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Abstract
Accumulating psychobiological data implicate reward disturbances in the persistence of anorexia nervosa (AN). Evidence suggests that individuals with AN demonstrate decision-making deficits similar to those with mood and anxiety disorders that cause them to under-respond to many conventionally rewarding experiences (e.g., eating, interacting socially). In contrast, unlike individuals with other psychiatric disorders, individuals with AN simultaneously over-respond to rewards associated with eating-disorder behaviors (e.g., restrictive eating, exercising). This pattern of reward processing likely perpetuates eating-disorder symptoms, as the rewards derived from eating-disorder behaviors provide temporary relief from the anhedonia associated with limited responsivity to other rewards. Positive Affect Treatment (PAT) is a cognitive-behavioral intervention designed to target reward deficits that contribute to anhedonia in mood and anxiety disorders, including problems with reward anticipation, experiencing, and learning. PAT has been found to promote reward responsivity and clinical improvement in mood and anxiety disorders. This manuscript will: (1) present empirical evidence supporting the promise of PAT as an intervention for AN; (2) highlight nuances in the maintaining processes of AN that necessitate adaptations of PAT for this population; and (3) suggest future directions in research on PAT and other reward-based treatments that aim to enhance clinical outcomes for AN.
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Plain English summary
Past research has shown that people with anorexia nervosa (AN) have trouble experiencing positive emotions in response to many common life events (e.g., socializing, winning money). This tendency to under-respond to positive events is similar to that found in people with mood and anxiety disorders. However, people with AN also appear to feel more positive emotions when they think about or engage in eating-disorder behaviors (e.g., cutting back on their eating, exercising, thinking about being very thin). For this reason, people with AN may continually turn to eating-disorder behaviors, rather than other actions, to feel good about themselves and their lives. In this paper, we describe a new treatment, Positive Affect Treatment (PAT), that we believe has the potential to help individuals with AN gain more happiness and fulfillment from their lives outside of their eating disorder. Our expectation is that such a change may result in individuals with AN no longer needing their eating disorder to feel good.
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Introduction
Anorexia nervosa (AN) is a psychiatric disorder associated with serious physiological and psychological morbidity, increased risk of mortality, and, for some, enduring illness courses [1–3]. One empirically-supported treatment has emerged with the strongest efficacy for treating adolescent AN [4]. However, despite recent growth in efficacious treatments for adult AN, no existing intervention has emerged clearly superior over others [5]. As such, there have been calls for increased efforts to develop innovative interventions for this population that may more precisely target the maintenance mechanisms of this disorder [6]. Indeed, one potential barrier to effective treatment for AN is that many treatments to date have been limited in their incorporation of the field’s growing knowledge on the maintaining mechanisms of AN [6, 7].
Several theories have suggested that aberrations in the experience of positive affect may perpetuate the symptoms of AN [8, 9]. These reward-based theories have been bolstered by an expansion of neuroimaging research that demonstrates abnormalities in the ways in which the brain processes reward in AN [10]. Despite a preponderance of evidence suggesting that problems with processing reward and positive affect play a critical role in the symptomatology of AN, no treatments for this population have been designed that designate increasing positive affect as a primary intervention target.
Here we briefly review evidence that reward processes present viable targets for AN treatment. We then outline and describe one potential approach for targeting reward abnormalities in AN: Positive Affect Treatment (PAT), a novel psychotherapy intervention that has been used to alter positive affect and reward processes in anxiety and mood disorders [11]. We suggest a proposed adaptation of this treatment for AN that we are currently testing (PAT-AN), and highlight potential avenues for future research. In addition to describing a promising treatment for AN, this manuscript highlights the need to consider positive affect as a critical target in interventions for AN.
Evidence for reward disturbances in AN
Many have comprehensively reviewed the reward literature in AN [8–10, 12–14]. Below we provide a selective overview of the literature in AN relevant to specific reward targets that have been determined to influence other mental health concerns [15], and to serve as appropriate treatment targets in psychiatric populations [11]. Reward system dysregulation has been implicated in a number of psychiatric disorders [16]. Prominent neurobiologically-informed reward theories suggest that reward processing can be decomposed into three stages that occur before, during, and after reward receipt: reward anticipation (or “wanting”), experiencing (or “liking”), and learning [15, 17]. Reward anticipation refers to positive expectancy, desire, or effort for a future pleasant experience. Reward experiencing is the ability to derive pleasure from rewards once they are obtained. Reward learning reflects the ability to internalize the information provided by rewards and to use it to guide future approach behavior. A deficit in any one of these stages of the reward process could result in low positive affect or an inability to direct behavior towards valued life goals. Existing research indicates that individuals with psychiatric disorders vary on the degree to which reward anticipation, experience, or learning are impacted [18]. For instance, each of these reward stages appears to be impaired in depressive disorders [15, 18], but reward anticipation deficits appear to feature most prominently in schizophrenia [18].
Thus, we will review the evidence on the functioning of reward anticipation, experiencing, and learning in AN. Additionally, we will review the literature on disorder-specific reward processes (heightened reward anticipation, experiencing, and learning related to weight-loss cues) that differentiate AN from other disorders.
Reward anticipation
On self-report temperament measures, individuals with AN score lower on sensation-seeking measures, which capture drive to seek novel hedonic rewards, compared to healthy comparison (HC) and other eating-disorder groups [19]. Further, compared to HCs, individuals with AN demonstrate lower implicit and explicit anticipation of reward from palatable foods [20, 21] and interpersonal experiences, such as prosocial touch [22]. Individuals with AN, especially restricting subtype, also exhibit greater preference for delayed over immediate monetary gains compared to HCs and individuals with bulimia nervosa or binge eating disorder [23]. This pattern of delay discounting findings has been commonly attributed to decreased desire for immediate rewards, or increased engagement of cognitive control over immediate rewards [10].
Activity in particular brain regions, especially the ventral tegmental area, amygdala, and ventral striatum, has been associated with reward anticipation [15, 17]. There evidence of aberrant neural responding during anticipation of monetary rewards in AN. Some studies have found that individuals with AN over-engage brain regions promoting cognitive control and punishment, such as the dorsolateral prefrontal cortex and insula, during reward anticipation [24, 25]. This over-engagement of control- and punishment-related brain regions could indicate that the expectation of a positive event evokes fear or desire to exert top-down control over emotions. This hypothesis corresponds with data identifying that individuals with AN avoid positive, in addition to negative, emotional experiences [26]. Indeed, reducing prefrontal cortex activity (and, thereby, cognitive control) during reward anticipation has been associated with greater weight gain during treatment [24]. Individuals with AN also display less activation of brain regions traditionally linked to reward anticipation, such as the striatum, when delaying monetary receipt [27]; thus, expectation of immediate gratification may be less appealing in this group.
Reward experiencing
Research using implicit and explicit measures has shown that typically rewarding experiences, such as viewing or consuming palatable foods [20, 21, 28, 29] watching humorous videos [30, 31], or perceiving prosocial emotions or touch [22, 32, 33] are less subjectively pleasant, and in some cases more aversive, for individuals with AN compared to HCs. Reward experiencing has been shown to engage similar brain structures as reward anticipation, most notably the ventral tegmental area and striatum interacting with the orbitofrontal cortex [15, 17]. Individuals with AN exhibit less activation in reward-related brain regions (e.g., ventral tegmental area, dorsal striatum) in response to palatable food cues compared to those with bulimia nervosa [21, 34]. Paralleling the literature on reward anticipation, individuals with AN also show greater activation of cognitive control circuitry (e.g., medial or dorsolateral prefrontal cortex) during the receipt of food [35–37], social [38], and monetary [25] rewards compared to HC participants. Further, while hunger enhances reward experiencing among HC participants, reflecting a biological tendency to seek rewards (such as food) in a deprived state, reward-related brain activation is unaffected by hunger in AN [39]. Further, amphetamine-stimulated dopamine release in the ventral striatum, which is experienced by most as euphoric, is experienced instead as anxiogenic among individuals with AN [40]. The anxiogenic quality of dopamine release may explain why individuals with AN find immediate, high-intensity, and uncontrollable rewarding stimuli less enjoyable [10].
Reward learning
Individuals with AN have been found to perform poorly on decision-making games that require them to learn to obtain rewards based on feedback [41]. Individuals with AN tend to demonstrate inflexible decision-making on these and other decision tasks; once rewarded, their responses persist without incorporating new and changing reward information [42]. The bias towards previously-rewarded stimuli parallels the presentation of AN, in which weight-loss behaviors persist well beyond the point at which they no longer garner reward [7].
Reward learning is most typically associated with activation among varied regions of the prefrontal cortex that process signals received from subcortical reward structures [15, 17]. There is evidence that individuals with AN demonstrate less differentiation between rewards and losses in the ventral striatum during reward learning tasks, suggesting a possible disruption of signal from this region interrupting consolidation of learning in the prefrontal cortex [43]. Similar findings pertain to prediction error (the discrepancy between expected and actual outcomes), which can be viewed as a learning signal, in AN. Greater prediction error (surprise at an unexpectedly good or bad outcome) typically leads to greater adjustment to future expectations. However, individuals with AN show abnormal prediction error responses to unexpected losses and gains of general stimuli (money) and disorder-specific stimuli (food) characterized by greater responsivity in punishment-related regions (e.g., insula) [24, 44]. Thus, findings relating to predictor error may reflect a tendency to prioritize punishment information over reward information in making future decisions.
Reward from weight loss cues and behaviors
In contrast to the above research on processing of disorder-irrelevant rewards, there is evidence for elevated reward anticipation, experiencing, and learning specifically in the context of weight loss in AN. This cue-specific reward responsivity differentiates AN from other psychiatric disorders (e.g., mood and anxiety disorders), which show deficit reward processing across contexts [15]. In AN, drive and activity for reward is enhanced in anticipation of weight-loss behaviors, such as restrictive eating and exercise [45, 46]. Additionally, individuals with AN show enhanced implicit and explicit reward experiencing in response to weight-loss cues, such as low-calories foods [20, 47, 48], exercise stimuli [49], and underweight bodies [50, 51]. Similarly, ecological momentary data collected from individuals with AN in real-time have found that positive affect is elevated during restrictive eating and exercise episodes [52, 53]. Self-conscious positive affect (e.g., pride) appears to be an especially important class of reinforcers maintaining eating-disorder behavior in AN. Studies have found that self-assurance increases in anticipation of exercise and following restrictive eating episodes in AN samples [53, 54] and that enhancing pride is cited as one of the primary motivators for restrictive eating among individuals with eating disorders, including AN [55].
There is also initial evidence for neural underpinnings of enhanced disorder-relevant reward in AN. Compared to HCs, individuals with AN demonstrate increased activity in the ventral striatum in response to pictures of underweight bodies [50, 56]. Further, activation and connectivity in cognitive control regions is decreased in response to low-calorie food and exercise images in AN [47, 57], suggesting that reward responding to these disorder-specific stimuli, in contrast to other rewards, is less constrained by cognitive control.
Summary and theoretical model
Theories developed through the investigation of reward-based behavior and brain activity suggest that reward anticipation, experiencing, and learning in AN are often diminished in response to certain situations (i.e., those involving food, social interaction, and monetary rewards). Further, there are data highlighting neurobiological disturbances in the functioning of reward-related neural circuitry in AN. There is also evidence of a complex interplay between cognitive control mechanisms and reward in AN, which may reflect cognitive barriers impeding the ability to expect or experience reward. Paradoxically, rewards related to AN symptoms (i.e., weight loss) are highly appealing to this population.
As highlighted in Fig. 1, transactions between low levels of positive affect derived from typically rewarding experiences (unrelated to the eating disorder) and elevated positive affect from weight-loss cues may maintain eating-disorder symptoms over time. Limited access to reward from most positive experiences (due to low trait reward responsivity or cognitive control applied too frequently or inflexibly) can generate an aversive anhedonic state. In this case, if reward responding is heightened to weight loss and related cues, the resulting momentary positive affect enhancement could serve as a powerful instrumental reinforcer, thus strengthening eating-disorder symptoms. The more an individual engages in eating-disorder behavior and receives a subsequent reward, the more likely an individual will be behaviorally and biologically compelled to seek out disorder-related, as opposed to disorder-unrelated, rewards. Thus, over time, disrupted reward processing may increase the desire to engage in eating-disorder behavior, and eating-disorder behavior may enhance reward system abnormalities. Further, as starvation is prolonged and individuals become underweight, reward responding becomes biologically dampened to all stimuli [58], potentially enhancing the need to rely on the most compelling or practiced reward-eliciting experiences (e.g., weight-loss behaviors) to feel good. This cycle presents several critical targets that have not yet been addressed in AN treatment.
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Fig. 1Transactional Theoretical Model of Reward Processing in Positive Affect Treatment for Anorexia Nervosa (PAT-AN). Note: ED = Eating Disorder


