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We spend so much time studying in our specific area, evaluating and treating
patients in our specialty, that we sometime lose sight of the forest for the trees.
While we see smoking patients, who stop only to gain 20 pounds over the next year,
or alcoholics and addicts who become ravenous upon successful abstinence, we
somehow rarely think about the overlaps and relationship between substance use
disorders and eating disorders. How often do we hear about a patient who has
sought treatment multiple times at a substance use residential treatment program,
never addressing his or her eating disorder, only to relapse over and over again until
finally finding treatment that addresses both the eating and substance use disorders
(and vice versa)? It shouldn’t be surprising that cross-sectional studies of women
with eating disorders have a higher prevalence of alcohol and substance abuse
compared to the general female population as well; women with substance abuse
disorders report a higher prevalence of eating-disordered behavior more often than
in the general female population. Eating Disorders, Addictions and Substance Use
Disorders: Research, Clinical, and Treatment Perspectives is a manual that is long
overdue and one that will help guide future research and treatment of patients in
both of these fields.

The intended audience of this book is researchers and clinicians who work in
either field (substance use disorders or eating disorders). It is likely that if a
clinician works in either of these fields, he or she, in a sense, works in both fields,
whether the clinician is aware or not. We can only begin to imagine how often a
patient with a dual diagnosis of substance use and eating disorder presents seeking
treatment in either setting, yet only one problem is addressed or even recognized
upon presentation. This book serves as a guide for new clinicians and a reminder for
clinicians already aware of the overlap between these two fields. It is also a tool for
the eating disorder specialist who is perhaps less familiar with working with
individuals with substance use disorders as well as a tool for the substance abuse
specialist who is less familiar with eating disorders.

In addition to the clinical perspectives offered in this book, the book also offers
new research that is emerging that suggests that the overlap between these two areas
is even stronger than initially expected. In particular, the chapter, “Neuroimaging of
Eating Disorders, Substance Use Disorders and Addictions: Overlapping and
Unique Systems,” summarizes the most recent neuroimaging literature and
compares the similarities between eating disorders and substance use disorders.
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viii Foreword

While the neuroimaging literature on eating disorders is relatively limited com-
pared with substance use disorders, the chapter highlights the similarities between
bulimia nervosa, binge eating disorder, and addiction while pointing out the
dissimilarities between anorexia nervosa and these disorders. It is fascinating how
similar bulimia nervosa and binge eating disorder are to substance use disorders in
multiple studies that looked at executive control, motivation and reward, learning
and memory, emotion regulation, and interoceptive awareness. This parallels real
life as the overlap between substance use disorders and eating disorders tends to
occur primarily in individuals who have binge eating and purging behavior as
opposed to individuals with anorexia nervosa with restrictive subtype (who do
not engage in binge eating and purging behaviors).

The implications of the overlap between eating disorders and substance use
disorders are profound as they can potentially guide future diagnosis and treatment.
Based on the similarities between the two, one may ponder whether eating disorders
are addictions and whether this has diagnostic and treatment implications. While
certainly eating disorders are unique from substance use disorders, the similarities
are powerful enough to suggest that more research is needed in this area. While we
have focused on the brain and brain systems common to drug abuse, food
preferences, eating disorders, and food addictions, there is much more to this
field than our observation of it. If it looks like a duck and quacks, it is a duck.
This wonderful book conceived and brought to this point by Tim Brewerton, M.D.,
and Amy Baker Dennis, Ph.D., and takes the field and interrelationships to the next,
very logical and compelling level. Thanks, for this wonderful addition to our field.

Gainesville, FL, USA Amelia Davis
Mark S. Gold



In the past several decades, there have been numerous books published on the
science and treatment of eating disorders (ED) and hundreds of volumes written on
the diagnosis, assessment, and treatment of substance use disorders (SUD)/
addictions. At least to our collective knowledge, this is the first textbook to
completely focus on the co-occurrence of these disorders. This project was born
out of our surprise and deep frustration with both the lack of evidence-based
research and treatment protocols for this comorbid population and the lack of
available treatment programs, at all levels of care, that effectively serve consumers
with both ED and SUD. With up to 50 % of ED patients meeting criteria for a SUD
or addiction and 1/3 of SUD patients reporting eating pathology, it is remarkable
how few people in either field are fully trained to address both disorders. Addition-
ally, we were hoping to strengthen connections between two fields that rarely
communicate. With these issues in mind, we felt the time was right to assemble
leading experts from each field and ask them to work together to produce a “state-
of-the-art” textbook that could not only educate practitioners in both fields but also
promote cross-training and further collaborative research.

The 30 chapters of this volume are organized into three major parts. The first,
“Research Perspectives,” explores the science of ED, SUD, and addictions. Our
researchers were tasked with the responsibility of reviewing and reporting on what
is known about each disorder independently and to discuss the similarities and
differences between these disorders according to their topic. In order to make this
part relevant to treatment providers, each author was asked to identify how this
research can guide and inform clinical practice with dually diagnosed patients. The
first two chapters of this part focus on how animal research has informed our
understanding of biological and behavioral factors that contribute to the develop-
ment of ED and SUD as well as the relationship between eating and drug use
behaviors. Chapter 3 explores the neurobiological mechanisms and neurotransmit-
ter/brain circuit alterations that may be common to both disorders. The authors of
Chapter 4 discuss the finding from neuroimaging studies that examine shared and
distinct domains of functioning (i.e., executive control, reward and motivation,
emotional reactivity, memory/learning, and interoceptive awareness) and outline
opportunities for future research to further clarify the relationship between
addictions and eating behaviors. Chapter 5 reviews the current empirical literature
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indicating that anorexia nervosa, bulimia nervosa, and SUD are influenced by
genetic factors and may indeed share a similar genetic architecture. In Chap. 6,
the authors examine dimensions of personality pathology and personality disorders
and their relationship to both ED and SUD. Chapter 7 tackles the issue of problem-
atic exercise. Theoretically, is pathologically excessive exercise an addiction or a
compulsion? The authors discuss the emerging literature and its relationship to
eating pathology, SUD, and other behavioral addictions. Nutritional aspects, par-
ticularly the nutritional deficits and their clinical and neurological manifestations in
both ED and SUD, are discussed in detail in Chap. 8. Chapter 9 explores the
emergence of significant problems such as alcohol use disorders and ED following
bariatric surgery. Finally, Chap. 10 begins with a scholarly review of effective
prevention models that have been utilized in either the SUD or ED fields and
concludes with proposed guidelines for the development of a program designed
to address both disorders simultaneously.

Part II, “Clinical Perspectives,” begins with two chapters that are designed to
initiate cross-training between fields. Chapter 11 was specifically developed to
educate substance abuse specialists that have limited knowledge or expertise in
the diagnosis, assessment, and treatment of ED. Likewise, Chap. 12 provides an
overview of the psychoactive properties of drugs of abuse, clinical characteristics of
individuals with SUD, and evidence-based treatments for SUD. This chapter was
specifically written for the ED treatment provider that has not had adequate training
or supervision in the treatment of SUD. Chapter 13 confronts the highly controver-
sial issue “Are eating disorders addictions?” The author identifies both the pros and
cons of this debate and challenges professionals from both fields to review the
assembled data from a theoretical, clinical, and research perspective. The authors of
Chap. 14 provide a comprehensive overview of both self-report and semi-structured
interview instruments currently used in both fields for children, adolescents, and
adults. They conclude with a discussion of the need to broaden the accessibility of
technology-based measures to simultaneously assess both disorders. Chapter 15 is
one of the most comprehensive chapters in this book. The authors provide a detailed
description of the medical complications commonly encountered in ED and SUD
and explain the importance of medical management and monitoring throughout the
treatment and recovery process. The role of negative affect in both the development
and maintenance of ED and SUD is explored in depth in Chap. 16. Similarly,
Chap. 17 investigates the role of stress, adversity, and trauma in the etiology and
treatment of ED, SUD, and behavioral addictions, with a focus on the role of PTSD
in mediating comorbidity between ED and SUD. In addition, the emerging science
of epigenetics as applied to these populations is considered. Chapter 18 is devoted
to a comprehensive discussion of behavioral addictions including gambling, klep-
tomania, Internet addiction, and hypersexual behavior. The authors examine what is
known about the clinical presentation, epidemiology, etiology, and treatment of
behavioral addictions commonly comorbid with ED and SUD. Chapter 19 takes a
closer look at another behavioral addiction, compulsive buying disorder, and
its relationship to both ED and SUD. Chapter 20 concludes this part with an
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informative discussion of muscle dysmorphia, body image dissatisfaction, ED,
compulsive exercise, and anabolic steroid abuse in males.

Part III, “Treatment Perspectives,” was designed to provide the reader with a
comprehensive overview of evidence-based practices in both the treatment of ED
and SUD. Based on what is known from each field independently, we asked each
author in this part to make recommendations on how they could integrate these
findings for the treatment of comorbid patients. We are extremely pleased, not only
with their collaboration with experts from a different field but also the creative and
thought-provoking recommendations that are detailed in each chapter of this part.
Chapter 21 begins with a discussion of how programs that are currently dedicated to
the treatment of either ED or SUD can modify their protocols to more effectively
integrate treatments for the comorbid patient. In Chap. 22, the authors explore the
evidence-based approach of motivational interviewing to help patients with both
ED and SUD resolve their ambivalence about change and recovery. Nutritional
therapy for dually diagnosed patients is discussed in detail in Chap. 23, with a
specific emphasis on the creation of an individualized treatment plan. Cognitive
behavioral therapy (CBT) is an evidence-based treatment for ED, SUD, and several
other related comorbid conditions. Chapter 24 proposes a model for combining the
CBT models that currently exist in each field into a single treatment that allows for
the use of modular-based integration, targeting aspects of several comorbidities,
and personality. Treatments that include mindfulness as a core therapeutic strategy
are outlined in Chap. 25, with a special emphasis on Acceptance and Commitment
Therapy (ACT), Dialectical Behavior Therapy (DBT), and Mindfulness-Based
Relapse Prevention (MBRP). The authors of Chap. 26 summarize the empirical
evidence for the use of family and couples therapy in the treatment of ED and SUD
and then outline how to adapt family-based treatments for adolescents with both ED
and SUD. The authors of Chap. 27 provide the reader with a comprehensive review
of all the self-help approaches that are currently utilized to augment treatment for
individuals with ED and SUD. Chapter 28 tackles the complex issue of exercise in
the treatment of patients with these comorbid disorders. Alternative and comple-
mentary therapies including yoga, acupuncture, therapeutic massage, hypnosis,
herbal medicine, light therapy, spiritual healing, and art therapy are often provided
in the course of treatment for both ED and SUD. The authors of Chap. 29 evaluate
the effectiveness of each of these approaches for patients with this comorbid
disorder. The book concludes with a discussion of ethics and civil commitment.
In Chap. 30, the author reviews the controversial use of civil commitment in each
field and discusses its role as a legitimate tool in emergent situations when ED and
SUD become life threatening.

Finally, we want to personally thank each author that contributed to this book. In
many cases, we asked them to collaborate with an expert or immerse themselves in
data from a different field. Each author utilized their extensive knowledge and
expertise to make this book clinically relevant to both fields. We are proud to have
contributing authors from many different countries and parts of the world, including
Australia, Canada, Germany, Italy, and the USA (with contributions from
institutions in 21 states). Several people contributed to more than one chapter,
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and to them we are especially grateful, including Tamara Pryor, Therese Killeen,
James Mitchell, Astrid Miiller, David Wiss, Kristin von Ranson, and Brian Cook.

Bloomfield Hills, MI, USA Amy Baker Dennis
Charleston, SC, USA Timothy D. Brewerton



This book has been in the works for many years, but it would never have become a
reality without the encouragement and involvement of my coeditor, Tim
Brewerton. We have known each other for decades, but you really get to know
and appreciate someone intimately when you collaborate for 18 months,
shepherding a book from inception to publication. We quickly fell into a supportive,
working relationship, negotiating details and dividing up responsibilities with ease
and efficiency. It has been a real pleasure working with him and I am proud to be
both his coeditor and friend.

My professional career began in the field of substance abuse. After a semester of
working at Eastern Pennsylvania Psychiatric Institute in Philadelphia and attending
a comprehensive professional development program for therapist provided by the
National Institute of Substance Abuse, I returned to graduate school at Ohio State
and went to work at a Community Mental Health Center. In 1976, I was unexpect-
edly introduced to anorexia nervosa and from that point forward, I have immersed
myself in research, writing, teaching, and running conferences on the treatment of
eating disorders.

My journey as a clinical psychologist has been filled with many mentors,
collaborators, and colleagues. I would like to acknowledge my earliest mentors,
S.R. Thorward MD, James Lantz Ph.D., Earl Greer Ph.D., and Aaron “Tim” Beck
MD. They gave me their time and wisdom, provided skills training and supervision,
and believed in me. I also need to acknowledge a few special people who supported
me throughout this process. To Craig Johnson Ph.D., Michael Levine Ph.D., and
Ann Kearney-Cooke Ph.D., thank you for always being available for advice,
consultation, and encouragement. I will be forever grateful for your collective
wisdom, humor, and long-standing friendship. And to my long-term business
partner, Ann Moye Ph.D., thank you for “holding down the fort” and affording
me the time and opportunity to complete this project.

To my coauthor, Tamara Pryor, thank you for putting up with all the e-mails and
frantic phone calls at all hours of the day and night. I have thoroughly enjoyed our
collaboration over the past year and our decades of friendship. To Wilma McHugh,
our project coordinator at Springer, thank you for guiding us through the publishing
process. Your prompt attention to all our questions and concerns has been greatly
appreciated.
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Susan Murray, Monica Gordillo, and Nicole M. Avena

Abstract

Laboratory animal models are valuable in that they allow researchers to better
understand the various biological and behavioral factors that may contribute to
eating disorders and substance use disorders, as well as an opportunity to
discover effective treatments for each. This chapter describes how animal
models have been used to study features of anorexia nervosa, bulimia nervosa,
and binge eating disorder, with a particular focus on the variables associated
with the development of such behavior in animals. The second half of this
chapter focuses on the various animal models that have been used to explore
key characteristics of addiction. This chapter concludes with a brief discussion
of the overlaps that exist between the two types of disorders and suggestions for
future research directions.

Keywords
Addiction ¢ Animal models ¢ Anorexia nervosa ¢ Bulimia nervosa * Binge
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1.1 Introduction
Laboratory animal models allow researchers the unique opportunity to study both

physical and psychological disorders in ways that would otherwise often be unfea-
sible among clinical samples. Further, such techniques allow researchers to isolate
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the biological mechanisms associated with a given disorder without the influence of
many of the potentially confounding variables seen in humans, such as various
social and cultural influences. As a result, animal models can serve as valuable tools
in discovering the physiological bases of psychiatric disorders as well as viable
treatment options. In some cases it is difficult, if not impossible, to model each
characteristic of a specific disorder with the use of animals. Rather, animal models
provide a method of replicating and investigating specific symptoms of a disorder.
This chapter will discuss the behavioral symptoms of eating disorders and sub-
stance use disorders that have been explored through the use of animal models.
Further, this chapter will describe how these symptoms have been isolated and
studied by researchers, as well as some noteworthy findings that have been revealed
as a result.

1.2  Animal Models of Eating Disorder Symptoms
1.2.1 Anorexia Nervosa

Anorexia nervosa (AN) is a psychiatric disorder characterized primarily by the
refusal to maintain a healthy body weight and an unrelenting fear of gaining weight.
In the United States, the prevalence of AN among adults is reported to be approxi-
mately 0.9 % and 0.3 % in women and men, respectively (Hudson, Hiripi, Pope, &
Kessler, 2007). This disorder has been associated with a range of both medical and
psychological comorbidities, including osteoporosis, bradycardia, anxiety, and
depression (Attia, 2010). Although AN has been recognized by the Diagnostic
and Statistical Manual of Mental Disorders for several decades, many questions
remain regarding the biological alterations that may underlie and result from
behaviors associated with AN and which treatment approaches are most effective
for this disorder. The use of animal models may provide the field with new and
unique insights into this complex disorder.

The primary animal model that is presently available for studying AN is activity-
based anorexia (ABA). This model is based on the finding that rats given limited
access to food (i.e., 1-2 h/day) and unlimited or nearly unlimited access to a
running wheel will increase their running activity, particularly preceding scheduled
food access (known as food anticipatory activity); lose a significant portion of their
initial body weight; and, if the experimental protocol is not stopped, eventually die
of self-starvation (Epling & Pierce, 1984; Routtenberg & Kuznesof, 1967). This
model is thus able to capture three critical symptoms associated with AN: decreased
calorie intake, hyperactivity, and weight loss (see Fig. 1.1). Female ABA rats also
show changes in their hormonal cycles (Dixon, Ackert, & Eckel, 2003; Watanabe,
Hara, & Ogawa, 1992), providing further congruence between this model and the
feature of amenorrhea seen in AN. It should be noted that while hyperactivity is not
considered a diagnostic criteria for AN, this feature has been reported in 31-80 % of
individuals with AN (Hebebrand et al., 2003). Additionally, recent research shows
that AN patients have significantly higher total energy expenditure and physical
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Anorexia Nervosa Activity-Based Anorexia
1. Severe dietary restriction 1. Severe dietary restriction
2. Marked weight loss 2. Marked weight loss
3. Hyperactivity/excessive exercise 3. Hyperactivity/increased wheel running
4. Amenorrhea 4. Loss of estrous cycle in adult females
5. T vulnerability in adolescence 5. 1 vulnerability in adolescence
6. 90-95% female 6. Sex differences are dependent upon

multiple factors
7. Refusal to maintain body weight

8. Intense fear of gaining weight or
becoming fat Cannot be modeled in animals

9. Disturbances in body image

Fig. 1.1 Behavioral similarities between individuals with anorexia nervosa and animals vulnera-
ble to activity-based anorexia. Reprinted and adapted from Anorexia nervosa: Symptoms, treat-
ment, and neurobiology, A translational approach to understanding anorexia nervosa, p. 167,2012,
N. Barbarich-Marsteller, with permission from Nova Science Publishers, Inc

activity patterns compared to either normal or overweight controls (Elbelt et al.,
2013). Research using the ABA model has allowed investigators the opportunity to
explore three main questions: (1) what factors might increase an animal’s suscepti-
bility to develop ABA, (2) how does ABA alter physiological mechanisms, and
(3) what factors might protect against or attenuate ABA behavior and, ultimately,
contribute to the recovery of body weight? (See Fig. 1.1.)

1.2.1.1 Theories on Energy Expenditure
Two main theories have been proposed to explain why animals increase their
energy expenditure when food is restricted. First, it has been proposed that animals
may respond to calorie limitations with increased exercise as an adaptive strategy
(Epling & Pierce, 1988). Indeed, one can imagine that when resources are limited, it
would prove advantageous for survival to move in search of food. Recent research
has supported this theory by demonstrating that ABA rats with access to sucrose,
which is energy dense, run less than ABA rats with access to saccharin, which does
not provide energy (Duclos, Ouerdani, Mormede, & Konsman, 2012). Evidence
that food-restricted animals do not increase their running activity when given
several small chances to feed throughout the day, as opposed to one meal or two
shorter meals, provides further support for the idea that this behavior may be
motivated by a search for food (Kanarek & Collier, 1983).

In addition to the possible evolutionary value of this behavior, it has been argued
that running has reinforcing qualities (Belke & Wagner, 1996; Scheurink, Boersma,
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Nergardh, & Sodersten, 2010), and it has been shown that running serves as a more
potent reinforcer when animals are food restricted (Pierce, Epling, & Boer, 1986).
Research from our laboratory has revealed increased extracellular dopamine
(DA) release in the nucleus accumbens (NAc) of ABA rats when running compared
to controls (Avena, Murray, Barbarich-Marsteller, & Rada (September, 2013).
These findings contribute to the theory that animals may engage in high levels of
exercise to experience the rewarding effects of running which may, in turn, be
further enhanced by a state of hunger. While the two theories presented here are
sometimes described as distinct or even competing, they may not be incompatible.
As has been previously noted (Gutierrez, 2013; Garland et al., 2011), it is possible
that adaptive coping strategies are promoted by natural sources of reinforcement.

1.2.1.2 Variables Associated with the Development of ABA

Research investigating the factors that increase subjects’ susceptibility to or serve
to protect against developing ABA may provide unique insights into the complex
set of variables that influence the development of AN in humans. To date, a number
of characteristics have been identified as important when studying ABA in animals,
including weight, age, and sex. Rats with a low baseline body weight, for example,
tend to lose more weight when subjected to ABA-like conditions (1.5 h of food
access and 2 h access to a running wheel) than rats of the same sex and age with a
higher baseline body weight (Boakes & Dwyer, 1997). Likewise, differences in age
have been shown to influence the progression of ABA, with younger animals
tending to lose weight more rapidly (Boakes, Mills, & Single, 1999). Because
this effect may be a function of low body weight, investigators have compared
older female and younger male rats of similar weights and found that older female
rats showed less body weight loss during ABA (Boakes et al., 1999), supporting the
idea that older animals may be less susceptible to the detrimental effects of this
model. This corresponds with findings that AN onset typically occurs earlier in life
(Hudson et al., 2007).

AN is also more prevalent among females (Hudson et al., 2007), leading some
researchers to explore possible sex differences when studying the effects of ABA.
However, the literature remains mixed regarding which sex is more or less vulner-
able. While early research reported that female rats exhibit increased susceptibility
to ABA compared to males due to characteristically high rates of running, this study
did not report the ages of the rats or whether or not there were significant
differences between the groups’ baseline body weights (Pare, Vincent, Isom, &
Reeves, 1978), which are now known to be key factors in the development of ABA.
Additionally, while females do tend to run more (Boakes et al., 1999), males tend to
lose weight more quickly, as females have also been shown to eat significantly more
(Doerries, Stanley, & Aravich, 1991). Research investigating sex differences has
also found this to be the case even when males had a higher baseline body weight
(Doerries et al., 1991). Further, research comparing same age male and female rats
did not show a significant difference between body weight loss, despite lower initial
body weights and increased running observed among females, which the authors
propose to be an indication that females may be less vulnerable than males to ABA.
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Interestingly, it has been shown that while females remain consistent in their level
of running activity despite declines in body weight, males tend to increase their
wheel running as their body weight decreases (Boakes et al., 1999). Other research,
however, has found that same-age females, weighing significantly less than their
male counterparts, reach ABA removal criterion more quickly (Hancock & Grant,
2009), indicating that further research is needed to elucidate the sex differences that
exist in this context and, more specifically, the factors that may contribute to them.

Baseline wheel running activity has also been shown to be a strong predictor of
body weight loss for both mice and rats exposed to ABA conditions, with higher
baseline rates predicting worse outcomes (Pjetri et al., 2012). This suggests that it
may be relevant for clinicians to consider a patient’s pre-morbid physical activity
levels and, perhaps, that individuals involved in strenuous exercise routines may be
more likely to develop AN-like symptoms when a diet is introduced. This theory
has been tenuously supported by clinical research showing a higher prevalence of
eating disorders among adolescent athletes compared to controls (Martinsen &
Sundgot-Borgen, 2012), despite findings to the contrary (Martinsen, Bratland-
Sanda, Eriksson, & Sundgot-Borgen, 2010; Reinking & Alexander, 2005).

The effects of stressful early life experiences, often modeled in animals with
variations of maternal separation methods, have also been studied as a potential
factor that may contribute to the development of ABA. However, this line of
research has resulted in somewhat mixed findings. For example, rat pups separated
from their dams for 180 min each day during the pre-weaning period show
accelerated body weight loss, less food intake, and more pronounced increases in
running activity compared to controls (15 min separation) (Hancock & Grant,
2009), suggesting that extended maternal separation during this developmental
time period may increase an animal’s vulnerability to ABA. Conversely, long
maternal separation (3 h daily separation from dams) during pre-weaning has
been shown to increase survival time in ABA in adult female rats compared to
non-handling (Carrera, Cerrato, Sanchez, & Gutierrez, 2009). Finally, postnatal
handling, which is known to increase maternal contact (licking and grooming
behaviors) when the pup has been returned, has been shown to delay the amount
of time before reaching removal criterion during ABA in adult females compared to
non-handling (Carrera, Gutierrez, & Boakes, 2006). It is important to note that there
are a number of variables to consider when interpreting these results which are
beyond the scope of this chapter, including significant differences in baseline body
weights (as seen in Carrera et al., 2000), as well as the implications of the control
groups used.

Studies have also considered the protective role that certain factors may play in
preventing or attenuating ABA behavior. For instance, social housing has been
shown to decrease the deleterious effects of ABA and similar conditions on body
weight loss compared to individual housing (Boakes & Dwyer, 1997; Ness, Mar-
shall, & Aravich, 1995). Further, the palatability of the diet offered can affect
weight loss, with a high-fat diet diminishing ABA (Brown, Avena, & Hoebel,
2008). These findings suggest the potential importance of social interaction as
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well as diet composition in mediating the progression of ABA. Future research in
this area may prove beneficial in informing prevention and/or attenuation strategies.

1.2.2 Bulimia Nervosa and Binge Eating Disorder

Bulimia nervosa (BN) is marked by (1) excess consumption of food during a
distinct period of time (binge eating) which is accompanied by a sense of loss of
control and (2) behaviors such as vomiting, laxative use, and intense exercise
(purging), which are employed to compensate for the excess calories consumed
while bingeing. The following section will discuss the various animal models that
have been used to study these two criteria. It should be noted that models of binge
eating are relevant to both BN and binge eating disorder (BED) as this symptom is a
feature of both disorders.

1.2.2.1 Binge Eating

Over the last several decades, a number of paradigms have been used to model
binge eating in animals. The results of such research have revealed a number of key
factors related to this behavior, including a history of food restriction, availability
of palatable food, and stress.

Several research efforts have sought to characterize the role of dieting in the
development of binge-related eating disorders. While it appears that dieting is not
necessary for the onset of binge eating, a considerable number of individuals who
report binge eating also report prior dieting (Manwaring et al., 2006; Spurrell,
Wilfley, Tanofsky, & Brownell, 1997). In animals, cycles of food restriction and
subsequent refeeding have been associated with increased consumption of both
chow and palatable food during test meals following weight restoration and the
normalization of food access (Hagan & Moss, 1991; Hagan & Moss, 1997). It is
interesting to note that when spontaneously tested (without an acute period of food
deprivation), only rats with both a history of food restriction and access to palatable
food during refeeding showed increased food intake during the test meal, mostly in
the form of palatable food (Hagan & Moss, 1997). The presence of palatable food
appears to play a major role in binge eating behavior among animals. In our
laboratory, binge eating has been elicited by limiting rats’ food access to 12 h per
day (Avena, Rada, & Hoebel, 2006; Bocarsly & Avena, 2012). During this time,
rats are provided unlimited access to palatable food and standard rodent chow. Food
is presented 4 h after the start of the dark cycle (4 h after they typically begin to
feed), and thus, animals are hungry and exhibit binge intake of the palatable food.
This pattern of overeating does not develop in rats that are only provided chow
during the 12 h access period, nor does it develop in rats with ad libitum access to
the palatable food. Though not universally supported (Raymond, Bartholome, Lee,
Peterson, & Raatz, 2007), there is clinical research to suggest that individuals with
BED and BN also tend to consume high amounts of palatable foods during binge
meals (Bartholome, Raymond, Lee, Peterson, & Warren, 2006; Kales, 1990; Rosen,
Leitenberg, Fisher, & Khazam, 1986; Yanovski et al., 1992).
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Binge eating has also been modeled in rats by coupling food restriction and
refeeding with an environmental stressor. For example, it has been shown that while
an increase in food intake occurs among female rats following 1 week of restricted
food access (2 h/day) this increase was greatest among rats that were assigned to the
1 week 2 h/day food restriction schedule and were subsequently placed in a small,
movement-limiting cage (Inoue et al., 1998). Similarly, while a 48 h period of food
and water deprivation caused food intake to increase in rats, a shorter, 12 h period of
food and water deprivation coupled with a 10 min swim test in cold water produced
both a greater increase in food intake and a marked increase in high-fat diet
consumption in particular (Vaswani, Tejwani, & Mousa, 1983). The role of palat-
able food in mediating the binge eating response was further shown by Hagan et al.,
(2002) who found that while the combination of food restriction, refeeding, and a
foot shock did not significantly increase chow intake in female rats, hyperphagia
was reported when rats were given access to a palatable food (Oreo cookies). In a
fascinating study by Cifani, Polidori, Melotto, Ciccocioppo, and Massi (2009),
researchers found that both a history of several food restriction/refeeding cycles
and a stressor, which involved allowing animals to see and smell but not eat
palatable food, resulted in significant increases in palatable food intake. The authors
propose that this form of stress may resemble that experienced by humans when
encountering what are considered to be “forbidden food” items. Collectively, this
line of research has led to the notion that a history of the combination of food
restriction, stress, and access to palatable food may promote binge eating. Interest-
ingly, a recent laboratory study assessing the effects of stress on eating in humans
found that patients with BED exhibited increased initial eating rate and an
decreased eating deceleration when exposed to stress unlike participants without
BED (Schulz & Laessle, 2012). Likewise, clinical research has shown stress to
increase intake of sweet high-fat foods among emotional eaters (Oliver, Wardle, &
Gibson, 2000).

Similar to studies investigating the effects of maternal separation on the devel-
opment of ABA, research has explored the effects of maternal contact in early life
on the development of binge eating. For example, 6- and 9-week-old female rats
that had been separated from their mothers for 6 h/day for 3 weeks after birth
exhibited significantly increased food intake following a period of restricted feed-
ing compared to control rats who had been handled early in life (Iwasaki, Inoue,
Kiriike, & Hikiji, 2000). This effect was not observed in female rats tested at either
3 or 12 weeks, nor was it shown in male rats at any time, indicating both age- and
sex-specific effects. Additional evidence demonstrates that while hyperphagia was
initially observed in both non-handled and maternally separated offspring during a
period of refeeding following food restriction, only maternally separated rats
continued to exhibit this response over multiple cycles (Ryu et al., 2008). Female
offspring with lower levels of maternal care (measured by licking and grooming
behaviors) during early life have also been shown to be more likely to binge eat
palatable food after experiencing a shock, whether or not they had undergone food
restriction. However, rats that had been food restricted exhibited this behavior
sooner (Hancock, Menard, & Olmstead, 2005). Notably, these results were only
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observed when this paradigm was introduced during adolescence but not in adult-
hood, which corresponds with evidence that the average onset for BN is during late
adolescence (Hudson et al., 2007). Collectively, these findings suggest the rele-
vance of early life stressors and maternal contact for binge eating behavior.

Corwin et al. (1998) have shown that food deprivation and stress are not
necessary establishing operations for bingeing; by simply offering palatable food
to rats on a limited access schedule (e.g., 2 h daily or 2 h 3 days a week), rats
demonstrate excessive consumption. Likewise, binge eating has been modeled by
providing intermittent access to a cafeteria-style diet including a variety of different
foods, many of which are rich in fat and sugar (Leigh, Stock, Lacey, & Wilson,
1998). Wilson and Cantor (1987) have also elicited hyperphagia in food-satiated
rats. When placed on an intermittent schedule of reinforcement, the reinforcer being
electrical brain stimulation, most rats markedly increased their food intake. The
authors suggest that, in this case, overeating may be seen as a type of adjunctive
behavior engaged in between the receipt of reinforcers.

The number of animal models available to study binge eating behavior offers
researchers unique opportunities to isolate and explore certain variables of interest.
For instance, while binge eating may be related to increased body weight in certain
models, our laboratory has noticed that sugar-bingeing animals tend to reduce their
chow intake, effectively compensating for the excess calories taken in while
bingeing (Avena, Rada, & Hoebel, 2008). Recent research by Hargrave and Kinzig
(2012) has investigated the effects of enlarging the stomach by implanting and
inflating chronic gastric balloons in the stomachs of rats, which may serve as an
alternative model of binge eating that does not affect body weight. Such models can
provide clinically relevant insights as body weight is not always increased in
individuals who binge eat (Masheb & White, 2012). This also allows researchers
to discriminate between the effects of binge eating versus those that may result from
being overweight or obese. The different models that have been developed also
provide the means to study subjects who engage in both binge eating and periods of
self-imposed food restriction, as well as those that only report binge eating.
Researchers may also wish to manipulate when palatable food is made available
(i.e., every day or a few times a week) to reflect the clinical reality or the order of
life events being studied (food restriction preceding stress or vice versa). Finally,
the diversity of animal models allows investigators opportunities to study the
effects of different stressors (i.e., early life stressors, acute, chronic) on binge eating
behavior.

1.2.2.2 Purging

While the compensatory behaviors associated with BN represent a greater chal-
lenge to replicate among animals, it has been possible to explore the effects of this
behavior through the use of the sham feeding technique. This method involves the
implantation of an intragastric fistula which allows the contents of the stomach to be
drained during meals. Studies employing this technique have shown sham feeding
to increase food intake in both rats (Davis & Campbell, 1973) and monkeys
(Gibbs & Falasco, 1978). Such findings suggest that purging may inhibit normal
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post-ingestive feedback processes that signal satiety and, thus, increase food con-
sumption. Interestingly, cues associated with prior sham feeding have also lead to
increased consumption during real feeding (Van Vort & Smith, 1987).

Insights into purging behavior may also be gleaned from research investigating
captive gorillas that have been shown to regurgitate and then reingest their food
(Gould & Bres, 1986). This behavior was exhibited least by gorillas that were both
born in captivity and reared by their mothers compared to those born in captivity
but hand-reared and those captured in the wild and thus may have also experienced
maternal separation. While this may not be an ideal model of BN, this finding does
provide further support for theories that stressful early life experiences, and mater-
nal separation in particular, may alter feeding behavior later in life.

1.3 Animal Models of Substance Use Disorders and Addictions

Numerous animal models have been developed over the years to study the various
behaviors that characterize addiction. Similar to those used within the field of eating
disorders, animal models employed within the context of understanding drug abuse
and addiction often focus on specific symptoms that can be replicated in the
laboratory. These symptoms may be informed by the diagnostic criteria used to
classify substance use disorders (SUDs) and/or clinical observations. For example,
while relapse is not listed as a diagnostic criterion for addiction, it remains a subject
of interest within the field. The following section describes how animal models
have been used to provide insight into some of the key aspects of addiction.

1.3.1 Tolerance

According to the DSM-5, tolerance is defined as “requiring a markedly increased
dose of the substance to achieve the desired effect or a markedly reduced effect
when the usual dose is consumed” (American Psychiatric Association [APA],
2013). While tolerance may at first seem to represent a challenge to researchers
as it may be thought to have its basis in subjective experience and appraisal,
behavioral models have been developed to assess this characteristic of addiction
in animals. One method for measuring tolerance is a tilting plane test. When
studying tolerance to alcohol consumption, for example, Nikander and Pekkanen
(1977) placed rats on a plane thats angle would regularly increase until the rat could
no longer hold its ground. The angle at which the rat slid (the “sliding angle”) was
used to indicate the point at which the animal was intoxicated. As alcohol intake
increases and tolerance for lower doses develops, rats are better able to coordinate
motor functions and stay on the plane for longer periods of time. Similarly, Tiffany
and Maude-Griffin (1988) administered varying levels of morphine to rats to see
which dosages would elicit stronger analgesic effects (a common effect of mor-
phine). Following morphine administration, a tail flick test is administered to
determine how long it takes for the rat to move its tail from under a hot beam of
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light. A rat that is considered tolerant to the lower doses of morphine will flick its
tail quickly from under the hot beam of light but will be slower when administered a
higher dose. Thus, at least two distinct animals models have been used to assess the
presence of tolerance in response to exposure to drugs of abuse.

1.3.2 Withdrawal

Unlike tolerance, assessing the presence of withdrawal syndrome does not neces-
sarily require much experimental manipulation. Withdrawal may be elicited, for
example, by taking a drug away from an animal after a certain period of use or by
administering the appropriate antagonist. One symptom that has been observed in
response to withdrawal from several different drugs of abuse is anxiety (Emmett-
Oglesby, Mathis, Moon, & Lal, 1990). Therefore, withdrawal has been measured
through the use of experimental tests that are thought to detect anxiety in animals.
One such method involves training rats to lever press for food in response to
feelings of anxiety (Gauvin et al., 1996). For example, rats have been given
pentylenetetrazole (an anxiogenic drug) and saline and taught to lever press for
food only in response to the effects of pentylenetrazole (i.e., the anxiety). Similarly,
the animal will lever press in response to withdrawal-induced anxiety.

Behavioral coding has also been used to identify characteristics of withdrawal in
animals. For instance, withdrawal in rats has been shown to produce wet dog
shakes, writhing (or abdominal stretching), jumping, stereotyped head bobbing,
sweeping tail movements, yawning, and increases in irritability (defined as episodes
of conflict-induced vocalizations). Teeth chatter episodes (separated by at least 3 s),
discrete episodes of chewing (without anything in mouth), lacrimation,
piloerection, ptosis, salivation, and diarrhea have all been observed among animals
during withdrawal (Rasmussen, Beitner-Johnson, Krystal, Aghajanian, & Nestler,
1990). In chimpanzees, symptoms of withdrawal are similar to those observed
among humans. After several weeks of chronic ethanol intake, hyperreflexia and
irritability were noted when blood alcohol levels neared zero. Concomitant
symptoms include photophobia, rapid respiration, sweaty palms and feet, decreased
responsiveness to auditory stimuli, and, in severe cases, convulsions (Pieper, Skeen,
McClure, & Bourne, 1972). Again, symptoms such as these can be coded to provide
a measure of the severity of withdrawal produced by a particular substance.

1.3.3 Craving

The DSM-5 now includes craving, defined as “an intense desire or urge for the drug
that may occur at any time but is more likely when in an environment where the
drug previously was obtained or used,” as a diagnostic criterion for SUDs (Ameri-
can Psychiatric Association, 2013). Measuring this construct in animals may serve
as a proxy for the excessive time or effort humans may spend in attempts to get and
take a particular substance when addicted. Markou et al. (1993) propose that



1 Animal Models of Eating Disorders, Substance Use Disorders, and Addictions 13

craving is “reflected in enhanced effectiveness of the drug as a reinforcer.” Based
on this conceptualization, craving can be determined by assessing, in various ways,
how much effort animals will exert to receive a drug of abuse. For example, animals
may first be provided access to a drug on a fixed-ratio schedule. Once the animals’
level of responding is consistent, investigators may increase the level of responding
necessary for the receipt of the drug by switching to a progressive ratio reinforce-
ment schedule. Likewise, craving may be indicated by how quickly an animal
traverses an runway to gain access to a drug (Vanderschuren & Ahmed, 2013).
Craving has also been measured in animals using an experiment based on the
extinction process. In this procedure, animals are first trained to lever-press for
access to a drug, then the experimenter removes the drug to assess how much the
animal will continue to respond without reinforcement.

An additional approach to determining craving in animals is through the use of
choice paradigms. During this type of test, subjects are allowed to choose between
two stimuli, one of which is the drug, and depending on the test, selection of one
stimulus may prohibit animals from accessing the alternative stimuli until the
following trial. The principles of classical conditioning have also been employed
to study craving in animals; the conditioned reinforcement paradigm includes the
pairing of a drug and a conditioned stimulus (CS) during training. Depending on an
animal’s level or rate of responding for the CS when the drug no longer
accompanies it, an animal is considered to demonstrate more or less craving.

Investigators can also learn about addictive behavior by observing an animal’s
behavior following a period of abstinence from a drug. For example, animals may
demonstrate a change in intake of or responding for the drug when it is reintroduced
after abstinence (Koob, 2000). This is called the “deprivation effect” and may be
used to indicate the presence of strong cravings or as a model of relapse. Other
methods used to measure craving include second-order schedule paradigms and
conditioned place preference tests (see review by Markou et al., 1993).

1.3.4 Use Despite Consequences

The DSM-5 includes several criteria that may fit under the broader category of “use
despite consequences.” For example, criterion 6 reads, “the individual may con-
tinue substance use despite having persistent or recurrent social or interpersonal
problems caused or exacerbated by the effects of the substance.” Additionally,
criterion 9 reads, “The individual may continue substance use despite knowledge of
having a persistent or recurrent physical or psychological problem that is likely to
have been caused or exacerbated by the substance (American Psychiatric Associa-
tion, 2013).” To determine if animals would show persistent drug-seeking behavior
despite adverse consequences, an experiment was designed in which animals were
trained to lever press for an additional lever which, when pressed, would provide
access to cocaine. After training with these contingencies, rats were presented with
both a CS (a tone) and footshock. Later, drug seeking was tested in the presence of
the CS. The results of this experiment showed that a subset of subjects continued to
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exhibit drug-seeking behavior despite the presence of this cue. Interestingly, this
effect was only observed after animals were given extended access to cocaine but
not in animals given access to the drug for a more limited period (Vanderschuren &
Everitt, 2004). Similarly, certain animals with extended access to ethanol continue
to ingest the drug after a period of abstinence even when it is given a bitter taste by
adding quinine (Wolffgramm, Galli, Thimm, & Heyne, 2000).

1.3.5 Relapse

Animal models have been helpful in identifying the various circumstances that may
contribute to a relapse. For example, relapse has been elicited by stress, cues
associated with the drug, as well as small doses of the drug (Deroche-Gamonet,
Belin, & Piazza, 2004; Lynch, Nicholson, Dance, Morgan, & Foley, 2010). To
determine the factors or conditions that may promote relapse, researchers have
employed a reinstatement procedure which consists of allowing animals the chance
to respond for access to a drug, subsequently removing the drug and assessing
whether certain stimuli elicit responding again (Deroche-Gamonet et al., 2004;
Lynch et al., 2010).

1.4  Overlaps Between Eating Disorders and Addictions

Eating and drug use are both motivating, appetitive behaviors with underlying
similarities in their neural circuitry (Volkow & Wise, 2005), leading some
researchers to investigate whether eating disorders may represent some form of
an addictive behavior (Davis & Claridge, 1998; Kaye et al., 2013; Marrazzi &
Luby, 1986). Although some do not consider this is a valid conceptual approach to
the study of eating disorders (Wilson, 2010), there is support for this idea. From a
reward perspective, food restriction, a feature of certain eating disorders, can
increase the reinforcing effects of drugs of abuse (Carr, 2002). Eating disorders
commonly begin during adolescence, a period of vulnerability for the development
of addictive behaviors. Much like individuals with drug addiction, who forgo many
activities and responsibilities in order to seek and consume drugs of abuse,
individuals with eating disorders can adopt a similar pattern of behavior, with
weight loss efforts, bingeing or rituals regarding food, and exercise occupying the
majority of their time and energy. When food intake in AN does occur, it is often
associated with anxiety, a symptom that is also often reported during periods of
drug abstinence or withdrawal (Barbarich-Marsteller, Foltin, & Walsh, 2011).
Likewise, eating disorder behavior is often engaged in despite serious consequences
to one’s health and is vulnerable to relapse. Thus, eating disorders share many
commonalities with addiction.

Studies using animal models of eating disorders support the idea that aspects of
addiction may be involved. In our laboratory, we have used a model of binge eating
to show signs of “addiction” to sugar and other palatable foods (Avena et al., 2008),
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Table 1.1 Summary of findings in support of sugar addiction in rats using an animal model of
sucrose or glucose bingeing

Substance dependence Animal model of sugar dependence

A. DSM-5

Tolerance Escalation of daily sugar intake Colantuoni et al. (2001)
Withdrawal Somatic signs (teeth chattering, tremor), anxiety measured by

plus maze, ultrasonic distress vocalizations Colantuoni
et al. (2002), Avena et al. (2008)

Consuming more than Deprivation effect Avena, Long, and Hoebel (2005)
intended

B. Behavioral signs
Locomotor cross-sensitization Amphetamine Avena and Hoebel (2003)

Proclivity to consume other Alcohol Avena, Carrillo, Needham, Leibowitz, and Hoebel
drugs of abuse (2004)

C. Neurochemical changes in the NAc

Repeated release of DA Rada, Avena, and Hoebel (2005), Avena, Rada, and Hoebel
(2006)

1D, receptor binding Colantuoni et al. (2001)

D5 receptor binding Colantuoni et al. (2001)

TDj3 receptor mRNA Spangler et al. (2004)

|preproenkephalin mRNA Spangler et al. (2004)
DA/ACh imbalance during Colantuoni et al. (2002), Avena et al. (2008)
withdrawal

Reprinted with permission from Avena & Hoebel, 2012

including signs of withdrawal, craving, and neurochemical changes in reward-
related brain regions that are consistent with those seen when animals are given a
drug of abuse (See Table 1.1). Likewise, rats prone to binge eating have been found
more likely to traverse a shock grid for the receipt of palatable food than binge-
resistant rats (Oswald, Murdaugh, King, & Boggiano, 2011), indicating use despite
deleterious consequences. Clinical support for such findings comes in part from
studies assessing food addiction using a self-report scale. For example, in a sample
of obese individuals with BED, 41.5 % were considered to meet the criteria for
“food addiction” (Gearhardt, White, Masheb, & Grilo, 2013). In terms of AN, it has
been shown that ABA rats display withdrawal signs in response to an opioid
antagonist (Kanarek, D’Anci, Jurdak, & Mathes, 2009). Future research
incorporating models typically used to assess characteristics of addiction to study
eating disorder pathology may shed additional light on similarities that may exist
between these two disorders.

Several studies have also found increased substance use/abuse among eating
disorder samples, particularly among individuals with bulimic symptoms (Krug
et al., 2009; Root et al., 2010). Further, patients with substance use disorder and
post-traumatic stress disorder who report bingeing have been found to demonstrate
less success during drug abstinence (Cohen et al., 2010). Such findings suggest the
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relevance of assessing and appropriately addressing the symptoms of both sub-
stance use disorders and eating disorders during treatment.

Conclusion

Animal models have been used to further our understanding of the symptoms
associated with AN, BN, BED, as well as addiction. The clinical utility of these
models lies in their ability to identify characteristics which may increase one’s
vulnerability to develop such symptoms, and to help researchers identify and
explore the potential of promising treatment approaches. Further, the overlaps
that have been identified between these two types of disorders present a possible
guide for further study.
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Marilyn E. Carroll and Nathan A. Holtz

Abstract

This chapter focuses on the relationship between avidity for sweet substances
and drug abuse using rats that were selectively bred for high (HiS) vs. low (LoS)
saccharin intake. These rats serve as genetic models for several aspects of drug
abuse such as initiation, maintenance, escalation, and relapse to drug seeking.
Neurobiological differences in brain areas associated with drug and food reward
underlie the behavioral differences. In addition to dietary compulsions, animal
models of high vs. low novelty reactivity (HR vs. LR), novelty preference (HNP
vs. LNP), impulsive choice (Hil vs. Lol), impulsive action (HI vs. LI), avidity
for exercise (HiR vs. LoR), and attention to reward-related stimuli, such as sign-
(reward-associated stimuli) vs. goal-tracking (reward) (ST vs. GT), also predict
high vs. low drug seeking, respectively. The high-performing traits have some
overlap in predicting addictive behavior, but in many respects they appear to be
independent predictors of addictive behavior. In contrast, rats selected for low
reward seeking are more reactive to stressful or aversive events associated with
drugs and less likely to engage in drug seeking. These traits provide a model of
resilience to drug abuse. Segregating individual differences into reward sensitive
and aversion reactive may allow for customized addiction treatment. It is
hypothesized that reward-sensitive individuals would be responsive to reward-
replacement therapy, such as exercise, while aversion-reactive individuals may
react more to negative outcomes for drug use. Initial data indicate better treat-
ment success in the LoS (vs. HiS) and Lol (vs. Hil) rats, yet higher drug-seeking
females respond better to treatment than males. Knowledge of specific
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vulnerability factors is important to designing maximally effective prevention
and treatment strategies.

