food
cues are ubiquitous in most industrialized nations.18 Exposure to such
cues has been shown to activate the mesolimbic reward pathway17,18

and predict food intake.23 Given consistent postsurgical reductions
in the desire for and intake of food,9,10 it was hypothesized that
participants undergoing RYGB would show postsurgical reductions
in mesolimbic reward pathway activation in response to food cues.
An additional phenomenon associated with bypass procedures is the
selective reduction in the preference for highly palatable high-ED
foods.9–12 After RYGB surgery, presurgical preferences for foods
high (vs. low) in fat and calories are reduced or eliminated.9–12 Thus,
it was anticipated that postsurgical reductions in mesolimbic activity
would be greater in response to high-ED relative to low-ED food
cues. Finally, a related but unexplored concept is that of appetitive
responsivity or the desire to eat (anything) after exposure to food
cues.24 Given selective postsurgical reductions in the drive to con-
sume high-ED foods,9–12 we predicted a similar selective postsurgical
reduction in desire to eat after exposure to high- relative to low-ED
food cues.
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METHODS

Participants
Twelve female RYGB surgery candidates were recruited from

the Center for Weight Loss Surgery at a large university-affiliated
hospital in New York City. Scans from 2 participants were discarded
due to missing or corrupt data, leaving 10 completers. Participants
ranged in presurgical body mass index (BMI) from 40 to 54 kg/m2

[mean = 45 ± 5 (SD)] and age from 20 to 47 years (mean = 35 ± 9),
were weight-stable, right-handed, nonsmoking, premenopausal, free
of any major psychological or physical disorders (including diabetes)
and were not taking any medication that may have affected body
weight. Fifty percent of the sample was Hispanic, 30% African Amer-
ican and 20% white. Institutional review board approval for this study
was granted by Columbia University and St. Luke’s Roosevelt Hos-
pital. All participants provided informed consent and met the criteria
proposed by the National Institutes of Health Consensus Panel.25

Design and Procedure
A within subjects design was used with assessments at 1-

month pre- and 1-month post-RYGB surgery. After an overnight (12
h) fast, participants reported to the fMRI Research Center at the
Columbia University Medical Center between 11 AM and 1 PM. Time
of day was kept consistent across assessments for each participant.
Participants completed fullness ratings (visual analog scale, 0–100)
after the ingestion of a small (250 kcal) fixed nutritionally complete
liquid meal (Glytrol; Nestlé Nutrition, Vevey, Switzerland), used to
minimize between subject differences in repletion. One hour after
ingestion of the liquid meal, participants underwent an fMRI scan,
during which they were presented with visual and auditory represen-
tations (cues) of high-ED foods (eg, pepperoni pizza, fudge sundae),
low-ED foods (eg, raw vegetables) and neutral nonfoods (office sup-
plies; eg, pencil, note pad). All high-ED stimuli had an ED at least
3.5 kcal/g and all low-ED stimuli had an ED less than 1 kcal/g26

(see Supplemental Table 1, Supplemental Digital Content available
at: http://links.lww.com/SLA/A107). All procedures were identical
pre- and postsurgery, and all surgical procedures were performed by
the same surgeon.

Stimuli Presentation Paradigm
All cues were presented individually through 2 different modal-

ities. Visual (pictorial) cues were transmitted through eye goggles and
auditory (spoken name) cues were transmitted through a headset. The
stimuli were presented in runs of 10 consecutive 4-second epochs
(total block duration 40 seconds), with a 52-second prerun base-
line epoch and a 40-second postrun baseline epoch. A Latin-Square
paradigm employed 2 similar, but not identical, nonconsecutive runs
of each type of food cue (high-ED, low-ED) for each condition (vi-
sual and auditory). The auditory stimuli were recorded 2-word names
similar in content to the visual stimuli (eg, “chocolate brownie”), re-
peated twice to fill the 4-second epoch. Only areas activated in both
stimuli presentation modalities were considered significant in image
analyses. Fullness ratings were collected after meal ingestion, just
before entering the fMRI scanner.

fMRI Acquisition and Analyses
A 1.5-T twin-speed fMRI scanner (GE Healthcare Technolo-

gies, Waukesha, Wisconsin) with quadrature RF head coil and 65-cm
bore diameter was used. Participants were positioned in the scanner
with the head in a passive restraint. Three-plane localization was used
to verify head position, and motion was minimized with restraint pads
around the head and a tape strapped across the forehead. Total time
in the scanner was about 60 minutes. In each run, 36 axial scans of
the whole brain were acquired, each scan consisting of 25 contiguous