Positive affect treatment: a potential approach to treating reward disturbances in AN
PAT is a treatment that has potential to impact reward abnormalities in AN. PAT is a cognitive-behavioral intervention designed by for the treatment of anhedonia in mood and anxiety disorders [11, 15]. Based on an affective neuroscience model, PAT aims to increase positive affect by engaging the appetitive “approach” system in contrast to the withdrawal “defensive” system that functions to avoid negative outcomes. A primary rationale for the development of PAT was the modest outcomes among existing treatments for depression and anxiety that more typically focus on reducing negative emotions [15]. PAT was specifically developed to target aspects of neurobiological reward processing outlined above: reward anticipation, experiencing, and learning [11]. In a randomized trial in which PAT was compared with a cognitive behaviorally-based negative affect treatment targeting threat sensitivity, PAT was more efficacious in increasing positive emotions and reducing negative emotions, depression, anxiety, stress, and suicidal ideation among individuals with depressive and anxiety disorders [11]. Other trials of this treatment are ongoing (ClinicalTrials.gov: NCT03439748).
The rationale for adapting PAT for AN is based on the above-described research demonstrating neurobiological-based reward and positive affect abnormalities in AN, which suggest that a treatment directly targeting positive affect may be well suited for this population. Below we provide an overview of the components and interventions included in PAT and the proposed adaptations that we suggest to accommodate the symptom presentation and presumed mechanisms of AN. These adaptations are currently being evaluated in an ongoing pilot study (ClinicalTrials.gov: NCT04007900). However, it is important to note that, at this point, the proposed adaptations constitute an idea warranting further investigation, rather than an empirically-supported treatment for AN. Although the scientific basis for PAT-AN is not yet established, the description of this treatment in this manuscript is intended as a launching point for consideration of potential applications of PAT (or alternate reward-based treatments) for AN. As such, we differentiate components that have been empirically tested in mood and anxiety disorders (Standard PAT) and the proposed adaptations to the PAT manual that we are currently testing in AN, for which empirical evidence is forthcoming (Proposed Adaptions for AN).
Overarching proposed adaptions for AN
In our pilot study, we have made three overarching changes to the PAT manual intended to support its application to AN. First, consistent with the original PAT manual [11], our adapted PAT-AN aims to increase positive emotions by using interventions to target global reward anticipation, experiencing, and learning. However, based on the above-described theoretical model (Fig. 1), we have adjusted PAT-AN also to emphasize reducing positive affect and reward associated with eating-disorder symptoms and replacing positive eating-disorder experiences with rewards derived independent of the eating disorder. Thus, the primary targets of treatment are considered: 1) to increase positive affect outside of eating-disorder symptoms; and 2) to decrease positive affect derived from eating-disorder behavior. To facilitate this adaptation to treatment goals, we have added an eating-disorder-specific module to the treatment. Although weight gain is expected and encouraged, it is hypothesized to result as a product of the primary treatment aims, and is not currently targeted separately from positive affect processes.
Second, to accommodate the additional eating-disorder module and to match PAT-AN to more standard eating-disorder treatment durations [59, 60], we extended PAT-AN from 16 [11] to 20 individual psychotherapy sessions, currently delivered in an outpatient setting. Thus, our proposed adaptation of PAT involves six, rather than the original five [11], therapy modules: Psychoeducation (Module 1), Pleasant Events Scheduling (Module 2), Attending to the Positive (Module 3), Cultivating the Positive (Module 4), Replacing Positive Aspects of the Eating Disorder (Module 5); and Relapse Prevention (Module 6) (see Table 1). In the ongoing pilot study of PAT-AN, participants have been permitted to pursue other concurrent treatments and PAT-AN has been delivered either in a standalone or adjunctive manner.
Table 1Overview of Positive Affect Treatment (PAT) for Anorexia Nervosa (AN)


