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Objective: The authors examined func-
tional activity in the frontostriatal systems
that mediate self-regulatory capacities
and conflict resolution in adolescents
with bulimia nervosa.

Method: Functional magnetic resonance
imaging was used to compare blood-
oxygen-level-dependent response in 18
female adolescents with bulimia nervosa
and 18 healthy female age-matched sub-
jects during performance on a Simon spa-
tial incompatibility task. Bayesian analyses
were used to compare the two groups on
patterns of brain activation during cor-
rect responses to conflict stimuli and to
explore the effects of antecedent stimulus
context on group differences in self-regu-
lation and conflict resolution.

Results: Adolescents with and without
bulimia nervosa performed similarly on
the task. During correct responses in con-
flict trials, frontostriatal circuits—includ-
ing the right inferolateral and dorsolateral
prefrontal cortices and putamen—failed
to activate to the same degree in adoles-
cents with bulimia nervosa as in healthy

comparison subjects. Instead, deactiva-
tion was seen in the left inferior frontal
gyrus as well as a neural system encom-
passing the posterior cingulate cortex and
superior frontal gyrus. Group differences
in cortical and striatal regions were driven
by the differential responses to stimuli
preceded by conflict and nonconflict stim-
uli, respectively.

Conclusions: When engaging the self-
regulatory control processes necessary to
resolve conflict, adolescents with bulimia
nervosa displayed abnormal patterns of
activation in frontostriatal and default-
mode systems. Their abnormal processing
of the antecedent stimulus context condi-
tioned their brain response to conflict dif-
ferently from that of healthy comparison
subjects, specifically in frontal regions. It
is suspected that functional disturbances
in frontal portions of frontostriatal sys-
tems may release feeding behaviors from
regulatory control, thereby perpetuating
the conflicting desires to consume fatten-
ing foods and avoid weight gain that char-
acterize bulimia nervosa.

(Am J Psychiatry Marsh et al.; AiA:1-11)

B ulimia nervosa typically begins in adolescence and
primarily affects women. It is characterized by recurrent
episodes of binge eating (consumption of an excessive
amount of food) followed by self-induced vomiting or an-
other compensatory behavior to avoid weight gain.

An extreme sense of loss of control accompanies these
binge eating episodes (1, 2). Mood disturbances and be-
havioral dyscontrol that includes impulsive, aggressive,
and compulsory behaviors are also common in persons
with bulimia nervosa, suggesting the presence of perva-
sive difficulties in behavioral self-regulation (2).

Our previous functional neuroimaging findings in adult
female patients with bulimia nervosa suggest that fron-
tostriatal systems that are not engaged may contribute
to impaired self-regulation in this population (3). Women
with bulimia nervosa responded more impulsively, mak-
ing more errors than healthy comparison subjects on the
Simon spatial incompatibility task, which requires partici-
pants to ignore a task-irrelevant feature of a stimulus (e.g.,
the side of the screen on which an arrow appears) when it
conflicts with a more task-relevant feature (e.g., the direc-
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tion that the arrow is pointing). Therefore, self-regulatory
control is required to respond correctly on conflict-laden
incongruent trials. During correct responses on these tri-
als, frontostriatal circuits—including the inferolateral
prefrontal cortex, inferior frontal gyrus, anterior cingulate
cortex, putamen, and caudate—failed to activate to the
same extent in women with bulimia nervosa as in healthy
comparison subjects. In addition, these regions were en-
gaged the least among individuals with the most severe
bulimic symptoms, who performed most poorly on the
task. These findings suggest that the inability of fronto-
striatal systems to engage appropriately likely contributed
to the origins of their binge eating and other impulsive
behaviors in women with bulimia nervosa. However, we
could not know when dysfunction in frontostriatal sys-
tems arose or how it characterized the early disease pro-
cess, disentangled from the effects of chronic illness.