TABLE 1. High–Low-ED Contrast, Pre > Post.†

Coordinates Minimum

(x,y,z) Area(s) k t value

32, 36, 6 Inferior frontal 253 (333) 2.59

gyrus (dlPFC)∗

−20, −64, 30 Precuneus∗ 234 (144) 2.81

30, 42, 30 dlPFC∗ 121 (333) 2.25

28, 22, 32 47 2.32

−6, 2, 36 Dorsal cingulate∗ 115 (179) 2.51

−12, 2, −6 Lentiform nucleus∗ 90 (137) 2.30

8, 2, −4 Ventral striatum∗ 2.17

8, 58, 16 dmPFC 83 2.47

−36, −46, 42 Inferior parietal lobe 80 2.28

50, −38, 52 36 2.17

−62, −12, 38 Precentral gyrus 43 2.31

−56, −2, 14 24 2.14

8, −52, 14 Posterior cingulate 42 2.07

−30, −58, 60 Superior parietal lobe 42 1.96

20, 38, 22 Anterior cingulate 37 2.47

−8, 32, 30 28 2.09

−14, −22, 4 Thalamus 30 2.37

34, −70, 6 Middle occipital gyrus 26 2.36

∗Significant at P < 0.05 corrected, when tested against the global null hypothesis
(see the “Methods” section).

†Areas showing a postsurgical reduction in the difference between conjoint activa-
tion in response to high-ED and low-ED foods. Italic values (in parentheses) indicate
cluster size when threshold at P < 0.005 was applied, testing against the global null
hypothesis. Among these clusters, those larger than 135 voxels were deemed significant
at P < 0.05 corrected.

k indicates number of voxels within each cluster.

slices (4 mm thick), with a 19 × 19 cm field of view, an acquisition
matrix size of 128 × 128, and 1.5 mm × 1.5 mm in plane resolution.
The first 3 scans of each run (12 seconds) were discarded to attain
magnetic equilibration. The axial slices were parallel to the AC/PC
line. T2∗-weighted images with a gradient echo pulse sequence (echo
time = 60 ms, repetition time = 4 seconds, flip angle = 60 de-
gree angle) were acquired with matched anatomic high resolution
T1∗-weighted scans.

Functional data were analyzed with SPM5 (Wellcome Depart-
ment of Imaging Neuroscience, London, United Kingdom). Before
statistical analyses, the realigned T2∗-weighted volumes were slice-
time corrected, spatially transformed to a standardized brain (Mon-
treal Neurologic Institute) and smoothed with an 8 mm full-width
half-maximum Gaussian kernel. First-level regressors were created
by convolving the onset of each trial (audio and visual high-ED.
low-ED, and nonfood) with the canonical HRF with duration of 40
seconds for both pre- and postsurgery scan sessions. Both scan ses-
sions were included in the first level model for each participant.
Average beta estimates of each condition (12 total per participant)
were passed to a single second level model from which all subse-
quent contrasts of interested were generated. This model included an
individual subject factor, and changes in BMI and fullness as addi-
tional nuisance regressors, to control for postsurgical weight loss (see
Supplemental Table 2, Supplemental Digital Content, available at:
http://links.lww.com/SLA/A107) and increases in postprandial full-
ness. Brain activation in response to visual and auditory represen-
tations of high-ED relative to low-ED foods was then conjoined to
obtain areas of activation common across both stimuli presentation
modalities.

