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ABSTRACT

Over the past 50 years, there has been a gradual upward trend in overweight and
obesity prevalence, such that current epidemiological estimates indicate that over one-
third of U.S. adults are obese and another third are overweight. Cancer prevalence has
risen in tandem with excess adiposity in a dose response relationship that may grow
stronger with age, suggesting a number of U.S. adults may be at risk. However,
prevailing weight loss interventions aimed at disrupting and reversing this alarming trend
are predominantly based on an overly simplistic model of energy balance, and
consequently have failed to achieve any meaningful long-term results. This may be due
in part to interventive focus on the symptomatic expression of excess weight rather than
the underlying mechanisms of obesity onset and maintenance. Conversely, identifying
malleable traits that promote healthier body composition profiles, as well as their
potential mechanistic and behavioral means of conferring clinical benefits, may facilitate
the development of the next generation of targeted psychosocial interventions for obesity.
Herein is presented an integrated biopsychosocial framework that elucidates cybernetic
feedback circuits between stress, reward, homeostatic mechanisms, and both bottom-up
and top-down self-regulatory processes that interact to govern obesogenic behaviors. A
portion of this conceptual framework was then tested in a correlational study of a sample
of overweight and obese female cancer survivors, which revealed that higher

dispositional mindfulness was indirectly associated with reduced adiposity via enhanced



capacity to savor nonfood rewards and improved autonomic regulation during attention to
food cues. Finally, findings from an early stage pilot randomized controlled trial (RCT)
are presented. This RCT investigated the preliminary feasibility and efficacy of
Mindfulness-Oriented Recovery Enhancement (MORE), a multimodal intervention
designed to target mechanisms underpinning appetitive dysregulation, as an added
component to exercise and nutrition counseling to treat excess adiposity among the same
sample. Findings revealed that MORE may be an efficacious means of effectively
targeting underlying mechanisms explicated by the proposed conceptual framework, in
that MORE was associated with significantly enhanced interoceptive awareness,
savoring, and responsiveness to natural rewards, and reduced food attentional biases and

maladaptive eating behaviors.
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1. INTRODUCTION: A ROLE FOR SOCIAL WORK

The etiology and epidemiology of obesity is complex and multifactorial in nature,
involving interactions between biological, psychological, and sociocultural variables.
Obesity may therefore be best conceptualized through the biopsychosocial model, which
is a core foundation of social work theory, research, and practice. In contrast to
reductionistic biomedical models, the biopsychosocial model is inherently nonreductive,
integrative, and holistic in nature. Further, it encourages multidisciplinary and
transdiagnostic approaches that examine the underlying mechanisms that contribute to a
broad array of psychosocial disorders, and facilitate the development of targeted,
actionable, and effective interventions (Garland & Thomas, 2015). Such interventions
must similarly be multifaceted, moving beyond overly simplistic and largely ineffectual
solutions based on the energy balance model, integrating therapeutic mechanisms from
biological (e.g., nutrition and exercise), and psychosocial (e.g. mindfulness-based
interventions, cognitive behavior therapy, and positive psychology) treatments. The
biopsychosocial model explicitly rejects the artificial dichotomy between mind and body.
Obesity cannot therefore be viewed as solely a physical health condition when applying a
biopsychosocial lens. It must be viewed as the embodiment of biological, psychological,
and sociocultural maladaptations.

Within Western societies obesity is highly stigmatized, largely due to limited

understandings of the etiological and epidemiological factors that contribute to obesity



onset and maintenance. Prevailing narratives blame obese individuals for their excess
weight and fuel weight-based stereotypes which purport that obese persons are lazy,
unmotivated, gluttonous, noncompliant, and lacking in self-discipline and willpower
(Puhl & Brownell, 2001). Perceptions that obese persons are physically and sexually
unattractive also abound (Puhl & Heuer, 2009). Consequently, both institutional (e.g.,
workplace, healthcare, and education settings) and interpersonal weight discrimination is
common (Spahlholz, Baer, Konig, Riedel-Heller, & Luck-Sikorski, 2016), matching and
in some cases exceeding the prevalence of discrimination based on gender and race (Puhl,
Andreyeva, & Brownell, 2008). However, in contrast to other forms of inequality that
are frequently highlighted and challenged in the public sphere and prohibited legally,
weight stigma remains a socially acceptable and largely legal form of bias, contributing
to body dissatisfaction, internalized weight stigma, psychopathologies, and experiences
of prejudice and discrimination (Jackson, 2016; Pearl, Puhl, & Dovidio, 2017). Further,
while weight bias may occasionally be rationalized as a means of motivating behavioral
change, recent longitudinal research instead reveals that weight discrimination promotes
weight gain and obesity maintenance, as well as obesity onset among participants
overweight at baseline (Sutin & Terracciano, 2013). Further, weight stigma heightens
stress and doubles the 10-year risk of high allostatic load, the wear and tear of stress on
the body (Tomiyama, 2014; Vadiveloo & Mattei, 2017).

Epidemiological studies reveal a nonrandom distribution of obesity that supports
the significant role that stress may play in the development of obesity. Racial and ethnic
disparities have repeatedly been exposed that demonstrate that non-Hispanic blacks have

the highest age-adjusted rates of obesity (48.1%), followed by Hispanics (42.5%) (Flegal