In the present article, we report on an event-related
functional magnetic resonance imaging (fMRI) study in
which we used a modified version of the Simon task to
investigate the neural substrates of self-regulatory control
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in female adolescents with and without bulimia nervosa.
This shorter task consisted of three rather than 10 scan
runs, making it more suitable for younger participants.
In addition, congruent and incongruent stimuli appeared
equally as often, thereby eliminating potential oddball ef-
fects associated with the infrequent presentation of incon-
gruent stimuli and reducing the priming effects associated
with long repeated trials of congruent stimuli. Because
this modified task is easier than the standard version used
in our prior study (3), we suspected that the bulimia ner-
vosa and healthy comparison groups would perform with
similar reaction times and with few response errors on
both incongruent and congruent trials. However, we hy-
pothesized that similar to our findings from adults with
the disorder, frontostriatal regions in adolescents with
bulimia nervosa would not activate to the same extent as
in healthy adolescents during correct responses to incon-
gruent stimuli, reflecting an inability of these circuits to
engage in the service of self-regulation and conflict reso-
lution. Behavioral studies of the Simon task suggest that
healthy individuals experience more cognitive conflict
(i.e., they respond more slowly) in response to incongru-
ent stimuli that are preceded by congruent stimuli than in
response to incongruent stimuli that are preceded by in-
congruent stimuli (4, 5). Conflict in a preceding incongru-
ent trial tends to enhance self-regulatory control in a cur-
rent incongruent trial, facilitating processing and making
responses faster and more accurate. Thus, the preceding
stimulus context likely contributes to greater engagement
of frontostriatal regions needed to respond correctly in
postcongruent conflict trials (6, 7). We therefore suspected
that the preceding stimulus context would contribute to
group differences in brain activation associated with cor-
rect responses to incongruent stimuli relative to congru-
ent stimuli.

Method

Participants

Female adolescents with bulimia nervosa were recruited
through flyers posted in the local community and advertisements
posted on Internet sites (e.g., craigslist.com and eating disorder-
specific websites) as well as through the New York State Psychiat-
ric Institute Eating Disorders Clinic, where some were receiving
outpatient treatment. Individuals receiving medication treat-
ment were not excluded. Healthy comparison female adolescents
were also recruited through flyers and Internet advertisements.
Participants with bulimia nervosa and healthy comparison sub-
jects were group-matched by age and body mass index. The Insti-
tutional Review Board of the New York State Psychiatric Institute
approved this study, and all participants gave informed consent
prior to study entry.

The details regarding exclusion criteria, clinical and behavioral
assessments, MRI pulse sequence, image processing, behavioral
analysis, and exploratory image analyses are described in the data
supplement accompanying the online version of this article.

FMRI Paradigm

Stimuli were presented through nonmagnetic goggles (Reso-
nance Technologies, Inc., Los Angeles) using E-Prime software
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(Psychology Software Tools, Inc., Sharpsburg, Pa.). A series of
white arrows pointing either left or right was displayed against a
black background either to the left or to the right of a white gaze
fixation crosshair positioned at midline. Stimuli subtended 1 ver-
tical degree and 3.92 horizontal degrees of the visual field. Stimuli
were congruent (pointing in the same direction as their position
on the screen), incongruent (pointing in a direction opposite
their position on the screen), or blank (a crosshair positioned at
midline).

Participants were instructed to respond quickly to the direction
ofthe arrow by pressing a button on aresponse box using the index
finger of their right hand for a left-pointing arrow and the middle
finger of that hand for a right-pointing arrow. The button press
recorded responses and reaction times for each trial containing
congruent or incongruent stimuli. Stimulus duration was 1,300
msec, with a jittered interstimulus interval (mean=5,352 msec
[SD=842]; range=4,009-6,857 msec). Each scan run contained 55
stimuli (duration: 5 minutes, 7 seconds), with 22 congruent stim-
uli (11 left-pointing arrows presented to the left of midline and
11 right-pointing arrows presented to the right of midline), 22 in-
congruent stimuli (11 left-pointing arrows presented to the right
of midline and 11 right-pointing arrows presented to the left of
midline), and 11 blank stimuli (longer periods of fixation). These
stimuli were arranged and presented in a pseudorandom order.
Each experiment contained three scan runs, totaling 66 congru-
ent and 66 incongruent stimuli.

