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INTRODUCTION

Eating disorders are characterized by a combination of disturbances in body image and
maladaptive eating behaviors. The neural mechanisms remain unclear, and perhaps less clear
than for other psychiatric illnesses with a similar public health impact. Early approaches to
understanding the neurobiology underlying these complex disorders focused on
neurotransmitters and identified differences in the presence and metabolism of dopamine
and serotonin.12 As neuroscience and neuroimaging have advanced, it has become
increasingly possible to examine the neural systems that govern human behavior. These
advances can be leveraged in psychiatry to link brain activity with maladaptive behavior.
One perspective focuses on neural systems that have been well-characterized and tests
whether these systems function normally in the setting of illness—a bottom-up approach. An
alternative perspective starts with clinical phenomena and abnormal behavior and tests
hypotheses about neural under-pinnings—a top-down approach (Fig. 1). Both methods use
brain-behavior models to develop and systematically test hypotheses.

In this review, the authors describe the existing data on neural mechanisms of eating
disorders, focusing on 3 areas that suggest paths forward: reward, behavioral and cognitive
control, and decision making. To date, the majority of research in these areas comes from
anorexia nervosa (AN) and bulimia nervosa (BN); therefore, this review focuses on the
neural mechanisms for these disorders.

Each of these areas includes a range of cognitive—behavioral processes and associated neural
systems. Reward has been parsed into hedonic value (or liking), motivational salience (or
wanting), and reinforcement learning.3# The reward system in the brain is composed of the
midbrain/ventral tegmental area, ventral striatum (including the nucleus accumbens), medial
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prefrontal cortex (prefrontal cortex), and orbitofrontal cortex (OFC). Reward-centered
models in AN have hypothesized both hyporesponsiveness to reward and aberrant reward
attribution (ie, positive stimuli become aversive and vice versa, such that hunger becomes
rewarding).’ In BN, theoretic models posit that increased expectancy of reward, but
decreased experienced reward from eating may contribute to maladaptive behavior patterns.®

Behavioral and cognitive control processes include response inhibition (or inhibitory
control), attentional control, and cognitive flexibility. These processes recruit overlapping
frontostriatal, cinguloopercular, and frontoparietal networks’~19: the PFC are generally
viewed as the central executors of control.1112 |n AN, patterns of restrictive eating are
interpreted as extremes of self-control. BN is associated with impulsivity and the tendency
to act rashly in the context of negative emotion.13 Such observations raise questions about
the functioning of neural systems associated with behavioral and cognitive control across
eating disorders.14

Decision making can be considered an end-result of reward and control processes. In
cognitive neuroscience, this phenomenon is often studied via choice-based paradigms. This
rapidly advancing field of neuroscience is newly being applied to psychiatry, using
neuroimaging and computational approaches.1>

REWARD SYSTEMS

Reward is a broad construct that can encompass innate rewards like food, as well as learned
or complex reinforcers. Among healthy individuals, food and money are commonly used to
evaluate reward responsiveness. This pattern creates a complexity in adapting experimental
designs, because the reward value of food cannot be assumed in eating disorders. Reward
learning can theoretically include both positive and negative feedback, although learning
from positive feedback is better understood, to date.

Numerous studies have measured the degree to which individuals with eating disorders find
food rewarding, or pleasurable, as compared with healthy controls. Individuals with AN rate
food as less pleasurable than healthy controls, especially high-calorie foods.18 Some have
hypothesized that individuals with AN do not experience food as rewarding, and that this
experience results in decreased intake.17-19

Individuals with BN have high scores on self-report measures of novelty, pleasure, and
sensation-seeking behaviors.29 Moreover, the self-reported drive to eat for pleasure in the
absence of an energy deficit predicts the development of loss-of-control eating?! and is
associated with binge eating frequency.??

Patients with AN and BN consume large amounts of artificial sweetener through gum, diet
beverages, and sweetener packets as compared with healthy controls.23 Together, these
observations have led to the bottom-up examination of reward systems through behavioral
and neuroimaging experiments.
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Behavioral Studies: Anorexia Nervosa

To assess the reward value of food in AN, some studies measure motivation to pursue food,
assessed as speed of responding to food (faster response indicates greater motivation).
Patients with AN reported less wanting of high-calorie foods and response times were
slower (than healthy controls) when selecting between 2 high-calorie foods.1724 In 1 study
(but not the other), individuals with AN were faster than healthy controls to select low-
calorie foods.1”