Keywords

Aversive effects « Drug seeking * Feeding ¢ Impulsivity » Novelty preference/
seeking * Reward substitution ¢ Punishment ¢ Sweet intake ¢ Treatment ¢
Vulnerability

2.1 Introduction

Drug abuse and feeding are related to biological, genetic, and environmental factors
that play a role in determining when drug- or food-rewarded behavior becomes out
of control and manifests itself as an addiction. Drug- and food-related addictions
interact such that reduction in availability of one substance leads to overconsump-
tion of another (Carr & Cabeza de Vaca, 2013; Carroll, Holtz, & Zlebnik, 2013),
and drug- and food-rewarded behaviors are mediated by overlapping brain reward
circuitry. Drug addiction and excessive eating leading to obesity, and the
corresponding metabolic syndrome, are among the top causes of death in the
USA and an enormous cost to society. This close relationship between feeding
and drug seeking (addiction) has been studied for many years and has been
reviewed previously at behavioral (e.g., Ahmed, 2005, 2012; Avena, 2010; Belin,
Berson, Balado, Piazza, & Deroche-Gamonet, 2011; Belin & Deroche-Gamonet,
2012; Bocarsly & Avena, 2012; Carroll, 1999; Carroll, Holtz, & Zlebnik, 2013,
Carroll, Morgan, Anker, Perry, & Dess, 2008) and neurobiological levels (e.g., Carr
& Cabeza de Vaca, 2013; Johnson & Kenny, 2010; Levine, Kotz, & Gosnell, 2003a,
b; Olsen, 2011; Pelchat, Johnson, Chan, Valdez, & Ragland, 2004; Volkow & Wise,
2005). The present review focuses on behavioral-genetic aspects of this interaction,
specifically drug-seeking behaviors in rats that are selectively bred to consume
excessive amounts of sweet substances (see reviews by Carroll et al., 2008, Carroll,
Holtz, & Zlebnik, 2013), and rats that have been selected for other addiction-related
behaviors such as novelty reactivity, novelty preference, impulsivity, exercise, and
incentive salience of drug-related stimuli (see reviews by Carroll, Anker, Mach,
Newman, & Perry, 2010, Carroll, Johnson et al., 2013; Carroll, Mach, LaNasa, &
Newman, 2009).

A major difference between excessive food intake and drug addiction is that
food is necessary for survival, while recreational drugs are not. However, the
tenacity of food and drug addiction is similar in strength, factors that initiate and
maintain these self-destructive behaviors are similar, both disorders are highly
treatment resistant, they readily substitute for each other, and both food and drug
addiction result in similar rates of morbidity and mortality. When considering
addiction using animal models, several laboratories have attempted to use addiction
criteria described for diagnosing human drug abusers according to DSM-IV and
DSM-5 criteria (Deroche-Gamonet, Belin, & Piazza, 2004; Vanderschuren &
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Ahmed, 2013). This approach has been helpful in identifying mechanisms for
disordered behavior, developing treatments, and translating animal research
findings to clinical practice. In an increasing number of studies, these criteria are
being applied in the design of animal models that allow us to learn more about the
development of addictive behavior and interventions and treatments that will
translate to applications for changing pathological human behaviors.

The goal of this chapter is (1) to briefly review seminal research on the relation-
ship between feeding and drug seeking; (2) to examine a genetic relationship
between drug-seeking behavior and feeding-related traits using rats that were
selectively bred for high (HiS) and low (LoS) saccharin intake. i.e., HiS rats
also eat more food, weigh more, and show more drug seeking than their low
sweet-preferring (LoS) counterparts; (3) to determine how these genetic influences
relate to other individual differences that predict vulnerability to drug abuse, and
to recognize their commonalities and underlying neurobiology; (4) to examine
differences in HiS and LoS rats’ reactivity to stress and aversive events; and
(5) to discuss behavioral and pharmacological treatments for drug abuse as they
relate to the underlying vulnerability factors and how these factors influence
treatment effectiveness.

2.2 Models of Addiction

An important guideline for studying addictive behavior in the animal laboratory is
to closely model the behavior in humans. In considering hedonic overindulgence in
food or binge eating as an addiction, there are similar diagnostic criteria for drug
dependence and problematic food intake (Gearhardt, Corbin, & Brownell, 2009;
Gearhardt, Davis, Kuschner, & Brownell, 2011), and DSM-IV criteria for substance
dependence, such as binge eating or overindulgence in preferred (sweet) high-
caloric foods, have been applied in the animal models. In animal studies, behavioral
models have been designed to emulate DSM-IV drug addiction criteria (Deroche-
Gamonet et al., 2004, Vanderschuren & Ahmed, 2013), and there are parallels to
measures of the DSM-IV binge eating disorder (BED) criteria described in humans.
In fact, instruments such as the Yale Food Addiction Scale (YFAS) (Gearhardt
et al., 2009) that has been used to link binge eating and food addiction in humans
show that nearly half of BED patients meet criteria for “food addiction” (Bocarsly
& Avena, 2012; Cassin & von Ranson, 2007; Gearhardt, White, & Potenza, 2011).
Drug abuse has been modeled in rats (Ahmed, 2012; Belin et al., 2011; Belin &
Deroche-Gamonet, 2012; Carroll & Meisch, 2011; Jupp, Caprioli, & Dalley, 2013;
Vanderschuren & Ahmed, 2013) and nonhuman primates (Foltin, 2013) using
DSM-IV criteria for substance use disorders (SUD) such as (1) tolerance (Perry,
Dess, Morgan, Anker, & Carroll, 2006), (2) difficulty limiting use (Perry et al.,
2006), (3) excessive time spent seeking (Perry et al., 2006), (4) impaired control
over use (Lynch, Arizzi, & Carroll, 2000), (5) activities given up or drug use
preferred over other activities (Carroll et al., 2008), (6) continued use despite
negative consequences (Holtz, Anker, & Carroll, 2013), and (7) withdrawal signs
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Table 2.1 HiS vs. LoS rats and criteria for drug addiction

Criteria for addiction HiS vs. LoS References

Tolerance HiS > LoS Perry et al. (2006)

Difficulty limiting use HiS > LoS Perry et al. (2006)

Excessive time seeking HiS > LoS Perry et al. (2006)

Impaired control over use HiS > LoS Lynch et al., (2000)

Activities given up HiS > LoS Carroll et al. (2008)

Use despite punishment HiS > LoS Holtz, Anker, Regier, Claxton, & Carroll (2013)
Withdrawal LoS > HiS Dess et al. (2000, 2005); Radke, Zlebnik, &

Carroll (2014)

after termination of use (Dess et al., 2000; Dess, O’Neill, & Chapman, 2005). As
summarized in Table 2.1, rats that were selectively bred for sweet preference (HiS)
scored higher on criteria for addictive behavior than their low saccharin-preferring
counterparts (LoS), except LoS rats exceeded HiS rats on withdrawal measures.
These criteria that are shown in Table 2.1, when adapted to animal models
(Vanderschuren & Ahmed, 2013), include tolerance, impaired control over use,
difficulty limiting use, excessive time spent seeking drug, activities given up
(or replaced) by drugs, and continued use despite punishment. The HiS animals
exceeded LoS in behaviors that were developed to emulate the DSM criteria that are
used to describe human addiction.

To evaluate drug-seeking behavior using these criteria for drug addiction, we
have used several animal models to mimic the establishment of drug use in humans
and its progression through regular use to escalation and compulsive use. For
example, studies have modeled impulsive action, inability to withhold responding
for long periods of time each day, and impulsive choice, choosing a smaller amount
of drug immediately over a larger amount after a delay, or a smaller probability of a
sooner reward vs. a larger probability of a delayed reward (see reviews by Carroll &
Meisch, 2011; Carroll et al., 2010).

2.3  Drug Seeking in Rats Selectively Bred for High and Low
Saccharin Intake

With these models of addiction, we have pursued a line of research that allows us to
address the relationship between feeding and drug-seeking behavior as it is related
to genetic background by studying rats that have been selectively bred to prefer
sweet substances. These rats were originally derived from the Sprague-Dawley
strain, and the HiS rats eat more and weigh more than their low sweet-preferring
counterparts (LoS) or outbred control rats from the Sprague-Dawley background
strain (Carroll et al., 2008). Thus, the HiS rats could also serve as an animal model
for overconsumption of rewarding substances, particularly sweet substances, and
drugs of abuse. The rats we are reporting data on were initially selectively bred for
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high (HiS) and low (LoS) saccharin intake by Dr. Nancy Dess at Occidental College
in Los Angeles, CA. Progenitor rats were tested for their intake of saccharin during
a 24 h 2-bottle test with water concurrently available, and their 24-h saccharin
intake was compared to 24 h water intake from a previous day when only water was
available in the two bottles. Rats exhibiting extremely high saccharin preferences
were mated together, and rats with low saccharin preferences or saccharin aversion
(less consumption than water) were mated together. Breeding continued with HiS
pairs and LoS pairs, and initially Dess and coworkers studied differing levels of
emotionality and taste preferences in these rats (Dess, 2001, Dess et al., 2000; Dess
& Minor, 1996). Subsequently, they studied alcohol intake and found that the HiS
rats exceeded the LoS rats in their consumption, but LoS rats were more affected by
alcohol withdrawal effects (Dess et al., 2005).

Our laboratory obtained some of the Occidental HiS and LoS rats and
demonstrated that the HiS rats also showed elevated cocaine intake compared to
LoS rats during initiation of drug self-administration in drug-naive rats and in
cocaine-experienced rats under a progressive ratio (PR) schedule (Carroll, Morgan,
Lynch, Campbell, & Dess, 2002). Subsequent studies extended these findings with
cocaine to several phases of the addiction process (see reviews by Carroll et al.,
2008, Carroll et al., 2010; Carroll, Holtz, & Zlebnik, 2013). These reviews
described studies indicating that HiS rats exceeded LoS rats during initiation or
acquisition of cocaine self-administration (Carroll et al., 2002), escalation of
bingeing on cocaine during long (LgA) vs. short (ShA) access (Perry et al.,
2006). The HiS rats also showed more resistance to extinction when cocaine was
replaced with saline and reinstatement of responding (relapse) that occurred after
extinction when drug access had been terminated and the rats were later given
experimenter-administered priming injections of cocaine, or a stressor—yohimbine
(Holtz, Anker, & Carroll, 2013; Perry et al., 2006). It has recently been shown that
HiS rats similarly exhibited binge-like behaviors when given access to fat- or sugar-
based substances (Yakovenko, Speidel, Chapman, & Dess, 2011).

It is important to note that when the HiS and LoS rats’ drug-seeking behavior
was examined in these models of drug abuse, they were saccharin naive. Their HiS
or LoS status was based entirely on their breeding history, and they were not given
access to saccharin prior to drug exposure. This allowed us to verify the breeding
status after the drug-seeking experiments were completed, because testing their
saccharin intake to verify the HiS or LoS phenotype might interfere with their drug
self-administration behavior (Carroll, Lac, & Nygaard, 1989). At least 2 weeks
after the end of the drug self-administration experiments, when rats were returned
to the home cage with lab chow and water freely available, they were tested for their
saccharin preference score to verify their selection status, and the phenotypes were
confirmed. Across many studies, on average, The HiS rats achieved a score ranging
from 25.2 to 39.6 for HiS males and females, respectively, and 5.2 to 7.6 for LoS
males and females, respectively (Carroll et al., 2008). An interesting result of
comparing saccharin preference scores over several studies, however, was that
the rats that had more access to cocaine before their saccharin testing showed
lower saccharin scores (less saccharin preference) than those with less cocaine
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experience (Carroll et al., 2008). Thus, the rewarding effect of prior exposure to
cocaine may have produced a contrast effect and reduced the hedonic value of
saccharin (see Grigson & Twining, 2002). This provided further evidence for the
interaction of hedonic effects of food and drugs and addresses the DSM criteria of
other activities given up (Table 2.1).

The selectively bred HiS and LoS rats’ corresponding high and low drug seeking
has also been demonstrated in outbred rats that were screened for high or low sweet
intake, and they subsequently showed high vs. low drug seeking, respectively. For
example, Bell, Gosnell, Krahn and Meisch (1994) separated Wistar rats into “high,”
“intermediate,” or “low” groups based on their saccharin intake, and they found that
the groups maintained their rank order on measures of alcohol consumption. Also,
rats screened as saccharin/sweet likers (SL) consumed more alcohol (Gahtan,
Labounty, Wyvell, & Carroll, 1996) and morphine (Gosnell, Krahn, Yracheta, &
Harasha, 1998; Gosnell, Lane, Bell, & Krahn, 1995), than saccharin/sweet dislikers
(SDL). Similarly, rats selected for high sucrose feeding (HSF) consumed more
amphetamine and acquired cocaine self-administration faster than their low-sucrose
feeding (SLF) counterparts (DeSousa, Bush, & Vaccarino, 2000; Gosnell, 2005).

The connection between avidity for dietary sweets and substance use disorders
(SUD) has also been reported in human populations, such as those who abuse
alcohol (Chester, Blose, & Froehlich, 2003; Kampov-Polevoy, Garbutt, &
Janowsky, 1999; Kampov-Polevoy, Tsoi, Zvartau, Neznonov, & Khalitov, 2001;
Wronski et al., 2007), cocaine (Janowsky, Pucilowski, & Buyinza, 2003), nicotine
(Pepino & Mennella, 2007; Pomerleau, Garcia, Drewnowski, & Pomerleau, 1991),
and opioids (Weiss, 1982). In these studies drug users/abusers experienced greater
hedonic effects from sweets and consumed more sweets than those who do not
abuse these drugs. These parallels between the selectively bred rats, outbred rats,
and human self-report studies suggest that the feeding and drug-seeking behaviors
are moderated by genetically mediated traits (Uhl, Drgon, Johnson, & Liu, 2009)
and common neural mechanisms (Carroll et al., 2008; Holtz & Carroll, 2013).

It is also important to note that the findings of differential vulnerability to drug
abuse in the HiS and LoS rats due to their selective breeding history are not unique
to these sweet-preferring/non-preferring phenotypes (e.g., HiS, LoS). In recent
years, there have been numerous examples of individual differences on other
dimensions that correspond with high vs. low drug seeking. As Table 2.2 indicates,
drug abuse liability is also predicted by novelty reactivity (Davis et al., 2008; Piazza
et al., 1989), impulsive choice (Perry, Nelson, & Carroll, 2008), impulsive action
(Dalley et al., 2007), shock avoidance (Fattore et al., 2009), incentive stimulus
reactivity (Saunders, & Robinson, 2013), sex and hormonal conditions (Carroll &
Anker, 2010), age (O’Dell et al., 2006), and exercise avidity (Ferreira et al., 2006).
Similar differences have also been found across different rat strains such as Lewis
and Fischer 344, which are compared for other characteristics, like differences in
hypothalamic-pituitary-adrenal axis responses (Kosten & Ambrosio, 2002; O’Dell
et al., 2006).

Table 2.2 indicates that high performers are also more drug abuse prone relative
to corresponding low-performing individuals that are resistant to drug-seeking
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Table 2.2 Risk factors for drug seeking, aversion to drugs, and response to treatment

Vulnerability Prone Resistant References

Sweet intake HiS LoS Carroll et al. (2008)

Impulsive choice Hil Lol Carroll et al. (2010)

Impulsive action HI LI Dalley et al., 2007

Novelty reactivity HR LR Piazza, Deminiere, Le Moal, and Simon
(1989)

Bred for novelty bHR bLR Davis, Clinton, Akil, and Becker (2008)

reactivity

Avoidance RHA RLA Fattore, Piras, Corda, and Giorgi (2009)

Exercise HiR LoR Larson and Carroll (2005), Ferreira et al.,
2006

Sign/goal tracking ST GT Saunders and Robinson (2013)

Sex Female Male Carroll and Anker (2010)

Female hormones Estrogen  Progesterone Anker and Carroll (2010)

Age Adolescent Adult O’Dell et al. (2006)

Lewis/Fischer Lewis Fischer Kosten and Ambrosio (2002)

behavior. Some of the low performing individuals (e.g., LoS, Lol, males, and

Fischer rats) have been shown to be more responsive than their high preferring

counterparts to aversive effects of drugs. Differences in these lines of rats shown in

Table 2.2 are not limited to drug seeking and self-administration. While these are

the variables most studied, the selectively bred HiS vs. LoS rats exhibit a range of

other behaviors that are associated with drug addiction, such as (1) impulsive
behavior, (2) dysregulation of intake during self-selection of high vs. low drug
doses, (3) and sensitization of drug-induced locomotor activity. For example:

1. The HiS and LoS rats were tested for their impulsivity of choice for a small
immediate vs. a larger delayed reward using food and cocaine with a delay-
discounting task for food or IV cocaine. In this task a response on one lever was
rewarded by one food pellet or a small cocaine infusion after a short delay, while
responding on another lever was rewarded by three food pellets or three times
the dose of the cocaine infusion following a long delay. HiS rats were more
impulsive than LoS rats for food on a delay-discounting task (Perry et al., 2008),
and HiS rats were also more impulsive for cocaine than LoS rats on a go/no-go
task (Anker, Gliddon, & Carroll, 2008), wherein they showed more no-go
responding (i.e., impulsive action). HiS rats also exceeded LoS rats on another
measure of impulsive action—responding that occurs during the drug infusion in
a drug self-administration paradigm in which drug is available under a fixed-
ratio 1 (FR 1) schedule. This ineffective responding is counted after the infusion
pump begins to deliver drug, and during the infusion and the timeout period after
the infusion. These ineffective responses that occur after the infusion begins are
counted but have no consequences, and when they were compared, they were
higher in HiS rats than LoS rats (Carroll, Holtz, & Zlebnik, 2013). Thus, food
and cocaine were not only more rewarding for HiS than LoS rats, but HiS rats
were more impulsive than LoS rats in their food- and cocaine-seeking behavior.
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2. Another behavior that is related to drug seeking is regulation or dysregulation of
drug dose, and that differs between HiS and LoS rats. For example, when rats
have a choice between responding on one lever that increases the next dose of
cocaine and responding on the other lever that decreases the next dose of
cocaine, their ability to regulate their dose is determined by a negative correla-
tion between the dose they received and the time before a response occurs for the
next infusion. Thus, high or low doses of cocaine were not necessarily preferred
and seemed to be nonsystematically chosen by the rats, but there was a very
precise regulation of the amount consumed per unit of time. A comparison of
HiS and LoS rats in this paradigm showed that HiS rats did not regulate their
dose quite as precisely as LoS rats, and HiS rats spent more time than LoS rats
perseverating on the lever that increased the dose, thereby self-administering a
larger number of the highest doses than the LoS rats (Carroll, Anderson, &
Morgan, 2007b; Lynch et al., 2000, Lynch & Carroll, 1999, Lynch, LaBounty, &
Carroll, 1998).

3. HiS and LoS rats also showed differences (HiS >LoS) in sensitization to
cocaine-induced locomotor activity, a neuronal adaptation that is thought to be
related to the rewarding effects of cocaine (Robinson & Berridge, 1993). For
example, HiS rats exceeded LoS rats on cocaine-induced locomotor activity and
sensitization to repeated cocaine injections after five daily injections of cocaine,
and when an additional injection was given 2 weeks later and compared to the
first injection (Carroll, Anderson, & Morgan, 2007a).

24 Neurobiological Differences in HiS and LoS Rats

The consistent differences between food seeking and drug seeking between HiS and
LoS rats using several measures of motivated behavior suggest that the HiS and LoS
differences are related to underlying differences in neurobiology of reward cir-
cuitry. In recent research, initial attempts have been made to examine differences in
neuronal activity in the HiS and LoS rats by examining c-Fos reactivity in brain
areas associated with drug reward. In these studies drug-naive HiS and LoS rats
were given one injection of 15 mg/kg cocaine HCI or saline (controls) and
sacrificed 20 min later. In one study several brain areas (orbital frontal cortex,
cingulated gyrus 1, nucleus accumbens shell, and dorsomedial and dorsolateral
caudate putamen), associated with cocaine’s rewarding effects, were examined for
c-Fos counts (fold change from the cocaine-treated to the saline-treated group).
Results indicated that the LoS rats showed higher neuronal activity than the HiS rats
in the nucleus accumbens shell and dorsomedial and dorsolateral caudate putamen.
Thus, HiS rats that are more vulnerable to cocaine-seeking behavior at several
phases of the addiction process than LoS rats also exhibit less neuronal reactivity
compared to LoS rats, after one injection with 15 mg/kg cocaine, in brain areas
associated with food and drug reward. However, since it was an experimenter-
injected dose and not self-administered, and the dose was high, it is not clear
whether it was having a rewarding or aversive consequence.
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In another study of HiS and LoS rats, the neurobiological connection between
food and drug seeking was examined by counting the number of orexin-A-positive
cells in the lateral hypothalamus and perifornical areas in HiS and LoS rats that had
been injected with 15 mg/kg of cocaine or saline. Orexin-A is a neuropeptide that
stimulates the motivation to ingest preferred substances and mediates dopamine
release that affects motivation for cocaine and other highly valued rewards, includ-
ing food. Orexin-A antagonists reduce intake of highly palatable foods in rats
(Bocarsly & Avena, 2012; Cason & Aston-Jones, 2013; Kotz, 2006) and humans
(Cason et al., 2010), and cue-induced reinstatement of drug-seeking behavior in rats
via actions in the mesolimbic dopamine system (Espana et al., 2010; Moorman &
Aston-Jones, 2009; Shoblock et al., 2011; Smith, Tahsili-Fahadan, & Aston-Jones,
2010). After an injection of cocaine or saline, HiS rats had more orexin-positive
cells than LoS rats, suggesting that the HiS rats had higher endogenous orexin, and
this may be related to their higher motivational states for sweet substances, alcohol,
cocaine, and other drugs than LoS rats (Holtz, Zlebnik, & Carroll, 2012). Initial
evidence suggests that the orexin-A antagonist reduces cue-induced drug-seeking
behavior (Smith, See, & Aston-Jones, 2009).

2,5 Other Individual Differences and Drug Seeking

The findings of a relationship between different feeding preferences in HiS and LoS
rats and corresponding differences in drug-seeking behavior are strong evidence for
an innate connection between feeding and drug-seeking behavior. However, recent
reports have also revealed a wide array of other motivated behaviors or traits that
are also associated with drug abuse and eating disorders (ED), such as (1) impulsiv-
ity in humans (e.g., Dawe & Loxton, 2004) and in animal studies (Carroll et al.,

2010); (2) novelty reactivity (Piazza et al., 1989), novelty preference in animals

(Belin et al., 2011), or novelty/sensation seeking in humans (Kreek, Nielsen,

Butelman, & Laforge, 2005), traits that are highly predictive of drug abuse;

(3) physical activity (Larson & Carroll, 2005); and (4) sign vs. goal tracking in

regard to attention to stimuli (incentive salience) associated with food reward

(Flagel et al., 2010; Flagel, Watson, Akil, & Robinson, 2008). Some of the

following examples of studies involving these vulnerability factors have used

both rats selected for particular traits and rats selectively bred for those traits (see

review by Carroll, Holtz, & Zlebnik, 2013).

1. Novelty reactivity and preference. Early studies selected rats for high (HR) vs.
low (LR) novelty reactivity in a novel environment and showed that the HR rats
initiated drug seeking more than the LR rats (Piazza et al., 1989). In subsequent
work, similar results were found in rats selectively bred for high or low (bHR,
bLR) reactivity in a novel environment (Cummings et al., 2011; Davis et al.,
2008; Kabbaj, 2006; Kabbaj, Devine, Savage, & Akil, 2000). Recently, rats have
been selected for novelty preference in a free-choice paradigm in which there is
a choice between a familiar and novel environment, and those that are selected
for the high-novelty-preferring (HNP) phenotype show more impulsive and
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compulsive drug seeking compared to low-novelty-preferring (LNP) rats (Belin
et al., 2011).

2. Impulsive choice and impulsive action. Several studies have compared high
vs. low impulsive behavior determined by delay discounting (Hil, Lol) (see
reviews by Carroll et al., 2010; Perry & Carroll, 2008) or with a 5-choice serial
reaction time task (5-CSRTT) (HI, LI) that detects prepotent responding for food
reward (Dalley et al., 2007). There is extensive evidence that rats selected for
high and low impulsivity have similar propensities and disinterest, respectively,
in drugs of abuse as shown in HiS and LoS rats (Carroll et al., 2010, Carroll,
Holtz, & Zlebnik, 2013). For example, when HiS and LoS rats were compared
on an impulsive choice measure, such as a delay-discounting task for food and
cocaine, HiS rats were more impulsive than LoS rats for food (Perry, Nelson,
Anderson, Morgan, & Carroll, 2007). However, under a go/no-go task for
impulsive action, HiS rats were more impulsive than LoS for cocaine (Anker
et al., 2008). There is extensive evidence that rats selected for high and low
impulsivity have similar propensities and disinterest, respectively, to drugs of
abuse as shown in HiS and LoS rats (Carroll et al., 2010); however, the sweet-
preferring and impulsive phenotypes are not an expression of the same underly-
ing factor, as HiS and LoS rats are not consistently high and low impulsive, and
Hil and Lol rats do not show consistent differences in saccharin preference
scores. Thus, the sweet-preferring and impulsive phenotypes are not completely
overlapping, and they may represent different genetically-determined traits.

3. Physical activity. A propensity for physical exercise is another factor that is
related to addictive behavior such as avidity for physical activity or exercise
(Larson & Carroll, 2005; Olsen, 2011), and others have shown that physical
activity is a genetically mediated characteristic (Bauman et al., 2012) that
predicts SUD. For example, Larson and Carroll (2005) reported that rats selected
for high wheel running (HiR) subsequently self-administered more cocaine than
rats selected for low wheel running (LoR), and in a reinstatement (relapse)
paradigm with HiR and LoR rats, Larson and Carroll (2005) also showed that
HiR rats exhibited greater reinstatement of lever pressing that was previously
reinforced by cocaine than LoR rats. Similarly, Ferreira et al. (2006) reported
that wheel running in a heterogeneous rat population was positively related to
amphetamine-induced locomotor activity, a behavior that is correlated with the
initiation of drug seeking. Thus, avidity for exercise, like seeking preferred
foods, predicts drug abuse in animal models.

However, as in the case of preferred food, exercise functions as an economic
substitute for drug abuse and seems to have a therapeutic function in treating
drug abuse. For example, exercise reduces cocaine self-administration, and
cocaine availability reduces exercise (Cosgrove, Hunter, & Carroll, 2002).
Initial studies indicate that the interaction of drug seeking and exercise is likely
related to common neurobiological reward mechanisms. (Zlebnik, Hedges,
Carroll, & Meisel, 2013). Earlier work by Kanarek and coworkers (Kanarek,
D’Anci, Jurdak, & Mathes, 2009; Kanarek, Gerstein, Wildman, Mathes, &
D’Anci, 1998) indicated that exercise and drug seeking may be mediated by
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the endogenous opioid system. A difficulty in considering exercise as a treat-
ment for drug abuse, in terms of a substitute for drug addiction, is that in a small
subset of individuals, too much exercise can become addictive and result in
activity-induced anorexia (Davis, Kennedy, Ravelski, & Dionne, 1994). This has
also been modeled in rats (Spear & Hill, 1962).

4. Sign vs. goal tracking. Another dimension of individual differences that has
recently been reported to be predictive of addictive behavior involves rats
selected for attention to cues associated with food reward (sign tracking—ST),
or the food receptacle (goal tracking—GT). For the ST rats, stimuli associated
with food reward have more incentive salience, while goal tracking rats focus
their attention on the goal or food reward and its delivery receptacle (Flagel
et al., 2008). These studies found that ST rats, for which stimuli associated with
food reward have more incentive salience, self-administer more cocaine and
show more drug-primed reinstatement of cocaine seeking compared to GT rats
that focus their attention on the food reward and its delivery receptacle
(Saunders & Robinson, 2011a, b; Saunders, Yager, & Robinson, 2013).
Distinctions between stimulus (sign) and reward (goal) seeking in rats have
not yet been associated with parallels for these attentional differences in humans,
but recent studies with animal models suggest there is some overlap between
impulsive and high-novelty-seeking characteristics. Thus, as discussed regard-
ing Table 2.2, these relatively recent findings on ST and GT individuals might
indicate another behavioral dimension that predicts high vs. low probability for
addictive behavior. While this dimension could have some overlap with impul-
sive behavior, further work is needed to determine whether it is a unique trait
that is predictive of drug abuse in humans and other animals.

The high performing phenotypes on all of these measures, compared with the
low performing phenotypes, exhibited increased drug-seeking behavior using
several models and phases of the addiction process. Thus, sweet preference is
one example of several forms of nondrug reward-seeking traits that predict
higher levels of drug seeking. There are other biological factors that determine
vulnerability to drug abuse and predict high levels of drug seeking, such as sex
(female) and age (adolescent), and these factors add to the selected or selectively
bred addiction-prone phenotypes to predict even higher levels of drug-seeking
behavior, or in the case of low drug preferring attributes, more resilience. Thus,
avidity for palatable foods, as shown in the HiS rats, is only one example of
several forms of reward-seeking traits in rats that predict high rates of drug-
seeking behavior. However, sweet preference seems to be one of the strongest
and most reliable traits that predict drug abuse, and it may be related to the
interchangeability of food and drug addiction. Corresponding evidence has also
been reported in humans with impulsivity as a predictor of drug abuse (Yi,
Mitchell, & Bickel, 2010).

As indicated in Table 2.2 there are also several other strain or line differences
in rats that predict drug abuse, and some have corresponding differences in
feeding behavior. For example, there are rats that have been selected or bred to
have high vs. low fear, anxiety, and emotionality, and these rats parallel the LoS
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vs. HiS and Lol vs. Hil rats in terms of opposite relationships between aversion
sensitivity and amount of drug self-administered (Holtz & Carroll, 2013). Also,
Lewis (LEW) rats exhibit more drug seeking than Fischer (F344) rats, high
alcohol consuming (HAC) rats consume more alcohol than low alcohol consum-
ing (LAC) rats, and Roman high avoidance (RHA) rats consumed more ethanol
compared to Roman low avoidance (RLA) rats (Guitart-Masip et al., 2006;
Manzo et al., 2012) and LAC rats. However, the RLA and LAC rats have higher
measures of stress reactivity, suggesting that rats that are avid drug seekers seem
to be resilient to stress and aversive consequences of drug taking, while less drug
addiction-prone rats are more susceptible to stress and aversive consequences of
drug self-administration.

2.6 Reactivity to Aversive Events Associated with Drug
Seeking in HiS and LoS Rats

Early findings by Dess and colleagues showed that while HiS rats consumed more
of a variety of palatable substances such as sugars, saccharin, polycose, and salt
than LoS rats, LoS rats were responsive in their aversion to bitter components of
ethanol and taste mixtures (Dess, 1993, 2000; Thiele, Badia-Elder, Keifer, & Dess,
1997). Subsequent work by Dess and colleagues (2005) on the HiS and LoS rats and
recent studies from our laboratory (Carroll, Holtz, & Zlebnik, 2013; Holtz &
Carroll, 2013) have shown that the interaction between feeding behavior and drug
seeking is more complicated than substitution of one rewarding substance (e.g.,
drug) for another (sweet food), and in fact, the relative reactivity to the aversive
effects of ingested substances has an important role in the HiS/LoS difference in
drug taking in rodent strains. Recent evidence suggests that the balance of reward-
ing and aversive effects is important to take into account when assessing addiction
liability (Riley, 2011; Verendeev & Riley, 2013). Table 2.2 summarizes examples
of high vs. low drug-abuse-vulnerable rat lines and indicates that the low drug-
seeking counterparts of each pair of lines have a greater reaction to aversive events
than their high reward-seeking counterparts.

While the HiS rats inform us about general vulnerability characteristics that
predict drug-seeking behavior, the LoS rats provide valuable information about
resilience to and avoidance of addictive behaviors involving both food and drugs.
Initial work by Dess and colleagues (Dess et al., 2000; Dess & Minor, 1996;
McLaughlin, Dess, & Chapman, 2011) and in our laboratory (Carroll, Holtz, &
Zlebnik, 2013) indicates that LoS rats are more reactive to aversive stimuli, such as
food restriction, than HiS rats. LoS rats are also more severely affected by the
adverse effects of withdrawal of rewarding substances such as ethanol, glucose
(Dess, O’Neill, & Chapman, 2005; Radke, Zlebnik, & Carroll 2014; Dess,
Badia-Elder, Thiele, Kiefer, & Blizard, 1998; Yakovenko et al., 2011), or food
(McLaughlin et al., 2011); LoS rats also react more than HiS rats to brief intermit-
tent bursts of white noise (acoustic startle) (Dess et al., 2000), and during ethanol
withdrawal, Dess et al. (2005) also used ethanol withdrawal-induced conditioned
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taste aversion (CTA) as an indicator of the aversive effects of withdrawal in HiS
and LoS rats, and the CTA was significantly greater in LoS than HiS male rats.
These studies were expanded by examining the effects of stress (inescapable foot
shock) on startle amplitude in the HiS and LoS rats, and results indicated a greater
effect on startle amplitude on LoS (vs. HiS) rats (Gonzales, Carrett, Chapman, &
Dess, 2008).

In a recent study, spontaneous and naloxone-precipitated morphine withdrawal
effects were measured in HiS and LoS rats using elevation in intracranial self-
stimulation thresholds, and LoS rats’ thresholds were more elevated than HiS rats’
indicating greater aversion to morphine withdrawal in LoS than HiS rats. These
effects of drug withdrawal in HiS and LoS rats have recently been found with
forced glucose abstinence (withdrawal) (Yakovenko et al., 2011). Rats were given
extended access to glucose, and escalation of glucose intake was positively
correlated with an increase in acoustic startle responding in the LoS vs. HiS rats.
Similar findings with drug and glucose withdrawal in HiS vs. LoS rats are consis-
tent with previous reports of parallel findings in studies of drug dependence,
dysregulation of food intake, and food addiction (Avena, Long, & Hoebel, 2005;
Avena, Rada, & Hoebel, 2006; Blumenthal & Gold, 2010).

Another approach to examining differences in HiS vs. LoS rats with regard to
aversive effects has been to train rats to self-administer IV cocaine infusions and,
after behavior stabilizes, to punish the cocaine-taking behavior by adding an
aversive stimulus, histamine, to the cocaine solution. Thus, cocaine self-
administration was punished by allowing the rats to self-administer a dysphoric
consequence, histamine, during cocaine self-administration (Holtz, Anker, Regier,
Claxton, & Carroll, 2013). First, a cocaine-only baseline was obtained for ten stable
daily 2-h. sessions, followed by 10 days of cocaine + histamine, and subsequently,
there was a 20-day return to cocaine only. Figure 2.1a indicates that both HiS and
LoS rats reduced their cocaine self-administration by more than half during hista-
mine treatment, but LoS rats were very slow to recover during the first 15 days of
return to cocaine alone, while HiS rats returned to pre-histamine baselines in 3 days
or less. Figure 2.1b illustrates the delay in recovery of the cocaine baseline over
2 weeks in the LoS rats. Thus, the aversive effects of punishment had similar
aversive effects as stress measures that were previously discussed, in that LoS
rats were more affected by aversive events than HiS rats.

2.7 Treatment Models in HiS and LoS Rats

The ultimate goal in understanding vulnerability to drug abuse, and how it relates to
aberrant feeding patterns, is preventing the escalation of food or drug use by
delivering treatment to those with food or drug addiction. While much has been
learned about vulnerability factors, and their interactions, there are almost no
clinical data on treatment in high vs. low vulnerable groups. One area that has
been studied in this regard shows that addictive behavior is related to sex
differences (F > M), and ovarian hormonal cycles (follicular > luteal) (see reviews



36 M.E. Carroll and N.A. Holtz

: Cocaine +
i Cocaine + f Histamins Cocaine (Post-Histamine)
80, Cocaine 1 Histamine Cocaine o 60 Histamine
e HS | ] E S -— S
- LoS | 1 = @ 404 LS
= H H w @ .
W =0 1 | » E > '—i =
9 I Vo MM e g3 209
PR3 et VA - N
g F3 . o | e® L P e o0 — — e — e
S 40 {2* 50 ] @ © . T
&) e e 8§ S 20
= | =20 § 1 -
= : * < 1
- I8 = 24
] e * # H 40 )
o - F L I - T
= o W * &2 e
I ® = g0 1 4 1
) | ¥R 62 Y+
o Lt Rl 3 E g ey iy 2 ] 80 1 i = N . .
0 10 20 30 40 3 4 5 1 7 B
Day 5-Day Blocks

Fig. 2.1 Mean daily cocaine infusions (+ SEM) are presented over 40 days in rats that were (a)
selectively bred for high (HiS) or low (LoS) on measures of saccharin consumption or (b) high
(Hil) or low (Lol) impulsive based on a delay-discounting task with food reward. The first 10-day
period represents a stable baseline period when only cocaine (0.4 mg/kg) was available under a
fixed-ratio 1 (FR 1) schedule. During days 11-20, histamine (4 mg/kg/infusion) was added directly
to the cocaine syringe, and subsequently on days 2140 only cocaine was available. Filled symbols
indicate the HiS or Hil groups, respectively, and open symbols represent the LoS and Lol groups.
An asterisk indicates a significant difference from baseline block 2 (Days 6-10), and @ indicates
days when there were significant differences between the phenotypes at the p <0.05 level
(reprinted with permission from Holtz, Anker, et al., 2013)

by Anker & Carroll, 2010, 2011). Initial studies indicate that females exceed males
during all phases of drug abuse that are modeled in the laboratory, except during
withdrawal when males show more severe withdrawal effects than females (Carroll,
Mach, et al., 2009), and in females withdrawal severity varies with phase of the
menstrual cycle (Carroll, Johnson et al., 2013). In the few animal studies of sex
differences in treatment effects, females were also more responsive to both behav-
ioral and pharmacological treatments than males (Anker & Carroll, 2010, 2011;
Carroll & Anker, 2010). In treatment of women for cigarette smoking, treatment
also varies with phase of the menstrual cycle and when during the cycle the quit
attempt is initiated (Allen, Bade, Center, Finstad, & Hatsukami, 2008; Franklin
et al., 2007; Mazure, Toll, McKee, Wu, & O’Malley, 2011).

Much less is known about differential treatment effects with other individual
differences such as HiS and LoS, Hil and Lol; however, in a few treatment studies
that have recently been completed, it appears that the low drug-abuse-vulnerable
phenotypes (LoS, Lol) were more responsive to treatment than their high vulnera-
ble counterparts. For instance, as indicated in Fig. 2.2a, when HiS rats were allowed
to self-administer cocaine and escalate their intake over 6-h sessions, progesterone
(which functions as a GABA, modulator) treatment initially reduced cocaine
infusions in LoS rats, but increased cocaine in HiS rats at the end of the 21-day
escalation period (Anker, Holtz, & Carroll, 2012). Similarly as indicated in
Fig. 2.2b, baclofen, a GABAg agonist, reduced cocaine infusions throughout the
21-day escalation phase in LoS rats and increased cocaine infusions during the last
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Fig. 2.2 Percent change of infusions self-administered by HiS and LoS rats are averaged into
5-day blocks and compared to the 5-day baseline average. The hash sign indicates phenotype
differences in percent change of infusions self-administered between the phenotypes compared to
baseline at the p < 0.05 level (reprinted with permission from Holtz, Anker, et al., 2013)

few days in the HiS rats (Holtz & Carroll, 2011). In a recent study of allopreg-
nanolone (progesterone metabolite), treatment of Hil and Lol rats during reinstate-
ment of cocaine seeking (relapse) primed by cocaine or caffeine, Lol rats showed a
greater reduction in reinstatement than Hil rats (Regier, Zlebnik, Claxton, &
Carroll, 2013). Similarly, combined exercise (wheel running) and atomoxetine
had greater effects than each treatment alone and a better reduction in reinstatement
responding in Lol than Hil rats. These results that indicated better treatment results
in the LoS and Lol, less vulnerable groups, are in contrast with the treatment results
in male and female rats and monkeys. In several studies, the more vulnerable
females showed a better treatment response with both medications such as ketoco-
nazole for heroin (Carroll, Campbell, & Heideman, 2001), or baclofen (Campbell,
Morgan, & Carroll, 2002), or bremazocine (Cosgrove & Carroll, 2002) for cocaine
self-administration, and behavioral interventions such as access to saccharin for
phencyclidine (Cosgrove & Carroll, 2003) or exercise for cocaine (Cosgrove et al.,
2002) self-administration.

The recent data reviewed here regarding the LoS rats’ greater sensitivity to
aversive effects of drugs and the HiS rats’ greater sensitivity to the rewarding
effects provides information regarding the design of customized treatment
strategies for drug abuse. For example, the LoS rats responded more to histamine,
which may have functioned as an aversive treatment or a negative factor that when
added to the positive cocaine effect neutralized the rewarding effects of cocaine,
while in the HisS rats for which cocaine’s rewarding effects may have been stronger,
histamine treatment was unable to reduce the rewarding effects of cocaine beyond
the immediate treatment phase. In terms of translating the present animal studies to
customized strategies to humans, a method used for drug addiction in humans that
has been relatively successful is the community reinforcement approach (Higgins
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et al., 2003), a form of contingency management whereby compliance with drug
abstinence is rewarded over time by an accelerating point schedule that can be used
for valuable commodities in the community (e.g., school tuition, rent, etc.), while
noncompliance is punished by resetting the point contingencies. Based on the
animal data, it would be hypothesized that those with lower addiction severity
assessments at intake would respond better to more severe punishment (point reset)
contingencies, while those with high addiction severity might have more success
with a steeper point acceleration to enable nondrug alternatives to interfere with
drug seeking. There is substantial evidence that nondrug alternatives interfere with
drug seeking (Carroll, Bickel, & Higgins, 2001; Cason & Grigson, 2013); however,
little laboratory work has been done to model treatment in differentially vulnerable
groups using animals. The initial findings with HiS vs. LoS and Hil vs. Lol rats
suggest that a better understanding of how vulnerability interacts with treatment
receptivity might lead to optimal customized treatments for drug abusers.

Conclusion

This chapter has discussed accumulating evidence for a strong relationship
between feeding behavior and drug seeking. Recent studies using DSM-IV
criteria such as difficulty limiting use, increased motivation to use, and
continued use despite negative consequences have shown in laboratory models
with rats that there is a strong relationship between “food addiction,” which may
be related to DSM eating disorders, and drug addiction. Palatable food and
addictive drugs, such as cocaine, are interchangeable as reward; thus, one form
of maladaptive behavior may be substituted for another. In this chapter we
focused on a genetic model—rats that are selectively bred to prefer and binge
on sweet substances (HiS), and their low saccharin-preferring counterparts
(LoS) that do not exhibit these excessive behaviors. The HiS line shows
preferences for drugs of abuse and drug bingeing behavior according to the
DSM criteria, while LoS rats do not; thus, these lines serve as models for a wide
range of human drug users. There are related vulnerability factors such as high
and low impulsivity (Hil, Lol) that show preference for and bingeing on cocaine
and novelty reactive (HR, LR) selected rats that initiate drug seeking more than
low reactive (LR) rats. There is also a high-novelty-preferring (HNP) phenotype
that exhibits more impulsive and compulsive drug seeking compared to low-
novelty-preferring (LNP) rats. The HiS and LoS rats and the other selected or
selectively bred lines have unique characteristics but similar predictions for
addictive behavior. There is some overlap in vulnerability factors mentioned
here that can result in additive vulnerability to addiction and which allows for a
wide range of vulnerability profiles that can determine severity of drug abuse,
but the factors focused on in this chapter (e.g., sweet preference, impulsivity) are
relatively independent. Yet, the vulnerability characteristics may be additive
with each other and with age and sex as well, allowing for a wide range of
vulnerability profiles that can determine drug abuse. Also, vulnerability status is
a factor to consider in designing treatment strategies, as initial studies indicate
that treatment outcome varies considerably in differentially vulnerable
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phenotypes, suggesting that custom-designed or multiple treatments might be an
important consideration for the high-vulnerability phenotypes. Initial studies
with rats suggest that vulnerability status is an important determinant of treat-
ment outcome. Since factors that determine food and drug addiction are inter-
woven, it is likely that treatments for drug abuse would benefit other disorders of
behavioral dysregulation such as obesity.
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Abstract

Eating disorders (ED) as well as substance use disorders (SUD) commonly start
during adolescence and young adulthood, an important time of brain maturation
that includes neurotransmitter receptor expression. Increasing attention should
be paid to neurobiological mechanisms and brain circuit alterations that may be
shared across those potentially related disorders. Studies in ED suggested lower
cerebrospinal fluid (CSF), serotonin (5-HT), and dopamine (DA) metabolite
levels, neurotransmitters involved in the regulation of eating, mood, and anxiety,
among other functions. Higher 5-HT metabolite levels after recovery suggested
that this could be a trait alteration. The body of CSF neurotransmitter research in
SUD is small. However, alcoholism may be associated with reduced CSF 5-HT
metabolites, and acute substance use may increase 5-HT release but also inhibit
5-HT neuronal activity through auto-inhibition, while withdrawal from most
substances is associated with reduced extracellular 5-HT. More recent research
in ED using brain imaging implicated neurotransmitter receptors such as the
5-HT 4 receptor, 5-HT, 4 receptor, and 5-HT transporter or DA D2/3 receptors,
which predicted high anxiety and harm avoidance. Studies in SUD suggested
5-HT and DA receptors may undergo adaptive changes during stages of the
illness. Other addictive disorders include tobacco use and gambling behavior,
and their neurobiology has been linked to reward and DA pathways. Overall,
research suggests that 5-HT and DA are involved in the neurobiology ED and
SUD as well as behavioral addictions, and comparative research across disorders
should be undertaken to identify underlying mechanisms.
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3.1 Introduction

The eating disorders (ED) anorexia (AN), bulimia nervosa (BN), and binge-eating
disorder (BED), as well as the substance use disorders (SUD), commonly start
during adolescence or young adulthood (American Psychiatric Association, 2013),
a time full of changes in brain biology and maturation (Rumsey & Ernst, 2009).
Advances in technology have allowed us to examine aspects of central neurotrans-
mitter systems that could be related to eating and addictive disorder pathophysiol-
ogy. Older studies have focused on cerebral spinal fluid (CSF) to examine
metabolite levels of various neurotransmitters such as serotonin (5-HT), dopamine
(DA), norepinephrine (NE), and opioids, as well as other indirect measures of
central neurochemical concentration and activity, such as platelet studies and
pharmacologic challenge studies. Since then, various brain imaging techniques
have been employed to examine brain neurotransmitter receptor availability, espe-
cially positron emission tomography (PET), which uses radio tracers that bind to
specific neurotransmitters in the brain. In the more recent past, brain imaging
techniques such as functional magnetic resonance imaging (fMRI) have used
behavioral paradigms that stimulate specific neurotransmitter circuits, an approach
that helps tie brain neurotransmitters to disorder-relevant behaviors. One such
approach is the study of the brain reward system. Both food and substances of
abuse provide powerful stimulation of brain reward circuits (Kelley & Berridge,
2002; Kelley, Schiltz, & Landry, 2005), and hence, there should be significant
overlap in the neurobiology of neurotransmitters across those disorders (Kaye et al.,
2013). This chapter will review past neurotransmitter research in ED and SUD as
well as describe recent developments that may help identify altered brain circuits
that may be shared between those disorders.

3.2 Serotonin
3.2.1 Anorexia Nervosa

Several authors have reviewed evidence for 5-HT dysregulation in individuals who
were ill with AN and BN (Brewerton, 1995; Jimerson, Lesem, Kaye, Hegg, &
Brewerton, 1990; Jimerson et al., 1997; Kaye, Strober, & Jimerson, 2004; Steiger,
Gauvin, et al., 2001; Treasure & Campbell, 1994). Brain 5-HT is involved in mood,
anxiety, feeding, and sleep regulation among other processes (Naughton,
Mulrooney, & Leonard, 2000). Early studies used CSF 5-HT metabolite levels to
approximate 5-HT brain levels (Stanley, Traskman-Bendz, & Dorovini-Zis, 1985).
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111 restricting-type AN subjects had a significant reduction in CSF of the serotonin
metabolite 5-hydroxyindoleacetic acid (5-HIAA) compared to control women
(Jimerson, Lesem, Hegg, & Brewerton, 1990; Kaye, Ebert, Gwirtsman, & Weiss,
1984; Kaye, Gwirtsman, George, Jimerson, & Ebert, 1988). Interestingly, a recent
study has found increased 5-HT but also DA metabolites in obesity (Markianos,
Evangelopoulos, Koutsis, & Sfagos, 2013), indicating that symptomatic AN and
OB may be on opposite ends of a neurobiological spectrum. In comparison,
recovered restricting-type AN subjects had elevated concentrations of CSF
5-HIAA, proposing the possibility that elevated 5-HT could be a premorbid trait.
5-HT neuronal pathways play a role in the expression of anxiety and fear, obses-
sional behaviors, and depression (Charney, Woods, Krystal, & Heninger, 1990;
Kaye et al., 2008; Price, Charney, Delgado, & Heninger, 1990), and increased 5-HT
activity may be related to harm-avoidance traits (Kaye et al., 2008). By depleting
tryptophan, the dietary precursor of 5-HT (Fernstrom & Wurtman, 1971), food
restriction may produce anxiolytic effects for those predisposed to ED develop-
ment. In fact, studies have found that depletion of tryptophan (TRP) may reduce
dysphoric mood in ill and recovered AN subjects (Kaye et al., 2003), and food
reduction may thus produce “self-medicating” effects.

