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Abstract

This chapter provides a brief introduction to and overview of the contents of the Handbook. Several issues are highlighted, including changes since the previous edition of this volume, namely, the revised Diagnostic and Statistical Manual (DSM-5); the research domain criteria (RDoC), and recent technological innovations such as Internet treatment and the use of virtual reality related to eating disorders. Chapters on selective eating, bariatric surgery, and cognitive remediation have also been added. Themes carried forward from the previous edition of the Handbook are presented in updated chapters reviewing etiological, maintenance, assessment, comorbidity, medical complications, and pharmacotherapy, as well as evidence-based prevention and treatment considerations.

Key Words: classification, diagnosis, eating disorder, history, overview, treatment, technology





Introduction

This book is divided into five sections: phenomenology and epidemiology of the eating disorders; approaches to understanding the disorders; assessment and comorbidities of the disorders; prevention and treatment; and emerging topics. The first section deals with classification and epidemiology of the disorders, together with a consideration of the effect of the impact of the new research domain criteria (RDoC) promoted by the National Institute of Mental Health, on the conceptualization of the eating disorders. The second section describes research basic to understanding the eating disorders including biological, psychosocial risk factors, dieting, and mood in the genesis of eating disorders. The third section describes assessment of the eating disorders, medical and psychological comorbidities, and medical management. The fourth section deals with prevention and treatment of the eating disorders including psychotherapeutic and psychopharmacologic approaches and a consideration of the cost-effectiveness of existing treatments. The final section contains chapters on emerging topics such as selective eating, a childhood problem that extends into adult life, eating disorders in relation to bariatric surgery and the use of technology in treatment and assessment.

History of the Eating Disorders

Whether the eating disorders have historical continuity has been much debated (Habermas, 2005; Keel & Klump, 2003). Unfortunately, the historical record does not provide sufficiently detailed case descriptions to enable certain diagnosis. It is clear that self-starvation and self-induced vomiting, combined with asceticism and religious preoccupations apparently driving these symptoms, were present in medieval times (Bynum, 1987; Harrison, 2003), as well as cases of binge eating, often on strange foods, which is probably why they were recorded. Opinion is divided as to whether such individuals would meet present-day diagnostic criteria for an eating disorder or whether true eating disorder syndromes emerged only in the 19th and 20th centuries when detailed case histories became available (Habermas, 2005). Given the biological underpinnings of the eating disorders, for example, heritability, two explanations come to mind: First, eating disorders such as anorexia nervosa (AN) and bulimia nervosa (BN) may have been present throughout the centuries but the historical record is insufficient to fully confirm this possibility. Second, cultural conditions changed at some point, interacting with the genetic component, to produce full-fledged eating disorder syndromes. One possible cultural change is the focus on weight and shape together with attempts to alter these features that became increasingly common in young women from the mid-19th century onward (Habermas, 2005).

Hence, there are good descriptions of AN beginning in the mid-19th century (Gull, 1874) although BN was first described in detail much later (Russell, 1979) and BED, a provisional diagnosis in DSM-IV, only became a full disorder in DSM-5. Moreover, the impetus for research in BN was the increase in cases seen in North American clinics in the mid-1970s.

Systematic study of the eating disorders began in the last third of the 20th century, although AN had been described in the 19th century and various treatments for that disorder were tried, none of them particularly successful, during the next 100 years. Since the 1970s research into the eating disorders has grown exponentially. The first issue of the International Journal of Eating Disorders, the premier journal in the field, appeared in the fall of 1981, encouraging further research and other journals including Eating Behaviors; Eating: The Journal of Treatment and Prevention; Eating and Weight Disorders; Journal of Eating Disorders; and the European Eating Disorders Review have followed. As the field is now maturing, the purpose of this volume is to update the state of treatment and research.

The relatively recent recognition of the eating disorders means that research has lagged behind that of more established fields such as depression and anxiety disorders. For example, research on treatment of BN only began in the late 1970s with both pharmacologic and psychotherapeutic studies (Fairburn, 1981; Pope & Hudson, 1982; Schneider & Agras, 1985; Wermuth, Davis, Hollister, & Stunkard, 1977).

Recent Changes

Three important events have occurred between the editions of this volume. First, DSM-5 was published. Second, the research domain criteria (RDoC) were defined. Third, the use of technology in the assessment and treatment of eating disorders has increased. In DSM-5 “Binge Eating Disorder” was moved from a provisional to a full disorder, the criteria for the diagnoses of BN and BED were loosened, and amenorrhea was removed as a criterion for AN. The RDoC are aimed at correcting the problem that research to date has failed to produce enough knowledge about psychopathologic processes useful for the prevention and treatment of mental disorders. One reason for this is that the diagnoses emanating from clinician consensus described in the DSM may not represent actual entities, hence approaches to understanding these “disorders” have little chance of discovering useful psychopathologic processes. The RDoC approach aims to uncouple DSM diagnoses from research questions and to consider domains that may stretch across the disorders classified in the DSM. This radical approach has spurred a great deal of discussion and some dissent. The third change is in the use of technologic advances that have led to the development of Internet-based treatment for the eating disorders together with mobile applications (apps) as aids to therapy allowing for improved self-monitoring. Other advances such as the use of virtual reality for assessment and treatment of some aspects of the eating disorders are also examined.

Each of these changes is likely to alter our perception and understanding of the eating disorders and their treatment in the years to come.

The Eating Disorders: Boundary Problems

One problem in classifying the eating disorders is that the disorders tend to merge over time. For example, it is not uncommon for patients with AN to begin to binge eat and purge, thus meeting criteria for BN when they no longer meet weight criteria for AN. Indeed, about 25% of participants with BN in treatment trials had been diagnosed with AN in the past (Agras, Walsh, Fairburn, Wilson, & Kraemer, 2000; Fairburn & Cooper, 2011). Such individuals tend to have worse treatment outcomes than those who have not had past AN, suggesting that the psychopathologic processes active in AN continue to affect outcome. To a lesser extent, there is crossover between BN and BED. When there is a shift between syndromes, the question arises: Should the diagnosis change or should it remain in the previous diagnostic grouping? Although there is considerable controversy over this point, it would seem sensible to preserve the original diagnosis rather than assuming, as a diagnostic change does, that there has been recovery from one syndrome and development of a new one. More problematic again is the fact that the residual grouping EDNOS, from DSM-IV, was the most common ED diagnosis (Fairburn & Cooper, 2011; Vo, Accurso, Goldschmidt, & Le Grange, 2016). This group was largely composed of subclinical variants of AN, BN, and BED, often with mixed symptoms together with more tentatively identified entities such as (self-induced) vomiting disorder and night eating syndrome. Loosening the binge eating (and purging) criteria and the introduction of the category Other Specified Feeding and Eating Disorder (OSFED) in DSM-5 is expected to reduce the number of EDNOS-type cases that would have been seen in DSM-IV (Machado, Goncalves, & Hoek, 2012).

A further boundary problem is the relationship of the eating disorders to overweight and obesity. Here, the boundary between BED and obesity is the most complex because a substantial proportion of those with BED are also overweight or obese. A family study helped to clarify the relationship between these two disorders (Hudson et al., 2006). The authors found an aggregation of BED within families, probably due to interacting genetic and environmental variables. In addition, relatives of those with BED had a markedly higher prevalence of severe obesity than relatives of those without BED. These findings suggest that BED is a familial disorder caused by factors distinct from those that cause obesity, and that these BED-specific family factors also increase the risk of severe obesity. Hence obesity may be conceptualized as an entity separate from BED although BED is a risk factor for the development of obesity, especially severe obesity.

Family and Genetic Studies

Family and twin studies suggest that the eating disorders are heritable, with familial and environmental factors specific to individuals (nonshared environment) interacting with genes to produce disorders. The estimated contributions of genetic and nonshared environmental variables differ considerably from study to study, hence the relative contribution of genes and environment to the eating disorders is unclear. Moreover, epigenetic factors (the influence of environment on gene expression) provide a pathway for the effects of early life stressors. Whether or not genetic studies will provide useful leads for treatment is debatable, given the complexity of eating and its disorders. Following the path that other psychiatric disorders pioneered, it is now recognized that the acquisition and analysis of large well-specified samples, including eating disorders and eating disorder symptoms is needed.

Risk Factors and Prevention of Eating Disorders

Risk factors can be ascertained, usually after preliminary studies finding associations either retrospectively or concurrently between a disorder and particular variables, in two main ways. First a risk factor can be identified from prospective studies. Second, a causal risk factor can be identified experimentally by altering the strength of the risk factor and ascertaining the effect of such alteration on the occurrence of the disorder or an important component of the disorder. The most difficult ED to study is AN, because the incidence of this disorder is relatively low, requiring very large-scale prospective population studies to identify sufficient cases and the putative risk factors. However, our knowledge of risk factors for BN and to a lesser extent for BED has developed mainly by means of prospective studies with a few experimental studies aimed at identifying causal risk factors.

Knowledge of risk factors is crucial to the development of effective prevention programs. Among the factors that form the basis for a number of prevention studies in adolescents and young women are an elevated perceived pressure to be thin emanating from family, peers, and the media; internalization of the thin-ideal espoused for women by Western culture; and elevated body mass index and body dissatisfaction coupled with dieting. These risk factors have predicted eating pathology in a number of prospective studies. Prevention studies now constitute a promising research field with some notable successes. Importantly, many prevention programs can make use of media and the Internet to deliver the intervention, thus reducing cost and providing easy access to the programs.

Interestingly, there is mixed evidence that dieting is a risk factor for BN and BED despite the fact that it is universally regarded as a risk factor. Specifically, while some prospective studies show increases in binge eating and bulimic symptoms post dietary restraint, some experimental studies show that dietary restriction can reduce binge eating and bulimic symptoms. It may be that a third variable elicited by the assessment of dieting may be a risk factor although it is unclear what that factor might be.

Treatment of the Eating Disorders

The relatively low prevalence of AN combined with the reluctance of many patients with the disorder to seek or follow through with treatment makes treatment research for this disorder difficult. Many of the controlled studies that have been completed have sample sizes too small to allow conclusions about the effectiveness of treatment to be made. Hence, at this time there are no first-line evidence-based pharmacological or psychotherapeutic treatments available for persistent AN. This is disappointing, given the fact that of all the eating disorders AN has the longest history, even in modern times. The most promising treatment at this time is a family-based approach for adolescents first developed at the Maudsley Hospital in London, UK (Agras, et al., 2014; Lock, Agras, Bryson, & Kraemer, 2005). This treatment is now supported by a number of controlled studies demonstrating that for adolescents it is more effective than individual therapy and a generic family therapy, hence it can be regarded as a first-line evidence-based treatment. Moreover, early treatment may reduce the number of persistent cases.

The situation is somewhat better for BN with a number of well-designed studies comparing various treatments. Although only fluoxetine is FDA approved for use in BN, most antidepressants have been shown to be effective in reducing binge eating and purging (Hay, 2013; McElroy, Guerdjikova, Mori, & Keck, 2015). However, cognitive-behavioral therapy (CBT) appears to be more effective than medication in comparative studies (Agras et al., 1992; Mitchell et al., 1990). Similarly, CBT is more effective than interpersonal therapy (IPT) at the end of treatment, but not at follow-up (Agras et al., 2000) with IPT apparently acting more slowly than CBT. Hence, CBT can be recommended as a first-line evidence-based therapy for BN with IPT or medication as secondary choices. More recently, guided self-help treatments based on CBT have been found effective in both adults and adolescents and may form the basis for a cost-effective first step in the treatment of BN followed by CBT if needed. Despite these developments, only about 25% to 35% of patients with BN who are treated with CBT will recover. Hence, the search for more effective treatments or combinations of treatments for BN needs to continue.

Considerable progress has been made in developing evidence-based treatments for BED because effective treatments for BN have been adapted for this condition. Both CBT and IPT have been shown to be effective for BED in well designed studies, with more than 60% of individuals recovering both at the end of treatment and at follow-up Wilfley et al., 2002). Interestingly, IPT is as effective as CBT both at the end of treatment and at follow-up, and has lower dropout rates than CBT. However, neither CBT nor IPT has much effect on weight, an important issue because the majority of patients with BED are overweight. Individuals who stop binge eating and who maintain abstinence from binge eating during follow-up will lose about 5 kg. Here, medications such as the antiepileptic drug topiramate and similar compounds may be useful because such medications have larger effects on weight than does CBT or IPT and also reduce binge eating (Brownley, et al. 2016). Recently the FDA approved lisdexamphetamine (LDX) for the treatment of BED, again showing effectiveness in reducing binge eating and weight. Further research combining medication and psychotherapy is needed. Hence, CBT, IPT, and antidepressants, antiepileptics, and LDX can be regarded as evidence-based treatments for BED, with CBT and IPT as first-line treatments. More recently a large-scale study compared IPT, behavioral weight loss treatment (BWL), and guided self-help (CBTgsh) for BED (Wilson, Wilfley, Agras, & Bryson, 2010). At the end of treatment there were no differences among the three groups in reducing binge eating. However, the BWL group lost more weight than the other two groups. At 1-year follow-up there were no differences between groups on binge eating reduction, weight losses, or psychopathology, but at the 2-year follow-up both IPT and CBTgsh were superior to BWL in reducing binge eating. The authors concluded that CBTgsh may be useful as a first step in the treatment of BED, with IPT or CBT being used for those who do not improve with guided self-help. Indeed, the recent release of the National Institute of Clinical Excellence (NICE) guidelines for eating disorder treatment suggest use of guided self-help in the initial treatment of BN and BED (NICE, 2017).

Technology: Assessment and Treatment

The advent of Internet-based and mobile applications in the last few years holds promise for extending the reach of therapists and bringing treatment to areas where no evidence-based care is available. In a recent review (Agras, Fitzsimmons-Craft, & Wilfley, 2017) of technology-based assessment and treatment, the authors concluded, “There is not a strong enough evidence-base to support widespread usage of Internet treatments in the clinic. The extant studies provide a signal that effectiveness studies involving comparisons with known effective treatments are feasible.” (p. 34). Most studies did not take advantage of the Internet to personalize treatment. Hence, treatment over the Internet is in the early stage of development. Moreover some aspects of Internet treatment raise ethical concerns. For example, Internet assessment and treatment without a therapist may not identify important safety concerns such as low weight, suicidal ideation, and electrolyte abnormalities, or identify newly emerging psychopathology during treatment. Moreover, it is questionable whether a patient whose identity is unknown should be engaged in treatment. In the United States, state licensing regulations vary concerning treatment by out-of-state providers. Mobile applications will face these issues once they cross the line from assessment to treatment.

Overall, this book delineates the considerable progress made in understanding and treating the eating disorders while drawing attention to the various gaps in our knowledge with suggestions as to how to address them.
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Abstract

The purpose of this chapter is to elucidate the key issues regarding the classification of eating disorders. To this end, a review of nosological research in the area of eating disorders is presented, with a particular focus on empirically based techniques such as taxometric analysis, latent class analysis, and factor mixture modeling. This is followed by a section outlining areas of overlap between the current Diagnostic and Statistical Manual of Mental Disorders–Fifth Edition (DSM-5) eating disorder categories and their symptoms. Next, eating disorder classification models that are alternatives to the DSM-5 are described and critically examined in light of available empirical data. Finally, areas of controversy and considerations for change in next version of the DSM (i.e., the applicability of DSM criteria to minority groups, children, and males; the question of whether clinical categories should be differentiated from research categories) are discussed.
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Introduction

Taxonomy (the science of classification) is often undervalued as a glorified form of filing—with each species in its folder, like a stamp in its prescribed place in an album; but taxonomy is a fundamental and dynamic science, dedicated to exploring the causes of relationships and similarities among organisms. Classifications are theories about the basis of natural order, not dull catalogues compiled only to avoid chaos (Gould, 1989, p. 98).

Sound classification systems are the cornerstone of scientific progress. The universal language of classification systems allows scientists to communicate in an efficient, standardized manner about variables in their discipline. This function of classification is extremely important, and makes it possible to construct a collective knowledge base on which scientists can build and advance the field. However, as Stephen Jay Gould articulates in the quote above, classification systems, at their best, are not merely arbitrary organization systems. Rather, they are like Mendeleev’s periodic table of elements for the field of chemistry: theoretically driven, parsimonious, and instrumental for scientific growth.

Within the disciplines of psychiatry and psychology, one of the most commonly used classification systems for mental disorders is the Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-5; American Psychiatric Association [APA], 2013). The broad objectives of this chapter are (1) to examine how well the DSM-5 eating disorder (ED) classification system performs in terms of the qualities that Gould and others (e.g., Waller & Meehl, 1998) have articulated and (2) to illuminate pathways for improvement on the current system. The chapter begins with a brief description of the DSM’s current system for classifying EDs and a review of research on nosological issues. Next, the overlap between diagnostic entities is reviewed, and alternative diagnostic models for EDs are presented. Finally, the chapter concludes with suggestions for change and future directions.

The Current DSM Classification of Eating Disorders

The DSM-5 was updated to include two main types of disorder characterized by disturbed eating behaviors: feeding disorders and EDs. There are five categories of EDs: anorexia nervosa (AN), bulimia nervosa (BN), binge eating disorder (BED), other specified feeding or eating disorder (OSFED), and unspecified feeding or eating disorder (UFED). Anorexia nervosa is diagnosed when an individual does not consume enough caloric energy to maintain a minimal healthy body weight, exhibits intense fear about weight gain and/or fatness despite being underweight, and has distorted perceptions related to weight and shape (e.g., does not recognize one is severely underweight, experiences undue influence of shape or weight on mood and self-evaluation. Anorexia nervosa is divided into two subtypes: a binge eating/purging type for those who engage in binge eating (i.e., an episode wherein one experiences a sense of loss of control while eating and consumes an objectively large quantity of food) and/or purging (i.e., self-induced vomiting or laxative or diuretic use) and a restricting type for individuals who do not regularly engage in binge eating or purging behavior (APA, 2013). In addition to categorical distinctions, DSM-5 includes a dimensional measure of severity for AN based on body mass index (BMI; ≥17 kg/m2 = mild, 16–16.99 kg/m2 = moderate, 15–15.99 kg/m2 = severe, <15 kg/m2 = extreme).

Bulimia nervosa is diagnosed when an individual regularly (i.e., at least once a week on average for a 3-month period) engages in binge eating (i.e., eating an objectively large amount of food within any 2-hour period while perceiving a lack of control) and inappropriate compensatory behaviors (e.g., excessive exercising, purging, fasting). Bulimia nervosa can be diagnosed only if the individual does not meet criteria for AN (otherwise an AN diagnosis trumps the BN diagnosis), and BN diagnoses also require that the individual’s self-evaluation is unduly influenced by weight and shape (APA, 2013). Bulimia nervosa also has a dimensional severity specifier determined by the frequency of inappropriate compensatory behaviors per week (1–3 episodes = mild, 4–7 episodes = moderate, 8–13 episodes = severe, 14 or more episodes = extreme). The DSM-5 reduced the frequency of disordered eating behavior required for BN and eliminated the nonpurging/purging subtype classification.

For DSM-5, BED went from the appendix to an official eating disorder diagnosis; it is diagnosed when an individual experiences binge eating, on average, a minimum of once per week for 3 months. The binge eating episodes must be associated with at least three of the following characteristics: eating abnormally fast, eating until uncomfortably full, eating large amounts of food when not experiencing physical hunger, being embarrassed by the amount of food consumed and subsequently feeling the need to eat alone, and feeling guilty, disgusted with oneself, or depressed afterward. In addition, there is significant distress concerning binge eating and the individuals must not regularly use inappropriate compensatory behaviors. Binge eating disorder is considered mild in severity when there are 1–3 binge eating episodes per week, moderate for 4–7 episodes, severe when there are 8–13 episodes per week, and extreme if there are 14 or more binge eating episodes per week (APA, 2013).

Next, there are two related but separate diagnostic categories, OSFED and UFED. The first, OSFED, is reserved for individuals deemed to have a clinically significant (i.e., distressing and impairing) eating or feeding disorder that does not meet full criteria for AN, BN, BED, or any of the feeding disorders. Examples of presentations that can fall under this category are atypical AN, low frequency/duration BN, low frequency/duration BED, purging disorder, or night eating syndrome. The second, UFED, is also reserved for individuals deemed to have a clinically significant eating or feeding disorder that does not meet criteria for the other feeding or eating disorders; however, this diagnosis is given when the clinician chooses to not specify the presentation or there is insufficient information to make a more specific diagnosis (APA, 2013).

Finally, there are two feeding disorders that are most relevant to the adult population: pica and rumination disorder. Pica is diagnosed in an individual if, for at least a month-long period, the individual persistently consumes substances that are nonnutritive and not foods. This eating of nonfood substances must be incongruent with the individual’s development level such as seen in adults without certain mental disorders (e.g., intellectual developmental disorder, autism spectrum disorder, schizophrenia) and must also not be in the confines of a cultural or social normative practices. Rumination disorder is diagnosed in an individual if, for at least a month-long period, the individual repeatedly regurgitates their food and this regurgitation is not attributed to a gastrointestinal or medical condition. The regurgitation must not exclusively occur during an episode of AN, BN, or BED. The individual may proceed to rechew, reswallow, or eject the regurgitated food. Individuals do not regurgitate the food with nausea or disgust (APA, 2013). To our knowledge, there are not classification studies specifically examining rumination disorder or pica in adults, and therefore, these disorders are not discussed further in this chapter.

Review of Research on Nosological Issues

The way in which eating disorders are defined, classified, and distinguished have important implications for both the scientific and clinical eating disorder communities. The eating disorder diagnoses currently defined in the DSM-5 were based jointly on clinical wisdom and empirical evidence available at the time of publication; however, the validity of these diagnoses and the criteria used to define DSM diagnoses have not always received empirical support (see Wonderlich, Joiner, Keel, Williamson, & Crosby, 2007). Statistical approaches to the classification of eating disorders, such as latent class analysis (LCA; Lazarsfeld & Henry, 1968), taxometric analysis (TA; Waller & Meehl, 1998), and factor mixture modeling (FMM; Lubke & Muthen, 2005) provide empirically based alternatives to the DSM that may have greater scientific validity and clinical utility. These empirical approaches are considered in the text that follows.

