Brain, Reward, and Eating Disorders:
A Matter of Taste?

Humans view food in unique ways, eating to meet not only basic homeo-
static needs but also sensory, emotional, and sociocultural ones. For the
majority of people, eating is a source of pleasure and gratification. However, in-
dividuals suffering from eating disorders such as anorexia nervosa develop
a strong motivation to reject food for long periods of time, with dramatic ef-
fects on health, relationships, and productivity. Despite the relevance of eating
disorders in our society and substantial research efforts over the past decade, in-
formation on the underlying mechanisms remains incomplete, even at a basic
level.

The accumulated knowledge to date points to a broad neurodevelopmental
framework for the etiology of anorexia nervosa (1). According to this model,
the illness results from the interaction between predisposing factors and com-
pensatory responses to chronic stress once a certain threshold is crossed and an
out-of-control vicious circle is established. Dysregulation of reward processing
mechanisms is believed to play a central role downstream in this complex
scenario, contributing to the development and maintenance of core symptoms (2,
3). Recent conceptualizations of reward in anorexia nervosa suggest that the
specific dysfunction consists of a suppression of the desire to eat (“wanting”)
while the capacity to hedonically evaluate food (“liking”) is preserved (4).
However, many aspects of the natural history of such dysfunction—that is, whether
it is a cause or a consequence of starvation—remain elusive.

Neuroimaging provides a window for objectively evaluating mechanisms of
reward processing in anorexia nervosa and may shed light on these open questions.
Additionally, it can be used to study similarities with and differences from related
conditions, such as bulimia nervosa, helping in the development of biomarkers that
can guide future efforts toward disease categorization. A commonly used neu-
roimaging paradigm in eating disorders involves the evaluation of brain reward
pathways when individuals taste a pleasant food (usually sugar). Previous research
with this method has identified the engagement of two brain systems: ventral and
dorsal (2). The ventral system includes regions such as the amygdala, the anterior
insula, ventromedial sectors of the prefrontal cortex, and the ventral striatum.
The dorsal system comprises the dorsolateral prefrontal cortex, the parietal
cortex, and the dorsal striatum. The interplay between rapid, automatic eval-
uations generated in the ventral system and top-down cognitive influences aris-
ing from the dorsal system results in adaptive guidance of eating behavior on the
basis of goals.

In this issue of the Journal, Frank et al. (5) provide new insights into the nature of
reward dysfunction in eating disorders using voxel-based morphometry (VBM),
a technique for automatic computational neuroanatomy. The authors examined
differences in brain structure in three groups: patients who were currently ill or
recovered from anorexia nervosa; patients with bulimia nervosa; and healthy
comparison women. The use of three groups allowed an elegant identification of
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overlapping as opposed to disorder-specific brain changes. Compared with healthy
subjects, all patients had larger gray matter volume in an area of the ventral system,
the gyrus rectus/medial orbitofrontal cortex. Gray matter volume in this region
correlated with pleasantness ratings (“liking”) during a sucrose taste perception
test prior to scanning. More specifically, the anorexia nervosa groups had increased
gray matter volume of the anterior insula in the right hemisphere; in bulimia
nervosa patients, a similar effect was observed on the left side. Additionally, gray
matter volume in the dorsal striatum was associated with a measure of reward
sensitivity (“wanting”), and the groups of recovered anorexia nervosa and bulimia
nervosa patients had reduced gray matter volume in this area.

Compared with functional MRI (fMRI), the use of structural neuroimaging tech-
niques such as VBM eliminates the dependence on performance of a functional
task inside the MRI scanner and provides anatomical information that is poten-
tially more stable and more closely related to disease traits. Gray matter volume
can change for many reasons. Increases or decreases can reflect developmental
changes or the effects of use and disuse of a brain structure. The implication of this
study is that gray matter volume is related to the amount of mental processing
devoted to the task of that brain region. The combination of VBM with taste- and
reward-related measures in this investigation corroborated the specificity of the
findings and is a major strength of the study. Previous research with structural
neuroimaging in anorexia and bu-
limia nervosa has shown poor consis-
tency of results across studies (6). The
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anorexia nervosa. Notably, it is the
largest neuroanatomical study in eating disorders to date, and it includes key
methodological improvements. To overcome the sensitivity of VBM to hydration
status (7), Frank et al. strictly controlled food and fluid intake in the participants
with anorexia and bulimia nervosa for 7-10 days before scanning sessions, as part
of inpatient or partial hospital treatment. In addition, the authors used the most
robust methodology for VBM analysis, with an algorithm to improve image
registration (diffeomorphic anatomical registration through exponentiated Lie
algebra—DARTEL) (8). They also controlled for the effect of a number of con-
founding variables, such as medication use. Altogether, the study adhered to high
methodological standards that support the validity of the findings.

The study points to the gyrus rectus/medial orbitofrontal cortex as a neural sub-
strate common to anorexia and bulimia nervosa, and potentially a transdiagnostic
correlate of eating disorders. In the case of bulimia nervosa, only ill individuals were
studied; an additional recovered bulimia nervosa group is necessary to confirm this
as a trait in the condition. The gyrus rectus/medial orbitofrontal cortex is pre-
dominantly involved in the processing of pleasant stimuli (9). As the authors sug-
gest, this opens the possibility that brain changes determining an elevated capacity
to experience pleasure from food (liking the taste) could represent neurodevel-
opmental contributors to eating disorders and act as an initial trigger of com-
pensatory behaviors (such as decreased wanting for food rewards) early on in the
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natural history. While this possibility is certainly interesting and aligns well with
conceptualizations of reward in eating disorders and previous fMRI data (10), it
calls for studies to replicate and elaborate on these findings. Because the in-
vestigation did not include vulnerable individuals at a premorbid stage, it is diffi-
cult to draw a firm conclusion that the identified changes are primary drivers rather
than a consequence of prolonged starvation. It will be important to address this
issue in future studies, especially with the use of longitudinal designs.

Disorder-specific changes were identified in the anterior insula, a region involved
in sensing and modulating the physiological state of the body (11) and a central
node in the taste-reward ventral system (2). A growing body of data supports a link
between disturbed processing of interoceptive awareness in this region and the
pathophysiology of eating disorders. Indeed, in another fMRI study that appears in
this issue, Oberndorfer et al. (12) report differences in anterior insula activation in
response to sucrose taste in a group of individuals recovered from anorexia and
bulimia nervosa. The study by Frank et al. also found changes in the volume of
white matter pathways associated with the insula. These and previous findings
pave the way for efforts to develop interventions to modify the activity of this region
in eating disorders.

The Frank et al. study provides a significant step toward a better understanding of
the neuroanatomy of eating disorders and its association with reward. It is a good
example of how structural neuroimaging can inform theories of reward dysfunction
in eating disorders and provide insights into their natural history to eventually
guide brain-based classifications. We may be years away from being able to use
a quick brain scan for reliable single-subject diagnosis, making the identification of
eating disorders just “a matter of taste,” but studies like those by Frank et al. and
Oberndorfer et al. give us hope that the neuroimaging of eating disorders is moving
forward and making significant progress.
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