	Module 1: Psychoeducation (Session 1)

	Activity
	Proposed Adaptations for AN
	Target

	1. Treatment rationale: learning about treatment content, structure, goals, and background
	Sharing AN-specific model; discussing how weight and eating goals will be integrated into primary goal of increasing non-eating-disorder-related positive affect
	Education

	2. Introducing positive mood: learning about positive mood, its importance, and its difference from negative mood
	Considering which positive emotions are most closely linked to different eating-disorder behaviors
	Education

	3. Parts of mood and the mood cycle: learning about the components of mood and how these different parts can cause low positive mood
	Discussing the impact of eating-disorder behaviors, starvation, and underweight on positive mood
	Education

	Module 2: Pleasant Events Scheduling (Sessions 2–7)

	1. Activity planning: identifying events to engage enjoyment, mastery, and/or values
	Selecting non-eating-disorder activities that may share a similar function to eating-disorder symptoms; considering how to use exercise as a healthy, rather than disordered, reward (as needed); prioritizing social and long-term rewards; evaluating values
	Reward anticipation

	2. Activity engagement: executing planned events; recording event-reward associations
	Recording link between positive affect, pleasant events, and eating-disorder symptoms; noticing cognitive barriers to positive affect
	Reward experiencing and learning

	3. Activity recounting: learning and practicing techniques to “savor” past pleasant experiences
	Sharing pre-recorded exercise to provide a concrete script; option for socially “co-savoring” if struggling with experiential exercise
	Reward experiencing

	Module 3: Attending to the Positive (Sessions 8–11)

	1. Finding the silver lining: training to shift attention to positive aspects of daily life and positive stimuli
	Noticing the silver lining of difficult aspects of recovery
	Reward anticipation

	2. Taking ownership: identifying associations between one’s own behavior and rewards
	Emphasizing the potential importance of taking ownership to increase a sense of self-control and agency in life; identifying and appreciating one’s own behavior towards recovery
	Reward experiencing and learning

	3. Imagining the positive: learning to attend to positive future events
	Sharing pre-recorded exercise to provide a concrete script; focusing on goals that will be facilitated through recovery
	Reward experiencing and learning

	Module 4: Cultivating the Positive (Sessions 12–15)

	1. Loving-kindness and appreciative joy: practicing mental acts of giving
	Sharing pre-recorded exercise to provide a concrete script; increasing focus on love, kindness, and appreciation towards oneself to potentially reduce the need for eating-disorder behaviors to boost positive self-referential feelings
	Reward experiencing

	2. Generosity practice: practicing physical acts of giving
	Noting the importance of balance of generosity towards others and towards oneself; increasing focus on generosity towards oneself to potentially reduce the need for eating-disorder behaviors to boost positive self-referential feelings
	Reward experiencing

	2. Gratitude practice: fostering the ability to appreciate the positive aspects of life
	Noticing positive aspects of recovery
	Reward experiencing

	Module 5: Replacing Positive Aspects of the Eating Disorder (Sessions 16–19)

	1. Monitoring and replacing eating-disorder behavior: diverting attention away from eating-disorder behaviors to healthier alternatives that can elicit positive mood
	Skill specific to proposed AN adaptation of PAT
	Reward learning

	2. Riding the roller coaster: delaying acting on eating-disorder behaviors when positive emotion is low
	Skill specific to AN adaptation of PAT
	Reward anticipation and learning

	3. Counter-conditioning: incorporating positive experiences into situations associated with negative mood, especially surrounding eating-disorder triggers
	Skill specific to proposed AN adaptation of PAT
	Reward experiencing and learning

	4. Breaking the links: removing environmental cues that are associated with positive emotions related to the eating disorder
	Skill specific to proposed AN adaptation of PAT
	Reward anticipation and learning

	Module 6: Relapse Prevention (Session 20)

	1. Check-in: assessing mental health and brainstorming ideas about how to increase the experience of positive emotions
	Evaluating progress on weight and eating restoration, as well as cognitive eating-disorder thoughts; planning for future eating-disorder lapses and relapses
	Reward experiencing and learning