Latent class analysis is designed to identify homogeneous subsets of cases (i.e., latent classes) using observed signs and symptoms based on the principle of conditional independence (Lazarsfeld & Henry, 1968). Specifically, classes are created in LCA in such a way that, within each class, the signs and symptoms are statistically independent (i.e., uncorrelated). Thus, LCA is a statistical model-based approach that provides objective criteria for the determination of the optimal number of clusters, and provides a probability-based method for assigning individuals to classes. Also, LCA requires the use of dichotomous indicator variables. A variant of LCA, latent profile analysis (LPA), allows the use of categorical, ordinal, and continuous variables.

Well over a dozen studies have used LCA or LPA to classify individuals with eating disorder symptoms. Two to six clusters tend to emerge from these analyses (see Keel, Brown, Holland, & Bodell, 2012, for a more detailed review of LCA/LPA studies). Results from nonclinical or community-based samples consistently suggest that healthy “normals” are distinct from people with disordered eating symptoms (e.g., Pinheiro, Bulik, Sullivan, & Machado, 2008; Wade, Crosby, & Martin, 2006); however, LCA/LPA research using community samples is hampered by the low percentage of included participants that exhibit concerning ED symptoms (i.e., having low numbers of participants with ED symptomatology decreases the likelihood of identifying meaningful ED clusters). Thus LPA/LCA research using clinical samples tends to identify several clusters that exhibit differing types of ED pathology, often including groups that resemble AN, BN, BED, and mixed ED presentations (e.g., Deschartres et al., 2011; Eddy et al., 2009). In addition, a series of LCA/LPA studies have suggested that there may be a meaningful distinction between people with AN-like presentations who endorse an intense fear of fatness and people who have a very low weight but do not endorse strong weight/fatness concerns (e.g., Crow et al., 2012; Keel et al., 2004; Wildes, Forbush, & Markon, 2013), and between those with BN-like presentations who engage in multiple purging methods versus those who solely vomit (e.g., Crow et al., 2012; Eddy et al., 2009; Keel et al., 2004).

One of the advantages of LCA is its ability to determine the optimal number and composition of homogeneous groups; however, a noted weakness of LCA is the tendency for it occasionally to produce spurious classes that actually represent different points along a continuum of severity (Uebersax, 1999). Taxometric analyses were specifically designed to address the question of whether two apparently separate classes represent categorically distinct entities (taxa) or superficially different manifestations of a single underlying condition (Waldman & Lilienfeld, 2001). Like LCA, TA, examines the associations between observed measures; however, unlike LCA, TA specifies a priori the number of groups (i.e., two). In TA, indicators are selected to serve as proxies of group membership. If group membership is based on a dimensional distinction along an underlying continuum, then the strength of associations between any two indicators of group membership will remain constant across the range of a third indicator. In contrast, if the distinction between groups is truly qualitative, then the strength of associations will be lowest when examined separately in each distinct group and highest when examined in a mixed sample containing individuals from each group (Gordon, Holm-Denoma, Smith, Fink, & Joiner, 2007).

Two fairly recent studies have used groups identified in LPA to conduct subsequent TA. In one study, Keel et al. (2011) first identified five clusters (healthy normals, BN, mixed ED, AN, and BED) using LPA. Next, they conducted a series of TAs comparing pairs of identified groups to one another. Results showed a categorical distinction between the healthy normal group and each of the other four ED groups; however, TA conducted between the various ED groups often resulted in ambiguous results, likely due to relatively small sample sizes. Similarly, Thomas et al. (2015) used a combined LPA and TA approach in a sample of individuals from Hong Kong. Four groups emerged in LPA (BN, low-weight non-fat-phobia, classic AN, and BED). Due to the group’s small number of members, the BED group was unable to be used in the TA; however, other pairwise TA revealed categorical distinctions between the two low-weight classes, and between BN and the low-weight non-fat-phobia group. The categorical distinction between the non-fat-phobic low-weight group and the classic AN group is largely consistent with the findings of Keel et al. (2011), who also identified a taxonic relationship between a fat-phobic low-weight class and a non-weight-phobic (albeit normal-weight) group.

Other researcher teams have conducted recent TA of eating disorders without using groups identified a priori through LCA/LPA. Results from early taxometric analyses of eating disorders (e.g., Gleaves, Lowe, Green, et al., 2000; Gleaves, Lowe, Snow, et al., 2000; Williamson et al., 2002; Tylka & Subich, 2003) tended to support the idea of a single “bulimic taxon” that is categorically distinct from normality; however, the conclusions from those early studies have been criticized as methodological advances, including the development of the comparison curve fit index (CCFI; Ruscio, 2007), have evolved.

More recently, in both a nonclinical sample (Holm-Denoma, Richey, Joiner, 2010) and an inpatient ED sample (Olatunji et al., 2012), TAs were conducted using the Eating Disorders Inventory subscales as indicators. In the community sample, body dissatisfaction, bulimia, and drive for thinness were all shown to have a dimensional latent structure. In the inpatient sample, similar results were obtained, such that categorical distinctions were not revealed between diagnostic groups (i.e., AN-R, AN-BP, and BN) when body dissatisfaction, bulimia, drive for thinness, and BMI were used as indicators. In addition, a recent quantitative review of the latent structure of various types of psychopathology concluded that there is little evidence that EDs are categorically distinct from normalcy (Haslam, Holland, & Kuppens, 2012).

In recent years, researchers have begun using FMM to evaluate the latent structure of constructs. Factor mixture modeling is able to analyze continuous and categorical observed variables in a single model and can also include covariate effects in different parts of the model. In addition, unlike TA, FMM can evaluate the possibility of more than two categories using statistical tests that evaluate competing models’ goodness of fit (Lubke & Muthen, 2005). To our knowledge, only one FMM study of eating disorders have been published to date. Keel et al. (2013) examined various bulimic syndromes (e.g., AN binge-purge subtype, BN, BED, purging disorder, and EDNOS cases with BN-like symptoms) to determine whether they are best represented as categorically distinct diagnostic groups, a single group with dimensions of severity, or a combination of groups and dimensions. Results suggested that a hybrid model comprised both categories and a dimension most accurately reflected the latent structure of bulimic syndromes. Three latent classes were observed (one with serious EDs characterized by binging, self-induced vomiting, and high levels of fat phobia; another group with subthreshold EDs characterized by binging, nonpurging compensatory behaviors, and low levels of fat phobia; and a final group with minimal eating disorder symptoms), whereas the identified dimension that cut across categories reflected symptom severity.

Overlap Between Diagnostic Entities

The previous section consisted of a review of research on nosological issues and EDs, while the current section discusses areas of overlap between the diagnostic categories. At a basic level, there is some overlap in the actual diagnostic criteria of AN and BN. Specifically, both diagnoses include a criterion reflecting “self-evaluation is unduly influenced by body shape and weight” (APA, 2013). This criterion is not currently included for the diagnosis of BED. However, Grilo et al. (2008) argue for its use as a diagnostic specifier for BED, based on findings that BED participants with clinical levels of overvaluation of weight/shape reported significantly higher levels of eating pathology and depression symptoms than BED participants with subclinical levels of overvaluation of weight and shape. It is interesting to note that these group differences (based on levels of overvaluation of weight and shape) emerged despite a lack of differences in BMI and binge eating frequency between the two BED groups.

Overlap Between DSM-Based Eating Disorder Diagnoses on External Validators

There is substantial evidence that meaningful differences between the DSM diagnostic classes do not exist on a host of external validators. For example, a variety of studies have indicated that although longitudinal stability within an ED diagnosis is more common than diagnostic crossover, a substantial minority of people with an ED diagnosis demonstrate diagnostic crossover longitudinally (e.g., Agras, Crow, Mitchell, Halmi, & Bryson, 2009; Eddy et al., 2008; Fichter & Quadflieg, 2007). In addition, family history studies have failed to find that eating disorder diagnoses “breed true,” as there are frequent cross-transmissions of diagnoses in family members of both AN and BN probands (Strober, Freeman, Lamper, Diamond, & Kaye, 2000) and high levels of genetic correlations between AN and BN (Bulik et al., 2010). Both individuals with AN and BN have also been shown to have abnormalities in the serotonergic and dopaminergic systems (e.g., Frank et al., 2002; Frank et al., 2005).

Moreover, all of the major eating disorder diagnoses are characterized by a frequently shared comorbidity profile; AN, BN, and BED all show high levels of mood disorders, substance use disorders, anxiety disorders, and personality disorders (Hudson, Hiripi, Pope, & Kessler, 2007; Johnson, Spitzer, & Williams, 2001; Wonderlich & Mitchell, 1997). Similarly, eating disorder classes are not distinguishable in terms of impaired interpersonal functioning (Gonzales, 2001; Hartmann, Zeeck, & Barrett, 2010; Hsu et al., 2002) and share many personality correlates (e.g., for AN and BN: perfectionism, negative emotionality, Cassin & von Ranson, 2005).

However, it is important to recognize that the current DSM-based eating disorder diagnoses provide some degree of discriminant validity on clinical outcome measures. It appears as though AN is distinguished from the other eating disorders in terms of higher overall mortality rates (Arcelus, Mitchell, Wales, & Nielsen, 2011), higher suicide rates (Preti, Rocchi, Sisti, Camboni, & Miotto, 2011), and lower likelihood of remission or recovery (Fichter & Quadflieg, 2007; Herzog et al., 1993). It is unclear whether people with different ED diagnoses show differential response to treatment because no study has been conducted that exposed all three ED diagnoses to the same treatment agent; however, the literature implies that AN is more treatment resistant than BN and BED (Fichter & Quadflieg, 2007). In addition, some personality differences have been observed between AN on one hand and BN (and possibly BED) on the other. Specifically, individuals with AN tend to be high in constraint whereas those with BN tend to be more impulsive (Cassin & von Ransom, 2005).

In sum, ED diagnoses, as defined in DSM-5, appear to lack discriminant validity on a number of variables. Nonetheless, there are some important clinical validators that have been supported in comparisons of DSM-5 classes.

Alternative Diagnostic Models

In response to the aforementioned concerns about the existing DSM ED classification system, some researchers have proposed alternative diagnostic systems. Two of the proposed alternative models are described in this section. In addition, a critical review of each proposed classification system is provided.

Three-Dimensional Model

After examining the results of a series of taxometric studies (Gleaves, Lowe, Snow, et al., 2000; Williamson et al., 2002), Williamson, Gleaves, and Stewart (2005) proposed the empirically based three-dimensional model (TDM) of eating disorders. The TDM hypothesizes that three main factors underlie all disordered eating presentations. The first factor, binge eating, is considered to be taxonic (i.e., individuals either engage in binge eating or they do not), whereas the other two factors, drive for thinness and fear of fatness/inappropriate compensatory behaviors, are viewed as dimensional. Williamson et al. (2005) have conceptualized how each of the existing DSM EDs and obesity would fill the TDM’s space when all three factors are simultaneously considered (Figure 1.1).

The diagnostic system proposed by the TDM differs from that of the DSM in several important ways. First, it posits that eating behaviors with a binge eating component (e.g., BN, BED, and the binge eating/purging type of AN) are qualitatively distinct from those without a binge eating component (e.g., the restricting type of AN, obesity, and normal eating). Second, individuals with the binge eating/purging type of AN are posited to be qualitatively similar to those with both purging and nonpurging types of BN, but to differ quantitatively in their relatively higher levels of drive for thinness. Third, according to this model, BED is qualitatively similar to other disorders that have a binge eating component, but quantitatively different from them because it is defined by relatively lower levels of fear of fatness and drive for thinness. Finally, only one variant of AN exists according to the TDM: AN, restricting type.

One could imagine that a classification system stemming from the TDM would have two primary ED categories: EDs accompanied by binge eating and EDs without a binge eating component. Within the binge eating category, individuals would be plotted on the dimensions of drive for thinness and fear of fatness. As described in the preceding text, those who had the highest levels of drive for thinness would have a syndrome that is like the DSM-5’s AN, binge eating/purging diagnosis, whereas those with relatively lower levels of drive for thinness would have syndromes that were similar to BED and BN. In addition, those with syndromes like the DSM-5’s BED would have lower levels of fear of fatness than BN. Within the non-binge-eating category, individuals with high levels of fear of fatness and drive for thinness would be considered to have a restrictive anorexic syndrome, whereas those with relatively lower levels of both factors would be considered obese or normal. Within both of the diagnostic categories proposed by the TDM (i.e., EDs accompanied by binge eating, and EDs without a binge eating component), diagnostic labels would refer to individuals who differ with regard to severity of drive for thinness and fear of fatness. Thus, within the two diagnostic categories, no qualitatively distinct groups would exist.
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Figure 1.1 Three-dimensional model of eating disorders. BN-P = bulimia nervosa, purging type; BN-NP = bulimia nervosa, nonpurging type; AN-R = anorexia nervosa, restricting type; AN-BP = anorexia binge/purge type; BED = binge eating disorder; FF/CB = fear of fatness/concern with body size and shape. Source: Williamson, D. A., Gleaves, D. H., & Stewart, T. M. [2005]. Categorical versus dimensional models of eating disorders: An examination of the evidence. International Journal of Eating Disorders, 37, 1–10. © 2005 Wiley Periodicals, Inc. Reprinted with permission of John Wiley & Sons, Inc.



The TDM has implications not only for the classification of eating disorders, but also for the etiology, assessment, and treatment of them. With regard to etiology, some assume that taxonic results signify a genetic or biological basis to a disorder. Although taxonic entities may have a higher likelihood of a genetic etiology than dimensional entities (Meehl, 1992), it is conceivable that they may also result from sociocultural factors (e.g., an environmental mold taxon; Catell, 1946). Similarly, dimensional entities such as AN, restricting type, may be impacted by biological factors (e.g., amount of serotonin released in the brain) and/or may result from an interaction of biological factors (e.g., genotype of the 5-HT2a receptor gene) and environmental factors (e.g., internalization of the thin ideal).

With regard to assessment, Gangestad and Snyder (1985) reported that mismatching the structure (i.e., taxonic vs. dimensional) of a latent variable with a given assessment modality could result in distortion of results. For taxonic disorders, a short measure that concentrates on dichotomously classifying individuals based on a best cut can minimize misclassifications (Meehl, 1992). In contrast, measures of continuous constructs must include items that adequately assess all aspects of the latent entity and discriminate across the entire breadth of the dimension (Meehl, 1992; Ruscio & Ruscio, 2002). Finally, with regard to treatment, Williamson et al. (2005) suggest that for disorders that are dimensional in nature (e.g., AN, restricting type), progress during treatment may be relatively slow and difficult to detect at any given time. Treatment that moves someone “down” the continuum a small number of intermediate levels may result in change that is almost unperceivable in the short term. In contrast, researchers have predicted a disorder that is taxonic in nature will likely respond to treatment in an all-or-nothing fashion (Strube, 1989; Williamson et al., 2005). In this case, they have hypothesized that change may be difficult to initiate, but once initiated, should be noticeable and complete. It is important to note that these are hypotheses that have yet to be empirically examined.

As discussed by Wonderlich et al. (2007), one of the limitations of the TDM is that it relies on the results of taxometric studies that have examined the nature of existing DSM ED categories. Therefore, the model’s generalizability to EDs not currently included in the DSM-5 (e.g., feeding disorders, such as pica and rumination disorder) is compromised. Further, it does not consider certain variables that are integral to any classification system (e.g., what role comorbidity plays).

Transdiagnostic Model

The transdiagnostic approach, first outlined by Fairburn and his colleagues (Fairburn, Cooper, & Shafran, 2008; Fairburn, Cooper, & Shafran, 2003), proposes that all EDs fall into a single diagnostic category called “eating disorder.” Its premise is that the core psychopathology of all EDs is the overvaluation of control over body shape, weight, and eating. Moreover, Fairburn et al. (2008) believe that many distinctive clinical features (i.e., caloric restriction, binge eating, body checking) cut across ED diagnostic categories. As evidence of their viewpoint, Fairburn cite the fact that some individuals first diagnosed with a given ED cross over into another ED category over time.

Given the commonalities across ED diagnoses, Fairburn et al. (2008) suggests that one’s specific ED diagnosis should not determine the treatment modality. Rather, cognitive-behavioral therapy (CBT) should be used with all ED patients, and the specific techniques of CBT that are primarily employed should be based on the psychopathological features and maintaining mechanisms of each patient. For instance, a patient presenting with high levels of clinical perfectionism should be treated with a CBT-based approach that targets the perfectionism, regardless of the DSM-5 defined ED for which she or he meets criteria. In sum, Fairburn believe that regardless of a patient’s diagnostic status as defined by the DSM, a similar treatment approach (CBT) should be used.

Although the transdiagnostic approach holds some intuitive appeal, it is somewhat undermined by data that suggest genuine differences between AN and BN exist (e.g., mortality rates; Franko & Keel, 2006). Perhaps the model still offers an interesting approach to conceptualizing the dimensions that may cut across all ED diagnoses. For instance, Fairburn (2008) hypothesizes several characteristics (i.e., maintaining mechanisms) that cut across ED diagnoses such as clinical perfectionism, low self-esteem, mood lability intolerance, and interpersonal difficulties. Future TA and/or FMM could examine these maintaining mechanisms to determine whether they are indicators of dimensions and/or taxa relevant to eating pathology.

Which Classification Model Is Best?

As described in the preceding text, the DSM-5’s current classification system is partially a result of arbitrary, rather than empirically based, decisions. The two alternative models described in this section address some of the shortcomings of the DSM model. For instance, the TDM is based on empirical findings, whereas the transdiagnostic model addresses some DSM validity concerns (e.g., rates of crossover between diagnoses might indicate an invalid boundary between DSM categories, and the transdiagnostic model minimizes the use of the arbitrary diagnostic boundaries). However, there are limitations to each of the alternative models. For example, the TDM has focused exclusively on DSM-defined eating disorders.

Given the three models discussed in this chapter (i.e., DSM-5, TDM, and the transdiagnostic model) and an infinite array of other possible models, how can one discern which classification system is best? First, it is important to emphasize the importance of considering multiple variables simultaneously when evaluating a classification system’s validity. Kendler (1990) suggests several validators need to be rigorously evaluated: treatment response and utility, clinical course, etiological factors, biological and genetic variables, and demographic measures. Second, it is currently unclear whether either of the newly proposed systems demonstrates incremental validity or clinical utility when compared to the DSM-5’s system. Future researchers should consider testing alternative classification systems against one another to determine empirically which one demonstrates maximal validity, and the field should prioritize the use of empirically supported diagnostic systems. Moreover, many empirically derived eating disorder classification systems have been shown to have superior external validity than the DSM’s classification system. For instance, LPA studies generated a six-class system in which three classes (i.e., a class that resembles BN, a class that resembles BED, and a class of low-weight individuals who denied a fear of fatness) had heightened standardized mortality ratios; the six-class empirically based classification resulted in better prediction of mortality risk than the existing classifications in the DSM (Crow et al., 2012).

Intradiagnostic Heterogeneity

It is well known that there is heterogeneity in clinical presentation within each ED category (Wonderlich et al., 2007), but there seems to be a limited number of personality patterns when you look across all DSM-based ED categories (Johnson & Connors, 1987; Westen & Harden-Fischer, 2001; Wonderlich & Mitchell, 1997). Early on, most researchers focused on how multi-impulsivity and other features often associated with borderline personality disorder might be related to eating pathology (Fichter, Quadflieg, & Rief, 1994; Lacey, 1993; Steiger & Stotland, 1996; Wonderlich & Swift, 1990). More recently, however, researchers have applied statistical approaches such as cluster analysis and latent profile analysis to identify multiple personality profiles that reliably coincide with eating disturbances.

Empirical studies have consistently identified at least three personality clusters that are common among adults with eating disorders: impulsive/emotionally dysregulated; compulsive/emotionally constricted, and normative (e.g., Wonderlich et al., 2005). Similar results have been obtained in adolescent samples (Thompson-Brenner, Eddy, Satir, Boisseau, & Westen, 2008). The personality clusters differ from one another with regard to potential etiologic variables such as rates of childhood abuse (Steiger, Israël, Gauvin, Kin, & Young, 2003; Westen & Harden-Fischer, 2001), family history (Holliday, Landau, Collier, & Treasure, 2006), and genetic vulnerabilities (Steiger et al., 2003). Their eating disorder history and comorbidity profiles are also different (e.g., Tozzi et al., 2005; Wonderlich et al., 2005), as well as their treatment history and emotional and behavioral ratings (Wonderlich et al., 2007). These findings suggest that personality variation within a given DSM diagnostic construct (e.g., AN, restricting type) may be associated with meaningful conceptual and clinical differences. Accordingly, a maximally effective treatment may look different when delivered to an individual with AN who has significant emotion dysregulation difficulties in comparison to an individual with AN who does not have significant emotion dysregulation difficulties (Racine & Wildes, 2015). Some researchers have described modifications to treatments that account for personality variations (Fairburn et al., 2008; Wonderlich, Mitchell, Peterson, & Crow, 2001), but more research is needed.

Conclusion

In conclusion, the way that EDs are classified by the DSM has a significant impact on empirical research and treatment development. Therefore, it is of utmost importance that future versions of the DSM be guided by empirical research. In the first section of this chapter, we reviewed nosological research on EDs. Research using LPA/LCA tends to find clusters of eating pathology that are similar to AN, BN, BED, and mixed ED presentations. In addition, these types of studies suggest that there may be subgroups of AN (fat phobic versus low fear of fat) and BN (single purging methods versus individuals who use multiple purging methods. Finally, the most recent TA suggest that EDs are not categorically distinct from each other or normality and may occur on a continuum. However, more future research is needed to investigate these findings further.

Next, we reviewed diagnostic overlap among the eating disorders, and outlined a general lack of differences on certain external validators (e.g., family history, comorbid conditions), and significant differences on other validators (e.g., mortality rates and likelihood of remission or recovery; with AN generally faring worse than BN). Next, we outlined and evaluated alternative ways to classify eating disorders with the TDM and the transdiagnostic model (which suggests one “eating disorder” diagnosis and emphasizes the lack of differences between categories). In the final section of the chapter, we will address the challenges that confront the classification of eating disorders, such as applicability to minority groups, children, males, and the question of whether or not clinical categories should be differentiated from research categories.