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

C© 2011 Lippincott Williams & Wilkins www.annalsofsurgery.com | 503



Ochner et al Annals of Surgery � Volume 253, Number 3, March 2011

Statistical maps for conjoint activation (eg, pre > post, high-
ED–low-ED) were displayed at P < 0.05 uncorrected testing against
the conjunction null hypothesis for effects of both visual and auditory
modalities (Figs. 1 and 2)] and thresholded at cluster-size more than
20 (Table 1). To correct for multiple comparisons resulting from inde-
pendent tests across many voxels, each region in Table 1 was checked
for whether it appeared in a separate analysis. For this, statistical
maps were reproduced using a threshold of P < 0.005 uncorrected
testing against the global null hypothesis (of 1 or more effects) and
combined with a cluster-size threshold of 135 contiguous voxels, re-
sulting in a threshold of P < 0.05 corrected for multiple comparisons.
The cluster threshold was determined by 1000 Monte Carlo simula-
tions of whole-brain fMRI data with respective data parameters of the
present study using the AlphaSim program as implemented in AFNI
(version 2009).27 An uncorrected P-value of 0.005 under the global
null hypothesis was applied; although not as conservative as the con-
junction null,28 it was necessary in order to enable the application
of cluster-based thresholding using the AlphaSim program. Regions
that survived this threshold are denoted in Table 1 with an asterisk.

Desire to Eat Ratings
After each stimuli presentation run, participants were asked;

“On a scale from 0 to 100, how much did what you just saw/heard
make you want to eat, zero being “not at all” and 100 being “very
much?” This question was not anchored to any particular cue; thus,
desire to eat ratings were designed to reflect the extent to which ex-
posure to food cues (high- vs. low-ED) moderated each participant’s
desire to consume food, irrespective of what specific food(s) they de-
sired. Ratings were averaged across all 4 runs from each food stimuli
condition to obtain an overall desire to eat rating for each stimuli
type for each participant, pre- and postsurgery. Individual pre- and
postsurgical comparisons of desire to eat after exposure to high-ED
versus low-ED food stimuli were calculated using independent sam-
ples t tests. Changes in relative (high-ED–low-ED) desire to eat from

FIGURE 1. Axial slices depicting areas in which activation was greater presurgery as compared to postsurgery across stimuli
conditions. Relative to low-ED foods (bottom row), larger postsurgical reductions in conjoint (visual and auditory) activation (pre
> postsurgery) in response to high-ED foods (top row) are seen in VTA (z = −10), ventral striatum (z = −4), putamen and
lentiform nucleus (z = 2) posterior cingulate (z = 28, left clusters) and dmPFC (z = 28, rightmost cluster). Montreal
Neurological Institute coordinates for the axial slices are given below the statistical maps. The color bar represents t values. For
display purposes, activation maps are shown without a cluster extent threshold.

pre- to postsurgery were calculated using repeated-measure analysis
of variance. All non-fMRI statistical analyses were performed with
SPSS v.16 (Chicago, Ill).

RESULTS

Changes in Brain Activation from Pre- to 1-Month
Postsurgery

Greater conjoint (visual + auditory) whole-brain activation,
and conjoint activation in corticolimbic areas within the mesolim-
bic pathway, was found pre- as compared to post-RYGB surgery
in response to both high- and low-ED foods (Fig. 1). From pre- to
postsurgery, greater reductions in activation were found in response
to both high-ED and low-ED food stimuli relative to neutral non-
food stimuli; however, postsurgical reductions in mesolimbic activity
were found only in response to high-ED foods relative to nonfood
stimuli (see Supplemental Figs. 1 and 2, Supplemental Digital Con-
tents available at: http://links.lww.com/SLA/A108; http://links.lww.
com/SLA/A109). The largest postsurgical reductions in activation
were found in response to high-ED foods, and were most pronounced
within the lingual gyrus, middle temporal gyrus, superior tempo-
ral gyrus, inferior parietal lobule and precuneus (see Supplemental
Table 3, Supplemental Digital Content available at: http://links.lww.
com/SLA/A107). Reductions in activation in response to low-ED
foods were noted in many of the same areas but were smaller in
magnitude (Fig. 1).

Changes in Brain Activation in Response to High-
relative to Low-ED Foods

The pre- to postsurgical reduction in conjoint (visual + au-
ditory) whole-brain activation in response to high-ED foods was
more pronounced than the reduction in activation in response to low-
ED foods, particularly in corticolimbic areas within the mesolimbic
pathway, including the VTA, ventral striatum, putamen, posterior
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FIGURE 2. Coronal and sagittal slices depicting areas in
which the difference between conjoint activation in response
to high- and low-ED foods (high-ED–low-ED contrast) was
greater presurgery as compared to postsurgery. Montreal
Neurological Institute coordinates are given in upper right
corner of each panel. The color bar represents t values. The
largest clusters (k > 80) were seen in the dlPFC (y = 42;
topmost cluster), ventrolateral PFC (vlPFC; y = 42; bottom
cluster), ventral striatum (y = 4; bottom 2 clusters), putamen
and lentiform nucleus (y = 0; bottom cluster), and dmPFC
(x = 4; rightmost cluster). A small cluster (k = 20) was also
observed in the VTA (x = 4; white arrow). Peak MNI
coordinates for the above regions are listed in Table 1.