et al., 2016). While cultural variations in body ideals may contribute to such disparities,
global trends demonstrate that they may also be related to societal inequities. Recent
findings indicate that countries with more equal distributions in income have better health
outcomes on many indices including obesity (Pockett & Beddoe, 2017). Whereas wider
inequalities in income, financial security, housing, education, health care, sustainable
environments, and social inclusion are associated with poorer health outcomes and
increased obesity. A recent meta-analysis of over 125 epidemiological studies
demonstrated that food insecurity is also associated with increased risk of obesity,
specifically among adult women living in high-income countries, which researchers
explain through an insurance hypothesis based on evolutionarily selected metabolic
efficiency triggered by experiences of stress (Nettle, Andrews, & Bateson, 2017).
Compensatory homeostatic adaptations can also be induced through restrictive
eating patterns. Within a context of obesogenic environments (characterized by a
profusion of stimuli that elicit evolutionarily-selected and individually-conditioned
automatic impulses to consume highly palatable food; Lake & Townshend, 2006) paired
with the preponderance of sociocultural idealizations of thinness, health, and self-control
(Veit, 2013), internalized weight-based stigma, strong food judgments and moralizations,
or efforts to exercise “willpower” to suppress urges to eat, can perpetuate a cycle of stress
and weight gain (Ratcliffe & Ellison, 2015; Tomiyama, 2014). Efforts to refrain from
eating (reduce calories or restrict food types), can result in internal discomfort, such as
amplified craving, feelings of deprivation, and perseverative thoughts about eating food
(Forman et al., 2007; Forman & Butryn, 2015). The degree of aversiveness of such

discomfort, as well as the level of tolerance for experiencing it, varies widely among



individuals based in part on divergent cognitive appraisals, regulatory capacities, and
resources to manage distress. The degree to which one attends to such experiences,
rather than attempt to avoid or suppress them also vary widely. When nonacceptance or
intolerance of internal experiences exists, which has been demonstrated in overweight
and obese samples (Kozak, Davis, Brown, & Grabowski, 2016), relief from distress can
be found in a variety of positive and negative coping behaviors, including the
consumption of highly palatable foods, which have potent naturally rewarding properties
(Volkow, Wang, Fowler, Tomasi, & Baler, 2011), thereby negatively reinforcing
consumptive behaviors. Patterns of distress avoidance, which interestingly increase in
the face of weight-based stigmatization (Ashmore, Friedman, Reichmann, & Musante,
2008), can become automatized (Tomiyama, 2014), particularly in the face of chronic
stress that erodes distress tolerance and generates a sense of powerlessness over time
(Wisman & Capehart, 2010).

Prevailing weight loss interventions aimed at disrupting and reversing this
alarming trend are predominantly based on an overly simplistic model of energy balance,
and consequently have failed to achieve any meaningful long-term results. This may be
due in part to interventive focus on the symptomatic expression of excess weight rather
than the underlying mechanisms of obesity onset and maintenance. Conversely,
identifying malleable traits that promote healthier body composition profiles, as well as
their potential mechanistic and behavioral means of conferring clinical benefits, may
facilitate the development of the next generation of targeted psychosocial interventions
for obesity. While social workers are already engaged in addressing the wide social,

economic, and health inequalities that contribute to racial, ethnic, and sex disparities in



obesity prevalence, social workers can also play a significant role in both the
development and implementation of such targeted psychosocial interventions that
remediate stress, reward, and homeostatic dysregulation. Such mechanistically-informed
social work interventions can complement the efforts of social workers to counter weight-
based stigma and discrimination by fostering more nuanced, comprehensive, and
compassionate understandings that challenge counterproductive and misleading blame

narratives. To that end, the following three chapters are presented.



2. TARGETING BIOBEHAVIORAL MECHANISMS IN OBESITY

2.1 Abstract

This article presents a biopsychosocial conceptual framework that integrates
features from key theoretical models of appetitive behavior, self-regulation, and stress
that have elsewhere been applied to obesity but have underdeveloped treatment
implications. This framework explicates how eating pathology is maintained in part by
implicit cognitive processes, distress intolerance, appetitive automaticity, and stress-
induced allostatic dysregulation of reward processing, which interact with homeostatic
biological adaptations to both promote obesity and actively counter weight loss efforts.
This framework is then applied to treatment development process by elucidating
promising therapeutic mechanisms to be integrated into the next generation of targeted
psychosocial interventions for obesity. An argument is then presented that in conjunction
with exercise and nonrestrictive dieting approaches, therapeutic interventions which
incorporate mindfulness training, cognitive reappraisal, and savoring skills can be a more
effective means of targeting underlying attentional bias, cue reactivity, implicit stress
appraisals, and reward processing deficits that contribute to the etiology and maintenance

of obesity.



2.2 Introduction

Since the 1960s, there has been a gradual upward trend in overweight and obesity
prevalence nationwide (Centers for Disease Control and Prevention (CDC), 2017), which
has been the subject of significant alarm, investigation, and controversy. Current
epidemiological estimates indicate that over one third of U.S. adults are obese (body
mass index (BMI) > 30) and another third are overweight (BMI > 25; (Flegal et al.,
2016). Concomitant direct medical costs have surged to approximately $147 billion
annually (Finkelstein, Trogdon, Cohen, & Dietz, 2009) due to the extensive comorbid
health risks of obesity across cardiovascular, endocrine, gastrointestinal, respiratory,
musculoskeletal, and neurological systems (Imes & Burke, 2014).

Prevailing public health recommendations, prevention programs, and traditional
weight loss approaches aimed at disrupting and reversing this alarming trend are
predominantly based on an overly simplistic model of energy balance in which energy
intake minus energy expenditure equals body weight (Hafekost et al., 2013). While the
first law of thermodynamics undoubtedly plays a significant role in determining body
weight, the energy balance equation does not factor in the complex and multifactorial
variables involved in the etiology of obesity, such as the known influence of
compensatory homeostatic adaptations that actively counter attempts to alter energy
balance through dieting or exercise (Ochner, Tsai, Kushner, & Wadden, 2015).
Consequently, medical advice, public interventions, and individual efforts to reduce
obesity based on the energy balance model have largely failed to achieve any meaningful,
long-term results (Hafekost et al., 2013). Less than 20% of overweight adults have

reported success with long-term weight loss (McGuire, Wing, & Hill, 1999),



demonstrating that even when weight loss is realized, for the majority of participants the
probability of maintaining weight loss is low. More recently this was supported by a
large scale study (N=278,982) which reviewed an anonymized database of longitudinal
electronic patient health records in the United Kingdom (Fildes et al., 2015). Researchers
reported that for obese patients, the odds of attaining a normal body weight were only 1
in 124 for women and 1 in 210 for men, increasing to 1 in 1290 for men and 1 in 677 for
women with morbid obesity during a maximum of 9 years follow-up.