Note: Adapted from Craske et al., personal communication



Third, due to the established difficulties accessing reward from social experiences in AN [22, 32, 33], we have proposed an adaptation in PAT-AN to explicitly use the therapeutic relationship as an opportunity to build connections between interpersonal relationships and positive affect. The hypothesis is that a therapeutic stance that is consistently non-judgmental, validating, and strengths-based may establish therapist appreciation of the patient’s progress as a motivator for future behavior change [61].
Module 1: Psychoeducation
Standard PAT
PAT begins with an introductory session to establish the treatment rationale and expectations. Patients are provided information about the origin of PAT as a treatment for anxiety and depression, including an overview of initial treatment results in these populations [11]. The treatment introduction also provides psychoeducation about the different components of positive affect targeted in treatment and how increasing positive affect is distinct from decreasing negative affect. As in other treatments [59], an emphasis is placed on making refinements to the model according to the patient’s experiences. If a patient is skeptical about the model fit with their personal experience, they are invited to “test” the model throughout treatment by noticing how positive affect affects their life and behavior. The importance of skill practice is emphasized and a workbook is provided to guide homework assignments.
Proposed adaptions for AN
In the pilot adaptation of AN, patients are also described how PAT has been adapted for AN to additionally target putative disorder-specific positive emotions. The proposed theoretical model (Fig. 1) is presented and discussed with the patient, emphasizing that individuals with AN may be prone to low positive affect for many reasons, including trait differences in how their brains process rewards and the impact of malnourishment [10]. The therapist highlights that weight-loss behaviors (e.g., exercise, purging) may lead to short-term increases in positive emotions, possibly contributing to the maintenance of AN, but also long-term decreases in positive emotion [58]. Therefore, they are informed that treatment will emphasize identifying other sources of positive emotion that do not involve engaging in eating-disorder behaviors. The importance of increasing cognitive flexibility around rewards is especially highlighted to individuals with AN, who appear to demonstrate enhanced cognitive control and rigidity surrounding rewards [24, 25, 35–38].
Patients are informed that, although weight and eating-disorder behaviors currently are not targeted as directly in PAT-AN as in other interventions (e.g., through monitoring food logs [59]), normalizing weight and eating are expected goals of treatment. Patients are given the expectation that they will be weighed weekly and that weight patterns will inform intervention (i.e., using the skills to increase weight if it decreases). Patients and therapists collaboratively decide how much the patient should know of their weight depending on the impact of this information upon positive affect. For instance, if the patient believes that learning about weight loss would making them feel good, reinforcing the presumed link between positive affect and eating-disorder symptoms, weighing may be blind and weight change discussed in terms of general patterns. In the current iteration of treatment, there is no formal monitoring of eating behavior built into treatment. However, the patient is informed that the therapist will check in on eating-disorder symptoms briefly at the beginning of each session and adapt skills for use in reducing reliance on eating-disorder behaviors.
Module 2: pleasant event scheduling
Standard PAT
Referred to as “augmented behavioral activation” [11], PAT Module 2 focuses on increasing behaviors that elicit positive affect. Originally described by Lewinsohn [62] the premise of pleasant events scheduling is that avoidance, disengagement, and rigid adherence to routine perpetuates low positive affect. Thus, PAT aims to identify and schedule new activities that elicit positive affect and then monitor the impact on mood. For many patients, small incremental goals are essential to build motivational momentum. Therefore, the variety and novelty of positive affect-eliciting activities gradually increases over treatment. Most critically, behavioral activation is followed by intensive savoring of positive activities through imaginal recounting. In and between sessions, patients are guided to recount the most positive moments of a pleasant activity, including a detailed re-imagining of the sensory and emotional experience, to enhance reward experiencing and learning.
Proposed adaptions for AN
In line with our proposed model of reward processing in AN (Fig. 1), the preliminary adaptation of Module 2 for AN currently focuses on identifying rewarding activities that are independent of or inconsistent with eating-disorder symptoms, especially those that elicit similar positive emotion states (e.g., pride, safety) as the eating-disorder behaviors of interest [55]. Under conditions in which positive affect has been closely linked with eating-disorder behaviors over time, values clarification exercises may be useful in identifying alternate important and fulfilling activities [63]. Because pride, self-control, and long-term rewards are so frequently linked to weight-loss behavior in AN [23, 53–55], we suggest that engaging in other non-eating-disorder activities that involve long-term planning or accomplishment may be especially fruitful for this population. Additionally, because of the noted deficits in social reward experiencing in AN [10], we surmise that goals involving social contact also may be important to encourage. The current manual also provides suggestions for adapting experiential exercise of pleasant event “savoring” to better suit the concrete thinking style characteristic of AN (e.g., re-experiencing in the form of a social conversation, rather than as an imaginal experience) [64].
Module 3: attending to the positive (cognitive training)
Standard PAT
PAT Module 3 emphasizes understanding and altering negative cognitive biases that can perpetuate low positive affect, particularly the tendency to focus only on negative stimuli without noticing neutral and positive stimuli in a situation [11]. In the “Silver Lining” exercise, for example, patients identify positive aspects of experiences initially considered negative. The process of focusing on positive stimuli increases both positive emotion and cognitive flexibility. Through the “Taking Ownership” skill, patients also practice identifying ways that they personally contribute to positive events to increase self-efficacy and reduce negative attributional bias. Additionally, Module 3 includes exercises to practice reward anticipation, in which patients repeatedly focus on imagining specific positive details of an upcoming positive event [65].
Proposed adaptions for AN
Given the evidence suggesting heightened or rigid cognitive control over reward in AN [24, 25, 35–38], increasing cognitive flexibility to enhance positive affect is likely to be an especially important skill in this population. Additionally, because self-conscious positive emotions have been especially linked to eating-disorder behaviors in AN [23, 53–55], the “Taking Ownership” skill may be particularly important to emphasize in order to build a sense of agency disconnected from eating-disorder symptoms. Further, in our current adaptation of PAT-AN, we have attempted to tie the exercises in this module to eating-disorder recovery as often as possible, for example, practicing finding the “silver lining” in eating a difficult meal or taking ownership of progress towards weight restoration.
Module 4: cultivating the positive (compassion training)
Standard PAT
Module 4 includes mindfulness-based exercises that increase reward experiencing [11], including loving kindness, generosity, gratitude, and appreciation practices [66–68]. In the loving kindness meditation, for example, the patient focuses on wishing happiness, safety, and peace towards others and themselves. In gratitude practice, the patient identifies and records things for which they feel grateful daily.
Proposed adaptions for AN
For individuals with AN, the association between eating-disorder symptoms and self-conscious emotions [23, 53–55] suggests that a self-focus in loving kindness, generosity, and gratitude exercises may be especially impactful in replacing the reward functions of eating-disorder behavior. However, it is possible that self-compassion-focused exercises would be challenging if individuals have relied on eating-disorder behaviors to generate positive self-directed feelings. Thus, in the current iteration of PAT-AN, we provide examples of how to support patients who find self-compassion exercises challenging, such as allowing the patient to generate compassion for themselves in the past (e.g., as a child) or future (e.g., following recovery). As with other experiential exercises, we surmise that making the mindfulness-based exercises in this module as concrete as possible (e.g., with an audio recording) may be helpful for adapting to the cognitive style of many patients with AN [64].
Module 5: replacing positive aspects of the eating disorder
Proposed adaptions for AN
Module 5 was added specifically for the version of PAT-AN under investigation. As such, the utility of this module in the treatment of AN has not yet been determined. In this module, the goal is to decrease the experience of positive emotion associated with eating-disorder symptoms and to shift these positive emotions to contexts independent of the eating disorder, consistent with our theoretical model (Fig. 1). As such, many exercises have been drawn from established therapies that target other positively reinforced problematic patterns (e.g., drug abuse, non-suicidal self-injury) [69, 70]. The module starts with self-monitoring the antecedents and consequences of eating-disorder behavior to determine how eating-disorder behaviors may function to elicit positive affect (e.g., exercise leading to accomplishment). After monitoring, the first goal is to increase and differentially reinforce alternate rewards. Patients are guided towards engaging non-eating-disorder rewards that elicit similar positive emotions (e.g., working on a pride-inducing art project) when eating-disorder urges emerge. Counter-conditioning techniques are also used to increase positive emotions in eating-disorder-relevant situations typically associated with negative emotions (e.g., eating a meal) by pairing these situations with rewards (e.g., talking to a friend during the meal).
A second goal is to decrease the reward salience of eating-disorder behaviors. Patients are introduced the metaphor of “riding the rollercoaster” of positive mood to understand the transience of emotion. Patients practice “riding out” dips in positive emotion without engaging in eating-disorder behaviors. Further, the concept of breaking positive emotion links with eating-disorder behavior is also introduced, in which patients are encouraged to engage in behavior that proactively breaks the positive emotion to eating disorder links (e.g., deleting a calorie counting app, removing underweight pictures from social media).
Module 6: relapse prevention
Standard PAT
The final session of PAT serves as an opportunity to discuss treatment progress and review future strategies for increasing positive affect in order to avoid relapse.
Proposed adaptions for AN
In PAT-AN, further discussion may need to be placed on how patients can use PAT-AN skills to continue to reduce eating-disorder thoughts and behaviors. Because sub-threshold eating-disorder cognitions and behaviors continue to persist following treatment [71] and relapse rates are high in AN [72], it may be helpful for the therapist to normalize symptom fluctuations as signals to use PAT-AN skills, while also encouraging the patient to seek treatment when they are having trouble getting “back on track.”
Potential benefits, pitfalls, and future directions of PAT-AN
There are many aspects of PAT that make it a compelling possible treatment for AN. Most strikingly, an approach in which positive affect and reward are primary treatment targets is entirely unique in eating-disorder treatment [8]. The existing literature demonstrating the existence of transdiagnostic reward-based targets and the positive outcomes of PAT for mood and anxiety suggest the potential for PAT-AN to address both AN and common comorbid conditions [73]. Positive affect has an effect on motivational behavior [74] and, therefore, may enhance the treatment motivation that is often lacking in AN [75] and reduce burnout potential among providers [76]. There are also several hypothesized limitations. Placing a primary focus on targeting positive affect may preclude focus on other important targets, including eating-disorder behavior change, or other putative mechanisms of AN, such as negative affect and habit [77, 78]. Certain aspects of the PAT model, particularly those that focus on experiential exercises, may be difficult for those with a more concrete or pragmatic worldview, such as is often described among individuals with AN [64]. Finally, a 20-session treatment length may not be sufficient to achieve symptom remission, especially for individuals with more severe and enduring AN [2]. However, until further data are available about the efficacy of PAT-AN, the potential benefits and pitfalls of the treatment remain hypothetical.
PAT-AN is in nascent stages of development; therefore, research is needed to determine the efficacy of this intervention for AN. Randomized, controlled trials comparing PAT-AN to treatment as usual or other interventions focused on altering eating-disorder symptoms or reward mechanisms will be a first step in understanding the utility of this treatment for AN [59, 63, 79]. Because PAT-AN is intended as a neuroscience-informed treatment, investigating effects of this treatment on putative behavioral and biological maintaining mechanisms of AN (e.g., frontostriatal reward circuitry and reduce frontoparietal control circuit function) may also be informative. Additionally, the initial test of PAT-AN is being conducted among outpatients with AN. Therefore, even following this trial, further information would be needed to determine if PAT-AN could be effective among populations with differing illness presentations (e.g., specific AN subtypes, BMI severities, and stages of illness) or in different treatment settings (e.g., inpatient). Further, it would be clinically useful to determine if PAT-AN can function as a standalone treatment, or how it could be incorporated as an adjunctive treatment in combination with other disorder-focused interventions (e.g., weight monitoring, meal support).
Conclusion
Many individuals who receive treatment for AN do not recover [2]. Therefore, the development and adaptation of innovative, alternative intervention approaches is critical. Recent treatment innovations within the anxiety and mood disorders fields [11] provide an optimal foundation from which to develop novel treatments that target reward-based mechanisms that have been long understudied and rarely addressed in AN treatment. Noting prior research implicating aberrant reward-based processing in individuals with AN, targeting positive affect and reward mechanisms via PAT-AN presents an apt, cutting-edge approach to treating this serious and pernicious disorder.
Acknowledgements
The investigators express gratitude to Erin Gallagher and Kaitlin Wright for their contributions to the investigation described in this manuscript.

