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Abstract

Anorexia nervosa (AN) tends to be a chronic and deadly disorder with no proven treatments that reverse core symptoms in adults. New
insight into neurobiological mechanisms that contribute to symptoms may support development of more effective interventions. We
describe the development of a temperament-based treatment for AN on the basis of empirically supported models. It uses a systemized
approach and takes into consideration an understanding of how neurobiological mechanisms are expressed through behaviour and
personality and contribute to specific AN symptomatology. This model integrates the development of AN-focused constructive coping
strategies with carer-focused strategies to manage temperament traits that contribute to AN symptomatology. This intervention is
consistent with the recent Novel Interventions for Mental Disorders initiative mandating that treatment trials follow an experimental
medicine approach by identifying underlying mechanisms that are directly targeted by the intervention to influence symptoms.
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Introduction

Anorexia nervosa (AN) typically affects adolescent girls at onset
and is characterized by restricted eating, emaciation and distorted
body image. Approximately 50% of individuals with AN develop a
chronic, relapsing course that characterizes severe and enduring
AN (SE-AN; defined as having a mean illness duration of 5 or
more years) (Hay, Touyz, & Sud, 2012; Keel, Mitchell, Miller,
Davis, & Crow, 1999; Klein & Walsh, 2003; Touyz et al., 2013).
To date, there is no proven psychological treatment or United
States Food and Drug Administration approved medication for
adults with SE-AN that reverses symptoms (Bulik, Berkman,
Brownley, Sedway, & Lohr, 2007; Jimerson, Wolfe, Brotman, &
Metzger, 1996; NICE, 2004; Rigaud, Pennaccchio, Bizeul,
Reveillard, & Verges, 2011; Watson & Bulik, 2012). Consequently,
adults with SE-AN have substantial and costly medical morbidity
(McKenzie & Joyce, 1992) and the highest mortality rate of any
psychiatric disorder (Papadopoulos, Ekbom, Brandt, & Ekselius,
2009). Moreover, adults with SE-AN have high rates of disability
and tend to be a significant burden to carers (CA) and healthcare
funders (Striegel-Moore et al., 2008; Touyz et al., 2013; Treasure
et al., 2001). This underscores the critical need, both clinically
and as a public health initiative, to improve treatment of SE-AN
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given the lack of substantial progress the field has made in develop-
ing interventions that effectively achieve weight restoration and
remission of symptoms (Hay et al., 2012; Touyz et al., 2013).
The emergence of neurobiological models of eating disorders
(ED) supported by neuroscience data suggest that in order to de-
velop effective treatments for AN, a paradigm shift is necessary and
‘treatment of ED cannot remain “brainless™ (Schmidt & Campbell,
2013). The lack of a mechanistic understanding of AN has thwarted
efforts to develop evidence-based interventions. Recent scientific
advances reveal a neurobiologically based AN temperament char-
acterized by anxiety, reward insensitivity, altered interoceptive
awareness and cognitive inflexibility and rigidity (Anderluh,
Tchanturia, Rabe-Hesketh, & Treasure, 2003; Cassin & von
Ranson, 2005; Fassino, Piero, Gramaglia, & Abbate-Daga, 2004;
Harrison, O’Brien, Lopez, & Treasure, 2010; Kaye et al., 2004;
Lilenfeld, 2011; Lilenfeld, Wonderlich, Riso, Crosby, & Mitchell,
2006; Wagner et al., 2006). These temperament and personality
traits, which are related to neural circuit function, are important
in the development and maintenance of the disorder (Kaye &
Bailer, 2011; Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe,
2013). In addition to predating the disease, these traits often persist
to a mild to modest degree after recovery (Anderluh et al., 2003;
Cassin & von Ranson, 2005; Kaye et al., 2004; Lilenfeld, 2011;
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Wagner et al., 2006). This personality and behaviour profile may
provide a framework to guide the development of interventions
designed to address symptoms specific to AN. We expect that
treatments that target these neurobiological mechanisms will be
more effective at reducing clinical symptoms than existing
treatments.