Approach-avoidance paradigms assume that it is easier to approach than to avoid stimuli
with motivational value. Two studies suggest less motivation to pursue food by finding
reduced approach bias (approach responding minus avoidance responding) to food stimuli in
AN.25:26 Adolescents with AN displayed an approach bias toward low-calorie, but not high-
calorie, food stimuli.2” Individuals with AN, and the binge eating/ purging subtype in
particular, showed greater motivation than healthy controls to obtain artificial sweetener.28

Reward learning is understudied in AN, especially using behavioral tasks. One study has
demonstrated that individuals with AN are impaired at learning from feedback, both before
and after weight restoration.29

Brain Studies: Anorexia Nervosa

Many functional MRI (fMRI) studies have presented images of food (presumed to be
innately rewarding) and noted differential activation among AN in areas of the brain that are
considered parts of the reward system (ventral striatum, middle frontal gyrus, ventromedial
PFC), and dorsolateral PFC (dIPFC), although specific regions and the direction of neural
activation differ across studies (eg, hypoactivity vs hyperactivity).30-3% Some studies have
shown differences between AN and healthy controls in response to sweet taste, although in
regions less central to reward.34-36

In monetary tasks, underweight adolescents with AN appropriately differentiated between
wins and losses in the ventral striatum,37 whereas adults recovered from AN demonstrated
hyporesponsiveness to monetary rewards in the ventral striatum compared with healthy
controls.38

The reward system has also been probed by measuring neural response to the differences
between received and expected rewards, the so-called prediction error. In eating disorders,
this phenomenon has been studied by training associations between neutral stimuli and
delivery of aliquots of sweet liquid (presumed reward). When prediction error occurred,
there were differences between patients with AN and healthy controls in neural activation
patterns in the striatum, as well as in the OFC.39.40

Indications of reward system abnormalities also come from PET studies, which have
identified increased dopamine receptor (D2/D3) binding in the ventral striatum among
individuals recovered from AN.#142 Although these data hint at an abnormality in dopamine
pathways, 1 PET study of dopamine receptors found no difference between patients with AN
and healthy controls.*3 Diffusion tensor imaging approaches and resting state functional
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connectivity studies have shown increased connectivity within the reward system,
specifically the nucleus accumbens—-OFC connectivity.*4

Summary—Together, behavioral and neuroimaging data suggest decreased reward
properties of food, abnormal value and/or processing of reward value of food, and hints of
abnormal dopamine functioning. Although intriguing, these findings have not been linked
directly to disturbances in eating behavior in AN.

Behavioral Studies: Bulimia Nervosa

To measure the reward value of food among individuals with BN, 2 studies have assessed
how hard patients will work for food (ie, motivation). In 1 study, women with BN worked
harder than healthy controls for chocolate candies, which were delivered and consumed as
they were earned, providing immediate reinforcement.#® In another, women with BN
pressed buttons to earn points to be cashed in at the end of the experiment for aliquots of a
palatable yogurt shake. When instructed to binge eat, individuals with BN worked harder for
the shake than healthy controls. However, when specifically told to work toward a
comfortable level of intake and not to binge eat, individuals with BN did not work as hard as
healthy controls for the yogurt shake portions.46 To measure the reinforcing value of taste
without ingestion, 1 study used a modified sham feeding procedure during which
participants sipped and spit solutions as much as they wanted in 1-minute increments.
Women with BN sipped roughly 50% more than healthy controls, regardless of solution
sweetness.#’ These experiments indicate an increased reinforcing value of food and of the
orosensory aspects of eating among women with BN. There are currently no experiments
with a nonfood reward, leaving a gap in understanding reward processing and reward
learning in BN.

Brain Studies: Bulimia Nervosa

Neural responses to pictures of food or actual tastes have been somewhat inconsistent across
studies of BN. Participants with BN often show greater activation in the medial OFC,
anterior cingulate cortex (ACC), visual cortex, and insula in response to pictures of palatable
foods relative to healthy controls,#849 and this increased activation has been correlated with
symptom severity.4? Negative mood states before scanning have been associated with
increased neural activation in anticipation of a palatable milkshake, suggesting a link
between affect and food evaluation.®0

In contrast, some research suggests a reduced reward response both to expected sweet taste
receipt and to unexpected taste receipt in BN relative to healthy controls.51-53 Women
remitted from BN have been found to have increased neural response to predictable receipt
of palatable foods and an abnormal failure to devalue taste stimuli after eating.>4:5% In a fed
state compared with a fasted state, individuals remitted from BN do not show the decrease in
putamen and amygdala responses to liquid tastants (sucrose or water) that healthy controls
do.%6