Authors’ contributions
AH was responsible for the conception and primary composition and oversight of the treatment adaptation described herein and the manuscript. AH, LA, CP, and AA contributed to the treatment adaptation and manuscript design and initial drafting. MC provided intellectual consultation regarding all aspects of the treatment adaptation and manuscript. All authors read and approved the final manuscript.

Funding
This work was supported in part by the National Institute of Mental Health of the National Institutes of Health (Award numbers: K23MH112867, K23MH123910, T32MH082761), Klarman Family Foundation, Hilda and Preston Davis Foundation, and University of Minnesota Foundation. These funding agencies did not influence the design of the study, collection, analysis, and interpretation of data, or writing of the manuscript.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Arcelus J, Mitchell AJ, Wales J, Nielsen S. Mortality rates in patients with anorexia nervosa and other eating disorders. A meta-analysis of 36 studies. Arch Gen Psychiatry. 2011;68(7):724–31. https://​doi.​org/​10.​1001/​archgenpsychiatr​y.​2011.​74.CrossrefPubMed

	2.
Eddy KT, Tabri N, Thomas JJ, Murray HB, Keshaviah A, Hastings E, et al. Recovery from anorexia nervosa and bulimia nervosa at 22-year follow-up. J Clin Psychiatry. 2017;78(2):184–9. https://​doi.​org/​10.​4088/​JCP.​15m10393.CrossrefPubMedPubMedCentral

	3.
Treasure J, Zipfel S, Micali N, Wade T, Stice E, Claudino A, et al. Anorexia nervosa. Nat Rev Dis Primers. 2015;1(1):15074. https://​doi.​org/​10.​1038/​nrdp.​2015.​74.CrossrefPubMed

	4.
Lock J, Le Grange D, Agras WS, Moye A, Bryson SW, Jo B. Randomized clinical trial comparing family-based treatment with adolescent-focused individual therapy for adolescents with anorexia nervosa. Arch Gen Psychiatry. 2010;67(10):1025–32. https://​doi.​org/​10.​1001/​archgenpsychiatr​y.​2010.​128.CrossrefPubMedPubMedCentral

	5.
Brockmeyer T, Friederich HC, Schmidt U. Advances in the treatment of anorexia nervosa: a review of established and emerging interventions. Psychol Med. 2018;48(8):1228–56. https://​doi.​org/​10.​1017/​S003329171700260​4.CrossrefPubMed

	6.
Glashouwer KA, Brockmeyer T, Cardi V, Jansen A, Murray SB, Blechert J, et al. Time to make a change: a call for more experimental research on key mechanisms in anorexia nervosa. Eur Eat Disord Rev. 2020;28(4):361–7. https://​doi.​org/​10.​1002/​erv.​2754.CrossrefPubMed

	7.
Walsh BT. The enigmatic persistence of anorexia nervosa. Am J Psychiatry. 2013;170(5):477–84. https://​doi.​org/​10.​1176/​appi.​ajp.​2012.​12081074.CrossrefPubMedPubMedCentral

	8.
Coniglio KA, Christensen KA, Haynos AF, Rienecke RD, Selby EA. The posited effect of positive affect in anorexia nervosa: advocating for a forgotten piece of a puzzling disease. Int J Eat Disord. 2019;52(9):971–6. https://​doi.​org/​10.​1002/​eat.​23147.CrossrefPubMedPubMedCentral

	9.
O'Hara CB, Campbell IC, Schmidt U. A reward-centred model of anorexia nervosa: a focussed narrative review of the neurological and psychophysiological literature. Neurosci Biobehav Rev. 2015;52:131–52. https://​doi.​org/​10.​1016/​j.​neubiorev.​2015.​02.​012.CrossrefPubMed

	10.
Haynos AF, Lavender JM, Nelson J, Crow SJ, Peterson CB. Moving towards specificity: a systematic review of cue features associated with reward and punishment in anorexia nervosa. Clin Psychol Rev. 2020;79:101872. https://​doi.​org/​10.​1016/​j.​cpr.​2020.​101872.CrossrefPubMed