This paper presents a novel behavioural treatment approach
composed of intervention strategies targeting these neurobiologically
defined core symptoms underlying AN. This treatment approach is
consistent with a recent NIMH initiative (RFA-MH-15-300 Explor-
atory Clinical Trials of Novel Interventions for Mental Disorders)
that mandates that future treatment trials follow an experimental
medicine approach in which treatments must identify a target or
mediator that the intervention affects to influence symptoms.
We describe the development of a temperament-based treatment
for AN (TBT-AN) on the basis of empirically supported models
explaining underlying neurobiological mechanisms that cause
AN pathology and symptomatology. To do so, we first describe
temperament constructs targeted by TBT-AN to affect clinical out-
come by taking the following into consideration: (i) the underlying
neurobiological mechanisms; (ii) an understanding of how these
mechanisms are expressed through behaviour and personality;
and (iii) their contribution to specific AN symptomatology. We
then discuss the overarching treatment approach that integrates
the development of AN-focused constructive coping strategies
with CA support and CA-focused temperament management
strategies. We propose a framework for delivering treatment, offer
examples of targeted treatment strategies that adhere to the pro-
posed treatment framework and present preliminary data on this
treatment approach in the Supporting Information.

Neurobiological traits and temperament
constructs targeted by temperament-based
treatment for anorexia nervosa

Anxiety

Individuals with AN have exaggerated anxiety related to food and
eating (Steinglass, Walsh, & Stern, 2006), elevated intolerance of
uncertainty (IU) (Frank, Roblek, et al., 2012) and exaggerated
harm avoidance (HA), a multifaceted temperament trait that
contains elements of anxiety, inhibition and inflexibility (Cassin
& von Ranson, 2005; Klump et al., 2004; Lilenfeld, 2011; Wagner
et al., 2006). Individuals with AN have increased frequency of
comorbid anxiety disorders with lifetime prevalence rates of up
to 50% (Raney et al., 2008).

Neurobiological mechanisms

As discussed in recent reviews (Kaye et al., 2013), recent
research (Bailer, Frank, et al., 2012; Bailer et al., 2005; Frank
et al., 2005) implicates anxiety in AN with altered function of ex-
ecutive dorsal caudate (DC) and limbic regions, including altered
dopamine (DA) and serotonin (5-HT) function. A study (Bailer,
Narendran, et al., 2012) using positron emission tomography
[''C]raclopride binding with amphetamine to assess endogenous
DA production found that DA release in the DC was associated
with increased anxiety in recovered AN, in contrast to the norma-
tive experience of euphoria in response to limbic DA release
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(Brauer & de Wit, 1996; Gabbay, 2003). That is, DA release asso-
ciated with usually pleasurable events (such as eating) may be ex-
perienced as anxiogenic in AN. Animal studies (Eagle et al., 2011;
Simon et al., 2011) confirm that risk avoidance and inhibition
correlate with DA function in the DC and related regions, provid-
ing evidence that such neural processes contribute to anxiety and
avoidant behaviours in AN. Because endogenous DA release oc-
curs both in response to the delivery of a stimulus, and also in
anticipation of upcoming stimuli, these processes may contribute
to aversive anticipatory states. Imaging data support the conten-
tion that individuals with AN have an exaggerated anticipatory
response to interoceptive cues for food and pain that is anxious
and aversive. In addition, there is diminished insula and striatal
response to receipt of food (Cowdrey, Park, Harmer, & McCabe,
2011; Frank, Reynolds, et al., 2012; Oberndorfer, Simmons, et al.,
2013; Strigo et al., 2013; Vocks, Herpertz, Rosenberger, Senf, &
Gizewski, 2011; Wagner et al., 2008). This suggests significant
sensitivity to anticipation that likely contributes to their ability
to restrict food.