The “calories in, calories out” energy balance model has also fueled weight-based
stereotypes that blame obese and overweight persons for their condition due to assumed
sedentary lifestyles and lack of self-discipline when faced with highly palatable foods
(Hebebrand et al., 2014; Puhl & Brownell, 2001). Such blame narratives have resulted in
both institutional and interpersonal weight discrimination that matches and, in some
cases, exceeds the prevalence of discrimination based on gender and race (Puhl et al.,
2008); promotes weight gain, obesity onset, and obesity maintenance (Sutin &
Terracciano, 2013); erodes distress tolerance (Ashmore et al., 2008); and compounds the
negative health risks associated with obesity (Rudd Center for Food Policy & Obesity,
2009). Conversely, a more nuanced and comprehensive understanding of obesity, which
considers the dynamic interactions between biological, psychological and sociocultural

variables, could lead to more targeted, effective, and compassionate interventions.

2.3 Beyond Energy Balance

The etiology and epidemiology of obesity is complex and multifactorial in nature.

Strong evidence supports genetic predispositions for obesity (Albuquerque, Stice,



Rodriguez-Lopez, Manco, & Nobrega, 2015; Choquet & Meyre, 2011; Wardle, Carnell,
Haworth, & Plomin, 2008). Genetic risks extend beyond phenotypic propensities based
on biological processes; they also contribute to behavior. Animal models have
demonstrated that rats living in identical environments that differed in their genetic
predispostions for obesity express varying anxiety-like, locomotor, and reward behaviors,
which contributed to phenotypic obesity outcomes (Vogel et al., 2017). Similarly,
genetic risks among humans can be both amplified by negative health behaviors, such as
television watching (Xue, Zhang, Li, Luo, & Cheng, 2017) or consuming sugar-
sweetened beverages (Brunkwall et al., 2016; Qi et al., 2012) or fried foods (Qi et al.,
2014), or blunted by health promoting behaviors such as exercise (Reddon et al., 2016),
adequate sleep (Tremblay & Pérusse, 2017), and healthy eating (Grimm & Steinle, 2011;
Jaaskeldinen et al., 2013). Genetic factors also interact with environmental factors to
contribute to obesity (Silventoinen, Rokholm, Kaprio, & Serensen, 2009).

The modern environment has been characterized as “obesogenic” based in part on
increasingly sedentary lifestyles and the abundant availability and ubiquitous markeing of
inexpensive, processed, energy-dense, and highly palatable foods (Hebebrand et al.,
2014). Other aspects of modern societies have been implicated in contributing to a rise in
pathologies include inequality, widening economic disparities, and social isolation
(Hidaka, 2012), which may contribute to racial, ethnic, gender, and socioeconomic
disparities in the distribution of obesity (Flegal et al., 2016; Kanter & Caballero, 2012;
Mitchell, Catenacci, Wyatt, & Hill, 2011). In the last several years, gut microbiota has
increasingly been examined as a factor in obesity, through promoting increased energy

extraction or through interacting with the gut-brain axis to influence satiety or energy
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output (Baothman, Zamzami, Taher, Abubaker, & Abu-Farha, 2016; Kelly et al., 2015).
Preclinical studies have shown that when fecal microbiota is transplanted from obese
donors to lean recipients, donor adiposity and metabolic phenotypes are also transmitted
(Le Roy et al., 2013; Ridaura et al., 2013). The gut microbiome is sensitive to both
genetic and environmental factors (Org et al., 2015), and can be altered negatively
through diet (Claus & Swann, 2013; Rodriguez et al., 2015), antibiotic treatment (Cox et
al., 2014; Keeney, Yurist-Doutsch, Arrieta, & Finlay, 2014), or exposure to synthetic
chemicals (Claus, Guillou, & Ellero-Simatos, 2016).

Endocrine disrupting chemicals (EDCs) also abound within modern environments
and may contribute to obesity and adipogenesis, a cell differentiation process wherein
preadipocytes become adipocytes (Griin & Blumberg, 2006; Janesick & Blumberg,
2011). Common EDCs (e.g., bisphenol A, tributyltin, and hydrocarbons) may be found,
for example, in hydrocarbon emissions, pesticides, packaging products, seafood, and
water supply lines (Airaksinen et al., 2010; Chamorro-Garcia et al., 2013; Griin &
Blumberg, 2006; National Institute of Environmental Health Sciences, 2016; Tracey,
Manikkam, Guerrero-Bosagna, & Skinner, 2013). These pervasive obesogens heighten
obesity risk not only for those directly exposed, but also transgenerationally, passing
phenotypic alterations to subsequent generations through epigenetic processes, which can
activate and compound genetic predispositions for obesity (Chamorro-Garcia et al., 2013;
Manikkam, Tracey, Guerrero-Bosagna, & Skinner, 2013; Tracey et al., 2013).

Significant proportions of people within Western environments, however,
maintain normal eating patterns and body weights despite shared environmental and

genetic factors that are largely outside of individual control (Flegal et al., 2016).
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Subgroup exposure rates to sociocultural risk factors also far exceed obesity prevalence,
indicating that while environmental and sociocultural factors play a role in obesity,
individuals are differentially susceptible. Individual differences in biobehavioral
vulnerabilities such as homeostatic regulation, reward processing and stress response, can
interact to engender, maintain, and exacerbate obesity, as well as impede weight loss
efforts. Mounting evidence indicates that some of these underlying mechanisms of
obesity may indeed be tractable to psychosocial interventions. Mechanistically-focused
interventions may be a more effective means of improving health among obese
individuals than traditional weight loss programs grounded in the energy balance model.
This article presents a novel biopsychosocial conceptual framework that
integrates features from key theoretical models of appetitive behavior, self-regulation,
and stress. This framework is then applied to the treatment development process by
elucidating promising therapeutic mechanisms to be integrated into the next generation of

targeted psychosocial interventions for obesity.