Future Directions and Controversies

The following section is focused topics related to the future of classification for eating disorders.

Because DSM Is Aimed Primarily at Clinicians, Should Different Classification Criteria Be Used for Research?

Although the DSM-5 clearly states that its highest priority is to provide a helpful guide that informs clinical practice (APA, 2013, p. xli), the disorders and associated symptoms described in the DSM are often used in research endeavors as well. Researchers tend to adopt a rigid DSM definition of a given mental disorder when conducting empirical studies, and this practice has likely hindered the progression of knowledge about the disorder’s etiology and treatment (Grilo, Devlin, Cachelin, & Yanovski, 1997; Wilfley, Bishop, Wilson, & Agras, 2007). Specifically, when researchers study a predefined condition, they do not allow themselves to contest currently accepted conventions; therefore, the evolution of new valid diagnostic criteria, and associated etiological and treatment implications, is disrupted.

In acknowledgment of this problem, ED experts have encouraged clinicians and researchers alike to stop reifying the DSM (Grilo et al., 1997; Kupfer, First, & Regier, 2002). Making modifications to the current diagnostic system and common research approaches may facilitate this request. One such modification may be to introduce a split-classification system in which research and clinical criteria for a given disorder are not identical. For instance, researchers may specify research criteria in need of empirical examination (e.g., frequency of binge eating that is clinically significant; personality dimensions that have clinical utility to eating pathology). If a sufficient body of empirical evidence accumulated and suggested that the research criteria were valid, subsequent changes to the clinical criteria would be warranted. This type of procedure may prevent researchers from limiting their studies to DSM-defined disorders, while simultaneously ensuring that only empirically supported and validated changes eventually occur in the clinically based DSM system.

Alternatively, the research community may adopt a new perspective on empirical studies, such that it may discourage investigators to adhere rigidly to DSM conventions in an effort to expedite the process of discovery. A paradigm shift of this nature would require researchers to provide clear rationales for examining alternative sets of symptoms, funding organizations to value the importance of scrutinizing existing diagnostic standards, and the peer-review system to embrace studies that examine novel diagnostic concepts. At least one funding organization, the National Institute of Mental Health, appears to be embracing this notion through their Research Domain Criteria (RDoC; National Institute of Mental Health [NIMH], 2016). NIMH (2016) defines RDoC as “a research framework for new ways of studying mental disorders. It integrates many levels of information (e.g., from genomics to self-report) to better understand basic dimensions of functioning underlying the full range of human behavior from normal to abnormal.” Therefore, we may see more empirical data on alternative classification systems for eating disorders as a result.

What Cultural Issues Should Be Considered for Future Versions of the DSM?

The majority of research on the classification of eating disorders is based on White adolescent/ young adult females from Western, industrialized nations, despite the fact that EDs are not restricted to this demographic group. The samples used in studies influence the description, definition, and classification of EDs. Therefore, a lack of diversity in study samples could limit the generalizability and utility of ED classifications used to characterize EDs in people from non-Western cultures and from ethnic/racial minority groups.

Specifically, there are concerns about the DSM-5 AN criteria set. Fear of weight gain as a criterion has been criticized on the grounds that it may not be present in individuals displaying apparent AN, though this is a subject of debate (Habermas, 1989; Katzman & Lee, 1997). Attempts to examine evidence of AN across cultures have been marked by debates concerning the definition of the illness. While there is universal agreement that AN represents a disorder marked by self-starvation, some experts (Habermas, 1989) have argued that an excessive fear of weight gain is a necessary motivating force behind food refusal, while others (Katzman & Lee, 1997; Lee, 1995) have argued that it is not a core feature of AN. Cases of AN-like syndromes have been described in countries all over the world (e.g., South Africa, Nigeria, Zimbabwe, Egypt, United Arab Emirates, Iran, China, Japan, Korea, Russia, India, Pakistan, and Malaysia; Keel & Klump, 2003). Food refusal and emaciation are reported for all cases and the syndrome is found predominantly in adolescent and young adult women, but the presence of an excessive fear of weight gain as a motivating factor is not universal. In contrast, BN appears to exist mostly within the Western context (Keel & Klump, 2003).

Another challenge for cross-cultural research is the focus on DSM disorders, making it impossible to comment on the possible presence of other EDs (e.g., purging disorder) outside of Western culture. Because binge episodes require large stores of readily edible food, BED, like BN, may be limited to places where food is abundant and easily obtained. In contrast, both purging disorder and subjective BED may be relatively more common in non-Western regions because, like AN, neither requires large quantities of food.

In addition to intercultural differences, research also supports intracultural differences with regard to EDs. For example, Black American women appear to be less likely to experience body dissatisfaction, disordered eating, and diagnosable EDs compared with White American women (Abrams, Allen, & Gray, 1993; Rhea, 1999; Striegel-Moore et al., 2003). In particular, Black women appear to be protected more from AN and BN than from BED (Smith, Marcus, Lewis, Fitzgibbon, & Schreiner, 1998; Striegel-Moore et al., 2003), suggesting that Black women may not be protected from eating disorders per se, but more protected from AN and BN than White women. In contrast, no specific protection from the development of body image disturbance or disordered eating has been observed in Hispanic (Fitzgibbon et al., 1998; le Grange, Stone, & Brownell, 1998; Lester & Petrie, 1995; Robinson et al., 1996), Asian (Barnett, Keel, & Conoscenti, 2001; Robinson et al., 1996) or Native American samples (Rosen et al., 1988; Smith & Krejci, 1991; Story et al., 1994).

A strong traditional cultural identity appears to protect Black women from certain disordered eating attitudes and behaviors (Chamorrow & Flores-Ortiz, 2000; Gowen, Hayward, Killen, Robinson, & Taylor, 1999; Lester & Petrie, 1995; Pumariega, Gustavson, Gustavson, & Motes, 1994). In contrast, several studies have failed to find a significant association between acculturation to Western values and disordered eating among Asian women (Gowen et al., 1999; Haudeck, Rorty, & Henker, 1999; Jackson, Keel, & Lee, 2006). Instead, results suggest that cultural factors that contribute to eating disorders may be native to some Asian cultures (Jackson et al., 2006). For example, the virtues of fasting to the point of emaciation are included in the Daoist text Sandong zhunang (Rieger, Touyz, Swain, & Beumont, 2001). Thus, Asian women may be more likely to suffer from an ED characterized by fasting and very low weight in the absence of weight phobia. Native American groups appear to be at increased risk for obesity and increased BMI. Feelings of being overweight have been associated with the use of purging among Chippewa and Native Alaskan females (Rosen et al., 1988; Story et al., 1994). Thus, AN may be underrepresented among Native American girls and women, whereas purging disorder may be more common.

The failure of a diagnostic system to adequately capture disorders of eating that are experienced by members of ethnic/racial minority groups may have particularly pernicious effects for these individuals. Indeed, women from ethnic/racial minority groups are more likely to have undiagnosed and untreated EDs compared with White women (Cachelin, Rebeck, Veisel, & Striegel-Moore, 2001).

Given the fact that cultures change over time, it is important to recognize that eating disorder rates and symptom presentations may accordingly change over time. For instance, BN is currently observed only in societies that have plentiful access to food; however, BN rates may increase in certain societies over time if members of those societies encounter an increase in the access they have to large quantities of food. As another example, researchers have demonstrated the exposure to Western media increases the rates of ED symptoms among women from cultures that are typically shielded from Western media exposure (e.g., Eddy, Hennessey, & Thompson-Brenner, 2007). Therefore, it is reasonable to predict that as a society’s exposure to traditional Western thin-ideals increases, the observed rates of eating disorders may increase.

Should There Be Separate Diagnostic Criteria for Men and Women?

Most research suggests that EDs in men closely resemble EDs in women (Keel, Klump, Leon, &Fulkerson, 1998; Leon, Fulkerson, Perry, Keel, & Klump, 1999; Minnich, Gordon, Holm-Denoma, & Troop-Gordon, 2014). Factors that appear to be more relevant for men, such as involvement in sports that require low weight (Hausenblas & Carron, 1999) and sexual orientation (Carlat, Camargo, & Herzog, 1997; Russell & Keel, 2002), may increase the salience of weight control in a group that is otherwise less concerned about being thin.

There has been speculation that men may be at risk for “reverse anorexia” (Pope, Katz, & Hudson, 1993) in addition to more traditionally recognized EDs. Instead of viewing the body as much larger than it really is, men with reverse AN are characterized by viewing their bodies as “puny” despite their efforts and success at body-building (Pope et al., 1993). This distorted perception contributes to more extreme efforts (excessive exercise, high protein diets, anabolic steroid use) to increase lean muscle mass and overall body size. Because this condition involves altered eating patterns, the use of extreme weight control behaviors, and body image disturbance, some have argued that it represents an eating disorder (e.g., Pope et al., 1993), albeit one rarely seen in women. However, this diagnostic category is best represented in DSM-5 currently as body dysmorphic disorder, with a muscle dysmorphia specifier. Because extant research suggests that men with EDs present similarly to females with EDs, there does not appear to be sufficient evidence to justify separate DSM criteria at this time.

Should There Be Separate Diagnostic Criteria for Children and Early Adolescents?

Although EDs were initially considered Disorders Usually Diagnosed in Infancy, Childhood, and Adolescence by the DSM (van Son et al., 2006) and typically onset during adolescence (Hoek & Hoeken, 2003), recent editions of the DSM have removed EDs from the section focusing on childhood disorders. Despite this fact, many researchers and clinicians have raised concerns about whether the DSM’s ED diagnostic criteria are as valid for youngsters as they are for later adolescents and adults.

A potential problem with applying the DSM-5 ED criteria to youths has to do with the developmentally acquired ability to observe and have insight into one’s own thoughts and feelings. For instance, studies have highlighted the frequent failure of youths to endorse fear of weight gain despite the presence of behaviors that clearly contribute to harmful weight loss (Fairburn et al., 2003). Further, youths with EDs often have difficulty articulating or conceptualizing that a large portion of their self-esteem is related to their body image. Acknowledging and conveying both fear of fatness and feelings of body dissatisfaction are processes that require cognitive and emotional sophistication, and it is well known that cognitive and emotional capacities continue developing well into adolescence (Boyer, 2006). Accordingly, youths may not be able to convey verbally their cognitively based ED symptoms as effectively as adults.

Owing to the difficulty many youths have with recognizing and reporting subjective emotional experiences and thought patterns, some researchers have suggested that focusing on overt behavioral symptoms may be preferential with working with young patients. For instance, Marcus and Kalarchian (2003) suggested that behaviors such as hiding food or secretive eating may be good indicators of binge eating patterns in children, and Bryant-Waugh and Lask (1995) suggested describing a childhood ED as one in which “there is an excessive preoccupation with weight or shape, and/or food intake” (p. 191), at least in part because food intake can be observed by others. The DSM-5 may address this issue in some cases with the addition of avoidant/restrictive food intake disorder, a diagnosis based on feeding problems that cannot be explained by other EDs, such as AN.

Other researchers have suggested that the DSM authors consider adding modifiers to existing ED symptoms for children and adolescents (Workgroup for Classification of Eating Disorders in Children and Adolescents [WCEDCA], 2007). This practice has been useful for other disorders in the DSM-5 such as major depressive disorder (e.g., irritability can be used in place of sad mood for children) and obsessive-compulsive disorder (e.g., children are not required to express the reasons for their compulsions; APA, 2013). The WCEDCA proposed specific criteria alterations for children and adolescents with EDs such as coding behavioral observations by others (i.e., parents report their child engages in behaviors that indicate he/she has an intense fear of fatness) rather than self-reports of the affected youngster (i.e., instead of requiring the child to directly state that he/she is terrified of becoming fat even though he/she is underweight).

It is possible that the transdiagnostic model proposed by, Fairburn et al. (2008) may improve the validity of ED diagnoses for all who suffer from eating pathology, including youths. In this model, a single diagnosis of ED would be given to all affected individuals; however, qualifiers relevant to specific manifestations and/or clinically meaningful variables (e.g., those related to developmental differences in ED presentations) would be possible. Others have suggested that a diagnostic approach be developed in which youths who present with eating pathology are required to meet some, but not all, diagnostic criteria to qualify for an ED diagnosis. For instance, Hebebrand, Casper, Treasure, and Schweiger (2004) described a model in which a broad array of symptoms would be assessed (e.g., criteria could be related to age, gender-specific presentations, and medical conditions such as bradycardia, hypothermia, hypotension). Not all candidates for an ED diagnosis would be evaluated on all criteria, but rather clinicians would focus on evaluating the criteria that are relevant given the individual’s demographic and symptomatic presentation. The proposed models of Fairburn and Hebebrand et al. should be empirically evaluated further before conclusions are reached regarding their utility in the diagnosis of EDs experienced by youths.

Summary

In sum, the developers of the next DSM are charged with the task of creating a classification system that facilitates clinical work and scientific research, but also, as Gould (1989, p. 98) suggests in the opening quote, reflects “theories about the basis of natural order.” There is much to learn about the generalizability of the DSM ED categories with regard to gender, developmental period, and diverse cultural groups. The accumulation of more empirical data in these areas may lead to a greater understanding of the nature of EDs and to the most valid form of classification.
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Abstract

A primary goal of the research domain criteria (RDoC) project from the National Institute of Mental Health in the United States is to better characterize and understand the pathology and etiology of mental illness by examining constructs with biological underpinnings and their effects on psychiatric symptoms. This endeavor shows promise in helping to better conceptualize dysfunction in the field of eating disorders, where there appears to be great heterogeneity within diagnostic groups. Treatments designed for a particular diagnosis may result in improved remission rates if they instead target underlying mechanisms of eating disorder symptoms. This system is not without challenge and limitations, however. This chapter includes a brief review of relevant literature on the proposed RDoC functional domains in eating disorders and discussion of the benefits and costs of this type of approach in improving patient care.
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Introduction

Prior and current editions of the Diagnostic Statistical Manual of Mental Disorders (DSM; APA, 2013) have relied on presentation of symptoms to determine a diagnosis without consideration of pathology or etiology. Thus, diagnoses have tended to be descriptive rather than explanatory. When research into the biology that could underlie these diagnoses became more prevalent, it often failed to identify consistent underpinnings to these diagnoses due in part to extensive biological heterogeneity within a diagnosis. Additionally, although there was improvement in the most recent (fifth) edition of the DSM, extensive comorbidity among diagnoses and overspecification of categories still remain. In light of these shortcomings of the current classification system, the National Institute of Mental Health in the United States developed a new initiative, the research domain criteria (RDoC) project (Insel & Cuthbert, 2009). This project emphasizes the study of observable behavior and neurobiology across a broad spectrum of functioning, from normal to abnormal. It highlights brain and behavior relationships over typical symptom clusters used to classify illness. It anchors classification in models of neural circuitry. As Cuthbert (2014) notes, “RDoC was founded not out of hubris, but rather from a sense of humility that we know so little about our disorders as currently conceived that it is necessary to start over again with a new approach.” Although it is not intended to be used in clinical settings yet, the long-term goal of the RDoC project appears to be an improvement in how we identify dysfunction in our patients and develop more effective treatment approaches. Given the emphasis on this new approach within a primary funding agency for research in eating disorders, it is important to consider the impact of RDoC on our conceptualization of these illnesses.

Current Classification of Eating Disorders

The creation of the DSM-5 (APA, 2013) addressed a number of concerns from the prior diagnostic manual. One of the primary goals was to reduce the number of patients in the “catch-all” category of eating disorder not otherwise specified, which had previously encompassed the largest percentage of patients diagnosed with an eating disorder (Keel, Brown, Holland, & Bodell, 2012). To do this, the diagnostic criteria for anorexia nervosa and bulimia nervosa were relaxed. The amenorrhea criterion was removed from the diagnosis of anorexia nervosa, and the definition of “low weight” was given more flexibility for clinical judgment. The minimum frequency of binge eating and purging episodes in bulimia nervosa was reduced from twice weekly to once weekly on average over the prior 3 months. Binge eating disorder was officially adopted into the list of diagnostic categories, further reducing the not otherwise specified group. Avoidant restrictive food intake disorder was also included in the DSM-5 to address the prevalence of patients who presented with eating disturbance and food restriction but did not meet criteria for other feeding and eating disorders, often lacking a desire to control one’s shape or weight or disturbed body image. The DSM-5 also includes a group of diagnoses officially coded as “other specified feeding and eating disorders” including atypical anorexia nervosa, bulimia nervosa of low frequency and/or limited duration, binge eating disorder of low frequency and/or limited duration, purging disorder, and night eating syndrome. And finally, the DSM-5 includes a category of “unspecified feeding or eating disorder” given when symptoms of an eating disorder that cause significant distress or impairment do not meet full criteria for any other disorder in the diagnostic class. Thus, the updated diagnostic manual includes more diagnoses in attempt to increase the specificity of the diagnosis.

Despite the extensive improvements made to the DSM-5 to improve diagnosis and reduce the prevalence of the eating disorder not otherwise specified category, there are still patients who require the unspecified diagnosis, as well as heterogeneity within diagnostic categories (Wildes & Marcus, 2015). This heterogeneity exists both for severity of symptom presentation within a diagnosis and potentially underlying mechanisms. This is important because treatments for eating disorders have been lagging and do not result in symptom remission for the majority of patients (Hay, 2013). Perhaps using diagnoses to guide treatment decisions leads to treatment failure due to this heterogeneity. An intervention that is effective for one patient with a particular presentation of symptoms or underlying mechanism may not be for another with a slightly different etiology. Further, many treatment studies use samples of patients with limited comorbidities or constrained symptom presentations (Strober, 2014), which hinders generalizability of the effects. Thus, treatments that perform well in tightly controlled trials may fail when applied to more complex presentations.

Research Domain Criteria and Eating Disorders

Assessing patients in terms of dimensions of function that are linked to underlying biology could address some of these challenges. The RDoC project is currently structured as a matrix with five domains and eight units of analysis, although the matrix is not intended to be fixed or comprehensive. Indeed, there are continuing discussions to evaluate and edit the matrix. The domains represent proposed functional dimensions based on translational research on genes, neural circuits, and behavior and include negative valence systems, positive valence systems, cognitive systems, social processes, and arousal and regulatory systems. The RDoC project is currently considering adding a sixth domain: motor systems. Each of these domains is broken down into constructs and subconstructs. For instance, the negative valence domain is subdivided into acute threat (“fear”), potential threat (“anxiety”), sustained threat, loss, and frustrative nonreward. Each domain is evaluated across eight units of analysis, which include genes, molecules, cells, circuits, physiology, behavior, self-report, and paradigms. A patient’s functioning in a particular domain can be assessed at each of these levels. Describing function in these domains could help develop precision medicine—more specific and individualized treatment plans.

One potential benefit of an RDoC approach in eating disorders is in understanding diagnostic crossover. Although stability of diagnosis is more common in almost all eating disorders, there is a percentage of patients who cross over from one diagnosis to another (see Keel et al., 2012 for a review). In binge eating disorder, crossover to a diagnosis of bulimia nervosa is more likely than stability in the diagnosis. The crossover between eating disorder diagnoses could suggest the existence of underlying mechanisms that are driving the various eating disorder behaviors. For instance, binge eating and purging may both reflect an underlying struggle with cognitive control, one of the constructs within the cognitive systems domain of RDoC. Thus, individuals who are engaging in binge eating and/or purging may move between various eating disorder diagnoses that include those behaviors, but they may not necessarily require a different treatment approach when the diagnosis changes. Indeed, rather than develop separate treatment protocols for binge eating disorder, bulimia nervosa, and purging disorder, perhaps a treatment approach that addresses the underlying deficit in cognitive control would be more tailored for particular patients struggling with these behaviors.

In fact, modular treatment protocols and precision medicine could be a primary benefit of an RDoC approach to conceptualizing eating disorders. One example of a modular treatment protocol was developed by Bruce Chorpita and colleagues to treat anxiety disorders in children (Chorpita, Taylor, Francis, Moffitt, & Austin, 2004). This protocol includes individual treatment modules that can be assembled according to individual needs of the patient. It includes decision flowcharts to guide module selection and sequencing. The protocol is now referred to as MATCH (Modular Approach to Therapy for Children with Anxiety, Depression, or Conduct Problems) and has outperformed standard evidence-based treatments for children (Weisz et al., 2012). Applying this to an RDoC model of psychopathology, modules could be developed to address deficits in various domains and be selected according to an individual’s need, as opposed to the use of a single approach to treat everyone within a diagnostic category. Researchers have recently taken this approach in the treatment of adolescent depression (Henje Blom et al., 2014), creating treatment modules that address domains of function from RDoC that can be used as needed for particular patients.

How might this look for eating disorders? One example that has begun to accrue evidence in anorexia nervosa is cognitive remediation therapy (CRT) (Tchanturia, Davies, & Campbell, 2007), which was initially developed to address difficulty with cognition in schizophrenia (Wykes & van der Gaag, 2001). Its use for anorexia nervosa is based on evidence of abnormalities in cognitive systems (one of the RDoC domains) that may underlie the illness, such as difficulties in cognitive flexibility and central coherence. Looking beyond this example, we can consider other abnormalities in RDoC domains present in eating disorders as potential treatment targets. Although not a comprehensive review, the next sections highlight some examples of how various RDoC domains are implicated in eating disorders, with the potential for improved treatment.