cingulate and dmPFC (Fig. 1). Presurgery, the areas in which ac-
tivation in response to high-ED foods was greater than activa-
tion in response to low-ED foods (high-ED–low-ED contrast) in-
cluded the cingulate gyrus, thalamus, lentiform nucleus and cau-
date, anterior cingulate, medial frontal gyrus, superior frontal gyrus,
inferior frontal gyrus, and middle frontal gyrus. Postsurgically,
no clusters for the high-ED to low-ED contrast reached the ap-
plied cluster threshold, reflecting little difference between activa-
tion in response to high-ED versus low-ED foods after surgery
(see Supplemental Fig. 3 Supplemental Digital Content, available
at: http://links.lww.com/SLA/A110). Indeed, the difference between
mesolimbic pathway activation in response to high-ED foods and
that in response to low-ED foods (high-ED–low-ED contrast) was
significantly greater pre- as compared to postsurgery. This pre to
postsurgical decrease in activation in response to high-ED relative
to low-ED foods was most pronounced and significant in the dlPFC,
precuneus, dorsal cingulate, lentiform nucleus, and ventral striatum
(Table 1, asterisks), indicating a selective postsurgical reduction in
activation within these areas (Fig. 2). See Supplemental Discussion
of Relevant Brain Areas, Supplemental Digital Content available at:
http://links.lww.com/SLA/A107.

Changes in Desire to Eat in Response to High-
relative to Low-ED Food Cues

Presurgery, desire to eat after exposure to high-ED food cues
(26.6 ± 24.1) was significantly greater than the desire to eat after
exposure to low-ED food cues (15.1 ± 19.5), t(9) = 3.7, P = 0.005.
Postsurgery, however, subsequent desire to eat did not differ between
exposure to high-ED (5.2 ± 7.2) and low-ED (4.7 ± 6.7) food cues,
t(9) = 0.38, P = 0.71. The pre to postsurgical reduction in desire
to eat after exposure to high-ED food cues (−21.4 ± 25.7, P =
0.028) was greater than the non-significant reduction in desire to
eat after exposure to low-ED food cues (−10.4 ± 20.1, P = 0.14),

FIGURE 3. The difference between the desire to eat following
exposure to high-ED relative to low-ED foods
(high-ED–low-ED) presurgery (11.5 ± 10) was greater than
the non-significant high-ED to low-ED difference postsurgery
(0.5 ± 4.2), F (1,9) = 11.9, P = 0.007. ∗P < 0.05. ∗∗P < 0.01.

F(1,9) = 11.9, P = 0.007, indicating a selective postsurgical reduc-
tion in the desire to eat after exposure to high-ED (vs. low-ED) food
cues (Fig. 3).

DISCUSSION
Results demonstrate that neural responses to food cues differ

significantly from pre- to post-RYGB surgery. The largest reductions
in postsurgical activation in response to food cues were seen in a
range of corticolimbic areas within the mesolimbic reward pathway,
building on existing evidence for altered striatal dopamine receptor
availability post-RYGB.17 Notably, of all the corticolimbic areas im-
plicated, the most pronounced reductions in postsurgical activation
were within the PFC, the primary integration site of reward-related
information processing in the brain.29,30 Consistent with the notion
that the brain mediates all nonreflexive behavior,30 postsurgical re-
ductions in activation within brain areas associated with perceived
(food) reward suggest some level of neural mediation of the decreases
in caloric intake seen after RYGB surgery. In addition, mesolimbic
pathway activation was preferentially reduced in response to high-
(relative to low-) ED foods after RYGB surgery, indicating that the
perceived reward value of foods typically judged to be hedonically
pleasing such as pizza and cakes31 was reduced to a greater extent
than was the perceived reward value of less hedonically pleasing foods
such as vegetables.31–33