1.4 The Conceptual Framework: An Overview

Based on an integration of neurobiological processes related to eating, Lazarus
and Folkman’s transactional model of stress and coping (1984), Herman and Polivy’s
restraint theory (1975), Koob’s allostatic model of addiction (2008), and Robinson and
Berridge’s incentive sensitization theory of addiction (1993), we provide a
biopsychosocial conceptual framework of stress-precipitated obesity (depicted in Figure
1) to inform targeted psychosocial interventions for obesity. In brief, this framework

elucidates key mechanisms in the risk chain leading from negative stress appraisals to
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loss of control over eating and obesity. Within the context of obesogenic environments,
blame and shame discourses, and epigenetic risks, patterns of distress avoidance that rely
on food as a means of distress relief can trigger a self-perpetuating cycle of palliative
coping that further erodes distress tolerance and alters reward systems such that rewards
become more powerfully craved while reward responsiveness is reduced. Further, efforts
to suppress urges to eat can increase stress and trigger compensatory homeostatic
adaptations, such as reducing metabolism, increasing hunger, and inducing fatigue, which

can both promote obesity and subvert weight loss efforts.

2.5 Neurobiological Processes

2.5.1 Homeostatic Regulation

Despite daily variations in food intake, for the majority of adults body weight
remains fairly constant (Sumithran & Proietto, 2013), which is remarkable given that
most Americans live in the obesogenic environments previously described. Normal
weight maintenance occurs due to a process known as energy homeostasis, which is an
active physiological adjustment of both energy intake and expenditure (Gale, Castracane,
& Mantzoros, 2004). Departures from balanced set points generate homeostatic tension,
which in turn motivates subsequent behavior in order to dissipate this tension. These
adjustments are made predominantly by the hypothalamus, which senses blood glucose
levels (Chan & Sherwin, 2012) and receives potent peripheral signals, such as leptin,
produced in adipose tissue, and ghrelin, produced by the stomach, (as well as other
regulatory neuropeptides such as insulin and orexin) in order to regulate appetite, food

intake, activity levels, and metabolism and thereby maintain homeostatic equilibrium
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(Coll & Yeo, 2013). Leptin levels increase in proportion to fat mass, and function, in
part, to suppress food intake and stimulate metabolic processes in order to reduce excess
energy stores. Conversely, ghrelin increases in response to a negative energy balance and
functions to stimulate both food intake and energy storage. Stress has also been shown to
increase ghrelin and reduce leptin levels, which may be an endogenous stress coping
mechanism intended to relieve excessive anxiety (Bali & Jaggi, 2016), that correlates
with increased food intake generally (Lutter et al., 2008), as well as preferential
consumption of high-fat foods (Teegarden & Bale, 2008). Leptin and ghrelin can also
influence eating motivation through exerting effects on mesolimbic dopamine signaling
(Farooqi et al., 2007; Malik, McGlone, Bedrossian, & Dagher, 2008; Skibicka, Hansson,
Egecioglu, & Dickson, 2012) indicating homeostatic interactions with reward systems
(Volkow, Wang, & Baler, 2011).

In cases of food insecurity or scarcity induced by dieting, caloric deprivation can
also reduce metabolism and increase appetite and consummatory behaviors (Jiménez
Jaime et al., 2015; Martin et al., 2007). Such evolutionarily selected metabolic
efficiency, while advantageous for promoting energy surplus and survival when food is in
fact scarce (Faulconbridge & Hayes, 2011), may play a role in both the overall obesity
trend, and in racial and sociodemographic disparities in obesity prevalence in modern
obesogenic environments. Research demonstrates that compensatory biological
adaptations such as metabolic reductions can remain salient for up to 6 years following
weight loss (Rosenbaum, Hirsch, Gallagher, & Leibel, 2008), resulting in an upward

trend in BMI over time (Garner & Wooley, 1991; Sarwer & Wadden, 1999).
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2.5.2 Neural Circuits

To understand the neurobiological processes that subserve obsesity, dual-process
models have been developed based on neuroimaging data which implicate dysfunction in
two major neural systems: a “bottom up” limbic system centered on the amygdala which
generates impulsive responses to emotionally salient cues (e.g., palatable foods), and a
“top-down” prefrontal cortical system that aligns these responses with goal states (e.g.,
maintaining a healthy body weight) (McClure & Bickel, 2014). Both bottom-up and top-
down systems are integrally involved in regulating typical eating behaviors and when
disturbed can alter eating patterns in maladaptive ways.

Rather than there being a hunger center within the brain, multiple complex,
redundant, and distributed structures within these two major neural systems are involved
in regulating eating behavior and energy expenditure through bidirectional processes
(Faulconbridge & Hayes, 2011; Lenard & Berthoud, 2008). Top-down mechanisms are
initiated at the cerebral cortex level through mental processing that modulate sensory
experiences through descending pathways, while bottom-up mechanisms are initiated
from the periphery to the cerebral cortex through ascending pathways when various
viscero-, somato-, and chemo-sensory receptors are stimulated (Taylor, Goehler, Galper,
Innes, & Bourguignon, 2010). Bottom-up processes, which may be initiated by the
circulating neuropeptide hormones described earlier that communicate caloric needs and
motivate behavior, may be overridden by top-down cognitive processing of sensory and
reward information by corticolimbic striatal networks, which can motivate or inhibit
eating even regardless of metabolic requirements (Berthoud, 2011). This could be based

on conscious execute decision-making that is conducive with goal states (e.g., food eating
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contests or politically motivated hunger strikes), or it could be directed by implicit
cognitive processes such as perception, learning or memory (Berthoud, 2011).
Top-down and bottom-up modulation of eating behaviors can also occur through
input from cortical-amygdala circuits (stress appraisals), or through reward processing
systems primed to elicit appetitive consumption (Berthoud, Lenard, & Shin, 2011). The
ventral limbic neural circuit is involved in identifying emotionally significant stimuli,
including rewards, and generating affective responses to these stimuli, while the dorsal
executive function neural circuit modulates selective attention, planning, and effortful
regulation of affective states (Kaye et al., 2013; Phillips, Drevets, Rauch, & Lane, 2003).
Together these systems assess reward value and affective valence of stimuli, and
determine both response selection, inhibition, and execution, whereas dysfunction in
these regions is thought to underpin addictive behavior (Feil et al., 2010; Goldstein &

Volkow, 2002).