Neurotransmitter receptor imaging studies assess the “functional availability” of
5-HT receptors in the brain. In particular, the 5-HT;, and 5-HT,, receptors are
believed to be involved in the modulation of mood, feeding, impulse control, sleep,
and anxiety. Using PET and the radioligand [11C]WAY, 5-HT 5 receptor binding
has been found to be elevated across most brain regions in a mixed group of
symptomatic restricting- and binge-eating/purging-type AN subjects compared to
healthy controls, as well as in binge-eating/purging-type AN after recovery (Bailer
et al., 2005). In contrast, recovered restricting-type AN individuals showed normal
brain 5-HT; 4 binding (Bailer et al., 2005). In addition, there appears to be reduced
5-HT, binding in the frontal, parietal, and occipital cortices in both ill and
recovered AN individuals (Audenaert et al., 2003; Frank et al., 2002). In summary,
after recovery, 5-HT;, receptor binding seems to differentiate AN subtypes,
whereas 5-HT;4 receptor binding is reduced in both restricting and binge-eating/
purging AN in various brain regions. Since these disturbances occur after recovery,
they may reflect either trait disturbances or scars from the illness.

Some progress has been made to tie such neuroreceptor abnormalities to
ED-related behaviors. Harm avoidance, a behavioral correlate of anxiety, has
been found to be positively correlated with mesial temporal cortex (amygdala and
hippocampus) 5-HT,, binding in recovered binge-eating/purging AN, and with
mesial temporal cortex 5-HT;, binding in recovered restricting-type AN. Most
recently, the interaction of 5-HT transporter binding with DA receptor availability
was associated with harm avoidance in AN after recovery (Bailer et al., 2013),
suggesting that interaction of those two neurotransmitter systems contributes to the
modulation of complex behaviors such as anxiety.

The 5-HT, 5 receptor has been implicated in food reward modulation (Carli &
Samanin, 2000), while the 5-HT,c receptor may in part transmit “reward signals”
(Higgins & Fletcher, 2003). Serotonin brain levels influence weight in rodents,
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there is cross talk with reward modulating sites (Konkle & Bielajew, 1999), and
5-HT is implicated in delay of reinforcement and reward processing (Cardinal,
Winstanley, Robbins, & Everitt, 2004). Furthermore, 5-HT may be involved in the
learning and “appraisal” of rewarding stimuli (Merali, Michaud, McIntosh, Kent, &
Anisman, 2003). Thus, the 5-HT system appears to take part in cognitive, emo-
tional, and salience aspects of eating modulation.

Some, but not all, genetic studies support altered 5-HT receptor function in AN
(Collier et al., 1997; Enoch, Greenberg, Murphy, & Goldman, 2001; Hinney,
Ziegler, Nothen, Remschmidt, & Hebebrand, 1997; Nacmias et al., 1999; Sorbi
et al., 1998), and the possibility that genotype could contribute to 5-HT receptor
function in AN will need further study.

3.2.2 Bulimia Nervosa

Il individuals with BN have normal CSF 5-HIAA levels, but the more severely
affected present with lower CSF 5-HIAA levels (Jimerson, Lesem, Kaye, &
Brewerton, 1992). In contrast, recovered BN individuals showed elevated CSF
5-HIAA (Kaye & Weltzin, 1991). This suggests that abnormally high 5-HT brain
levels could be a trait marker for AN as well as BN. Considerable evidence also
exists for a dysregulation of 5-HT 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 (Brewerton & George, 1993; Brewerton,
Mueller, et al., 1992; Monteleone, Brambilla, Bortolotti, Ferraro, & Maj, 1998).
Acute perturbation of 5-HT 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 (Bruce et al., 2009), which further suggested that
this neurotransmitter system could be involved in the psychopathology of BN.
Brain imaging studies (Kaye et al., 2001) have found reduced orbitofrontal
5-HT,4 receptor binding in recovered BN using PET and the radioligand [18F]
altanserin. A number of studies have implicated the orbitofrontal cortex in inhibi-
tory processes (Robbins, 2005) and in the representation of food-related affective
values (Kringelbach, O’Doherty, Rolls, & Andrews, 2003). Thus, orbitofrontal
alterations may contribute to behavioral disturbances associated with BN, such as
impulsivity and altered emotional processing (Steiger, Young, et al., 2001),
although this has not been explored empirically yet using specific behavior tasks
with 5-HT-related probes. BN women failed to show the negative correlations of
age and 5-HT,4 binding found in normal controls (Kaye et al., 2001), and this lack
of correlation may reflect a scarring effect from the illness. Symptomatic BN
patients have also shown reduced 5-HT transporter binding in the thalamus and
hypothalamus (Tauscher et al., 2001), but increased 5-HT;, receptor binding
(Tiihonen et al., 2004), most prominently in the medial prefrontal cortex, posterior
cingulate, and angular gyrus of the parietal cortex. After recovery, patients with BN
had increased 5-HT,; 5 binding compared to healthy controls as well (Bailer et al.,
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2011), and 5-HT 5 binding in BN predicted measures for inhibition. The dynamics
between 5-HT receptor expression and synaptic 5-HT are not well understood.
Reduced 5-HT; binding in recovered BN subjects may be related to higher level of
endogenous 5-HT in the synaptic cleft or a downregulation of the receptor. With the
same schema, increased 5-HT  receptor binding during the symptomatic state may
reflect reduced 5-HT synaptic level and an upregulation of the receptor (Enoch
et al., 1998; Jimerson et al., 1992). In addition, reduced 5-HT transporter availabil-
ity in ill individuals with BN may be an adaptation in response to lowered 5-HT
concentrations in the premorbid state. Of interest, selective 5-HT reuptake
inhibitors (SSRIs) are effective in the treatment of BN, but symptomatic BN
requires higher doses of such medications compared to, for instance, patients
being treated for depression. This relative resistance to SSRI treatment may be
related to an upregulation of 5-HT 5 autoreceptors, which inhibit 5-HT release.

3.2.3 Binge-Eating Disorder

A new ED, binge-eating disorder (BED), was just introduced in the last edition of
the DSM (American Psychiatric Association, 2013). That disorder is characterized
by binge episodes as in bulimia nervosa but lacks compensatory mechanisms, and
BED is therefore typically associated with obesity. BED individuals share high
depression and anxiety in addition to preoccupation over shape and weight with AN
and BN. The use of the SHT reuptake inhibitors fluoxetine and sertraline showed
some promise reducing binge-eating symptoms and body weight in BED
(Leombruni et al., 2008), but it is yet unclear whether the use of such medication
is in fact targeting binge eating or rather depression and anxiety, with eating
behavior changes as secondary effects (Akkermann, Nordquist, Oreland, &
Harro, 2010). A small study with ten BED subjects studying prolactin response to
the SHT stimulating challenge drug D-fenfluramine did not find a difference on this
measure compared to controls (Monteleone, Brambilla, Bortolotti, & Maj, 2000).
The supplement chromium effects mood and eating behavior and has shown some
promising pilot results, but larger studies will be needed for confirmation
(Brownley, Von Holle, Hamer, La Via, & Bulik, 2013).

3.2.4 Substance Use Disorders

Studying neurotransmitters in addictive disorders is similarly difficult as in ED, as
the biological effects here of drug or alcohol interact with existing predisposing
biological factors, and teasing apart short-lived state from illness determining trait
factors is complex. This has complicated human research in this area, and most of
the knowledge stems from animal studies, although they might not reflect “real-
life” circumstances. However, it is known that acute administration of substances
such as alcohol, stimulants, cocaine, and opioids increases extracellular 5-HT but in
return decreases 5-HT neurotransmission via either 5-HT | 5 receptor auto-inhibition
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(in response to alcohol, cocaine, stimulants) or gamma-aminobutyric acid (GABA)
action (in response to opioids) in the brain (Kirby, Zeeb, & Winstanley, 2011).
Interestingly, 5-HT neuronal response tends to normalize again during chronic use,
while withdrawal has been associated with decrease of extracellular 5-HT, and thus
possibly contributing to dysphoria and craving during removal of the substance
from the organism (Kirby et al., 2011).

The body of literature on neurotransmitter research in humans with SUD
problems has been small and is not always easy to interpret with respect to disorder
pathology. CSF studies have found a variety of results across alcohol and substance
addictions. 5-HIAA levels of alcoholics 1-2 months after their last drink were
significantly lower compared to healthy controls or alcoholics within 1-2 days after
their last drink (Ballenger, Goodwin, Major, & Brown, 1979). Others found reduced
platelet 5-HT content, uptake, and CSF 5-HIAA secondary to chronic alcohol use,
which was hypothesized be related to anxiety and depression associated with
alcohol use (Tollefson, 1989). However, another study did not find 5-HIAA levels
in CSF in alcohol dependence different from controls, and there was also no group
difference in DA or NE metabolites (Agartz, Shoaf, Rawlings, Momenan, &
Hommer, 2003). More than ten brain imaging studies have assessed the 5-HT
transporter in alcohol dependence, but no uniform picture has emerged, that is,
studies found increased, normal, or decreased transporter availability (Cosgrove,
2010).

A study in cocaine addiction found no significant relationships between cocaine
craving scores and CSF 5-HIAA concentrations, but that study did not report on a
comparison group (Roy, Berman, Gonzalez, & Roy, 2002). Ecstasy users however
showed lower CSF 5-HIAA compared to controls (Stuerenburg et al., 2002). The
number of studies that has investigated CSF neurotransmitters including 5-HT is
small, but chronic alcohol or substance use may be associated with lower 5-HT
metabolites in CSF compared to controls. How this contributes to illness behavior is
uncertain. However, ED and SUD are associated with alterations in 5-HT system
activity, and this could contribute to mood and anxiety problems that could prolong
the illness or promote relapse. Brain imaging of the 5-HT transporter found
increased availability in the brain stem of cocaine-dependent individuals during
acute abstinence, which could indicate a compensatory upregulation (Jacobsen
et al., 2000). In contrast, in alcoholism, 5-HT transporter availability was lower
in some studies (Heinz et al., 1998; Szabo et al., 2004) but normal in another
(Brown et al., 2007) compared to controls. Importantly, tobacco smoking may have
an important confounding role in those studies by apparently suppressing 5-HT
transporter availability in alcoholism (Cosgrove et al., 2009).

3.2.5 Other Addictive Disorders

Gambling disorder is new in DSM-5, and tobacco use has now the same criteria as
the other SUD. A multitude of neurotransmitter systems are involved in gambling,
including 5-HT (Leeman & Potenza, 2013), but whether for instance increase
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(Cuomo et al., 2013) or depletion (Koot et al., 2012) of 5-HT promotes the behavior
is uncertain. The highly addictive substance nicotine acts on nicotinic acetylcholine
receptors and 5-HT among transmitters such as adenosine, cannabinoids, DA, and
glutamate, but the exact mechanisms need further study (Wooters, Bevins, &
Bardo, 2009).

3.2.6 Summary

While our understanding of 5-HT in the pathophysiology of those disorders is
limited, there may be important overlap between the importance of 5-HT in ED
and SUD. As mentioned above, 5-HT has been associated with high anxiety and
inhibition in ED. In SUD and addictions, high impulsivity has been associated with
disease risk, and 5-HT might have an important role in this trait behavior
(Winstanley, Dalley, Theobald, & Robbins, 2004; Winstanley, Olausson, Taylor,
& Jentsch, 2010). For instance, individuals vulnerable to addiction may show
higher “impulsive choice,” a construct that includes the inability to await larger
rewards in the future, instead selecting smaller but immediate rewards (Ainslie,
1975; Reynolds, 2006). Clinically, this could be translated into the inability to work
toward the benefits of long-term recovery and rather chose the immediate, short-
term perceived benefits from substance or alcohol use. Therefore, neurobio-
logically, AN and addictive disorder individuals could be on opposite ends of a
spectrum of low to high impulsivity, possibly mediated at least in part by 5-HT
function. The BN population is somewhere in the middle in this framework with
aspects of both inhibition and disinhibition, which is reflected phenotypically in
binge/purge episodes alternating with food restriction (Tozzi et al., 2005). AN, BN,
and SUD populations have heightened sensitivity to salient stimuli (Brunelle et al.,
2004; Jappe et al., 2011; Lyvers, Duff, Basch, & Edwards, 2012; Wagner et al.,
2006). How those potential traits interact with high anxiety and inhibition in ED
(Fig. 3.1) but frequently low inhibition and high impulsivity in SUD will require
further careful and comparative study.

3.3 Dopamine

The DA pathways are a neuromodulatory system that arises from cells in the
midbrain (Kapur & Remington, 1996). These midbrain neurons release DA,
which acts on DA receptors. DA function contributes to the modulation of motor
activity (Alexander, Crutcher, & DeLong, 1990), weight and feeding behaviors
(Halford, Cooper, & Dovey, 2004), and reinforcement and reward (Volkow,
Fowler, & Wang, 2002). There is some indication that AN responds to typical
and atypical neuroleptics (Brewerton, 2004; Brewerton, 2012; Cassano et al.,
2003), which may indicate alterations in the DA system in that disorder.
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Fig. 3.1 To the left are behavioral and biological aspects that could drive eating and substance
use disorder behaviors. To the right is a schematic of brain structures involved in reward
processing. AN anorexia nervosa, BN bulimia nervosa, SUD substance use disorder

3.3.1 Anorexia Nervosa

Inill AN, CSF homovanillic acid (HVA), the major DA metabolite, was reduced by
about 30 % compared to controls (Kaye, Ebert, Raleigh, & Lake, 1984). In addition,
recovered restricting-type AN subjects had significantly reduced concentrations of
CSF HV A compared to controls and other ED subjects (Kaye, Frank, & McConaha,
1999). Whether individuals with restricting-type AN have an intrinsic disturbance
of DA (James & Starr, 1980; Kapur & Remington, 1996; Ugedo, Grenhoff, &
Svensson, 1989) remains uncertain. A mixed group of recovered restricting-type
and recovered binge-eating/purging-type AN women had increased DA D2/D3
receptor binding potential (BP) in the anteroventral striatum (Frank et al., 2005),
while decreased D2/D3 receptor binding has been found in obese subjects (Wang,
Volkow, Thanos, & Fowler, 2004). That finding supports the possibility that D2/D3
receptor binding may be inversely related to weight and eating, with restricting-
type AN on one end and obesity on the other end of the spectrum. Thus, increased
D2/D3 receptor availability in AN may contribute to a drive to become emaciated.
Increased DA D2/D3 receptor binding in AN might help explain the underlying
mechanism for why individuals with AN are able to lose weight, resist eating, and
overexercise, are protected from substance abuse, and are insensitive to natural
rewards. It is worth noting that food restriction sensitizes D2/D3 receptors in rats,
and if the same mechanism happens in AN then this could be a factor complicating
recovery (Carr, Tsimberg, Berman, & Yamamoto, 2003). The mentioned PET
imaging studies tested available DA receptor profiles, but they could not test the
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functionality of those receptors in relation to actual behavior. Others found
increased eye blink compared to controls (Barbato, Fichele, Senatore, Casiello, &
Muscettola, 2006) that suggested heightened DA sensitivity (Karson, 1983) in AN,
which could provide important clues that a downregulation of receptor sensitivity
might be important, despite the notion of low extracellular DA in AN.

3.3.2 Bulimia Nervosa

The early research indicated that CSF HV A is normal in individuals with BN when
they are ill (Kaye et al., 1990). A very recent study found that BN individuals had a
trend to lower DA D2/3 receptor binding in the striatum compared to controls, and
BN individuals showed less DA release compared to controls in response to
methylphenidate application (Broft et al., 2012). While this body of research is
small, it suggests that food restriction in AN may increase, and episodic binge
eating in BN could reduce DA pathway activity.

3.3.3 Binge-Eating Disorder

Having the addiction model in mind as in BN, research in BED has also focused on
brain DA function. A fairly solid model exists that describes DA in the mechanism
of binge eating (Avena, Bocarsly, & Hoebel, 2012) suggesting an addictive quality
(see Chaps. 1 and 13). Further, human studies have found higher DA release in
relation to binge eating (Wang et al., 2011), and the DA D2 receptor may be
involved in this disorder (Davis et al., 2012). A recent study in rodents supports
that notion (Halpern et al., 2013). Another recent study using the DA reuptake
inhibitor bupropion in BED led to short-term lower body weight, but did not
improve behaviors such as binge eating or food craving (White & Grilo, 2013).
All in all, the BED population is neurobiologically very heterogeneous, and no clear
recommendations can be given for pharmacologic intervention (Marazziti, Corsi,
Baroni, Consoli, & Catena-Dell’Osso, 2012).

3.3.4 Substance Use Disorders

DA has been extensively studied in animal models of addictive disorders. This
stems from the understanding that this neurotransmitter is intimately involved in the
processing of and response to salient, “rewarding or punishing” stimuli (Kelley &
Berridge, 2002; Ross & Peselow, 2009). Studying brain circuits that are related to
DA models in the context of brain reward function is particularly interesting for
several reasons. First, within brain reward circuits, DA is critically associated with
providing signals regarding the presence and amplitude of rewards (Kelley, Baldo,
Pratt, & Will, 2005; Schultz, 2002). Such signals facilitate reinforcement learning
(Daw & Doya, 2006) and have been found to code the value of a stimulus (Daw,


http://dx.doi.org/10.1007/978-3-642-45378-6_1
http://dx.doi.org/10.1007/978-3-642-45378-6_13

56 G.K.W. Frank

Gershman, Seymour, Dayan, & Dolan, 2011; Jocham, Klein, & Ullsperger, 2011),
which may even include the metabolic value of food (de Araujo, Ren, & Ferreira,
2010). Second, computer models for DA neuron reward activation exist that can be
related to human in vivo brain function (Sutton & Barto, 1998), helping in the study
of in vivo dynamics of human DA function.

Alcoholism was not associated with alterations in HVA levels compared to
controls in an early study (Ballenger et al., 1979), in a small follow-up study
(Sjoquist & Borg, 1984), or in a larger more recent investigation (Agartz et al.,
2003). One study though found higher HVA levels in early onset alcoholics com-
pared to controls or late onset alcoholic subjects, but HVA levels were unrelated to
craving measures (Petrakis et al., 1999). In contrast, cocaine-dependent individuals
showed significantly higher CSF HVA than did the healthy controls, as did short-
term abstinent cocaine-dependent individuals (Roy, Berman, Gonzalez, et al., 2002;
Roy, Berman, Williams, Kuhn, & Gonzalez, 2002). Thus, in alcoholism DA
metabolites do not seem to reflect the addiction pathophysiology, although the
time of onset of the alcohol disorder could be related to HVA levels. There may
be more to be learned from CSF HVA in cocaine addiction, but the research body is
small and cannot be interpreted without using great caution.

DA transporter availability was in most studies increased in cocaine addiction
compared to controls (Crits-Christoph et al., 2008; Jacobsen et al., 2000; Malison
et al., 1998). It was hypothesized that this would be a compensatory upregulation,
and this was supported by the gradual decline in receptor levels during abstinence.
The DA D2/3 receptor was found to be lower compared to controls in most cocaine
dependence studies, possibly a sign of downregulation in response to overstimula-
tion (Martinez et al., 2004; Volkow et al., 1993; Volkow et al., 1990). In contrast,
lower DA D2/3 receptor availability seems to be a more consistent marker for
alcohol dependence (Cosgrove, 2010). Importantly, lower DA D2/3 receptor avail-
ability may be related to greater alcohol craving (Heinz et al., 2004) and higher
consumption (Martinez et al., 2005), as well as predict treatment outcome or relapse
(Guardia et al., 2000).

3.3.5 Other Addictive Disorders

As stated above, multiple neurotransmitter systems are involved in addictions
including tobacco and gambling. This is complicating treatment development,
and effective treatments were frequently found by chance, while systematically
studied compounds that promised success in animal models have failed (Pierce,
O’Brien, Kenny, & Vanderschuren, 2012). Gambling disorder is new to the field of
addictions and as there are only moderately well-formed concepts of neurotrans-
mitter involvement. Similarly to tobacco use, careful study will be required to
identify key neurotransmitters that can become targets for pharmacologic interven-
tion. DA appears to be the obvious first neurotransmitter, but as above in SUD, its
involvement is intertwined with many other systems in the brain.



3 The Role of Neurotransmitter Systems in Eating and Substance Use Disorders 57

3.3.6 Summary

DA function is a particularly interesting neurotransmitter system to study across
ED, SUD, and other addictive disorders. There is a clear overlap between natural
rewards such as food and substances of abuse and addiction with respect to
activation of the reward pathways (Kelley & Berridge, 2002). Prospective studies
in rodents that were exposed to over- or underconsumption of food (Avena, Rada, &
Hoebel, 2008; Carr, 2007; Johnson & Kenny, 2010) suggest adaptive DA-related
changes to food intake with sensitization to food restriction but desensitization to
excessive food ingestion quality (see Chaps. 1 and 13). Similar models have been
proposed for addictive disorders, where the organism eventually desensitizes so
much that exposure to alcohol or drugs only improves the mood state toward
“normal” without providing the “high” when first using (Koob & Le Moal, 2005).
For the addiction field a so-called reward deficiency model has been established,
proposing that such a reduced reward response could drive excessive use (Blum,
Gardner, Oscar-Berman, & Gold, 2012; Comings & Blum, 2000). This model could
fit the proposed psychopathology in BN and BED with a downregulation of
response to food stimuli and excessive sensitivity in AN after deprivation. Impor-
tantly, such adaptations could be targeted when in search for neurobiological
treatments for those disorders.

3.4 Norepinephrine

NE is part of the body’s stress system, which is also closely linked to the corticoid
system and corticotropin-releasing factor (CRF). Foods, as well as substances of
abuse, are regularly used by individuals in response to stress, while in AN food
restriction may be used in an attempt to handle stress better. Animal research has
shown that during withdrawal of substances of abuse anxiety increases, the
responsiveness to rewards is lowered, DA system function is reduced, and this is
accompanied by increases of CRF in the amygdala (Koob, 2010, 2013). Thus this
biologic system around stress may be highly important as a trigger for behaviors
that involve eating or alcohol and drug use. Other behaviors and central functions
that norepinephrine is involved are learning and memory, sleep—wake cycle, rein-
forcement, and general body metabolism, functions that have been associated with
eating behavior (Cooper, Bloom, & Roth, 2003).

3.4.1 Eating Disorders

The CSF levels of NE in underweight AN individuals and in these patients a few
weeks after weight restoration were similar to those in normal subjects, while long-
term (20 &= 7 months) weight-recovered AN individuals had a 50 % decrease in CSF
NE levels compared with those of controls (Kaye, Ebert, Raleigh, et al., 1984),
which could point toward trait alterations. A study in obese individuals did not find
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alterations in NE metabolites (Markianos et al., 2013), while another study found
that obese individuals compared to controls had reduced NE metabolite
methoxyhydroxyphenylglycol (MHPG) levels in addition to reduced
corticotropin-releasing hormone, beta-endorphins, and neuropeptide Y (Strombom
et al., 1996).

Bulimic patients had a significantly lower mean CSF NE concentration, while
CSF 5-HIAA and HVA were normal compared to controls (Kaye et al., 1990).All in
all, there may be alterations in ED with respect to the body’s stress system, but the
data are too few to draw meaningful conclusions at this point.

3.4.2 Substance Use Disorders

The available basic research in SUD and NE is larger, and theoretical models exist
on how this system could be involved. Most prominently, stress may be involved in
a reduced ability to experience rewards, causing a “reward deficit” which may
promote use (Koob, 2013). Clinically, alcohol-dependent individuals without overt
autonomic nervous system signs showed no change in MHPG in an earlier
(Fujimoto, Nagao, Ebara, Sato, & Otsuki, 1983) and a more recent study (Agartz
et al., 2003), but there was a positive correlation between CSF MHPG and intensity
of withdrawal symptoms in one study (Fujimoto et al., 1983). Yet another study that
explored family background in alcohol-dependent individuals showed that CSF
MHPG correlated negatively with subjective reported ethanol consumption as well
as presence of first-degree relatives with alcohol problems and presence of memory
lapses (Valverius, Hogstrom-Brandt, & Borg, 1993).

3.4.3 Summary

Most research on the relationship between stress-related neurotransmitters and
hormones in the control of ED and SUD or addiction has been done in animals.
However, this neurotransmitter system may provide a very promising avenue of
research in targeting cognitive-emotional factors that contribute to those disorders.

3.5 Opioids

While DA has been mostly associated with the drive to approach rewards or
so-called wanting, the opioids may be particularly involved in the hedonic
(“liking”™) aspects of food and other rewarding stimuli (Berridge, Robinson, &
Aldridge, 2009; Kelley & Berridge, 2002). One could then speculate that
individuals with trait-related attenuation in this system might be prone to excessive
need for hedonic stimulation, or if that system were overly expressed, it could be
highly able to resist both food and alcohol or drug stimuli.
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3.5.1 Eating Disorders

A small sample of subjects ill with AN showed significantly lower CSF
concentrations of the opioid beta-endorphin, as well as beta-lipotropin and
adrenocorticotropic hormone (ACTH), all derived from the same precursor mole-
cule, proopiomelanocortin (POMC) (Kaye et al., 1987). However, those alterations
remitted with recovery (Kaye, 1987). Another investigation found higher levels of
CSF opioids in severely underweight patients with AN compared to controls and
the same patients after weight restoration, while chronic AN with mild underweight
had normal levels of CSF opioids (Kaye, Pickar, Naber, & Ebert, 1982). In light of
those studies, it could be that food restriction sensitizes opioid activity in AN. This
could be consistent with research in BN that found less mu-opioid receptor binding
in the left insular cortex compared to controls while binding correlated inversely
with recent fasting behavior in that study, suggesting that the episodic excessive
food intake downregulates this receptor (Bencherif et al., 2005; Bencherif et al.,
2004; Brewerton, Lydiard, Laraia, Shook, & Ballenger, 1992; Stoeckel et al.,
2008).

3.5.2 Substance Use Disorders

Mu-opioid receptor binding has been found to be increased in active cocaine users,
as well as during immediate abstinence, but then decline, with the steeper the
decline indicating a longer time to relapse (Gorelick et al., 2005; Zubieta et al.,
1996). This receptor may have a critical role in craving and relapse in cocaine users.
In alcohol dependence, mu-opioid receptor availability may be increased or
decreased (Bencherif et al., 2004; Heinz et al., 2005), and more research is needed
to study the relevance of this neurotransmitter system in alcoholism.

3.5.3 Summary

There is a strong theoretical framework describing how the opioid system could be
involved in ED and SUD. There is a large body of research in animals but a small
amount of human work with respect to brain imaging. In contrast, a variety of
studies have used opioid receptor active agents as potential treatments, although
models of action for this receptor are still under development (Spetea, Asim,
Wolber, & Schmidhammer, 2013). Interestingly, more commonly p-opioid receptor
agonists are used in the treatment of drug addiction, while antagonists have
provided some but only modest success (Tetrault & Fiellin, 2012). Most recently,
an opioid receptor antagonist showed some promise in altering brain response to
images of food in binge-eating individuals (Cambridge et al., 2013), suggesting that
this receptor could become an important treatment target, at least in eating-related
disorders.
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3.6 Brain DA and Reward Function to Advance
Neurotransmitter Research in Eating and Substance Use
Disorders

The use of CSF samples and radioligand brain imaging to study neurotransmitter
systems has given us directions for further research; however, how those systems
are related to actual behavior continues to be largely obscure. The combination of
functional imaging that applies disorder-relevant tasks that have been associated
with specific neurotransmitter function has been a current approach for human
clinical in vivo research to answer such questions. Studying brain circuits that are
related to DA models in the context of brain reward function could be particularly
important here, as DA is critically associated with providing signals regarding the
presence and amplitude of rewards (Kelley, Baldo, et al., 2005; Schultz, 2002),
facilitates reinforcement learning (Daw & Doya, 2006), and has been found to code
the value of natural and drug reward stimuli (Daw et al., 2011; de Araujo et al.,
2010; Jocham et al., 2011; Kelley, Schiltz, et al., 2005). Second, computer models
for DA neuron reward activation exist that can be related to human in vivo brain
function. Predictions of brain neurotransmitter response can be compared with
actual brain activation and compared across pathologic or control groups. Such a
model is the temporal difference model (Sutton & Barto, 1981). This model is a
theoretical framework for computational reward learning that predicts brain DA
neuron response. This model has been previously tested for unexpected reward
receipt and omission in animal studies (Schultz, Dayan, & Montague, 1997) and
later validated for human brain imaging (D’ Ardenne, McClure, Nystrom, & Cohen,
2008; O’Doherty, Dayan, Friston, Critchley, & Dolan, 2003). In brief, DA neurons
exhibit a phasic burst of activation in response to the presentation of an unexpected
rewarding stimulus (the primary, unconditioned reward stimulus US). After
repeated presentation of an additional arbitrary stimulus (the conditioned stimulus
CS) preceding the US, the phasic activation of DA neurons transfers in time to the
presentation of the CS. Thus, the CS elicits a conditioned DA response. This
conditioned response is thought to reflect a prediction regarding upcoming rewards,
so that after presentation of the CS, there is a high likelihood of a reward appearing.
As it is thought to be a prediction, such a prediction can be violated. If the CS (and
therefore the conditioned DA response) is not followed by the expected reward
(US), then there is a violation of the prediction, and as a consequence at the time of
expected but omitted reward, there is a decrease in DA tone. This relationship
between CS and US is termed a “prediction error,” the difference between the value
of the reward stimulus received and that predicted.

Most recently 21 underweight, restricting-type AN (age M 22.5, SD 5.8 years);
19 obese (age M 27.1, SD 6.7 years); and 23 healthy control women (age M 24.8,
SD 5.6 years) were studied using functional magnetic resonance brain imaging
(fMRI) together with a reward-conditioning task that elicits the prediction error
response (Frank et al., 2012). The DA model reward-learning signal distinguished
groups in the anteroventral striatum, insula, and prefrontal cortex, with brain
responses greater in the AN group, but lower activation in the obese group,
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compared to controls. These results suggested that brain reward circuits are more
responsive to unexpected food stimuli in AN but less responsive in obese women. A
study using the same task in BN found reduced presumably DA-related response in
insula, ventral putamen, amygdala, and orbitofrontal cortex, and binge/purge fre-
quency in BN inversely predicted reduced TD model response (Frank, Reynolds,
Shott, & O’Reilly, 2011). Those results suggest that there may be adaptive changes
in response to under- or overeating in ED as seen in the animal studies described
above (Avena, 2013). The stronger response in AN but lesser activation in BN and
obese also indicates that those groups have differences in strength of learning
signals derived from DA-related activation provided to the prefrontal cortex. A
few studies have investigated prediction error response in addictive disorders. For
instance, methamphetamine has been shown to enhance the brain response during
prediction error stimulation (Menon et al., 2007). Most recently, research in alcohol
dependence has now shown that those individuals have a functioning prediction
error response but that the prefrontal cortex does not adequately learn from those
signals (Park et al., 2010). Thus, this model provides the opportunity to study a
variety of potential brain circuitry alterations including subcortical stimulus-reward
associations and higher-order learning-related pathways. As the prediction error
response has been associated with specific DA receptors, namely, the D1 and D2
type, there could be important avenues for future drug interventions (Maia & Frank,
2011).

Conclusion

Research over the past 30 or years has provided a variety of important findings
with respect to 5-HT, DA, NE, and opioid neurotransmitter system alterations
across ED and SUD populations. There are no studies that investigated how
those disorders overlap from a neurobiological level. The neurotransmitter
system that may have the biggest promise to reveal similarities across disorders
may be the DA system, as there is strong neuroscience-based knowledge,
especially regarding its involvement in reward processing. However, 5-HT
function may also be a strong candidate as it is involved in impulsivity and
inhibition, behaviors relevant to both ED and SUD, and research into the NE
system could provide important markers that relate to cognitive-emotional
triggers for pathologic eating or substance use in the context of stress. More
comparative research will be needed to disentangle interactions between these
disorders and neurotransmitter systems.

References

Agartz, 1., Shoaf, S., Rawlings, R. R., Momenan, R., & Hommer, D. W. (2003). CSF monoamine
metabolites and MRI brain volumes in alcohol dependence. Psychiatry Research, 122(1), 21—
35.

Ainslie, G. (1975). Specious reward: A behavioral theory of impulsiveness and impulse control.
Psychological Bulletin, 82(4), 463-496.



62 G.K.W. Frank

Akkermann, K., Nordquist, N., Oreland, L., & Harro, J. (2010). Serotonin transporter gene
promoter polymorphism affects the severity of binge eating in general population. Progress
in Neuro-Psychopharmacology and Biological Psychiatry, 34(1), 111-114. doi:10.1016/j.
pnpbp.2009.10.008.

Alexander, G., Crutcher, M., & DeLong, M. (1990). Basal ganglia-thalamocortical circuits:
Parallel substrates for motor, oculomotor “prefrontal” and “limbic” functions. Progress in
Brain Research, 85, 119-146.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(5th ed.). Arlington, VA: American Psychiatric Publishing.

Audenaert, K., Van Laere, K., Dumont, F., Vervaet, M., Goethals, 1., Slegers, G., ... Dierckx,
R. (2003). Decreased 5-HT2a receptor binding in patients with anorexia nervosa. Journal of
Nuclear Medicine, 44(2), 163—169.

Avena, N. M. (2013). Animal models of eating disorders. Totowa, NJ: Humana Press.

Avena, N. M., Bocarsly, M. E., & Hoebel, B. G. (2012). Animal models of sugar and fat bingeing:
Relationship to food addiction and increased body weight. Methods in Molecular Biology, 829,
351-365. doi:10.1007/978-1-61779-458-2_23.

Avena, N. M., Rada, P., & Hoebel, B. G. (2008). Underweight rats have enhanced dopamine
release and blunted acetylcholine response in the nucleus accumbens while bingeing on
sucrose. Neuroscience, 156(4), 865-871. doi:10.1016/j.neuroscience.2008.08.017, S0306-
4522(08)01179-2 [pii].

Bailer, U. F., Bloss, C. S., Frank, G. K., Price, J. C., Meltzer, C. C., Mathis, C. A., ... Kaye, W. H.
(2011). 5-HT(1)A receptor binding is increased after recovery from bulimia nervosa compared
to control women and is associated with behavioral inhibition in both groups. International
Journal of Eating Disorders, 44(6), 477-487. doi:10.1002/eat.20843

Bailer, U. F., Frank, G. K., Henry, S. E., Price, J. C., Meltzer, C. C., Weissfeld, L., ... Kaye, W. H.
(2005). Altered brain serotonin 5-HT1A receptor binding after recovery from anorexia nervosa
measured by positron emission tomography and [carbonyll1CJWAY-100635. Archives of
General Psychiatry, 62(9), 1032—-1041.

Bailer, U. F., Frank, G. K., Price, J. C., Meltzer, C. C., Becker, C., Mathis, C. A., ... Kaye, W. H.
(2013). Interaction between serotonin transporter and dopamine D2/D3 receptor radioligand
measures is associated with harm avoidant symptoms in anorexia and bulimia nervosa.
Psychiatry Research, 211(2), 160-168. doi:10.1016/j.pscychresns.2012.06.010

Ballenger, J. C., Goodwin, F. K., Major, L. F., & Brown, G. L. (1979). Alcohol and central
serotonin metabolism in man. Archives of General Psychiatry, 36(2), 224-227.

Barbato, G., Fichele, M., Senatore, 1., Casiello, M., & Muscettola, G. (2006). Increased dopami-
nergic activity in restricting-type anorexia nervosa. Psychiatry Research, 142(2-3), 253-255.
doi:10.1016/j.psychres.2005.07.031.

Bencherif, B., Guarda, A. S., Colantuoni, C., Ravert, H. T., Dannals, R. F., & Frost, J. J. (2005).
Regional mu-opioid receptor binding in insular cortex is decreased in bulimia nervosa and
correlates inversely with fasting behavior. Journal of Nuclear Medicine, 46(8), 1349—1351.

Bencherif, B., Wand, G. S., McCaul, M. E., Kim, Y. K., Ilgin, N., Dannals, R. F., & Frost, J. J.
(2004). Mu-opioid receptor binding measured by [11C]carfentanil positron emission tomogra-
phy is related to craving and mood in alcohol dependence. Biological Psychiatry, 55(3), 255—
262.

Berridge, K. C., Robinson, T. E., & Aldridge, J. W. (2009). Dissecting components of reward:
‘liking’, ‘wanting’, and learning. Current Opinion in Pharmacology, 9(1), 65-73. doi:10.1016/
j-coph.2008.12.014, S1471-4892(08)00212-9 [pii].

Blum, K., Gardner, E., Oscar-Berman, M., & Gold, M. (2012). “Liking” and “wanting” linked to
Reward Deficiency Syndrome (RDS): Hypothesizing differential responsivity in brain reward
circuitry. Current Pharmaceutical Design, 18(1), 113—118.

Brewerton, T. D. (1995). Toward a unified theory of serotonin dysregulation in eating and related
disorders. Psychoneuroendocrinology, 20(6), 561-590.


http://dx.doi.org/10.1016/j.pnpbp.2009.10.008
http://dx.doi.org/10.1016/j.pnpbp.2009.10.008
http://dx.doi.org/10.1007/978-1-61779-458-2_23
http://dx.doi.org/10.1016/j.neuroscience.2008.08.017
http://dx.doi.org/10.1002/eat.20843
http://dx.doi.org/10.1016/j.pscychresns.2012.06.010
http://dx.doi.org/10.1016/j.psychres.2005.07.031
http://dx.doi.org/10.1016/j.coph.2008.12.014
http://dx.doi.org/10.1016/j.coph.2008.12.014

3 The Role of Neurotransmitter Systems in Eating and Substance Use Disorders 63

Brewerton, T. (2004). 9th annual meeting of the Eating Disorders Research Society. Expert
Opinion Investigating Drugs, 13, 73-78.

Brewerton, T. D. (2012). Antipsychotic agents in the treatment of anorexia nervosa: Neuropsy-
chopharmacologic rationale and evidence from controlled trials. Current Psychiatry Reports,
14(4), 398—405. doi:10.1007/s11920-012-0287-6.

Brewerton, T. D., & George, M. S. (1993). Is migraine related to the eating disorders? Interna-
tional Journal of Eating Disorders, 14(1), 75-79.

Brewerton, T. D., Lydiard, R. B., Laraia, M. T., Shook, J. E., & Ballenger, J. C. (1992). CSF beta-
endorphin and dynorphin in bulimia nervosa. American Journal of Psychiatry, 149, 1086—
1090.

Brewerton, T. D., Mueller, E. A., Lesem, M. D., Brandt, H. A., Quearry, B., George, D. T, ...
Jimerson, D. C. (1992). Neuroendocrine responses to m-chlorophenylpiperazine and
L-tryptophan in bulimia. Archives of General Psychiatry, 49(11), 852-861.

Broft, A., Shingleton, R., Kaufman, J., Liu, F., Kumar, D., Slifstein, M., ... Walsh, B. T. (2012).
Striatal dopamine in bulimia nervosa: A PET imaging study. International Journal of Eating
Disorders, 45(5), 648—656. doi:10.1002/cat.20984

Brown, A. K., George, D. T., Fujita, M., Liow, J. S., Ichise, M., Hibbeln, J., .. . Innis, R. B. (2007).
PET [11C]DASB imaging of serotonin transporters in patients with alcoholism. Alcoholism,
Clinical and Experimental Research, 31(1), 28-32. doi:10.1111/j.1530-0277.2006.00261.x

Brownley, K. A., Von Holle, A., Hamer, R. M., La Via, M., & Bulik, C. M. (2013). A double-blind,
randomized pilot trial of chromium picolinate for binge eating disorder: Results of the Binge
Eating and Chromium (BEACh) study. Journal of Psychosomatic Research, 75(1), 36-42.
doi:10.1016/j.jpsychores.2013.03.092.

Bruce, K. R, Steiger, H., Young, S. N., Kin, N. M., Israel, M., & Levesque, M. (2009). Impact of
acute tryptophan depletion on mood and eating-related urges in bulimic and nonbulimic
women. Journal of Psychiatry and Neuroscience, 34(5), 376-382.

Brunelle, C., Assaad, J. M., Barrett, S. P., Avila, C., Conrod, P. J., Tremblay, R. E., & Pihl, R. O.
(2004). Heightened heart rate response to alcohol intoxication is associated with a reward-
seeking personality profile. Alcoholism, Clinical and Experimental Research, 28(3), 394-401.

Cambridge, V. C., Ziauddeen, H., Nathan, P. J., Subramaniam, N., Dodds, C., Chamberlain, S. R.,
... Fletcher, P. C. (2013). Neural and behavioral effects of a novel mu opioid receptor
antagonist in binge-eating obese people. Biological Psychiatry, 73(9), 887-894. doi:10.1016/
j-biopsych.2012.10.022

Cardinal, R. N., Winstanley, C. A., Robbins, T. W., & Everitt, B. J. (2004). Limbic corticostriatal
systems and delayed reinforcement. Annals of the New York Academy of Sciences, 1021, 33—
50.

Carli, M., & Samanin, R. (2000). The 5-HT(1A) receptor agonist 8-OH-DPAT reduces rats’
accuracy of attentional performance and enhances impulsive responding in a five-choice serial
reaction time task: Role of presynaptic 5-HT(1A) receptors. Psychopharmacology, 149(3),
259-268.

Carr, K. D. (2007). Chronic food restriction: Enhancing effects on drug reward and striatal cell
signaling. Physiology and Behavior, 91(5), 459-472. doi:10.1016/j.physbeh.2006.09.021,
S0031-9384(06)00425-2 [pii].

Carr, K., Tsimberg, Y., Berman, Y., & Yamamoto, N. (2003). Evidence of increased dopamine
receptor signaling in food-restricted rats. Neuroscience, 119, 1157-1167.

Cassano, G., Miniati, M., Pini, S., Rotondo, A., Banti, S., Borri, C., ... Mauri, M. (2003).
Six-month open trial of haloperidol as an adjunctive treatment for anorexia nervosa: A
preliminary report. International Journal of Eating Disorders, 33, 172-1717.

Charney, D. S., Woods, S. W., Krystal, J. H., & Heninger, G. R. (1990). Serotonin function and
human anxiety disorders. Annals of the New York Academy of Sciences, 600, 558-572.

Collier, D. A., Arranz, M. J., Li, T., Mupita, D., Brown, N., & Treasure, J. (1997). Association
between 5-HT, 4 gene promoter polymorphism and anorexia nervosa. Lancet, 350(9075), 412.


http://dx.doi.org/10.1007/s11920-012-0287-6
http://dx.doi.org/10.1002/eat.20984
http://dx.doi.org/10.1111/j.1530-0277.2006.00261.x
http://dx.doi.org/10.1016/j.jpsychores.2013.03.092
http://dx.doi.org/10.1016/j.biopsych.2012.10.022
http://dx.doi.org/10.1016/j.biopsych.2012.10.022
http://dx.doi.org/10.1016/j.physbeh.2006.09.021

64 G.K.W. Frank

Comings, D. E., & Blum, K. (2000). Reward deficiency syndrome: Genetic aspects of behavioral
disorders. Progress in Brain Research, 126, 325-341.

Cooper, J., Bloom, F., & Roth, R. (2003). The biochemical basis of neuropharmacology (8th ed.).
Oxford, UK: Oxford University Press.

Cosgrove, K. P. (2010). Imaging receptor changes in human drug abusers. Current Topics in
Behavioral Neurosciences, 3, 199-217. doi:10.1007/7854_2009_24.

Cosgrove, K. P., Krantzler, E., Frohlich, E. B., Stiklus, S., Pittman, B., Tamagnan, G. D., ...
Staley, J. K. (2009). Dopamine and serotonin transporter availability during acute alcohol
withdrawal: Effects of comorbid tobacco smoking. Neuropsychopharmacology, 34(10), 2218—
2226. doi:10.1038/npp.2009.49

Crits-Christoph, P., Newberg, A., Wintering, N., Ploessl, K., Gibbons, M. B., Ring-Kurtz, S., ...
Present, J. (2008). Dopamine transporter levels in cocaine dependent subjects. Drug and
Alcohol Dependence, 98(1-2), 70-76. doi:10.1016/j.drugalcdep.2008.04.014

Cuomo, I., Kotzalidis, G. D., Caccia, F., Danese, E., Manfredi, G., & Girardi, P. (2013).
Citalopram-associated: A case report. Journal of Gambling Studies. doi:10.1007/s10899-
013-9360-2.

D’Ardenne, K., McClure, S. M., Nystrom, L. E., & Cohen, J. D. (2008). BOLD responses
reflecting dopaminergic signals in the human ventral tegmental area. Science, 319(5867),
1264-1267. doi:10.1126/science.1150605, 319/5867/1264 [pii].

Davis, C., Levitan, R. D., Yilmaz, Z., Kaplan, A. S., Carter, J. C., & Kennedy, J. L. (2012). Binge
eating disorder and the dopamine D2 receptor: Genotypes and sub-phenotypes. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 38(2), 328-335. doi:10.1016/j.pnpbp.
2012.05.002.

Daw, N. D., & Doya, K. (2006). The computational neurobiology of learning and reward. Current
Opinion in Neurobiology, 16(2), 199-204.

Daw, N. D., Gershman, S. J., Seymour, B., Dayan, P., & Dolan, R. J. (2011). Model-based
influences on humans’ choices and striatal prediction errors. Neuron, 69(6), 1204-1215.
doi:10.1016/j.neuron.2011.02.027, S0896-6273(11)00125-5 [pii].

de Araujo, L. E., Ren, X., & Ferreira, J. G. (2010). Metabolic sensing in brain dopamine systems.
Results and Problems in Cell Differentiation, 52, 69—86. doi:10.1007/978-3-642-14426-4_7.

Enoch, M. A., Greenberg, B. D., Murphy, D. L., & Goldman, D. (2001). Sexually dimorphic
relationship of a 5-HT2A promoter polymorphism with obsessive-compulsive disorder.
Biological Psychiatry, 49(4), 385-388.

Enoch, M. A., Kaye, W. H., Rotondo, A., Greenberg, B. D., Murphy, D. L., & Goldman, D. (1998).
5-HT2A promoter polymorphism -1438G/A, anorexia nervosa, and obsessive-compulsive
disorder. Lancet, 351(9118), 1785-1786.

Fernstrom, J. D., & Wurtman, R. J. (1971). Brain serotonin content: Physiological dependence on
plasma tryptophan levels. Science, 173(992), 149-152.

Frank, G. K., Bailer, U. F., Henry, S. E., Drevets, W., Meltzer, C. C., Price, J. C., ... Kaye, W. H.
(2005). Increased dopamine D2/D3 receptor binding after recovery from anorexia nervosa
measured by positron emission tomography and [11c]raclopride. Biological Psychiatry, 58
(11), 908-912.

Frank, G., Kaye, W., Meltzer, C., Price, J., Greer, P., McConaha, C., & Skovira, K. (2002).
Reduced 5-HT2A receptor binding after recovery from anorexia nervosa. Biological Psychia-
try, 52(9), 896-906.

Frank, G. K., 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: Official Publication of the American College of Neuropsycho-
pharmacology. doi:10.1038/npp.2012.51

Frank, G. K., Reynolds, J. R., Shott, M. E., & O’Reilly, R. C. (2011). Altered temporal difference
learning in bulimia nervosa. Biological Psychiatry, 70(8), 728-735. doi:10.1016/j.biopsych.
2011.05.011.


http://dx.doi.org/10.1007/7854_2009_24
http://dx.doi.org/10.1038/npp.2009.49
http://dx.doi.org/10.1016/j.drugalcdep.2008.04.014
http://dx.doi.org/10.1007/s10899-013-9360-2
http://dx.doi.org/10.1007/s10899-013-9360-2
http://dx.doi.org/10.1126/science.1150605
http://dx.doi.org/10.1016/j.pnpbp.2012.05.002
http://dx.doi.org/10.1016/j.pnpbp.2012.05.002
http://dx.doi.org/10.1016/j.neuron.2011.02.027
http://dx.doi.org/10.1007/978-3-642-14426-4_7
http://dx.doi.org/10.1038/npp.2012.51
http://dx.doi.org/10.1016/j.biopsych.2011.05.011
http://dx.doi.org/10.1016/j.biopsych.2011.05.011

3 The Role of Neurotransmitter Systems in Eating and Substance Use Disorders 65

Fujimoto, A., Nagao, T., Ebara, T., Sato, M., & Otsuki, S. (1983). Cerebrospinal fluid monoamine
metabolites during alcohol withdrawal syndrome and recovered state. Biological Psychiatry,
18(10), 1141-1152.