	11.
Craske MG, Meuret AE, Ritz T, Treanor M, Dour H, Rosenfield D. Positive affect treatment for depression and anxiety: a randomized clinical trial for a core feature of anhedonia. J Consult Clin Psychol. 2019;87(5):457–71. https://​doi.​org/​10.​1037/​ccp0000396.CrossrefPubMed

	12.
Frank GK. Altered brain reward circuits in eating disorders: chicken or egg? Curr Psychiatry Rep. 2013;15(10):396. https://​doi.​org/​10.​1007/​s11920-013-0396-x.CrossrefPubMedPubMedCentral

	13.
Kaye WH, Wierenga CE, Bailer UF, Simmons AN, Bischoff-Grethe A. Nothing tastes as good as skinny feels: the neurobiology of anorexia nervosa. Trends Neurosci. 2013;36(2):110–20. https://​doi.​org/​10.​1016/​j.​tins.​2013.​01.​003.CrossrefPubMed

	14.
Wierenga CE, Ely A, Bischoff-Grethe A, Bailer UF, Simmons AN, Kaye WH. Are extremes of consumption in eating disorders related to an altered balance between reward and inhibition? Front Behav Neurosci. 2014;8:410. https://​doi.​org/​10.​3389/​fnbeh.​2014.​00410.CrossrefPubMedPubMedCentral

	15.
Craske MG, Meuret AE, Ritz T, Treanor M, Dour HJ. Treatment for anhedonia: a neuroscience driven approach. Depress Anxiety. 2016;33(10):927–38. https://​doi.​org/​10.​1002/​da.​22490.CrossrefPubMed

	16.
Husain M, Roiser JP. Neuroscience of apathy and anhedonia: a transdiagnostic approach. Nat Rev Neurosci. 2018;19(8):470–84. https://​doi.​org/​10.​1038/​s41583-018-0029-9.CrossrefPubMed

	17.
Berridge KC, Robinson TE, Aldridge JW. Dissecting components of reward: 'liking', 'wanting', and learning. Curr Opin Pharmacol. 2009;9(1):65–73. https://​doi.​org/​10.​1016/​j.​coph.​2008.​12.​014.CrossrefPubMedPubMedCentral

	18.
Szczypiński JJ, Gola M. Dopamine dysregulation hypothesis: the common basis for motivational anhedonia in major depressive disorder and schizophrenia? Rev Neurosci. 2018 Sep 25;29(7):727–44. https://​doi.​org/​10.​1515/​revneuro-2017-0091.CrossrefPubMed

	19.
Atiye M, Miettunen J, Raevuori-Helkamaa A. A meta-analysis of temperament in eating disorders. Eur Eat Disord Rev. 2015;23(2):89–99. https://​doi.​org/​10.​1002/​erv.​2342.CrossrefPubMed

	20.
Cowdrey FA, Finlayson G, Park RJ. Liking compared with wanting for high- and low-calorie foods in anorexia nervosa: aberrant food reward even after weight restoration. Am J Clin Nutr. 2013;97(3):463–70. https://​doi.​org/​10.​3945/​ajcn.​112.​046011.CrossrefPubMed

	21.
Jiang T, Soussignan R, Carrier E, Royet JP. Dysfunction of the mesolimbic circuit to food odors in women with anorexia and bulimia nervosa: a fMRI study. Front Hum Neurosci. 2019;13:117. https://​doi.​org/​10.​3389/​fnhum.​2019.​00117.CrossrefPubMedPubMedCentral

	22.
Crucianelli L, Demartini B, Goeta D, Nisticò V, Saramandi A, Bertelli S, et al. The anticipation and perception of affective touch in women with and recovered from anorexia nervosa. Neuroscience. 2020;S0306–4522(20):30579. https://​doi.​org/​10.​1016/​j.​neuroscience.​2020.​09.​013.Crossref

	23.
Lempert KM, Steinglass JE, Pinto A, Kable JW, Simpson HB. Can delay discounting deliver on the promise of RDoC? Psychol Med. 2019;49(2):190–9. https://​doi.​org/​10.​1017/​S003329171800177​0.CrossrefPubMed

	24.
DeGuzman M, Shott ME, Yang TT, Riederer J, Frank GKW. Association of elevated reward prediction error response with weight gain in adolescent anorexia nervosa. Am J Psychiatry. 2017;174(6):557–65. https://​doi.​org/​10.​1176/​appi.​ajp.​2016.​16060671.CrossrefPubMedPubMedCentral

	25.
Ehrlich S, Geisler D, Ritschel F, King JA, Seidel M, Boehm I, et al. Elevated cognitive control over reward processing in recovered female patients with anorexia nervosa. J Psychiatry Neurosci. 2015;40(5):307–15. https://​doi.​org/​10.​1503/​jpn.​140249.CrossrefPubMedPubMedCentral

	26.
Wildes JE, Ringham RM, Marcus MD. Emotion avoidance in patients with anorexia nervosa: initial test of a functional model. Int J Eat Disord. 2010;43(5):398–404. https://​doi.​org/​10.​1002/​eat.​20730.CrossrefPubMedPubMedCentral

	27.
Decker JH, Figner B, Steinglass JE. On weight and waiting: delay discounting in anorexia nervosa pretreatment and posttreatment. Biol Psychiatry. 2015;78(9):606–14. https://​doi.​org/​10.​1016/​j.​biopsych.​2014.​12.​016.CrossrefPubMed

	28.
Anderson LM, Crow SJ, Peterson CB. The impact of meal consumption on emotion among individuals with eating disorders. Eat Weight Disord. 19(3):347–54. https://​doi.​org/​10.​1007/​s40519-013-0084-1.

	29.
Soussignan R, Schaal B, Rigaud D, Royet JP, Jiang T. Hedonic reactivity to visual and olfactory cues: rapid facial electromyographic reactions are altered in anorexia nervosa. Biol Psychol. 2011;86(3):265–72. https://​doi.​org/​10.​1016/​j.​biopsycho.​2010.​12.​007.CrossrefPubMed

	30.
Davies H, Schmidt U, Stahl D, Tchanturia K. Evoked facial emotional expression and emotional experience in people with anorexia nervosa. Int J Eat Disord. 2011;44(6):531–9. https://​doi.​org/​10.​1002/​eat.​20852.CrossrefPubMed

	31.
Davies H, Schmidt U, Tchanturia K. Emotional facial expression in women recovered from anorexia nervosa. BMC Psychiatry. 2013 Nov 7;13(1):291. https://​doi.​org/​10.​1186/​1471-244X-13-291.CrossrefPubMedPubMedCentral

	32.
Cardi V, Di Matteo R, Corfield F, Treasure J. Social reward and rejection sensitivity in eating disorders: an investigation of attentional bias and early experiences. World J Biol Psychiatry. 2013;14(8):622–33. https://​doi.​org/​10.​3109/​15622975.​2012.​665479.CrossrefPubMed

	33.
Cserjési R, Vermeulen N, Lénárd L, Luminet O. Reduced capacity in automatic processing of facial expression in restrictive anorexia nervosa and obesity. Psychiatry Res. 2011;188(2):253–7. https://​doi.​org/​10.​1016/​j.​psychres.​2010.​12.​008.CrossrefPubMed