From pre- to postsurgery, all patients reported a reduction in
appetitive responsivity or the desire to eat after exposure to food
cues. However, desire to eat was also reduced to a greater extent
after exposure to high-ED food cues as compared to low-ED food
cues. These findings are consistent with reports9–12 suggesting that the
desire to eat and intake of high-calorie foods are reduced significantly
more than are the desire to eat and intake of low-calorie foods after
gastric bypass surgery. Thus, RYGB surgery seems to not only reduce
overall appetite, but also the presurgical preference for high- relative
to low-ED foods. This effect seems to be unrelated to postingestive
side effects after surgery34 and has been proposed as a potentially
significant mechanism of post-RYGB weight loss.35 These findings
suggest that reductions in caloric intake and body weight seen after
RYGB surgery may result not only from a reduction in the overall
quantity of ingested food, but also from a decrease in the relative
consumption of high- versus low-ED foods. Such changes in relative
intake have previously been shown to reduce overall caloric intake
and body weight.36,37

The selective reductions in both desire to eat and mesolim-
bic reward pathway activation in response to high- relative to low-
ED food cues provide additional evidence that the restrictive and
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malabsorptive mechanisms in RYGB do not fully account for post-
surgical changes in appetite.4–7,9–14 Mechanisms for these changes in
desire to eat and neural activation, however, are yet to be delineated.
It is possible that surgery leads to changes in operant conditioning
(eg, high-calorie foods may be perceived of as less rewarding because
of associations with the need for surgery or a less-positive presurgi-
cal self-image), which may be reflected by postsurgical reductions in
mesolimbic activation in response to food cues. In addition, changes
in gut peptide signaling may directly and indirectly influence (food)
reward-related neural activation. For example, locally administered
ghrelin has been shown to activate dopamine neurons in the VTA and
promote dopamine turnover in the nucleus accumbens of the ven-
tral striatum, and blocking ghrelin receptors in the VTA decreases
food intake.38 Thus, postsurgical decreases in ghrelin levels39 may
contribute to postsurgical decreases in mesolimbic activation and the
perceived reward value of food. There is also evidence to suggest that
postsurgical decreases in leptin40 may also reduce overall dopamine
levels in the VTA and nucleus accumbens,41 potentially reducing the
perceived reward value of food.42–44

Results in this study after surgical weight loss (11.8% initial
weight) in obese participants (mean initial body weight = 120.9 kg)
differ substantially from those found in the only known study of neural
changes after nonsurgical weight loss (10% initial) in obese partic-
ipants (mean initial body weight = 118.2 kg),21 where significant
reductions in reward-related activation were not reported. Further,
the postsurgical reduction in desire to eat highly palatable food in our
study runs counter to that reported after nonsurgical weight loss.21,22

These results suggest that changes in neural and cognitive reactions
to food cues may differ significantly after surgical versus nonsurgical
weight loss, and that psychological motivation itself is unlikely to
account for these changes. Further research will be necessary before
causal inferences can be made.

The results of this study suggest that RYGB surgery may lead
to a preferential reduction in the perceived reward value of, and de-
sire to eat following exposure to, highly palatable high-ED food cues
encountered in the external environment; both of which have been
shown to predict food intake and body mass index.18,12,24,45 These
data are consistent with current literature suggesting that the reduc-
tions in caloric intake seen after RYGB are at least partially mediated
by neural signaling.4,5,7,13,14 In further identifying neural changes that
result from RYGB surgery, it may become possible to mimic these
effects pharmacologically,5,17 potentially providing a viable treat-
ment option for the large proportion of clinically severely obese
individuals who do not have access to bariatric surgery.46

Limitations
Although the sample size of 10 is relatively small, the lon-

gitudinal within subjects design provided sufficient power to detect
effects in the primary outcomes, with the application of a k-correction
threshold.27 and conjunction analyses.28 All participants were women,
which increased statistical power by limiting within-sample variation,
but also limits the generalizability of findings. Without a comparison
group, alternative mediating factors cannot be ruled out; however, the
temporal stability (retest reliability) of neural activation in fMRI47–50

suggests that the postsurgical changes in neural activity were due to
the surgical procedure. Finally, postsurgical changes in desire to eat
were not related to postsurgical weight loss at 1 month postsurgery.
However, patients were on an all-liquid diet for the first postsurgical
month, limiting the effect of food preferences on body weight during
this period. Subsequent studies may assess food intake at extended
postsurgical intervals (eg, 9–12 month) to determine whether postsur-
gical changes in brain activation predict changes in eating behavior
and body weight.
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