Behavioural expression

Exaggerated levels of anticipatory anxiety, characterized by ex-
cessive concern and worry over upcoming events, may underlie
the commonly noted behavioural tendencies of individuals with
AN to be excessively inhibited and risk avoidant. Avoidance be-
haviours may be a method for reducing anxious feelings. Consis-
tent with these findings, individuals with AN also exhibit high
levels of IU (Frank, Roblek, et al.,, 2012). This trait has been
heavily implicated in the aetiology and maintenance of anxiety
disorders (Anderson et al., 2012; Gentes & Ruscio, 2011). Individ-
uals who score high in IU demonstrate excessive worry prior to
engaging in a task, leading to difficulty in decision-making, slower
reaction times and avoidance behaviours in response to ambiguous
tasks (Ladouceur, Gosselin, & Dugas, 2000; Ladouceur, Talbot, &
Dugas, 1997). Such behaviours (e.g. anticipatory anxiety, difficulty
in decision-making and avoidance) have been commonly noted in
AN related to eating, implicating IU as an important factor in eating
pathology characterizing AN.

Contribution to anorexia nervosa symptomatology

If individuals with AN experience endogenous DA release as
anxiogenic, rather than hedonic, it may explain avoidance of food
and eating. That is because food refusal may be an effective means
of diminishing such anxious feelings. Consistent with these find-
ings, individuals with AN have been shown to experience elevated
levels of anxiety before engaging in a meal. Furthermore, they re-
port a degradation in mood and physical state following food con-
sumption (Kaye, Strober, & Klump, 2003; Steinglass et al., 2010).
Thus, restriction is likely an inhibitory response resulting from
aversive anticipatory states, which is pursued in an effort to avoid
the expected negative consequences of eating (Steinglass et al.,
2010). Imaging data showing an exaggerated anticipatory re-
sponse to food cues that is anxious and aversive in AN further
support the notion that anticipatory anxiety contributes to restric-
tive eating (Cowdrey et al., 2011; Frank, Reynolds, et al., 2012;
Kaye, Wierenga, Bailer, Simmons, Wagner, et al, 2013;
Oberndorfer, Frank, et al., 2013; Oberndorfer, Simmons, et al.,
2013). Moreover, elevated anxiety and HA not only maintain
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ED symptoms but may also predict poor outcome (Bloss et al.,
2011; Bulik, Sullivan, Fear, & Pickering, 2000; Crane, Roberts, &
Treasure, 2007; Kaye et al., 2004; Klump et al., 2004; Lock, Agras,
Bryson, & Kraemer, 2005), suggesting that a treatment designed
to reduce or manage HA/anxiety may improve outcome. In fact,
a recent food exposure and response prevention open trial and
randomized control trial showed reduction in anxiety was associ-
ated with increased caloric intake in a post-treatment laboratory
meal. Treatment did not increase caloric intake in the open trial
(Steinglass et al., 2012), but it did in the randomized control trial
(Steinglass et al., 2014), indicating the potential relevance of pre-
meal anxiety as a treatment target.

Reward insensitivity

Neurobiological mechanisms

Adults with AN have high punishment sensitivity and low re-
ward reactivity during both the ill and recovered states (Harrison
et al., 2010). Our imaging data suggest that altered reward sensi-
tivity (Bischoff-Grethe et al., 2013; Wagner et al., 2007; Wierenga
et al., In Press) and increased behavioural inhibition in AN
(Oberndorfer, Simmons, et al., 2013; Wierenga et al., 2014) are
related to underactive limbic (reward) circuitry and overactive
executive (inhibition) neural circuitry (Dietz, 1998). For example,
adults recovered from AN (Wagner et al., 2007) exhibit a failure
to differentiate feedback valence in ventral striatal regions and
an exaggerated response to both reward and punishment in dorsal
executive regions in a simple monetary choice feedback task
(Delgado, Nystrom, Fissel, Noll, & Fiez, 2000) relative to healthy
peers. Ill adolescents with AN also exhibited an exaggerated re-
sponse to losses compared with wins in posterior executive and
sensorimotor striatal regions (Bischoff-Grethe et al., 2013).