Gorelick, D. A., Kim, Y. K., Bencherif, B., Boyd, S. J., Nelson, R., Copersino, M., ... Frost, J. J.
(2005). Imaging brain mu-opioid receptors in abstinent cocaine users: Time course and relation
to cocaine craving. Biological Psychiatry, 57(12), 1573-1582. doi:10.1016/j.biopsych.2005.
02.026

Guardia, J., Catafau, A. M., Batlle, F., Martin, J. C., Segura, L., Gonzalvo, B., ... Casas,
M. (2000). Striatal dopaminergic D(2) receptor density measured by [(123)I]iodobenzamide
SPECT in the prediction of treatment outcome of alcohol-dependent patients. American
Journal of Psychiatry, 157(1), 127-129.

Halford, J., Cooper, G., & Dovey, T. (2004). The pharmacology of human appetite expression.
Current Drug Targets, 5, 221-240.

Halpern, C. H., Tekriwal, A., Santollo, J., Keating, J. G., Wolf, J. A., Daniels, D., & Bale, T. L.
(2013). Amelioration of binge eating by nucleus accumbens shell deep brain stimulation in
mice involves D2 receptor modulation. Journal of Neuroscience, 33(17), 7122—7129. doi:10.
1523/INEUROSCI.3237-12.2013

Heinz, A., Ragan, P., Jones, D. W., Hommer, D., Williams, W., Knable, M. B., ... Linnoila,
M. (1998). Reduced central serotonin transporters in alcoholism. American Journal of Psychi-
atry, 155(11), 1544-1549.

Heinz, A., Reimold, M., Wrase, J., Hermann, D., Croissant, B., Mundle, G., ... Mann, K. (2005).
Correlation of stable elevations in striatal mu-opioid receptor availability in detoxified alco-
holic patients with alcohol craving: A positron emission tomography study using carbon
11-labeled carfentanil. Archives of General Psychiatry, 62(1), 57-64. doi:10.1001/archpsyc.
62.1.57

Heinz, A., Siessmeier, T., Wrase, J., Hermann, D., Klein, S., Grusser, S. M., ... Bartenstein,
P. (2004). Correlation between dopamine D(2) receptors in the ventral striatum and central
processing of alcohol cues and craving. American Journal of Psychiatry, 161(10), 1783-1789.
doi:10.1176/appi.ajp.161.10.1783

Higgins, G. A., & Fletcher, P. J. (2003). Serotonin and drug reward: Focus on 5-HT2C receptors.
European Journal of Pharmacology, 480(1-3), 151-162.

Hinney, A., Ziegler, A., Nothen, M. M., Remschmidt, H., & Hebebrand, J. (1997). 5-HT2A
receptor gene polymorphisms, anorexia nervosa, and obesity. Lancet, 350(9087), 1324-1325.

Jacobsen, L. K., Staley, J. K., Malison, R. T., Zoghbi, S. S., Seibyl, J. P., Kosten, T. R., & Innis,
R. B. (2000). Elevated central serotonin transporter binding availability in acutely abstinent
cocaine-dependent patients. American Journal of Psychiatry, 157(7), 1134—1140.

James, T. A., & Starr, M. S. (1980). Rotational behaviour elicited by 5-HT in the rat: Evidence for
an inhibitory role of 5-HT in the substantia nigra and corpus striatum. Journal of Pharmacy and
Pharmacology, 32(3), 196-200.

Jappe, L. M., Frank, G. K., Shott, M. E., Rollin, M. D., Pryor, T., Hagman, J. O., ... Davis,
E. (2011). Heightened sensitivity to reward and punishment in anorexia nervosa. International
Journal of Eating Disorders, 44(4), 317-324. doi: 10.1002/eat.20815

Jimerson, D. C., Lesem, M. D., Hegg, A. P., & Brewerton, T. D. (1990). Serotonin in human eating
disorders. Annals of the New York Academy of Sciences, 600, 532-544.

Jimerson, D., Lesem, M., Kaye, W., & Brewerton, T. (1992). Low serotonin and dopamine
metabolite concentrations in cerebrospinal fluid from bulimic patients with frequent binge
episodes. Archives of General Psychiatry, 49(2), 132—138.

Jimerson, D. C., Lesem, M. D., Kaye, W. H., Hegg, A. P., & Brewerton, T. D. (1990). Eating
disorders and depression: Is there a serotonin connection? Biological Psychiatry, 28(5), 443—
454.

Jimerson, D. C., Wolfe, B. E., Metzger, E. D., Finkelstein, D. M., Cooper, T. B., & Levine, J. M.
(1997). Decreased serotonin function in bulimia nervosa. Archives of General Psychiatry, 54
(6), 529-534.


http://dx.doi.org/10.1016/j.biopsych.2005.02.026
http://dx.doi.org/10.1016/j.biopsych.2005.02.026
http://dx.doi.org/10.1523/JNEUROSCI.3237-12.2013
http://dx.doi.org/10.1523/JNEUROSCI.3237-12.2013
http://dx.doi.org/10.1001/archpsyc.62.1.57
http://dx.doi.org/10.1001/archpsyc.62.1.57
http://dx.doi.org/10.1176/appi.ajp.161.10.1783
http://dx.doi.org/10.1002/eat.20815

66 G.K.W. Frank

Jocham, G., Klein, T. A., & Ullsperger, M. (2011). Dopamine-mediated reinforcement learning
signals in the striatum and ventromedial prefrontal cortex underlie value-based choices.
Journal of Neuroscience, 31(5), 1606-1613. doi:10.1523/JNEUROSCI.3904-10.2011, 31/5/
1606 [pii].

Johnson, P. M., & Kenny, P. J. (2010). Dopamine D2 receptors in addiction-like reward dysfunc-
tion and compulsive eating in obese rats. Nature Neuroscience, 13(5), 635—641. doi:10.1038/
nn.2519, nn.2519 [pii].

Kapur, S., & Remington, G. (1996). Serotonin-dopamine interaction and its relevance to schizo-
phrenia. American Journal of Psychiatry, 153(4), 466—476.

Karson, C. N. (1983). Spontaneous eye-blink rates and dopaminergic systems. Brain: A Journal of
Neurology, 106(Pt 3), 643-653.

Kaye, W. (1987). Opioid antagonist drugs in the treatment of anorexia nervosa. In P. Garfinkel &
D. Gardner (Eds.), The role of psychotropic drug use for treating eating disorders (pp. 150—
160). NY, Bruner/Mazel.

Kaye, W., Bailer, U., Frank, G., Henry, S., Price, J., Meltzer, C., ... Putnam, K. (2008). Serotonin
transporter binding after recovery from eating disorders. Psychopharmacology, 197(3), 521—
522. doi:10.1007/s00213-007-1048-9

Kaye, W. H., Ballenger, J. C., Lydiard, R. B., Stuart, G. W., Laraia, M. T., O’Neil, P., ... Hsu,
G. (1990). CSF monoamine levels in normal-weight bulimia: Evidence for abnormal norad-
renergic activity. American Journal of Psychiatry, 147(2), 225-229.

Kaye, W. H., Barbarich, N. C., Putnam, K., Gendall, K. A., Fernstrom, J., Fernstrom, M., ...
Kishore, A. (2003). Anxiolytic effects of acute tryptophan depletion in anorexia nervosa.
International Journal of Eating Disorders, 33(3), 257-267.

Kaye, W. H., Berrettini, W. H., Gwirtsman, H. E., Chretien, M., Gold, P. W., George, D. T, ...
Ebert, M. H. (1987). Reduced cerebrospinal fluid levels of immunoreactive
pro-opiomelanocortin related peptides (including beta-endorphin) in anorexia nervosa. Life
Sciences, 41(18), 2147-2155.

Kaye, W. H., Ebert, M. H., Gwirtsman, H. E., & Weiss, S. R. (1984). Differences in brain
serotonergic metabolism between nonbulimic and bulimic patients with anorexia nervosa.
American Journal of Psychiatry, 141(12), 1598-1601.

Kaye, W. H., Ebert, M. H., Raleigh, M., & Lake, R. (1984). Abnormalities in CNS monoamine
metabolism in anorexia nervosa. Archives of General Psychiatry, 41(4), 350-355.

Kaye, W. H., Frank, G. K., & McConaha, C. (1999). Altered dopamine activity after recovery from
restricting-type anorexia nervosa. Neuropsychopharmacology, 21(4), 503-506.

Kaye, W. H., Frank, G. K., Meltzer, C. C., Price, J. C., McConaha, C. W., Crossan, P. J., ...
Rhodes, L. (2001). Altered serotonin 2A receptor activity in women who have recovered from
bulimia nervosa. American Journal of Psychiatry, 158(7), 1152—1155.

Kaye, W. H., Gwirtsman, H. E., George, D. T., Jimerson, D. C., & Ebert, M. H. (1988). CSF
5-HIAA concentrations in anorexia nervosa: Reduced values in underweight subjects normal-
ize after weight gain. Biological Psychiatry, 23(1), 102-105.

Kaye, W. H., Pickar, D., Naber, D., & Ebert, M. H. (1982). Cerebrospinal fluid opioid activity in
anorexia nervosa. American Journal of Psychiatry, 139(5), 643—645.

Kaye, W., Strober, M., & Jimerson, D. (2004). The neurobiology of eating disorders. In D. S.
Charney & E. J. Nestler (Eds.), The neurobiology of mental illness (pp. 1112-1128). New
York, NY: Oxford Press.

Kaye, W., & Weltzin, T. (1991). Neurochemistry of bulimia nervosa. Journal of Clinical Psychi-
atry, 52(10 Suppl.), 21-28.

Kaye, W. H., Wierenga, C. E., Bailer, U. F., Simmons, A. N., Wagner, A., & Bischoff-Grethe,
A. (2013). Does a shared neurobiology for foods and drugs of abuse contribute to extremes of
food ingestion in anorexia and bulimia nervosa? Biological Psychiatry, 73(9), 836-842. doi:10.
1016/j.biopsych.2013.01.002.


http://dx.doi.org/10.1523/JNEUROSCI.3904-10.2011
http://dx.doi.org/10.1038/nn.2519
http://dx.doi.org/10.1038/nn.2519
http://dx.doi.org/10.1007/s00213-007-1048-9
http://dx.doi.org/10.1016/j.biopsych.2013.01.002
http://dx.doi.org/10.1016/j.biopsych.2013.01.002

3 The Role of Neurotransmitter Systems in Eating and Substance Use Disorders 67

Kelley, A. E., Baldo, B. A., Pratt, W. E., & Will, M. J. (2005). Corticostriatal-hypothalamic
circuitry and food motivation: Integration of energy, action and reward. Physiology and
Behavior, 86(5), 773-795.

Kelley, A. E., & Berridge, K. C. (2002). The neuroscience of natural rewards: Relevance to
addictive drugs. Journal of Neuroscience, 22(9), 3306-3311.

Kelley, A. E., Schiltz, C. A., & Landry, C. F. (2005). Neural systems recruited by drug- and food-
related cues: Studies of gene activation in corticolimbic regions. Physiology and Behavior, 86
(1-2), 11-14.

Kirby, L. G., Zeeb, F. D., & Winstanley, C. A. (2011). Contributions of serotonin in addiction
vulnerability. Neuropharmacology, 61(3), 421-432. doi:10.1016/j.neuropharm.2011.03.022.

Konkle, A. T., & Bielajew, C. (1999). Feeding and reward interactions from chronic paroxetine
treatment. Pharmacology, Biochemistry and Behavior, 63(3), 435-440.

Koob, G. F. (2010). The role of CRF and CRF-related peptides in the dark side of addiction. Brain
Research, 1314, 3—14. doi:10.1016/j.brainres.2009.11.008.

Koob, G. F. (2013). Theoretical frameworks and mechanistic aspects of alcohol addiction: Alcohol
addiction as a reward deficit disorder. Current Topics in Behavioral Neurosciences, 13, 3-30.
doi:10.1007/7854_2011_129.

Koob, G. F., & Le Moal, M. (2005). Plasticity of reward neurocircuitry and the ‘dark side’ of drug
addiction. Nature Neuroscience, 8(11), 1442—-1444.

Koot, S., Zoratto, F., Cassano, T., Colangeli, R., Laviola, G., van den Bos, R., & Adriani,
W. (2012). Compromised decision-making and increased gambling proneness following die-
tary serotonin depletion in rats. Neuropharmacology, 62(4), 1640-1650. doi:10.1016/j.
neuropharm.2011.11.002

Kringelbach, M. L., O’Doherty, J., Rolls, E., & Andrews, C. (2003). Activation of the human
orbitofrontal cortex to a liquid food stimulus is correlated with its subjective pleasantness.
Cerebral Cortex, 13, 1064—-1071.

Leeman, R. F., & Potenza, M. N. (2013). A targeted review of the neurobiology and genetics of
behavioural addictions: An emerging area of research. Canadian Journal of Psychiatry, 58(5),
260-273.

Leombruni, P., Piero, A., Lavagnino, L., Brustolin, A., Campisi, S., & Fassino, S. (2008). A
randomized, double-blind trial comparing sertraline and fluoxetine 6-month treatment in obese
patients with binge eating disorder. Progress in Neuro-Psychopharmacology and Biological
Psychiatry, 32(6), 1599-1605. doi:10.1016/j.pnpbp.2008.06.005.

Lyvers, M., Duff, H., Basch, V., & Edwards, M. S. (2012). Rash impulsiveness and reward
sensitivity in relation to risky drinking by university students: Potential roles of frontal
systems. Addictive Behaviors, 37(8), 940-946. doi:10.1016/j.addbeh.2012.03.028.

Maia, T. V., & Frank, M. J. (2011). From reinforcement learning models to psychiatric and
neurological disorders. Nature Neuroscience, 14(2), 154-162. doi:10.1038/nn.2723, nn.2723
[pii].

Malison, R. T., Best, S. E., van Dyck, C. H., McCance, E. F., Wallace, E. A, Laruelle, M., ...
Innis, R. B. (1998). Elevated striatal dopamine transporters during acute cocaine abstinence as
measured by [123I] beta-CIT SPECT. American Journal of Psychiatry, 155(6), 832—834.

Marazziti, D., Corsi, M., Baroni, S., Consoli, G., & Catena-Dell’Osso, M. (2012). Latest
advancements in the pharmacological treatment of binge eating disorder. European Review
for Medical and Pharmacological Sciences, 16(15), 2102-2107.

Markianos, M., Evangelopoulos, M. E., Koutsis, G., & Sfagos, C. (2013). Elevated CSF serotonin
and dopamine metabolite levels in overweight subjects. Obesity (Silver Spring), 21(6), 1139—
1142. doi:10.1002/0by.20201.

Martinez, D., Broft, A., Foltin, R. W., Slifstein, M., Hwang, D. R., Huang, Y., ... Laruelle,
M. (2004). Cocaine dependence and d2 receptor availability in the functional subdivisions of
the striatum: Relationship with cocaine-seeking behavior. Neuropsychopharmacology, 29(6),
1190-1202. doi:10.1038/sj.npp.1300420


http://dx.doi.org/10.1016/j.neuropharm.2011.03.022
http://dx.doi.org/10.1016/j.brainres.2009.11.008
http://dx.doi.org/10.1007/7854_2011_129
http://dx.doi.org/10.1016/j.neuropharm.2011.11.002
http://dx.doi.org/10.1016/j.neuropharm.2011.11.002
http://dx.doi.org/10.1016/j.pnpbp.2008.06.005
http://dx.doi.org/10.1016/j.addbeh.2012.03.028
http://dx.doi.org/10.1038/nn.2723
http://dx.doi.org/10.1002/oby.20201
http://dx.doi.org/10.1038/sj.npp.1300420

68 G.K.W. Frank

Martinez, D., Gil, R., Slifstein, M., Hwang, D. R., Huang, Y., Perez, A., ... Abi-Dargham,
A. (2005). Alcohol dependence is associated with blunted dopamine transmission in the ventral
striatum. Biological Psychiatry, 58(10), 779-786. doi:10.1016/j.biopsych.2005.04.044

Menon, M., Jensen, J., Vitcu, 1., Graff-Guerrero, A., Crawley, A., Smith, M. A., & Kapur,
S. (2007). Temporal difference modeling of the blood-oxygen level dependent response during
aversive conditioning in humans: Effects of dopaminergic modulation. Biological Psychiatry,
62(7), 765-772. doi:10.1016/j.biopsych.2006.10.020

Merali, Z., Michaud, D., Mclntosh, J., Kent, P., & Anisman, H. (2003). Differential involvement
of amygdaloid CRH system(s) in the salience and valence of the stimuli. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, 27(8), 1201-1212.

Monteleone, P., Brambilla, F., Bortolotti, F., Ferraro, C., & Maj, M. (1998). Plasma prolactin
response to D-fenfluramine is blunted in bulimic patients with frequent binge episodes.
Psychological Medicine, 28(4), 975-983.

Monteleone, P., Brambilla, F., Bortolotti, F., & Maj, M. (2000). Serotonergic dysfunction across
the eating disorders: Relationship to eating behaviour, purging behaviour, nutritional status and
general psychopathology. Psychological Medicine, 30(5), 1099-1110.

Nacmias, B., Ricca, V., Tedde, A., Mezzani, B., Rotella, C. M., & Sorbi, S. (1999). SHT2A
receptor gene polymorphisms in anorexia nervosa and bulimia nervosa. Neuroscience Letters,
277(2), 134-136.

Naughton, M., Mulrooney, J. B., & Leonard, B. E. (2000). A review of the role of serotonin
receptors in psychiatric disorders. Human Psychopharmacology, 15(6), 397-415.

O’Doherty, J. P., Dayan, P., Friston, K., Critchley, H., & Dolan, R. J. (2003). Temporal difference
models and reward-related learning in the human brain. Neuron, 38(2), 329-337.

Park, S. Q., Kahnt, T., Beck, A., Cohen, M. X., Dolan, R. J., Wrase, J., & Heinz, A. (2010).
Prefrontal cortex fails to learn from reward prediction errors in alcohol dependence. Journal of
Neuroscience, 30(22), 7749-7753. doi:10.1523/INEUROSCI.5587-09.2010

Petrakis, I. L., Trevisan, L., D’Souza, C., Gil, R., Krasnicki, S., Webb, E., . . . Krystal, J. H. (1999).
CSF monoamine metabolite and beta endorphin levels in recently detoxified alcoholics and
healthy controls: Prediction of alcohol cue-induced craving? Alcoholism, Clinical and Experi-
mental Research, 23(8), 1336-1341.

Pierce, R. C., O’Brien, C. P., Kenny, P. J., & Vanderschuren, L. J. (2012). Rational development of
addiction pharmacotherapies: Successes, failures, and prospects. Cold Spring Harbor
Perspectives in Medicine, 2(6), a012880. doi:10.1101/cshperspect.a012880.

Price, L. H., Charney, D. S., Delgado, P. L., & Heninger, G. R. (1990). Lithium and serotonin
function: Implications for the serotonin hypothesis of depression. Psychopharmacology, 100
(1), 3-12.

Reynolds, B. (2006). A review of delay-discounting research with humans: Relations to drug use
and gambling. Behavioural Pharmacology, 17(8), 651-667. doi:10.1097/FBP.
0b013e3280115199.

Robbins, T. W. (2005). Chemistry of the mind: Neurochemical modulation of prefrontal cortical
function. Journal of Comparative Neurology, 493(1), 140—146.

Ross, S., & Peselow, E. (2009). The neurobiology of addictive disorders. Clinical Neuropharma-
cology, 32(5), 269-276.

Roy, A., Berman, J., Gonzalez, B., & Roy, M. (2002). Cerebrospinal fluid monoamine metabolites
in cocaine patients: No relationship to cue-induced craving. Journal of Psychopharmacology,
16(3), 227-229.

Roy, A., Berman, J., Williams, R., Kuhn, C., & Gonzalez, B. (2002). Higher levels of CSF
homovanillic acid in recently abstinent cocaine-dependent patients. American Journal of
Psychiatry, 159(6), 1053—1055.

Rumsey, J. M., & Ernst, M. (2009). Neuroimaging in developmental clinical neuroscience.
Cambridge, UK: Cambridge University Press.

Schultz, W. (2002). Getting formal with dopamine and reward. Neuron, 36(2), 241-263.


http://dx.doi.org/10.1016/j.biopsych.2005.04.044
http://dx.doi.org/10.1016/j.biopsych.2006.10.020
http://dx.doi.org/10.1523/JNEUROSCI.5587-09.2010
http://dx.doi.org/10.1101/cshperspect.a012880
http://dx.doi.org/10.1097/FBP.0b013e3280115f99
http://dx.doi.org/10.1097/FBP.0b013e3280115f99

3 The Role of Neurotransmitter Systems in Eating and Substance Use Disorders 69

Schultz, W., Dayan, P., & Montague, P. R. (1997). A neural substrate of prediction and reward.
Science, 275(5306), 1593-1599.

Sjoquist, B., & Borg, S. (1984). Catecholamines and metabolites in cerebrospinal fluid of
teetotallers and sober alcoholics. Drug and Alcohol Dependence, 13(4), 389-394.

Sorbi, S., Nacmias, B., Tedde, A., Ricca, V., Mezzani, B., & Rotella, C. M. (1998). 5-HT2A
promoter polymorphism in anorexia nervosa. Lancet, 351(9118), 1785.

Spetea, M., Asim, M. F., Wolber, G., & Schmidhammer, H. (2013). The p opioid receptor and
ligands acting at the p opioid receptor, as therapeutics and potential therapeutics. Current
Pharmaceutical Design, 19(42), 7415-34.

Stanley, M., Traskman-Bendz, L., & Dorovini-Zis, K. (1985). Correlations between aminergic
metabolites simultaneously obtained from human CSF and brain. Life Sciences, 37(14), 1279—
1286.

Steiger, H., Gauvin, L., Israel, M., Koerner, N., Ng Ying Kin, N. M., Paris, J., & Young, S. N.
(2001). Association of serotonin and cortisol indices with childhood abuse in bulimia nervosa.
Archives of General Psychiatry, 58(9), 837-843.

Steiger, H., Young, S., Kin, N., Koerner, N., Israel, M., Lageix, P., & Paris, J. (2001). Implications
of impulsive and affective symptoms for serotonin function in bulimia nervosa. Psychological
Medicine, 31(1), 85-95.

Stoeckel, L. E., Weller, R. E., Cook, E. W., 3rd, Twieg, D. B., Knowlton, R. C., & Cox, J. E.
(2008). Widespread reward-system activation in obese women in response to pictures of high-
calorie foods. Neuroimage, 41(2), 636—647. doi:10.1016/j.neuroimage.2008.02.031, S1053-
8119(08)00163-8 [pii].

Strombom, U., Krotkiewski, M., Blennow, K., Mansson, J. E., Ekman, R., & Bjorntorp, P. (1996).
The concentrations of monoamine metabolites and neuropeptides in the cerebrospinal fluid of
obese women with different body fat distribution. International Journal of Obesity and Related
Metabolic Disorders, 20(4), 361-368.

Stuerenburg, H. J., Petersen, K., Baumer, T., Rosenkranz, M., Buhmann, C., & Thomasius,
R. (2002). Plasma concentrations of 5-HT, 5-HIAA, norepinephrine, epinephrine and dopa-
mine in ecstasy users. Neuro Endocrinology Letters, 23(3), 259-261.

Sutton, R. S., & Barto, A. G. (1981). Toward a modern theory of adaptive networks: Expectation
and prediction. Psychological Review, 88(2), 135-170.

Sutton, R. S., & Barto, A. G. (Eds.). (1998). Toward a modern theory of adaptive networks:
Expectation and prediction. Boston, MA: MIT Press.

Szabo, Z., Owonikoko, T., Peyrot, M., Varga, J., Mathews, W. B., Ravert, H. T, ... Wand,
G. (2004). Positron emission tomography imaging of the serotonin transporter in subjects with
a history of alcoholism. Biological Psychiatry, 55(7), 766=771. doi:10.1016/j.biopsych.2003.
11.023

Tauscher, J., Pirker, W., Willeit, M., de Zwaan, M., Bailer, U., Neumeister, A., ... Kasper,
S. (2001). [1231] beta-CIT and single photon emission computed tomography reveal reduced
brain serotonin transporter availability in bulimia nervosa. Biological Psychiatry, 49(4), 326—
332.

Tetrault, J. M., & Fiellin, D. A. (2012). Current and potential pharmacological treatment options
for maintenance therapy in opioid-dependent individuals. Drugs, 72(2),217-228. doi:10.2165/
11597520-000000000-00000.

Tiihonen, J., Keski-Rahkonen, A., Lopponen, M., Muhonen, M., Kajander, J., Allonen, T., ...
Rissanen, A. (2004). Brain serotonin 1A receptor binding in bulimia nervosa. Biological
Psychiatry, 55, 871.

Tollefson, G. D. (1989). Serotonin and alcohol: Interrelationships. Psychopathology, 22(Suppl. 1),
37-48.

Tozzi, F., Thornton, L., Klump, K. L., Fichter, M., Halmi, K., Kaplan, A., ... Kaye, W. (2005).
Symptom fluctuation in eating disorders: Correlates of diagnostic crossover. American Journal
of Psychiatry, 162(4), 732-740.


http://dx.doi.org/10.1016/j.neuroimage.2008.02.031
http://dx.doi.org/10.1016/j.biopsych.2003.11.023
http://dx.doi.org/10.1016/j.biopsych.2003.11.023
http://dx.doi.org/10.2165/11597520-000000000-00000
http://dx.doi.org/10.2165/11597520-000000000-00000

70 G.K.W. Frank

Treasure, J., & Campbell, I. (1994). The case for biology in the aetiology of anorexia nervosa.
Psychological Medicine, 24(1), 3-8.

Ugedo, L., Grenhoff, J., & Svensson, T. H. (1989). Ritanserin, a 5-HT2 receptor antagonist,
activates midbrain dopamine neurons by blocking serotonergic inhibition. Psychopharmacol-
ogy, 98(1), 45-50.

Valverius, P., Hogstrom-Brandt, A. M., & Borg, S. (1993). Norepinephrine metabolite in CSF
correlates with ethanol consumption and heredity in humans. Alcohol, 10(6), 499-503.

Volkow, N., Fowler, J., & Wang, G. (2002). Role of dopamine in drug reinforcement and addiction
in humans: Results from imaging studies. Behavioural Pharmacology, 13, 335-366.

Volkow, N. D., Fowler, J. S., Wang, G. J., Hitzemann, R., Logan, J., Schlyer, D. J., ... Wolf, A. P.
(1993). Decreased dopamine D2 receptor availability is associated with reduced frontal
metabolism in cocaine abusers. Synapse, 14(2), 169-177. doi:10.1002/syn.890140210

Volkow, N. D., Fowler, J. S., Wolf, A. P., Schlyer, D., Shiue, C. Y., Alpert, R., ... Christman,
D. (1990). Effects of chronic cocaine abuse on postsynaptic dopamine receptors. American
Journal of Psychiatry, 147(6), 719-724.

Wagner, A., Barbarich-Marsteller, N. C., Frank, G. K., Bailer, U. F., Wonderlich, S. A., Crosby,
R. D, ... Kaye, W. H. (2006). Personality traits after recovery from eating disorders: Do
subtypes differ? International Journal of Eating Disorders, 39(4), 276-284.

Wang, G. J., Geliebter, A., Volkow, N. D., Telang, F. W., Logan, J., Jayne, M. C., ... Fowler, J. S.
(2011). Enhanced striatal dopamine release during food stimulation in binge eating disorder.
Obesity (Silver Spring), 19(8), 1601-1608. doi:10.1038/oby.2011.27

Wang, G., Volkow, N., Thanos, P., & Fowler, J. S. (2004). Similarity between obesity and drug
addiction as assessed by neurofunctional imaging: A concept review. Journal of Addictive
Diseases, 23, 39-53.

White, M. A., & Grilo, C. M. (2013). Bupropion for overweight women with binge-eating
disorder: A randomized, double-blind, placebo-controlled trial. Journal of Clinical Psychiatry,
74(4), 400-406. doi:10.4088/JCP.12m08071.

Winstanley, C. A., Dalley, J. W., Theobald, D. E., & Robbins, T. W. (2004). Fractionating
impulsivity: Contrasting effects of central 5-HT depletion on different measures of impulsive
behavior. Neuropsychopharmacology, 29(7), 1331-1343.

Winstanley, C. A., Olausson, P., Taylor, J. R., & Jentsch, J. D. (2010). Insight into the relationship
between impulsivity and substance abuse from studies using animal models. Alcoholism,
Clinical and Experimental Research, 34(8), 1306-1318. doi:10.1111/j.1530-0277.2010.
01215.x.

Wooters, T. E., Bevins, R. A., & Bardo, M. T. (2009). Neuropharmacology of the interoceptive
stimulus properties of nicotine. Current Drug Abuse Review, 2(3), 243-255.

Zubieta, J. K., Gorelick, D. A., Stauffer, R., Ravert, H. T., Dannals, R. F., & Frost, J. J. (1996).
Increased mu opioid receptor binding detected by PET in cocaine-dependent men is associated
with cocaine craving. Nature Medicine, 2(11), 1225-1229.


http://dx.doi.org/10.1002/syn.890140210
http://dx.doi.org/10.1038/oby.2011.27
http://dx.doi.org/10.4088/JCP.12m08071
http://dx.doi.org/10.1111/j.1530-0277.2010.01215.x
http://dx.doi.org/10.1111/j.1530-0277.2010.01215.x

Neuroimaging of Eating Disorders,
Substance Use Disorders, and Addictions:
Overlapping and Unique Systems

Ashley N. Gearhardt, Rebecca G. Boswell, and Marc N. Potenza

Abstract

This book chapter examines neuroimaging studies of eating and addictive
disorders in order to explore shared and distinct domains of functioning. We
adopt a dimensional approach, focusing specifically on domains of impairment
across eating and addictive disorders: executive control, reward and motivation,
emotional reactivity, memory/learning, and interoceptive awareness. Although
the literature is limited in some domains, binge-eating disorder and bulimia
nervosa appear to share more neural commonalities with addictive disorders
(e.g., diminished executive control, heightened reward sensitivity) relative to
anorexia nervosa. The similarities and differences in eating and addictive
disorders may have implications for the conceptualization of etiology and the
development of treatments for eating disorders. Finally, we outline areas of
future research needed to further clarify the relationship between addictive and
eating concerns.
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Table 4.1 Similarities and dissimilarities between addiction and eating disorder neuroimaging
literature

Similar Dissimilar
Executive control

BED, BN, and addiction AN
Motivation/reward

Less clear, although BED/BN appears to be somewhat more related to addiction than
AN

Learning and memory
BED, BN, AN, and addiction
Emotion regulation®

BN and addiction AN
Interoceptive awareness®
BN and addiction AN

BED binge eating disorder, BN bulimia nervosa, AN anorexia nervosa
“No studies on emotion regulation and interoceptive awareness in BED could be identified

Addictions and some eating disorders (ED) share multiple characteristics (e.g.,
diminished control, elevated negative affect), but there are also substantial
differences in proposed etiologies between the two classes of disorders. Further,
there is significant variability within both ED (e.g., anorexia nervosa [AN] vs.
binge-eating disorder [BED]) and addictive disorders (e.g., pathological gambling
vs. opiate dependence), which increases the complexity of comparison. In the
following book chapter, we will focus on the neuroimaging literature as a tool to
potentially identify areas of overlap and distinction between eating and addictive
disorders by examining neuroimaging studies that focus on functioning theoreti-
cally related to both groups of disorders: executive control, reward and motivation,
emotional reactivity, memory/learning, and interoceptive awareness (see Table 4.1).
Next, we will outline components that may be more unique to either disorder.
Finally, we will outline areas of future research needed to further clarify the
relationship between addictive and eating concerns in the hope that a greater
understanding of the relationships between these disorders may lead to increased
knowledge of etiologies and the development of novel, efficacious, and well-
tolerated treatments.

4.1 Defining Eating and Addictive Disorders

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) has undergone significant revisions based on scientific inquiry into the
etiology and treatment of psychological disorders, including new definitions of
addictive and eating disorders (American Psychiatric Association, 2013). Impor-
tantly, DSM-5 includes a reorganization of addiction criteria, the classification of
gambling and substance use disorders (SUD) together, and the inclusion of BED as
a formal diagnostic entity. The reclassification of pathological gambling as a
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“behavioral addiction” reflects extensive work that uncovered similarities between
pathological gambling and SUD (Leeman & Potenza, 2012; Potenza, 2006). Studies
also suggest commonalities between addictions (both substance and “behavioral”)
and certain ED, particularly BED (Gearhardt, White, & Potenza, 2011). Despite
growing evidence of the potential clinical and social implications of a “food
addiction” diagnostic category, there have been no food-related additions to the
addiction classification of DSM-5 (Gearhardt et al., 2012), and the topic of food
addiction remains debated (Avena, Gearhardt, Gold, Wang, & Potenza, 2012;
Ziauddeen, Farooqi, & Fletcher, 2012).

Importantly, the inclusion of BED as a formal ED diagnosis allows for an
extended investigation of its psychopathology and comparison to other ED. A
transdiagnostic model of ED suggests that a core psychopathology is overevalua-
tion of weight and shape concerns, induced by dieting and maintained by mood
dysregulation (Fairburn, Cooper, Shafran, & Wilson, 2008). Both bulimia nervosa
(BN) and BED are characterized by recurrent binge eating (eating a larger amount
of food than intended during a discrete period of time) and a concurrent experience
of a lack of control over eating. BN is differentiated from BED through recurrent
inappropriate compensatory behavior in order to prevent weight gain and overeval-
uation of shape and weight concerns. In contrast, anorexia nervosa (AN) is defined
by the restriction of food intake leading to a body weight less than normal, intense
fear of (or behavior to avoid) gaining weight or becoming fat, and disturbance in the
perception or evaluation of body weight or shape.

Elevated rates of comorbidity may suggest a core etiology involved in the
development of eating and addictive disorders. BN appears to have a higher
comorbidity with SUD than AN, which may be related to heightened impulsivity
(Holderness, Brooks-Gunn, & Warren, 1994). Binging groups (BN and BED) are
more likely to be high in impulsivity (demonstrating both high reward sensitivity
and low inhibition) than AN groups, which are more likely to be high in
obsessionality, perfectionism, and rigidity (Vitousek & Manke, 1994). Reward
sensitivity has also been implicated in comorbid binge eating and substance
abuse in women (Dawe & Loxton, 2004). These findings suggest that considering
binge eating as an addictive process may be a fruitful way to understand failed
regulation of reward processing across disorders.

Recently, the National Institute of Mental Health (NIMH) launched the Research
Domain Criteria project (RDoC) to consider new ways of classifying psychopathol-
ogy based on dimensions of observable behavior and neurobiological measures
(Phillips, 2011). The intent is to translate rapid progress in research into an
improved integrative understanding of psychopathology and the development of
better treatments for mental disorders. The RDoC approach includes dimensional
axes based on potential domains of impairment, including positive valence, nega-
tive valence, cognitive systems, social processes, and regulatory processes. In the
case of addictive disorders and eating pathology, there are striking similarities
between BN/BED/SUD in failed regulation of reward-related processes that may
not appear in other ED (e.g., AN). This dimensional approach suggests that there
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may be similarities between binge eating and substance use that may extend
traditional categorical models of psychopathology.

4.2 Executive Control
4.2.1 Eating Disorders

Neuroimaging studies of executive control (which is conceptualized as top-down
processes implicated in self-control, goal-direction, and inhibition) in disordered
eating have identified differences among AN and BN/BED participants. AN
participants, relative to healthy control subjects, exhibit increased activation in
regions implicated in executive control (e. g., the prefrontal cortex (PFC) and
anterior cingulate cortex (ACC)) when exposed to food stimuli (Uher et al.,
2003). During tasks of inhibitory control, participants with AN (restricting type)
showed increased activation in the medial PFC (Oberndorfer, Kaye, Simmons,
Strigo, & Matthews, 2011) and the posterior visual and inferior parietal cortical
regions (Lock, Garrett, Beenhakker, & Reiss, 2011), which was interpreted as
reflecting elevated self-control. Zastrow et al. (2009) found that AN patients
(compared to healthy controls) were less able to switch behavioral response styles
when changes were needed, and AN participants exhibited hypoactivation in the
ventral anterior cingulate-striato-thalamic loop associated with motivation. In con-
trast, AN participants had hyperactivation in neural regions associated with execu-
tive control (e.g., frontal cortex) during task performance. Thus, individuals with
AN might not only have greater cognitive control, but may use this executive
control rigidly.

Unlike the elevated activation of control-related regions observed in individuals
with AN, different activation patterns have been observed in BN and BED
participants. BN patients displayed less activation in the PFC (Joos et al., 2011;
Uher et al., 2004), ACC, temporal lobe (Joos et al., 2011), and lateral orbitofrontal
cortex (OFC) relative to healthy control subjects when viewing food pictures (Uher
et al., 2004). Patients with BN also exhibited hypoactivation in the PFC, inferior
frontal gyrus (IFG), lenticular and caudate nuclei, and ACC during an executive-
control task (Marsh et al., 2009, 2011). Lock et al. (2011) found that participants
with binge-purge behavior (including both AN and BN diagnoses) had greater
activation in the dorsolateral PFC compared to healthy controls despite performing
similarly on an executive-control task. These findings were interpreted as possibly
reflecting less efficient recruitment of executive-control regions in the binge-purge
group. Similar to BN participants, obese women with BED exhibited
hypoactivation in the IFG, PFC, and insula relative to obese women without BED
and healthy control subjects during a cognitive-control task (Balodis, Molina, et al.,
2013). Further, higher levels of attempted dietary restraint in BED were related to
reduced activation in the IFG and insula (Balodis, Molina, et al., 2013). Participants
with BED also exhibited hypoactivation in the PFC and insula during the
processing of reward and loss (Balodis, Kober, et al., 2013). Finally, BED
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participants have demonstrated less activation in the lateral OFC relative to normal-
weight control subjects when passively viewing food pictures (Weygandt, Schaefer,
Schienle, & Haynes, 2012). These findings raise the possibility that the diminished
control over food consumption associated with BN/BED may relate to neural
differences in regions implicated in executive control and reward processing.

4.2.2 Addictive Disorders

Deficits in executive control associated with BN and BED are also implicated in
addictive disorders. Structural abnormalities in drug users are related to self-control
deficits. For example, decreased activation in prefrontal regions is related to
reduced availability of striatal dopamine D2/D3 receptors in participants with
addiction and decreases in baseline glucose metabolism in the OFC, ACC, and
DLPFC (Volkow, Fowler, Wang, Swanson, & Telang, 2007; Volkow et al., 1997).
Obesity is also related to reduced dopamine D2/D3 receptor availability (Wang
et al.,, 2001) and genetic alleles that may be associated with reduced dopamine
signaling (Stice, Spoor, Bohon, & Small, 2008). Further, animal models suggest
that overconsumption of highly palatable foods may also reduce striatal D2 receptor
levels (Johnson & Kenny, 2010), which may contribute to executive-control deficits
associated with BN/BED. Yet, it is still unclear whether reduced D2/D3 receptor
availability and hypofunctioning in control-related neural regions precede the
development of addictive disorders/obesity or result from excessive substance/
food consumption (or both).

Frontal cortical impairments in the OFC, ACC, and DLPFC have been described
as a core feature of impulsivity and compulsivity in addiction (Fineberg et al., 2009;
Goldstein & Volkow, 2011; Potenza, Sofuoglu, Carroll, & Rounsaville, 2011).
Drug/alcohol users also have poorer performance on behavioral tasks reflecting
impulse control, such as delay discounting and Go/No-Go (Bickel et al., 2007; Fu
et al., 2008), which may relate to activation differences in the ACC and PFC
observed in addicted individuals (Brewer, Worhunsky, Carroll, Rounsaville, &
Potenza, 2008; Goldstein & Volkow, 2011; Leland, Arce, Miller, & Paulus,
2008). Thus, addiction-related executive-control findings may more closely relate
to the undercontrol associated with BED/BN than the overcontrol associated with
AN (see Table 4.1).

4.3  Motivation and Reward

4.3.1 Eating Disorders

Disordered eating is associated with motivation to seek out or avoid food and
differences in hedonic reward in response to food consumption. As a central

hallmark of AN is the avoidance of food consumption, one might predict that AN
would be related to reduced activation in neural regions associated with motivation
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in response to food cues, yet the neuroimaging literature is not consistent. AN
participants exhibit less activation in the occipital cortex to food pictures (Santel,
Baving, Krauel, Miinte, & Rotte, 2006; Uher et al., 2003, 2004), which may be
related to a diminished salience of food in this disorder. Further, Holsen
et al. (2012) found that participants with AN (active and recovered) relative to
control subjects had hypoactivation in the in hypothalamus, amygdala, and anterior
insula in response to high-calorie food images prior to eating, which may reflect
diminished motivation for food. However, others have found that AN and BN
patients exhibit elevated activation in the medial OFC and ACC in response to
food pictures, which could be interpreted as either elevated craving or a general
increase in emotional response to food (Uher et al., 2004). Functional connectivity
analyses may shed some light on how activation in the same region may relate to
different responses. Kim, Ku, Lee, Lee, and Jung (2012) found AN and BN
participants had greater activation in the left anterior insula (part of the primary
gustatory cortex) in response to food relative to nonfood pictures, but the connec-
tivity between these disorders differed. Specifically, insula activation in AN
participants was functionally connected to regions implicated in control (e.g.,
IFG), whereas in BN it was associated with a reward region (e.g., medial OFC)
(Kim et al., 2012). Thus, gustatory cues may trigger reward responses in
participants with BN, but signal control responses in patients with AN. Finally,
Cowdrey, Park, Harmer, and McCabe (2011) found that individuals recovered from
AN relative to control subjects had not only increased activation in the ventral
striatum and occipital cortex to pleasant food stimuli but also greater activation in
the insula, putamen, ACC, and caudate to aversive food stimuli. This pattern of
results may reflect greater incentive salience of food (whether positive or negative
in valence) for individuals with AN (Cowdrey et al., 2011).

Additional neuroimaging studies of BN have suggested elevated motivation and
reward response to foods. Brooks et al. (2011) found that BN relative to AN
participants had increased activation in reward and somatosensory regions (e.g.,
caudate, insula) in response to food images. Relative to control subjects,
participants with BN had greater activation in the ACC (Schienle, Schifer,
Hermann, & Vaitl, 2009; Weygandt et al., 2012), insula, and ventral striatum
(Weygandt et al., 2012) to food cues. Further, greater negative affect for BN
participants is associated with elevated activation in the putamen, caudate, and
pallidum while anticipating palatable food consumption (Bohon & Stice, 2011).
Thus, negative emotional states may increase the motivational properties of foods
for participants with BN. Both BN and BED patients have been found to have
increased gray matter in the medial OFC (Schifer, Vaitl, & Schienle, 2010) and
increased activation in this region in response to food cues (Schienle et al., 2009),
but there have also been differences identified between these two disorders. BN
participants appear to have greater activation in the ACC, insula, and ventral
striatum in response to food cues than do BED patients (Weygandt et al., 2012).
Compared to control subjects, BED participants had elevated responses in the
medial OFC (Weygandt et al., 2012) and increased dopamine release in the caudate
and putamen when exposed to food stimuli (Wang et al., 2011), which might reflect
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increased motivation. Yet, BED relative to control participants has shown less
activation in certain areas in response to food cues (e.g., ACC, ventral striatum)
(Weygandt et al., 2012). Although the meaning of these results is not entirely clear,
animal models of food consumption suggest that excess palatable food consump-
tion may diminish functioning in reward-related neurocircuitry (Johnson & Kenny,
2010). Similarly, BED participants have been found to have less gray matter
volume in the lateral OFC, medial OFC, and striatum (Schifer et al., 2010). Thus,
BED may be related to hypoactivation in certain reward regions due to overcon-
sumption of food.

There are also differences among the ED during food receipt. AN is associated
with a tendency to exhibit less activation in the ventral/dorsal striatum, insula, and
medial OFC to taste (Vocks, Herpertz, Rosenberger, Senf, & Gizewski, 2011;
Wagner et al., 2007), and (unlike in healthy control subjects) insula activation
does not seem to differ based on the pleasantness rating. Thus, AN participants may
be less sensitive to the hedonic nature of food. Although BN has been related to less
activation in the ACC and cuneus in response to glucose (Frank et al., 2006), BN
(relative to control and AN participants) has been associated with greater anterior
ventral striatum activation to cream mixture. Thus, the association of BN with food-
related reward activation is less clear. To our knowledge, no studies to date have
examined the neural response to food receipt in BED participants.

4.3.2 Addictive Disorders

Motivation and reward are also key constructs in addictive behaviors. Motivation in
addiction is related to dopaminergic response, especially in the NAc, ACC, OFC,
DLPFC, amygdala, striatum, and ventral pallidum (Salamone, Correa, Farrar, &
Mingote, 2007). Dopaminergic dysregulation is associated with drug-seeking
behavior (Volkow & Li, 2005), and cues become powerful triggers of dopaminergic
release and motivation in addicted individuals (Robinson & Berridge, 2001).
Addicted participants exhibit increased craving and activity in many brain regions
(e.g., ventral striatum, ACC, amygdala) during exposure to drug cues in fMRI
studies (Chase, Eickhoff, Laird, & Hogarth, 2011; Shiffman et al., 2013). In
contrast to the hyperactivation associated with drug cues, substance-dependent
individuals versus healthy control subjects typically exhibit blunted dopaminergic
release during actual drug consumption and report weaker hedonic responses
(Martinez et al., 2007; Volkow, Wang et al., 2007; Volkow et al., 1997). It is still
unclear whether the reduced neural response to consumption in participants with
addiction is a preexisting risk factor related to a reward deficiency (Comings &
Blum, 2000), a result of excessive substance use (Kalivas & O’Brien, 2007), or
related to other factors. Yet, increased motivation in response to cues and a reduced
response in reward-related regions during consumption appear to be important
components of addictive behaviors. In comparison to disordered eating, the
increased response in motivation regions to food cues in BED and BN are similar
to the addiction literature, but the literature is not always consistent. The relative
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dearth of studies examining food receipt in ED may contribute to this inconsistency.
Further examination of food reward is an important area of future study.

4.4 Memory and Learning
4.4.1 Eating Disorders

Differences in learning and memory may also contribute to ED. Participants with
active AN (who are markedly underweight) appear to have deficits in cognitive
processing, which may be related to malnourishment (Delvenne et al., 1997).
Neuroimaging studies of memory in ill AN patients found that despite normal
performance levels on a working memory task, AN participants compared to
healthy control subjects exhibited greater activation in the temporal and parietal
lobes (Castro-Fornieles et al., 2010). Further, underweight status is related to
hypometabolism of glucose in these same regions (Delvenne et al., 1995). Follow-
ing treatment and weight gain, these differences in neural response were no longer
present for AN participants, which suggests the worse nutritional status may be
related to less efficient memory-related neural processing (Castro-Fornieles et al.,
2010).

Differences in reward learning exist in both AN and BN individuals. Wagner
et al. (2007, 2010) found that both AN and BN participants relative to healthy
controls had abnormal anterior ventral striatum response to wins and losses. More
specifically activation in this reward-related region did not differ whether the
participants had won or lost money. This pattern of findings may be related to
difficulty discriminating between the valence (positive/negative) of salient stimuli
(Wagner et al., 2007, 2010). Further, BN participants appear to have hypoactivation
in the insula, ventral putamen, amygdala, and OFC relative to healthy controls
during a food-learning task (Frank, Reynolds, Shott, & O’Reilly, 2011). Finally,
obese BED participants relative to obese participants without BED exhibited during
anticipatory reward/loss processing diminished activation bilaterally in the ventral
striatum, as well as in the midbrain, thalamus, and amygdala (Balodis, Kober, et al.,
2013). Thus, patterns of reduced neural activation during reward learning may
relate importantly to disordered eating.

4.4.2 Addictive Disorders

Addiction is also related to differences in memory and learning. Substances of
abuse appear to decrease activity in neural areas associated with short-term memory
and attention (Lundqvist, 2005). Substance-related problems are associated with
differential neural response to working memory tasks. For example, cannabis users
compared to healthy control subjects perform the same on a task of working
memory, but parietal cortical activation differs (Jager, Kahn, Van Den Brink, Van
Ree, & Ramsey, 2006), and this pattern of results persists following 1 month of
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abstinence (Schweinsburg et al., 2008).Though opioid-dependent individuals have
performed similarly to healthy controls on working memory tasks, they have
concurrently shown heightened frontal, parietal, and cerebellar activation, which
may be related to compensatory recruitment of frontal control regions and impaired
working memory (Bach et al., 2012; Marvel, Faulkner, Strain, Mintzer, &
Desmond, 2012; Yucel et al., 2007). Pretreatment deactivation in the thalamus
during a working memory task predicts poorer addiction treatment response
(Moeller et al., 2010). Further, chronic cocaine dependence is related to difficulties
with adaptive learning that is related to increased connectivity between the ACC
networks associated with mental processing (Camchong et al., 2011). Thus, like
disordered eating, addictions appear associated with impairments in working mem-
ory and learning.

