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Abstract: A wealth of studies has investigated the neurobiological underpinnings of anorexia nervosa. In our letter
to the editor, we point to a number of ways in which the advances in our understanding of the neurobiology of
anorexia nervosa - focusing on neuroimaging studies of brain structure and function - can be translated into
treatment. We point to how such advances can: inform psychological treatment, be implemented in
psychoeducation, point to novel therapeutic targets, lead to the identification of biomarkers, and expand our
vocabulary for how we think and talk about anorexia nervosa.
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Anorexia nervosa (AN) is a severe mental disorder predominantly affecting young women. Less than half of patients recover following treatment. For the past 20 years,
substantial research has been invested into the identification of the neurobiological underpinnings. Structural
brain imaging studies have shown gray and white matter
changes which generally normalize with recovery [1].
Functional brain imaging studies have demonstrated alterations in fronto-striato-limbic circuits, suggesting aberrant cognitive control, reward, and emotion processes
[2]. This suggests AN psychopathology emerge as a result of altered interactions between top-down and
bottom-up circuits [3], possibly related to core disturbances in how the brain processes salient stimuli [2].
Below we point to examples of how advances in our understanding of the neurobiology of anorexia nervosa, focusing on neuroimaging studies of brain structure and
function, can be translated into treatment.

Neurobiological studies can inform and influence
psychological treatments
For example, the consistent findings of altered brain
structure and function provide biological evidence that
the brain is affected by prolonged malnutrition. This
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underscores the importance of early weight-rehabilitation.
Awareness of the strong structural brain alterations in the
acute state and their normalization following weight-gain
can influence the attitude of the therapist and carers, and
the ethos of services. Furthermore, functional brain alterations are present in both ill and recovered patients, and
are associated with traits such as anxiousness [2]. This underscores the importance of working with as opposed to
against these traits during treatment. Teaching patients to
use their traits in a constructive as opposed to destructive
manner may be valuable. A recent study showed that
neural activations moderated the relationship between
stress and binge-eating behavior in everyday life among
patients with bulimia nervosa [4]. Such studies holds
promise in identifying neural mechanisms underlying
everyday pathological behaviors, and could prove helpful
in the development of novel treatments. Furthermore,
neurobiological models can be integrated into treatment
as psychoeducation for patients and their families as described in multimodal interventions targeting both patients and carers [5]. From a psychodynamic perspective,
neurobiological models can be regarded as “third objects”
which might decrease or circumvent resistance to therapy
and change. Such psychoeducation may increase patients’
understanding of their own disorder, and boost motivation
to overcome their anxieties and gain weight. One study reported that neurobiological-centered psychoeducation had
beneficial effects on patients and their supports [5].
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Identification of affected brain circuits may point
to valuable therapeutic targets
Neuromodulatory treatments for AN under investigation
include deep brain stimulation and transcranial magnetic
stimulation. Deep brain stimulation of the subcallosal
cingulate shows promising effects on weight, mood, and
anxiety in treatment-resistant patients at 1-year followup [6]. Transcranial magnetic stimulation may also have
therapeutic potential [7], although larger studies are
needed. These treatments may augment traditional
forms of treatment by producing changes in core symptoms or comorbidities, particularly in severely affected
treatment-resistant patients. Striato-limbic circuits are
involved in non-conscious and automatic processes related to reward and emotion, which are of interest as
targets of health-related behavior change [8]. Targeting
these subcortical circuits could be accomplished with
established psychological interventions such as exposure
treatment and inhibition training.
Neurobiological research can identify biomarkers
These can be used in the evaluation and formulation of
diagnosis, prognosis, and treatment planning. For instance, brain characteristics could be used to predict
clinical course or outcome. One study reported associations between neural activation at admission and 1-year
outcome in AN [9]. A recent investigation also showed
that structural brain characteristics could be used to correctly classify AN cases and controls with a 74% accuracy [10]. If such tools are realized, they will enable
treatment individualization, e.g. by suggesting treatment
pathways for a given patient.
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terms of understanding, awareness, and stigma. Neurobiological research findings should complement and be integrated with psychological and family-based approaches –
and not be a substitute. Such a complementary approach
reflects true biopsychosocial understanding, which is the
core of psychosomatic medicine.
Acknowledgements
Not applicable.
Funding
None/not applicable.
Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analysed during the current study.
Authors’ contributions
All authors contributed to the ideas and arguments made in this manuscript
and collaborated on writing. All authors read and approved the final
manuscript.
Competing interest
LB, ØR, and AJ have no competing interests. JT has funding from the
National Institute for Health Research (NIHR) under the RfPB programme
(PB–PG-0609-19,025: Expert Carers Helping Others (ECHO); PB-PG-071228,041: A study of the feasibility and effectiveness of the addition of Self Help
Aid and Recovery guide for Eating Disorders to the treatment of anorexia
nervosa (SHARED)); and the NIHR Mental Health Biomedical Research Centre
at South London and Maudsley NHS Foundation Trust and King’s College
London. She also has royalties from self-help books she has written and for
training given and lectures funded by Eli Lilly and Wiley (all outside the submitted work).
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.

Publisher’s Note
Neurobiological studies improve our
understanding of the pathophysiology
Understanding the mechanisms that underlie the development and maintenance of AN may form the basis for
developing new therapeutic strategies. However, it will
also expand our vocabulary for how we think and talk
about AN, which will be beneficial for patients, carers,
and clinicians. The enriched language may reduce
stigma: Unlike many psychological terms (e.g. rigid
thinking) there are no negative connotations associated
with neurobiological terms such as “hyperactive amygdala”. Moreover, a better neurobiological understanding
can improve awareness and encourage early detection
and treatment for eating disorders. This enhanced knowledge and attitude towards the disease will also have an
impact in the teaching of future therapists.
To conclude, understanding the neurobiology of AN
holds a variety of treatment implications, and we have
highlighted some of these in our letter. New brain-based
treatments are of interest but there are wider implications in relation to psychological treatments, and in
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