Behavioural expression

Behavioural studies show that underweight ill adults with AN
have an enhanced ability to delay reward compared with healthy
peers (Steinglass et al., 2012). Adults with AN may be unable to
appreciate rewarding stimuli (Bischoff-Grethe et al., 2013; Wierenga
et al, Under Review) because they are preoccupied with conse-
quences. Conversely, individuals with AN have been shown to be
hypersensitized to criticism, tending to perceive their actions as incor-
rect or flawed. The disproportional bias towards failure/punishment
contributes to a tendency towards avoidance versus approach behav-
iour. Thus, an altered balance between reward and inhibition appears
to be a hallmark of AN.

Contribution to anorexia nervosa symptomatology

Clinically, this insensitivity to reward and increased sensitivity
to punishment is likely to interfere with motivation or ability to
learn from experience. That is, ill individuals with AN have diffi-
culty appropriately proportioning reward and punishment. The
overvaluation of potential negative consequences in comparison
with potential reward likely contributes to the lack of motivation
for recovery, a unique feature of this disease. Perseverative con-
cerns over the consequences of recovery, including weight gain,
appear to overshadow even the most salient reasons to recover
(e.g. return to school or ability to participate in physical activity).
The neurobiologically driven reward-punishment imbalance
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likely explains the relentless pursuit of emaciation at the expense
of other life activities, where consequences of recovery such as
weight gain and other associated effects appear to be more salient
than natural reinforcers such as the return to normal life activities.
With respect to food restriction, the ability to delay reward and
overvaluation of consequences may help to maintain persistent
food restriction (Steinglass et al., 2012).

Interoceptive awareness

Neurobiological mechanisms

Altered sensitivity for one’s internal bodily signals (‘interocep-
tive awareness’) might be a precipitating and reinforcing factor
in AN (Fassino et al., 2004; Lilenfeld et al., 2006). The anterior
insula is involved in integrating interoceptive information
(e.g. internal physical sensations including taste, pain and hunger)
with motivational and emotional processes, supporting feeling
states and giving rise to conscious visceral perception of homeo-
static states (Craig, 2004, 2009). Altered insula activity found in
adults with AN (Oberndorfer, Frank, et al., 2013; Wagner et al.,
2008) supports the notion that they might suffer from a funda-
mentally and physiologically altered sense of self and that brain
circuits may misperceive signals regarding hunger and satiety
(Pollatos et al., 2008).

Behavioural expression

Adults with AN endorse poor interoceptive awareness on self-
report measures and behaviorally demonstrate impaired ability
to detect their own heartbeats (Pollatos et al., 2008). In addition
to difficulty in perceiving physical states, individuals with AN have
also demonstrated deficits recognizing and regulating emotional
experiences (Harrison et al., 2010). Accordingly, alexithymia
(i.e. difficulty identifying emotions) is a commonly noted feature
of individuals with AN. Individuals with AN also demonstrate dif-
ficulty tolerating and regulating emotional experiences, suggesting
that in addition to recognition difficulties, interoceptive deficits
may also arise from reduced ability to tolerate negative internal
states (Merwin et al., 2013).

Contribution to anorexia nervosas symptomatology

Disturbed interoceptive awareness of satiety or hunger, or even
a primary alteration of gustatory processes, could play a role in
assessing body states and responding to hunger cues. Indeed,
many of the symptoms of AN (Nunn, Frampton, Gordon, & Lask,
2008), such as distorted body image, lack of recognition of the
symptoms of malnutrition (e.g. a failure to appropriately respond
to hunger) and diminished motivation to change, could be related
to disturbed interoceptive awareness. Such disturbances could
also be tied to the preponderance of alexithymia in AN (Sexton,
Sunday, Hurt, & Halmi, 1998; Strigo et al., 2013).

Summary

These three temperament traits are interrelated. Together, they
contribute to appetite dysregulation and pathological eating in
AN, suggesting treatments that target these constructs may see
improved clinical effects. Arguably, the most critical issue in
treating individuals with AN is addressing food refusal and pur-
suit of emaciation. In this paper, we will describe the initial
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development of a new treatment approach designed to reduce di-
etary restriction by targeting anticipatory anxiety, reward insensi-
tivity and interoceptive awareness to change mealtime behaviour
in AN.