4.5 Emotional Reactivity
4.5.1 Eating Disorders

Increased negative affect has been related to the presence of disordered eating. AN
is related to elevated anxiety and stress responsivity (Kaye et al., 2013). Kaye
et al. (2013) suggest that AN is related to excess serotonin (related to harm
prediction) and reduced dopamine (related to reward prediction), which may lead
to increased tendencies towards aversive stimuli and over control. Elevated cortical
serotonin 5-HT1A receptor binding is associated with AN (Galusca et al., 2008),
and restriction of eating may rebalance serotonin and modulate negative affect or
control anxiety for these patients (Kaye et al., 2013). Further, AN participants may
find dopaminergic release anxiety provoking rather than hedonically pleasing
(Kaye et al., 2013). Increased dorsal caudate/putamen dopamine D2/D3 receptor
binding is associated with harm avoidance in AN (Bailer et al., 2007, 2012; Kaye
et al., 2013), and dorsal caudate activation in response to negative and positive
feedback is associated with trait anxiety in recovered AN (Wagner et al., 2007).
Further research suggests that AN is associated with increased activation of neural
regions implicated in emotional reactivity when exposed to food. AN patients
relative to healthy control subjects had greater activation in the right amygdala
when viewing food images (Joos et al., 2011) and greater activation in the amygdala
when drinking a milk shake in a hungry state (Vocks et al., 2011). Thus, AN
patients may have more intense negative emotional responses when exposed
to food.

Binge-eating behavior in the context of ED is also associated with differences in
emotion-related neural regions. Binge and purging behavior (in the context of both
AN and BN) is related to elevated hypothalamus activation during a Go/No-Go
task, which may reflect aberrant emotional responding to the need to inhibit
responses (Lock et al., 2011). While some research has not found any differences
between BN and healthy control subjects in response to affectively valenced stimuli
(Schienle et al., 2004), other studies have found patterns of activation in BN that
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suggest an avoidant response to emotions. For example, BN patients relative to
healthy controls had decreased neural response in the precuneus to facial
expressions of anger and disgust and decreased amygdala response to angry
faces, which may be related to emotional avoidance (Ashworth et al., 2011).
Pringle, Ashworth, Harmer, Norbury, and Cooper (2011) identified that patients
with BN versus healthy control subjects displayed hypoactivation in parietal,
occipital, and limbic areas (including the amygdala) when responding to negative
self-referential personality words (e.g., evil). This pattern of hypoactivation might
reflect emotional blunting or habituation to negative self-thoughts in BN patients
(Pringle et al., 2011). Little research has examined emotional reactivity in the
context of BED, although this is an important area of future research.

4.5.2 Addictive Disorders

Increased difficulty with emotion regulation is also associated with addictive
disorders. Li and Sinha (2008) suggest that deficiencies in prefrontal regions
associated with SUD contribute to difficulties with emotion regulation
(in addition to executive control). Substance dependence is related to decreased
reward responsiveness to pleasant stimuli that are not drug related, which could be
related to anhedonia (Volkow, Fowler, & Wang, 2002; Zijlstra, Veltman, Booij,
van den Brink, & Franken, 2009). Emotional circuitry may also be altered in
addiction. For example, chronic cannabis use is related to reduced activation in
the ACC and the amygdala to masked affective faces (Gruber, Rogowska, &
Yurgelun-Todd, 2009), and addicted individuals exhibit reduced activation in the
amygdala to affective pictures (negative and positive) (Wang et al., 2010). Thus,
addiction may be related to reduced emotional response to nondrug stimuli. This
pattern of results appears similar to the general pattern of hyporesponsivity to
emotional stimuli in BN. BN and SUD may be similarly related to the use of
substances (drugs, food) as a way to regulate emotions, whereas AN appears to be
linked with caloric restriction to manage mood states.

4.6 Interoceptive Awareness
4.6.1 Eating Disorders

Interoceptive awareness is defined as sensitivity to physiological stimuli originating
from the body (Craig, 2002). The anterior insula (a key neural region involved in
interoceptive awareness) has been found to be less active for AN participants when
thinking about eating food, which suggests less interoceptive awareness (Brooks
et al., 2012). In contrast, Gizewski et al. (2010) found that AN compared to control
subjects exhibited greater activation in the anterior insula during exposure to high-
calorie food pictures, which was interpreted as recall of previously negative eating
experiences or elevated emotional arousal. Unlike healthy control subjects, AN
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participants did not exhibit activation in the insula when tasting sucrose, and
subjective ratings of pleasantness were not associated with changes in insula
activation (Wagner et al., 2007). In response to nonfood stimuli, AN relative to
control participants had aberrant functioning in the anterior insula and dorsolateral
PFC to pain (Strigo et al., 2013). Thus, AN individuals may exhibit difficulty in
appropriately perceiving bodily signals, which may allow for greater ability to
ignore signs of hunger (Strigo et al., 2013). Less research on interoceptive aware-
ness has been conducted with binge-type ED, especially BED. Schienle
et al. (2009) did find that participants with BN had greater activation in the insula
to food cues, which suggests the disorder may be related to greater interoceptive
awareness, although alternate explanations exist (e.g., greater emotional reactivity
to food cues).

4.6.2 Addictive Disorders

Insula function has also been implicated in substance addictions. Insula activation
has been related to craving for substances of abuse (Bonson et al., 2002; Wang
et al., 2007). Elevated insula activation in response to cigarette cues predicts
smoking relapse (Janes et al., 2010), and damage to the insula is associated with
decreased craving and markedly increased success in abstaining from smoking
(Naqvi & Bechara, 2009; Naqvi, Rudrauf, Damasio, & Bechara, 2007). Thus,
differences in insula activation in AN may be related to reduced craving and
increased ability to abstain from eating. In contrast, the limited literature in BN
suggests that elevated insula response to food cues may be similar to hyperactivity
of the insula during substance-related craving in addiction. Future research that
examines neural responses to food craving in the context of ED is important.

4.7 Neuroimaging Studies of Comorbid Eating and Addictive
Disorders

In addition to comparing neural response between the disorders, neuroimaging
studies of patients with comorbid eating and SUD would be helpful in identifying
overlapping/differing circuitry. For example, if patients with comorbid addiction
and ED displayed similar patterns of neural activation to food and drug cues, this
may provide evidence of shared underpinnings. Unfortunately, there is limited
research on this topic. One neuroimaging study of participants with remitted bipolar
disorder did examine the association of addiction and disordered eating-spectrum
scores with brain activation during exposure to affective faces (Hassel et al., 2009).
Substance use severity was related to reduced activation in the right PFC to happy
faces and the right caudate to neutral faces, whereas elevated disordered eating was
linked to elevated right ventral putamen activation to happy and neutral faces
(Hassel et al., 2009). Yet, very few participants in the study had concurrent eating



82 A.N. Gearhardt et al.

and addictive disorders. Further research on comorbidities will be important in
understanding the relationship between disordered eating and SUD.

4.8 “Food Addiction”

“Food addiction” may be another factor potentially linking addiction and problem-
atic patterns of eating. Recent studies have suggested that certain types of foods
may be capable of triggering an addictive process in vulnerable individuals (Avena,
Rada, & Hoebel, 2008; Johnson & Kenny, 2010). In a sample of young women who
did not meet criteria for any ED, greater endorsement of addictive-like eating (e.g.,
tolerance, withdrawal, continued use despite consequences) was related to
increased activation in the ACC, medial OFC, amygdala, DLPFC, and caudate in
response to anticipated food receipt, but lower activation in the lateral OFC to food
receipt (Gearhardt, Yokum, et al., 2011). This activation is similar to patterns of
neural response associated with SUD, namely elevated reward/motivation-related
activation to cues and diminished control-related activation during consumption.
Thus, an addictive-like response to food may occur outside of the context of
traditional ED (e.g., BED).

Clinical research found that approximately half of patients seeking treatment for
BED met the threshold for “food addiction,” which was associated with more
frequent binge eating, greater emotion dysregulation, and elevated pathology
(Gearhardt, White, Masheb, & Grilo, 2013; Gearhardt et al., 2012). Future research
examining the neural correlates of “food addiction” in ED populations would be
useful in evaluating the possible contribution of an addictive process to disordered
eating.

4.9 Important Differences Between Eating and Addictive
Disorders

There are also important factors that are unique to eating and addictive disorders.
For example, body and shape concerns are hypothesized to be important factors in
causing and maintaining disordered eating (Fairburn et al., 2008). There have been
some investigations that examine the neural correlates of body concerns in eating
pathology. For instance, participants with AN exhibit greater amygdala response to
body image words, images of their body, and pictures of their body morphed to be
heavier, which suggests greater emotional response (Miyake et al., 2010; Seeger,
Braus, Ruf, Goldberger, & Schmidt, 2002). In contrast, AN participants displayed
greater activation in a reward-related region (i.e., the ventral striatum) to under-
weight images (Friederich et al., 2010) and also displayed greater activation in the
insula and lateral PFC (Mohr et al., 2010). In contrast, participants with BN did not
exhibit greater amygdala activation in response to images of their body morphed to
look heavier (Miyake et al., 2010).
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In addition to increased emotionality in response to body image, ED is also
associated with avoidance of body image-related cues. For example, Vocks
et al. (2011) found that AN and BN participants had less activation in the inferior
parietal lobe (which is related to processing of emotions and sensory information)
when viewing pictures of their own body, which the authors interpreted as avoid-
ance. Patients with BN exhibited less activation than healthy control subjects in the
middle frontal gyrus and lateral occipital cortex when viewing distorted images of
their body (Mohr et al., 2011). Uher et al. (2005) also found that when AN and BN
subjects rated body types, they demonstrated hypoactivity in the lateral fusiform
gyrus and parietal cortex relative to healthy control subjects. This pattern of results
has been interpreted as avoidance of the discomfort caused by activities associated
with body image. Little neuroimaging research has been conducted on BED and
body image.

Another important difference to consider is the role of the substance being
consumed (or avoided) in eating and addictive disorders. Food is necessary for
survival, and AN is related to significant malnutrition, which can impact the brain
substantially (Delvenne et al., 1997). For example, patients with AN appear to have
decreased gray matter in the hypothalamus, inferior parietal lobe, lentiform
nucleus, and caudate (Titova, Hjorth, Schioth, & Brooks, 2013), which may be
related to starvation. In contrast to AN, addictive disorders are related to excess
consumption of a substance to the point of intoxication, which may also impact the
brain. For example, acute alcohol intoxication impacts the functioning of the
cerebellum (Volkow et al., 1988) and the OFC, ACC, and primary motor cortex
(Calhoun, Pekar, & Pearlson, 2004). Acute cocaine intoxication impacts the ventral
tegmental area, substantia nigra, nucleus accumbens, basal forebrain, globus
pallidus, amygdala, and subcallosal cortex (Breiter et al., 1997), and acute heroin
administration alters cerebral blood flow in the amygdala (Guyer et al., 2007). Thus,
food restriction and intoxication both have marked, but different, relationships to
neural functioning.

4.10 Summary and Future Directions

In sum, the neuroimaging literature on BED/BN has many similarities with addic-
tion neuroimaging findings, and AN appears to exhibit a more distinct pattern of
results in multiple domains (see Table 4.1). These commonalities between BED/BN
and addiction speak to the current debate about the potential role of an addictive
process in certain types of eating problems (Avena et al., 2012; Ziauddeen et al.,
2012). Yet, it is also important to consider the relatively small number of neuroim-
aging studies focusing on certain types of ED (i.e., BED) and in certain domains
(e.g., motivation, reward, interoceptive awareness). More research is needed before
strong conclusions can be drawn. An essential future direction is to evaluate the
impact of binge consumption of highly processed, calorie-dense foods on neural
systems. Neuroimaging studies of individuals with comorbid eating and addictive
disorders would also contribute to our understanding of the relationship between
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these conditions. Additionally, exploring the association between “food addiction”
characteristics and neural responses in patients with ED will be helpful in
evaluating how addictive tendencies may contribute to disordered eating. Finally,
a greater emphasis on longitudinal designs to parse out preexisting versus later
developing (i.e., “causes vs. consequences”) events in neurobiology will be impor-
tant for understanding both ED and addictions.
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Abstract

It is well established that there is substantial comorbidity between eating
disorders and substance use disorders. However, it is unclear why these two
disorders frequently co-occur. It has been hypothesized that the two disorders
may share a common etiology, which could be genetic in nature. There is ample
evidence that the eating disorders, specifically anorexia nervosa and bulimia
nervosa, and a variety of substance use disorders have a genetic component, yet
little research has explored whether these genetic factors are shared. This chapter
reviews the current empirical literature indicating that anorexia nervosa and
bulimia nervosa and substance use disorders are influenced by genetic factors, as
well as preliminary findings exploring whether these disorders indeed share a
genetic architecture. We close with suggestions for future research to further
elucidate the shared genetic risk between eating disorders and substance use
disorders.

Keywords
Anorexia nervosa * Bulimia nervosa « Comorbidity ¢ Eating disorders * Genetics ¢
Substance use disorders

J.H. Baker (<))

Department of Psychiatry, University of North Carolina at Chapel Hill, CB #7160, 101 Manning

Drive, Chapel Hill, NC 27599-7160, USA
e-mail: jhbaker@med.unc.edu

M.A. Munn-Chernoff
Department of Psychiatry and Midwest Alcoholism Research Center, Washington University
School of Medicine, St. Louis, MO, USA

T.D. Brewerton and A.B. Dennis (eds.), Eating Disorders,
Addictions and Substance Use Disorders, DOI 10.1007/978-3-642-45378-6_5,
© Springer-Verlag Berlin Heidelberg 2014

91


mailto:jhbaker@med.unc.edu

92 J.H. Baker and M.A. Munn-Chernoff

5.1 Genetic Vulnerability to Eating Disorders and Substance
Use Disorders

There is ample evidence suggesting that eating disorders (ED) and substance use
disorders (SUD) have a genetic component. In order to discern the familial nature
and genetic architecture of these disorders, family, adoption, and twin study designs
are utilized. In a family study, risk for a disorder is determined among first-degree
relatives of individuals with the disorder (or probands), and this risk is then
compared with risk for the disorder in first-degree relatives of individuals without
the disorder (or controls). Family studies are often the first step in genetic epidemi-
ology. However, these studies cannot delineate whether a disorder that runs in
families is due to genetic or environmental factors. In contrast, adoption studies can
explicate the genetic and environmental contributions to observed familiality by
comparing similarity for a disorder in biological versus adoptive relatives. If the
observed correlations for the disorder are higher among biological relatives, this
suggests genetic factors; if the observed correlations are higher among adoptive
relatives, this suggests environmental factors.

Twin study designs are also able to elucidate genetic and environmental
contributions to familiality. Twin studies decompose the variance of a disorder
into genetic and environmental components by comparing the concordance rates of
the disorder among identical and fraternal twins. This variance is broken down into
additive genetic (i.e., heritability), shared environmental (i.e., environments that
increase similarity between twins), and unique environmental factors (i.e.,
environments that create dissimilarity between twins). However, twin studies are
unable to identify which genes are involved in vulnerability towards a disorder.

Finally, molecular genetic approaches can identify specific genes that influence
vulnerability towards a disorder. The dominant approach in the molecular genetics
field changes rapidly and has included linkage, candidate gene, and genome-wide
association studies (GWAS). Linkage studies are used to identify regions in the
genome that may harbor genes that predispose individuals to a disorder and are
advantageous in that they can be useful for narrowing down the search of the entire
human genome to specific regions. Candidate gene studies explore the association
between a specific genetic variant and a disorder. If the variant and disorder are
correlated, an association is assumed between the two; however, candidate gene
association studies require investigators to select a specific gene for analysis based
on a hypothesized association between the pathophysiology of the trait and the gene
of interest. Due to the necessity of this a priori hypothesizing, candidate gene
studies are limited by existing knowledge of the underlying biology of a disorder.

More recent advances in molecular genetic technology have enabled GWAS,
which do not focus on one specific gene or set of genes but examine the entire
genome. GWAS are able to explore 300,000—1,000,000 genetic markers across the
entire human genome; therefore, they have the ability to identify novel genetic
variants that may be involved in the vulnerability to a disorder without needing a
priori knowledge. An important consideration in GWAS, however, is that very
large sample sizes are necessary. Because an entire sweep of the genome is
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conducted, a large number of comparisons are made, requiring a greater level of
statistical significance (p < 107%).

Here we review the latest empirical evidence suggesting that there is a genetic
vulnerability to ED, SUD, and their comorbidity. We provide an overview of
family, twin, and molecular genetic study findings for each disorder, as well as
initial findings exploring the genetic overlap between ED and SUD. For ED, we
focus on anorexia nervosa (AN) and bulimia nervosa (BN); for SUD, we focus on
alcohol use disorder (AUD), nicotine dependence, and illicit drug use disorders
because these disorders are most commonly explored for their comorbidity and
genetic vulnerability. We conclude by discussing burgeoning approaches in the
field and ways these approaches can answer important questions about the genetic
etiology of this comorbidity.

5.2  Family Studies of Eating and Substance Use Disorders

Initial family studies revealed that ED and SUD aggregate in families. For example,
family members of probands with AN are approximately 11 times more likely to
develop AN (Strober, Freeman, Lampert, Diamond, & Kaye, 2000). Further, there
is a shared familial transmission between AN and BN, such that there is increased
risk for BN in relatives of those with AN and vice versa (Lilenfeld et al., 1998;
Strober et al., 2000; Walters & Kendler, 1995). The relative risk for BN in females
with a relative with AN has been reported at 12.3, whereas females who have a
relative with BN have a reported relative risk of 4.2 for developing AN (Strober
et al., 2000).

SUD also aggregate within families (Wang, Kapoor, & Goate, 2012). Relatives
of individuals with an illicit drug use disorder are at a 4.5-fold greater risk for
having an illicit drug use disorder compared with controls, whereas relatives of
probands with AUD are twice as likely to have AUD (Merikangas et al., 1998). The
familial aggregation of illicit drug use disorders also appears greater among
relatives of females than relatives of men, which may suggest a greater familial
loading among females (Merikangas et al., 1998). Similar to ED, a cross-familial
transmission is suggested between SUD classes (Rietschel & Treutlein, 2013). The
prevalence of certain illicit drug use and nicotine disorders is greater in relatives of
probands with alcohol dependence than relatives of controls (Bierut et al., 1998;
Nurnberger et al., 2004).

Family studies have provided convincing evidence that ED and SUD aggregate
within families. Several reports have also suggested cross-familial transmission
between ED types and SUD classes. This indicates the familial vulnerability
towards these disorders may exist at a general level, while additional factors may
play an important role in which ED or substance class disorder emerges.
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5.3  Adoption Studies of Eating and Substance Use Disorders

To date, no adoption studies of ED diagnosis have been conducted. In contrast,
several adoption studies have examined the familiality of SUD and, in general,
suggest that genetic factors play an important role in their familial aggregation
(Wang, Kapoor, et al., 2012). However, when exploring the number of diagnostic
criteria met for substance dependence in probands, genetic effects were null for
familial transmission for alcohol dependence until five criteria were met, whereas
only one criteria was necessary for genetic effects to be evident for drug depen-
dence (Yates, Cadoret, Troughton, & Stewart, 1996).

5.4 Twin Studies of Eating and Substance Use Disorders

Twin studies have corroborated the familial nature of ED and SUD. Heritability
estimates have ranged from 28 to 74 % for AN and from 28 to 83 % for BN, with the
remaining variance attributable to unique environmental factors (Trace, Baker,
Penas-Lledo, & Bulik, 2013). For SUD, results have suggested that genetic factors
are highly involved. For example, genetic factors have been implicated for alcohol,
nicotine, cannabis, stimulant, and cocaine abuse or dependence. In regard to alcohol
dependence, heritability estimates typically range between 40 and 60 % (Wang,
Kapoor, et al., 2012), with an average heritability of 57 % (Sullivan, Daly, &
O’Donovan, 2012). The average heritability for nicotine dependence is similar,
estimated at 67 % (Sullivan et al., 2012), whereas heritability estimates range
between 30 and 80 % for illicit substance dependence (Wang, Kapoor, et al., 2012).

Twin research has also examined whether the genetic risk factors for an SUD are
specific or nonspecific. If these factors are nonspecific, they would predispose
individuals to misuse a range of substances, whereas specific factors would predis-
pose an individual to misuse a specific substance or substance class. In general,
results suggest that the genetic risk for an SUD is not substance specific, but is a
general factor predisposing individuals to a range of SUD (Kendler, Jacobson,
Prescott, & Neale, 2003; Kendler, Myers, & Prescott, 2007; Tsuang et al., 1998).
Thus, environmental factors (e.g., peer group, access to substances) likely impact
which substance is used.

5.5 Molecular Genetic Studies of Eating and Substance Use
Disorders

A significant number of reports have examined the association between specific
genetic variants and ED and SUD independently. The following section will review
molecular genetic studies that have been conducted within the ED field and within
the SUD field, with candidate gene studies focusing on those genetic variants that
may be most relevant for the comorbidity between ED and SUD.
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5.5.1 Linkage Studies

Few linkage studies of ED exist, although there are more reports for SUD. For ED,
studies have found several linkage peaks on various chromosomes: for AN,
chromosomes 1 (Devlin et al., 2002; Grice et al., 2002), 2, and 13 (Devlin et al.,
2002) have been implicated, whereas for BN, chromosomes 10 and 14 (Bulik et al.,
2003) have been implicated. The greater number of linkage studies for SUD
compared with ED is due, in part, to the higher prevalence of some SUD. As
discussed in a review (Wang, Kapoor, et al., 2012), a number of linkage peaks have
been identified for alcohol dependence including regions in chromosomes 4 and 14.

Over 20 linkage studies have been conducted for nicotine dependence and have
been reviewed in detail elsewhere (Li, Ma, & Beuten, 2004). A recent meta-analysis
implicated a region on chromosome 17 for a combined measure of smoking-related
behaviors, whereas suggestive linkage was identified at chromosome 5 for a
measure of nicotine dependence (Han, Gelernter, Luo, & Yang, 2010). Additional
linkage studies have been reported for cannabis, including linkage to regions on
chromosomes 1, 2, 3, 8, 9, and 14 for cannabis dependence and related constructs
(Agrawal, Hinrichs, et al., 2008; Agrawal, Pergadia, et al., 2008; Ehlers, Gizer,
Vieten, & Wilhelmsen, 2010; Han et al., 2012; Hopfer et al., 2007). Finally, other
SUD linkage peaks have been identified including chromosomes 9 and 12 for
cocaine dependence (Gelernter et al., 2005) and chromosome 14 for opioid depen-
dence (Lachman et al., 2007).

5.5.2 Candidate Gene Studies

5.5.2.1 Dopamine Genes

The dopamine system has been extensively studied in SUD, as it is known to be
involved in reward, motivation, motor activity, cognition, emotion, and food intake.
For ED, studies have suggested that the A1 allele in the TaqlA polymorphism (i.e.,
rs1800497) in the dopamine D2 receptor gene/ankyrin repeat and kinase domain
containing 1 (DRD2/ANKKI) gene are associated with sensation-seeking among
women with bulimia-spectrum disorders who also experienced childhood sexual
abuse (Groleau et al., 2012). In contrast, other research has suggested that as the
number of A2 alleles of the TaqIA polymorphism increases, the greater the associ-
ation with purging AN (Bergen et al., 2005). Additional research has focused on the
association between ED and polymorphisms in the catechol-O-methyltransferase
(COMT) gene; however, results are inconclusive. Some studies suggest that the Val
allele of the Vall158Met polymorphism (i.e., rs4680) is significantly associated with
AN (Frisch et al., 2001; Mikolajczyk, Smiarowska, Grzywacz, & Samochowiec,
2006) and BN (Yilmaz, Kaplan, Zai, Levitan, & Kennedy, 2011), whereas others
suggest that the Met allele is associated with AN (Michaelovsky et al., 2005) or that
there is no association between alleles in this polymorphism and ED (Brandys et al.,
2012). Although there are other genes in the dopamine system, less research has
investigated their association with ED.
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Numerous studies have demonstrated an association between genetic variants in
the dopamine system and alcohol dependence. Two meta-analyses (Munafo,
Matheson, & Flint, 2007, Smith, Watson, Gates, Ball, & Foxcroft, 2008) on
approximately 40 studies investigating the TaqIA polymorphism, the most widely
studied polymorphism in the addiction literature, indicated that the A1l allele was
significantly associated with alcohol dependence. On the other hand, a recent meta-
analysis of the Val158Met polymorphism did not find a significant association with
alcohol dependence (Tammimaki & Mannisto, 2010).

For nicotine dependence, meta-analyses have indicated that the Al allele
increases risk for nicotine dependence (Li et al., 2004; Munafo, Clark, Johnstone,
Murphy, & Walton, 2004), whereas the Val allele significantly increases risk for
smoking (Tammimaki & Mannisto, 2010). Two specific groups of alleles across
multiple polymorphisms (i.e., haplotype) in the COMT gene have also been shown
to be differentially protective against smoking in African-American women and
European-American men (Beuten, Payne, Ma, & Li, 2006).

No study has examined associations between cannabis abuse or dependence and
variants in dopamine genes, but there is evidence to suggest that the TaqlA
polymorphism increases risk for a cannabis-related “high” at an earlier age in
adolescent boys compared with their peers who did not have the A1 allele (Conner
et al., 2005). Furthermore, a meta-analysis has suggested that the Val allele of the
Vall58Met polymorphism is associated with increased risk for cannabis abuse
(Tammimaki & Mannisto, 2010). For other illicit drugs, the Al allele of the
TaqIA polymorphism is associated with greater heroin consumption and resistance
to treatment outcome; however, findings on psychostimulants are conflicting. No
significant associations between the Vall58Met polymorphism and opioid addic-
tion or stimulant abuse have been observed (Tammimaki & Mannisto, 2010).
However, other variants in the COMT gene, as well as additional genetic variants
in the dopamine system (DRD2/ANKKI, dopamine transporter (SLC6A3), and
dopamine P hydroxylase (DpSH)), have been associated with cocaine abuse or
dependence (Haile, Kosten, & Kosten, 2007).

Taken together, candidate gene studies on genetic variants in the dopamine
system and their association with ED and SUD implicate similar genetic risk
factors. Although several replication studies have been conducted for alcohol and
nicotine dependence, more studies are needed to understand whether genetic
variants in the dopamine system confer risk for other SUD, as well as AN and BN.

5.5.2.2 Serotonin Genes

One of the most widely studied systems in psychiatric research is the serotonin
system because it has been associated with aggression, sleep, personality, mood and
appetite regulation. Extant research within the ED and SUD fields has examined
genetic variants on two separate serotonin genes. For ED, most studies have
focused on a single polymorphism in the promoter region of the serotonin trans-
porter gene (SLC6A4), 5S-HTTLPR. Two meta-analyses reported that individuals
who had at least one copy of the short allele were more likely to have AN compared
with individuals who had two copies of the long allele (Calati, De Ronchi, Bellini,
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& Serretti, 2011; Lee & Lin, 2010). There were no significant associations between
this polymorphism and BN (Lee & Lin, 2010). Several studies have also examined
the association between a promoter region polymorphism (-1438G/A, 1s6311) of
HTR2A and AN. Although an initial meta-analysis reported an absence of an
association between this genetic variant and AN (Ziegler et al., 1999), a more
recent meta-analysis indicated an association (Gorwood, Kipman, & Foulon, 2003).

For AUD two meta-analyses have reported that the short allele of 5-HTTLPR
is significantly associated with alcohol dependence (Feinn, Nellissery, &
Kranzler, 2005; McHugh, Hofmann, Asnaani, Sawyer, & Otto, 2010). The
G allele of the -1438G/A polymorphism in the HTR2A gene was also significantly
associated with alcohol dependence in a sample of Japanese individuals whose
ALDH? gene, a gene with established connections to alcoholism, was inactive
(Nakamura et al., 1999). Moreover, the presence of the G allele in -1438G/A
distinguished alcohol-dependent patients from heroin-dependent patients when
the individuals were also carriers of the S-HTTLPR short allele (Saiz et al., 2009).
Although findings with 5-HTTLPR appear robust, additional work is necessary to
confirm the association between this HTR2A polymorphism and alcohol
dependence.

Studies examining 5-HTTLPR and nicotine dependence or related phenotypes
have been mixed. As reviewed elsewhere (Herman & Balogh, 2012), some studies
report an association with the short allele, others with the long allele, and still others
report no association. However, the A allele of the -1438G/A polymorphism in the
HTR2A gene is associated with tobacco smoking (Polina, Contini, Hutz, & Bau,
2009). Finally, minimal work has explored associations between these two seroto-
nin genes and other drug disorders, and those that do exist are mixed (Herman &
Balogh, 2012).

In sum, genetic variants in the serotonin system may influence risk for ED and
some SUD. However, replication is essential to fully understand the extent to which
these variants contribute to individual vulnerability to these disorders.

5.5.3 Genome-Wide Association Studies

To date, only four GWAS of ED exist. In general, these studies have not found
genome-wide significant p-values for any single-nucleotide polymorphism (SNP)
and AN (Nakabayashi et al., 2009; Wang et al., 2011) or eating disorder symptom-
atology (Boraska et al., 2012; Wade et al., 2013). Although no GWAS for BN
diagnosis currently exist, a GWAS examining a BN spectrum phenotype, which
included items asking about self-induced vomiting, binge eating, and bulimia, also
showed no significant findings (Wade et al., 2013). These negative findings are
likely due to small sample sizes, limiting the ability to detect significant
associations. Lastly, one report did identify a region, which included a recurrent
13q12 deletion, only observed among AN women of European ancestry and not
control women (Wang et al., 2011).



98 J.H. Baker and M.A. Munn-Chernoff

There are many more GWAS for SUD than for ED. Studies of alcohol depen-
dence have yielded findings that survived genome-wide significance and included
SNPs in or near the C/20rf51 gene (Baik, Cho, Kim, Han, & Shin, 2011; Wang,
Foroud, et al., 2012) and a SNP (rs1789891) that lies between the ADHIB and
ADHIC genes (Frank et al., 2012; Treutlein et al., 2009). However, some GWAS
have not reported significant associations between common SNPs and measures of
alcohol dependence (Bierut et al., 2010; Heath et al., 2011; Kendler et al., 2011).

GWAS of nicotine dependence have been the most successful of any psychiatric
disorder. The most robust finding comes from three GWAS of smoking-related
phenotypes, where SNPs located in nicotinic acetylcholine receptor subunit genes
(e.g., CHRNAS, CHRNA3, and CHRNB3) reached genome-wide significance (Liu
et al., 2010; Thorgeirsson et al., 2010; The Tobacco and Genetics Consortium,
2010). GWAS of illicit drugs have reported a significant association between two
genetic variants in the ANKFNI gene (rs1019238 and rs1431318) and cannabis
dependence (Agrawal et al., 2011), and differential associations by ethnicity for
heroin addiction such that rs10494334 was significantly associated with heroin
addiction among European-Americans, whereas in African-Americans, rs950302
in the DUSP27 gene was associated with heroin addiction (Nielsen et al., 2010).

In general, with the exception of smoking-related phenotypes, GWAS have not
been successful in identifying genetic risk factors for ED and SUD. Those SNPs
that have emerged have not been in dopaminergic or serotonergic genes.
Differences between candidate gene and GWAS findings could result from multiple
factors, including the fact that the threshold for significance in GWAS is so high.

5.6  Genetic Vulnerability to Eating and Substance Use
Disorder Comorbidity

Given the significant comorbidity between ED and SUD and the strong familiality
involved in each, it has been hypothesized that the disorders share a familial
vulnerability, albeit genetic or environmental. Similar to the approaches described
above, family, twin, and molecular genetic study designs can be used to elucidate
whether ED and SUD share a genetic etiology.

5.6.1 Family Studies of Eating and Substance Use Disorder
Comorbidity

Family studies have assessed whether ED and SUD aggregate together within
families. Initial reports observed an increased likelihood of an SUD in first-degree
relatives of probands with BN (Holderness, Brooks-Gunn, & Warren, 1994).
However, when proband SUD was controlled for, findings indicated that BN and
SUD were transmitted independently (Kaye et al., 1996; Lilenfeld et al., 1997,
1998; Schuckit et al., 1996). Limited reports have explored the prevalence of ED in
relatives of those with an SUD or the impact of family history of ED on SUD
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vulnerability, but in general, findings also suggest independent transmission
(Harrell, Slane, & Klump, 2009; Nurnberger et al., 2004; Schuckit et al., 1996;
von Ranson, McGue, & Iacono, 2003).

5.6.2 Twin Studies of Eating and Substance Use Disorder
Comorbidity

Similar to the twin design discussed above, bivariate twin designs are used to
decompose the correlation between two disorders into genetic and environmental
components. These models can also yield the genetic and environmental
correlations between the disorders. These correlations represent the correlation
between the genetic and environmental factors influencing disorder one (e.g., ED)
and the genetic and environmental factors influencing disorder two (e.g., SUD). If
the correlations are estimated at 1.0, this would indicate complete overlap.

To date, four studies have explored the genetic overlap between BN and SUD,
including AUD and illicit drug use disorders, and, in contrast to family studies,
indicate a shared familial association. The first report applied a multivariate twin
model to the lifetime history of six psychiatric disorders including BN and alcohol-
ism (alcohol dependence or problem drinking) to elucidate the genetic overlap
among these six disorders (Kendler et al., 1995). Although findings revealed that a
majority of the genetic liability to alcoholism was independent from the other five
disorders (including BN), there was evidence of a small amount of genetic overlap
with BN (6 %).

Expanding on this first investigation, Baker, Mitchell, Neale, and Kendler (2010)
explored the genetic correlation between a BN symptom count and several SUD
including AUD, regular smoking (defined as ever engaging in an average of at least
seven episodes of smoking per month), and illicit drug use disorder. Findings
suggested small-to-moderate overlap in the genetic factors contributing to the BN
symptom count and all SUD examined. The strongest genetic correlation was
observed between BN and AUD, estimated at 0.53, whereas the genetic correlation
between BN and any illicit drug use disorder was estimated at 0.37 and regular
smoking estimated at 0.35.

Examining shared genetic liability between broadly defined BN diagnosis, any
illicit drug use disorder, and AUD corroborates findings. Utilizing this broader
definition of BN diagnosis, a genetic correlation of 0.39 was observed between BN
and an illicit drug use disorder (Baker, Mazzeo, & Kendler, 2007), which is quite
similar to the genetic correlation reported above. Confirming previous findings in a
large, population-based study of female twins from Sweden, the genetic correlation
between BN and AUD was estimated at 0.23 (Trace, Thornton, et al., 2013).
Although this correlation is lower than previously reported, the confidence intervals
overlap.

Providing further evidence of a shared genetic component between ED and
SUD, shared genetic risk has been observed between binge eating, inappropriate
compensatory behaviors, and alcohol misuse. Specifically, a genetic correlation of
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0.61 and 0.31 was estimated between problematic alcohol use and inappropriate
compensatory behaviors and binge eating, respectively (Slane, Burt, & Klump,
2012). A larger investigation corroborated these findings and found significant
genetic overlap between alcohol dependence and binge eating and between alcohol
dependence and inappropriate compensatory behaviors (estimated genetic
correlations of 0.26 and 0.32, respectively) (Munn-Chernoff et al., 2013). These
findings suggest that the comorbidity between ED and SUD may be more related to
specific ED symptoms as opposed to a specific diagnosis, which would explain why
SUD are more common in individuals with a binge-purge-type ED. Clearly, further
work is needed exploring the genetic relationship between specific ED symptoms
and SUD and to further delineate the inconsistencies in findings across family and
twin studies.

5.6.3 Molecular Genetic Studies of Eating and Substance Use
Disorder Comorbidity

To date, no molecular genetic studies have explored whether there is a cross-
disorder association between ED and SUD. Linkage studies for these disorders
independently have shown overlap in linkage peaks (e.g., chromosomes 1 and 14),
whereas candidate gene association studies have shown independent associations
between similar genetic variants in the dopamine and serotonin systems and ED and
SUD. However, in the absence of cross-disorder analyses, we are unable to discern
whether the observed overlap in linkage peaks and genetic variants contributes to
the comorbidity between ED and SUD. Nonetheless, despite this lack of cross-
disorder association analyses, it is likely that at least some of the same genetic
variants in dopamine and serotonin genes influence liability to both ED and SUD
and their comorbidity. Clearly, this is an area worth further exploration.

5.7 Conclusion and Future Directions

Despite an extensive amount of literature showing that the comorbidity between
certain ED and SUD is high, the reasons for this comorbidity are unclear. It has long
been hypothesized that ED and SUD share a common etiology, which may include
shared genetic influences. Although the results of family studies have been incon-
sistent, twin studies uniformly suggest there is at least a small amount of overlap in
genetic risk. Moreover, two promising studies suggest that the symptoms of binge
eating and inappropriate compensatory behaviors may be the “genetic link”
between ED and SUD—which may account for some of the inconsistencies
observed across the literature.

Further, although numerous studies have investigated whether genetic variants
contribute to ED and SUD, more work is needed to identify genetic variants that
contribute to their comorbidity. Genes in the dopamine and serotonin systems may
be important, as well as other genes that have accumulated less evidence (e.g.,
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genes in the opioid system, such as OPRD]). Future studies should focus on genetic
variants in these key neurotransmitter systems and the shared association between
binge eating and/or inappropriate compensatory behaviors and SUD.

An additional important next step in identifying the genetic factors influencing
comorbidity between ED and SUD is to implement cross-disorder association
analyses, specifically cross-disorder GWAS. Cross-disorder GWAS would allow
for the identification of shared genetic variants that transcend diagnostic categories
and are shared between comorbid disorders—an approach that has been highly
successful in identifying shared genetic variants between schizophrenia, bipolar
disorder, and major depression (Smoller et al., 2013). This type of cross-disorder
analysis would answer important questions as to whether certain genetic variants
contribute to the liability to both ED and SUD.

Finally, understanding the genetic factors that increase vulnerability for the
comorbidity between ED and SUD not only have important implications for our
understanding of etiology, but also have important implications for prevention,
detection, and treatment. For example, prevention efforts can be developed for
those at genetic risk (e.g., those with first-degree relatives with an ED or comorbid
ED-SUD). Ultimately, a thorough understanding of the genetic architecture of this
comorbidity will enrich our ability to prevent, detect, and treat these disorders
independently, as well as their comorbidity.
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Abstract

Substance abuse, eating disorders, and other addictive behavior problems tend to
be comorbid with personality disorders and with dimensions of personality
pathology. Substance abuse and pathological gambling tend to be highly comor-
bid with antisocial personality disorder, whereas eating disorders are often
comorbid with both Cluster B and Cluster C personality disorders. These
comorbidities can increase symptom severity and compromise treatment. Nega-
tive emotionality, negative urgency, and sensation seeking correlate with most
forms of addictive behavior, although anorexia nervosa appears quite different
and is associated with lower levels of novelty seeking and high levels of self-
directedness and perfectionism. Well-developed neurobiological models of
brain system functioning and neurotransmitter plasticity paint a picture of how
the initially impulsive engagement in addictive behaviors can become compul-
sive over time. Behavioral and pharmacological treatment strategies emphasize
renewed engagement in nondrug pleasurable activities, and new treatments are
being developed that target the specific personality pathology of the patient.
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The focus of this chapter is on the relationships among personality disorders,
dimensions of personality and substance use, eating disorders (ED), and other
addictive behaviors. The chapter is organized as follows. First, we review evidence
concerning the comorbidity of personality disorders (PD) and substance use;
comorbidity of PD and the ED of bulimia nervosa (BN), binge eating disorder
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(BED), and anorexia nervosa (AN); and comorbidity between PD and the additional
addictive behavior of pathological gambling. We then consider research on the
topic of whether the presence of PD influences the severity of symptoms and the
treatment responsiveness of individuals suffering from addictive disorders. Next,
because of evidence that it may be more fruitful to focus on relationships between
specific dimensions of personality, rather than PD, and addictive disorders, we
summarize key findings in that domain. In the following section of the chapter, we
provide an overview of the predominant neurobiological account of drug addiction
and review evidence that a similar neurobiological process applies to some forms of
ED and to pathological gambling. Another characteristic shared by substance
abuse, addiction, and ED is the apparent developmental progression of the disorder
from initial, impulsive engagement in the addictive behavior toward compulsive
reliance on the addiction over time. We provide a brief introduction to a model
explaining that progression. Lastly, we consider treatment implications of the
observed relationships between personality and addictive behaviors.

6.1 Comorbidity of Personality Disorders and Addictive
Behaviors

In general, Cluster B PD, most prominently antisocial personality disorder (ASPD)
and borderline personality disorder (BPD), have high rates of comorbidity with
substance abuse, pathological gambling, BN, and BED. Cluster C PD tend to
co-occur more frequently with AN. We next summarize specific findings on this
topic.

6.1.1 PD and Substance Use

Using a large, nationally representative sample, Compton, Conway, Stinson,
Colliver, and Grant (2005) documented the comorbidity between ASPD and
numerous substance use disorders (SUD). Strikingly, there is a relationship between
abuse of several different categories of drugs and ASPD. For example, having an
alcohol use disorder (AUD) was associated with an eightfold increase in the odds of
also having ASPD. Those diagnosed with abusing sedatives were 12.5 times as
likely to have ASPD. Similar increased odds were present for virtually all
substances studied: For opioid abuse, an odds ratio of 12.8; for amphetamine
abuse, an odds ratio of 11.9; for hallucinogen abuse, an odds ratio of 14.0; for
cocaine abuse, an odds ratio of 10.9; and for inhalant abuse, an odds ratio of 18.7.
Considering behaviors relevant to ASPD, Compton et al. (2005) also examined
adult engagement in antisocial behavior. The results were similar: For the same set
of substance abuse diagnoses, the odds of also being diagnosed with ASPD ranged
from being 4.4 times as great as those without the disorder to 8.8 times as great.
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6.1.2 PD and Eating Disorders

There appear to be high rates of comorbidity between PD and each of the most
common ED: AN, BN, and BED. Estimates for the overall rate of comorbidity vary
widely, ranging from 27 to 93 % (Vitousek & Manke, 1994). Complicating the
estimation process is that comorbidity appears higher when PD are assessed by
questionnaire and lower when they are assessed by interview. Cassin and von
Ranson (2005) concluded that questionnaire assessment overestimates comorbid-
ity; it is not known whether interview assessments also underestimate comorbidity.
Nonetheless, even by interview, rates of comorbidity are high (Cassin & von
Ranson, 2005).

Concerning specific types of PD, it is the case that among individuals with AN,
particularly AN restricting type (ANR), the Cluster C disorders of dependent
personality disorder (DPD), avoidant personality disorder (APD), and obsessive—
compulsive personality disorder (OCPD) co-occur the most frequently (Cassin &
von Ranson, 2005; Halmi et al., 2005). The magnitude of comorbidity is estimated
to be much higher when questionnaire assessment is used (prevalence rates range
from 42 % for OCPD to 50 % for APD) than when interviews are used (average
prevalence rates across studies were 7 % for DPD, 14 % for APD, and 15 % for
OCPD). For individuals with ANR, questionnaire assessments identify high comor-
bidity with BPD from Cluster B (39 %), but that finding was not observed with
interview assessment (3 %). In general, the rates of ANR comorbidity with Cluster
A and Cluster B PD are lower than those for Cluster C, regardless of assessment
method.

Individuals with BN appear to have high rates of comorbidity with most forms of
PD, and particularly with Cluster B and C disorders. When assessed by question-
naire, a meta-analysis found comorbidity estimates of 41 % with DPD, 40 % with
APD, 33 % with histrionic personality disorder (HPD), 32 % with BPD, and 28 %
with OCPD (Cassin & von Ranson, 2005). Again, assessment by interview pro-
duced much lower estimates of comorbidity: 21 % with BPD from Cluster B; 19 %
with APD from Cluster C; 10 % with DPD from Cluster C; and 9 % each with
Cluster B’s HPD and Cluster C’s OCPD (Cassin & von Ranson, 2005; also see
Halmi et al., 2005, on comorbidity between BN and OCPD). Regardless of which
assessment method provides the most accurate estimates, it is clear that individuals
with BN often have Cluster B and/or Cluster C personality disorders as well.

To date, few studies have investigated comorbidity between BED and
PD. Cassin and von Ranson’s (2005) meta-analysis was able to aggregate data
across studies only for the interview assessment method. They found substantial
comorbidity with three PD: Cluster C’s APD, 11 %; Cluster C’s OCPD, 10 %; and
Cluster B’s BPD, 9 %. To summarize, Cluster C personality disorders co-occur
frequently with each type of ED and are perhaps most likely to co-occur with AN;
Cluster B disorders tend to co-occur most frequently with BN and BED.
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6.1.3 PD and Pathological Gambling

In a clinical study, Blaszczynski and Steel (1998) assessed the PD status of
82 consecutive admissions to a treatment program for gambling problems. Fully
93 % of the participants met diagnostic criteria for at least one PD, with an average
of 4.6 PD per participant. The most common PD were from Cluster B: BPD (69.5 %
of participants), HPD (65.9 %), and narcissistic personality disorder (NPD: 57.3 %).
Not surprisingly, the presence of these disorders was associated with high levels of
affective instability and impulsivity. Interestingly, there was also a high rate of
Cluster C disorders in this sample: DPD (48.8 %) and APD (36.6 %) were the two
most frequent. Research on possible mechanisms by which these different person-
ality disorder tendencies transact to increase risk for gambling addiction is
indicated.

In an extensive study using 4,497 twin pairs, Slutske and colleagues (2001)
found a strong association between pathological gambling and ASPD (and also with
conduct disorder and ASPD). It does not appear to be a simple case in which ASPD
causes pathological gambling or the reverse, because the association between the
two was predominantly explained by common genetic factors. Thus, current evi-
dence highlights the comorbidity between pathological gambling and each Cluster
B PD, as well as implicating some role for Cluster C PD.

6.2 The Impact of Personality Disorders on Severity
and Treatment Responsiveness for Substance Use, Eating
Disorders, and Pathological Gambling

6.2.1 Substance Use

In a sample of 606 substance abuse patients, Westermeyer and Thuras (2005) found
the following. Substance abuse patients who also had ASPD reported more
substance-related family problems, interpersonal problems, legal problems, finan-
cial problems, and occupational problems. They also had more psychological and
pharmacological symptoms. In addition, the substance abuse—ASPD comorbid
patients had more family members who had been diagnosed with SUD. They
were more likely to use tobacco, amphetamines, cannabis, opioids, and cocaine
than were other substance abuse patients. Concerning treatment, they had 50 %
more treatment admissions and spent 64 % more days in treatment. They were also
exposed to more treatment modalities, and the accumulated cost of treating them
was 58 % higher than it was for other SUD patients.

6.2.2 Eating Disorders

Several studies have found that the presence of BPD among individuals with ED is
associated with greater psychopathology and poorer functioning (Bruce & Steiger,
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2005; Wilfley et al., 2000; Wonderlich & Mitchell, 2001). In some studies, BPD has
also been found to be associated with greater ED symptomatology in particular
(Johnson, Tobin, & Dennis, 1990; Johnson, Tobin, & Enright, 1989; Wilfley et al.,
2000). For example, Johnson et al. (1989) found that more ED patients with BPD
used laxatives, and Johnson et al. (1990) found that ED patients with BPD were less
likely to have experienced remission of their ED symptoms after 1 year and, at that
1 year follow-up, were higher than non-BPD patients on several important risk
factors, such as drive for thinness, distorted body image, personal ineffectiveness,
interoceptive awareness difficulties, interpersonal distrust, and maturity fears.
Wonderlich et al. (2007) developed a typology of individuals with BN and found
that the subset high in interpersonal-emotional distress (and thus similar to those
high in BPD) were more likely than others to have comorbid mood and anxiety
disorders and to have cognitive, affective, impulsive, and interpersonal dysfunction.
They were also the group with the highest rates of ED symptoms and they
underwent more therapy for more months than did others. Concerning treatment,
the presence of BPD, or of other Cluster B PD, is associated with poor treatment
response in anorexia nervosa-binge purge type (ANBP), BN (Wonderlich &
Mitchell, 1997, 2001), and BED (Wilfley et al., 2000). Interestingly, a study of
the natural course of BN and of eating disorder not otherwise specified (EDNOS)
found that course was not influenced by the presence or severity of BPD, OCPD, or
APD (Grilo et al., 2003).