Negative Valence Systems and Eating Disorders

One construct under the negative valence systems domain of RDoC that appears relevant to patients with eating disorders is sustained threat. This is defined as an aversive emotional state due to prolonged exposure to stimuli, states, or conditions. These stimuli can be internal or external and may be actual or anticipated, but the effects caused by the prolonged exposure persist in the absence of the threat. Using the RDoC matrix, we can identify patterns of behavior and dysregulated circuit function present in some eating disorders congruent with sustained threat. At the circuit level, there is evidence of disrupted activity in the habit system, including the dorsal striatum, in patients with anorexia nervosa while selecting food choices (Foerde, Steinglass, Shohamy, & Walsh, 2015), as well as evidence of hyperactivity in the amygdala among restrictive patients in response to food images versus nonfood images (Joos et al., 2011). When selecting food choices, avoidance of high-fat foods was common (Foerde et al., 2015), and anxious arousal was present while viewing food images (Joos et al., 2011). Avoidance and anxious arousal are two of the behaviors associated with sustained threat, and harm avoidance has indeed been found in studies of personality traits in anorexia nervosa (Lilenfeld, Wonderlich, Riso, Crosby, & Mitchell, 2006). There is also evidence of attentional bias to angry-threat faces in anorexia nervosa, which is congruent with sustained threat (Harrison, Tchanturia, & Treasure, 2010). Further evidence that disruptions in sustained threat are present in eating disorders is the presence of heightened sensitivity to punishment across eating disorders (Harrison, O’Brien, Lopez, & Treasure, 2010). Although the evidence for problems with sustained threat in eating disorders comes from cross-sectional studies, it may be that this unresolved anxious arousal underlies some aspects of disordered eating, particularly food restriction. It will be important to investigate sustained threat across eating disorder diagnoses, but sensitivity to sustained threat may lead individuals to restrict food intake in order to avoid certain threats, such as peer rejection. The food restriction then leads to weight loss and severe malnutrition in some or to eventual loss of control eating and binge eating in others. There may be important individual differences in the influence and importance of sustained threat in the etiology of disordered eating, and these differences could influence treatment selection, with a focus on sustained threat in some, but not all patients. Further, the domains presented in the RDoC matrix do not function in isolation. Thus, an individual’s functioning in another domain may impact the particular symptom presentation and development. Thus, it is important to consider functioning across multiple domains to evaluate the influence on symptom presentation and development.

Positive Valence Systems and Eating Disorders

Two constructs within the positive valence systems in RDoC are initial and sustained responsiveness to reward. Research in eating disorders has not clearly separated these two constructs, so this review will consider the evidence broadly for responsiveness to reward. Reward sensitivity is vital to the drive to eat (Shin, Zheng, & Berthoud, 2009). At the circuit level, we know that reward sensitivity in the brain is enhanced when the body is in a caloric deficit, leading people to seek and identify high-calorie foods to eat to return to homeostasis (Shin et al., 2009). In healthy adults, fasting results in increased brain response to images of high-calorie food images in reward-related regions of brain including the ventral striatum, amygdala, anterior insula, and orbitofrontal cortex (OFC) (Goldstone et al., 2009). Thus, we would expect that patients engaging in food restriction would show enhanced reward response to high-calorie foods, as well, when they are engaging in food restriction. But a number of studies looking at patients who recovered from anorexia nervosa and are no longer malnourished have still found greater reward sensitivity and response in brain regions to high-calorie food images, receipt of monetary reward, and sometimes to pleasurable tastes (Cowdrey, Park, Harmer, & McCabe, 2011; Frank et al., 2012; Wagner et al., 2007). Patients engaging in binge eating, diagnosed with bulimia nervosa or binge eating disorder, tend to show greater response in reward-related regions of the brain to food images and anticipation of taste (Karhunen et al., 2000; Schienle, Schäfer, Hermann, & Vaitl, 2009), but diminished brain response to a sweet taste (Bohon & Stice, 2011; Frank, Reynolds, Shott, & O’Reilly, 2011; Frank et al., 2006). There is also some evidence of diminished brain response to monetary rewards in binge eating disorder and that individuals who continue to binge eat following treatment had even more diminished ventral striatum response to anticipatory reward processing to a monetary reward (Balodis et al., 2013, 2014). Neuroimaging studies are not all consistent, however, and there is some evidence of reduced brain response to food images (Brooks et al., 2011) and heightened response to taste (Oberndorfer et al., 2013) in bulimia nervosa and reduced brain response to taste in anorexia nervosa (Oberndorfer et al., 2013). Although inconsistent, many of the findings from neuroimaging studies of anticipatory reward are congruent with studies of self-report measures of reward sensitivity showing greater sensitivity in eating disorder patients (Glashouwer, Bloot, Veenstra, Franken, & de Jong, 2014; Harrison, O’Brien, et al., 2010; Jappe et al., 2011), although some self-report measures in anorexia nervosa show reduced reward sensitivity (Harrison, O’Brien, et al., 2010). As in the negative valence domain, inconsistencies among findings may be related to grouping individuals based on DSM diagnoses, and measuring dysfunction in the positive valence domain may help address heterogeneities within diagnoses to improve treatments. Further, functioning in the other domains may impact the measurement of this one. In line with this, one study found that negative affect related to brain response in the striatum to anticipation of a palatable taste in bulimia nervosa (Bohon & Stice, 2012), was potentially explained by connectivity between the amygdala (implicated in negative valence systems) and the putamen and insula (implicated in taste reward).

Cognitive Systems and Eating Disorders

Two constructs within the cognitive systems domain that appear relevant to eating disorders are those of visual perception and inhibition/suppression. One symptom of anorexia nervosa is a disturbance in body image such that individuals believe they are fat despite their low weight. This may reflect a true dysfunction in visual perception. A recent review of visual processing in anorexia nervosa found an overattention to detail and reduced focus on global features compared with healthy controls (Madsen, Bohon, & Feusner, 2013). There is evidence of similar abnormal visual processing in bulimia nervosa, as well, with performance on neuropsychological measures showing weak central coherence, the ability to view things globally (Lopez, Tchanturia, Stahl, & Treasure, 2008a, 2008b, 2009), although the deficit appears to be more consistently found in anorexia nervosa (Roberts, Tchanturia, & Treasure, 2013). If we consider this visual processing difference and relate it to perceptual errors of one’s own body, then it makes sense that an overattention to detail or more local visual processing could highlight small “flaws” in one’s appearance, resulting in disturbed body image. Perhaps treatment focused on addressing and/or acknowledging these visual disturbances can improve body image and in turn reduce eating disorder symptoms.

Despite colloquial beliefs that individuals with restricting-type anorexia nervosa are more inhibited and those with binge/purge-type anorexia nervosa, bulimia nervosa, or binge eating disorder are more impulsive, data do not consistently reflect this pattern (Oberndorfer, Kaye, Simmons, Strigo, & Matthews, 2011; Wu, Hartmann, Skunde, Herzog, & Friederich, 2013). By self-report, patients with restricting-type anorexia nervosa were less impulsive than healthy controls and those with binge/purge-type anorexia nervosa and bulimia nervosa, but this was not supported by performance on a stop signal task where participants had to inhibit a motor response (Claes, Nederkoorn, Vandereycken, Guerrieri, & Vertommen, 2006). Another study found no behavioral difference in performance on a stop signal task, but did find less medial prefrontal cortex activation during hard trials in patients recovered from anorexia nervosa compared with controls (Oberndorfer et al., 2011). It is unclear whether reduced activation of a brain region indicates more efficient processing or a disengagement of neurocircuitry, and thus without a corresponding difference in performance on the task, it is difficult to interpret the findings. A study of patients with bulimia nervosa and binge eating disorder found greater reaction times during a stop signal task among patients with bulimia nervosa compared with controls but no difference between patients with binge eating disorder and controls (Wu, Giel, et al., 2013). It is important to note that the study used separate samples of healthy controls that were BMI-matched to each patient group. Because those with binge eating disorder had greater body mass, the matched controls may have struggled with general (nonbinge) overeating, which is also associated with difficulties in inhibitory control (Nederkoorn, Smulders, Havermans, Roefs, & Jansen, 2006). These studies continue to use diagnostic categories and between-group comparisons to evaluate function in inhibition and other RDoC domains/constructs, which does not allow for investigation of heterogeneity within diagnoses. One study looking at binge eating and purging behaviors, rather than diagnosis, found that patients engaging in binge eating and purging activated brain regions involved in inhibitory control to a greater extent during a go/no-go task compared with both controls and restricting type anorexia nervosa (Lock, Garrett, Beenhakker, & Reiss, 2011). There were no differences in performance on the task, however, which again raises the concern of interpreting neural findings to suggest either greater efficiency or disengagement. Indeed, another study of cognitive control in adolescents with bulimia nervosa found no difference in performance on a task, but reduced activation of frontostriatal regions in the bulimia nervosa group compared with controls (Marsh et al., 2011). Currently RDoC does not address conflicting data from various units of analysis within a domain, as the goal seems to be consensus across these measures. Further confusion arises in the application of RDoC constructs, such as inhibition, when context affects the measurement of the construct. A recent meta-analysis found that type of stimulus impacted effect sizes in studies of inhibitory control in bulimic-type eating disorders (Wu, Hartmann, et al., 2013), such that smaller effect sizes were present for general stimuli than disease salient stimuli, like food or body images. When the brain is already taxed because of the arousing and/or emotional content of a stimulus, cognitive systems may not function as well.

Social Processes and Eating Disorders

A recent meta-analysis reviewed studies evaluating various constructs within the RDoC domain of social processes (Caglar-Nazali et al., 2014). The largest effects in patients with eating disorders were found for impaired facial communication, negative self-evaluation, poor understanding of mental states, and sensitivity to social dominance. Specifically, there is more evidence of impaired facial communication in anorexia nervosa, with fewer facial expressions produced by patients than controls, but also more errors in recognizing facial expressions in others (Caglar-Nazali et al., 2014). Studies of the understanding of mental states tend to use tasks such as Reading the Mind in the Eyes, and poorer understanding of others is more consistently poor in anorexia nervosa. Negative self-evaluation and a sense of social inferiority were more pervasive across eating disorder diagnoses, but were usually measured via self-report questionnaires of submissive behavior or shame (Caglar-Nazali et al., 2014). Neuroimaging studies have also found impairments in theory of mind and social cognition (McAdams & Krawczyk, 2011; Schulte-Rüther, Mainz, Fink, Herpertz-Dahlmann, & Konrad, 2012) and self-evaluation (McAdams & Krawczyk, 2012) in patients with or recovered from anorexia nervosa. Patients with bulimia nervosa also showed neural differences in social cognition and self-knowledge, but to a lesser extent than patients with anorexia nervosa (McAdams & Krawczyk, 2013). It is unclear how current emotional state might impact these social processes.

Arousal and Regulatory Systems and Eating Disorders

Arousal systems are not well defined within the RDoC matrix, but are assessed with measures of emotional reactivity, sensory reactivity, and startle eye-blink tasks. There is some evidence of a discordance between physiological arousal and self-reported emotional arousal in adolescents with anorexia nervosa, with higher levels of anxiety in response to stress, but no difference in heart rate or cortisol compared with controls (Zonnevylle-Bender et al., 2005). Thus, arousal is another area where different measures and units of analysis may not agree. Another study noted that a desire to binge following a stressor was not accounted for by differences in physiologic reactivity (Cattanach, Malley, & Rodin, 1988). Women with bulimia nervosa show blunted systolic blood pressure, heart rate, and epinephrine response to stress, but elevated cortisol and greater self-reported distress (Koo-Loeb, Pedersen, & Girdler, 1998). There is some evidence of enhanced cortisol awakening response (the increase in cortisol after awakening) in anorexia nervosa, which reflects dysfunction in arousal (Monteleone et al., 2011; Oskis, Loveday, Hucklebridge, Thorn, & Clow, 2012), but not in bulimia nervosa (Monteleone, Scognamiglio, Monteleone, Perillo, & Maj, 2014). Interestingly, sensitivity to reward was positively correlated with cortisol awakening response in patients engaging in binge eating and purging, but negatively in healthy controls, suggesting differential relations between the arousal domain of function and positive valence systems in individuals (Monteleone et al., 2014). Given the inconsistent findings and results from various measures, some domains, such as arousal, may not be as useful.

It may be that another construct within this domain, such as circadian rhythms or sleep-wakefulness, may be more relevant. Although there is little data in the more commonly known eating disorder diagnoses, night eating syndrome, one of the diagnoses in the other specified feeding and eating disorder category of the DSM-5, is likely impacted by dysfunction in these constructs. Indeed, patients with night eating syndrome have more awakenings during the night than healthy controls (O’Reardon et al., 2004), and show differences in the timing and amplitude of circadian markers involved in the regulation of eating (Goel et al., 2009).

Challenges of the Research Domain Criteria Approach

Despite the promise for developing individualized treatments and better conceptualizing the etiology of psychopathology, RDoC has a number of limitations. First, the matrix created for the project consists of a specified set of domains. Although this is a working list and is not comprehensive, as it currently stands, researchers are encouraged to work within the presented matrix. A group of experts created this set of domains based on existing literature, but there may be other domains or a better distinction between domains not present in the matrix. Thus, these domains may not represent the true set of functions that would be important to address to make advances in psychopathology. For example, emotion regulation may impact multiple domains, but may not function differently within each domain. Individuals may have a deficit in emotion regulation that impacts functioning in multiple domains, and addressing the regulatory deficit would be the true underlying concern. Note that the arousal and regulatory systems domain in the current RDoC matrix does not include affective or emotion regulation, instead focusing on arousal, circadian rhythms, and sleep-wakefulness.

Another challenge in using RDoC to better understand psychopathology, including eating disorders, is in the complexity of interactions between domains and with environment and development. Although Cuthbert (2014) notes that the working group intended for environmental and developmental factors to be implicated at each domain and unit of analysis, they are not explicitly recognized. For a field such as eating disorders, it is surprising to have a set of domains intended to conceptualize a patient presentation that does not include these factors, given what we know about the age of onset of many eating disorder symptoms and the influence of environment and experience. Even researchers outside of the eating disorder field find this approach to lack cohesion (Srivastava, 2013).

Because of the potential interactions between domains, it is unlikely that deficits would need to be addressed individually. In other words, rather than requiring a treatment module for each area of dysfunction, a primary area may be identified for a patient that would impact other dysfunctions. For example, if reward sensitivity in some patients who binge eat is enhanced by negative affect, then addressing the negative affect may normalize reward sensitivity in those patients.

Conclusions and Alternatives

Existing research on RDoC domains in eating disorders has tended to examine areas of dysfunction within diagnostic groups, which relates dysfunction to clusters of symptoms. In order to connect dysfunction in these domains to specific symptoms or maladaptive behaviors, research must cut across diagnoses. A small number of studies have done this with binge eating and purging behaviors in both anorexia nervosa and bulimia nervosa (e.g. Lock et al., 2011), but more research is needed to better understand how eating disorder symptoms and behaviors relate to underlying dysfunction. Despite this gap in knowledge, there is some evidence suggesting that disruptions or abnormalities in RDoC domains are present in patients with eating disorders and may be worth investigating further to determine whether change in these domains of function results in symptom change. Most of our knowledge to date is based on cross-sectional data of patients currently ill or recovered, so it is unclear at this point whether targeting these areas would impact symptom presentation. Importantly, evidence of interactions between domains of function and regulatory processes that affect multiple domains will be important to take into account as this research progresses.

It may be that future psychiatric evaluations will focus less on diagnoses, but instead provide more descriptive accounts of an individual’s functioning and history, including the presence of maladaptive behaviors. Treatments would be designed modularly to address the particular constellation of dysfunction and environmental/developmental factors—highlighting primary areas that may require initial intervention. Continued evaluation throughout treatment will be important since interactions between these areas may result in improvement of subsequent areas without requiring treatment modules to directly address them. For example, a patient may present with complaints about binge eating and purging. Through evaluation and testing, it is clear that their binge eating is driven primarily by loss of control (deficit in cognitive control) during periods of negative affect (negative valence systems). Further, their sensitivity to the reward value of food, but not other rewards, seems to be enhanced, particularly during negative mood states. The patient is also surrounded by pressure to be thin and was teased for being overweight as a child. This seemed to place an emphasis and increased focus on shape and weight, as well as on “healthy eating.” When her mood is good, however, she is able to manage her thoughts and feelings about her body image and eats an appropriate balance of nutrients without engaging in binge eating. This difference in behavior during different mood states, as well as the differential reward sensitivity, may highlight the importance of improving emotion regulation and resolving the dysfunction in the negative valence systems first, and then moving to lingering concerns about body image and overvaluation of shape and weight. Further, it may highlight a need for addressing cognitive control after inducing a negative mood, so that the patient has practice in the skill in the context in which she tends struggle. Contrast this with a patient whose binge eating is not related to mood, and instead seems to be more connected to reward sensitivity and loss of control around food cues, as well as further enhanced reward sensitivity when in a food restricted state. This patient may not benefit from emotion regulation, but instead in improving cognitive control and developing skills in regulating positive valence systems (reducing reward sensation) or adapting the environment to accommodate this reward sensitivity. In other words, if the patient cannot reduce the reward sensitivity, reducing the likelihood of being exposed to certain food cues that will trigger binge eating, as well as improving cognitive control, may help her refrain from binge eating. This individualized approach to patient care, however, requires extensive research to create effective intervention modules and understand how to create these personalized approaches.

Future Directions

Despite the challenges noted, there is likely great benefit in thinking outside of diagnostic categories to approach treatment and meet patients’ needs. RDoC-type research studies have already begun, primarily focused on existing RDoC domains and eating disorder symptoms, rather than diagnoses. Tanofsky-Kraff and colleagues (Tanofsky-Kraff, Engel, Yanovski, Pine, & Nelson, 2013) have proposed a research design to examine acute threat (negative valence system) to predict loss of control eating in children, which could have implications on the development of binge eating. This design keeps its focus away from diagnoses and instead on behavior and the functional domain. Future research will have to determine how to manage incongruence between units of analysis, as it is unclear how tightly genes, circuits, and behaviors are connected within domains of function.

As previously described, another approach that may provide greater clinical impact would be the examination of treatment targets across diagnoses with the goal of developing modular treatment protocols that capitalize on discoveries in other fields and are individualized to the patient to improve treatment outcome. This is complex, as it relies on the interactions between many neural and behavioral processes. If there are superordinate processes, like emotion regulation, however, which impact the functioning of many other domains and behaviors, this may be a fruitful area of study. Indeed, due to the length of time required to move from research to practice, it is important that our focus not linger entirely on possible underlying mechanisms, but also on the treatments with the most potential for impact now. Although RDoC provides encouragement to think outside of the (diagnostic) box, those suffering from eating disorders cannot wait for the completion of basic biological research; there must be simultaneous research on treatments to alleviate known symptoms (Lewis-Fernández et al., 2016). Additionally, the predefined matrix set up by the RDoC project provides another set of constraints, which may be just as limiting as diagnoses. If we instead think broadly about individuals as having unique sets of developmental, environmental, and biological backgrounds, we may be able to better tailor our interventions to meet their needs.

References

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental Disorders (5th ed.). Washington, DC: Author.

Balodis, I. M., Grilo, C. M., Kober, H., Worhunsky, P. D., White, M. A., Stevens, M. C., … Potenza, M. N. (2014). A pilot study linking reduced fronto-Striatal recruitment during reward processing to persistent bingeing following treatment for binge-eating disorder. International Journal of Eating Disorders, 47, 376–384. https://doi.org/10.1002/eat.22204

Balodis, I. M., Kober, H., Worhunsky, P. D., White, M. A., Stevens, M. C., Pearlson, G. D., … Potenza, M. N. (2013). Monetary reward processing in obese individuals with and without binge eating disorder. Biological Psychiatry, 73, 877–886. https://doi.org/10.1016/j.biopsych.2013.01.014

Bohon, C., & Stice, E. (2011). Reward abnormalities among women with full and subthreshold bulimia nervosa: A functional magnetic resonance imaging study. International Journal of Eating Disorders, 44, 585–595. https://doi.org/10.1002/eat.20869

Bohon, C., & Stice, E. (2012). Negative affect and neural response to palatable food intake in bulimia nervosa. Appetite, 58, 964–970. https://doi.org/10.1016/j.appet.2012.02.051

Brooks, S. J., O’Daly, O. G., Uher, R., Friederich, H.-C., Giampietro, V., Brammer, M., … Campbell, I. C. (2011). Differential neural responses to food images in women with bulimia versus anorexia nervosa. PloS One, 6, e22259. https://doi.org/10.1371/journal.pone.0022259

Caglar-Nazali, H. P., Corfield, F., Cardi, V., Ambwani, S., Leppanen, J., Olabintan, O., … Treasure, J. (2014). A systematic review and meta-analysis of “systems for social processes” in eating disorders. Neuroscience and Biobehavioral Reviews, 42, 55–92. https://doi.org/10.1016/j.neubiorev.2013.12.002

Cattanach, L., Malley, R., & Rodin, J. (1988). Psychologic and physiologic reactivity to stressors in eating disordered individuals. Psychosomatic Medicine, 50, 591–599.