2.5.3 Associative Learning

While internal cues involved in homeostatic regulation play a significant role in
food consumption, eating behavior can also be controlled by external factors that prime
behavioral responses due to conditioned associative learning processes, termed cue-
potentiated feeding (Holland, Hatfield, & Gallagher, 2001; Holland & Petrovich, 2005;
Johnson, 2013). This type of feeding need not be inherently tied to food palatability,
hence, even bland food when tied to a conditioned stimulus can trigger a conditioned
response (Walker, Ibia, & Zigman, 2012). Cue-potentiated feeding is particularly

enhanced when food availability has been interrupted previously, causing binge-like
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eating behaviors based on nonconscious predictions of future famine and learned
incentive motivation (Galarce & Holland, 2009; Holland, 2014), which may in part
explain the potential ineffectiveness of restrictive dieting approaches. Associative
learning can also be applied to regulating eating behaviors, when caloric consequences of
food are experienced. However, reward-based associative learning impairments specific
to food have been demonstrated in obese women, which may be attributable to higher
cognitive loads due to body dissatisfaction or efforts to suppress appetitive urges that

exhaust cognitive capacities (Zhang, Manson, Schiller, & Levy, 2014).

2.5.4 Reward Processing

Cognitive and emotional processing of food-related reward in cortico-limbic-
striatal circuits motivates nonhomeostatic consumption of palatable foods to obtain
pleasure, termed hedonic eating (Berthoud, 2011). A variety of neurotransmitters, such
as dopamine, serotonin, opioids, and cannabinoids, as well as the neuropeptides involved
in homeostatic regulation of eating behaviors described previously, contribute to the
rewarding effects of food (Atkinson, 2008; Cason et al., 2010; Cota, Tschop, Horvath, &
Levine, 2006; Kenny, 2011; Volkow, Wang, & Baler, 2011). Among these, dopamine has
been the most thoroughly investigated, and while dopamine is released in response to
novel or unexpected rewards, dopamine responses become habituated and are gradually
transferred to stimuli associated with food rewards (e.g., smell of food, food pictures,
time, etc.) which then become conditioned cues that induce appetitive responses.
Stressors can also become conditioned cues for eating when food is used as a means of

distress relief.



17

Highly palatable foods are potent rewards that can become powerful motivators
through associative learning processes. Preclinical studies have demonstrated that
palatable foods can be even more powerful rewards than cocaine, even among drug-
sensitized and addicted rats (Lenoir, Serre, Cantin, & Ahmed, 2007; Tunstall & Kearns,
2014), potentially due to evolutionarily selected preferences. Both reward and
homeostatic systems can become dysregulated in response to chronic exposure to such
hyperpalatable foods, which can upset the balanced interaction between regulatory
systems through prolonged activation of the limbic system, resulting in cellular and
molecular adaptations that serve to maintain homeostasis in dopamine signaling (Nestler,
2005), but can weaken control circuits and reduce sensitivity to natural rewards (Volkow,
Wang, & Baler, 2011). Animal models have demonstrated that such reward deficits both
antedate the development of obesity and are exacerbated as adiposity increases (Valenza,

Steardo, Cottone, & Sabino, 2015).

2.6 Theoretical Models

2.6.1 Transactional Model of Stress and Coping
Nonacceptance or avoidance of distressing internal experiences may explain the
short-term utility of compulsive eating behaviors as a means of distress relief (Merwin,
Zucker, Lacy, & Elliott, 2010). This has been supported by a recent study which
revealed distress tolerance is negatively correlated with BMI and markers of eating
pathology (Kozak et al., 2016). Stress is a nonspecific demand for adaptation, but
manifestations and responses to stress are highly specific based on one’s appraisal and

management of the stressor (Selye, 1976). According to Lazarus and Folkman’s seminal
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transactional model of stress and coping, stress is cognitively mediated, and distress
results when a determination is made that the event is both critical to well-being and
exceeds one’s coping resources (1984). Distress tolerance and resilience are related to
positive appraisals of one’s capacity and social, economic, or cognitive-emotional
resources to effectively manage stress and challenges within one’s environment, which
can promote a sense of self-efficacy and positive affect. Based in part on associative
learning processes, stress appraisals can become automatized and implicit (Ohman,
Carlsson, Lundqvist, & Ingvar, 2007), or they can be the product of explicit reasoning
and perseverative thinking patterns (Ellsworth & Scherer, 2003). When negative stress
appraisals and resultant negative emotions become automatic, they can become deeply
rooted and lead to the development of dysphoria and distress avoidance action schemas
perpetuated largely by unconscious processes. Maladaptive schemas have been
associated with disordered eating (Talbot, Smith, Tomkins, Brockman, & Simpson,
2015), and shown to mediate the relationship between stress and compulsive eating
patterns (Moloodi, Dezhkam, Mootabi, & Omidvar, 2010; Zhu et al., 2016). Emotional
eating action schema can be based on avoidance of negative affects either through
preemptive strategies to avoid stress activation, or through palliative strategies to reduce
the experience of negative emotions once activated (Luck, Waller, Meyer, Ussher, &
Lacey, 2005).