6.2.3 Pathological Gambling

In a large (n =237) sample of individuals seeking outpatient treatment for patho-
logical gambling, 16.5 % met diagnostic criteria for ASPD (Pietrzak & Petry,
2005). Compared to other pathological gamblers, this comorbid group began
gambling earlier in life and reported greater severity of gambling problems, greater
severity of substance use problems, more medical problems, and higher levels of
paranoid ideation, phobic anxiety, and somatization (Pietrzak & Petry, 2005).
Pathological gamblers with comorbid ASPD are also more likely to commit
criminal offenses (Blaszczynski & McConaghy, 1994). Clinical case descriptions
suggest that ASPD complicates gambling treatment, reducing treatment efficacy
(Law, 2013).

6.3 The Relationship Between Specific Dimensions
of Personality and Substance Abuse, Eating Disorders,
and Pathological Gambling

While the comorbidity of PD and substance use, ED, and gambling is important and
informative, some researchers argue that it is more fruitful to focus on relationships
between specific dimensions of personality and addictive behaviors. Generally,
negative emotionality and impulsivity/behavioral disinhibition tend to be the two
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specific dimensions of personality that are commonly associated with the addictive
behaviors of interest. We next summarize those findings.

6.3.1 Personality and Substance Use

In a large 7-year longitudinal study, Sher, Bartholow, and Wood (2000) found that
the personality traits most clearly related to disinhibition, such as novelty seeking,
most consistently predicted a variety of SUD both cross-sectionally and prospec-
tively. Negative emotionality, as measured by neuroticism and harm avoidance,
were both predictors cross-sectionally, but did not demonstrate robust predictions
of SUD diagnoses prospectively under stringent statistical analyses (Sher et al.,
2000). Compared to SUD, which seems to be specifically associated with problems
in constraint and behavioral control (McGue, Slutske, & Iacono, 1999), AUD tend
to be characterized specifically by the trait of negative emotionality and some
problems with impulsivity-like traits (McGue et al., 1999; McGue, Slutske, Taylor,
& Tacono, 1997). In fact, the rate of alcoholism was found to be especially high
among those who scored extreme on both negative emotionality (high scores) and
constraint (low scores, thought to be analogous to a form of impulsivity) (McGue
et al., 1997).

Given the importance of both emotion and behavioral disinhibition/impulsivity,
researchers have extensively studied many different traits that are related to impul-
sive behavior, two of which include emotional components. One is positive
urgency, the tendency to act rashly when experiencing a positive mood, and the
other is negative urgency, the tendency to act rashly when experiencing a negative
mood. Longitudinal research with college freshmen has shown that positive
urgency predicts (a) engagement in illegal drug use, (b) increases in quantity of
alcohol consumption, and (c) problems associated with alcohol use (Cyders, Flory,
Rainer, & Smith, 2009; Settles, Cyders, & Smith, 2010; Zapolski, Cyders, & Smith,
2009). Similarly, negative urgency has been shown to be associated with drinking
quantity and negative outcomes associated with alcohol consumption (Cyders et al.,
2009; Settles et al., 2010). Thus, the personality traits that link emotionality and
impulsivity may be of particular importance for substance use.

6.3.2 Personality and Eating Disorders

For AN, self-oriented and socially prescribed perfectionism prospectively predicts
onset (Cassin & von Ranson, 2005), and obsessive—compulsive traits tend to
increase the odds of developing the disorder (Anderluh, Tchanturia, Rabe-Hesketh,
& Treasure, 2003; Cassin & von Ranson, 2005) as does narcissism (Cassin & von
Ranson, 2005). Although this profile is similar to those with BN (Cassin & von
Ranson, 2005), individuals with ANR (anorexia nervosa, restricting type) tend to be
higher in self-directedness (Klump et al., 2000), higher in persistence, and lower in
novelty seeking than those with BN or no disordered eating (Cassin & von Ranson,
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2005). Individuals who binge eat and/or purge, on the other hand, tend to be
characterized by more impulsive and emotion-based traits. First, those who are
diagnosed with ANBP, BN, and BED tend to score higher on measures of sensation
seeking than ANR or controls (Rossier, Bolognini, Plancherel, & Halfon, 2000;
Steiger, Jabalpurwala, Champagne, & Stotland, 1997), and BN inpatients and
outpatients seem to be more impulsive than individuals with ANR type and
nonpsychiatric controls (Cassin & von Ranson, 2005). Second, negative emotion-
ality and neuroticism are associated with binge eating and purging symptoms
(Cassin & von Ranson, 2005; Lilenfeld, Wonderlich, Riso, Crosby, & Mitchell,
2006), and a meta-analysis found that negative affect and neuroticism had a modest
average effect size of .09 for BED and BN (Stice, 2002). Research suggests that
negative mood precedes binge eating and that binge eating may in fact be an
attempt to regulate or modulate negative mood (e.g., Smyth et al., 2007). When
examining the role of specific impulsivity traits, negative urgency concurrently and
prospectively predicts BN and BED symptoms above and beyond all other
impulsivity-related traits, including sensation seeking, lack of perseverance, and
lack of planning (Fischer, Smith, & Cyders, 2008; Pearson, Combs, Zapolski, &
Smith, 2012).

6.3.3 Personality and Gambling

Similar to the other addictive behaviors, researchers have focused on traits related
to impulsivity and emotionality. In one large, 3-year longitudinal study, researchers
found that even after controlling for substance use and sex, young adults with
pathological gambling scored significantly higher on negative emotionality and
significantly lower on constraint (Slutske, Caspi, Moffitt, & Poulton, 2005). How-
ever, when examining a subgroup involved only in gambling, negative emotionality
was no longer elevated, suggesting that the high levels of negative affect that
predicted problem gambling may be due, in part, to comorbid alcohol or nicotine
dependence and that pure gambling may rather be a result of significantly low
constraint, or problems in impulsivity and behavioral inhibition (Slutske et al.,
2005). Another study that investigated the longitudinal influence of impulsivity
traits on gambling among college freshman found that while sensation seeking,
positive urgency, and lack of planning all concurrently predicted gambling behav-
ior, only positive urgency uniquely predicted increased gambling behavior prospec-
tively (Cyders & Smith, 2008a). Thus, it seems that positive mood and impulsivity
are both important predictors of future problem gambling.
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6.4 Neurobiological Account of Drug Addiction

It seems that personality traits that predispose one to emotion-based impulsive
action are common among addictive behaviors. One explanation for this common-
ality can be found in a neurobiological model to explain emotion-driven rash or
impulsive action.

There appears to be a functional brain system involved in the processing of
emotion-laden experiences and preparing for action involving interconnections
between the amygdala and the orbitofrontal cortex (OFC) and its medial sector
(the ventromedial prefrontal cortex or VMPFC) (Barbas, 2007; Bechara, Tranel, &
Damasio, 2000; Ghashghaei & Barbas, 2002; LeDoux, 2000; Lewis & Todd, 2007).
The amygdala is responsive to emotionally salient stimuli; in particular, to
distressing stimuli. There are numerous “bottom-up” connections between the
amygdala and the OFC/VMPFC. These connections are understood to serve the
function of orienting these areas of the PFC to attend to, and prepare behavioral
responses to, important or emotionally salient stimuli (Cardinal, Parkinson, Hall, &
Everitt, 2002; Lewis & Todd, 2007). The OFC and VMPFEC, in turn, have numerous
“top-down” connections back to the amygdala; these connections enable the PFC to
modulate amygdala functioning. Specifically, they appear to carry information
about possible consequences of actions and a bias toward long-term interests
back to the amygdala. Essentially, recognition of consequences of prospective
behaviors and a concern for long-term goals inhibit amygdala functioning, thus
reducing the degree of emotion-driven action following amygdala activation. Thus,
in a well-functioning system, individuals recognize emotionally salient stimuli and
attend to them. Their responses to those stimuli involve attempts to meet the need
underlying the emotion, but in a way that does not harm one’s long-term interests
and goals.

However, reduced functioning of the OFC/VMPFC can result in fewer caution-
ing signals to the amygdala, resulting in increased levels of emotion-driven action
uninformed by one’s long-term interests. On the most basic level, individuals with
damaged OFC/VMPFC display an impaired ability to effectively anticipate the
potential risks of their actions (Bechara, Damasio, Tranel, & Damasio, 2007). Other
studies have shown that OFC/VMPFC-damaged individuals are sensitive to imme-
diate reinforcement and punishment and oblivious to future consequences of their
actions (Bechara, Damasio, Damasio, & Anderson, 1994). They seem unable to
inhibit emotion-driven actions in light of their own and others’ interests and well-
being; instead, they are guided by immediate consequences only. Put differently,
they lack effortful control or purposeful inhibition of emotional responses.

Another way in which this system can malfunction, leading to affect-driven
action, is through neuromodulators like serotonin (SHT) and dopamine (DA; Lewis
& Todd, 2007). Experimental and correlational designs have demonstrated that low
levels of SHT are associated with greater rates of reckless behaviors that often
involve risk, together with greater levels of negative affect (Cools et al., 2005;
Depue & Collins, 1999; Frankle et al., 2005; Krakowski, 2003; Morgan,
Impallomeni, Pironi, & Rogers, 2006; Spoont, 1992; Winstanley, Dalley, Theobald,
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& Robbins, 2004; Winstanley, Eagle, & Robbins, 2006; Winstanley, Theobald,
Dalley, Glennon, & Robbins, 2004; Zald & Depue, 2001). Considering the brain
system of interest, low levels of SHT result in lower levels of OFC/VMPFC
functioning and therefore fewer top-down transmissions from the OFC/VMPFC
back to the amygdala in the presence of strong emotion. This results in lesser
inhibition of the amygdala, a stronger and more lasting emotional response, and
reduced ability to consider the possible long-term consequences of actions. One
result is an increased disposition toward disinhibited or rash action (Cyders &
Smith, 2008b).

For some receptor subtypes and in some brain areas, SHT modulates dopamine
(DA) activity (Morelli et al., 2011). In those cases, when low levels of SHT are
present, DA levels are less inhibited, thereby increasing levels of DA in the brain.
Thus, areas of one’s brain can have low levels of SHT and high levels of
DA. Elevated levels of DA are associated with a tendency to act (Depue, 1995;
Depue & Collins, 1999; Zald & Depue, 2001) and with increasing reward-seeking
and risk-taking behaviors (Spear, 2000), including emotional dysregulation, impul-
sivity, and cognitive—perceptual impairment (Friedel, 2004). High levels of DA
activity in the amygdala—OFC/VMPFC circuit are associated with high rates of rash
or reckless acts (Floresco & Tse, 2007). One result of the combination of low SHT
and high DA in this functional brain system is an overall reduction in OFC/VMPFC
modulation of amygdala-driven responses, or a reduction in effortful control/affect-
guided planning and an increased likelihood of engaging in rash, ill-considered acts
(Cyders & Smith, 2008b; Depue, 1995). It is important to appreciate that the
combination of low SHT and high DA is one of many different patterns of
neurotransmitter elevation that can occur in different regions of the brain, and
there are circumstances in which SHT and DA covary positively (Rothman, Blough,
& Baumann, 2008).

6.4.1 Neurobiology of Substance Use

The brain system described above explains how one is at risk, neurobiologically, to
engage in a rash, impulsive action while experiencing a strong emotion. Next, we
briefly describe how this individual is at risk for continued engagement of that
behavior by describing the most prominent neurobiological model of drug addic-
tion. Each time an individual uses a drug, there is an increase in dopaminergic
activity, which has been shown to be associated with subjective perceptions of
reward (Volkow & Wang, 1996). These feelings of pleasure reinforce the drug use
so the individual comes to choose it as a way to increase positive affect and
decrease negative affect. However, the neuroplasticity associated with the drug
use causes an elevation in the brain reward threshold, thereby creating a greater and
greater elevation in “baseline” thresholds (Koob & Volkow, 2010). Because the
reward function fails to return within normal homeostatic range, the individual need
more of the drug more often to achieve the same effect of immediate reward and
pleasure.
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When the reward system is chronically activated by drug use, the brain adapts by
decreasing the number of dopamine D, receptors, which results in a decreased
sensitivity of the reward circuits to stimulation by natural reinforcers (Martin-Solch
et al., 2001; Volkow & Fowler, 2000). Consequently, after extensive, ongoing drug
use, one comes to find little pleasure in everyday activities and instead craves the
drug and focuses on seeking the drug. Furthermore, the chronic activation of the
reward system also activates an anti-reward circuit that has the opposing actions of
limiting the drug’s reward function (Koob, 2005). Together, these processes
decrease sensitivity to rewards (Volkow et al., 2010). The combination of the loss
of function of natural reward systems and the recruitment of the brain stress or anti-
reward systems creates a situation of chronic loss of pleasure and ongoing negative
affect; these states can only be alleviated by ever-increasing amounts of the drug on
an escalating frequency of occasions. Compounding this difficulty is that, over
time, substance abusers experience enhanced sensitivity of memory circuits to
conditioned expectations of reward from drug use; these conditioned expectations
then drive further drug use (Volkow et al., 2010). Use of the drug becomes a
powerful source of negative reinforcement and of anticipated pleasure. Individuals
choose to continue using the drug to achieve negative reinforcement, despite
knowing that the use has negative consequences.

6.5 Neurobiology of BN

There is evidence that this process operates for BN, as well. Women with BN tend
to have low levels of the major metabolite of SHT (Kaye, Gwirtsman, George, &
Ebert, 1991; Steiger & Bruce, 2007). Impaired serotonergic responsiveness is often
cited during the acute illness state of BN (e.g., Brewerton, 1995; Brewerton et al.,
1992; Goldbloom, Garfinkle, Katz, & Brown, 1990; Kaye et al., 1998) and is also
associated with BN symptom severity (Jimerson, Lesem, Kaye, & Brewerton,
1992). Moreover, higher levels of impulsivity in women with BN are associated
with low levels of SHT measures (Steiger, Israel, Gauvin, Kin, & Young, 2003).
The rash BN behaviors of binge eating and purging therefore appear associated with
alterations in brain systems that are associated with reduced effortful control or
reduced affect-guided planning.

Research on DA levels in BN is typically conducted in the brain’s reward
systems since DA is the neurotransmitter most associated with reward (e.g., Broft
et al., 2012; Jimerson et al., 1992). Women with BN tend to have a lower number of
DA receptors, and there is a significant negative association between the
frequencies of binge eating and purging and the striatal DA response (Broft et al.,
2012). Because of this decreased response, more DA need to be released to achieve
the same rewarding response. An increase in DA is associated with reward value
(Volkow et al., 2002, 2003). Thus, similar to what is observed in individuals with
SUD (Volkow et al., 2002, 2003), individuals with BN tend to have lower baseline
levels of DA responding, which is associated with reduced baseline levels of
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pleasure or reward, thereby experiencing less frequent positive affect and also
requiring larger upsurges in DA to experience reward.

6.6 Neurobiology of AN

Although the focus of this section of the chapter concerns behaviors that are often
described as impulsive, there is considerable evidence that AN should be regarded
quite differently. As noted above, AN, particularly ANR, is highly comorbid with
OCPD, and attributes such as cognitive and behavioral inflexibility (Zastrow et al.,
2009), rigidity, preference for symmetry and exactness, low impulsivity, avoidance
of novel situations, and obsessiveness (Cassin & von Ranson, 2005; Fassino et al.,
2002) tend to characterize the personalities of individuals with AN. Zastrow
et al. (2009) found that women with AN had particular deficits in behavioral
response shifting, i.e., they had trouble changing their behavior when changing
task demands required it. This deficit was associated with reduced activation in the
left and right thalamus, ventral striatum, anterior cingulate cortex, sensorimotor
brain regions, and cerebellum.

Another intriguing possibility for understanding the neurocognitive
underpinnings of some aspects of AN was provided by Jarry and Vaccarino
(1996), who observed that high levels of SHT in the same functional brain system
described above (i.e., variation in SHT levels in the opposite direction from what
characterizes BN) are associated with the preference for symmetry and exactness
shared by AN and obsessive—compulsive disorder. High levels of 5HT in this
functional system may also be associated with unusually high levels of effortful
control.

An additional dimension of AN is body distortion, and there is evidence of
impaired spatial orientation skills in women with AN (Nico et al., 2010). Possibly,
one thing that contributes to distorted body image in individuals with AN is a deficit
in basic spatial orientation abilities. A number of researchers have identified deficits
localized to the right parietal lobe as possible contributing factors (Grunwald et al.,
2002; Nico et al., 2010).

6.7 Neurobiology of Pathological Gambling

A neurobiological risk process similar to that for BN may be present in individuals
identified as pathological gamblers (Potenza, 2008; Zack & Poulos, 2009). Zack
and Poulos (2009) review extensive evidence supporting the possibility that the
neurochemical basis for pathological gambling is very similar to that for substance
abuse and BN. For example, anticipated rewards and uncertainly of reward deliv-
ery, both of which are characteristic of gambling, are known to stimulate DA
release. Researchers have found cross-priming of motivation for gambling by
amphetamine use. In addition, there is some evidence for reduced SHT, perhaps
in the same functional brain system involving the OFC/VMPFC, among
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pathological gamblers. DA agonist treatments for Parkinson’s disease result in an
increase in pathological gambling (Potenza, 2008), a finding consistent with DA
facilitating risk-taking or impulsive behavior.

6.8 Developmental Process of Addiction: From Impulsive
Behavior to Compulsive Reliance

Just as these addictive behaviors are described as impulsive, they can also be
described as compulsive: Individuals with substance use, alcohol use, eating
disorders, and/or pathological gambling diagnoses repeatedly engage in the behav-
ior despite knowing and experiencing the harms associated with the behavior.
Continued engagement in a behavior despite knowing that doing so is harmful is
referred to as compulsive. Although impulsivity and compulsivity have historically
been described as existing on opposite poles of a continuum (Skodol & Oldham,
1996), examination of the body of DSM disorders suggests that these disorders have
features of both impulsivity and compulsivity simultaneously, which has led some
to conclude that the two terms refer to separate, but partially overlapping constructs
(e.g., Engel et al., 2005). We next briefly summarize a model that describes how a
behavior is initially impulsive in nature and then becomes compulsive over time
(Pearson, Guller, Spillane, & Smith, 2011).

Due in part to the functional brain system described above, some individuals
have a tendency to respond to intense emotion with rash, ill-advised action that
provides the immediate negative reinforcement of relief from the distress but that
otherwise works against the individual’s ongoing interests and need. This tendency
is described as the personality trait of negative urgency. When one who is high in
negative urgency experiences negative mood, such a person feels the urge to act
rashly in response to the distress, thereby increasing his or her risk to engage in a
risky behavior like using drugs, drinking, gambling, or binge eating and purging.
The behavior involves the pursuit of short-term, immediate solutions to one’s
distress as opposed to resolution of the source of one’s distress, which would
involve problem-solving over a longer period of time.

The first time one engages in one’s impulsive behavior of choice, the act is
reinforced as one experiences a reduction in distress. One did not choose a problem-
solving, more adaptive way to cope with the distress. Because of the strong,
immediate reinforcement, the behavior is chosen more and more frequently over
time, thus setting the stage for compulsive engagement in risky behavior. Compul-
sive reliance on such behavior likely occurs for at least two reasons. First, the
immediately reinforcing rash action comes to be consistently chosen when dis-
tressed. Second, on each occasion in which one chooses that behavior, one has
missed an opportunity to take a different approach to managing one’s distress. One
has missed a chance to engage in responses that focus on solving the problem that
led to the initial distress. By repeatedly missing such chances, one tends not to
develop problem-solving coping responses to distress. Over time, one has less and
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less access to responses other than the addictive behavior and thus engages in the
behavior despite knowing that it will bring harm; it is now compelled.

6.9 Treatment Implications

There are many well-studied, valid behavioral treatments for addictions, such as
motivational interviewing (Miller & Rollnick, 2002) and the community reinforce-
ment approach (Meyers & Miller, 2006). There is also reason to believe that a
combination of behavioral and pharmacological treatments may work best for many
forms of addictive disorder (Potenza, Sofuoglu, Carroll, & Rounsaville, 2011). It is
beyond the scope of this chapter to review the treatment literature for each of
multiple forms of addiction in depth (see Potenza et al., 2011 for one recent review).
Instead, we highlight specific treatment considerations in light of the research we
have reviewed.

Given the fact that negative emotions tend to precede the engagement of many
addictive behaviors, treatments need to focus on ways in which to reduce negative
affect and increase positive affect. This is especially important considering the
neurobiological model which suggests that chronic reliance on such behaviors leads
to a decrease in DA activity, and therefore chronic states of negative affect. With
respect to psychotherapy, incorporating behavioral activation strategies, which are
interventions designed so that clients return to engaging in formerly pleasurable
activities, seems beneficial. When individuals do return to formerly pleasurable
activities, over time they come to find pleasure in them again (Dimidjian et al.,
2006), thus providing an addiction-free source of reinforcement. With respect to
pharmacotherapy, a focus on enhancing DA functioning and restoring brain circuits
altered by chronic drug use may also help individuals engage in nondrug pleasur-
able behaviors (Volkow, Fowler, Wang, & Swanson, 2004).

An important development is the recognition that it may be valuable for
clinicians to distinguish among different personality dispositions as they develop
treatment strategies. A client engaging in drug use or alcohol use may be doing so as
a function of his or her intense affect, but he or she may, instead, be expressing an
intense need to seek new, thrilling stimulation. Making these distinctions is useful,
because different preventive or treatment interventions are needed for the different
personality underpinnings to this set of problem behaviors.

When treating substance abusers, individuals with ED, and those suffering from
pathological gambling, who are also high in negative urgency, clinicians might
benefit from using interventions that reduce impulsive actions undertaken while
experiencing intense negative emotions. One such therapy, dialectical behavior
therapy (DBT; Linehan, 1993), was developed to treat BPD, which is characterized
by high emotional vulnerability and lability as well as impulsiveness and low
distress tolerance (American Psychiatric Association, 2013). DBT tends to focus
on reducing urgency or emotion-driven impulsive acts by teaching skills for
emotion regulation and distress tolerance. For instance, DBT includes training on
understanding one’s emotions, how to tolerate one’s distress or one’s intense
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emotions without engaging in immediate action, and stopping and adjusting one’s
emotional reactions by considering the context; these skills have all been proven
helpful.

Adaptations of DBT have been created for BN (Safer, Robinson, & Jo, 2010;
Safer, Telch, & Agras, 2001; Telch, Agras, & Linehan, 2001) and have been shown
to be at least somewhat effective for reducing bulimic symptoms. Similar to DBT,
integrative cognitive affective therapy (ICAT; Wonderlich et al., 2010) for BN also
focuses on regulating emotions in the moment; however, it also includes a goal-
focused component to help individuals identify long-term goals and engage in
behaviors that help them to meet their long-term goals and need as opposed to a
focus on the immediate. Although this therapy is relatively new, preliminary
findings suggest its effectiveness in reducing negative urgency type BN behavior
and increasing positive behaviors that help one achieve future goals (Wonderlich
et al., 2008, 2014).

For those who are high in sensation seeking but not high in negative urgency, the
interventions described above are likely to miss the mark. Such individuals get
involved in addictive behaviors not to alleviate distress, but instead to meet a strong
need for novelty and stimulation. For such clients, interventions that provide
individuals with safe alternatives for seeking high levels of stimulation have proven
valuable. For example, the use of media messages with high sensation value that
encourage alternative, safe means of seeking stimulation, and development of a
repertoire of stimulating activities that are safer, provides clients with behavioral
options at key choice points that appears to be effective in reducing drug use
(Stephenson, 2003).

A difficult challenge for clinicians treating addictive behaviors is their comor-
bidity with other disorders, particularly personality disorders. We cannot provide a
full review of strategies for each possible form of comorbidity. We do note,
however, the problem that many forms of addictive behavior can be comorbid
with ASPD. This comorbidity is likely to cause difficulties in treatment, because, to
date, researchers have not produced evidence for successful treatment of ASPD
(Duggan, Mason, Banerjee, & Milton, 2007; Salekin, 2002). Individuals with
ASPD tend not to understand the impact of their behaviors on others and they
tend not to generalize lessons learned from one experience to new experiences, thus
compromising treatment. A treatment focus on the addictive behavior and its
negative impact on the client’s goals, rather than a focus on ASPD symptoms,
might prove most beneficial. There is a clear need for ongoing collaborations
between clinicians and researchers to fashion the most effective, person-specific
treatments for these difficult problems.

In this chapter, we have reviewed the literature on the comorbidity of PD and
substance use, ED, and pathological gambling. We have discussed the more specific
personality underpinnings of these addictive disorders and a common neurobiolog-
ical model that may explain the similar addictive properties of these problem
behaviors, including how they may become compulsive over time. We concluded
by briefly discussing treatment implications and future directions for interventions
given the personality underpinnings and comorbidity of PD.
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Abstract

The recent addition of a behavioral addictions category in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) has provided a framework to
examine when behaviors progress from normal to pathologically excessive.
Several behaviors that are either typically harmless (e.g., gambling, shopping)
or even healthy (e.g., alcohol consumption, sex) when performed in moderation
have been identified as having addictive potential. Exercise is one such behavior
that may be viewed as an addiction. However, the literature is confused by
several terms such as compulsion, addiction, and dependence that all may refer
to similar, if not the same, pathological patterns of problematic exercise. This
chapter will first review the various terms that are widely used and provide a
clear distinction among exercise addiction, dependence, and compulsion. Next,
we will review assessment measures that are commonly used in research and in
clinical practice to screen for problematic exercise patterns. Finally, we will
discuss the emerging literature that examines the co-occurrence of problematic
exercise and eating pathology, substance use disorders, and other behavioral
addictions.
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Behavioral addictions have recently become a topic of increasing interest in light of
the addition of gambling disorder as the sole condition in a new category on
behavioral addictions in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5; American Psychological Association [APA], 2013). While the DSM-5
identifies only gambling as a behavioral addiction, other behaviors such as sex,
shopping, and Internet gaming may have addictive potential. Exercise is another
behavior that has been described as an addiction (Freimuth, Moniz, & Kim, 2011),
compulsion (Meyer & Taranis, 2011), and dependency (Hausenblas & Symons
Downs, 2002). The varied terms used to describe excessive exercise collectively
indicate the pathological potential of physical activity. Although a great deal of
recent research on pathological patterns of exercise exists, our understanding of
problematic exercise is limited by the use of several terms that may be describing
one singular phenomenon (Cook et al., 2013; Freimuth, 2009; Ménok et al., 2012).

Because exercise can serve as an effective method of weight control, and it is a
common feature of eating disorders (ED) (Shroff et al., 2006), much of the
excessive exercise literature has been conducted within the context of ED. The
association among exercise and ED is so strong that some argue that problematic
exercise does not exist independent of an ED (Mond, Hay, Rodgers, Owen, &
Beumont, 2004). Nevertheless, problematic exercise has been observed clinically in
the absence of ED (de Coverley Veale, 1987; Veale, 1995) and diagnostic
guidelines for problematic exercise exclusive of ED have been proposed (Bamber,
Cockerill, & Carroll, 2000, 2003). To come to such a conclusion requires clear
operational definitions that describe and define pathological exercise and guide
assessments. Therefore, this chapter will first review the large body of research
examining all major nomenclatures of problematic exercise. Second, we will
examine current tools available to quantify problematic exercise. We will conclude
the chapter with a brief review of problematic exercise in conjunction with ED,
substance use disorders (SUD), and other addictions. (For further information on
the use of exercise in treatment, see Chap. 28.)

7.1 Distinguishing Exercise Addiction and Compulsion

Definitions for addiction and compulsion share much in common. Specifically, both
addictions and compulsions are associated with adverse consequences across many
domains (e.g., interpersonal, work), describe urge-driven repetitive behaviors that
are difficult to control, and may also serve to manage affect. Thus, considerable
overlap in features associated with exercise addiction and compulsion has
contributed, in part, to the inconsistent use of terms describing pathological exer-
cise. However, there is evidence that the scope of affect regulation, the develop-
mental sequence, and presence of tolerance and withdrawal symptoms has the
potential to distinguish exercise addiction from compulsion.
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7.2 Addiction

The American Society of Addiction Medicine (ASAM, 2011; Smith, 2012) has
recently updated their definition of addiction to reflect a more accurate description
of both substance use and behaviors (Karim & Chaudhri, 2012) that have been
conceptualized as addictions. Addiction is characterized by an inability to consis-
tently Abstain, impaired Behavioral control, Craving or increased hunger for drugs
or rewarding experiences (i.e., behavioral addictions), Diminished recognition of
significant problems with one’s behaviors and interpersonal relationships, and a
dysfunctional Emotional response. Moreover, addictions have a genetic basis that
leads to a primary, chronic disease of brain reward, motivation, memory, and
related circuitry that manifests as a bio-psycho-social-spiritual dysfunction
(ASAM, 2011). Simply stated, individuals with an addiction have a genetic predis-
position that results in either substance use or behaviors producing hypersecretion
of dopamine in the mesolimbic reward pathway (Smith, 2012). Consequently,
repeated engagement in a behavior (e.g., drug use, exercise) becomes compulsive
and without regard for the bio-psycho-social-spiritual consequences.

Exercise addiction research has begun to examine most aspects included in the
ASAM definition of addiction. Much of this work has focused on examining
addictive behaviors ability to manage affect. For example, exercise either reduces
or alleviates a variety of negative affective states such as anger, depression, stress,
and boredom (USDHHS, 2008). Where compulsive behavior is primarily a means
to either escape or reduce a specific negative affect, anxiety, a distinctive feature of
addiction is a dual potential to reduce negative affect while also creating positive
feelings (Goodman, 2008). Therefore, addictive behaviors are intrinsically
motivated through a substance or behavior’s ability to increase positive affect
and/or good feelings sometimes described as a high or buzz (e.g., runner’s high,
B-endorphin release; see Hamer & Karageorghis, 2007, for a review). A recent
ecological momentary assessment study examined the relationship between daily
activities and mood (i.e., valence, energetic arousal, and calmness) over a 10-week
period and found that participants felt more content (valence), awake (energetic
arousal), and calm (calmness) after being physically active compared to when they
were inactive (Kanning & Schlicht, 2010). This study also found that the positive
mood-exercise relationship was affected by the individual’s baseline mood level,
with the greatest effect seen when mood was depressed. This dual capacity of a
behavior to escape negative affect while bringing relief, pleasure, or a high
characterizes a potential addiction in its early stage of development. When a person
discovers that a behavior provides a significant benefit (e.g., the behavior is a means
to cope, improve self-esteem) that is not readily obtainable through other means,
the behavior begins to increase in frequency.

With time, the addictive behavior can begin to have a compulsive urge-driven
quality (not to be confused with a compulsive disorder). That is, as the behavior
increases in frequency, the individual continues to engage in the behavior despite it
creating havoc in the person’s life. For example, the addicted runner may put this
activity above work and family. Ceasing or cutting back on this routinized
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repetitive behavior is not an option because to do so is associated with cravings and
dysphoria. The addictive behavior is then “compulsive” in the sense that it is
difficult to control, and the primary motivation is escape from distress (Freimuth
et al., 2011). At this point, the addicted exerciser may miss out on family events or
work deadlines because taking a break from the gym means experiencing the
discomfort of withdrawal.

Tolerance and withdrawal are also often included in definitions that are unique to
addiction. The presence of each may offer another way to distinguish addiction
from compulsion. Specifically, tolerance refers to the need to do more of a behavior
to get the desired effect. A person who once needed four beers to get “high” now
consumes six beers or what began as a 1 h workout three times a week has extended
into daily workouts of no less than 2 h to achieve the desired sense of accomplish-
ment. Ceasing any addictive behavior is also associated with withdrawal syndrome.
In the case of exercise, withdrawal is associated with a sense of being uneasy,
irritability, sluggishness, sleep disturbances, decreased sexual drive, and increased
negative affect (Aidman & Woollard, 2003; Berczik et al., 2012).

Finally, exercise addiction has also been presented as a form of dependence. In
general, dependence occurs in response to taking a substance that affects the central
nervous system and represents a normal physiological adaptation to repeating a
dose of a substance. Functionally, dependence and addiction refer to the same
pattern of behavior. Moreover, some types of substance use (e.g., prescription
drug use, nonproblematic alcohol use) may show tolerance and/or mild withdrawal
symptoms but would not reflect the compulsion nor the severity of a disorder
necessary to satisfy a diagnosis of addiction. Therefore, the use of dependence as
the preferred nomenclature over addiction as a diagnostic term originated in the
DSM-III-R with the intention of avoiding a potentially stigmatizing and pejorative
term such as addiction and to better describe a wide range of problematic substance
use (O’Brien, Volkow, & Li, 2006). Because patterns of exercise display many
similarities with SUD (i.e., tolerance, withdrawal symptoms, ability to be
performed by most individuals without progressing to addiction), a compelling
argument has been made that exercise dependence is the preferred term. The basis
for this nomenclature, in large part, was to more closely reflect the diagnostic
criteria in the DSM-IV (Hausenblas & Symons Downs, 2002). The DSM-5 criteria
are similar, although the term “dependence” has been dropped in favor of “use
disorders,” and “craving” has been added to the list of potential symptoms of SUD
(American Psychiatric Association, 2013).

7.3 Compulsion

Compulsive has also been used as a descriptive term to indicate problematic
exercise. Compulsivity is defined as an urge to perform a behavior to relieve anxiety
arising from the perception of a negative consequence if the behavior is not
performed (American Psychiatric Association, 2000; Meyer, Taranis, Goodwin,
& Haycraft, 2011). Examples of compulsive disorders include ritualized and
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stereotyped behaviors such as frequent checking or hand washing (de Coverley
Veale, 1987). For example, an individual with obsessive—compulsive disorder who,
after leaving home, worries that the stove was left on will be consumed by thoughts
that there will be an explosion until he returns home to check. Thus, compulsions
are a response to an urge to take action with the intent of escaping unpleasant affect,
usually anxiety. This anxiety arises from imagined negative consequences (i.e.,
obsessions) if the action is not taken. As we have previously described, patterns of
exercise in an addicted individual may begin to exhibit compulsive tendencies.
However, one key distinction of compulsion from addiction is that compulsions do
not show tolerance. That is, a given behavior, be it hand washing or checking,
alleviates anxiety until the next time the urge arises, but the individual does not
need to wash more or check more often to quell a given urge.

Compulsive behavior is also associated with obsessive thinking. For example,
the compulsive exerciser is consumed with thoughts of adverse events if exercise
does not occur. While both the addicted and compulsive exercisers obsess about the
adverse effects of forgoing the behavior, the addicted person’s obsessions are
focused more on realistic negative consequences of doing the behavior, while
those of the compulsive are based on unrealistic consequences arising from not
doing the behavior (Yates, 1991).

Review of both the exercise addiction and compulsion literatures reveals major
overlap among each nomenclature as the preferred term to describe problematic
exercise patterns. This may be simplistically summarized as a pattern of exercise
that is deeply engrained in the individual’s daily rituals, increased time spent in
exercise behavior and/or exercise-related activities (e.g., planning for future
episodes, recovering from previous episodes, shopping for equipment), and
continuing to exercise despite serious consequences such as injury and/or weight-
related health detriments (e.g., ED). Moreover, this pattern of exercise is performed
with a zeal that is beyond the scope of a “normal” exerciser and is resistant to
change. Notable differences in these literatures are that the addiction literature
provides a more dynamic and inclusive framework for defining exercise as a
behavioral addiction and has presented various theories on the etiology and
biopsychosocial implications of exercise as an addiction. Alternatively,
descriptions of exercise as a compulsion offer better evidence of exercise’s role
in affect regulation and in ED. A further key distinction among addiction and
compulsion terminology is that compulsive behaviors do not show the same
tolerance or withdrawal symptoms that are hallmarks of addiction.

Case studies (de Coverley Veale, 1987) and correlational research (Cook et al.,
2013) support the importance of distinguishing forms of problematic exercise.
Primary exercise addiction is defined as continually exercising solely for the
psychological gratification resulting from the exercise behavior (de Coverley
Veale, 1987). Secondary exercise addiction occurs when an individual uses exer-
cise to accomplish some other end in conjunction with other pathologies, specifi-
cally ED (Hausenblas & Symons Downs, 2002). While compulsion may exist in
primary exercise addiction (Freimuth et al., 2011), there is clear evidence that
compulsion is the key factor of secondary addiction that may distinguish beneficial
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from detrimental exercise in ED (Cook & Hausenblas, 2011; Cook, Hausenblas,
Tuccitto, & Giacobbi, 2011; Hausenblas, Cook, & Chittester, 2008; Meyer &
Taranis, 2011). Thus, addiction terminology represents all forms of problematic
exercise, while compulsive terminology is a preferable term for secondary exercise
addiction (Meyer & Taranis, 2011). Simply stated, all problematic patterns of
exercise may be described as an addiction. However, addictions include compulsive
urge-driven qualities, and compulsions are the key facet that may explain the
relationship among exercise and ED. Therefore, compulsive exercise is the pre-
ferred terminology for what has been referred to as secondary exercise addiction.
Given the current state of the literature where exercise addiction and compulsion
are often not distinguished and to avoid further confusion, we will use the term
problematic exercise throughout the remainder of this chapter unless we are
referring to a study that clearly makes the distinction or measurement tool.

7.4  Measuring Exercise Addiction and Compulsion

The various conceptualizations and definitions previously described have generated
several measurement tools that quantify the various forms of problematic exercise.
Each tool has its own advantages and disadvantages in measuring facets of addic-
tion or compulsion that are pertinent to either general or specific populations (e.g.,
eating-disordered individuals, body builders, runners). Additionally, it is important
to note that most measures contain items that continue to confuse conceptua-
lizations of problematic exercise (e.g., compulsion scales that contain items
assessing tolerance or withdrawal). We have focused our review to reflect the
tools that are most commonly used, demonstrate superior psychometrics, and
present an approach to quantifying problematic exercise that may be broadly
applicable to multiple fields of research. Therefore, we have included the Exercise
Addiction Inventory (EA]) and Exercise Dependence Scale (EDS) because they are
the two most widely used measures of exercise addiction (Moénok et al., 2012).
Similarly, we have included the Compulsive Exercise Test (CET) and Obligatory
Exercise Questionnaire (OEQ) because they are two popular scales of exercise
compulsion that have been used extensively in research examining exercise in
ED. Examples of specific items for each facet of all measurements are provided
in parenthesis.

7.5 Exercise Addiction Inventory

The EAI (Terry, Szabo, & Griffiths, 2004) is a quick and simple screening tool
measure that is based on theoretical constructs of behavioral addiction (Griffiths,
1996). The EAI includes one item for each of the following six components of
behavioral addiction:

e Salience (“Exercise is the most important thing in my life”)
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¢ Mood modification (“I use exercise as a way of changing my mood (e.g., to get a
buzz, to escape, etc.)”)

¢ Tolerance (“Over time I have increased the amount of exercise I do in a day™)

* Withdrawal (“If I have to miss an exercise session, I feel moody and irritable”)

e Conflict (“Conflicts have arisen between me and my family and or my partner
about the amount of exercise 1 do”)

¢ Relapse (“If I cut down on the amount of exercise I do, and then start again, I
always end up exercising as often as I did before”)

Responses to the items are on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Item scores are summed, and higher total scores
reflect problematic exercise. The EAI can also be used categorically. Total scores of
0-12 are indicative of an “asymptomatic individual,” 13-23 are indicative of a
“symptomatic individual,” and scores above 24 are indicative of an “at risk of
exercise addiction individual.” A cutoff score of 24 reflects the top 15 % of
responses (Terry et al., 2004).

7.6  Exercise Dependence Scale

The EDS (Hausenblas & Symons Downs, 2002) is a 21-item measure of exercise
dependence symptoms that was developed to reflect the criteria for substance
dependence listed in the DSM-IV (American Psychiatric Association, 2000). The
EDS includes seven subscales consisting of three items each that assess:
e Tolerance (“I continually increase my exercise frequency to achieve the desired
effects/benefits”)
» Withdrawal effects (“I exercise to avoid feeling tense”)
» Continuance (“I exercise despite persistent physical problems”)
¢ Lack of control (“I am unable to reduce how intense I exercise”)
¢ Reductions in other activities (“I think about exercise when I should be
concentrating on school/work™)
e Time (“I spend a lot of time exercising”)
« Intention (“I exercise longer than I expect”)
Responses to the items are on a 6-point Likert scale ranging from 1 (never) to
6 (always). A lower score reveals less exercise dependence symptoms. Responses
can be summed for a total continuous score of exercise dependence symptoms.
Additionally, the scale can be used categorically. Individuals endorsing scores of
five to six on items for at least three subscales are categorized as “at risk for exercise
dependence,” scores of three to four on at least three subscales are categorized as
“nondependent symptomatic,” and scores of one to two are categorized as “nonde-
pendent asymptomatic.” The psychometric properties of this scale are good
(Symons Downs, Hausenblas, & Nigg, 2004). This scale has not yet been updated
to reflect the recent addition of cravings in the SUD criteria in DSM-5.
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7.7  Compulsive Exercise Test

The CET (Taranis, Touyz, & Meyer, 2011) is a 24-item measure that assesses

compulsive features of exercise that are implicated in the maintenance of excessive

exercise in ED. The CET includes the following five subscales:

¢ Avoidance and rule-driven behavior (“I usually continue to exercise despite
injury”)

» Weight control exercise (“I exercise to burn calories and lose weight™)

¢ Mood improvement (‘I feel less anxious after I exercise”)

» Lack of exercise enjoyment (“I find exercise a chore”)

« Exercise rigidity (“My weekly pattern of exercise is repetitive”)

Responses to the items are on a 6-point Likert scale ranging from 0 (never true)
to 5 (always true). An item on the “weight control exercise” subscale is reverse
scored (e.g., “I do not exercise to be slim”) as is an item on the “lack of exercise
enjoyment” subscale (e.g., “I enjoy exercising”). All items may then be summed to
provide a total score. Items included in each subscale may also be summed. The
CET has demonstrated good psychometric properties (Taranis et al., 2011).

7.8  Obligatory Exercise Questionnaire

The OEQ (Thompson & Pasman, 1991) is a 20-item scale that assesses how often

individuals experience various emotions, attitudes, and behaviors related to exer-

cise and compulsion to continue exercising. The OEQ has three distinct dimensions

(Ackard, Brehm, & Steffen, 2002) that assess:

« Exercise fixation (“When I miss a scheduled exercise session, I may feel tense,
irritable, or depressed”)

« Exercise frequency (“I engage in physical exercise on a daily basis™)

* Exercise commitment (“When I miss an exercise session, I feel concerned about
my body possibly getting out of shape”)

Responses are indicated on a 4-point Likert scale ranging from “never” to
“always.” The psychometric properties of this scale are good (Thompson &
Pasman, 1991). The OEQ has been used extensively in research examining the
association among exercise compulsion and ED.

7.9 Prevalence of Problematic Exercise

Prevalence estimates for problematic exercise are limited by the following three
reasons. First, measures that have been developed to quantify problematic exercise
are largely driven by continuous assessments of symptom severity rather than a
theoretical approach (Terry et al., 2004). Second, most problematic exercise
research has reported symptom severity scores rather than prevalence rates of a
fully developed condition (Sussman, Lisha, & Griffiths, 2011). Third, because
problematic exercise prevalence is higher in eating-disordered individuals (Shroff
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Table 7.1 Prevalence of exercise pathology
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et al.

Monok
et al.

Szabo and
Griffiths

Villella
et al.

Modolo

et al.
Garman

et al.
Mond et al.

Mond et al.

Guidi et al.

Dalle Grave
et al.

Ackard
et al.

Slay et al.

Schroff
et al.

Lejoyeaux
et al.

Lejoyeaux
et al.

Year
2005

2012

2012

2007

2011

2011

2004

2006

2008

2009

2008

2002

1998

2006

2008

2012

Exercise
measure
Exercise
Addiction
Inventory
Exercise
Addiction
Inventory
Exercise
Addiction
Inventory
Exercise
Addiction
Inventory
Exercise
Addiction
Inventory
Negative
Addictions Scale
Commitment to
Exercise Scale
Commitment to
Exercise Scale
Commitment to
Exercise Scale

Consumptive
Habits
Questionnaire
Eating Disorder
Examination
Obligatory
Exercise
Questionnaire
Obligatory
Exercise
Questionnaire
Structured
Interview for
Anorexic and
Bulimic
Disorders
Author-
developed
questionnaire
Author-
developed
questionnaire

Prevalence
(%)
3.0

32

0.5

6.9

8.5

332

21.8

16.5

22.6

45.5

8.9

259

42.0

30.0

Sample
College students

Hungarian
nationwide—regular
exercisers

Hungarian
nationwide—point
prevalence
College students

Italian high school
students

Amateur athletes
College students

Australian sample of
female exercisers

Adult women
primary care
patients

College students

Eating disorder
patients

College students—
female only

Runners in a 4-mile
recreational road
race

Eating disorder
patients

French gym users

French gym users

135

279

474

2,710

355

2,853

300

268

3,472

257

589

165

586

324

1,857

300

500

(continued)
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Table 7.1 (continued)

Scale type

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Dependence

Authors

Bamber
et al.

Blaydon
and Lindner
Grandi et al.
Weik and
Hale

Zmijewski
and Howard

Allegre
et al.

Cook and
Hausenblas

Cook et al.

Cook et al.

Hausenblas
and Symons
Downs

Mobnok
et al.

Year
2000

2002

2011

2009

2003

2007

2011

2013

2011

2002
(Study
Y}
(Study

Exercise
measure
Exercise
Dependence
Questionnaire

Exercise
Dependence
Questionnaire
Exercise
Dependence
Questionnaire
Exercise
Dependence
Questionnaire
Exercise
Dependence
Questionnaire
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale
Exercise
Dependence
Scale

Prevalence
(%)
22.8

52.0

36.4

24.9

459

32

1.9

1.4

2.7

3.4

13.4

3.1

9.6

9.8

1.9

B. Cook et al.

Sample

College students,
fitness classes,
runners, and eating
disorder patients

Triathletes

Fitness club users
and regular
exercisers

Adult exercisers

College students

Ultramarathoners

College students—

females only

Community sample

of runners

College students

College students

College students

College students

College students

College students

Hungarian
nationwide—regular
exercisers

291

171

79

204

237

95

387

2,660

539

266

553

862

366

419

474

(continued)
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Table 7.1 (continued)

Exercise Prevalence
Scale type  Authors Year  measure (%) Sample N
Dependence  Monok 2012 Exercise 0.3 Hungarian 2,710
et al. Dependence nationwide—point
Scale prevalence
Dependence Symons 2004  Exercise 5.0 College students 1,263
Downs Dependence
et al. Scale
Dependence Weik and 2009  Exercise 11.9 Adult exercisers 204
Hale Dependence
Scale

et al., 2006) and athletes (Allegre, Therme, & Griffiths, 2007; Blaydon & Lindner,
2002; Modolo et al., 2011), prevalence estimates have been biased by sample
characteristics (Cook et al., 2013; Ménok et al., 2012). We have summarized the
major studies that reported exercise addiction, compulsion, and dependence preva-
lence in Table 7.1.

7.10 Problematic Exercise and Eating Disorders, Substance Use
Disorders, and Other Addictive Disorders

Individuals who display some form of problematic exercise typically exhibit
personality characteristics and psychological distress such as perfectionism, inhibi-
tion of anger, high self-expectations, tolerance of physical discomfort, denial of
severity, depression, and anxiety that are similar to features of anorexia nervosa.
These similarities initially suggested that increased exercise amount is associated
with ED and may explain the increased prevalence of ED in athletes (Sundgot-
Borgen & Klungland Torstveit, 2004).

Animal research has provided some support for the ED and problematic exercise
association. That is, the activity-based anorexia model is based on the observation
that when rats are restricted from feeding, but have unhindered access to a running
wheel, they engage in increased amounts of physical activity (Epling & Pierce,
1996). These rats subsequently voluntarily restrict feeding when food is available
and continue to increase physical activity amount that, if not intervened upon,
results in death. Similar to humans, athletic-based anorexic rats self-restricted
food intake and increased physical activity more rapidly and to a more severe
extent than rats of the same litter without athletic-based anorexia (Boakes, Mills, &
Single, 1999). Animal research has the advantage of being able to more closely
examine possible mechanistic pathways in the brain that may be responsible for this
effect. Specifically, the association between hypothalamic—pituitary—adrenal
(HPA) axis activity and food restriction increased in physical activity, and this
relationship is mediated through body fat levels (Adan et al., 2011; Duclos,
Bouchet, Vettier, & Richard, 2005; Hamer & Karageorghis, 2007). However,
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research examining athletic-based anorexia is difficult to replicate in humans, and
explanations of this effect typically include some recognition of culture (Epling &
Pierce, 1996).