Chorpita, B. F., Taylor, A. A., Francis, S. E., Moffitt, C., & Austin, A. A. (2004). Efficacy of modular cognitive behavior therapy for childhood anxiety disorders. Behavior Therapy, 35, 263–287. https://doi.org/10.1016/S0005-789480039-X

Claes, L., Nederkoorn, C., Vandereycken, W., Guerrieri, R., & Vertommen, H. (2006). Impulsiveness and lack of inhibitory control in eating disorders. Eating Behaviors, 7, 196–203. https://doi.org/10.1016/j.eatbeh.2006.05.001

Cowdrey, F. A., Park, R. J., Harmer, C. J., & McCabe, C. (2011). Increased neural processing of rewarding and aversive food stimuli in recovered anorexia nervosa. Biological Psychiatry, 70, 736–743. https://doi.org/10.1016/j.biopsych.2011.05.028

Cuthbert, B. N. (2014). The RDoC framework: Facilitating transition from ICD/DSM to dimensional approaches that integrate neuroscience and psychopathology. World Psychiatry, 13, 28–35. https://doi.org/10.1002/wps.20087

Foerde, K., Steinglass, J. E., Shohamy, D., & Walsh, B. T. (2015). Neural mechanisms supporting maladaptive food choices in anorexia nervosa. Nature Neuroscience, 18, 1571–1573. https://doi.org/10.1038/nn.4136

Frank, G. K. W., Reynolds, J. R., Shott, M. E., Jappe, L., Yang, T. T., Tregellas, J. R., & O’Reilly, R. C. (2012). Anorexia nervosa and obesity are associated with opposite brain reward response. Neuropsychopharmacology, 37, 2031–2046. https://doi.org/10.1038/npp.2012.51

Frank, G. K. W., Reynolds, J. R., Shott, M. E., & O’Reilly, R. C. (2011). Altered temporal difference learning in bulimia nervosa. Biological Psychiatry, 70, 728–735. https://doi.org/10.1016/j.biopsych.2011.05.011

Frank, G. K., Wagner, A., Achenbach, S., McConaha, C., Skovira, K., Aizenstein, H., … Kaye, W. H. (2006). Altered brain activity in women recovered from bulimic-type eating disorders after a glucose challenge: A pilot study. International Journal of Eating Disorders, 39, 76–79. https://doi.org/10.1002/eat.20210

Glashouwer, K. A., Bloot, L., Veenstra, E. M., Franken, I. H. A., & de Jong, P. J. (2014). Heightened sensitivity to punishment and reward in anorexia nervosa. Appetite, 75, 97–102. https://doi.org/10.1016/j.appet.2013.12.019

Goel, N., Stunkard, A. J., Rogers, N. L., Dongen, H. P. A. V., Allison, K. C., O’Reardon, J. P., … Dinges, D. F. (2009). Circadian rhythm profiles in women with night eating syndrome. Journal of Biological Rhythms, 24, 85–94. https://doi.org/10.1177/0748730408328914

Goldstone, A. P., Prechtl de Hernandez, C. G., Beaver, J. D., Muhammed, K., Croese, C., Bell, G., … Bell, J. D. (2009). Fasting biases brain reward systems towards high-calorie foods. European Journal of Neuroscience, 30, 1625–1635. https://doi.org/10.1111/j.1460-9568.2009.06949.x

Harrison, A., O’Brien, N., Lopez, C., & Treasure, J. (2010). Sensitivity to reward and punishment in eating disorders. Psychiatry Research, 177(1–2), 1–11. https://doi.org/10.1016/j.psychres.2009.06.010

Harrison, A., Tchanturia, K., & Treasure, J. (2010). Attentional bias, emotion recognition, and emotion regulation in anorexia: State or trait?Biological Psychiatry, 68, 755–761. https://doi.org/10.1016/j.biopsych.2010.04.037

Hay, P. (2013). A systematic review of evidence for psychological treatments in eating disorders: 2005–2012. International Journal of Eating Disorders, 46, 462–469. https://doi.org/10.1002/eat.22103

Henje Blom, E., Duncan, L. G., Ho, T. C., Connolly, C. G., LeWinn, K. Z., Chesney, M., … Yang, T. T. (2014). The development of an RDoC-based treatment program for adolescent depression: “Training for Awareness, Resilience, and Action” (TARA). Frontiers in Human Neuroscience, 8, 630. https://doi.org/10.3389/fnhum.2014.00630

Insel, T. R., & Cuthbert, B. N. (2009). Endophenotypes: Bridging genomic complexity and disorder heterogeneity. Biological Psychiatry, 66, 988–989. https://doi.org/10.1016/j.biopsych.2009.10.008

Jappe, L. M., Frank, G. K. W., Shott, M. E., Rollin, M. D. H., Pryor, T., Hagman, J. O., … Davis, E. (2011). Heightened sensitivity to reward and punishment in anorexia nervosa. International Journal of Eating Disorders, 44, 317–324. https://doi.org/10.1002/eat.20815

Joos, A. A. B., Saum, B., van Elst, L. T., Perlov, E., Glauche, V., Hartmann, A., … Zeeck, A. (2011). Amygdala hyperreactivity in restrictive anorexia nervosa. Psychiatry Research: Neuroimaging, 191, 189–195. https://doi.org/10.1016/j.pscychresns.2010.11.008

Karhunen, L. J., Vanninen, E. J., Kuikka, J. T., Lappalainen, R. I., Tiihonen, J., & Uusitupa, M. I. J. (2000). Regional cerebral blood flow during exposure to food in obese binge eating women. Psychiatry Research: Neuroimaging, 99, 29–42. https://doi.org/10.1016/S0925-492700053-6

Keel, P. K., Brown, T. A., Holland, L. A., & Bodell, L. P. (2012). Empirical classification of eating disorders. Annual Review of Clinical Psychology, 8, 381–404. https://doi.org/10.1146/annurev-clinpsy-032511-143111

Koo-Loeb, J. H., Pedersen, C., & Girdler, S. S. (1998). Blunted cardiovascular and catecholamine stress reactivity in women with bulimia nervosa. Psychiatry Research, 80, 13–27.

Lewis-Fernández, R., Rotheram-Borus, M. J., Betts, V. T., Greenman, L., Essock, S. M., Escobar, J. I., … Iversen, P. (2016). Rethinking funding priorities in mental health research. British Journal of Psychiatry, 208, 507–509. https://doi.org/10.1192/bjp.bp.115.179895

Lilenfeld, L. R. R., Wonderlich, S., Riso, L. P., Crosby, R., & Mitchell, J. (2006). Eating disorders and personality: A methodological and empirical review. Clinical Psychology Review, 26, 299–320. https://doi.org/10.1016/j.cpr.2005.10.003

Lock, J., Garrett, A., Beenhakker, J., & Reiss, A. L. (2011). Aberrant brain activation during a response inhibition task in adolescent eating disorder subtypes. American Journal of Psychiatry, 168, 55–64. https://doi.org/10.1176/appi.ajp.2010.10010056

Lopez, C. A., Tchanturia, K., Stahl, D., & Treasure, J. (2008a). Central coherence in eating disorders: A systematic review. Psychological Medicine, 38, 1393–1404. https://doi.org/10.1017/S0033291708003486

Lopez, C. A., Tchanturia, K., Stahl, D., & Treasure, J. (2008b). Central coherence in women with bulimia nervosa. International Journal of Eating Disorders, 41, 340–347. https://doi.org/10.1002/eat.20511

Lopez, C. A., Tchanturia, K., Stahl, D., & Treasure, J. (2009). Weak central coherence in eating disorders: A step towards looking for an endophenotype of eating disorders. Journal of Clinical and Experimental Neuropsychology, 31, 117–125. https://doi.org/10.1080/13803390802036092

Madsen, S. K., Bohon, C., & Feusner, J. D. (2013). Visual processing in anorexia nervosa and body dysmorphic disorder: similarities, differences, and future research directions. Journal of Psychiatric Research, 47, 1483–1491. https://doi.org/10.1016/j.jpsychires.2013.06.003

Marsh, R., Horga, G., Wang, Z., Wang, P., Klahr, K. W., Berner, L. A., … Peterson, B. S. (2011). An fMRI study of self-regulatory control and conflict resolution in adolescents with bulimia nervosa. American Journal of Psychiatry, 168, 1210–1220. https://doi.org/10.1176/appi.ajp.2011.11010094

McAdams, C. J., & Krawczyk, D. C. (2011). Impaired neural processing of social attribution in anorexia nervosa. Psychiatry Research: Neuroimaging, 194, 54–63. https://doi.org/10.1016/j.pscychresns.2011.06.016

McAdams, C. J., & Krawczyk, D. C. (2012). Who am I? How do I look? Neural differences in self-identity in anorexia nervosa. Social Cognitive and Affective Neuroscience, nss093. https://doi.org/10.1093/scan/nss093

McAdams, C. J., & Krawczyk, D. C. (2013). Neural responses during social and self-knowledge tasks in bulimia nervosa. Frontiers in Psychiatry, 4, 103. https://doi.org/10.3389/fpsyt.2013.00103

Monteleone, P., Scognamiglio, P., Monteleone, A. M., Mastromo, D., Jr, Steardo, L., Serino, I., & Maj, M. (2011). Abnormal diurnal patterns of salivary α-amylase and cortisol secretion in acute patients with anorexia nervosa. World Journal of Biological Psychiatry, 12, 455–461. https://doi.org/10.3109/15622975.2011.590226

Monteleone, P., Scognamiglio, P., Monteleone, A. M., Perillo, D., & Maj, M. (2014). Cortisol awakening response in patients with anorexia nervosa or bulimia nervosa: Relationships to sensitivity to reward and sensitivity to punishment. Psychological Medicine, 44, 2653–2660. https://doi.org/10.1017/S0033291714000270

Nederkoorn, C., Smulders, F. T. Y., Havermans, R. C., Roefs, A., & Jansen, A. (2006). Impulsivity in obese women. Appetite, 47, 253–256. https://doi.org/10.1016/j.appet.2006.05.008

Oberndorfer, T. A., Frank, G. K. W., Simmons, A. N., Wagner, A., McCurdy, D., Fudge, J. L., … Kaye, W. H. (2013). Altered insula response to sweet taste processing after recovery from anorexia and bulimia nervosa. American Journal of Psychiatry, 170, 1143–1151. https://doi.org/10.1176/appi.ajp.2013.11111745

Oberndorfer, T. A., Kaye, W. H., Simmons, A. N., Strigo, I. A., & Matthews, S. C. (2011). Demand-specific alteration of medial prefrontal cortex response during an inhibition task in recovered anorexic women. International Journal of Eating Disorders, 44, 1–8. https://doi.org/10.1002/eat.20750

O’Reardon, J. P., Ringel, B. L., Dinges, D. F., Allison, K. C., Rogers, N. L., Martino, N. S., & Stunkard, A. J. (2004). Circadian eating and sleeping patterns in the night eating syndrome. Obesity Research, 12, 1789–1796. https://doi.org/10.1038/oby.2004.222

Oskis, A., Loveday, C., Hucklebridge, F., Thorn, L., & Clow, A. (2012). Diurnal patterns of salivary cortisol and DHEA in adolescent anorexia nervosa. Stress, 15, 601–607. https://doi.org/10.3109/10253890.2012.661493

Roberts, M. E., Tchanturia, K., & Treasure, J. L. (2013). Is attention to detail a similarly strong candidate endophenotype for anorexia nervosa and bulimia nervosa?World Journal of Biological Psychiatry, 14, 452–463. https://doi.org/10.3109/15622975.2011.639804

Schienle, A., Schäfer, A., Hermann, A., & Vaitl, D. (2009). Binge-eating disorder: Reward sensitivity and brain activation to images of food. Biological Psychiatry, 65, 654–661. https://doi.org/10.1016/j.biopsych.2008.09.028

Schulte-Rüther, M., Mainz, V., Fink, G. R., Herpertz-Dahlmann, B., & Konrad, K. (2012). Theory of mind and the brain in anorexia nervosa: Relation to treatment outcome. Journal of the American Academy of Child and Adolescent Psychiatry, 51, 832–841.e11. https://doi.org/10.1016/j.jaac.2012.06.007

Shin, A. C., Zheng, H., & Berthoud, H.-R. (2009). An expanded view of energy homeostasis: Neural integration of metabolic, cognitive, and emotional drives to eat. Physiology and Behavior, 97, 572–580. https://doi.org/10.1016/j.physbeh.2009.02.010

Srivastava, S. (2013, May 24). Where is RDoC headed? A look at the eating disorders FOA. Retrieved from https://hardsci.wordpress.com/2013/05/24/where-is-rdoc-headed-a-look-at-the-eating-disorders-foa/

Strober, M. (2014). Proposition: Family based treatment is overvalued Position: proposer. Advances in Eating Disorders, 2, 264–284. https://doi.org/10.1080/21662630.2014.898390

Tanofsky-Kraff, M., Engel, S., Yanovski, J. A., Pine, D. S., & Nelson, E. E. (2013). Pediatric disinhibited eating: Toward a research domain criteria framework. International Journal of Eating Disorders, 46, 451–455. https://doi.org/10.1002/eat.22101

Tchanturia, K., Davies, H., & Campbell, I. C. (2007). Cognitive remediation therapy for patients with anorexia nervosa: preliminary findings. Annals of General Psychiatry, 6, 14. https://doi.org/10.1186/1744-859X-6-14

Wagner, A., Aizenstein, H., Venkatraman, V. K., Fudge, J., May, J. C., Mazurkewicz, L., … Kaye, W. H. (2007). Altered reward processing in women recovered from anorexia nervosa. American Journal of Psychiatry, 164, 1842–1849. https://doi.org/10.1176/appi.ajp.2007.07040575

Weisz, J. R., Chorpita, B. F., Palinkas, L. A., Schoenwald, S. K., Miranda, J., Bearman, S. K., … Research Network on Youth Mental Health. (2012). Testing standard and modular designs for psychotherapy treating depression, anxiety, and conduct problems in youth: A randomized effectiveness trial. Archives of General Psychiatry, 69, 274–282. https://doi.org/10.1001/archgenpsychiatry.2011.147

Wildes, J. E., & Marcus, M. D. (2015). Application of the research domain criteria (RDoC) framework to eating disorders: Emerging concepts and research. Current Psychiatry Reports, 17, 30. https://doi.org/10.1007/s11920-015-0572-2

Wu, M., Giel, K. E., Skunde, M., Schag, K., Rudofsky, G., de Zwaan, M., … Friederich, H.-C. (2013). Inhibitory control and decision making under risk in bulimia nervosa and binge-eating disorder. International Journal of Eating Disorders, 46, 721–728. https://doi.org/10.1002/eat.22143

Wu, M., Hartmann, M., Skunde, M., Herzog, W., & Friederich, H.-C. (2013). Inhibitory control in bulimic-type eating disorders: A systematic review and meta-analysis. PLOS ONE, 8, e83412. https://doi.org/10.1371/journal.pone.0083412

Wykes, T., & van der Gaag, M. (2001). Is it time to develop a new cognitive therapy for psychosis—cognitive remediation therapy (CRT)?Clinical Psychology Review, 21, 1227–1256. https://doi.org/10.1016/S0272-735800104-0

Zonnevylle-Bender, M. J. S., van Goozen, S. H. M., Cohen-Kettenis, P. T., Jansen, L. M. C., van Elburg, A., & Engeland, H. van. (2005). Adolescent anorexia nervosa patients have a discrepancy between neurophysiological responses and self-reported emotional arousal to psychosocial stress. Psychiatry Research, 135, 45–52. https://doi.org/10.1016/j.psychres.2004.11.006


	[image: image]	Epidemiology and Course of Eating Disorders


Pamela K. Keel



Abstract

The epidemiology of eating disorders holds important clues for understanding factors that may contribute to their etiology. In addition, epidemiological findings speak to the public health significance of these deleterious syndromes. Information on course and outcome is important for clinicians to understand the prognosis associated with different disorders of eating and for treatment planning. This chapter reviews information on the epidemiology and course of anorexia nervosa, bulimia nervosa, and binge eating disorder. In addition new information is reviewed for two forms of other specified eating or feeding disorder, purging disorder and night eating syndrome, which were introduced in the Diagnostic and Statistical Manual for Mental Disorders, fifth edition.
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Introduction

Eating disorders represent a significant source of psychiatric morbidity among late adolescent and young adult women. Basic to the understanding of any mental disorder is careful description of who is affected by the disorder and disorder course and outcome. This chapter reviews information on the epidemiology and course of the eating disorders included in the category of eating and feeding disorders: anorexia nervosa (AN), bulimia nervosa (BN), binge eating disorder (BED), and two forms of other specified feeding or eating disorder (OSFED), and purging disorder (PD) and night eating syndrome (NES).

Anorexia Nervosa

The term “anorexia nervosa” was first introduced into the psychiatric nomenclature in 1874 by Sir William Gull to describe four adolescent female patients who experienced significant weight loss that could not be related to any medical condition (Gull, 1874). Given the long history of AN in the medical literature, considerable information has been amassed on the epidemiology and course of this syndrome.

Epidemiology

Although AN is the first condition that comes to mind when most people think of eating disorders and represents a high proportion of patients encountered in inpatient settings (Dalle Grave & Calugi, 2007), AN may be less common than the other eating disorders (i.e., BN, BED, and PD) in the general population. According to the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association [APA], 2013), the 12-month prevalence of AN is 0.4% in women and approximately one tenth (or 0.04%) that in men. This means that approximately 1 in 200 women and 1 in 2,000 men will experience AN during a 12-month time frame. Of note, in a population of 300 million with balanced gender representation, this does not mean that 600,000 women (150,000,000 × 0.004) and 60,000 men (150,000,000 × 0.0004) have AN, because not all individuals are within the period of risk for the illness. Age at onset for AN is typically early to late adolescence, and, as discussed in the text that follows, a proportion of patients with AN eventually achieves recovery such that prevalence is lower in older age groups. Thus, the point prevalence, or percentage of individuals who currently meet criteria for AN, is much lower than 12-month prevalence and varies by age group and population studied. For example, Favaro, Ferrara, and Santanastaso (2003) reported a lifetime prevalence of AN of 2.0% and a point prevalence of 0.3% in women in a metropolitan area of Italy.

Four population-based epidemiological studies have reported lifetime prevalence estimates for AN in women, representing the percentage of women who have suffered from AN at some point during their lifetime, including a lifetime prevalence of 0.9% in the United States (Hudson, Hiripi, Pope, & Kessler, 2007), 1.9% in Australia (Wade, Bergin, Tiggemann, Bulik, & Fairburn, 2006), 2.0% in Italy (Favaro et al., 2003), and 2.2% in Finland (Keski-Rahkonen et al., 2007). Some of the higher estimates may reflect detection of cases that are missed when ascertainment is based on clinical referral (Keski-Rahkonen et al., 2007). Indeed, 1-year prevalence estimates based on mental healthcare records are lower than estimates derived from primary care, which, in turn, are lower than those obtained from the community (Hoek, 2006). In addition, results may reflect increasing prevalence of the syndrome across cohorts over time. Although the term “rate” is often used in conjunction with prevalence estimates, prevalence estimates are typically unsuitable1 for determining time trends (or rates of change) for the presence of eating disorders in a population. Prevalence estimates combine new and old cases in a single value and, thus, reflect both the number of new cases in a population as well as the chronicity of an illness.

Incidence rates reflect the number of new cases (“incident cases”) within a unit of population and over a unit of time (e.g., cases per 100,000 persons per year or per 100,000 person years). As such, these rates allow examination of changes over time that can address whether or not a condition has become more common in a population. A meta-analysis (Keel & Klump, 2003) and systematic review (Hoek & van Hoeken, 2003) found significant increases in AN incidence during the 20th century. Keel and Klump (2003) reported a modest effect size associated with these changes, and Hoek and van Hoeken (2003) reported that the increase was evident until the 1970s, and then incidence rates demonstrated relative stability over time. Two epidemiological studies support the stability of AN incidence rates from 1994 to 2000 in the United Kingdom (Currin, Schmidt, Treasure, & Jick, 2005) and from 1985–1989 to 1995–1999 to 2005–2009 in the Netherlands (van Son, van Hoeken, Bartelds, van Furth, & Hoek, 2006; Smink, van Hoeken, Donker, Susser, Oldehinkel, & Hoek, 2016). However, evidence suggests increasing rates in the highest risk group of females ages 15 to 19 years, with incidence nearly doubling from 56.4 to 109.2 per 100,000 person years in the Netherlands (van Son et al., 2006). These results echo findings from the United States (Lucas, Crowson, O’Fallon, & Melton, 1999) in which incidence rates demonstrated a linear increase from 1935 to 1989 in females aged 15 to 24 years. Javaras et al. (2015) found significant increases in AN incidence in females and males from 2001 to 2009 based on the healthcare registry in Sweden as did Steinhausen and Jensen (2015) in Denmark’s nationwide psychiatric registry from 1995 to 2010. Importantly, these rates would be influenced by improved detection of cases due to greater awareness of eating disorders and their diagnostic features, and trends observed for AN were observed for other psychiatric conditions (Steinhausen & Jensen, 2015). Thus, popular media portrayals of the “epidemic” of AN have some basis in truth in that rates of the illness have increased over time, and this trend has been particularly true for adolescent and young adult females. However, sex- and age-adjusted incidence rates in the overall population are relatively low, ranging from 1.2 per 100,000 person-years for severe AN (Milos et al., 2004) to 12.6 per 100,000 person-years for more broadly defined AN (Steinhausen & Jensen, 2015).

Cross-Cultural Patterns

The studies reviewed in the preceding text have come from Western cultures because most research on eating disorders has been conducted in the United States, Canada, Australia, and western European countries. Many have asserted the possibility that AN may represent a culture-bound syndrome. However, a review of cross-cultural data revealed evidence of AN throughout the non-Western world, including cases in individuals with no evident exposure to Western culture (Keel & Klump, 2003). Of note, several cases that emerge in a non-Western context and in the absence of exposure to Western ideals are characterized by absence of a fear of gaining weight or becoming fat. However, these features were not described by Gull (1874) when the syndrome was first introduced and may reflect culturally meaningful explanations for a syndrome for which the true causes remain unknown. Although AN has been found in non-Western cultures, the impact of culture on disorder expression is evident in the lower estimates found in these countries. For example, Kolar, Rodriguez, Chams, and Hoek (2016) reported that the point prevalence of AN was 0.1% in Latin America countries, representing a lower estimate than found in other Western countries. Similarly, van Hoeken, Burns, and Hoek (2016) found 0% point prevalence of AN in countries of Africa.

Course

Anorexia nervosa is associated with a variable course and outcome (APA, 2013). In treatment-seeking samples, a minority of patients achieve remission early in the course of illness (i.e., within 1 year) and sustain recovery throughout life, whereas many patients struggle with their illness for more than a decade. Across studies examining patients 10 to 20 years after diagnosis, just under half of patients achieved full recovery, another third remained symptomatic but demonstrated some improvement, and 20% remained chronically ill (Steinhausen, 2002). The worst prognosis has been observed in individuals diagnosed at older ages and who encounter longer delays between onset of illness and initiation of treatment (Steinhausen, 2002). Among patients demonstrating “improvement,” some develop binge-purge symptoms and experience weight gain resulting in a shift in diagnosis from AN to BN. Although these individuals may be considered “improved” because they no longer meet full criteria for AN, they are not recovered. Instead, they have crossed over or migrated from one diagnosis to another. At 12-year follow-up, Fichter and Quadflieg (2007) reported that 9% of patients initially diagnosed with AN crossed over to a diagnosis of BN. Similar issues emerge for those whose illness changes over time to meet partial criteria for AN. Such individuals may be viewed as partially recovered (Herzog et al., 1999) or they may be viewed as having an EDNOS (Fichter & Quadflieg, 2007). At 12-year follow-up, Fichter and Quadflieg (2007) reported that 15.7% of patients initially diagnosed with AN crossed over to a diagnosis of EDNOS.