Image Analysis

First-level parametric analyses were performed individually
for each participant using a modified version of the general lin-
ear model function in SPM8 (Wellcome Department of Imaging
Neuroscience, London [http;//www.fil.ion.ucl.ac.uk/spm/]).
Preprocessed blood-oxygen-level-dependent (BOLD) time series
data at each voxel, concatenated from all three scan runs of the
Simon task (420 volumes), were modeled using a general linear
model, with the following five predictors corresponding to each
of the different trial types (a total of 15 independent variables):
1) congruent correct trials, 2) incongruent correct trials, 3) blank
trials, 4) fixation trials, and 5) all incorrect trials (either congru-
ent or incongruent). All of these events were then convolved with
the canonical hemodynamic response function (8). For each par-
ticipant, least-squares regression was used to estimate param-
eters for each of the 15 independent variables. The parameter
estimates for the three scan runs were summed to produce an
incongruent correct versus congruent correct contrast for each
participant that was used to assess brain activity during the en-
gagement of self-regulatory control. Additional planned contrasts
(incongruent correct versus blank, incongruent correct versus
fixation, congruent correct versus blank, and congruent correct
versus fixation) were also included to establish the direction of
BOLD signal associated with congruent and incongruent events
relative to baseline events (blank or fixation trials). Because of the
limited number of incorrect trials, contrasts involving these trials
were not assessed.

Group differences in brain activations were tested using a
second-level Bayesian analysis (9-11). We report voxels that were
identified as having a posterior probability of 97.5%, using a p-
value threshold <0.025 and a cluster filter of at least 25 adjacent
pixels, a conjoint requirement that, based on an approxima-
tion formula (12), yields a conservative effective p value that is
<0.000005. The combined application of a statistical threshold
and cluster filter reduces substantially the false positive identifi-
cation of activated pixels at any given threshold (13).

Hypothesis Testing

We tested whether female adolescents with and without bu-
limia nervosa differed in brain activity during correct responses

AJP in Advance



MARSH, HORGA, WANG, ET AL.

TABLE 1. Demographic and Clinical Characteristics of Female Adolescents With Bulimia Nervosa and Age-Matched Female

Healthy Comparison Subjects

Bulimia Nervosa

Healthy Comparison

Adolescents? (N=18) Adolescents (N=18) Analysis

Characteristic Mean SD Mean SD t df p
Age (years) 18.4 2.1 17.3 2.4 -1.36 34 0.18
Height (inches) 64.78 2.7 64.29 2.4 -0.56 34 0.57
Weight (Ibs) 130.45 16.7 128.72 19.1 -0.28 34 0.77
Body mass index (kg/m?) 22.03 2.0 21.98 1.9 -0.67 34 0.23
Duration of illness (years) 2.83 1.7
Wechsler Abbreviated Scale of Intelligence 1Q score

Full-4 112.33 10.7 115.77 14.4 -0.81 34 0.42

Verbal 112.0 14.0 120.0 17.5 -1.51 34 0.14

Performance 109.94 9.2 108.5 11.4 0.41 34 0.68
Eating Disorders Examination ratings

Objective bulimic episodes (past 28 days) 39.83 54.6

Vomiting episodes (past 28 days) 62.29 74.7

Preoccupation with body shape and weight 2.4 2.5
HAM-D score® 5.75 5.7 0.88 1.2 2.47 19 0.02
Children’s Depression Rating Scale score 37 15.7 17.5 1.1 3.57 11 0.00
BDI score 15.47 12.19 1.5 2.4 4.76 33 0.00
Attention deficit hyperactivity disorder ratings

Total current 16.13 10.7 4.78 3.1 4.32 34 0.00

Inattention 9.73 4.6 2.0 1.8 6.48 34 0.00

Hyperactivity 7.5 6.5 2.5 2.1 3.08 34 0.00

2 In the bulimia nervosa group, three participants had a history of anorexia nervosa (16%), four were receiving medication treatment (22%),
and four presented with subclinical bulimia nervosa (22%); among those presenting with subclinical symptoms, three experienced less than
three objective binge eating episodes and one experienced less than three vomiting episodes per week over the past 28 days prior to partici-

pation in the study.