Current research on exercise and eating behaviors suggests that within ED
populations exercise is more like a compulsion than an addiction (Meyer & Taranis,
2011). That is, an individual with an ED may be consumed by an unrealistic worry
that an immediate unpleasant change in appearance will occur if an exercise session
is missed and that exercise behavior may serve as a means to escape the unpleasant
affect associated with an ED. This aspect of affect regulation has supported the role
of exercise as a compensatory behavior as part of an ED (American Psychiatric
Association, 2013; Meyer et al., 2011).

Affect regulation is a key aspect of understanding ED and has been implicated as
a central construct in the development and maintenance of these disorders (Haynos
& Fruzzetti, 2011). With regard to exercise in ED, compulsive exercise in ED
patients has been associated with elevated levels of negative affect (Brewerton,
Stellefson, Hibbs, Hodges, & Cochrane, 1995; Vansteelandt, Rijmen, Pieters,
Probst, & Vanderlinden, 2007), anxiety (Brewerton et al., 1995; Klein, Mayer,
Schebendach, & Walsh, 2007), and depression (Pefias-Lledd, Leal, & Waller,
2002). This research points to problematic exercise in ED populations to be more
like a compulsion than an addiction (Meyer & Taranis, 2011) and that exercise may
be used to cope with these kinds of adverse emotional states (Fairburn, Cooper, &
Shafran, 2003). Also like a compulsion, a person with an ED is consumed by the
unrealistic worry that an immediate unpleasant change in appearance will occur if
an exercise session is missed. As such, exercise behavior may serve as a means to
escape unpleasant affect. This aspect of affect regulation has supported the role of
exercise as a compensatory behavior as part of an ED (American Psychiatric
Association, 2013; Meyer et al., 2011).

In two recent ecological momentary analysis studies, LePage, Price, O’Neil, and
Crowther (2012) found that compulsive exercise is related to lower positive affect
on nonexercise days than exercise days and negative affect was stronger on exercise
days. Furthermore, increased compulsive exercise was associated with more
thoughts about eating on nonexercise days in individuals with scores above 13 on
the Eating Attitudes Test-26. Thus, the ability for exercise to provide an escape
from unpleasant internal cues such as negative affect supports the social-cognitive/
cognitive-behavioral view of compulsive exercise as a symptom, but not an ante-
cedent, of an ED (Fairburn et al., 2003).

The association of exercise with ED fails to account for the well-established
physiological and psychological benefits of exercise. That is, several narrative
reviews and meta-analyses have shown that in the absence of an ED, exercise
imparts positive improvements in factors associated with ED such as anxiety,
depression, stress reactivity, and self-esteem (USDHHS, 2008). Similarly, the
physiological benefits conveyed by exercise may also help to counteract the
negative consequences of ED. For example, cardiovascular benefits such as
increased cardiac mass, increased stroke volume and cardiac output at rest and
during exercise, lower resting heart rate and blood pressure, and a decreased
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tendency for blood clotting are pertinent to ED (Pearson, Goldklang, & Streigel-
Moore, 2002). Exercise also has the ability to reduce adiposity, thus, contributing to
a leaner and fit body type (Thompson, Heinberg, Altabe, & Tantleff-Dunn, 1999).
The metabolic benefits of exercise, beyond contributing to decreased adiposity,
include decreased triglycerides and increased high-density cholesterol, increased
insulin-mediated glucose uptake, and possible increase in resting metabolism
(Haskell, 1994). Finally, exercise increases skeletal muscle mass and bone density
in youth and is related to the retention of bone mineral density in older adults. This
has implications in the development of osteoporosis, a common consequence of
prolonged ED behaviors (Klump, Bulik, Kaye, & Treasure, 2009). Thus, examining
pathological motivations for exercise (e.g., compulsions) is a key factor in under-
standing the relationship among exercise amount and ED (Adkins & Keel, 2005).

Hausenblas et al. (2008) presented a model that may reconcile why problematic
exercise is associated with ED, while nonproblematic exercise is associated with
several factors that may protect against ED. This model posits that exercise may
impart mental health benefits (e.g., reduced anxiety and depression) which serve as
protective factors in the development of eating pathology. However, when
cognitions and motivations for exercise become pathological (i.e., exercise depen-
dence), exercise may exacerbate eating pathology, thus supporting clinical
observations and animal model research.

Recent research has begun to support this model. In a series of studies, Cook and
colleagues found that regular exercise positively affects psychological well-being,
which in turn reduces ED risk. In each study, problematic exercise, defined as
exercise dependence, negated this relationship and mediated the exercise and ED
relationship (Cook & Hausenblas, 2008, 2011; Cook et al., 2011). Moreover,
exercise dependence may exacerbate the detrimental impact of an ED on health-
related quality of life (Mond, Myers, Crosby, Hay, & Mitchell, 2008). Further
research is needed to prospectively examine these associations that have received
initial support and continue to examine physiological effects specified in the
original model (Hausenblas et al., 2008).

While most of the research investigating problematic exercise and co-occurring
disorders has focused on ED, researchers have recently begun to examine the
association with other addictions. Initial studies suggest that other addictions,
particularly behavioral addictions, are quite common in individuals with problem-
atic exercise. This may superficially suggest common neurological pathways in
addictive disorders (Lynch, Peterson, Sanchez, Abel, & Smith, 2013). Sussman and
colleagues’ (2011) review of the literature revealed that 15 % of exercise-addicted
individuals are also addicted to smoking, alcohol, or illicit drugs and that an
additional 25 % of exercise addicts exhibit behavioral addictions such as gambling,
Internet, love, sex, work, and/or shopping addictions. Other studies have reported
higher prevalence rates of co-occurring disorders. For example, in a study of
patrons of a Parisian gym, prevalence of compulsive buying (63 % vs. 38 %),
bulimia nervosa (70 % vs. 47 %), and hypochondria (28 % vs. 20 %) was higher in
the exercise dependence group than the nonexercise dependence group (Lejoyeux,
Avril, Richoux, Embouazza, & Nivoli, 2008). However, these elevated rates may
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have been due to poor measurement and overly broad operational definitions.
Finally, in a study of individuals described as having a sexual addiction (Carnes,
Murray, & Charpentier, 2005), 11.4 % of the men and 13.2 % of the women were
identified as also having “addictive athleticism” (presumably problematic
exercise).

Further research is needed to examine the etiology and relationships among
exercise and other addictions. For example, several recent reviews have concluded
that moderate amounts of exercise may be an effective therapy or adjunct to therapy
for both ED (Hausenblas et al., 2008; Ng, Ng, & Wong, 2013; Wolff et al., 2011;
Zschuckle, Gaudlitz, & Strohle, 2013; Zunker, Mitchell, & Wonderlich, 2011) and
other addictions (Fontes-Ribeiro, Marques, Pereira, Siva, & Macedo, 2011; Lynch
et al., 2013). Moreover, exercise is also a widely recommended and accepted
behavior that may foster a norm of inclusion to the larger healthy community as
opposed to the stigmatization of being labeled with an addiction. Thus, it is not yet
clear whether problematic exercise occurs with other forms of addiction or if the
individual is compulsively exercising to self-treat the original addiction.

7.11 Summary

For over 40 years researchers have described problematic patterns of exercise
(Baekland, 1970). A major goal of our chapter was to provide definitional clarity
of exercise dependence, addiction, and compulsion that can be used to guide the
next generation of research in this area. Addiction terminology represents all forms
of problematic exercise, while compulsive terminology is a preferable term for
problematic exercise that is secondary to an ED. Definitional clarity, both in
nomenclature and in measurement tools that attempt to quantify aspects of addic-
tion or compulsion, is needed as we move forward examining the antecedents and
consequences of excessive exercise.
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Abstract

Substance use disorders and eating disorders can lead to unhealthy eating and
malnutrition that is associated with varying degrees of medical morbidity and
increased risk of death. Vitamin and mineral deficiencies are most common in
patients with anorexia nervosa, bulimia nervosa, and alcohol use disorders but
can be seen in other substance use disorders as well. These disorders may share
some underlying pathophysiology and can co-occur, which further increases the
risk of malnutrition. The specific nutritional deficits in eating disorders and
substance use disorders, their clinical (especially neurological) manifestations,
how commonly they occur, and their mechanisms of action will be discussed in
this chapter.

Keywords
Eating disorders * Substance use disorders * Nutritional deficiency ¢ Alcohol use
disorders « Anorexia nervosa ¢ Binge eating disorder ¢« Bulimia nervosa

8.1 Introduction
The importance of nutrition for healthy living was discussed as early as the fifth

century when Hippocrates suggested that many health problems could be prevented
or alleviated with healthy diet (and exercise) (Simopoulos, 2001). Nutrition refers
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to the supply of foods or supplements for the growth and maintenance of a living
organism. There are six major classes of nutrients. These include carbohydrates,
proteins, fats, water, vitamins, and minerals. Over the centuries, specific nutritional
deficiencies have been shown to carry deleterious health effects. One of the earliest
discoveries was made by Dr. James Lind who in 1747 treated scurvy among British
sailors and seafarers with lime juice. In the early 1930s it was found that scurvy is a
disease due to deficit of the essential nutrient vitamin C. Similarly, Japanese sailors
whose diets consisted primarily of white rice developed beriberi (a constellation of
neurological and cardiac deficits) from which they often died. This condition was
later found to be due to thiamine deficiency. Since then, numerous medical
disorders have been linked to malnutrition or specific nutrient deficiencies. Many
governments throughout the world have set forth specific guidelines for food
consumption and daily requirements of vitamins and minerals.

There are a number of psychiatric conditions that predispose people to develop
malnutrition, most commonly addiction to substances substance use disorders
(SUD) or disordered eating from eating disorders (ED) anorexia nervosa (AN),
bulimia nervosa (BN), binge eating disorder (BED). Malnutrition can be seen in
other psychiatric conditions such as schizophrenia when delusions are related to
food intake (McCormick, Buchanan, Onwuameze, Pierson, & Paradiso, 2011) or in
children with attention-deficit hyperactivity disorder when appetite is decreased
from stimulant use (Davis et al., 2007; Schachter, King, Langford, & Moher, 2001).
This chapter will primarily focus on the mechanisms of malnutrition and their
sequelae occurring among individuals suffering with SUD and ED and especially
when these two conditions co-occur.

8.2 Mechanisms and Clinical Manifestations of Malnutrition
in SUD

The first descriptions of addiction to substances were found in Sumerian writings as
early as 6,000 years BC (Davenport-Hines, 2003; Krikorian, 1975). SUD have
become known today as a cluster of cognitive, behavioral, and psychological
symptoms indicating that an individual continues using substances despite
substance-related problems (American Psychiatric Association, 2013). The most
recent version of the Diagnostic and Statistical Manual of Mental Illness (DSM-5)
considers what was formerly indicated as substance abuse and dependence as a
continuum of disorders involving the use of substances from mild to severe,
according to the number of endorsed symptoms (American Psychiatric Association,
2013). The threshold for diagnosing mild substance use disorders is set at two
symptoms (or criteria) from a list of 11. Craving is a symptom not present in the
previous version of the Manual (i.e., a strong desire to use a substance). Problems
with law enforcement are eliminated due to cultural considerations.

Malnutrition and nutritional deficiencies are common among people with SUD
(Abd El Gawad, Hassan, Ghanem, Awad, & Ali, 2011; Gueguen et al., 2003; Islam,
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Hossain, Ahmed, & Ahsan, 2002; Saeland et al., 2008). SUD impact nutrition and
diet in at least two ways (1) through reduced food intake and by the deleterious
effects of the used substances on the body. It is plausible that combination effects
may be multiplicative rather than simply additive. Perhaps because of the alteration
in reward and impulse control pathways, people who suffer with SUD show poor
decision-making in nutritional choices that can create a variety of deficiencies
and/or excesses of certain nutrients. Diminished and/or poor nutritional choices
may result in noxious effects on the body irrespective of the substance abused. With
poor nutrition, the most common nutrients impacted are the vitamins and rare
minerals that are supplied from fresh vegetables and fruits including vitamin A
(e.g., carotene), B vitamins (thiamine, niacin, pantothenic acid, and biotin),
vitamin C, vitamin E, folic acid, copper, potassium, manganese, magnesium,
molybdenum, and selenium. Some drugs including cocaine, marijuana, amphet-
amine, and heroin may impact food intake by reducing appetite (Anglin, Burke,
Perrochet, Stamper, & Dawud-Noursi, 2000; Mohs, Watson, & Leonard-Green,
1990). Some substances of abuse have been shown to be directly neurotoxic such as
ecstasy, inhalants, hallucinogens, and methamphetamine (Ares-Santos, Granado, &
Moratalla, 2013; Cairney et al., 2013; Capela et al., 2013; Cowan, Roberts, & Joers,
2008; Marona-Lewicka, Nichols, & Nichols, 2011; Takagi, Lubman, & Yucel,
2011). The specific nutritional impact of some of the more commonly used
substances will be discussed in more detail below.

A nationwide study in 2008 showed that alcohol is the most commonly abused
substance in the USA, followed by cannabis and methamphetamine abuse (Sub-
stance Abuse and Mental Health Services Administration, 2011). Excess use of this
substance is known to cause deficiency of several vitamins and minerals through
impaired absorption, metabolism, and utilization (Lieber, 2003; McClain, Barve,
Barve, & Marsano, 2011; Strohle, Wolters, & Hahn, 2012). Alcohol can exert direct
effects on metabolism or effects due to the progression of medical conditions
associated with alcohol overuse (e.g., hepatitis and dilated cardiomyopathy).
Impaired absorption is in the early stages secondary to the effects of alcohol to
the gastric mucosa. In later stages of the illness, poor absorption develops due to
gastritis secondary to cirrhosis and the relative venous stasis in the portal splanchnic
district. Metabolism is generally altered in various degrees according to the severity
of accompanying hepatic pathology. Vitamin deficiencies in alcohol use disorders
(AUD) include vitamin A, vitamins of the B family (thiamine, riboflavin, niacin,
pantothenic acid, pyridoxine, and cobalamin), folic acid, vitamin C, vitamin D, and
vitamin E (Clugston & Blaner, 2012; Strohle et al., 2012). The mineral deficiencies
associated with AUD include calcium, magnesium, and zinc (Devgun, Fiabane,
Paterson, Zarembski, & Guthrie, 1981). These deficiencies are thought to play a
role in some forms of dementia and depression as well as poor appetite (Coppen,
2005; Glick, 1990; Ramsey & Muskin, 2013; Rasmussen, Mortensen, & Jensen,
1989; Tiemeier et al., 2002). Men with AUD have been shown to have low levels of
vitamin D and are at an increased risk of osteoporosis due to direct and indirect
effects on bone remodeling and formation, which leads to increased risk for
fractures (Gonzalez-Reimers et al., 2011). Similarly, men with AUD may be at
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risk for bleeding problems secondary to vitamin K deficiency by disturbed absorp-
tion through the liver, which is often impaired from heavy alcohol use (Iber,
Shamszad, Miller, & Jacob, 1986).

The most serious and life-threatening deficiency that occurs in AUD is a
deficiency of B vitamins including thiamine and folic acid. These deficiencies are
known to be associated with dementia (Goebels & Soyka, 2000). Wernicke’s
encephalopathy and Korsakoff’s syndrome are severe life-threatening conditions
that can occur in a thiamine-deficient state induced by poor nutrition often caused
by severe alcoholism (Lough, 2012). There are times in which the lack of one B
vitamin impairs the utilization of another. For example, folic acid cannot be utilized
in the body in the absence of B12 and when deficient folic acid can mask vitamin
B12 deficiency as well.

The impact of addiction to tetrahydrocannabinol (THC) in cannabis on nutrients
has not been studied to the same extent as alcohol. Results from the third national
health and nutrition examination survey showed higher cigarette-smoking rates and
higher consumption of sodas and alcohol, including beer, among current cannabis
users than among non-current cannabis users (Smit & Crespo, 2001). Cannabis
users also consumed more sodium, fewer fruits, and more pork, cheese, and salty
snacks, which resulted in lower serum carotenoid levels (i.e., vitamin A deficiency)
(Smit & Crespo, 2001). Vitamin A deficiency can result in night blindness (com-
plete blindness in severe deficiency), impaired immunity to infections, predisposi-
tion to cancer, and even birth defects. While cannabis can increase appetite in some
people, several studies and two national surveys have found that active cannabis
users (using at least three times a week) actually have a lower body mass index
(BMI) than persons who do not use cannabis (Le Strat & Le Foll, 2011; Penner,
Buettner, & Mittleman, 2013; Rodondi, Pletcher, Liu, Hulley, & Sidney, 2006).
The studies revealed that smoking cannabis was also associated with a smaller waist
circumference and lower insulin levels than those who do not use cannabis (Penner
et al., 2013; Rodondi et al., 2006).

Illicit stimulant substances such as cocaine and amphetamine (methamphet-
amine) have been shown to decrease appetite when using and when withdrawing
from substance (Walsh, Donny, Nuzzo, Umbricht, & Bigelow, 2010). Calorie and
protein malnutrition has been found in people who use cocaine chronically
(Santolaria-Fernandez et al., 1995). Rodent models of cocaine addiction have also
found that to cocaine continued use of the substance and neglect food (Sanchis-
Segura, & Spanagel, 2006). Cocaine and methamphetamine have been found to be
especially neurotoxic to dopaminergic neurons in the basal ganglia and hippocam-
pus in animal models (Aksenov et al., 2006; Ares-Santos et al., 2013; Capela et al.,
2013; Olsen, 1995) and have been linked to myocardial infarctions in humans
(Galasko, 1997; Isner et al., 1986; Lange & Hillis, 2001). More data is needed to
fully understand the specific nutritional deficiencies that occur with addiction to
stimulant substances, but there appears to be at least indirect effects of poor appetite
causing reduced consumption of nutritious food.
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Poor appetite leading to poor intake of nutrients is also the likely cause of
malnutrition in people primarily addicted to opiates (Meleger, Froude, & Walker,
2013; Morabia et al., 1989; Neale, Nettleton, Pickering, & Fischer, 2012). In a study
of 149 people addicted to heroin 25 % were found to have hypovitaminemia,
primarily of B vitamins, which are water soluble and are most vulnerable during
poor intake of regular food (el-Nakah, Frank, Louria, Quinones, & Baker, 1979).
Hyperkalemia (or increased blood potassium) has been reported in heroin addiction,
while calcium deficiency has been reported in morphine abusers (Mohs et al.,
1990). Hyperkalemia can lead to deadly arrhythmias, while calcium deficiency
can cause altered bone metabolism and reduced trabecular bone mass resulting in
osteoporosis (Katz & Norman, 2009; Roberts, Finch, Pullan, Bhagat, & Price,
2002).

In summary, common nutritional deficiencies associated with SUD occur early
in the addiction process and continue as the illness progresses, poor consumption of
a balanced diet is but one mechanism of malnutrition. There is evidence that the
acute intoxicating effects and long-term craving of particular substances also impair
insight and decision-making leading to poor self-care and malnutrition. There is
also an association between chronic substance addiction and unemployment as well
as homelessness (Johnson, Freels, Parsons, & Vangeest, 1997), which may contrib-
ute to a lack of access to nutritious food (Beharry, 2012; Rehm et al., 2009). Studies
suggest that having a SUD increases the chances of being addicted to more than one
substance (Aggrawal, 2001; Perkonigg, Lieb, & Wittchen, 1998), which may
theoretically increase the chances of malnutrition. More studies are needed to
fully understand all the deleterious effects of SUD on the body and brain to improve
strategies for treatment and prevention.

8.3 Mechanisms and Clinical Manifestations of Malnutrition
in ED

Disordered eating that leads to clinical or subclinical malnutrition of
macronutrients (e.g., carbohydrates, proteins, fats) and/or micronutrients (e.g.,
vitamins, minerals, trace elements) is often present to varying degrees in people
suffering from AN and can be seen in some patients with BN (Casper, Kirschner,
Sandstead, Jacob, & Davis, 1980; Rock & Vasantharajan, 1995; Setnick, 2010;
Winston, 2012). Typical nutritional problems that occur with BED include exces-
sive intake of highly caloric foods that can lead to significant weight gain but will
not be discussed in detail here (Raymond, Bartholome, Lee, Peterson, & Raatz,
2007; Schneider, 2003). There are a number of medical consequences of vitamin
and mineral deficiencies as well as severe electrolyte disturbances that have been
described in patients with AN and BN, which can occur in SUD as well, particularly
AUD (see Table 8.1). The most life-threatening electrolyte abnormality is hypoka-
lemia, which can lead to life-threatening arrhythmias and cardiac arrest in AN and
BN (Hofland & Dardis, 1992; Winston, 2012). This condition develops primarily
due to metabolic alkalosis from purging behaviors that include vomiting, laxative
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Table 8.1 Malnutrition and associated medical symptoms/complications in people with eating
and/or substance use disorders

ED
Protein AN
Glucose AN
Sodium AN
Potassium AN
and
BN
Magnesium AN
and
BN
Calcium AN
and
BN
Zinc AN
Vitamin B1 AN
(thiamine)
Vitamin B2 AN
(riboflavin)

SUD

AUD, cocaine,
methamphetamine
use disorders

AUD

AUD

AUD

AUD

AUD, opiate abuse

AUD

AUD

AUD

Medical conditions

Kwashiorkor, marasmus,
anasarca, liver failure
(fatty infiltrates)

Hypoglycemic coma,
central nervous system
problems

Central nervous system
problems?®

Cardiac arrest

Cardiac arrhythmias,
central nervous system
problems

Cardiac arrhythmias

Anorexia

Wernicke’s
encephalopathy/
Korsakoff’s syndrome/
dementia, beriberi heart
failure

Angular cheilitis

Common symptoms

Muscle wasting, enlarged
abdomen, thinning hair, loss
of teeth, skin depigmentation,
dermatitis, edema

Shakiness, anxiety,
nervousness, tachycardia,
palpitations.

Perspiration, pallor, coldness,
clamminess, dilated pupils,
paresthesia

Nausea, vomiting, headache,
confusion, lethargy, fatigue,
anorexia, restlessness and
irritability, muscle weakness,
spasms or cramps, seizures,
and decreased consciousness
or coma

Muscle weakness, myalgia,
and muscle cramps

Weakness, muscle cramps,
tremors, athetosis, jerking,
nystagmus, confusion,
disorientation,
hallucinations, depression,
epileptic fits, hypertension,
tachycardia, tetany
Muscle tetany, bruising,
paresthesias

Poor appetite, growth
retardation, acrodermatitis
enteropathica, diarrhea, taste
disorders, hypogonadism,
increased risk of cancer
Mental confusion, amnesia,
poor insight, confabulation,
weakness, shortness of breath

Cracked and red lips,
inflammation of the lining of
mouth and tongue, mouth
ulcers, cracks at the corners
of the mouth, and a sore
throat

(continued)
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Table 8.1 (continued)

ED SUD

Vitamin B3 AN AUD
(niacin)

Vitamin B6 AN AUD
(pyridoxine)

Vitamin B9 AN AUD
(folic acid)

Vitamin AN AUD
B12

(cobalamin)

Vitamin C AN AUD
(ascorbic

acid)

Vitamin D AN AUD

Vitamin E AN AUD
(tocopherol)

Medical conditions

Pellagra, dilated
cardiomyopathy,
dermatitis

Sideroblastic anemia,
peripheral neuropathy

Macrocytic anemia

Pernicious anemia,
dementia

Scurvy

Rickets (children),
osteopenia/osteoporosis
(adults)

Spinocerebellar ataxia,
myopathies, anemia

“Corrected too quickly can cause pontine myelinolysis

Common symptoms

Diarrhea, confusion, skin
rash and sun sensitivity,
mouth and tongue
inflammation

Lethargy, nerve damage,
seizures, skin problems, and
sores in the mouth

Diarrhea, weakness or
shortness of breath,
peripheral neuropathy,
pregnancy complications,
mental confusion,
forgetfulness, depression,
sore or swollen tongue,
peptic or mouth ulcers,
headaches, heart palpitations,
behavioral disorders. Can
lead to homocysteinemia and
increased risk of cancer

Fatigue, depression, poor
memory, symptoms of mania
and/or psychosis

Brown spots on the skin
(thighs and legs), spongy
gums, and bleeding from all
mucous membranes. Pallor,
depression, suppurating
wounds, tooth loss

Muscle aches and/or
twitching (secondary to
hypocalcemia), bending of
the spine, bowing of the legs,
proximal muscle weakness,
bone fragility, and increased
risk for fractures

Poor nerve conduction,
lethargy, muscle pain

use, and/or diuretic use. Poor intake of calories and particularly of protein has been
associated with liver damage, anemia, and neutropenia in AN (Sabel, Gaudiani,
Statland, & Mehler, 2013; Tomita et al., 2013).

Patients suffering with AN are also at high risk of developing osteopenia or
osteoporosis, conditions whose mechanisms are multifactorial including low estro-
gen and poor intake of calcium and/or vitamin D (Fonseca et al., 1988; Legroux-
Gerot, Vignau, Collier, & Cortet, 2005; Misra et al., 2004). One study in Japan found
that 40 % of adolescent patients with AN met criteria for osteoporosis and that an
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earlier onset of AN increase the risk, since adolescence is such an important time for
acquisition of peak bone mass development (Maesaka & Hasegawa, 2003). Vitamin
D is a fat-soluble vitamin responsible for enhancing intestinal absorption of calcium
and phosphate. It can be synthesized in the skin and is also absorbed in the
gastrointestinal tract primarily from dairy products but is converted into its biologi-
cally active form through the liver and kidneys, and thus the presence of liver or
kidney damage in AUD and/or AN can contribute to deficiency of this vitamin
(De Caprio et al., 2006). Excess vitamin D taken in the form of supplements can lead
to hypercalcemia and cause symptoms of anorexia, nausea, and vomiting, frequently
followed by polyuria, polydipsia, pruritus, central nervous manifestations of insom-
nia, depression, nervousness, weakness, and ultimately renal failure (Vieth, 1999).

The B vitamins are water soluble and are present in many foods but can easily
become depleted in the context of ED. Poor nutrition leading to vitamin B1
(thiamine) deficiency can occur in AN as with AUD and can lead to life-threatening
Wernicke’s encephalopathy and/or Korsakoff’s syndrome in some patients
(Handler & Perkin, 1982; McCormick, Buchanan, Onwuameze, Pierson, &
Paradiso, 2011; Peters, Parvin, Petersen, Faircloth, & Levine, 2007; Saad, Silva,
Banzato, Dantas, & Garcia, 2010; Sharma, Sumich, Francis, Kiernan, & Spira,
2002). Thiamine can be stored in the body for only 9—-18 days and is an essential
cofactor for glucose to enter the Krebs cycle for energy utilization. The brain and
heart require a constant supply of glucose and are prone to severe damage when
glucose by-products accumulate in the tissues and cannot be used for energy.
Wernicke’s encephalopathy occurs during the acute thiamine-deficient state and
can be rapidly fatal especially when glucose is given without pretreatment with
thiamine (Watson, Walker, Tomkin, Finn, & Keogh, 1981). The long-term sequela
for those who survive thiamine deficiency is Korsakoff’s syndrome. This syndrome
is characterized by confabulatory amnesia (dementia), apathy, poor insight, and
oculomotor manifestations such as eye-muscle weakness and/or nystagmus. Most
cases of Korsakoff’s syndrome occur in the absence of any clear encephalopathic
episodes (Ogershok, Rahman, Nestor, & Brick, 2002). Both conditions are under-
recognized in the medical setting, especially in the setting of starvation without
AUD. One study of AN patients being hospitalized for treatment found that 1/3
were deficient in thiamine (Winston, Jamieson, Madira, Gatward, & Palmer, 2000).
Thiamine deficiency is known to cause damage primarily to the thalamus (Zuccoli
et al., 2009) even before any neurological signs are present in animals (Langlais &
Zhang, 1997). In a sample of 14 patients with AN undergoing longitudinal brain
imaging, two subjects had thiamine deficiency (thiamine diphosphate <70 nmol/L)
and showed magnetic resonance imaging evidence of significantly increased
thalamic volume (McCormick, McCann, & Keel, 2012), suggestive of osmotic
damage that occurs in acute Wernicke’s encephalopathy (Jung, Chanraud, &
Sullivan, 2012).

Although rare, pellagra from vitamin B3 (niacin) deficiency has been shown to
occur in AN and has a characteristic desquamation rash that primarily affects the
face and periphery and is worsened with sun exposure (Jagielska, Tomaszewicz-
Libudzic, & Brzozowska, 2007; MacDonald & Forsyth, 2005; Prousky, 2003;
Rapaport, 1985). Riboflavin and/or biotin deficiency can also occur in AN and



8 Nutritional Aspects of Eating Disorders, Addictions, and Substance Use Disorders 153

AUD and can cause dermatitis that is similar to that in pellagra (Capo-Chichi et al.,
1999; Gehrig & Dinulos, 2010; Rock & Vasantharajan, 1995). Similarly, vitamin
B6 (pyridoxine) deficiency has been shown to occur with ED or AUD and can cause
seborrheic dermatitis as well as peripheral neuropathy (Majumdar, Shaw,
O’Gorman, Aps, Offerman, & Thomson, 1982; Schlosser, Pirigyi, & Mirowski,
2011). Folate and vitamin B12 deficiencies have been shown to occur in AN and
BN (Eedy, Curran, & Andrews, 1986; Moyano, Vilaseca, Artuch, Valls, &
Lambruschini, 1998) and can lead to megaloblastic anemia (Miller et al., 2005;
Misra et al., 2004) and cognitive impairment (Katzman, Christensen, Young &
Zipursky, 2001; McDowell et al., 2003; Tchanturia et al., 2004). The effects of
folate and thiamine deficiency that lead to anemia and cognitive impairment have
been well described in elderly patients who sometimes have dietary deficiencies in
these vitamins as well (Morris, Jacques, Rosenberg, & Selhub, 2007; Roberts,
Martin-Clavijo, Winston, Dharmagunawardena, & Gach, 2007; Selhub, Morris,
Jacques, & Rosenberg, 2009). Vitamin E and other antioxidants have also been
found to be reduced in some people with AN and are thought to be due to poor
nutrition and oxidative stress from starvation (Moyano et al., 1999). Zinc deficiency
can occur in AN and AUD, which has been associated with a number of physiolog-
ical problems, including anorexia (poor appetite), growth retardation, acquired
acrodermatitis enteropathica (peripheral and perioral dermatitis), taste disorder,
diarrhea, and hypogonadism (Kim et al., 2010; Roberts, Martin-Clavijo, Winston,
Dharmagunawardena, & Gach, 2007; Suzuki et al., 2011). Secondary zinc defi-
ciency can occur in the presence of low levels of vitamins A and D (Potocnik et al.,
2006). Vitamin K deficiency has been described in a patient with BN and was due to
poor intake of green leafy vegetables (Niiya et al., 1983). Several studies have
assessed whether iron, vitamin A, or essential fatty acids are deficient in ED and
SUD and these appear to be normal in most patients with these conditions (Forbes
& Parsons, 2012; Langan & Farrell, 1985; Lieb et al., 2011; Sabel et al., 2013).
Macronutrient deficiency in the presence of calorie restriction in its most severe
form causes marasmus and has been seen in children and adults and is still prevalent
in countries with poor access to food (Roman, 2013). Protein deficiency in the
presence of normal calories has been shown to cause Kwashiorkor in AN
characterized by severe edema, muscle wasting, enlarged abdomen, thinning hair,
loss of teeth, skin depigmentation, dermatitis, and edema (Esca, Brenner, Mach, &
Gschnait, 1979; Grillet & Harms, 1980). Hypoglycemia can occur in AN and AUD,
especially at very low weight (average BMI of 13) and/or in the presence of liver
damage (Gaudiani, Sabel, Mascolo, & Mehler, 2012), which can lead to
ketoacidosis, coma, and/or death (Fulop, Ben-Ezra, & Bock, 1986; Rich, Caine,
Findling, & Shaker, 1990; Yanai, Yoshida, Tomono, & Tada, 2008). Cardiomyop-
athy or heart failure can occur in AN and can be due to deficiencies in protein,
thiamine, phosphorus, magnesium, selenium, and/or ipecac poisoning
(Birmingham & Gritzner, 2007). Some of the behaviors associated with ED can
cause exposure to toxins. One such example was reported by one of the authors of
this chapter. A 47-year-old woman with a 30-year history of AN who for 7 years
had reduced her food intake to almost exclusively canned tuna was hospitalized at
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53 % of her expected body weight showing marked depression and confusion and
was found to have frank mercury poisoning (Ravneet & Paradiso, 2008).

Some of the complications from nutritional deficiencies do not emerge until
refeeding efforts are instituted. For example, in AN it is rare for a person to have
phosphate deficiency on admission for hospitalization, but this nutrient can be
rapidly depleted and lead to heart failure within a few days of refeeding (O’Connor
& Nicholls, 2013). A study of 50 hospitalized AN patients revealed that 60 % of
patients had low magnesium and that magnesium levels should also be assessed and
replaced when necessary during the first 3 weeks of refeeding (Birmingham,
Puddicombe, Hlynsky, 2004). Low magnesium levels can also occur in BN and
AUD and exacerbate hypocalcemia and prolong muscle tetany, cardiac
arrhythmias, and even heart failure (Abbott, Nadler, & Rude, 1994; Fonseca &
Havard, 1985; Hall, Beresford, & Hall, 1989). Similarly, hyponatremia is known to
occur in AN and BN (Caregaro, Di Pascoli, Favaro, Nardi, & Santonastaso, 2005)
and replacing sodium too quickly can lead to anasarca or refeeding edema (Rigaud,
Boulier, Tallonneau, Brindisi, & Rozen, 2010). Rapid correction of hyponatremia
in ED and AUD, especially in the context of hypokalemia, can also cause central
pontine myelinolysis, which can manifest as acute paralysis and dysphagia
(Amann, Schifer, Sterr, Arnold, & Grunze, 2001; Heng et al., 2007; Malhotra &
Ortega, 2013; Patel, Matthews, & Bruce-Jones, 2008). Guidelines on monitoring
and supplementation of macro- and micronutrients during early refeeding are
discussed in Chap. 23. In addition, many of these nutritional deficiencies can
have adverse effects on a developing fetus, and malnutrition in AN and BN and
obesity in BED can all lead to reduced fertility (Linna et al., 2013).

8.4  Co-occurrence of SUD and ED May Increase the Incidence
of Malnutrition

SUD and ED have a high rate of co-occurrence (Bulik et al., 2004; Lilenfeld et al.,
1998), especially between AUD and ED with bulimic features (Baker, Mitchell,
Neale, & Kendler, 2010; Duncan et al., 2006; Hudson, Hiripi, Pope, & Kessler,
2007; Munn-Chernoff et al., 2013; Slane, Burt, & Klump, 2012). A meta-analysis
of 21 studies reported a median rate of 23.0 % of alcohol use among individuals
with BN (Holderness, Brooks-Gunn, & Warren, 1994). Another study found an
AUD rate of 21 % in people with AN, most of which developed AN prior to an
AUD (Baker et al., 2010). While the majority of people with AN do not develop
AUD, when it does occur, there is a significantly increased risk of death and thus it
is recommended that clinicians inquire about alcohol use in this population (Bulik
et al., 2004). Alternatively, in a study of 140 people with SUD without organic
pathology, compared to 50 healthy adults, over 90 % weighed under the mean
weight for the population and over half had experienced weight loss and reduced
appetite, while nearly 20 % met criteria for severe malnutrition (Santolaria-
Fernandez et al., 1995). While there are no studies that have specifically assessed
increased risk of malnutrition when ED and SUD co-occur, it is likely that there is
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an increased risk of malnutrition, electrolyte abnormalities, and/or vitamin and
mineral deficiencies due to poor intake, absorption, and utilization of essential
nutrients. More research in this area is greatly needed.

Conclusions

ED and SUD can lead to unhealthy eating and malnutrition that is associated
with varying degrees of medical morbidity and increased risk of death. These
disorders likely share some aspects of underlying pathophysiology related to
reward processing in the brain as well as common medical sequelae due to
nutritional deficits. Vitamin and mineral deficiencies are most common in
patients with AN, BN, and AUD but can be seen in other SUD as well. The
most widely appreciated nutritional deficiency is for B vitamins, particularly
thiamine in AUD, but several research studies have shown that this occurs in AN
as well and can cause severe neurological sequelae and/or death. More research
is needed to fully understand the neurobiological consequences of malnutrition
in SUD and ED and to determine the extent of the additive effects when these
conditions co-occur.
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Abstract

As the prevalence of obesity continues to increase worldwide, bariatric surgery
is increasingly being utilized for the severely obese. The most commonly
performed surgery is Roux-en-Y gastric bypass, which usually results in signifi-
cant and sustained weight loss. However, increasingly, problems are being
recognized after such procedures. One such problem is the development of
alcohol use disorders, which may at least partially result from changes in the
pharmacokinetics of alcohol after surgery. Eating problems can also develop,
including binge eating or loss of control eating and, rarely, full-blown eating
disorders. Other addictive disorders can occur as well, but have been much less
studied. Clinicians need to be alert to the development of such problems and to

institute proper evaluation and treatment if they occur.
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9.1 Introduction

As the obesity epidemic continues to grow worldwide, bariatric surgery is increas-
ingly being utilized as a treatment for the severely obese. It is now widely
recognized that about two out of three adults in the USA are overweight
(BMI = 25-29.9 kg/m?) or obese (BMI > 30 kg/m?), and rates of obesity continue
to rise across the age spectrum. Given this increase, and the growing awareness that
obesity is associated with a variety of untoward health consequences, including
cardiovascular disease, asthma, liver dysfunction, obstructive sleep apnea, various
malignancies, and infertility (Bray, 2003; Shah & Ginsburg, 2010), bariatric sur-
gery continues to grow as a treatment for the severely obese. This reflects several
additional factors, including an increased awareness that most psychosocial
treatments and many of the available medications impact only modestly on body
weight and often provide only a temporary improvement. Also, increasingly,
bariatric surgery has been found to be a safe and effective approach, with the
subsequent significant weight loss frequently resulting in reversal or marked
improvement in medical comorbidities (Latifi, Kellum, De Maria, & Sugerman,
2002).

9.2  Bariatric Surgery Procedures

In considering bariatric surgery, there are three procedures that are commonly used
in the USA, and increasingly worldwide. There are other procedures that are used,
though rarely, and new procedures are under development. The most commonly
used procedure in the USA is the Roux-en-Y gastric bypass (RYGB), which
involves the creation of a small gastric pouch in the upper stomach and bypass of
the first portion of the small intestine, resulting in both a restriction of food intake
and a degree of malabsorption. Also widely used is the laparoscopic adjustable
gastric band (LAGB), which involves the placement of a band around the upper
stomach creating a small pouch. In this procedure, there is restriction in the amount
that can be eaten, but no malabsorption. The most recent procedure to be
introduced, which is gaining popularity, is the gastric sleeve (sleeve), which was
originally envisioned as the first of a two-stage procedure and is now increasingly
being utilized as a single-stage operation. This involves creating a sleeve out of the
stomach and removing a large portion of the stomach. In general, the amount of
weight loss is superior with the RYGB and the sleeve to that achieved following the
LAGB, and the majority of patients eventually lose 50 % or more of their excess
body weight, while weight losses following LAGB placement are generally more
modest. However, it must be noted that bariatric surgery procedures are not without
complications, including complications during the intraoperative period (e.g., the
risks of anesthesia, trauma to other internal organs), short-term complications (e.g.,
intestinal leaks, bowel obstruction, pulmonary embolism), and late complications
(e.g., internal hernias, vitamin and mineral deficiencies, and dumping syndrome)
(Byrne, 2001; Elliot, 2003; Koch & Finelli, 2010; Latifi et al., 2002). However, for
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the majority of severely obese patients, the benefits of these procedures clearly
outweigh the risks. The presurgical mentality rate is 0.3 % while the adjusted long-
term mortality rate at a mean of 7.1 years was reduced 40 % (Adams et al., 2007,
Flum et al., 2009).

In addition to the focus on gastric restriction and malabsorption as the
mechanisms resulting in weight loss following RYGB, it is increasingly thought
that various normal changes, including alterations of various peptides, including
glucagon-like peptide 1 (GLP-1), an important regulator of glucose homeostasis,
are involved. Also changes in binding to certain receptor sites are now considered
possible mechanisms, including the binding to nuclear receptor Farnesoid XR
(FXR) in the gut, which is also involved in glucose regulation as well as regulation
of lipids and a variety of other metabolic processes. Therefore, some of the changes
actually result from physiological and endocrinological changes rather than purely
anatomical modifications to the gut.

Although obesity is generally not considered to be primarily an impulse control
or addictive disorder, this has become an area of intense interest and debate in
recent years (DiLeone, Taylor, & Picciotto, 2012; Volkow, Wang, Tomasi, &
Baler, 2013). However, there is considerable overlap in the behaviors associated
with obesity and these disorders. There is some literature to support the idea that
patients who undergo bariatric surgery may go on to develop a new addiction or
new impulse control disorder (ICD) to replace a food “addiction,” depending on
how this addiction is defined. Recent data have also shown that patients who are
status-post bariatric surgery have an increased prevalence of alcohol disorders.
Despite earlier suggestions that support the development of other addictive
disorders, there are very few published data in this area. Such disorders are
summarized in Table 9.1. We will first review the data on problems with alcohol
before turning to other potential problems.

9.3  Bariatric Surgery and Alcohol Abuse/Dependence

Ertelt and colleagues (2008) surveyed post-bariatric surgery patients to investigate
self-reported alcohol abuse and dependence before and 6-10 years after bariatric
surgery. Of the 70 respondents, six individuals were identified who met self-
reported criteria for a diagnosis of alcohol dependence and one participant reported
alcohol abuse after surgery. In this sample, two patients developed new, postopera-
tive alcohol dependence. Additionally, two patients reported that they did not drink
alcohol prior to surgery, but did consume alcohol after surgery. Two other patients
reported that alcohol consumption had increased after surgery. However, most of
those in the sample reported no change in their alcohol consumption. Reports in this
area should be interpreted with the knowledge that active alcohol use disorders
(AUDs) are usually considered exclusionary for these surgeries, but patients may
not admit to such problems prior to surgery in order to not jeopardize their chances
of receiving the surgery



166 J.E. Mitchell et al.

Table 9.1 Bariatric surgery and addictive disorders

Disorder Evidence Possible mechanisms
1. Alcohol abuse/dependence Substantial ~ — Changes in
pharmacokinetics
— Changes in EtOH
reinforcement

— Dissatisfaction with
psychosocial outcome

2. Eating disorders Substantial ~ — LOC eating may emerge
postsurgery
— May be preceded by
BE/BED prior to surgery
3. Other addictive disorders/impulse control Anecdotal — Addiction transfer
disorders/obsessive-compulsive disorders
— Pathological skin picking
— Trichotillomania
— Kleptomania
— Nonparaphilic compulsive sexual behavior
— Compulsive buying
— Pathological gambling
— Pathological Internet use
— Compulsive exercise

Sogg, Hatoum, and Turbett (2011) surveyed 340 RYGB patients about their
alcohol use frequency before and at various durations after surgery and found that
73 participants reported consuming alcohol at a level that was defined as “problem
drinking.” Thirty-two participants reported problem drinking after surgery, and
importantly, 19 of these participants did not report preoperative problem drinking.

Another published study by Suzuki, Haimovici, and Chang (2012) provided
some additional relevant data. These authors surveyed 530 post-bariatric surgery
patients about their alcohol consumption. Of these 530 patients, 51 agreed to be
interviewed and assessed more thoroughly at a mean of 43.4 months postsurgery.
Two key findings from this study were as follows (1) individuals with a lifetime
history of an AUD were more likely to have an AUD after surgery compared to
those who did not have such a history and (2) patients who underwent RYGB were
more likely to have an AUD after surgery than those who received an LAGB.

Welch and colleagues (2011) assessed 75 RYGB patients 2 years after surgery
using the CAGE, a screening tool for alcohol problems. Although not the primary
focus of the study, the authors provided data on self-reported levels of alcohol abuse
in this sample. Of the 75 participants who completed follow-up assessments, only
1.3 % of them responded in a manner suggesting that they abused alcohol.

Ostlund (2011) presented data from 12,277 patients who had undergone bariatric
surgery. She reported that patients who underwent bariatric surgery were at greater
risk for inpatient treatment for alcoholism than a comparison group from the
general population in Sweden, who were matched for age and gender. Importantly,
she further reported that those who underwent gastric bypass were 2.3 times more
likely to develop alcohol problems than those who received LAGB.
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Most recently, our group along with other investigators from the NIDDK-funded
Longitudinal Assessment of Bariatric Surgery-2 (LABS-2) consortium published a
paper on this issue (King et al.,, 2012). Among 1,945 patients who underwent
bariatric surgery and completed baseline (presurgery), and follow-up assessments
1 and 2 years postsurgery, there was a significant increase in AUD noted between
baseline and year 2. The percentages of patients with an AUD, as defined using the
AUDIT, were 7.6 % at baseline, 7.3 % at 1 year (a nonsignificant change from
baseline), and 9.6 % at 2 years (p =0.01 vs. baseline). The odds of a postoperative
AUD were increased among males and younger patients and those who reported
presurgery smoking, regular alcohol consumption, AUD, recreational drug use, a
lower sense of belonging, and among those who underwent a RYGB as opposed to
an LAGB. Another recent paper (Fogger & McGuinness, 2012) reported that 14 %
of a series of 173 participants in a state monitoring system for nurses with addiction
problems had undergone bariatric surgery, and 10 % had developed an addiction
after surgery, most commonly to alcohol or hydrocodone.

Therefore, several lines of evidence, most recently the large data set collected by
the LABS-2 consortium, suggest that patients who undergo RYGB have a higher
risk of developing an AUD versus those who receive an LAGB. There is currently
insufficient evidence regarding the development of AUD in patients who undergo
sleeve gastrectomy. In summary, the RYGB is the most common bariatric surgery
performed in the USA, and the majority of available data suggest that RYGB leads
to an increase in the risk of a postoperative AUD.

A number of other studies have explored pharmacokinetic changes that occur
following bariatric surgery. These studies are particularly relevant as pharmacoki-
netic changes inevitably may act as a causal mechanism for increased alcohol use
problems longitudinally. The studies in this area have included a variety of
methodologies including pre- and postsurgery designs, weight-based versus fixed
dosing of alcohol, and alcohol concentrations measured via both breath (breath
alcohol concentrations; BrAC) and blood sampling (blood alcohol concentrations;
BAC). Despite the variety of methodologies used, the data have shown an
accelerated and higher peak alcohol concentration in postsurgery patients. Some
of these studies have also shown differences in alcohol metabolism following
surgery, although this finding has been inconsistent.

In 2002, Klockoff, Naslund, and Jones published a study that examined the
pharmacokinetics of alcohol in women who had undergone RYGB. They compared
12 healthy control participants to 12 patients who had undergone surgery on BAC
after administration of a bolus, weight-based dose of alcohol (0.3 g kg™ '). They
found that compared to the control group, the RYGB group experienced signifi-
cantly higher BAC at the first (10 min) and second (20 min) measurement points.
Groups were markedly and significantly different at the first assessment point: at the
10-min measurement, the operated group had a BAC of 0.713 g 1" and the control
group had only reached a level of 0.171 g 17"

In 2007, Hagedorn, Encarnacion, Brat, and Morton reported on the metabolism
of alcohol in 17 control and 19 post-gastric bypass patients. They measured BrAC
every 5 min from 15 to 140 min following ingestion of a fixed, 5-oz drink of red
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wine. The main findings from this study were that the RYGB patients had a greater
peak BrAC and, unlike the findings of Klockhoff, Naslund, and Jones (2002), a
longer time for alcohol levels to reach O compared to controls. Notably, at the first
assessment point (15 min), RYGB patients experienced higher BrAC than control
participants. Limitations of this study included differing BMIs of the surgical and
nonsurgical groups and a fixed dose that did not control for differences in body
weight.

Woodard, Downey, Hernandez-Boussard, and Morton (2011) studied 19 RYGB
patients’ BrAC prior to surgery as well as 3 and 6 months after surgery. Patients
drank a fixed dose (5 0z) of red wine and provided BrAC recordings at multiple
time points in the study. They found that peak BrAC was higher and it took greater
time to return to a BrAC of 0 in the postoperative conditions than the preoperative
condition. Additionally, patients reported more dizziness and double vision in the
postoperative conditions. Finally, it is important to note that the peak BrAC was
highest at the first assessment point (15 min post-drink). Like the study by
Hagedorn and colleagues (2007), this study is also limited by the administration
of a fixed, non-weight-based dose of alcohol. This is also true for another paper
published by this group (Changchien, Woodard, Hernandez-Boussard, & Morton,
2012), which failed to find evidence of changes in kinetics 3 months and 6 months
after LAGB or laparoscopic sleeve, using a fixed dose, non-weight-based amount of
alcohol.