Mortality has been observed in approximately 1 in 20 patients (Steinhausen, 2002; Sullivan, 1995) across studies, reflecting a standardized mortality ratio (SMR) of approximately 10.0—or a 10-fold increase in risk of premature death (Keel et al., 2003; Löwe et al., 2001). Primary causes of death include starvation and suicide (Nielsen et al., 1998). Keel et al. (2003) reported an SMR due to suicide in AN of 56.9 (95% confidence interval [CI] = 15.3–145.7). A recent meta-analysis of studies examining mortality rates in AN estimated that SMR was 5.86 across studies (Arcelus, Mitchell, Wales, & Nielsen, 2011). One study found that elevated death in AN was observed during the first 10 years of follow-up and then decreased (Franko et al., 2013).

One in five patients with AN commits suicide (Arcelus et al., 2011). A recent meta-analysis of suicide in AN provided an SMR of 31 (Preti, Rocchi, Sisti, Camboni, & Miotto, 2011), meaning that individuals with AN were 31 times more likely to die by suicide than were other individuals matched on gender, age, and socioeconomic status. In a large AN cohort (n = 432), 17% reported at least one suicide attempt (Bulik et al., 2008). These findings are consistent with results from a review suggesting that between 3% and 20% of AN patients endorse suicide attempts (Franko & Keel, 2006). The variability in proportions of attempts may reflect the composition of samples, given that suicide attempts are more likely to occur in individuals with the binge-purge subtype of AN compared to those with the restricting subtype (Bulik et al., 2008; Franko & Keel, 2006). An examination of methods used by AN patients who completed suicide indicated the use of highly lethal methods that would be fatal regardless of the attempter’s physical health (Holm-Denoma et al., 2008).

Clinical correlates of suicide attempts included purging behaviors, depression, substance abuse, and history of childhood physical or sexual abuse (Franko & Keel, 2006). Prospective predictors of fatal outcome due to any causes (suicide and nonsuicide) included poor psychosocial functioning, longer duration of follow-up, and severity of alcohol use disorders (Keel et al., 2003). Thus, comorbid substance use disorders are associated with increased suicide attempts, and severity of alcohol use disorder predicts increased risk of premature death in AN.

Importantly, these course data have come predominantly from clinic-based samples and may reflect more dire outcomes than would be observed for the full population of individuals diagnosed with AN. Supporting this possibility, course data from community-based epidemiological studies suggest that a majority of individuals with lifetime diagnoses of AN do not currently meet criteria for the illness (Favaro et al., 2003; Hudson et al., 2007; Keski-Rahkonen et al., 2007; Wade et al., 2006).

Bulimia Nervosa

The term “bulimia nervosa” was introduced to the medical literature in 1979 by Dr. Gerald Russell to describe a series of 30 patients who were binge eating and purging at normal weight (Russell, 1979). In his seminal article, Russell (1979) described the illness as an “ominous variant of anorexia nervosa,” and noted a history of full or partial AN in a number of his patients. Given the relatively recent delineation of BN from AN, fewer studies have examined the epidemiology and course of this syndrome. Yet, the studies that have emerged suggest that BN differs from AN on both epidemiology and outcome.

Epidemiology

According to the DSM-5 (APA, 2013), the 12-month prevalence of BN is 1% to 1.5% in adolescent and young adult women. Consistent with this range, recent population-based studies have reported that BN affects 1.5% of US women (Hudson et al., 2007), 2.9% of Australian women (Wade et al., 2006), and 4.6% of Italian women (Favaro et al., 2003). Similar to findings for AN, the gender ratio of BN is approximately 10 women for every 1 man, according to the DSM-5 (APA, 2013). However, this appears to reflect ratios observed from treatment-seeking samples. The population-based National Comorbidity Survey—Replication reported a lifetime prevalence of 1.5% for BN in women and 0.5% in men (Hudson et al., 2007). The National Comorbidity Survey—Replication Adolescent Supplement reported a lifetime prevalence of 1.3% for BN in girls 0.5% for boys (Swanson, Crow, le Grange, Wendsen, & Merikangas, 2011). Thus, in the general population, most of whom never seek treatment for an eating disorder, the gender ratio appears to be closer to 3:1. Onset typically occurs in late adolescence to young adulthood (APA, 2000). Thus, peak age at onset overlaps somewhat with AN but tends to fall in a slightly older age range for BN.

In a meta-analysis of studies reporting changes in BN incidence over time, Keel and Klump (2003) detected a significant increase in BN incidence over the 20th century that was associated with a large effect size. Consistent with these findings, prevalence estimates across birth cohorts in a large epidemiological sample (Hudson et al., 2007) indicate higher prevalence of BN in younger cohorts compared with older cohorts.

In contrast to these broad patterns, some recent studies have suggested the possibility of declining rates of BN in the population. Currin et al. (2005) reported an initial increase in BN incidence in women ages 10 to 39 years from less than 25 per 100,000 person-years in 1988 to greater than 50 per 100,000 person-years in 1996, this was followed by a 38.9% decline in incidence by 2000. The decline was largely attributable to changes in incidence rates for women ages 20 to 39. Incidence in this group decreased significantly from 56.7 per 100,000 person-years in 1993 to 28.6 per 100,000 person-years in 2000. In contrast, BN incidence rates were comparatively stable in women ages 10 to 19 over this period, ranging from 41.0 to 35.8 per 100,000 person-years from 1993 to 2000. Smink et al. (2016) found a significant decrease in BN incidence from 8.6 per 100,000 in 1985–1989 to 3.2 per 100,000 person years in 2005–2009 in contrast to stability of AN incidence over this same period of observation. Finally, Keel, Heatherton, Dorer, Joiner, and Zalta (2006) reported a significant decline in the point prevalence of BN across three college cohorts assessed in 1982, 1992, and 2002, though this was largely explained by particularly high rates in the 1982 cohort, as no significant difference was observed between the 1992 and 2002 cohorts.

These trends contrast with those reported for population-based cohorts assessed in Australia in 1995 and 2005 (Hay, Mond, Buttner, & Darby, 2008) in which bulimic behaviors, such as binge eating and purging, increased twofold over time. Of note, this study did not examine changes in BN point prevalence over time because baseline assessments did not include all items necessary for a diagnosis. Taken together, data suggest that BN incidence and prevalence is highly variable within populations over time. Such patterns are consistent with the conclusion that BN is a culturally bound syndrome (Keel & Klump, 2003) and more likely to fluctuate in relation to immediate cultural factors.

Cross-Cultural Patterns

As with the review of epidemiological studies for AN, the aforementioned studies on BN have come from Western cultures. A review of cross-cultural evidence for BN (Keel & Klump, 2003) did not find any cases of BN in the absence of exposure to Western influences. Instead, evidence suggested that bulimic symptoms emerged in non-Western cultures following exposure to Western ideals (Becker, Burwell, Gilman, Herzog, & Hamburg, 2002). In a recent meta-analysis, Kolar et al. (2016) reported a 1.16% point prevalence for BN in Latin American countries. Similarly, van Hoeken, Burns, and Hoek (2016) reported a point prevalence of 0.87% for BN in African countries. Thus, the emergence of BN appears to be closely linked to a combination of access to large quantities of edible food, modern plumbing to facilitate purging in private, and a modern idealization of thinness to make purging a culturally meaningful response to binge eating (Keel & Klump, 2003).

Course

Bulimia nervosa is associated with a more favorable course and outcome compared to AN (APA, 2013). Across studies examining patients 5 or more years after diagnosis, approximately 70% achieve recovery, another 20% remain symptomatic but demonstrate some improvement, and 10% remain chronically ill (Fichter & Quadflieg, 2007; Herzog et al., 1999; Keel & Mitchell, 1997; Keel, Mitchell, Miller, Davis, & Crow, 1999). Longer follow-up studies suggest that approximately 65%–70% of BN patients achieve remission, while 10% follow a chronic course (Keel, 2016). However, as duration of follow-up increases, women become more likely to suffer from an OSFED rather than meeting full criteria for BN (Keel & Brown, 2010; Keel, Mitchell, Miller, Davis, & Crow, 2000).

In a direct comparison of standardized mortality ratios between AN and BN in a single study using the same methods of ascertainment, Keel et al. (2003) found that BN is less likely to result in premature death compared to AN. This observation was confirmed by a recent meta-analysis, in which the 95% confidence interval for the SMR for BN did not overlap with that for AN (Arcelus et al., 2011). Overall, BN is associated with a significant increased risk of premature death from all causes (SMR = 1.93) (Arcelus et al., 2011) and from suicide (SMR = 7.5) (Preti et al., 2011).

Although completed suicide appears to be more common in AN than in BN, the prevalence of suicide attempts has not differed across narrowly defined eating disorder diagnoses, occurring in approximately 12% of individuals with eating disorders in a Swedish Twin Registry (Pisetsky, Thornton, Lichtenstein, Pedersen, & Bulik, 2013). In a study of 295 women with bulimic symptoms, drug overdose was the most common method employed for attempting suicide, at 79% (Corcos et al., 2002). Thus, the discrepancy between suicide attempts and suicide completions in BN may reflect reliance on less lethal methods. This pattern has contributed to speculation that suicide attempts may serve a different purpose in BN compared to AN. In AN, many suicide attempts may be motivated by the desire to end life whereas suicide attempts in BN may be motivated by a desire to regulate negative affect (Franko & Keel, 2006).

Binge Eating Disorder

Although the term “binge eating disorder” was first described by Dr. Albert Stunkard in 1959 (Stunkard, 1959), it was not included as an official diagnostic category in the DSM until publication of the fifth edition in 2013. Data on changing incidence rates, long-term course, and outcome for BED are limited relative to those available for AN and BN given the relatively recent inclusion of BED in the DSM.

Epidemiology

The recent replication of the National Comorbidity Survey suggested that the lifetime prevalence of BED was 3.5% among women and 2.0% among men in the United States (Hudson et al., 2007). Lifetime prevalence for BED was 2.3% in adolescent girls and 0.8% in adolescent boys (Swanson et al., 2011). Although BED is significantly more common in women than in men, gender discrepancies appear less robust than reported for AN or BN. Mean and median age at onset for BED were 25.4 and 21 years, respectively (Hudson et al., 2007), suggesting that BED may be associated with a slightly older age of onset compared to AN and BN. In female cohorts, Wade et al. (2006) reported a lifetime prevalence of 2.9% for BED in Australia, and Favaro et al. (2003) reported a lifetime prevalence of 0.6% for BED in Italy. Favaro et al. (2003) further reported that the current prevalence of BED was 0.1%. In contrast, Hay and colleagues (2008) reported that the current prevalence of BED in a population-based sample of Australian men and women was 2.3%, with 67% of cases occurring in women. Thus, prevalence estimates for BED vary considerably across studies.

Incidence studies have not yet been published for BED, making it difficult to draw conclusions regarding time trends for the number of individuals affected with the syndrome in a given population over time. However, Hudson et al. (2007) reported that risk of BED diagnosis increased over successive birth cohorts from 1944 to 1985. This suggests that BED has become more common in the United States over recent decades. Similarly, in Australia, Mitchison, Hay, Slewa-Younan, and Mond (2012) reported a significant increase in the prevalence of binge eating from 1998 to 2008; however, this was not restricted to its presence in the syndrome of BED versus BN or OSFED.

Cross-Cultural Patterns

Kolar et al. (2016) found a lifetime prevalence of 3.5% for BED in Latin American countries in their meta-analysis. In addition, cases of BED or subthreshold BED have been reported in China, Malaysia, India, Jordan, Iran, Egypt, and Tunisia (Keel, 2016), covering all five non-Western regions originally reviewed by Keel and Klump (2003). These reports are recent, ranging from 2009 to 2016, suggesting that cases may have emerged following exposure to Western influences that impact emergence of BN.

Course

Given that BED was introduced as a provisional diagnostic category in the DSM-IV (APA, 1994), it is not surprising that few long-term follow-up studies have been conducted on the illness. Fairburn, Cooper, Doll, Norman, and O’Connor (2000) described the natural course of BED over a 5-year follow-up period in a relatively small (n = 48) community-based sample. Results from this study suggested that 82% of individuals were substantially improved or recovered, 4% continued to meet full criteria for BED, and no deaths were observed. Fairburn et al. (2000) further reported no crossover from BED to AN and that 3% of individual with BED met criteria for BN during follow-up. Fichter and Quadflieg (2007) reported somewhat less favorable outcome at 6-year follow-up in their sample of 60 inpatients with BED; 78.3% were recovered, 6.7% continued to meet full criteria for BED, and 1.7% had died. Similar to findings from Fairburn et al. (2000), no crossover from BED to AN was observed; however, 8.3% met criteria for BN at follow-up and 5.0% met criteria for an EDNOS (Fichter & Quadflieg, 2007).

Comparison of data from 6- versus 12-year follow-up of the BED cohort described by Fichter and Quadflied (2007) yields some counterintuitive findings. Although recovery rates often improve as duration of follow-up increases, this was not observed for BED. Instead, at 12-year follow-up, 66.7% of patients were recovered, 6.7% continued to meet full criteria for BED, and 3.3% had died. No cases of crossover to AN were observed at 12-year follow-up; however, crossover to EDNOS was 13.3% and crossover to BN was 10%. Collapsing across eating disorder categories, these results suggest that 20% of BED patients met criteria for an eating disorder at 6-year follow-up, whereas 30% met criteria for an eating disorder at 12-year follow-up. Overall, results suggest affected individuals may have extended periods in which they are free of BED symptoms yet may be at risk for a resurgence of symptoms over an extended period of their lives. This conclusion is consistent with retrospective reports of long illness duration (e.g., more than 10 years) in epidemiological studies (Striegel-Moore & Franko, 2008).

Only two deaths have been reported among patients with BED, both in the same cohort (Ficther, Quadflieg, & Gnutzmann, 1998; Fichter, Quadflieg, & Hedlund, 2008), yielding a crude mortality ratio of 3% and an SMR of 2.29 (which was not statistically significant owing to the small sample size). A meta-analysis of suicide risk in eating disorders found no reports of suicide in patients with BED (Preti et al., 2011). In contrast to an absence of reported deaths by suicide at long-term follow-up in BED, suicide attempts do not differ in prevalence between BED and other eating disorders (Pisetsky et al., 2013).

Other Specified Feeding or Eating Disorder

Despite inclusion of BED as a full-threshold eating disorder and expansion of diagnostic boundaries for AN and BN in the DSM-5 (APA, 2013), community-based two-stage epidemiological studies have suggested that the most common eating disorder diagnosis is OSFED (Keel, Brown, Holm-Denoma, & Bodell, 2011; Machado, Gonçalves, & Hoek, 2013). To address the inability to derive meaningful information on epidemiology, course, or outcome from the hodgepodge of syndromes previously inhabiting the DSM-IV eating disorder not otherwise specified category (Wilfley, Bishop, Wilson, & Agras, 2007), the DSM-5 Eating Disorders Workgroup introduced named conditions among the OSFED. The following sections review epidemiology and course for two specified forms of OSFED, purging disorder (PD) and night eating syndrome (NES).

Purging Disorder

Purging disorder involves recurrent purging in the absence of objectively large binge episodes. This feature is accompanied by undue influence of weight or shape on self-evaluation or an intense fear of gaining weight or becoming fat (APA, 2013). Despite the very recent description of PD in the literature, several epidemiological studies have reported on the frequency of this condition, and some limited data are available on course (Keel & Striegel-Moore, 2009).

EPIDEMIOLOGY

Lifetime prevalence estimates for PD in women have ranged from 1.1% in Italy (Favaro et al., 2003) to 5.3% in Australia (Wade et al., 2006). Of interest, in both studies, estimates of PD excluded individuals with lifetime diagnoses of AN, BN, or BED, thus controlling for crossover. Purging disorder is likely to be more common than suggested by these studies. Of further interest, both Favaro et al. (2003) and Wade et al. (2006) reported lifetime prevalence estimates for PD that were nearly twice as large as estimates for BED.

Current prevalence for PD has been reported in 0.5% of Australian women (Hay et al., 2008) and 0.6% of Canadian women (Gauvin, Steiger, & Brodeur, 2009) in two-stage population-based studies. Studies of college-based samples in the United States suggest that between 0.6% (Haedt & Keel, 2010) and 0.8% of women (Crowther, Armey, Luce, Dalton, & Leahey, 2008) have PD. Consistency of results for point prevalence estimates (ranging only from 0.5% to 0.8%) across populations, assessment methods, and syndrome definitions is striking and may reflect the extent to which questions regarding the use of purging methods (e.g., self-induced vomiting, laxative, or diuretics) to influence weight or shape are associated with higher reliability in various methods of assessment. Age at onset for PD has been reported in late adolescence (Favaro et al., 2003), and PD is significantly more common in women than men (Haedt & Keel, 2010).

Two studies have examined point prevalence of PD in successive cohorts of college students (Crowther et al., 2008; Haedt & Keel, 2010) and reported no significant changes over time. Of note, 1982 was the earliest observation of PD point prevalence across these studies. Thus, it is possible that the syndrome became increasingly common during the 20th century in the period leading up to when estimates were first described.

COURSE

Koch, Quadflieg, and Fichter (2013) conducted a 9-year follow-up of 225 patients diagnosed with PD between 1999 and 2005. Overall, 5% of patients had died over follow-up, representing a significantly increased risk of premature death (SMR = 3.9). In a comparison of mortality across eating disorders, Koch et al. (2013) found a significantly greater risk of death in PD than in BN and no significant difference between purging disorder and AN.

A prospective community-based 6-month follow-up of 23 women with PD (Keel, Haedt, & Edler, 2005) found that 13% achieved partial or full remission. Based on combined results from two school-based longitudinal studies (Allen, Byrne, Oddy, & Crosby, 2013; Stice, Marti, Shaw, & Jaconis, 2009), approximately 75% of individuals with PD achieve remission over follow-up of intermediate length (less than 5 years). However, studies examining illness status more than 5 years after presentation suggest lower recovery rates, with less than half of individuals with PD achieving remission (Allen et al., 2013; Koch, Quadflieg, & Fichter, 2013). The data of Koch et al. (2013) indicated that PD has a more favorable outcome than AN.

Night Eating Syndrome

Night eating syndrome (NES) is characterized by recurrent nocturnal eating that is excessive or interferes with sleep and contributes to distress or impairment in the individual (APA, 2013). Studies of NES prevalence have been restricted to single cohorts, and there are no studies of NES incidence over time. In addition, there are no data regarding course or outcome for NES.

EPIDEMIOLOGY

In a population-based sample of Black and White women, prevalence of NES was 1.6% (Striegel-Moore, Dohm, Hook, Schreiber, Crawford, & Daniels, 2005). In a multicenter study of 2,266 obese adults assessed before undergoing bariatric surgery, NES was diagnosed in 17.7% of patients (Mitchell et al., 2015). In a sample of 395 families in Canada in which one parent was obese, NES was found to affect 0.0% of children, 0.5% of mothers, and 0.3% of fathers (Lundgren et al., 2012). In a multisite study of 845 patients diagnosed with type 2 diabetes, 3.8% were diagnosed with NES (Allison et al., 2007). Differences in sample ascertainment are likely to be responsible for this very large range of prevalence estimates. Thus, more research is needed to understand who suffers from NES. One challenge for this research is that NES criteria differ qualitatively from those for defined eating disorders, making data from most epidemiological studies of eating disorders irrelevant.

Conclusion

Evidence suggests that AN, BN, and BED have affected increasing proportions of the population over the course of the 20th century. The most dramatic changes have been observed for syndromes characterized by binge eating and may reflect increased urbanization and increased access to large quantities of readily edible food (Keel & Klump, 2003). Conversely, the rise in AN incidence may reflect the increased idealization of thinness in modern, Western culture (Keel & Klump, 2003). However, the thin ideal is neither sufficient nor necessary for the emergence of a syndrome characterized by self-starvation that predominately affects adolescent and young adult females (Keel & Klump, 2003). Less is known about time trends for the incidence or prevalence of PD. Although purging as a behavior demonstrated an increase in one study (Hay et al., 2008), two other studies reported no significant change in PD point prevalence over limited period of observation toward the end of the 20th century (Crowther et al., 2008; Haedt & Keel, 2010).

Data on course and outcome suggest that AN, BN, and BED can be placed on a continuum of illness severity, with AN residing at the end with greatest chronicity and risk of premature death and BED residing at the end with lowest chronicity. However, these conclusions must be tempered by awareness of limited longitudinal data available for BN and BED. The addition of new prospective longitudinal studies with longer durations of follow-up may have a particularly profound impact on our understanding of BED course and outcome, given that comparison of 6- and 12-year BED outcome suggested less favorable course as duration of follow-up increased (Fichter & Quadflied, 2007). In addition, given the significant association between BED and obesity (Hudson et al., 2007), it seems likely that increased risk of premature death will be observed in BED as studies with larger sample sizes and longer follow-up durations are conducted.

Examining information available on the epidemiology and course of different eating disorders reveals an inverse association between the prevalence of a syndrome and how much is known about the syndrome’s course and outcome. Thus, we know the least about the most common syndromes. Although much of may be addressed by revisions in the DSM-5, which included more named and characterized disorders, such as the promotion of BED to an official diagnosis and PD and NES named as characterized forms of OSFED, there will be an unavoidable lag between these changes and when reliable information is obtained on course and outcome.

Future Directions

More studies are needed to understand the epidemiology, course, and outcome associated with OSFED such as PD and NES. For these to be informative, it will be crucial for investigators to separate different forms of OSFED in providing these descriptive data. Questions that present future directions for the field are presented here:


1.Is there a valid threshold for distinguishing AN from atypical AN based on epidemiological patterns, long-term course, or outcome?

2.Is there a valid threshold for distinguishing BN from subthreshold BN based on epidemiological patterns, long-term course, or outcome?

3.In both community and clinic-based populations, has the incidence of BED, PD, or NES changed over time?

4.Is BED, PD, or NES a culture-bound syndrome?

5.What are the long-term course and outcomes associated with BED, PD, and NES?