5 HAM-D scores were available for 12 adolescents with bulimia nervosa and nine healthy comparison subjects, and Children’s Depression Rat-
ing Scale scores were available for five adolescents with bulimia nervosa and five healthy comparison subjects.

for incongruent trials relative to correct responses for congruent
trials. A Bayesian analysis was conducted to identify significant
group differences in frontostriatal regions. Further details of our
exploratory hypotheses are provided in the data supplement.

Results

Participants

Eighteen female adolescents with bulimia nervosa and
18 age-matched healthy female comparison subjects par-
ticipated in the study. All participants were right-handed.
The bulimia nervosa group consisted of five outpatients
and 13 individuals who were symptomatic but not receiv-
ing treatment. The mean duration of illness was less than
3 years. Three individuals with bulimia nervosa met crite-
ria for major depressive disorder and were receiving treat-
ment with selective serotonin reuptake inhibitors, and
one patient met criteria for attention deficit hyperactivity
disorder (ADHD) and was receiving treatment with meth-
ylphenidate. Additional demographic and clinical charac-
teristics of both groups are presented in Table 1.

Behavioral Performance

No significant main effect of group or interaction of
group-by-stimulus type was detected in either model,
indicating that there were no group differences specific
to stimulus type; namely, response latency and accuracy
scores were similar for congruent and incongruent trials
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in both groups. All participants demonstrated interfer-
ence on the task (mean response latency for incongruent
trials > mean response latency for congruent trials), and as
predicted, both groups made few errors in congruent and
incongruent trials (Table 2). In both groups, interference
was greater following congruent trials than incongruent
trials (stimulus type-by-repetition interactions: bulimia
nervosa, p<0.001; healthy comparison, p=0.002 [Figure
11), and this interaction effect did not differ significantly
across groups. Finally, interference scores did not corre-
late significantly with symptom severity in the bulimia
nervosa group.

A Priori Hypothesis

Neural activity during correct responses. Significant
group-by-stimulus interactions that derived from greater
activations in healthy comparison subjects were detected
in right hemispheric frontostriatal regions, including the
anterior cingulate cortex (Brodmann’s area 32), dorsolat-
eral prefrontal cortex (Brodmann’s area 9), inferior frontal
gyrus (Brodmann’s area 46), and putamen as well as the
right hippocampus (Table 3, Figure 2). Significant group-
by-stimulus interactions that derived from greater deacti-
vation in participants with bulimia nervosa were detected
in the left inferior frontal (Brodmann’s area 46), left supe-
rior frontal (Brodmann’s area 8), and right medial frontal
(Brodmann’s area 6/8) gyri as well as in the posterior cin-
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TABLE 2. Group Differences on Performance Measures in Female Adolescents With Bulimia Nervosa and Age-Matched

Female Healthy Comparison Subjects

Bulimia Nervosa

Healthy Comparison

Adolescents (N=18) Adolescents (N=18) Analysis

Measure Mean SD Mean SD t df p

Mean reaction time incongruent (msec) 633.89 85.16 656.07 93.6 0.74 34 0.46
Mean reaction time congruent (msec) 624.13 84.9 641.50 93.1 0.58 34 0.56
Mean reaction time interference (msec) 9.75 329 14.56 33 0.43 34 0.66
Error incongruent (%) 0.63 0.6 0.63 1.2 0.0 34 1.00
Error congruent (%) 0.0 0.1 0.11 0.4 0.82 34 0.41
Error effect 0.63 0.6 0.54 1.1 —0.28 34 0.77