Maluenda et al. (2010) studied 12 patients who had undergone laparoscopic
sleeve gastrectomy. These patients drank a weight-based dose (3.6 ml per liter of
water body mass) on two occasions, once prior to surgery and once 30 days after
surgery. They found that BrAC was higher and it took longer to return to a BrAC
value of O in the postsurgery condition. Again, the peak time BrAC values were
collected at the first measurement point was 10 min post-alcohol consumption.

The findings from the studies reviewed above are important in that they show
that postoperative bariatric surgery patients reach higher levels of intoxication
compared to their presurgery state or weight-matched controls. These data, com-
bined with the prevalence of the data cited earlier, suggest that a subgroup of
patients, some of whom have a history of AUD but some of whom do not, abuse
alcohol after bariatric surgery. A number of variables may presumably contribute to
this outcome, including the pharmacokinetic changes in alcohol after surgery.

9.4  Bariatric Surgery and Eating Disorders

One of the areas of interest in terms of eating pathology after bariatric surgery is
what is termed “loss of control” (LOC) eating. Questions remain as to whether LOC
eating should include either binge eating (i.e., a quantifiably large amount of food is
consumed) or subjective overeating (when a patient feels as though they are unable
to stop eating but the amount of food ingested is not necessarily large) or whether
both should be considered. Some studies have noted that there is a subgroup of
people who indicate that they have difficulty with a sense of LOC at times while
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eating after bariatric surgery and that this population is more likely to regain weight
after RYGB. There is, however, a concern that LOC may be the self-labeling of an
epiphenomenon associated with depression. Also, gradations of LOC are likely, as
opposed to it being simply a dichotomous variable.

This issue of LOC eating following bariatric surgery will be discussed in detail
given that this is the only eating-related variable which has consistently been shown
to impact on weight outcomes across a variety of studies. In 1992, Rowston
et al. reported follow-up data on 16 patients 2 years after biliopancreatic diversion
(BPD) using the Bulimic Inventory Test, Edinburgh (BITE) questionnaire. They
found that patients overall lost a significant amount of weight and that eating
disordered behavior usually improved within 3 months after surgery. However,
those who reported binge eating (BE) and/or LOC eating lost less weight over the
longer follow-up period, although preoperative BE was not predictive of postoper-
ative LOC. Pekkarinen, Koskela, Huikuri, and Mustajoki (1994) studied 27 vertical
banded gastroplasty (VBG) patients 5 years after surgery. They found that patients
who reported BE had a statistically significant greater weight regain, and very few
had what they defined as a successful outcome at the end of follow-up. They defined
BE as eating large amounts of food, accompanied by a sense of LOC, and
subsequent feelings of guilt and shame. They used the Binge Eating Scale (BES)
and BITE to identify BE behavior postoperatively and identified it as the “main
predictive factor for poor outcome.”

Eating disturbances in patients undergoing VBG (a practice no longer widely
used in the USA) were studied by Hsu, Betancourt, and Sullivan (1996). They
retrospectively analyzed the eating behavior of 24 female patients 3.5 years after
surgery using the Eating Disorder Examination (EDE). A trend was found for those
with an eating disturbance before surgery to regain more weight compared to those
without such a disturbance. However, this study was retrospective and cross-
sectional in design, of short duration, and had low statistical power owing to the
sample size.

In 2001, our group did a structured long-term (13—15 year) follow-up of patients
after RYGB (Mitchell et al., 2001). Seventy-eight patients were interviewed, and it
was found that BE/LOC was associated with more weight regain, if present after
surgery, but not before surgery. Limitations of this study included its retrospective
design and the long time to follow-up that may have reduced the veracity of the data
obtained. Also, some patients were lost during the follow-up interval.

Kalarchian et al. (2002) studied BE among RYGB patients at long-term follow-
up. They studied 99 patients between 2 and 7 years after RYGB using the Eating
Disorder Examination Questionnaire (EDE-Q) and found that BED or LOC eating
was associated with less weight loss, which occurred in 46 % of patients. Another
study was completed by Guisado Macias and Vaz Leal (2003). They followed up
140 patients after VBG for 18 months postoperatively. They assessed patients using
the BES and did find a correlation between those who reported LOC eating
postoperatively (about 18 %) and poor outcomes. However, they did not assess
predictive factors.
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Larsen et al. (2006) followed 157 patents approximately 34 months after
undergoing LAGB. They administered the BES and found that those patients who
reported engaging in BE were more likely to have regained weight. They also found
that patients who engaged in what was labeled “emotional eating” or “external
eating” were also more likely to meet the BE criteria, but they did not assess
preoperative characteristics that might be predictive of those outcomes.

Colles, Dixon, and O’Brien (2008) studied “grazing” and LOC eating in
129 patients 12 months after undergoing banding. They used the Questionnaire
on Eating and Weight Patterns-Revised (QEWP-R) and found that BE and LOC
were associated with less weight loss. They also assessed preoperative
characteristics. They found that only 50 % of patients who exhibited preoperative
BE went on to evidence LOC eating and weight regain.

In 2010 White, Kalarchian Masheb, Marcus, and Grilo assessed 361 patients
preoperatively and 1-2 years after RYGB. They used the EDE-Q, and their data
revealed that preoperative LOC eating was associated with less weight loss/more
weight regain. They found a high prevalence of LOC (approximately 61 % preop-
eratively, and about 36-39 % postoperatively). They also found that preoperative
LOC was predictive of postoperative LOC. It also appears to be important as to
when the LOC eating patterns returns, since reoccurrence shortly after surgery was
associated with a better outcome than that reoccurring longer term after surgery in
this study. The reason for this difference is not obvious.

de Zwaan and colleagues (2010) studied 59 patients after RYGB 2 years post-
operatively. They used a comprehensive interview, the Eating Disorder
Examination-Bariatric Surgery Version (EDE-BSV), as well as QEWP-R preoper-
atively, and found that preoperative LOC was associated with less weight loss. In
their study population, 29 % of patients preoperatively met criteria for BE/BED and
25 % did so postoperatively. They also found that preoperative LOC was predictive
of postoperative LOC in 47 % of patients. Beck, Mehlsen, and Stoving (2012) also
found that BE postsurgery, at a follow-up mean of 2 years, produced less weight
loss in a sample of 45 previous RYGB patients using an instrument designed for this
study.

A review of these data raises several important points: first, the studies reveal
that BE/LOC postoperatively is associated with less weight loss or more weight
regain. However, only half of the studies evaluated preoperative eating disordered
behavior, with only one study examining what was labeled preoperative LOC per
se, although LOC must have been assessed in several other studies as well given
that some patients satisfied criteria for BE. Second, the studies that evaluated
postoperative BE/BED or LOC found rates varying widely from 3 % in Colles
et al. (2008) to 46 % in the Kalarchian et al. (2002) papers. Possible contributors to
this wide variance include type of surgery (LAGB vs. RYGB) and type of assess-
ment (e.g., QEWP-R vs. EDE-Q), length of follow-up, and whether LOC or
BE/BED were both assessed.

Despite this body of data, important questions remain unanswered. Why do
some people experience LOC eating after surgery, while others do not? What are
the predictive factors for the emergence or reemergence of this LOC eating? Is the
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core psychopathology of an eating disorder present in this patient group, despite the
fact that these people may not meet criteria for a current eating disorder diagnostic
category? Further study is warranted to address these issues.

9.5 Bariatric Surgery and Other Addictive Disorders

We will now discuss literature regarding the presence of other ICDs and behavioral
addictions. These disorders have undergone a shift in the DSM-5, which now
includes kleptomania, pyromania, and intermittent explosive disorder as specific
ICDs. Gambling disorder is now included as a non-substance-related addictive
disorder and trichotillomania in the obsessive-compulsive and related disorders
section.

“Healthy” behaviors that are performed excessively and thus may become
harmful are sometimes grouped as “behavioral addictions” (see Chap. 18) and
include compulsive buying, pathological skin picking, nonparaphilic compulsive
sexual behavior, pathological internet use, and excessive exercising (Berczik et al.,
2012; Coleman, Raymond, & McBean, 2003; Dell’Osso, Altamura, Allen,
Marazziti, & Hollander, 2006; Karim & Chaudhri, 2012; Kuzma & Black, 2008;
Meyer, Taranis, Goodwin, & Haycraft, 2011; Odlaug & Grant, 2010).

Corresponding to the relatively sparse research on non-substance addictions and
ICDs-NOS in general, only a few studies have investigated their role in bariatric
surgery patients. As obesity is associated with increased impulsivity and reduced
impulse control (Davis, 2010; Gruss, Mueller, Horbach, Martin, & de Zwaan, 2012;
Lent & Swencionis, 2012; Mobbs, Crepin, Thiery, Golay, & Van der Linden, 2010;
Miiller et al., 2012; van Hout, van Oudheusden, & van Heck, 2004), one might
expect elevated prevalence rates of ICDs or behavioral addictions among bariatric
surgery patients. ICDs have been shown to be relatively prominent in obese,
pre-bariatric surgery candidates. In a sample of 100 presurgery individuals, 19 %
met criteria for at least one current ICD and 27 % had a lifetime history of at least
one ICD (Schmidt, Korber, de Zwaan, & Miiller, 2012). The most prevalent ICDs
were excoriation disorder and compulsive buying, with current prevalence rates of
8 % and 6 % and lifetime rates of 9 % and 8 %, respectively. With regard to other
ICDs, the following current/lifetime prevalence rates were reported: intermittent
explosive disorder 5 % and 10 %, pathological gambling 1 % and 3 %, and
pathological internet use 2 % and 5 %. No participant was diagnosed with pyroma-
nia, kleptomania, trichotillomania, or hypersexual behavior. Of note, the prevalence
rates in this obese sample differed barely from those among consecutive psychiatric
inpatients who were assessed with the same structured interview (Miiller et al.,
2011). The pre-bariatric surgery sample consisted of consecutive morbidly obese
individuals who were seen for a routine psychosocial pre-bariatric surgery evalua-
tion but not for psychiatric treatment like the psychiatric inpatients. Considering
this, it is surprising that there were no differences found between psychiatric
inpatients and obese individuals who were not seeking psychotherapy or
psychopharmacological treatments.
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There is an increasing literature on excoriation disorder, which is now listed in
DSM-5’s section on obsessive-compulsive and related disorders (Grant & Odlaug,
2009; Odlaug & Grant, 2010). Excoriation disorder is characterized by repetitive
picking of the skin, commonly on the head and face, although virtually any area of
the body can be involved. Compulsive picking results in tissue damage and often
leads to scarring, with resultant significant body image concerns. This is a widely
recognized and relatively common psychiatric problem, with a lifetime prevalence
estimated to be between 1.4 % and 5.4 % (Hayes, Storch, & Berlanga, 2009;
Keuthen, Koran, Aboujaoude, Large, & Serpe, 2010). The aforementioned findings
of Schmidt et al. (2012) are in line with earlier reports that indicate a much higher
prevalence of skin picking in clinical samples than in the general population,
including patients with obsessive-compulsive disorders (Grant, Mancebo, Pinto,
Eisen, & Rasmussen, 2006), trichotillomania (Odlaug & Grant, 2010), and eating
disorders (Favaro, Ferrara, & Santonastaso, 2007). It is important to note that
pathological skin picking should be carefully delineated from non-suicidal self-
injury.

Compulsive buying (see Chap. 19), also referred to as compulsive shopping or
shopping addiction, also seems to be prevalent in obese individuals who are seeking
bariatric surgery. This behavioral addiction is characterized by repetitive maladap-
tive purchasing behavior that is difficult to control and results in distress and
significant social, psychological, and financial consequences. Compulsive buying
is common in consumer societies with prevalence estimates of about 5-8 % (Koran,
Faber, Aboujaoude, Large, & Serpe, 2006) and often is associated with other
psychiatric illnesses, particularly mood and anxiety disorders, other ICDs, and
BED. Whether or not it is associated with substance use disorders is unclear
(Mueller et al., 2010).

The prevalence of other ICDs and behavioral addictions has not been reported in
the literature following bariatric surgery. Some have argued that the problematic
behaviors may increase or transfer to another problem in order to replace the
presurgery “food addiction” through the development of other non-substance
addictions (Buffington, 2007; Moorehead & Alexander, 2007; Spencer, 2006).
Thus far, only anecdotal reports have examined the development of postoperative
behavioral addictions. For example, instead of overeating/binge eating, some
patients who have undergone bariatric surgery engage in compulsive buying of
clothing, hypersexual behavior, or other extreme activities that appear to be trig-
gered by the massive weight loss. Excessive exercising (see Chaps. 7 and 28) that is
often linked to eating disorder pathology and extreme fear of regaining weight may
also result (Blum et al., 2011; Larsen et al., 2006). Post-bariatric surgery patients
frequently suffer from redundant skin. Beyond appearance-related issues, hanging
skin after substantial weight loss can result in skin irritation and provoke or
aggravate pathological skin picking. To our knowledge, the “addiction-transfer”
hypothesis has yet to be empirically investigated adequately in terms of
non-substance addictions. However, we have seen individuals within our clinical
practice that suffered from behavioral addictions, and we think that the potential
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link between behavioral addictions and bariatric surgery should be further
addressed.

Conclusions

The hypothesis that bariatric surgery may eventually result in the development
of new addictive disorders, or the reemergence of a disorder in remission, has
received a great deal of attention in the media and increasing attention in the
bariatric surgery literature. A growing literature suggests that AUD may
reemerge or develop de novo after bariatric surgery, in particular after RYGB.
Additional literature suggests that some patients postsurgery will develop
so-called LOC eating. Some of these individuals will have a history of BE or
BED prior to surgery. The emergence of LOC eating seems to be associated with
less weight loss or greater weight regain, making it a clinically important
variable in long-term outcome. Of great interest, it is currently unclear whether
or not the patients that develop AUD after surgery are the same ones who
develop BE/LOC eating, or how a history of either problem presurgery
contributes to the development of the other problems after surgery. Currently
data on other substance abuse problems after surgery, including opioids and
amphetamine, are limited to a small number of case reports. Other “cross
addictions,” such as skin picking and excessive exercising, have been suggested
as possible sequelae of bariatric surgery, although data demonstrating this cross
addiction potential empirically are currently lacking.
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Prevention of Eating Disorders 1 0
and Substance Misuse in Adolescence:

Toward a Developmental Contextual

Perspective
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Abstract

This chapter reviews the conceptual and empirical foundations for efforts to
prevent, simultaneously, substance misuse and eating disordered behavior in
adolescents. The focus is universal and selective prevention in middle and high
schools, although Stice’s dissonance-based form of indicated prevention is also
considered, particularly its potential for application to adolescents not already at
high risk. Seven converging lessons from prevention research and reviews in
each field are presented as guidelines for further investigations of the joint
prevention of substance misuse and the spectrum of disordered eating. The
potential value of these guidelines is illustrated by a review of the ATLAS and
ATHENA programs, which constitute the only project to date that has
demonstrated the ability to prevent, simultaneously, attitudes and behaviors
related to body image, eating pathology, and substance misuse. It is argued
that simultaneous prevention of substance misuse and disordered eating should
incorporate Piran’s critical social perspective and an ecological model, both of
which can be usefully understood and applied within Lerner’s theory of devel-
opmental contextualism.
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Inspection of literature reviews addressing prevention of eating disorders
(ED) (e.g., Levine & Smolak, 2006; Stice, Becker, & Yokum, 2013) and prevention
of substance misuse (e.g., Botvin & Griffin, in press-a; Griffin & Botvin, 2010;
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Karki et al., 2013) reveals that only one project has demonstrated the ability to
prevent, simultaneously, attitudes and behaviors related to body image, eating
pathology, and substance misuse. Review of the ATLAS and ATHENA programs
(Elliot & Goldberg, 2008) constitutes the third goal of this chapter; the first is
providing a conceptual foundation for simultaneous prevention, while the second is
distillation of empirical guidelines, based on overlapping lessons from each field.

This chapter focuses on universal-selective prevention in middle and high
schools. Adolescence is one high-risk period for both ED and substance misuse
(Griffin & Botvin, 2010; Levine & Smolak, 2006); and, according to the Rose
Paradox in public health, in a large population the clear majority of new cases of a
disorder come from those at low-to-moderate risk, not the relatively few people
who are at high risk (Austin, 2001). The final goal is to use those guidelines to
identify directions for further investigations of the joint prevention of substance
misuse and the spectrum of disordered eating.

10.1 Conceptual Foundations: Defining the Problems to Be
Addressed

10.1.1 Substance Misuse

Drawing on a publication from Ontario’s Ministry of Health Promotion (2010),
substance misuse is defined as self-administration (ultimately by choice) of psy-
choactive substances (e.g., nicotine, alcohol, amphetamine, marijuana, oxycodone)
in a manner—and especially in a pattern—that (1) is de jure illegal, (2) departs from
culturally approved developmental expectations, and (3) generates at least one of
the following: (a) danger for self or others, (b) disability in fulfilling roles and
developmental tasks, (c) suffering or misery for self or others, (d) alienation from
others or from one’s core values, and (e) increased probability of further substance
use. As more of criteria (a)—(e) are met, the likelihood increases that use is misuse.

10.1.2 Eating Disorders and Disordered Eating

For prevention purposes, it is useful to conceptualize DSM-5 ED as extremes of six
intertwined continua (Levine & Smolak, 2006): (1) negative body image;
(2) unhealthy forms of weight management; (3) overvaluing the self in terms of
perceived weight and shape in relation to unrealistic standards of beauty, fitness,
and muscularity; (4) irrational fear and loathing of body fat and fat people, all
feeding drives for thinness and leanness; (5) harsh self-surveillance and self-
criticism, in a reciprocal relationship with shame, anxiety, depression, and
difficulties in self-regulation; and (6) binge eating. People who have eating attitudes
and behaviors that generate mild-to-moderate problems [see (a)-(e) above] and
who have moderate-to-high levels of (1), plus (2) or (6), and at least one of (3)—
(5) fall into the broad category of disordered eating (Levine & Smolak, 20006).
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Each of these continua, while unhealthy, is ordinary to the point of being normative
and culturally syntonic.

10.2 Conceptual Foundations
10.2.1 Symptom Comorbidity and Shared Etiology

Misuse of alcohol and other drugs is comorbid with ED that revolve around binge
eating and purging (see Chaps. 11 and 12). Although it is surprising the Wolfe and
Maisto’s (2000) review of putative risk factors for the comorbidity of bulimic
behaviors and substance abuse found very little evidence supporting shared etiol-
ogy, substance misuse is significantly associated with the psychopathology often
accompanying ED: anxiety disorders, trauma- and stressor-related disorders,
depression, the personality dimension of neuroticism, and deficits in expressing
negative affect and controlling impulses (Ferriter & Ray, 2011; O’Brien & Vincent,
2003; Chaps. 6, 16, and 17). In high school and college students, substance misuse
is also correlated with some of the continua constituting the definition of disordered
eating (see, e.g., Parkes, Saewyc, Cox, & MacKay, 2008; Wolfe & Maisto, 2000).
There is increasing evidence that negative body image, disordered eating and
ED, substance misuse, and non-suicidal self-injury are elements in a larger spec-
trum of significant problems in self-care reflecting “disembodiment” (Piran &
Teall, 2012) and “body disregard” (Muehlenkamp, 2012). Misuse of alcohol,
marijuana, or oxycodone may serve many of the same purposes as binge eating
and/or self-initiated dieting, including peer acceptance, experimentation with
“adult” behaviors, and, most notably, escape from painful self-awareness and
other forms of distress. Misuse of laxatives, diuretics, diet pills, caffeine, and
other stimulants (e.g., nicotine, amphetamine) may be undertaken to control hunger
and/or control and manage weight in those with significant weight and shape
concerns. Both substance misuse and the continuum of disordered eating are
comprehensible and functional in the context of adolescent development within a
culture haunted, if not powered, by long-standing tensions between asceticism,
delay of gratification, and self-control versus intolerance of discomfort, “cutting
loose,” and “just do it!” (Griffin & Botvin, 2010; Levine & Smolak, 2006).

10.2.2 The Nonspecific Vulnerability-Stressor Model

It has long been known that many different types of physical and mental disorders
in adolescence and adulthood have overlapping risk factors. These include vulner-
ability to negative affect, the experience of cumulative life stress, behavioral
incompetencies (e.g., in coping skills, self-management, goal setting, and
problem solving), and the juxtaposition of poor social skills and lack of social
support (Levine & Smolak, 2006). Consequently, according to a nonspecific
vulnerability-stressor (NSVS) model, problems will be prevented and resilience
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will be promoted when stakeholders in community health, including adolescents,
collaborate to make multiple environments (e.g., school, the Internet, athletics, the
family) more predictable, safer, more respectful, and more responsive while
strengthening opportunities for adolescents to have multifaceted lives. Stressors
to be minimized range from normative developmental challenges (e.g., issues of
autonomy, relatedness, identity, competence at work, sexuality) to common threats
(e.g., sexual harassment, family conflicts such as divorce) to major losses and
trauma (Levine & Smolak, 2006).

10.3 Conceptual Foundations: Why Prevention and What Is It?
10.3.1 Why Prevention?

The prevalence of comorbid substance misuse and ED (or disordered eating) will
not be substantially reduced, beyond minimization of behavioral “contagion,” by
applying a detect-and-treat approach (Levine & Smolak, 2006). Even if people
were open about their problems and received strong support from family and
friends who were impervious to the stigma of mental illness, there would still be
many psychological, sociological, and economic barriers to identification, referral,
and specialized, evidence-based treatment, including an imbalance between the
large number of people suffering and the small number of professionals with proper
training. The detect-and-treat approach, while humane and necessary in the neces-
sarily limited ongoing efforts to curb the prevalence of disordered eating
+ substance misuse, will never reduce its incidence (i.e., the number of new
instances of the comorbid condition in a given time period divided by the number
of people in a population who could reasonably be considered at risk).

10.3.2 Definitions and Assumptions Related to Prevention

10.3.2.1 Prevention

To prevent a disorder is to understand and anticipate the conditions that foster the
problem and trigger its onset and to intervene in systematic ways so as to forestall or
delay the disorder. One way to accomplish this is to protect health and reinforce
resilience and adaptive functioning, including the ability to cope effectively with
developmental challenges and life’s unpredictable but inevitable hardships (Com-
mittee on the Prevention of Mental Disorders, 2009; Guerra & Bradshaw, 2008;
Levine & Smolak, 2006).

10.3.2.2 The Prevention Spectrum

This chapter applies the “mental health intervention spectrum” of prevention
proposed by the National Research Council (NRC) and the Institute of Medicine
(IOM), both of the USA’s National Academy of Sciences (Committee on the
Prevention of Mental Disorders, 2009). This is a continuum from general health
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and resilience promotion — universal prevention — selective prevention — indicated
or “targeted” prevention, the latter shading into treatment (case identification, then
intervention, and then aftercare).

The spectrum begins with policies and programs intended to improve the health
and hardiness of an entire population. Universal prevention programs transform and
strengthen public policies, social institutions, and common cultural attitudes and
practices in order to prevent designated conditions (e.g., substance misuse) from
developing in circumscribed by extremely large groups of people, such as all youth
ages 11 through 14 in California.

Selective prevention also involves changes in public policy and group practices,
but the primary audience is a large group of people who do not yet have the
condition of interest (i.e., they are asymptomatic) but who clearly are at risk for
biological, psychological, or sociocultural reasons. For example, a selective pre-
vention program seeking to reduce the incidence of comorbid disordered eating and
substance misuse could focus on girls ages 10 through 14 who necessarily are
dealing with pubertal development, who live in a society that defines women in
terms of slenderness and passivity, and who have a parent or older sibling who
suffers from one or more of the following: severe depression, substance abuse,
anxiety disorder, and ED. The prototypical multi-lesson ED or substance misuse
prevention curriculum for middle or high school girls would fall between universal
and selective prevention on the mental health intervention continuum (Cox &
Levine, in press).

Indicated|targeted prevention programs are designed for people who have been
identified as being at high risk due to warning signs (e.g., mild symptoms) and/or
clear precursors (e.g., high levels of weight/shape concern; experimentation with
binge drinking). The “definitely at-risk” status, as determined by screening methods
with well-documented sensitivity and specificity, “indicates” that an individual or
group intervention tailored for them is warranted (Levine & Smolak, 2006).

10.3.3 Prevention and Developmental Contextualism

The theory of developmental contextualism, developed by Lerner and colleagues in
the mid-1980s, acknowledges the interrelationship of correlated behaviors—both
high risk/unhealthy and resilient/healthy—and addresses overlapping risk-
resilience factors by “embed[ding] the study of children in the actual families,
neighborhoods, and communities in which they live” (Lerner, Ostrom, & Freel,
1997, p. 504). The label “developmental contextual” emphasizes the dynamic,
changing, malleable, and nonreductionist relationships between individuals and
the multiple physical and social dimensions of their ecology (Lerner, Fisher, &
Weinberg, 2000; Lerner et al., 1997; Schoon, 2012). Examples of influential
contexts are family, school, neighborhood, religious community, mass media, and
cultural values. These ecological contexts are “nested spheres of influence varying
in proximity to the individual and ranging from the micro- to the macro-context”
(Schoon, 2012, p. 146, based on Bronfenbrenner’s classic developmental theory).
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Over time these contexts not only shape, but they are shaped by, the “lived
experience” of individuals (Piran, 2001), who, as they develop, tend to have a
growing capacity for participation in self-environment co-regulation (Schoon,
2012).

There are three important implications of this perspective, along with the NSVS
model. First, the developmental-ecological contexts of adolescents should be the
focus of the planned changes—the policies (at the higher levels of organization) and
programs and other interventions (at the lower levels)—that we call prevention (see
Lesson 6 below). This emphasis magnifies a previous important point about univer-
sal and selective prevention: effective changes must not only be planned, they must
be integrated and “aimed at changing the developmental system in which people are
embedded, rather than at changing individuals” (Lerner et al., 1997, p. 507; italics
in the original). Implementation and evaluation of prevention in these contexts is
simultaneously outreach, organizing, and empowerment in order to identify, mobi-
lize, and strengthen community assets via policies and programs for youth develop-
ment. This leads to the second implication: because shared risk and lack of
resilience are products of multiple stressors and vulnerabilities at multiple ecologi-
cal levels, prevention is necessarily about political and social change in the direc-
tion of social justice (Albee, 1983).

Third, prevention needs to arrange for positive youth development in a variety of
interlocking areas, such as resilience, prosocial and community involvement, and
cognitive and behavioral competencies (Guerra & Bradshaw, 2008). Prevention
specialists need to work with community stakeholders to encourage and guide the
“6 Cs” of positive youth development (Guerra & Bradshaw, 2008; Lerner et al.,
2000): Competence (life skills), Connection, Character, Confidence and positive
sense of self, Caring (compassion), and Contribution to community and society.
Prevention requires fostering and reinforcing the engagement of youth in a critical
social perspective (CSP) (see Lesson 3 below) and in doing meaningful things for
themselves and others, including joining or leading adults in working for beneficial
social changes (Piran, 2001, 2010).

10.4 Lessons and Principles for the Prevention of Drug Use
and Disordered Eating

It is difficult to extract convergent guidelines from one extremely large body of
prevention literature (substance misuse) and another very different and rapidly
expanding body of theory and studies (disordered eating). Therefore, 1 offer
seven shared conclusions as lessons to guide further programming and research in
the simultaneous prevention of substance misuse and disordered eating in
adolescents. Lessons 3, 4, and 6 also describe ED prevention approaches worth
consulting as models of that lesson.
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10.4.1 Lesson 1: Prevention Can Work, But Effects Are Limited
and Conclusions Complicated

10.4.1.1 Substance Misuse

Reviews (see, e.g., Botvin & Griffin, in press-a, in press-b; Hansen, 1992; Tobler
et al., 2000) of studies (including randomized controlled trials) conducted between
1978 and 2010 demonstrate that, in general, multi-lesson school-based programs
for young adolescents can prevent initiation of and increases in tobacco, alcohol,
and other drug use. Many variables mitigate the impact of universal-selective
prevention, so, with some notable exceptions (e.g., Botvin’s Life Skills Training
program; see Griffin & Botvin, 2010), effect sizes for psychosocial interventions
tend to be small (+.10 to +.30; Tobler et al., 2000).

10.4.1.2 Disordered Eating

According to meta-analyses by Stice, Shaw, and Marti (2007) and by Fingeret,
Warren, Cepeda-Benito, and Gleaves (2006), both universal-selective and indicated
programs tend to have beneficial and statistically significant effects on measures of
risk (including internalization of the thin ideal, body dissatisfaction, and negative
affect) and of eating pathology. As is the case for prevention of substance misuse,
effect sizes tend to be small (e.g., +.06 to +.09 for universal-selective prevention) to
moderate (for indicated prevention, e.g., +.18 to +.22). The most effective preven-
tion in terms of body dissatisfaction, dieting, and eating pathology is accomplished
by multi-session, interactive (i.e., engaging) programs that promote body accep-
tance and challenge continued internalization of the slender beauty ideal by female
participants ages 15 through 25 who already have body image issues and other
weight concerns. Nevertheless, universal-selective programs and indicated
programs tend to be equally effective in reducing thin-ideal internalization and
negative affect (Stice et al., 2007). Finally, it appears that program implementation
by prevention specialists, rather than school staff, increases the likelihood of
reduction in risk factors (but not eating pathology).

10.4.2 Lesson 2: Information Dissemination and Other
Nonbehavioral Approaches Have Limited and Riskier Effects

10.4.2.1 Substance Misuse
A variety of different approaches have some demonstrated success, and many
failures are attributable to severe methodological shortcomings (Hansen, 1992;
Tobler et al., 2000). Some programs seek to foster rational decision-making
and/or foster fear of drugs by educating students about the negative consequences
of drug use and the etiology of drug abuse. These information-based approaches are
sometimes supplemented by activities that increase appreciation and respect for the
self and others in areas of life antithetical to drug use.

Many people now consider it a truism that information dissemination and
affective education are useless, antiquated, and potentially dangerous. Yet, while
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it is the case that as a group their mean effect sizes approach zero (Tobler et al.,
2000), nearly a third of the behavioral results from informational, affective, and
values-based programs conducted during the 1980s were positive (Hansen, 1992).
However, another 25-30 % of these programs had the undesirable effect of increas-
ing either drug use or positive attitudes toward drug use. The perception that such
programs can backfire (i.e., be iatrogenic) has validity (Hansen, 1992).

10.4.2.2 Disordered Eating

Provision of information, particularly in a didactic or moralizing fashion, is often
ineffective in changing beliefs, attitudes, and behavior (Levine & Smolak, 2006;
Stice et al., 2007). There is disagreement among experts as to whether such
information is likely to be harmful (see, e.g., Stice et al., 2007, vs. O’Dea, 2002).

10.4.3 Lesson 3: Information Dissemination Is an Important Aspect
of Developing a Critical Perspective for Resisting
and Transforming Negative Social Influences

10.4.3.1 Substance Abuse

Although provision of information alone in the service of prevention tends to be
ineffective or even risky, knowledge remains the foundation of a critical perspec-
tive for resisting negative social influences. Along with healthier peer norms,
specific resistance skills, and improved life skills, this critical perspective is a key
component of effective prevention of substance misuse by adolescents (Botvin &
Griffin, in press-a; Griffin & Botvin, 2010).

10.4.3.2 Disordered Eating

A good deal of evidence supports Piran’s contention that a CSP underlies many
effective prevention programs (Levine & Smolak, 2006; Piran, 2001, 2010; Piran &
Teall, 2012). A CSP emerges most readily from dialogue-based education,
facilitated by a skilled adult, that encourages increased awareness of and critical
thinking about dominant cultural values and practices (e.g., “fat talk,” teasing, peer
beauty norms, mass media) in relation to gender, power and privilege, eating, and
body image. These dialogues promote personal and contextualized knowledge
about the experience of embodiment versus disembodiment. Muehlenkamp
(2012) defines embodiment in terms of body regard or “connection to, ownership
of, and understanding of the body (e.g., body integrity)” (p. 332).

A number of effective prevention programs for older children and adolescents
(reviewed in Levine & Smolak, 2006) use various teaching tools to educate students
about the “clash” between physical development (e.g., weight and fat gain during
puberty; the genetics of diversity in weight and shape) + psychosocial development
(e.g., basic needs for self-expression, a sense of control, and connection to others)
+ political developments (e.g., increasing freedom and opportunities for girls and
women) versus unhealthy sociocultural factors such as media glorification of
slenderness and dieting, rigid gender roles, sexual objectification, and peer teasing
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and intimidation about fat. These sociocultural factors often distort body regard into
disembodiment by promoting self-objectification, body shame and appearance
dissatisfaction, the tendency to act on impulse and thus act out, mistrust of hunger
and satiety signals, calorie-restrictive dieting, and negative affect. And the more
disembodied one feels, the more vulnerable one is to external messages about the
body and to unhealthy uses of the body for expressing anger, helplessness, and
resentment (Muehlenkamp, 2012; Piran & Teall, 2012). Thus, some successful ED
prevention programs, like some successful drug prevention programs (Griffin &
Botvin, 2010), help students understand and think critically about whether and how
they might resist the seductive psychological dilemmas created by culture.

10.4.3.3 Model Program: Piran’s Ballet School Study

Piran applied the CSP model in a multifaceted program for adolescents in an elite,
highly competitive, and residential ballet school in Toronto. Given the participants
and high-risk setting, this was a selective-indicated program. The design, imple-
mentation, and very positive outcomes of this intensive intervention have been
documented in great detail (Piran, 1999, 2001, 2010). Ultimately, Piran was able to
create opportunities for relational dialogues that generated a discourse and a
subculture of analysis and resistance. This type of information and education
enabled Piran and the students to transform the school environment (see Lesson
6), including peer norms (e.g., no teasing), school policies (e.g., defining and
forbidding harassment), curriculum (e.g., safety training), staff training and hiring
(e.g., selecting supportive staff), and the physical setting (e.g., changing rooms that
allow more privacy). As predicted by developmental contextualism, in the process
(i.e., in this context) adolescents reduced their levels of disordered eating and
increased their experiences of embodiment, agency, and meaningful interconnec-
tion with others.

10.4.3.4 Model Program: The Media Smart Literacy Program

Unhealthy cultural messages are rampant, and thus easily detected, in mass media.
“Media literacy” is a type of CSP in which people work together to become more
aware of media influences in their lives; to understand, criticize, and appreciate
media content and techniques more fully; and to use this knowledge to resist and
protest negative media influences while supporting and creating more positive
media messages (Levine & Smolak, 2006). Wilksch and Wade (2009) conducted
a randomized controlled investigation of Media Smart, an 8-lesson media literacy
program designed for Grade 8 (M age =~13.5) Australian girls and boys. This
universal-selective program is interactive and incorporates the key literacy
concepts of awareness, analysis, activism, and advocacy (Levine & Smolak,
2006). Compared to the control condition, Media Smart resulted in fewer shape
and weight concerns and less dieting at the 30-month follow-up for girls and at
6-month follow-up for boys.
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10.4.4 Lesson 4: Resistance Skills Are an Important Part
of Competence Enhancement

10.4.4.1 Substance Misuse

Resistance skills include cognitive competencies similar to those comprising a CSP,
such as understanding the immediate negative consequences of drug misuse and
recognizing, understanding, and critically appraising the content and persuasive
techniques of prodrug messages from mass media and peers. Another particularly
important cognitive skill is understanding that, with exception of alcohol consump-
tion by older adolescents, most adolescents do not smoke cigarettes or use other
drugs. The teaching of resistance skills also includes modeling, practicing, and
reinforcing behavioral competencies for avoiding high-risk situations for drug use,
particularly those involving peers, and for generating counterarguments that facili-
tate coping with unavoidable high-risk situations. These so-called social influence
programs have a more robust (but overall small positive) effect on knowledge,
attitudes, and behavior than do non-skill-based interventions (Hansen, 1992; Tobler
et al., 2000).

10.4.4.2 Disordered Eating

Prevention programs produce stronger average effects when, instead of being
didactic and psychoeducational, they are interactive and teach skills for resisting
unhealthy sociocultural influences or for increasing body satisfaction (Stice et al.,
2007).

10.4.4.3 Model Programs: Dissonance-Based Interventions

As a theory-based and sustained program of development, evaluation, refinement,
and dissemination, Stice’s cognitive dissonance-based intervention (DBI) has
transformed the prevention field in significant ways. At present it is unquestionably
the most rigorously evaluated, replicable, and powerful ED prevention program.
Integrating a CSP, social psychological and motivational principles, and cognitive-
behavioral therapy techniques, DBI is designed to reduce risk factors and milder
ED symptoms by facilitating resistance skills in adolescent girls and young women
who already have high levels of body image concerns or bulimic symptoms.
Consequently, this program falls into the “indicated” range of the prevention
spectrum. The development, nature, and very positive short- and long-term preven-
tion outcomes of Stice’s DBI (Stice, Rohde, & Shaw, 2013) have been extensively
documented (see, e.g., Becker, 2012; Stice, Rohde, Shaw, & Gau, 2011; Stice,
Shaw, Becker, & Rohde, 2009).

Stice’s DBI has been adapted into a universal-selective body image program
(BIP) for young undergraduate women living in sororities or participating in varsity
intercollegiate sports (Becker, 2012; Becker, Stice, Shaw, & Woda, 2009). The
BIP, which also produces moderate-to-large prevention effect sizes that are
sustained over time, is much more ecological (see Lesson 6 below) in its approach
than Stice’s DBI. The BIP’s emphasis on community relationship building, peer
interactions, peer leadership in implementing the program, changes in peer norms,
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advocacy, and activism (Becker, 2012; Becker et al., 2009; Marchand, Stice,
Rohde, & Becker, 2011) is consistent with the CSP (see Lesson 3), the importance
of specific resistance skills as well as general life skills (Lessons 4 and 5), an
ecological perspective (see Lesson 6), and developmental contextualism.

10.4.5 Lesson 5: Multifaceted Competence Enhancement Is
Important

10.4.5.1 Substance Abuse

In accordance with the NSVS model, there is evidence that some adolescents use
tobacco, alcohol, and other drugs to manage the dysphoria attendant to low self-
esteem, social anxiety, poor social skills, and the transactions between life stressors
and ineffective coping skills (Botvin & Griffin, in press-b). Botvin’s LifeSkills
Training (LST) extends the resistance model (normative expectations, immediate
negative physiological and social effects of drug use, resistance skills) by using
brief lectures, guided group discussions, and cognitive-behavioral techniques to
teach, practice, and reinforce personal and interpersonal “life skills” (e.g., problem-
solving, stress management, active and empathic listening, assertion). Numerous
long-term evaluations converge in demonstrating that LST produces fairly large
and very durable prevention effects on tobacco, alcohol, and marijuana use by
young adolescents (Griffin & Botvin, 2010; Botvin & Griffin, in press-a, in press-b).
Other reviews agree that comprehensive competence enhancement produces more
robust and durable prevention effects than does information-based programming or
resistance skill training alone (Hansen, 1992; Tobler et al., 2000). Interestingly,
both the cognitive lessons and the specific resistance skill training are crucial “life
skills” as part of the LST program.

10.4.5.2 Disordered Eating

In eating disorders prevention, it does not appear that addition of life skills such as
stress management or decision-making results in an improvement of resistance
skills (Stice et al., 2007). However, the effectiveness of multifaceted media literacy
programs such as Media Smart, of empowerment-relational applications of the CSP
(see, e.g., Piran, 1999 and Levine & Smolak, 2006), and of Becker’s BIP indicates
that certain life skills are indeed relevant. More research is needed to test the
complex hypothesis that raising awareness of and fostering resistance to specific
ED risk factors appears to be facilitated by development of skills in listening to and
working with others, being assertive and courageous despite anxious uncertainty,
and expressing oneself alone and with others in noting injustice and taking steps to
rectify it.
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10.4.6 Lesson 6: Ecological Approaches Are Very Important

10.4.6.1 Substance Misuse

Many drug prevention programs over the years, including those featuring resistance
skill training and competence enhancement, have demonstrated limited long-term
effects, and even the most successful programs could be enhanced (Tobler et al.,
2000; see also Karki et al., 2013). Consistent with the principles of the NSVS
model, developmental contextualism, and the CSP, one successful response to
limited effects has been integration of school-based programming with efforts to
improve the broader ecology of adolescents. Ecological factors include the school
environment; parenting skills and parent—child relationships; the attitudes and
behaviors of teachers, coaches, and other influential adults; the community; and
mass media.

Tobler’s meta-analysis (2000) found a significant pattern of increased effective-
ness as programs evolve from interactive resistance skills training
alone — interactive resistance skills training + life skills training — system-based
programs that feature comprehensive skills training while extending the focus of
prevention to families, school policies, and community policies and practices.
Ecological approaches to prevention work best if programs—and especially
programs for minority groups—are developed (tailored), implemented, evaluated,
and maintained in consultation with school personnel, with students, and with
stakeholders in the broader community. This form of developmental contextualism
motivates community members to participate in implementing, evaluating, and
maintaining prevention programs in ways that are inherently localized and cultur-
ally sensitive.

10.4.6.2 Disordered Eating

With respect to universal-selective prevention, a pattern of small effect sizes and
limited durability of effects is also apparent in this field (Levine & Smolak, 2006;
Piran, 2010; Stice et al., 2007). This pattern, coupled with the fundamental defini-
tion of universal prevention (Committee on the Prevention of Mental Disorders,
2009) and with the success of Piran’s participatory action research and Becker’s
BIP, also points to the desirability of an ecological, context-specific approach to
prevention.

10.4.6.3 Model Program: Planet Health

This is a school-based, ecological, and interdisciplinary intervention originally
intended to prevent obesity in early adolescence (Austin, Field, Wiecha, Peterson,
& Gortmaker, 2005) by decreasing television viewing and consumption of high-fat
foods while increasing (a) consumption of fruits and vegetables and (b) both
moderate and vigorous physical activity. Middle schools (grades 6 through 8)
participating in Planet Health received teacher-training workshops, lessons to be
integrated in the state-mandated curricula for physical education and for a wide
variety of subjects, wellness sessions, and fitness funds. Attempts were also made to



10 Prevention of Eating Disorders and Substance Misuse in Adolescence: Toward. . . 189

work with families to modify the home environment to support the school’s
programs.

The initial outcomes of a randomized controlled evaluation of Planet Health
were fascinating (Austin et al., 2005). The program failed to lower the incidence of
obesity, although obesity prevalence was reduced among female students. What
Planet Health did do was very significantly reduce, over a 2-year period, initiation
(i.e., the incidence) of two forms of disordered eating behavior in girls: purging and
use of diet pills. This unexpected finding was replicated in a follow-up randomized
controlled trial over 1,400 girls and boys in grades 6 and 7 in 16 Massachusetts
middle schools (Austin et al., 2007).

10.4.6.4 Model Program: Healthy Schools-Healthy Kids

McVey, Tweed, and Blackmore (2007) in Toronto developed an 8-month interven-
tion to mobilize various people to get involved in analyzing and changing the
ecology of a middle school in order to reduce risk and increase resilience. Healthy
Schools-Healthy Kids integrated, for example, student curricula for learning about
and improving body image, training and curriculum guides for teachers, and
coordinated workshops and newsletters for parents. Curricula which addressed
specific resistance skills and life skills (including healthy eating and an active
lifestyle) were coordinated with small and gender-segregated peer support groups,
staff training, student-generated public service announcements (PSAs) within the
school, and a school play.

The results of this comprehensive school-based approach were very promising.
At 6-month follow-up, girls and boys in the 7th grade who participated in the
program reported less body dissatisfaction than a comparison sample, while girls
attending the intervention schools also reported less commitment to the slender
beauty ideal and fewer skipped meals. These risk factor reductions and the collab-
orative processes by which Healthy Schools-Healthy Kids was developed have
generated, under McVey’s leadership, further systemic developments, such as a
web-based educational tool (matched to curriculum expectations of the Ontario and
Nova Scotia Ministries of Education) designed for teachers and public health
professionals who work with youth ages 9-12 years (Levine & McVey, 2012).

10.4.7 Lesson 7: Programs Should Be Engaging and Interactive
for All Concerned

10.4.7.1 Substance Abuse and Disordered Eating

It appears that the commitment of key personnel to the prevention process and to
the intervention itself is very important. Whether those who “deliver” and “facili-
tate” the program are regular classroom teachers, same-age or older peers, graduate
students, or health professionals, they need to be committed to prevention in general
and to faithful implementation of the program. Program fidelity will be increased
when leaders are enthusiastic, willing to serve as positive role models, and provided
with teaching manuals, student workbooks, and effective training and supervision.
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From the perspective of participants, active, interactive, and engaging lessons will
be significantly more effective than didactic, noninteractive interventions relying
on lectures and films (Stice et al., 2007; Tobler et al., 2000).

10.5 Model Project for Preventing Comorbidity at
the Universal-Selective Level

Only one prevention project has been systematically designed and evaluated with
the goal of preventing problems located in the intersection between negative body
image, disordered eating, and substance misuse. ATLAS and ATHENA, compan-
ion programs developed by Linn Goldberg and Diane Elliot (see, e.g., Elliot &
Goldberg, 2008) at the Oregon Health Sciences University, are gender-specific
interventions that integrate features of psychoeducation and positive norm devel-
opment (Lesson 3 above), media literacy (Lessons 3 and 4), drug resistance and life
skills (Lessons 4 and 5), use of engaging lessons (Lesson 7), and other well-
established practices in designing (Lessons 1, 2, and 7) and evaluating drug
prevention programs. Another important aspect of ATLAS and ATHENA is that
they are explicitly ecological (Lessons 6 and 7). The setting is the team context, and
the program is implemented during team practices in classroom meetings and in the
weight room. Moreover, the program emphasizes training of, leadership by, and
constant support from coaches and captains, all of whom are on “on the same page”
as far as program themes and goals.

10.5.1 ATLAS

Adolescents Training and Learning to Avoid Steroids is an award-winning selective
intervention to prevent misuse of anabolic steroids and food supplements by high
school football players (Goldberg et al., 2000). In addition to providing education
about developmental physiology and nutrition, ATLAS uses various teaching
methods to encourage male athletes to think critically about the impact of powerful
masculine norms and mass media on body image, eating, exercising, and substance
misuse. The athletes get hands-on instruction and practice in resisting pressures for
use of steroids and food supplements. This is complemented by direct instruction in
safe, effective techniques for developing strength and managing weight (e.g.,
“getting larger”). As part of media literacy training, small groups of athletes work
together to generate simulated media (e.g., PSAs, posters, video, theatrical
performances) that promote healthier models and forms of strength and fitness.
Goldberg et al. (2000) found that, at 1-year follow-up, boys participating in the
ATLAS program increased their knowledge (e.g., about exercise, alcohol, and
anabolic steroids) and were more skeptical both about the value of anabolic steroids
for bulking up and about promotion of supplements and steroids via positive images
and messages in strength and fitness magazines. Athletes receiving the ATLAS
program also reported great self-efficacy in healthy strength training while
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perceiving their coaches as more intolerant of steroid and supplement use. Most
important, not only did program participants report less intent to use, at follow-up
they were less likely to initiate use of anabolic steroids, “athletic” supplements,
other performance-enhancing drugs, alcohol, or other drugs (Goldberg et al., 2000).

10.5.2 ATHENA

The success of ATLAS spurred development of a parallel selective program for
high school girls called Athletes Targeting Healthy Exercise and Nutrition
Alternatives. ATHENA'’s overarching goal is to prevent eating problems and
unhealthy forms of weight/shape management and of performance enhancement,
including use of diet pills, nicotine, cocaine, “nutritional” supplements, and
anabolic-androgenic steroids. ATHENA does not teach about ED, body weight,
and weight management by calorie counting, although these topics tend to emerge
during team discussions or in the students’ creation of PSAs.

“Athletes” are defined as girls participating in varsity sports, as well as
cheerleaders, flag twirlers, and members of the dance/drill teams performing at
athletic events (Elliot et al., 2006). ATHENA is a gender-specific adaptation of the
ATLAS program in that most young female performers want to be leaner and
lighter, not bigger, more muscular, and much stronger. ATHENA follows the
structure of ATLAS, and there are eight 45-min classroom sessions and three
30-min weight room sessions.

A large-scale randomized controlled trial revealed that, at the conclusion of the
program, girls ages 14—16 who had participated in ATHENA were significantly less
likely to (a) initiate use of diet pills, amphetamines, anabolic steroids, and muscle-
building supplement and (b) express intentions to diet for weight loss and to control
their weight through self-induced vomiting and use of drugs. Girls in the ATHENA
program also reported healthier eating, better 