Note

1. Exceptions to this occur when point prevalence estimates are taken from independent cohorts at different times from a given population (e.g., Keel, Heatherton, Dorer, Joiner, & Zalta, 2006).
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Abstract

Anorexia and bulimia nervosa are complex disorders with dysregulated appetitive behaviors. The underlying causes of disturbed patterns of eating are unknown, but a growing body of research suggests that aberrant functioning of brain or peripheral systems may be responsible. Neuroimaging technologies, such as positron emission tomography (PET) and functional MRI (fMRI), can be used to explore whether there are perturbations of the monoamine systems, the neurocircuitry of gustatory processing in eating disorders, and their relationship to metabolic homeostatic states. Together, PET and fMRI data suggest that individuals with eating disorders have disturbance of taste- and reward-processing regions of the brain, which may contribute to eating disorder symptoms.
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Introduction

Eating disorders (EDs) are characterized by puzzling symptoms, and the ED field lags behind other psychiatric disorders in identifying responsible brain regions and circuits. Consequently, our understanding of the pathophysiology of EDs is limited. Although anorexia nervosa (AN) and bulimia nervosa (BN) are characterized (APA, 2000) as EDs, it remains unknown as to whether there is a primary disturbance of appetitive function. The regulation of appetite and feeding are complex phenomena, integrating peripheral signals (GI tract, adipose tissue, hormonal secretion, etc.), hypothalamic factors (neuropeptides), cortical and subcortical processes (reward, emotionality, cognition), and external influences (Elman, Borsook, & Lukas, 2006; Rolls, 1997; Schwartz, Woods, Porte, Seeley, & Baskin, 2000). It is possible that a disturbance could occur anywhere in this axis in AN and BN.

A number of subsystems have been investigated in AN and BN: (1) peripheral hormones such as cholecystokinin (CCK) or peripheral autonomic function; (2) neuropeptides involved in hypothalamic and lower brain center function; and (3) limbic and cortical brain circuits that contribute to appetite. We believe that the weight of evidence supports the involvement of higher order circuits, as they show persistent altered function after recovery, and because they code for rewarding and emotionality properties of food, homeostatic needs, and cognitive modulation (Elman et al., 2006; Hinton et al., 2004; Kelley, 2004; Saper, Chou, & Elmquist, 2002).

State Versus Trait Characteristics

During their disorders, individuals with AN and BN have widespread and severe alterations of brain and peripheral organ function; however, it is unclear whether these changes are the cause or the consequence of maladaptive appetitive behaviors such as extreme restriction and the binge-purge cycle. Thus, to understand the etiology and course of illness of AN and BN, it is useful to divide the neurobiologic alterations into two categories. First, state-based alterations secondary to malnutrition or ongoing symptoms may sustain the illness, and perhaps accelerate the establishment of chronic and enduring disturbance. Second, premorbid, genetically determined trait alterations may contribute to an initial vulnerability to develop ED.

Starvation and emaciation have profound effects on the function of the brain and other organ systems, lead to neurochemical disturbances that could exaggerate premorbid traits (Pollice, Kaye, Greeno, & Weltzin, 1997), and add other symptoms that maintain or accelerate the disease process. For example, AN patients have a reduced brain volume (see Ellison & Fong, 1998); altered metabolism in frontal, cingulate, temporal, and parietal regions (Kaye, Wagner, Frank, & Bailer, 2006); and a regression to prepubertal gonadal function (Boyar et al., 1974) that contribute to autonomic and hormonal disturbance as well as mood and cognitive symptoms (Jimerson & Wolfe, 2006), which could sustain ED behaviors. The fact that such disturbances tend to normalize after weight restoration suggests that these alterations are secondary to the disorder and not an underlying cause of AN. The difficulty in distinguishing alterations due to state and trait characteristics in ED patients has been a major confound in research into this disorder. Premorbid studies are not practical given the young age of potential participants, the rarity of the disorder, and the need to follow them for many years. An alternative strategy is to study individuals who have recovered from AN and BN, thus avoiding the confounding influence of malnutrition and weight loss on biological systems.

Large-scale community-based twin studies have shown that 50% to 80% of the variance in AN and BN (Berrettini, 2000; Bulik et al., 2006; Kendler et al., 1991) can be accounted for by genetic factors. The genetic vulnerability to eating disorders may be expressed as a more diffuse phenotype of continuous behavioral traits as suggested by evidence of a significant heritability of disordered eating attitudes, weight preoccupation, dissatisfaction with weight and shape, dietary restraint, binge eating and self-induced vomiting (Ando, Ichimaru, Konjiki, Shoji, & Komaki, 2007; Ando et al., 2010; Bulik et al., 2005; Klump, McGue, & Iacono, 2000; Rutherford, McGuffin, Katz, & Murray, 1993; Wade, Martin, & Tiggemann, 1998), and familiality of subthreshold forms of eating disorders (Lilenfeld et al., 1998; Strober, Freeman, Lampert, Diamond, & Kaye, 2000; for review, see Trace, Baker, Peñas-Lledó, & Bulik, 2013). Considerable evidence has suggested that childhood temperament and personality traits can create a vulnerability for developing AN and BN during adolescence (Kaye et al., 2013; Wierenga, Ely, et al., 2014). No agreed on definition of recovery from AN presently exists, but many studies emphasize a definition that comprises an absence of psychological and behavioral symptoms and stable and healthy body weight for months or years, with stable nutrition, the relative absence of dietary abnormalities, and normal menstruation (Bardone-Cone et al., 2010). Although the process of recovery in AN and BN is poorly understood and, in most cases, protracted, approximately 50% to 70% of affected individuals will eventually have complete or moderate resolution of the illness, though this might not occur until early to mid 20s (Steinhausen, 2002; Strober, Freeman, & Morrell, 1997; Wagner, Barbarich, et al., 2006). Studies have described temperament and character traits that persist after long-term recovery from AN, such as negative emotionality, harm avoidance and perfectionism, desire for thinness, and mild dietary preoccupation, which are similar to those described in childhood in people who will go on to develop AN and BN (Anderluh, Tchanturia, Rabe-Hesketh, & Treasure, 2003; Casper, 1990; Lilenfeld, Wonderlich, Riso, Crosby, & Mitchell, 2006; Srinivasagam et al., 1995; Stice, 2002; Strober, 1980; Wagner, Barbarich, et al., 2006). Studies (Bulik et al., 2007) suggest these traits are heritable, elevated in unaffected family members, and independent of body weight, providing further evidence that they confer liability to the development of AN.

In summary, there is strong evidence supporting a genetic influence in AN and BN, as well as the persistence after recovery of personality and character traits that may predispose an individual to developing these disorders. These data support the likelihood that such persistent symptoms are not just “scars” caused by chronic malnutrition, but may reflect underlying traits that contribute to the pathogenesis of this disorder.

Studies of Altered Feeding Behaviors

The data on appetite regulation in EDs is small, despite the prominent nature of these symptoms, but growing. Laboratory studies support clinical observations that AN individuals dislike high-fat foods (Drewnowski, Pierce, & Halmi, 1988; Fernstrom, Weltzin, Neuberger, Srinivasagam, & Kaye, 1994) and BN individuals tend to binge on sweet and high-fat foods (Kaye et al., 1992; Weltzin, Hsu, Pollice, & Kaye, 1991). Notably, these patterns of behavior do not appear to change following weight regain. Individuals with AN tend to report elevated anxiety in anticipation of eating, even when emaciated (Kissileff et al., 2016), and reduced dysphoric mood with food refusal (Kaye, Bulik, Thornton, Barbarich, & Masters, 2004; Steinglass et al., 2010). Ecological momentary assessment findings suggest that certain trajectories of anxiety during the day are associated with greater fasting and restriction in AN (Lavender et al., 2014). In BN, behavioral studies suggest that metabolic state may contribute to binge eating, but the mechanisms are not well understood. For example, some studies show that fasting or dietary restriction may increase the likelihood of future binge eating (Stice, Davis, Miller, & Marti, 2008; Stice, Presnell, Groesz, & Shaw, 2005; Telch & Agras, 1996; Zunker et al., 2011), suggesting that restricting intake and prolonging hunger states may confer vulnerability for binge eating. Conversely, other findings indicate that although individuals with BN frequently fast between binge/purge episodes (American Psychiatric Association, 2013), hunger does not necessarily trigger binge eating. In fact, lower dietary intake has been associated with a reduction in binge eating (Stice, Martinez, Presnell, & Groesz, 2006), and a meta-analysis of ecological momentary assessment studies tracking the temporal relationship of hunger and binge eating determined that binge episodes were preceded by lower hunger ratings than were typical eating episodes (i.e., participants were less hungry before binge eating than before meals; Haedt-Matt & Keel, 2011). Subjective ratings of hunger and fullness indicate that perception of metabolic state may also be impaired in individuals ill with BN (Halmi, Sunday, Puglisi, & Marchi, 1989). Furthermore, negative mood states may precipitate a binge (Berg et al., 2013; Hilbert & Tuschen-Caffier, 2007; Smyth et al., 2007; Waters, Hill, & Waller, 2001) and overeating may relieve dysphoria and anxiety (Abraham & Beaumont, 1982; Johnson & Larson, 1982; Kaye, Gwirtsman, George, Weiss, & Jimerson, 1986), though a meta-analysis of ecological momentary assessment data suggests the relationship between affect and binge eating may be more complex (Haedt-Matt & Keel, 2011). These alterations in appetite regulation may be explained by alterations in the neurobiological response to food reward when hungry and fed in the insula and orbitofrontal cortex (described later, see Table 4.1). Taken together, these studies support the possibility of an altered response to palatable foods and a dysphoria-reducing aspect to pathological eating.



Table 4.1 Studies Showing That Food Deprivation Activates (Up Arrow) the Insula and OFC Regions When Compared to Satiety




	Author
	Year
	Technique
	Duration fasting
	Insula
	OFC



	Small et al.
	2001
	PET
	4.5 hr
	
	↑



	Tataranni et al.
	1999
	PET
	36 hr
	↑
	↑



	Morris & Dolan
	2001
	PET
	16 hr
	↑
	↑



	Haase et al.
	2009
	fMRI
	12 hr
	↑
	↑



	Kringelbach et al.
	2003
	fMRI
	6 hr
	↑
	↑



	Stice et al.
	2013
	fMRI
	~7 hr
	
	↑



	Uher, Treasure, Heining, Brammer, & Campbell
	2006
	fMRI
	24 hr
	↑
	







Neuropeptide and Neuroendocrine Alterations

The past decade has witnessed accelerating basic research on the role of neuropeptides in the regulation of feeding behavior. Indirect evidence from clinical studies of obesity or animal models of ED suggests the possibility that altered regulation of neuropeptides may contribute to abnormal eating patterns. The mechanisms for controlling food intake comprise a complicated interplay between peripheral systems (including gustatory stimulation, gastrointestinal peptide secretion, and vagal afferent nerve responses) and central nervous system (CNS) neuropeptides and/or monoamines. Thus, studies in animals show that neuropeptides such as CCK, the endogenous opioids such as beta-endorphin, and neuropeptide-Y, regulate the rate of eating, the duration selection (Sam, Troke, Tan, & Bewick, 2012; Suzuki, Simpson, Minnion, Shillito, & Bloom, 2010) and size of meals, as well as macronutrient (Morley & Blundell, 1988; Sam et al., 2012; Saper et al., 2002; Schwartz et al., 2000; Suzuki et al., 2010). In addition to regulating eating behavior, a number of CNS neuropeptides contribute to the regulation of neuroendocrine pathways. Clinical studies suggest that CNS neuropeptide alterations may lead to dysregulation of gonadal hormone, cortisol, thyroid hormone, and growth hormone secretion in ED (Jimerson & Wolfe, 2004; P. Monteleone & Maj, 2013; Stoving, Hangaard, Hansen-Nord, & Hagen, 1999).

Research suggests that most of the alterations to neuroendocrine and neuropeptide systems apparent during symptomatic episodes of AN and BN tend to normalize after recovery. This observation suggests that most of these disturbances are consequences of malnutrition, weight loss, and/or altered meal patterns, rather than an underlying cause of initially developing ED. However, understanding of these neuropeptide disturbances may elucidate why recovery from AN or BN can be so difficult. In AN, neuroendocrine and neuropeptide disturbance secondary to malnutrition may perpetuate the food refusal and drive for thinness. Symptoms such as intolerance of feelings of fullness, obsessions, anhedonia and dysphoric mood, may be exaggerated by these neuropeptide alterations and thus maintain the disorder. In BN, neuroendocrine and neuropeptide dysfunction due to chronic binging and purging, in addition to caloric restriction, may alter hunger and satiety sensations and ability to regulate eating behavior. Additionally, mutual interactions between neuropeptide, neuroendocrine and neurotransmitter pathways may contribute to the constellation of psychiatric comorbidity often observed in these disorders. Even after weight gain and normalized eating patterns, many individuals who have recovered from AN or BN have physiological, behavioral and psychological symptoms that persist for extended periods of time. Menstrual cycle dysregulation, for example, may persist for some months after weight restoration. The following sections provide a brief overview of studies of neuropeptides in AN and BN.

Hypothalamic-Pituitary-Adrenal (HPA) Axis

When underweight, patients with AN have increased plasma cortisol secretion that is thought to be at least in part a consequence of hypersecretion of endogenous corticotropin-releasing hormone (CRH) (Gold et al., 1986; Kaye, Gwirtsman, et al., 1987; Licinio, Wong, & Gold, 1996; Monteleone et al., 2016; Monteleone et al., 2011; Walsh et al., 1987). Plasma and cerebrospinal fluid (CSF) measures return toward normal with weight restoration, it appears likely that activation of the hypothalamic-pituitary-adrenal (HPA) axis is precipitated by the disorder and not vice versa. The observation of increased CRH activity is of great theoretical interest in anorexia, since intracerebroventricular CRH administration in experimental animals produces many of the physiologic and behavioral changes associated with AN, including markedly decreased eating behavior (Glowa & Gold, 1991). Expression of CRH in BN is less clear. The CRH triggers secretion of adrenocorticotropic hormone (ACTH); CSF levels of ACTH in ill BN were reported to be similar to controls, while ACTH levels decreased when BN participants did not engage in binge/purge behaviors (Gwirtsman et al., 1989). Given a positive correlation between ACTH and cortisol levels, these data support the hypothesis that binge/purge behaviors may relieve dysphoric mood states in BN. Furthermore, in rats, binge eating prone animals have demonstrated hyporeactivity of the HPA axis, and higher CRF expression in the bed nucleus of the stria terminalis, which points to a possible mechanism underlying stress-induced binge eating (Calvez, de Ávila, Guèvremont, & Timofeeva, 2016).

Opioid Peptides

Studies in laboratory animals raise the possibility that altered endogenous opioid activity might contribute to pathological feeding behavior in eating disorders; opioid agonists generally increase, and opioid antagonists decrease, food intake (Morley et al., 1985). State-related reductions in concentrations of CSF beta-endorphin and related opiate concentrations have been found in both underweight AN and ill BN participants (Brewerton, Lydiard, Laraia, Shook, & Ballenger, 1992; Kaye, Berrettini, et al., 1987; Lesem, Berrettini, Kaye, & Jimerson, 1991; Tortorella et al., 2014). In contrast, using the T-lymphocyte as a model system, Brambilla et al. (Brambilla, Brunetta, Peirone, et al., 1995) found elevated beta-endorphin levels in AN, although the levels were normal in BN (Brambilla, Brunetta, Draisci, et al., 1995). If beta-endorphin activity is a facilitator of feeding behavior, then reduced CSF concentrations could reflect decreased central activity of this system, which then maintains or facilitates inhibition of feeding behavior in the eating disorders.

Neuropeptide-Y and Peptide YY

These peptides are of considerable theoretical interest, since they are among the most potent endogenous stimulants of feeding behavior within the CNS (Kalra, Dube, Sahu, Phelps, & Kalra, 1991; Morley et al., 1985; Schwartz et al., 2000). Peptide YY (PYY) is more potent than neuropeptide-Y (NPY) in stimulating food intake; both are selective for carbohydrate rich foods. In AN women, baseline plasma PYY levels have been reported to be significantly lower (Germain et al., 2010; Germain et al., 2007), higher (Misra et al., 2006), and similar (Kaye, Berrettini, et al., 1990; Stock et al., 2005) to healthy participants, while plasma PYY response to food intake has been shown to be delayed (Stock et al., 2005) and not restored with weight restoration (Nakahara et al., 2007). Underweight AN have been shown to have elevations of CSF NPY (Kaye, Berrettini, et al., 1990), and while it does not normalize with weight restoration in the short term, it does appear to do so in the long term (Gendall, Kaye, Altemus, McConaha, & La Via, 1999). More recently, it has been reported that the plasma concentration of NPY was lower in AN than in controls, while BN participants had elevated NPY levels (Baranowska, Radzikowska, Wasilewska-Dziubinska, Roguski, & Borowiec, 2000). Clearly, elevated NPY does not result in increased feeding in underweight AN; however, it is possible that increased NPY activity underlies the obsessive and paradoxical interest in dietary intake and food preparation. On the other hand, CSF levels of NPY and PYY have been reported to be normal in women with BN when measured while participants were acutely ill. Although levels of PYY increased above normal when participants were reassessed after 1 month of abstinence from binging and vomiting, levels of the peptides were similar to control values in long-term recovered individuals (Gendall et al., 1999). Postprandial PYY response in BN has also been shown to interact with a decreased response of ghrelin (Kojima et al., 2005; Monteleone et al., 2005). A blunted response of ghrelin and PYY to food ingestion suggests failure to attenuate the drive to eat with satiation, which may contribute to overeating or binge eating behavior.

Cholecystokinin

Cholecystokinin (CCK) is a peptide secreted by the gastrointestinal system in response to food intake. Release of CCK is thought to be one means of transmitting satiety signals to the brain by way of vagal afferents (Gibbs, Young, & Smith, 1973). In parallel to its role in satiety in rodents, exogenously administered CCK reduces food intake in humans (Kissileff, Pi-Sunyer, Thornton, & Smith, 1981). The preponderance of data suggests that patients with BN, in comparison to controls, have diminished release of CCK following ingestion of a standardized test-meal (Devlin et al., 1997; Geracioti & Liddle, 1988; Keel, Wolfe, Liddle, De Young, & Jimerson, 2007; Phillipp, Pirke, Kellner, & Krieg, 1991; Pirke, Kellner, Friess, Krieg, & Fichter, 1994), though a recent study showed similar CCK levels in BN patients as in healthy controls (Hannon-Engel, & Filin, Wolfe, 2013). Measurements of basal CCK values in blood lymphocytes and in CSF also appear to be decreased in patients with BN (Brambilla, Brunetta, Draisci, et al., 1995; Lydiard et al., 1993). It has been suggested that the diminished CCK response to a meal may play a role in diminished postingestive satiety observed in BN (LaChaussee, Kissileff, Walsh, & Hadigan, 1992). The CCK response in BN was found to return toward normal following treatment (Geracioti & Liddle, 1988).

Studies of CCK in AN have yielded less consistent findings. Some studies have found elevations in basal levels of plasma CCK (Phillipp et al., 1991; Tamai et al., 1993), as well as increased peptide release following a test meal (Harty, Pearson, Solomon, & McGuigan, 1991; Phillipp et al., 1991) or elevated during the ill state and normalizing with recovery (Cuntz et al., 2013). One study found blunting of CCK response to an oral glucose load normalized in AN after partial restoration of body weight (Tamai et al., 1993). Other studies have found that measures of CCK function in AN were similar to or lower than control values (Baranowska et al., 2000; Brambilla, Brunetta, Peirone, et al., 1995; Geracioti et al., 1992; Pirke et al., 1994). Further studies are needed to evaluate the relationship between altered CCK regulation and other indices of abnormal gastric function in symptomatic BN and AN (Geliebter et al., 1992).

Leptin

Leptin, the protein product of the ob gene, is secreted predominantly by adipose tissue cells. In the hypothalamus, leptin interacts with NPY, serotonin, and the melanocortins to decrease food intake, thus regulating body fat stores (Friedman & Halaas, 1998; Zhang et al., 1994; Zigman & Elmquist, 2003). In rodent models, defects in the leptin coding sequence resulting in leptin deficiency, or impaired leptin receptor function, are associated with obesity. In humans, serum and CSF concentrations of leptin are positively correlated with fat mass across body mass index (BMI), including obesity (Considine et al., 1996; Schwartz, Peskind, Raskind, Boyko, & Porte, 1996). While rare genetic deficiencies in leptin production have been associated with familial obesity (Farooqi et al., 2001), obesity in humans is not thought to be a result of leptin deficiency per se.

Underweight patients with AN have consistently been found to have significantly reduced serum leptin concentrations in comparison to normal weight controls (Baranowska, Wolinska-Witort, Wasilewska-Dziubinska, Roguski, & Chmielowska, 2001; Eckert et al., 1998; Grinspoon et al., 1996; Hebebrand et al., 1995; Mantzoros, Flier, Lesem, Brewerton, & Jimerson, 1997; Monteleone, DiLieto, Castaldo, & Maj, 2004; Tortorella et al., 2014). Based on studies in laboratory animals, it has been suggested that low leptin levels may contribute to amenorrhea and other hormonal changes in the disorder (Ahima & Osei, 2004; Ahima, Saper, Flier, & Elmquist, 2000; Holtkamp et al., 2003; Mantzoros et al., 1997). In healthy volunteers, even modest reductions in energy intake result in substantial decreases in circulating leptin levels (Wolfe, Jimerson, Orlova, & Mantzoros, 2004). Although the reduction in fasting serum leptin levels in AN is correlated with reduction in body mass index, there has been some discussion of the possibility that leptin levels in AN may be higher than expected based on the extent of weight loss (Frederich, Hu, Raymond, & Pomeroy, 2002; Jimerson, 2002). Mantzoros et al. (1997) reported elevated ratio of CSF to serum leptin in AN compared to controls, suggesting that the proportional decrease in leptin levels with weight loss is greater in serum than in CSF. A longitudinal investigation during refeeding in AN patients has shown that CSF leptin concentrations will reach normal values before full weight restoration, possibly as a consequence of the relatively rapid and disproportionate accumulation of fat during weight restoration (Mantzoros et al., 1997). This premature normalization of leptin concentration could contribute to difficulty in achieving and sustaining a normal weight in anorexia nervosa. Further research is needed to assess whether serum leptin levels at the time of discharge are predictive of posthospital clinical course (Holtkamp et al., 2004; Lob et al., 2003). Plasma and CSF leptin levels appear to be similar to control values in long-term recovered AN participants (Gendall et al., 1999).