For example, socioenvironmental stressors such as poverty, discrimination,
interpersonal conflict, isolation, or increased workload, may promote the development of
distress avoidant emotional eating schema that can trigger food cravings and promote

learned appetitive behaviors. While one person may appraise their capacity to be
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sufficient to handle this trigger due to their ability to tolerate distress or using positive
coping skills in order to reappraise negative thoughts, another person might become
overwhelmed by distressing emotions and turn to emotional eating behaviors in order
palliatively cope with emotional distress. One key distinction between the two, aside
from the difference in the appraisal, is the duration of the activation of neuroendocrine
stress response systems including the sympathetic adrenal-medullary (SAM) axis and the
hypothalamic-pituitary-adrenal (HPA) axis (Engelmann, Landgraf, & Wotjak, 2004;
Herman & Cullinan, 1997). Stress reactions occur in response to aversive encounters that
are appraised to have threat or harm value, prompting the adrenal glands to release
cortisol, epinephrine, and norepinephrine which cause increases in heart rate and
respiration, decreases in digestive activity, gluconeogenesis, and lipolysis, as well as
behavioral reactions such as increased arousal and vigilance (Engelmann et al., 2004).
The experience of both stress generally and distress specifically is therefore dependent on
cognitive appraisals, which then activate and continue to modulate physiological
stimulus-response relationships.

Allostasis, or the process by which the body responds to stressors in order to
regain stability or homeostasis through physiological or behavioral change (Sterling &
Eyer, 1988), can be highly effective in the short-term in response to acute stress
situations. However, when prolonged due to chronically stressful environments wherein
stressful stimuli persist and individuals lack either the capacity or the resources to
manage stressors, activation of the HPA is sustained, leading to an allostatic state
wherein allostatic mechanisms perpetuate a positive feedback loop that increasingly

sensitizes the amygdala to stressors and heightens the experience of distress over time
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(McEwen, 2007). In such cases, stress can have a cumulative effect and create what has
been termed an allostatic load, which is the wear and tear on the body and makes one
vulnerable to both disease and the development of disorders (McEwen & Wingfield,
2003; Sterling & Eyer, 1988), including obesity, hypertension, cardiovascular disease,
and Type II diabetes (McEwen & Seeman, 1999).

As illustrated in our conceptual framework, the path that leads from stress to loss
of control over eating and negative health effects has been characterized as a downward
spiral involving positive feedback loops that become self-perpetuating systems in which
distress tolerance erodes and patterns of avoidance emerge characterized by conditioned
appetitive automacity that becomes strengthened over time (Garland, Fredrickson, et al.,
2010). Recurrent activation through appetitive behaviors may lead to further sensitivity
of the stress response and antireward systems (Koob et al., 2014; Koob & Le Moal, 2008;
Moberg, Bradford, Kaye, & Curtin, 2017), contributing to the generation of insensitivity
in the dopamine system (Volkow, Wang, Fowler, Tomasi, & Telang, 2011), creating ever
more tightly integrated feedback loops that maintain and intensify maladaptive behavior.
Individual resilience to comparative stress varies in accordance with executive
functioning abilities including impulse control, cognitive flexibility, decision-making,
and working memory, all of which have been identified as deficits associated with
obesity and compulsive eating behaviors (Alarcon, Ray, & Nagel, 2016; Manasse et al.,
2015; Mole et al., 2015; Murphy, Stojek, & MacKillop, 2014; Perpiiid, Segura, &
Sanchez-Reales, 2016; Volkow, Wang, Fowler, Tomasi, & Baler, 2011; Weygandt et al.,
2013). Where these vulnerabilities exist, even comparatively low-level chronic stress

may induce allostatic load.
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2.6.2 Restraint Theory

Restraint theory was first described by Herman and Polivy (Herman & Polivy,
1975) as an extension on Nisbett’s theory of weight set points that, when suppressed
through dieting or restrictive eating patterns, cause overeating behaviors (Nisbett, 1972).
Humans are biologically and evolutionarily designed to promote weight gain through
homeostatic adjustments following famine as a protective measure and buffer against
starvation and variable, stressful environments (Keys, 1950; Ochner, Barrios, Lee, & Pi-
Sunyer, 2013; Speakman et al., 2011). Famine-like experiences can be caused by a lack
of resources or replicated through self-imposed dieting with similar resultant deleterious
physiological, psychological, and behavioral effects that demonstrate a potential link
between both eating disorders and obesity (Macpherson-Sanchez, 2015).

The dieting industry emerged in response to the construction of the concept of
ideal weights, which was first developed by insurance companies in the 1940s and was
one of the bases for variable premiums, making weight loss desirable (Czerniawski,
2007). Weight ideals used today, such as body mass index (BMI), are based on societal
norms and perceptions of health and do not allow for individual variance in set points
(Crawford & Campbell, 1999; Macpherson-Sanchez, 2015). Rigid weight ideals have
also contributed to the growth of weight stigma, which when internalized increase body
dissatisfaction and the risk for maladaptive eating behaviors (Macpherson-Sanchez,
2015). Further, it has been repeatedly shown through meta-analytic review and both
observational and experimental longitudinal research that while dieting produces short-
term weight loss, it leads to long-term weight gain (Field et al., 2003; Mann et al., 2007;

Neumark-Sztainer, Wall, Story, & Standish, 2012; Stevens et al., 2012).
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Obesity could also arise from aberrant schema related to food, self, and others
(Anderson, Rieger, & Caterson, 2006), accompanied by symptomatic behaviors such as
restricting (dieting), bingeing, and exercise avoidance, which could also then create
abnormal physiological feedback that induces reward dysfunction (Berridge, 2009;
O’Hara, Campbell, & Schmidt, 2015). Cognitive models assert that appetitive behavior
may become automatized and executed without conscious volition (Tiffany, 1990).
Exposure to conditioned appetitive cues is thought to trigger the automatic compulsion to
eat, which, when consciously restrained, results in food- and weight-related cognitions
and cravings (Wansink, 2006). Wegner’s theory of ironic processes of mental control
maintains that attempts to control thoughts and counterintentional inner states initiate
both intentional operating processes that promote mental control and ironic monitoring
processes that assess the need for operating processes and can result in intensification of
unwanted inner states (Wegner, 1994). Thus, maladaptive coping with appetitive urges
via attempts to suppress thoughts of eating may result in cognitive and behavioral
rebound, manifested by intensification of food cravings and increased food consumption
(Erskine & Georgiou, 2010). As such, although many compulsive eaters engage in
traditional dieting, long-term results are rarely maintained as the individual’s craving and
maladaptive coping habits remain unaddressed (Kristeller & Wolever, 2011).