Temperament-based treatment for
anorexia nervosa

Behavioural strategies

The primary goal of this treatment is not to attempt to change
temperament, which a relatively fixed set of traits. Rather, we seek
to teach AN and their CA to recognize temperament patterns and
develop strategies for the following goals: (i) to build external
structures that promote pro-recovery behaviours and (ii) to learn
coping skills to manage their temperament. Thus, we take a two-
pronged approach to modify temperamentally driven behaviour via
the following: (i) constructive coping strategies directed at adults
with AN and (ii) management strategies directed at their CA.

Focus on development of constructive coping strategies
for individuals with anorexia nervosa

Studies indicate that biological and personality factors that con-
tribute to the development of AN persist after recovery (Anderluh
et al., 2003; Cassin & von Ranson, 2005; Kaye et al., 2004;
Lilenfeld, 2011; Wagner et al., 2006). This may suggest that indi-
viduals with AN recover, in part, by developing constructive,
rather than destructive, ways to use their temperament. Because
there is a very limited literature, clinical observation provides im-
portant clues that need to be empirically tested. For example, re-
covered adults with AN have told us that they tend to eat the same
food and amounts at the same time every day because they have
difficulty with food choices (which increases anxiety) and gauging
hunger and satiety. Thus, adults with AN may learn to manage
temperament successfully by reducing choice (uncertainty) and
using their tendency to stick to rules and structure in a way that
will ensure sufficient daily caloric intake. The TBT-AN approach
acknowledges difficulty with tolerating uncertainty and novelty
and a tendency towards rigidity by formulating a treatment plan
that takes into account the effect of these traits on behaviour. By
doing so, adults with AN work with their temperament instead
of against it, to maximize the probability of compliance and allow
for symptoms to be targeted successfully.

Engage the support of carers

Treatments for adolescent AN are more promising than for
adults, and evidence suggests that family involvement is critical
to treatment success in adolescent AN. Considerable data show
that family-based therapy (FBT), which focuses primarily on
weight restoration by empowering the family to take control of
refeeding the child, is the most effective approach in treating
adolescents with AN (Lock & le Grange, 2005). Implementing
standard FBT in adults is difficult because parental authority is
diminished. However, there is growing evidence that CA involve-
ment in the treatment of SE-AN may be critical and should be a
target of treatment (Bulik, Baucom, Kirby, & Pisetsky, 2011;
Treasure et al., 2008), although there are no data to date examin-
ing whether improving AN/CA interpersonal factors improves
patient outcomes (Goddard et al., 2013). In a study evaluating
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adult patients’ perceptions of factors contributing to recovery,
‘supportive relationships’ was the most frequently cited catalyst
for recovery (Tozzi, Sullivan, Fear, McKenzie, & Bulik, 2003). A
new couples approach to treat AN (uniting couples in the treatment
of AN), on the basis of cognitive-behavioural couple therapy, also
shows promise to improve communication and reduce marital
distress, but data showing clinical outcomes are needed (Bulik,
Baucom, & Kirby, 2012; Bulik et al., 2011).

Few interventions for adults have leveraged the support of CA
to become directly involved in managing the specific behavioural
disturbances and appetite dysregulation of SE-AN, despite the fact
that dietary restriction is likely the most challenging and pervasive
symptom of the disorder. Our treatment approach addresses this
critical need by developing a treatment designed to teach CA the
skills needed to target and manage temperament underlying core
SE-AN pathology to help their loved ones eat. For example, this
treatment is intended to help CA to understand that the biological
traits of AN, such as being oversensitive to errors, punishment,
change and uncertainty, contribute to overwhelming anxiety.
Many CA need to develop empathy and strategies to work in con-
structive ways to improve mealtime behaviour. Distressed, critical
or hostile relationships elevate the risk for illness persistence and
relapse in many psychiatric disorders (Hooley & Hiller, 2001),
and recovered patients with AN identify a supportive relationship
as a key driving force in recovery (Bulik et al., 2012; Maxwell
et al., 2011; Tozzi et al., 2003).