Unlike healthy controls, individuals remitted from BN did not differentiate between wins
and losses in ventral striatum response during a monetary choice task.>’ When visual stimuli
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were associated with later food and later monetary rewards, individuals with BN (and binge
eating disorder) showed altered activation to food-associated stimuli, but no significant
group differences related to monetary reward.>8

In the prediction error paradigm, adults with BN showed decreased activation in the bilateral
ventral putamen, amygdala, insula, and lateral OFC associated with unexpected outcomes
related to receipt of sucrose and prediction errors.>3 Thus, neural signals involved in reward-
based learning may be altered in both adolescent and adult BN.

Structurally, voxel-based morphometry has shown increased®® or normal®® volumes of
ventral striatum (nucleus accumbens) among individuals with BN compared with healthy
controls. PET and single photon emission computed tomography studies have identified
decreased striatal dopamine transporter availability and decreased dorsal striatal dopamine
release associated with binge eating frequency among individuals with BN.81.62 \ery few
published studies have focused on resting state functional connectivity in individuals with
BN.83-66 These studies have focused on somatosensory, dorsal ACC, and cerebellar seeds
and networks, not reward circuitry. However, integrations of graph theory network analysis
approaches with resting state data suggest that women with BN show reduced nodal strength
in reward-related areas (the medial OFC and putamen).56 Moreover, increases in reward-
circuit connectivity (from the ACC to ventral striatum and anterior insula) after repetitive
transcranial magnetic stimulation was associated with symptom remission, suggesting that
increases in reward circuity connectivity may mediate symptom improvement.57

Summary—Together, behavioral and neuroimaging studies suggest an increased
reinforcing value of food and changes in the brain reward system in association with food.
There is, as yet, little evidence to suggest non-food-related reward system abnormalities.

BEHAVIORAL AND COGNITIVE CONTROL

The broad constructs of behavioral and cognitive control include motor inhibition and
attentional control.58 Behavioral paradigms that assess behavioral and cognitive control
typically require individuals to inhibit a response or ignore interfering information. For
example, go/no-go tasks measure action restraint and require the inhibition of a button-
pressing go response when no-go stimuli appear on a screen.%9 Stop-signal tasks require
withholding of a button-pressing go response when a rare auditory or visual stop signal
sounds or appears.8.70 The delay between the go and the stop signal varies across the task,
resulting in easy (short delay) and more difficult (long delay) trials. The Stroop task’! and
Simon task’? require individuals to override a prepotent response when 2 pieces of
information are inconsistent (eg, naming a word’s ink color instead of reading the color
word such as blue, pressing a button that matches the direction in which an arrow is pointing
rather than the side of the screen on which it is presented). Overlapping
corticostriatothalamocortical loops, including lateral PFC, ACC, dorsal striatum, the

presupplementary motor area, insula, and parietal regions, are involved in these processes.
73,74
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Behavioral control deficits may be particularly relevant to the pathophysiology of binge
eating, because the sense of loss of control over eating is a defining element of binge
episodes in the binge eating/purging subtype of AN and in BN.”® In AN, recent theories
posit that increased cognitive control and difficulties with set shifting may promote or
maintain excessive control over food intake.”® In addition to difficulty controlling eating,
high rates of other dysregulated, often impulsive behaviors among individuals with BN
suggest that the disorder may also be characterized by impairment in inhibitory control
across multiple domains.””-81

Behavioral Studies: Anorexia Nervosa

Neuropsychological studies of individuals with AN have consistently found executive
function deficits in some domains related to cognitive control. Patients with AN show
difficulty changing responses when instructions changed, as evidenced on set shifting tasks
and Stroop tasks.82 Although attention is often impaired owing to starvation, studies of
attention bias do not suggest deficits in attentional control among individuals with AN.83
Behavioral control tasks, in which participants must engage inhibitory control to prevent an
active motor response, generally do not show a difference between individuals with AN and
healthy controls.84

Brain Studies: Anorexia Nervosa

Despite the numerous reports of cognitive inflexibility in AN, the neural correlates are not
clear. One study that required shifting of behavioral responses found less activation in the
frontostriatal circuits and associated increased set shifting errors among individuals with
AN.85 Several studies found decreased neural activation in regions that are considered part
of control networks during tasks that involve inhibition of motor responses. On the stop
signal task, there are data suggesting decreased medial pre-frontal activity during difficult
trials; however, there is no evidence of behavioral differences between patients with AN and
healthy controls.84.86.87

Summary—Behavior in AN is highly suggestive of aberrant self-control processes;
neuroimaging suggests that the neural mechanisms of AN symptoms may be more complex
than solely excessive self-control.