	34.
Brooks SJ, O'Daly OG, Uher R, Friederich HC, Giampietro V, Brammer M, et al. Differential neural responses to food images in women with bulimia versus anorexia nervosa. PLoS One. 2011;6(7):e22259. https://​doi.​org/​10.​1371/​journal.​pone.​0022259.CrossrefPubMedPubMedCentral

	35.
Kerr KL, Moseman SE, Avery JA, Bodurka J, Simmons WK. Influence of visceral interoceptive experience on the brain’s response to food images in anorexia nervosa. Psychosom Med. 2017;79(7):777–84. https://​doi.​org/​10.​1097/​PSY.​0000000000000486​.CrossrefPubMedPubMedCentral

	36.
Uher R, Brammer MJ, Murphy T, Campbell IC, Ng VW, Williams SC, et al. Recovery and chronicity in anorexia nervosa: brain activity associated with differential outcomes. Biol Psychiatry. 2003;54(9):934–42. https://​doi.​org/​10.​1016/​s0006-3223(03)00172-0.CrossrefPubMed

	37.
Uher R, Murphy T, Brammer MJ, Dalgleish T, Phillips ML, Ng VW, et al. Medial prefrontal cortex activity associated with symptom provocation in eating disorders. Am J Psychiatry. 2004;161(7):1238–46. https://​doi.​org/​10.​1176/​appi.​ajp.​161.​7.​1238.CrossrefPubMed

	38.
Boehm I, King JA, Bernardoni F, Geisler D, Seidel M, Ritschel F, et al. Subliminal and supraliminal processing of reward-related stimuli in anorexia nervosa. Psychol Med. 2018;48(5):790–800. https://​doi.​org/​10.​1017/​S003329171700216​1.CrossrefPubMed

	39.
Piccolo M, Milos G, Bluemel S, Schumacher S, Müller-Pfeiffer C, Fried M, et al. Food vs money? Effects of hunger on mood and behavioral reactivity to reward in anorexia nervosa. Appetite. 2019;134:26–33. https://​doi.​org/​10.​1016/​j.​appet.​2018.​12.​017.CrossrefPubMed

	40.
Bailer UF, Narendran R, Frankle WG, Himes ML, Duvvuri V, Mathis CA, et al. Amphetamine induced dopamine release increases anxiety in individuals recovered from anorexia nervosa. Int J Eat Disord. 2012;45(2):263–71. https://​doi.​org/​10.​1002/​eat.​20937.CrossrefPubMed

	41.
Reville MC, O'Connor L, Frampton I. Literature review of cognitive neuroscience and anorexia nervosa. Curr Psychiatry Rep. 2016;18(2):18. https://​doi.​org/​10.​1007/​s11920-015-0651-4.CrossrefPubMed

	42.
Keegan E, Tchanturia K, Wade TD. Central coherence and set-shifting between nonunderweight eating disorders and anorexia nervosa: a systematic review and meta-analysis. Int J Eat Disord. 2020;54(3):229–43. https://​doi.​org/​10.​1002/​eat.​23430.CrossrefPubMed

	43.
Wagner A, Aizenstein H, Venkatraman VK, Fudge J, May JC, Mazurkewicz L, et al. Altered reward processing in women recovered from anorexia nervosa. Am J Psychiatry. 2007;164(12):1842–9. https://​doi.​org/​10.​1176/​appi.​ajp.​2007.​07040575.CrossrefPubMed

	44.
Frank GK, Collier S, Shott ME, O'Reilly RC. Prediction error and somatosensory insula activation in women recovered from anorexia nervosa. J Psychiatry Neurosci. 2016;41(5):304–11. https://​doi.​org/​10.​1503/​jpn.​150103.CrossrefPubMedPubMedCentral

	45.
Klein DA, Schebendach JE, Gershkovich M, Bodell LP, Foltin RW, Walsh BT. Behavioral assessment of the reinforcing effect of exercise in women with anorexia nervosa: further paradigm development and data. Int J Eat Disord. 2010;43(7):611–8. https://​doi.​org/​10.​1002/​eat.​20758.CrossrefPubMedPubMedCentral

	46.
O'Hara CB, Keyes A, Renwick B, Giel KE, Campbell IC, Schmidt U. Evidence that illness-compatible cues are rewarding in women recovered from anorexia nervosa: a study of the effects of dopamine depletion on eye-blink startle responses. PLoS One. 2016;11(10):e0165104. https://​doi.​org/​10.​1371/​journal.​pone.​0165104.CrossrefPubMedPubMedCentral

	47.
Scaife JC, Godier LR, Reinecke A, Harmer CJ, Park RJ. Differential activation of the frontal pole to high vs low calorie foods: the neural basis of food preference in anorexia nervosa? Psychiatry Res Neuroimaging. 2016;258:44–53. https://​doi.​org/​10.​1016/​j.​pscychresns.​2016.​10.​004.CrossrefPubMed

	48.
Stoner SA, Fedoroff IC, Andersen AE, Rolls BJ. Food preferences and desire to eat in anorexia and bulimia nervosa. Int J Eat Disord. 1996 Jan;19(1):13–22. https://​doi.​org/​10.​1002/​(SICI)1098-108X(199601)19:​1<13:​:​AID-EAT3>3.​0.​CO;2-Z.CrossrefPubMed

	49.
Giel KE, Kullmann S, Preißl H, Bischoff SC, Thiel A, Schmidt U, et al. Understanding the reward system functioning in anorexia nervosa: crucial role of physical activity. Biol Psychol. 2013;94(3):575–81. https://​doi.​org/​10.​1016/​j.​biopsycho.​2013.​10.​004.CrossrefPubMed

	50.
Fladung AK, Grön G, Grammer K, Herrnberger B, Schilly E, Grasteit S, et al. A neural signature of anorexia nervosa in the ventral striatal reward system. Am J Psychiatry. 2010;167(2):206–12. https://​doi.​org/​10.​1176/​appi.​ajp.​2009.​09010071.CrossrefPubMed

	51.
Horndasch S, Roesch J, Forster C, Dörfler A, Lindsiepe S, Heinrich H, et al. Neural processing of food and emotional stimuli in adolescent and adult anorexia nervosa patients. PLoS One. 2018;13(3):e0191059. https://​doi.​org/​10.​1371/​journal.​pone.​0191059.CrossrefPubMedPubMedCentral

	52.
Fitzsimmons-Craft EE, Accurso EC, Ciao AC, Crosby RD, Cao L, Pisetsky EM, et al. Restrictive eating in anorexia nervosa: examining maintenance and consequences in the natural environment. Int J Eat Disord. 2015;48(7):923–31. https://​doi.​org/​10.​1002/​eat.​22439.CrossrefPubMedPubMedCentral

	53.
Ma R, Kelly AC. The fragility of perceived social rank following exercise in anorexia nervosa: an ecological momentary assessment study of shame and pride. Eat Weight Disord. 2020;25(6):1601–7. https://​doi.​org/​10.​1007/​s40519-019-00797-3.CrossrefPubMed

	54.
Haynos AF, Berg KC, Cao L, Crosby RD, Lavender JM, Utzinger LM, et al. Trajectories of higher- and lower-order dimensions of negative and positive affect relative to restrictive eating in anorexia nervosa. J Abnorm Psychol. 2017;126(5):495–505. https://​doi.​org/​10.​1037/​abn0000202.CrossrefPubMed

	55.
Wang SB, Fox KR, Mair P, Nock MK, Haynos AF. Functional assessment of restrictive eating: a three-study transdiagnostic investigation. J Abnorm Psychol. 2021; In press.