This novel treatment will enlist CA support to implement a
structure of strategies and expectations to manage AN tempera-
ment. Modifications are particularly focused on reducing dietary
restriction and developing skills to shape behaviour around meals.
The first goal is to adapt an adolescent FBT intervention by mak-
ing it more developmentally appropriate for adults with AN who
have a CA involved. We maintain the FBT emphasis on weight
restoration through family meals but recognize that not all strate-
gies that work in adolescents are likely to work in adults because
adults have more autonomy and are likely to be ambivalent about
change or complying with the CA. An example of an age-
appropriate modified approach is to involve the patient and CA
in a collaborative process to devise a behavioural contract. This
serves as a motivation system that outlines the following: (i)
specific guidelines for recovery and associated target behaviours
(e.g. number of meals required and meal times); (ii) contingen-
cies for target behaviours (e.g. negative consequence for food
restriction and positive consequence for completing meal); and
(iii) assignment of CA to a specific role in recovery by outlining
how they can support and enforce target behaviours (e.g. CA re-
sponsible for preparing meals and presenting supplement drink
if meal is not eaten).

The second goal is to provide CA with the means to manage
AN temperament and interact with AN in a way that reinforces
recovery-oriented behaviours, reduces stress and conflict and im-
proves function. This is accomplished through neurobiology
psychoeducation, skills training and practice (Table S1). CA and
patients often lack insight into the aetiology of AN symptoms.
For example, CA may interpret symptoms as manipulative, which
negatively impacts their relationship with the individual with AN.
CA can learn strategies to deliver a realistic perspective and avoid
frustration or burnout. Didactic sessions and experiential exercises
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are used to illustrate the powerful neurobiological underpinnings
of AN symptoms that make engaging in recovery-oriented behav-
iours difficult. These strategies are designed to provide a common
language to discuss the disorder, increase empathy, neutralize pa-
tient and CA reactions by depersonalizing symptoms and decreas-
ing blame and reduce negative emotionality (guilt, shame and
resentment) to facilitate collaboration and CA support. This edu-
cational foundation positions CA to be receptive to adapting their
approach and learning new skills to be effective in supporting the
patient and managing symptoms. For example, CA are taught to
moderate expressed emotion, such as critical responses, which
may lead to increased animosity and reduced motivation in the
patient (Sepulveda, Lopez, Todd, Whitake, & Treasure, 2008), in
exchange for neutral responses that refer to the contingencies stip-
ulated in the behavioural contract. Other examples include the fol-
lowing: (i) implementing a pre-meal routine to distract patients
away from negative internal states associated with anticipating
the effects of eating and reducing anxiety surrounding exposure
to food; (ii) increasing predictability and certainty around food
whilst maintaining caloric sufficiency to reduce anxiety and in-
crease weight (e.g. fixed meal plan with increased calories over
time); and (iii) meal coaching to redirect the patient when anxiety
or obsessions occur to reduce food refusal and improve family
function. The treatment format and example strategies are de-
scribed in more detail in the Supporting Information.

Temperament-based Treatment for Anorexia

Conclusion

Recent neurobiological models of AN suggest that temperament
characteristics contribute to the development and maintenance of
the illness. Using insights into the pathophysiology of AN to inform
the selection of mechanisms to be targeted in treatment will likely
improve treatment efficacy. As such, TBT-AN targets key neurobio-
logical mechanisms that contribute to AN symptomatology, such as
anxiety, altered reward sensitivity and interoceptive deficits to reduce
disordered eating. TBT-AN is designed for individuals with SE-AN
and their CA. Treatment is focused both on building awareness of
temperament tendencies and teaching constructive ways to make
use of and manage associated traits to target AN behaviour, rather
than attempting to change or work against temperament. Targeting
restrictive eating in AN from a neurobiological perspective allows us
to determine whether TBT-AN engages the identified targets and
whether target engagement contributes to improved clinical outcome.
Preliminary data collected on these approaches (Supporting Informa-
tion) suggest that they are well accepted by individuals with AN and
CA and hold promise for improving symptoms of AN.
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