Behavioral Studies: Bulimia Nervosa

Behavioral data from classic neurocognitive paradigms support the hypothesis that BN is
characterized by deficits in both behavioral and cognitive control. Results of a metaanalysis
that included mostly studies using Stroop task variants suggest deficits in cognitive control,
or interference control, in individuals with BN that are more pronounced when food or
body-related stimuli are used.88

Brain Studies: Bulimia Nervosa

In food-related fMRI studies, individuals with BN show altered neural activation in control-
related regions. Individuals with BN showed decreased activation compared with healthy
controls in the left dIPFC in response to food pictures and trend-level decreased left dIPFC
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activation during chocolate shake receipt.4%-52 However, because there is no explicit control-
related demand during these tasks, decreased activation in PFC cannot be linked explicitly to
control-related processes.

To date, 4 studies have used cognitive and behavioral tasks during fMRI scanning to
measure the neural correlates of control in BN. Two studies found that both adolescents and
adults with BN showed decreased activation in the frontostriatal control circuitry during the
resolution of cognitive conflict on the Simon task, and this decreased activation was
associated with more frequent bulimic symptoms.8%:90 Machine learning approaches using
these altered patterns of activation can reliably distinguish BN cases from healthy controls.
91.92 One study has used a go/no-go task to examine differences in response inhibition to
food and neutral images and found that only a BN subgroup with the most frequent binge
eating showed decreased activation during response inhibition to neutral images in dorsal
striatum, with additional hypoactivation in sensorimotor areas.®? One emotional go/no-go
study found that individuals with BN showed age-dependent deficits in PFC activation
during emotional go/no-go task response inhibition relative to healthy controls.%3

Structural neuroimaging findings also suggest that alterations in control-related circuitry in
BN may be age dependent and reflect an abnormal neurodevelopmental trajectory. Cross-
sectional data from large samples of adolescents and adults with BN indicate age-associated
decreases in the volume and cortical thickness of frontal and parietal regions.?*9 The only
longitudinal structural imaging study of adolescent BN to date reported that reduced cortical
thickness compared with healthy controls in the right ventrolateral PFC persisted over 2
years of follow-up, even among those who achieved symptom remission.?6 Between-subject
variations in cortical thickness of the ventrolateral PFC were inversely associated with
specific BN symptoms, suggesting consistently more pronounced cortical thinning in this
control-associated region in individuals with more frequent BN symptoms. Subcortical
findings have been more inconsistent, and decreased®%-97 or normal®8:99 volumes of dorsal
striatum, specifically the caudate nucleus, have been documented in BN compared with
control participants.

The only published study of brain connectivity at rest using a control-related seed (in the left
dIPFC) did not report any difference in resting state functional connectivity in executive
control circuitry in women with BN compared with healthy controls.53

Summary—-Behavioral data in BN indicate deficits in inhibitory control that are
particularly pronounced in the context of food cues. Limited existing neuroimaging data
suggest that functional and structural alterations in control circuits occur early in the course
of BN and may contribute to the disorder’s persistence over time.

DECISION MAKING

Several important advances in cognitive neuroscience have come from examining decision
making. Examining maladaptive behavior in eating disorders creates top-down models and
testable hypotheses about neural mechanisms of illness. This approach has been less

commonly used to date, but holds a lot of promise. Decision making is often measured as a
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choice behavior, which in many ways is the result of reward and control as well as other
cognitive processes such as attention, learning, and memory. This approach, which integrates
behavioral and brain studies, provides complementary insights to the bottom-up probes
described elsewhere in this article.