As reviewed (Monteleone et al., 2004), patients with BN, in comparison to carefully matched controls, have significantly decreased leptin concentrations in serum samples obtained after overnight fast (Baranowska et al., 2001; Brewerton, Lesem, Kennedy, & Garvey, 2000; Frederich et al., 2002; Jimerson, Mantzoros, Wolfe, & Metzger, 2000; Monteleone, Di Lieto, Tortorella, Longobardi, & Maj, 2000). Initial findings suggest that serum leptin levels remain decreased in individuals who have achieved sustained recovery from BN, compared to controls with matched percent body fat. This finding may be related to evidence for a persistent decrease in activity in the hypothalamic-pituitary-thyroid axis in long-term recovered BN individuals (Wolfe et al., 2000). These alterations could further be associated with decreased metabolic rate and a propensity toward weight gain, contributing to preoccupation with body weight.

Ghrelin

Ghrelin is a gut-related peptide that strongly stimulates increased weight gain and feeding in rats when injected intracerebroventricularly. When administered to healthy human volunteers, ghrelin results in increased hunger and food intake (Wren et al., 2001). In addition, it has been reported that fasting plasma ghrelin concentrations in humans are negatively correlated with BMI (Shiiya et al., 2002; Tanaka et al., 2002), percentage body fat, and fasting leptin and insulin concentrations (Tschop et al., 2001). A number of studies (Jimerson & Wolfe, 2006; Monteleone, Serritella, Martiadis, Scognamiglio, & Maj, 2008; Sedlackova et al., 2011) have shown elevation in circulating ghrelin levels in AN, with a return to normal levels as patients regain weight (Nakahara et al., 2007). However, some argue that ghrelin is unlikely to contribute to the array of AN symptoms (Stock et al., 2005). Further research is needed to explore the possible existence of ghrelin resistance in cachectic states related to the eating disorders.

Studies comparing fasting plasma ghrelin concentrations in patients with BN and healthy controls have yielded variable results (Kojima et al., 2005; Monteleone et al., 2005; Monteleone et al., 2003). Ghrelin may also differentiate between subtypes of BN (Germain et al., 2010), as the above studies did not separate purging and nonpurging variants of the disorder, but this is still in contention (Troisi et al., 2005). It is notable, however, that the postprandial decrease in ghrelin levels appears to be blunted in patients with BN (Kojima et al., 2005; Monteleone et al., 2005), consistent with extant research demonstrating diminished satiety responses in the disorder.

Summary of CNS Neuropeptide Alterations

Individuals with AN tend to have hypersecretion of CRH and exaggerated HPA function, lower NPY plasma concentration, lower CSF leptin concentration, and elevated ghrelin levels compared to healthy controls. However, there has been less agreement in the literature concerning other peptides, including opioid, PYY, and CCK expression in AN. In contrast, BN has been consistently described by elevated NPY levels, decreased PPY and CCK following a meal, and decreased serum leptin levels. Low CCK release recovers after treatment for BN, but serum leptin levels appears to remain low even after recovery. Like AN, the literature is unclear as to alterations of CSF beta-endorphin and related opiate concentrations in BN. A recent meta-analysis summarized baseline and postprandial levels of PYY, ghrelin, and CCK in AN and BN (Prince, Brooks, Stahl, & Treasure, 2009), and these alterations are described in Table 4.2.

It is likely that many of the starvation-driven endocrine and metabolic change are compensatory and attempt to conserve energy or stimulate hunger and feeding (orexigenic) (Schwartz et al., 2000). For example, AN patients have increased orexigenic signals from neuropeptides such as NPY and leptin (see (Inui, 2001). However, starvation in AN patients also stimulates feeding-inhibitory (anorexigenic) signaling by increasing levels of anorexigenic peptides, such as CRH, CCK, and pancreatic polypeptide, which may contribute to the perpetuation of symptoms. It is important to note that alterations of these and other neuropeptide systems affected in AN patients, such as beta-endorphin, are also likely to result in altered mood, cognitive function, impulse control, and autonomic and hormonal systems (Jimerson & Wolfe, 2006), raising the likelihood they contribute to the behavioral symptoms associated with the ill state. For example, intracerebroventricular CRH administration in experimental animals produces many of the physiological and behavioral changes associated with AN, including hypothalamic hypogonadism, altered emotionality, decreased sexual activity, hyperactivity, and decreased feeding behavior (Kaye, Gwirtsman, et al., 1987). Thus, it can be argued that some secondary peptide changes sustain AN behaviors by driving a desire for more dieting and weight loss.

Monoamine Systems

There is an abundance of evidence that individuals with AN and BN have disturbances of monoamine function in the ill state. While less well studied, monoamine disturbances appear to persist after recovery. Also, PET imaging with selective neurotransmitter radioligands has resulted in a technology permitting new insights into regional binding and specificity of 5-HT and dopamine neurotransmission in vivo in humans and their relationship to behaviors. Studying neuroreceptor networks is of particular importance since results may contribute to developing new pharmaceutical interventions.

Dopamine

The role of dopamine (DA) as a reward prediction signal is well established (Schultz, 1998; Schultz, Tremblay, & Hollerman, 1998), but relatively little work has been done assessing neurochemical alterations involved in feeding. One study, using PET and the DA D2/D3 radioligand [11C]raclopride, found lower [11C]raclopride binding in the dorsal putamen and caudate nucleus in the sated state compared to hungry, which may mean that DA is released during or after the feeding process. In addition, the level meal pleasantness experienced correlated negatively with [11C]raclopride binding, suggesting a positive correlation of pleasantness rating with DA surge (Small, Jones-Gotman, & Dagher, 2003). This is surprising, since in many studies pleasantness or hedonic experiences were in relation to DA activity in the ventral striatum including the nucleus accumbens.

DOPAMINE RECEPTOR BINDING IS ALTERED IN EATING DISORDERS

The DA system may be of special interest to ED given its role in motivation, reward, preferences, and reinforcement (Cannon & Bseikri, 2004). Several lines of evidence suggest AN individuals have altered DA metabolism, including reduced cerebrospinal fluid DA metabolites in ill and recovered (REC) AN (Kaye, Ebert, Raleigh, & Lake, 1984; Kaye, Frank, & McConaha, 1999), altered frequency of functional polymorphisms of DA D2 receptor genes (Bergen et al., 2005) including the A1 allele implicated in hedonic value of rewards (Cohen, Young, Baek, Kessler, & Ranganath, 2005), and feeding (Nisoli et al., 2007). Impaired visual discrimination learning (Lawrence, 2003), a task thought to reflect DA signaling function, has also been found in AN, as well as a generalized failure to activate the appetitive motivational system in a startle task (Friederich et al., 2006) and impaired set shifting (Tchanturia et al., 2004), which, in part, is related to ventral striatal DA function (Goto & Grace, 2005). Further, REC AN had increased binding of D2/D3 receptors in the anterior ventral striatum (Frank et al., 2005), a region that contributes to optimal responses to reward stimuli (Delgado, Nystrom, Fissel, Noll, & Fiez, 2000; Montague, Hyman, & Cohen, 2004; Schultz, 2004). In addition, REC AN showed positive correlations between DA D2/D3 binding in the dorsal caudate/dorsal putamen and anxiety measures. In summary, striatal DA dysfunction in AN could contribute to altered reward and affect, decision-making, and executive control, as well as stereotypic motor activity (Yin & Knowlton, 2006) and decreased food ingestion (Halford, Cooper, & Dovey, 2004). Recent studies (Bailer et al., 2013; Broft et al., 2012; Frank et al., 2005) suggest that alterations in striatal DA function may contribute to AN behaviors. AN shows increased DA binding to D2/D3 receptors in the striatum, and [11C]raclopride, a selective D2 antagonist, demonstrated binding potential in caudate associated with harm avoidance and trait anxiety. A recent multimodal study (Bailer et al., 2016) shows that BOLD response in the caudate in a monetary choice task is associated with greater D2/D3 binding, as well as greater anxiety and harm avoidance in REC AN. This suggests that D2/D3 binding in AN may be linked with an exaggerated cognitive response to feedback and anxious avoidant temperament.



Table 4.2 Summary of Neuroendocrine/Neuropeptide Alterations in AN and BN. Increased Compared to Controls (Up Arrow); Decreased Compared to Controls (Down Arrow); no Difference from Controls (=)




	Measurement
	References (First Author, Year)
	Group
	Summary



	Cortisol
	(Monteleone, 2016; Monteleone, 2011)—CAR (Gold, 1986; Kaye, 1987; Licinio, 1996; Walsh, 1987)—CRH
	Ill AN
	↑



	
	(Gwirtsman, 1989)—ACTH
	Ill BN
	=



	
	
	REC BN
	↓



	Opioid
	(Brambilla, 1995)
	Ill AN
	↑



	
	(Lesem, 1991)
	
	=



	
	(Kaye, 1987)
	
	↓



	
	(Brewerton, 1992)
	Ill BN
	↓



	NPY
	(Sedlackova, 2011; Kaye, 1990; Baranowska, 2000)
	Ill AN
	↑



	
	(Baranowska, 2000)
	
	↓



	
	(Sedlackova, 2012; Baranowska, 2000)
	Ill BN
	↑



	PYY, basal
	(Misra, 2006, Nakahara, 2007)
	Ill AN
	↑



	
	(Germain, 2007; Germain, 2010)
	
	↓



	
	(Baranowska, 2000; Kaye, 1990; Otto, 2007)
	
	=



	
	(Kojima, 2005; Monteleone, 2005)
	Ill BN
	=



	PYY, postprandial
	(Nakahara, 2007)
	Ill AN
	↑



	
	(Otto, 2007, Stock, 2005)
	
	=



	
	(Kokima, 2005; Monteleone, 2005)
	Ill BN
	↓



	CCK, basal
	(Cuntz, 2013; Phillipp, 1991; Tamai, 1993)
	Ill AN
	↑



	
	(Geracioti, 1992, Pirke, 1994)
	Ill AN
	=



	
	(Cuntz, 2013; Geracioti, 1992, Pirke, 1994)
	REC AN
	=



	
	(Brambilla, 1995; Lydiard, 1993; Pirke, 1994)
	Ill BN
	↓



	
	(Hannon-Engel, 2013; Phillipp, 1991)
	
	=



	
	(Geracioti, 1988)
	REC BN
	=



	CCK, post-prandial
	(Harty, 1991; Phillipp, 1991)
	Ill AN
	↑



	
	(Geracioti, 1992, Pirke, 1994)
	
	=



	
	(Baranowska, 2000; Brambilla, 1995)
	
	↓



	
	(Geracioti, 1992, Pirke, 1994)
	REC AN
	=



	
	(Devlin, 1997; Geracioti, 1988; Keel, 2007; Phillipp, 1991; Pirke, 1994)
	Ill BN
	↓



	Leptin
	(Baranowska, 2001; Eckert, 1998; Grinspoon, 1996; Hebebrand, 1995; Mantzoros, 1997; Monteleone, 2004; Monteleone, 2008)
	Ill AN
	↓



	
	(Hebebrand, 1995)
	AN, weight
	↑



	
	(Eckert, 1998)
	restored
	=



	
	(Gendall, 1999)
	REC AN
	=



	
	(Baranowska, 2001; Brewerton, 2000; Frederich, 2002; Jimerson, 2000; Monteleone, 2000; Wolfe, 2000)
	Ill BN
	↓



	
	(Wolfe, 2000)
	REC BN
	↓



	Ghrelin
	(Monteleone, 2008; Nakahara, 2007; Sedlackova, 2011)
	Ill AN
	↑



	
	(Stock, 2005)
	
	=



	
	(Kojima, 2005)
	Ill BN
	↑



	
	(Monteleone, 2005)
	
	=



	
	(Monteleone, 2003)
	
	↓







Though ill BN participants do not appear to be associated with abnormal CSF HVA, several studies have shown a significant reduction of CSF HVA in BN patients with high binge frequency (Jimerson, Lesem, Kaye, & Brewerton, 1992; Kaye, Ballenger, et al., 1990). Dopamine metabolism in the CNS may explain differences in symptoms between AN, AN-BN, and BN participants. Our group found (Kaye et al., 1999) that REC AN participants had significantly reduced concentrations of CSF HVA, compared to REC BN women or those with histories of both disorders. Dopamine neuronal function has been associated with motor activity (Kaye et al., 1999), and reward (Blum et al., 1995; Salamone, 1996). Individuals with AN have stereotyped and hyperactive motor behavior, anhedonic and restrictive personalities, and reduced novelty seeking.

Serotonin

The serotonin (5-HT) autoreceptor 5-HT1A is located presynaptically on somatodendritic cell bodies in the raphe nucleus, where it functions to decrease 5-HT neurotransmission (Staley, Malison, & Innis, 1998). High densities of postsynaptic 5-HT1A exist in the hippocampus, septum, amygdala, and entorhinal and frontal cortex, where they serve to mediate the effects of released 5-HT. Postsynaptic 5-HT2A receptors, which are in high densities in the cerebral cortex and other regions of rodents and humans (Burnet, Eastwood, & Harrison, 1997; Saudou & Hen, 1994), are of interest as they have been implicated in the modulation of feeding and mood, as well as selective serotonin-reuptake inhibitor (SSRI) response (Bailer et al., 2004; Bonhomme & Esposito, 1998; De Vry & Schreiber, 2000; Simansky, 1996; Stockmeier, 1997). Serotonin pathways also play an important role in postprandial satiety. Treatments that increase intrasynaptic 5-HT, or directly activate 5-HT receptors, tend to reduce food consumption, whereas interventions that dampen 5-HT neurotransmission or block receptor activation reportedly increase food consumption and promote weight gain (Blundell, 1984; Leibowitz & Shor-Posner, 1986). Moreover, CNS 5-HT pathways have been implicated in the modulation of mood, impulse regulation and behavioral constraint, and obsessionality, and they affect a variety of neuroendocrine systems. Serotonin has been postulated to contribute to temperament or personality traits such as harm avoidance (Cloninger, 1987) or behavioral inhibition (Soubrie, 1986) or to categorical dimensions such as obsessive compulsive disorder (Barr, Goodman, Price, McDougle, & Charney, 1992), anxiety and fear (Charney, Woods, Krystal, & Heninger, 1990), or depression (Grahame-Smith, 1992), as well as satiety for food consumption. However, the contribution of particular components of 5-HT neuronal systems (i.e., different pathways or receptors) to specific human behaviors remains uncertain.

Serotonin Receptor Binding Is Altered in Eating Disorders

There has been considerable interest in the role that 5-HT may play in AN and BN (Brewerton, 1995; Jimerson, Lesem, Kaye, Hegg, & Brewerton, 1990; Kaye, Gendall, & Strober, 1998; Kaye, Gwirtsman, George, & Ebert, 1991; Steiger et al., 2004; Treasure & Campbell, 1994). Bailer (Bailer et al., 2007) reported that ill AN individuals had a 50% to 70% increase in 5-HT1A receptor binding potential (BP) in subgenual, mesial temporal, orbital frontal, and raphe brain regions, as well as in prefrontal, lateral temporal, anterior cingulate cortex (ACC), and parietal regions. Increased 5-HT1A postsynaptic activity has also been reported in ill BN participants (Tiihonen et al., 2004). In REC AN binge-purge type and REC BN (Bailer et al., 2005; Kaye, unpublished data), participants had a significant 20% to 40% increase in 5-HT1A receptor BP in these same regions compared to control women (CW) (Bailer et al., 2005). In contrast, REC RAN women showed no difference in 5-HT1A receptor BP compared to controls (Bailer et al., 2005).

With regard to 5-HT2A receptor binding, ill AN participants have been found to have normal 5-HT2A receptors BP values in one study (Bailer et al., 2007) and reduced BP in another study (Audenaert et al., 2003) in the left frontal, bilateral parietal, and occipital cortex. After recovery, restricting-type AN individuals (Frank et al., 2002) had reduced 5-HT2A receptors BP in mesial temporal and parietal cortical areas as well as in subgenual and pregenual ACC. Similarly, REC bulimic-type AN (Bailer et al., 2004) women had reduced 5-HT2A receptor BP in left subgenual ACC, left parietal, and right occipital cortex. Additionally, REC BN women only had reduced [18F]altanserin BP relative to controls in the orbital frontal region (Kaye et al., 2001). Serotonin transporter function has recently been shown (Bailer et al., 2013) to interact with striatal DA D2/D3 receptor binding in a sample of REC AN and BN, while control participants did not show the same relationship.

Studies have also found that AN and BN have alterations in 5-HT metabolism. When underweight, individuals with AN have a significant reduction in basal concentrations of the serotonin metabolite 5-hydroxyindolacetic acid (5-HIAA) in the CSF compared to healthy controls, as well as blunted plasma prolactin response to drugs with 5-HT activity and reduced 3H-imipramine binding. Together, these findings suggest reduced serotonergic activity, although this may arise secondarily from reductions in dietary supplies of the 5-HT synthesizing amino acid tryptophan. In contrast, CSF concentrations of 5-HIAA are reported to be elevated in long-term weight-recovered AN individuals. While opposite patterns of serotonergic activity in acutely ill and long-term REC AN individuals may seem counterintuitive, dieting behavior has been shown to lower plasma tryptophan levels in otherwise healthy women (Anderson, Parry-Billings, Newsholme, Fairburn, & Cowen, 1990). Therefore, resumption of normal eating in individuals with AN may unmask intrinsic abnormalities in serotonergic systems that mediate behavioral or temperamental risk factors that confer vulnerability to developing AN in the first place.

Considerable evidence also exists for a dysregulation of serotonergic processes in BN. Examples include blunted prolactin response to the 5-HT receptor agonists m-chlorophenylpiperazine (m-CPP), 5-hydroxytrytophan, and DL-fenfluramine, and enhanced migraine-like headache response to m-CPP challenge. Acute perturbation of serotonergic tone by dietary depletion of tryptophan has also been linked to increased food intake and mood irritability in individuals with BN compared to healthy controls. And, like AN, women with long-term recovery from BN have been shown to have elevated concentrations of 5-HIAA in the CSF as well as increased platelet binding of paroxetine.

CORRELATIONS OF PET DATA WITH ANXIETY AND HARM AVOIDANCE

Clinical and epidemiological studies have consistently shown that one or more anxiety disorders occur in the majority of people with AN or BN (Godart, Flament, Perdereau, & Jeammet, 2002; Kaye et al., 2004; Kendler et al., 1995; Walters & Kendler, 1995). Silberg and Bulik (2005), using twins, found a unique genetic effect that influences liability to early anxiety and ED symptoms. When a lifetime anxiety disorder is present, the anxiety most commonly occurs first in childhood, preceding the onset of AN or BN (Bulik, Sullivan, Fear, & Joyce, 1997; Deep, Nagy, Weltzin, Rao, & Kaye, 1995; Godart, Flament, Lecrubier, & Jeammet, 2000). Anxiety and harm avoidance remain elevated after recovery from AN, AN-BN, and BN (Wagner, Barbarich, et al., 2006), even if individuals never had a lifetime anxiety disorder diagnosis (Kaye et al., 2004). Finally, anxiety (Spielberger, Gorsuch, & Lushene, 1970) and Harm Avoidance from the Cloninger Temperament and Character Inventory (TCI) (Cloninger, Przybeck, Svrakic, & Wetzel, 1994) have been a robust signal in genetic studies (Bacanu et al., 2005).

Studies in animals and humans implicate the 5-HT1A receptor in anxiety (File, Kenny, & Cheeta, 2000; Gross et al., 2002) and depression and/or suicide (Mann, 1999). Reduced 5-HT1A receptor BP has been found in ill (Drevets et al., 1999; Sargent et al., 2000) and REC (Bhagwagar, Rabiner, Sargent, Grasby, & Cowen, 2004) depressed participants, as well as in a primate model for depression (Shively et al., 2006). Parsey (Parsey et al., 2005) found no difference in carbonyl-[11C]WAY100635 BP in major depressive disorder, although a subgroup of never medicated participants had elevated carbonyl-[11C]WAY100635 BP. Recent studies have found reduced [11C]WAY100635 BP in social phobia (Lanzenberger et al., 2007) and panic disorder (Neumeister et al., 2004). These findings suggest ED and affective disorders share disturbances of common neuronal pathways but are etiologically different.

The PET imaging studies in ill and REC AN and BN participants described above have found significant correlations between harm avoidance and binding for the 5-HT1A, 5-HT2A, and DA D2/D3 receptors in mesial temporal and other limbic regions. Bailer (Bailer et al., 2004) found that REC AN-BN participants showed a positive relationship between [18F]altanserin BP in the left subgenual ACC and mesial temporal cortex and harm avoidance. For ill AN participants, [18F]altanserin BP was positively related to harm avoidance in the suprapragenual ACC, frontal, and parietal regions. The 5-HT2A receptor binding and harm avoidance were shown to be negatively correlated in the frontal cortex in healthy participants (Moresco et al., 2002) and in the prefrontal cortex in patients that attempted suicide (van Heeringen et al., 2003). Recent research (Bailer et al., 2013) in a combined sample of REC AN and BN has shown an interaction of serotonin transporter function and DA receptor binding that significantly predicted harm avoidance, supporting the possibility that 5-HT and DA interactions contribute to HA behaviors in EDs.

There is extensive literature associating the serotonergic systems and fundamental aspects of behavioral inhibition (Geyer, 1996; Soubrie, 1986). Reduced CSF 5-HIAA levels are associated with increased impulsivity and aggression in humans and nonhuman primates, whereas increased CSF 5-HIAA levels are related to behavioral inhibition (Fairbanks, Melega, Jorgensen, Kaplan, & McGuire, 2001; Westergaard et al., 2003).
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