	56.
Fladung AK, Schulze UM, Schöll F, Bauer K, Grön G. Role of the ventral striatum in developing anorexia nervosa. Transl Psychiatry. 2013;3(10):e315. https://​doi.​org/​10.​1038/​tp.​2013.​88.CrossrefPubMedPubMedCentral

	57.
Kullmann S, Giel KE, Hu X, Bischoff SC, Teufel M, Thiel A, et al. Impaired inhibitory control in anorexia nervosa elicited by physical activity stimuli. Soc Cogn Affect Neurosci. 2014;9(7):917–23. https://​doi.​org/​10.​1093/​scan/​nst070.CrossrefPubMed

	58.
Kaye W. Neurobiology of anorexia and bulimia nervosa. Physiol Behav. 2008;94(1):121–35. https://​doi.​org/​10.​1016/​j.​physbeh.​2007.​11.​037.CrossrefPubMed

	59.
Fairburn CG, Cooper Z, Doll HA, O'Connor ME, Bohn K, Hawker DM, et al. Transdiagnostic cognitive-behavioral therapy for patients with eating disorders: a two-site trial with 60-week follow-up. Am J Psychiatry. 2009;166(3):311–9. https://​doi.​org/​10.​1176/​appi.​ajp.​2008.​08040608.CrossrefPubMed

	60.
Peterson CB, Engel SG, Crosby RD, Strauman T, Smith TL, Klein M, et al. Comparing integrative cognitive-affective therapy and guided self-help cognitive-behavioral therapy to treat binge-eating disorder using standard and naturalistic momentary outcome measures: a randomized controlled trial. Int J Eat Disord. 2020;53(9):1418–27. https://​doi.​org/​10.​1002/​eat.​23324.CrossrefPubMed

	61.
Tsai M, Yard S, Kohlenberg RJ. Functional analytic psychotherapy: a behavioral relational approach to treatment. Psychotherapy (Chic). 2014;51(3):364–71. https://​doi.​org/​10.​1037/​a0036506.Crossref

	62.
Lewinsohn PM. A behavioral approach to depression. In: Friedman RJ, Katz MM, editors. Psychology of depression: contemporary theory and research. Oxford: Wiley; 1974. p. 157–78.

	63.
Hayes SC, Strosahl KD, Wilson KG. Acceptance and commitment therapy, second edition: the process and practice of mindful change. New York: The Guilford Press; 2011.

	64.
Eichen DM, Matheson BE, Appleton-Knapp SL, Boutelle KN. Neurocognitive treatments for eating disorders and obesity. Curr Psychiatry Rep. 2017;19(9):62. https://​doi.​org/​10.​1007/​s11920-017-0813-7.CrossrefPubMedPubMedCentral

	65.
Holmes EA, Mathews A, Mackintosh B, Dalgleish T. The causal effect of mental imagery on emotion assessed using picture-word cues. Emotion. 2008;8(3):395–409. https://​doi.​org/​10.​1037/​1528-3542.​8.​3.​395.CrossrefPubMed

	66.
Froh JJ, Kashdan TB, Ozimkowski KM, Miller N. Who benefits the most from a gratitude intervention in children and adolescents? Examining positive affect as a moderator. J Posit Psychol. 2009;4(5):408–22. https://​doi.​org/​10.​1080/​1743976090299246​4.Crossref

	67.
Hofmann SG, Grossman P, Hinton DE. Loving-kindness and compassion meditation. Potential for psychological interventions. Clin Psychol Rev. 2011;31(7):1126–32. https://​doi.​org/​10.​1016/​j.​cpr.​2011.​07.​003.CrossrefPubMedPubMedCentral

	68.
Wood AM, Froh JJ, Geraghty AW. Gratitude and well-being: a review and theoretical integration. Clin Psychol Rev. 2010;30(7):890–905. https://​doi.​org/​10.​1016/​j.​cpr.​2010.​03.​005.CrossrefPubMed

	69.
Marlatt GA, Donovan DM. Relapse prevention: maintenance strategies in the treatment of addictive behaviors. 2nd ed. New York: Guilford Press; 2004.

	70.
Linehan M. Cognitive-behavioral treatment of borderline personality disorder. New York: Guilford Press; 1993.

	71.
Bardone-Cone AM, Harney MB, Maldonado CR, Lawson MA, Robinson DP, Smith R, et al. Defining recovery from an eating disorder: conceptualization, validation, and examination of psychosocial functioning and psychiatric comorbidity. Behav Res Ther. 2010 Mar;48(3):194–202. https://​doi.​org/​10.​1016/​j.​brat.​2009.​11.​001.CrossrefPubMed

	72.
Pike KM. Long-term course of anorexia nervosa: response, relapse, remission, and recovery. Clin Psychol Rev. 1998;18(4):447–75. https://​doi.​org/​10.​1016/​s0272-7358(98)00014-2.CrossrefPubMed

	73.
Hudson JI, Hiripi E, Pope HG Jr, Kessler RC. The prevalence and correlates of eating disorders in the National Comorbidity Survey Replication. Biol Psychiatry. 2007;61(3):348–58. https://​doi.​org/​10.​1016/​j.​biopsych.​2006.​03.​040.CrossrefPubMedPubMedCentral

	74.
Fredrickson BL. The role of positive emotions in positive psychology. The broaden-and-build theory of positive emotions. Am Psychol. 2001;56(3):218–26. https://​doi.​org/​10.​1037/​/​0003-066x.​56.​3.​218.CrossrefPubMedPubMedCentral

	75.
Sjogren M. Anorexia nervosa and motivation for behavioral change - Can it be enhanced? J Psychol Clin Psychiatry. 2017;8(4):00489. https://​doi.​org/​10.​15406/​jpcpy.​2017.​08.​00489.Crossref

	76.
Warren CS, Schafer KJ, Crowley ME, Olivardia R. A qualitative analysis of job burnout in eating disorder treatment providers. Eat Disord. 2012;20(3):175–95. https://​doi.​org/​10.​1080/​10640266.​2012.​668476.CrossrefPubMed

	77.
Haynos AF, Fruzzetti AE. Anorexia nervosa as a disorder of emotion dysregulation: evidence and treatment implications. Clin Psychol. 2011;18(3):183–02. https://​doi.​org/​10.​1111/​j.​1468-2850.​2011.​01250.​x.Crossref

	78.
Steinglass JE, Walsh BT. Neurobiological model of the persistence of anorexia nervosa. J Eat Disord. 2016;4(1):19. https://​doi.​org/​10.​1186/​s40337-016-0106-2.CrossrefPubMedPubMedCentral

	79.
Martell CR, Dimidjian S, Herman-Dunn R. Behavioral activation for depression: a clinician’s guide. New York: Guilford; 2010.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Adapting a neuroscience-informed intervention to alter reward mechanisms of anorexia nervosa: a novel direction for future research


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40337_2021_417_Fig1_HTML.png
Heightenea weight-loss
rewards divert attention

Non-ED from non-ED rewards Weight-loss
Cues/Situations Cues/Situations

Reward processes
enhance likelihood of ED
behavior
ED
Behaviors

Reward anticipation

Reward anticipation

Reward experiencing A

Reward from ED behavior
strengthens reward
associations

Reward learning Reward learning

Limited alternate rewards
increase salience of
weight-loss cues

Acute and Prolonged
Starvation

Starvation state dampens
non-ED reward processing





OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