Activation in corticostriatal regions (caudate, anterior putamen, ventromedial PFC, and
dIPFC) is integral to goal-directed action.#100-104 Computational approaches have allowed
for differentiation between goal-oriented and more automatic decisions.10° Value-based
decision making has been shown to be mediated by cortical systems.106:107 When decisions
are more automatic, or habitual, these processes are related to the dorsal striatum and
associated cortical regions.108

Monetary Decisions (Temporal Discounting)

One well-characterized behavior involves the trade-off between rewards available
immediately, and rewards available only after a delay—termed temporal discounting.
Among healthy controls, there is individual variability in the rate at which the value of the
reward decreases with the time needed to wait to receive it. This complex behavior
incorporates reward systems and control systems, as well as the experience of time.199 The
discount rate, a quantification of the loss of value over time, has been shown to relate to real-
life behaviors, such as academic performance and risk-taking behaviors. Among individuals
with eating disorders, temporal discounting has been of interest because of the potential
analogy to trade-offs between the immediate food reward and longer term weight- or shape-
related goals.110 Several studies have found that individuals with AN discount the value of
money less steeply than healthy controls,111-114 although some have not.11%:116 Associated
neuroimaging findings have suggested that there are frontostriatal system differences
between patients with AN and healthy controls during temporal discounting. Acutely ill
individuals with AN showed decreased ventral striatal and dorsal ACC activation associated
with decreased (ie, less steep) discounting of money. After weight restoration, normalization
of behavior was associated with increased activation of the striatum and dIPFC (as well as
other cortical regions).112 In a different paradigm, while healthy controls showed different
activation patterns in reward and cognitive control-related circuitry depending on metabolic
state (ie, hunger vs satiety), individuals recovered from AN did not.117

Among individuals with BN, temporal discounting rates are greater than those of healthy
controls, suggesting a preference for immediate reward, difficulty delaying gratification, and
perhaps poor control over reward.118:119 Transcranial direct current stimulation over the
dIPFC decreased temporal discounting rates and temporarily decreased urges to binge eat.120
Although no published fMRI studies of BN have used delay discounting tasks, these
noninvasive brain stimulation data support the hypothesis that lateral PFC dysfunction in BN
contributes to difficulty delaying gratification.

Food-Based Decisions

Disturbances in eating are the central behavioral phenomena defining eating disorders (see
Fig. 1). Examining the neural mechanisms of these maladaptive behaviors are therefore the
main focus of a top-down approach. To address this in AN, a food choice task asks
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participants to make choices about what to eat, knowing that they will receive one of their
choices after the task.196.121 Choice of high-fat foods during the task has been shown to
correlate with actual caloric intake in a laboratory meal, providing external validation that
this task measures maladaptive restrictive intake.122 One proposed model suggests that these
maladaptive behaviors are habitual, or over-trained, choices and not governed by value-
based decision-making systems.123 A key prediction of this model is that, like neural
mechanisms of habit, restricted food intake in AN is guided by activity in the dorsal striatum
and associated cortical regions, such as the dIPFC. fMRI scanning during this food choice
task indicated that among those with AN, but not healthy controls, active food choice was
associated with neural activation in the dorsal striatum.

SUMMARY

Research on the neural mechanisms of AN and BN have yet to converge on 1 clear
underlying pathophysiology. Yet, current directions in research are promising. The most
compelling data come from studies that began with a biological model and tested specific
hypotheses. These behavioral, functional, and structural MRI, and PET studies have
indicated that the reinforcing value of food is reduced in AN, whereas individuals with BN
experience greater reinforcement from properties of food that are associated with binge
eating. There are hints of reward processing and reward learning abnormalities that indicate
that reward system dysfunction may be an important path forward. Current data suggest that
control systems—~broadly focused on corticostriatothalamocortical pathways—are affected
in BN, and may reflect altered neurodevelopment. This direction has been less fruitful for
understanding AN. Direct examination of maladaptive behavior in AN has indicated that
there are differences in neural mechanisms of decision making about food. By testing
hypotheses about the neural mechanisms of maladaptive behavior and about illness-related
dysfunction in reward and control systems, the field may advance in understanding the
pathophysiology of eating disorders.

Considerations and Limitations of Existing Research

Neurocognitive and neuroimaging research in AN and BN have often been limited by small
sample sizes and differences in task designs that impact interpretation. For example, probes
of the reinforcing value of food tend to find decreased reward from food in AN. Yet, when
an active response to a reward or an actual ingestion is the outcome, there is less evidence of
decreased responding (or sensitivity) to reward. Predictability of the stimulus delivered, the
reward stimulus used (eg, pictures of money or food; glucose, sucrose, or sweet—fat
combination solutions; artificial saliva; noncaloric sweet taste), and responses measured (eg,
passive receipt, approach or avoidance responses) contribute to challenges in clarifying
dysfunction in reward systems.