The connection between dieting and its effects have been explored and debated
extensively since the inception of restraint theory, and the relationship between dietary
restriction, obesity, and eating disorders has since become well established through both
prospective studies and experimental research (Field et al., 2003; Irving & Neumark-

Sztainer, 2002; Neumark-Sztainer et al., 2006, 2012). Research examining the effects of
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dieting on food intake is not new, and has demonstrated increased salivation to food
stimuli among restrained eaters (e.g., dieters) (Wooley & Wooley, 1973), as well as an
increase in hedonic responsiveness to palatable food stimuli, measured through a
modified affect misattribution procedure designed to capture immediate versus delayed
hedonic responses to tempting-food stimuli (Hofmann et al., 2010). Restrained eaters
have been shown to consume more food after exposure to dietary disinhibitors such as
high-calorie preloads and fear than without exposure, a phenomenon termed the
“counterregulatory eating” effect, whereas unrestrained eaters consumed less food in both
conditions (Herman & Mack, 1975). Herman and Polivy downplayed biological set
points and instead emphasized counterregulatory cognitive mechanisms that determine
hunger and satiety boundaries that may, in fact, be outside of biologically determined
limits, which over time habituate restrained eaters to sensations of hunger and oversatiety
(Herman & Polivy, 1980). More recently, fasting has been identified as a risk factor for
bingeing (Stice, Davis, Miller, & Marti, 2008), and an ecological momentary assessment
study provided further support for the association of dietary restriction and bingeing
behaviors (Zunker et al., 2011). Thus, traditional models of weight loss may, in fact,
contribute to suppression of sensations or urges that promote ironic monitoring processes

and consequent intensification of unwanted inner states.

2.6.3 Addiction Model
Intense and ongoing debate about the validity and utility of applying the addiction
model to eating pathology can be found within the academic literature (Avena, Gearhardt,

Gold, Wang, & Potenza, 2012; Ziauddeen, Farooqi, & Fletcher, 2012a, 2012b). These
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debates seem to center on bingeing behaviors in binge eating disorder (BED) and
compulsive eating patterns in obesity, but have included bingeing behaviors in bulimia
nervosa (BN) as well (Hadad & Knackstedt, 2014; Meule, von Rezori, & Blechert, 2014).
The concept of “food addiction,” while not new (Randolph, 1956), has gained increasing
support (Brownell & Gold, 2013; Davis & Carter, 2014; Gearhardt, Boswell, & White,
2014; Rosa et al., 2015; Schulte, Avena, & Gearhardt, 2015; Shriner & Gold, 2014;
Smith & Robbins, 2013; Volkow, Wang, Tomasi, & Baler, 2013; Wolz et al., 2016) due
to worldwide increases in the prevalence of obesity over the past 30 years (Finucane et
al., 2011). Critics of the addiction model for eating pathology argue that while some
overlap related to craving, loss of control, and coping with stress with food exists
between substance abuse and binge eating, key characteristics of addiction or substance
use disorders such as tolerance, physical dependence, and withdrawal reactions are absent
among disordered eaters (Wilson, 2001). Furthermore, the notion of food addiction is not
supported by preferential consumption of any type of macronutrient, but instead control
over the amount of food eaten seems to distinguish the appetitive abnormality among
both individuals with BN (Walsh, 1993) and BED (Yanovski et al., 1992).

While some components of substance-related disorders, such as physical
withdrawal, that are absent in behavioral addictions have come to dominate
conceptualizations of addiction, research demonstrates clinical, genetic, neurobiological,
and phenomenological similarities between substance use disorders and behavioral
addictions (Potenza, 2014). Some of the similarities of note include preoccupation,
cravings, compulsive urges to engage in behaviors, continued use despite resultant

functional impairments and adverse consequences, loss of control, and tolerance
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evidenced through escalations in intensity, duration, or frequency of appetitive behaviors
in order to achieve relief from dysphoria (Halmi, 2009). Recurrent activation of reward
systems through appetitive behaviors, whether through substance abuse or compulsive
eating patterns, establishes the automated appetitive action schemas discussed previously
that perpetuate compulsive behaviors in part through biasing attention towards appetitive
stimuli (e.g., alcohol, opioids, food) (Pierce & Vanderschuren, 2010; Tiffany, 1990).
Attentional bias, which is a phenomenon found in all addictions, can be identified
through cognitive tasks such as the dot probe, wherein reaction times to probes replacing
images of appetitive cues are shorter comparative to probes replacing neutral images
(Field & Cox, 2008). Attentional bias towards unhealthy food has been identified as a
driver of maladaptive eating behaviors and obesity (Deluchi, Costa, Friedman,
Gongalves, & Bizarro, 2017; Hendrikse et al., 2015) and is predictive of future weight
gain (Yokum, Ng, & Stice, 2011). Impaired impulse control has also been significantly
associated with obesity, which mirrors behavioral studies on substance disorders
(Weygandt et al., 2013). Further, there is clinical and empirical support for reciprocity
between addictions, that is addictions may covary and engaging in one addiction
increases the risk for another (Haylett, Stephenson, & Lefever, 2004). Such covarying of
addictions indicates that underlying etiological mechanisms may be shared across
addictions. For example, women with substance use disorders or eating disorders have
been shown to be over four times more likely to develop the other disorder than women
in the general population (Gadalla & Piran, 2007).