TABLE 3. Activations That Differed Significantly Across Female Adolescents With Bulimia Nervosa and Age-Matched Female
Healthy Comparison Subjects During Responses to Congruent and Incongruent Stimuli

Brodmann’s Number Peak Location
Activated Region Side Area? of Voxels %V, 2) t
Greater activations in healthy comparison subjects
Putamen Right 869 30,-16, 8 3.12
Hippocampus Right 28 575 25,-23,-14 3.16
Inferior frontal gyrus Right 45 611 54, 20, 16 3.20
Anterior cingulate cortex Right 24 168 7,53,8 2.64
Dorsolateral prefrontal cortex Right 9/46 1,650 20, 54, 38 3.22
Greater deactivations in bulimia nervosa patients
Inferior frontal gyrus Left 45 483 -52,22,8 3.24
Medial frontal gyrus Right 6/8 555 23, 35,52 341
Superior frontal gyrus Left 9 137 -19, 50, 39 2.41
Posterior cingulate cortex Right 31 141 14, -52, 36 2.82

2 Data were not available for frontostriatal analysis in the putamen.

gulate cortex (Brodmann’s area 31). Plots of the mean beta
estimates for congruent and incongruent stimuli (Figure
3) revealed deactivations relative to baseline events in
each participant in the bulimia nervosa group. For partici-
pants with bulimia nervosa, greater deactivation in the left
inferior and superior frontal gyri as well as the right poste-
rior cingulate cortex was seen in response to incongruent
stimuli relative to congruent stimuli, and greater deactiva-
tion in the right medial frontal gyrus was seen in response
to congruent stimuli relative to incongruent stimuli.

Exploratory Analyses

Context effects. The group differences in activation (great-
er frontostriatal activation in healthy comparison subjects
and greater deactivation of inferior and superior prefron-
tal cortices bilaterally in participants with bulimia nervo-
sa) derived from stimuli that were preceded by congruent
stimuli (postcongruent contrast [Figure 4]), when inter-
ference effects were greatest in both groups (Figure 1).
Because deactivation was seen in the posterior cingulate
cortex in both groups in this contrast, no interaction with
group was detected in this region. A group-by-stimulus in-
teraction from stimuli that were preceded by incongruent
stimuli (postincongruent contrast [Figure 4]) was detected
in the right posterior putamen and derived from greater
activation in healthy comparison subjects. In addition,
group differences in prefrontal regions were driven by
postcongruent interference effects in the bulimia nervosa
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group (significant group-by-preceding-by-current stimu-
lus interactions in the right inferolateral and dorsolateral
prefrontal cortices and in the bilateral superior frontal gyri
[see Figure 1 in the data supplement]). Finally, a group-
by-stimulus interaction from congruent stimuli preceded
by incongruent stimuli compared with congruent stimuli
preceded by congruent stimuli was detected in the supe-
rior frontal gyrus and derived from greater deactivation in
participants with bulimia nervosa (see Figure 2 in the data
supplement).

Correlations with symptom severity. Nonparametric analy-
ses revealed that the number of objective bulimic and vom-
iting episodes in the bulimia nervosa group correlated in-
versely with postcongruent brain activity in the left inferior
frontal gyrus and bilateral precuneus (Figure 5). As shown
in Figure 5, scatterplots of these correlations indicated that
in response to postcongruent interference, the most symp-
tomatic patients deactivated the inferior frontal gyrus and
precuneus. The number of bulimic episodes and ratings of
preoccupation with body shape and weight correlated in-
versely with postcongruent conflict activity in the right pu-
tamen, indicating that this subcortical region was engaged
the least among the most preoccupied adolescents. Postin-
congruent conflict activity correlated positively with bulim-
ic and vomiting episodes in the left superior frontal gyrus
and with bulimic episodes in the left insula and right an-
terior cingulate cortex. Those with more severe symptoms
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