Studies of control mechanisms have used complex tasks with multiple subcomponents. For
example, because the Stroop and Simon tasks simultaneously assess inhibitory and
attentional control and conflict monitoring, it is unclear whether high error rates on these
tasks indicate deficits in one or all of these dimensions of control, making it difficult to
clarify mechanism dysfunction in eating disorders.
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Probing decision making around monetary choices has its limitations, because this is not a
direct reflection of the pathology of eating disorders. It may be that probing discounting in
the setting of more illness-specific choices will be fruitful. 124

There are also universal challenges in interpreting neural correlates in the setting of illness.
If a clinical group performs differently from healthy controls on a task, differences in brain
activation may simply reflect that behavior—without relevance for disease processes. When
groups perform similarly on a task, several factors (eg, a different cognitive process, a
different neural computation) could explain reduced activation in a clinical group, and again
relevance to disease processes cannot be assumed automatically.125 Throughout the
literature, differences in the stage of illness of the studied population creates a challenge.
The field would benefit from clearer definitions of clinical stages, to improve our ability to
identify markers of disease.

Future Directions

To move the field forward, new tasks, analytical approaches, and longitudinal designs are
needed. Novel paradigms that permit a top-down approach may better elucidate the neural
mechanisms of illness. Many existing paradigms have not demonstrated relevance to actual
maladaptive behavior. Several studies report statistical correlations between eating disorder
symptoms and control-related measures, yet it is unknown whether the processes assessed
by these tasks directly promote salient pathology in AN and BN. Tasks that measure eating-
specific planning26 and decision making, and food approach followed by consumption will
be important to more accurately model the neural bases of dysregulated eating in AN and
BN.

Tasks with greater specificity around subcomponents of broad neurocognitive constructs
could help to inform future top-down studies and isolate targets for novel intervention. For
example, within the realm of cognitive control, some data suggest that investigation of
attentional control in eating disorders is warranted.”9:94.127.128 This process may contribute
to difficulty in planning and organizing eating behavior in BN.127

Advanced analytical approaches such as computational models show a lot of promise for
understanding circuit-level abnormalities and individual variability that may promote eating
disorder symptoms. Models from other areas of computational psychiatry could be
developed to specifically understand reward, control, and decision-making processes in food
and non-food-based paradigms.

All of these directions need to be incorporated into longitudinal imaging studies with large
samples to fully understand the neuropathology of eating disorders.

Abbreviations

ACC Anterior cingulate cortex
AN Anorexia nervosa
BN Bulimia nervosa
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dIPFC Dorsolateral PFC

fMRI Functional MRI

OFC Orbitofrontal cortex

PFC Prefrontal cortex
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KEY POINTS

. Cognitive neuroscience offers research approaches that can test hypotheses
about the link between maladaptive eating behavior and underlying neural
systems, thereby helping to further our understanding of eating disorders.

. Reward-focused approaches have identified reward processing and learning
abnormalities in anorexia nervosa, which have been less studied in bulimia
nervosa.

. Control-focused approaches suggest corticostriatal abnormalities in bulimia

nervosa associated with dysfunction in cognitive and behavioral control.

. Decision-making approaches show that the neural mechanisms of food choice
among patients with anorexia nervosa differ from healthy individuals.

Psychiatr Clin North Am. Author manuscript; available in PMC 2020 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Steinglass et al. Page 19

= = Top-Down Approach
Bottom-Up Approach

Maladaptive Eating
Behavior

Psychological
traits/features

Behavioral &
Cognitive
Control

Reward
Processing

Fear Learning/
Generalization

| | I
I | | |
] | | |
4 Y v
Limbic Ventral Frontostriatal Dorsal Frontostriatal
Abnormalities Abnormalities Abnormalities

Fig. 1.

M%deling the links between brain and behavior to create specific testable hypotheses.
Maladaptive eating behavior consists of food avoidance and rigid dieting practices in
anorexia nervosa (AN) and in bulimia nervosa (BN), and out-of-control binge eating and
compensatory behaviors in BN and the binge-eating/purging subtype of AN. These
maladaptive behaviors are associated with numerous psychological traits, such as high
anxiety and high obsessionality. These traits, in turn, are associated with specific
neurocognitive processes that are the behavioral output associated with neural circuits. Fear
learning processes are related to limbic circuits and are associated with anxiety and
avoidance behaviors. Reward processing and learning are associated with ventral
frontostriatal circuits and relate to hedonic processes as well as the development of learned
behaviors (perhaps including dieting). Control processes and habit learning are associated
with dorsal frontostriatal circuits and are related to disinhibition and obsessionality, which
are also related to eating disordered behaviors.
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