Due to these similarities, the allostatic model of drug addiction proposed by Koob

(2008) may be effectively applied to compulsive eating. Koob conceptualized addiction
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as chronically relapsing disorder characterized by patterns of impulsivity (positive
reinforcement) that lead to patterns of compulsivity (negative reinforcement) through a
cycle that involves three core psychological features of addiction: compulsion to seek the
appetitive substance, loss of control in limiting use, and emergence of a negative
emotional state following use such as anxiety, dysphoria, or irritability. Koob describes
three stages of this cycle, which include binge/intoxication, withdrawal/negative affect,
and preoccupation/anticipation (Koob & Le Moal, 1997), and correspond with
dysregulation in three functional domains that are reciprocally reinforced by the others
(Koob, 2017). Binge/intoxication is mediated by the ventral striatum and extended
amygdala reward system, and is associated with dysregulation of conditioned responses
and incentive salience; withdrawal/negative affect is mediated by decreases in function of
the extended amygdala and brain stress neurocircuitry; and preoccupation/anticipation is
mediated by the prefrontal cortex and corresponds with dysregulated executive functions
(Koob, 2008, 2017). The allostatic model of addiction asserts that pathological over-
stimulation of the reward systems has been shown to eventually cause a down-regulation
of incentive systems wherein reward thresholds are increased due to a reduction in the
number of dopamine receptors in order to compensate for the over-stimulation (Koob &
Le Moal, 2001, 2006). Elevated reward thresholds reflect decreased sensitivity of the
brain reward system, resulting in reduced capacity to experience pleasure regardless of
reward type. Animal model research has provided empirical support for such allostatic
shifts in hedonic set points (Kenny, 2011). Researchers demonstrated that reward
thresholds remain stable and unaltered in control rats that have access to standard lab

chow and that remain drug naive. However, thresholds gradually elevate in rats with
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extended daily access to an energy-dense palatable diet consisting of tasty food items
(e.g., cheesecake, bacon, chocolate, etc.). Similarly, reward thresholds progressively
elevated in rats that have extended daily access to intravenous cocaine or heroin
infusions. These effects suggest that overconsumption of palatable foods and associated
weight gain can induce profound deficits in brain reward similar to those induced by
excessive consumption of addictive drugs. Substance use disorders have consequently
been referred to as reward deficit disorders (McArthur & Borsini, 2008).

Of particular interest is Koob’s reconceptualization of withdrawal as being neither
physical nor somatic, but rather a motivational withdrawal syndrome that reflects
dysregulation of hedonic homeostatic processes. Solomon’s opponent-process theory of
motivation posits that once hedonic, affective, or emotional states are initiated, the central
nervous systems automatically modulates and reduces the intensity of hedonic feelings
through recruitment of stress systems. These opponent processes are integral to normal
homeostatic function, but can fail to return to normal homeostatic ranges (Koob & Le
Moal, 2008). Koob describes how these processes are mediated by within-system
neuroadaptations (at the molecular or cellular level) and between-system adaptations
(circuitry changes), wherein overactivation of the reward system also triggers activation
of stress systems, resulting in heightened sensitivity to appetitive cues, reduced
sensitivity to natural rewards, and to the allostatic state described previously (Koob & Le
Moal, 2008).

While the ability of exogenous substances to alter central nervous system
signaling and create hedonic dysregulation is well established (Feng et al., 2012;

Mechoulam & Parker, 2013), in some circumstances, and among predisposed individuals,
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endogenous opioids, released through pleasure-inducing behaviors such as eating or
sexual stimulation, can produce similar effects and alterations in complex central
regulatory systems, which can result in dysregulation of reward system function coupled
with signs of tolerance, dependence and withdrawal (Hebebrand et al., 2014). Hence,
behavioral addictions, such as compulsive eating, can similarly be described as reward
deficit disorders. Indeed, preclinical experiments have documented that overeating
results in reduced dopamine receptor availability, as well as reduced responsivity to both
food and drug rewards (Geiger et al., 2009; Johnson & Kenny, 2010). Similarly, reduced
reward response to food, as well as a reduced number of dopamine receptors has been
found clinical studies of obesity (Stice, Spoor, Bohon, & Small, 2008; Wang et al., 2001).
As with substance addictions, individuals with behavioral addictions such as maladaptive
eating report compulsive urges to engage in addictive behaviors, discomfort and anxiety
when engagement ceases, resultant increases in craving and anxiety (Bradley, 1990), and
ultimately loss of volitional control of compulsive eating behaviors (Halmi, 2009).
Whether by food or by drug, the complex activation of the reward system, rather than
specific means of activation, may therefore be viewed as the initial step in a path that can

end in addiction (Hebebrand et al., 2014).

2.6.4 Incentive Sensitization Theory of Addiction
In line with the addiction model, obese persons have also been shown to find food
more reinforcing than nonobese individuals (Saelens & Epstein, 1996; Temple, Legierski,
Giacomelli, Salvy, & Epstein, 2008). The Incentive Sensitization Theory of Addiction

asserts that addiction results from neuroadaptive changes to repeated drug use, which
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results in increasing reward salience (wanting), with concomitant increases in craving and
appetitive urges (Robinson & Berridge, 1993), which has been supported in applications

to other reinforcers including food (Temple & Epstein, 2012).

2.6.4.1 Wanting versus liking

It is critical to note that increases in incentive sensitization or salience result in
increases in the wanting of a stimulus, but not the liking of that stimulus (Berridge,

1996). As described previously, pathological overstimulation can in fact shift hedonic set
points such that tolerance is developed, causing liking, or pleasure, induced from both the
addictive stimulus as well as other natural rewards, to diminish over time.
Neurobiological systems drive attention and motivated behavior towards seeking and
obtaining an appetitive stimulus (construed as a wanting of the stimulus) as well as
govern the sensory pleasure derived from consuming the appetitive stimulus (construed
as a liking of that stimulus) (Berridge, 1996). However, from a biological perspective,
sensory experiences are not innately pleasant or unpleasant; rather, their hedonic value
evolves over time through both heritable epigenetic processes, the state of the organism,
and individual conditioning (Berridge & Kringelbach, 2008).

The internal milieu, or state of the organism, also plays a significant role in liking
through appetitive signals generated based on the physiological needs of the moment
(Cabanac, 1971). Following receipt of these signals a hedonic shift occurs called
alliesthesia wherein tastes can then become either more pleasant in response to hunger or
less pleasant in response to satiety (Berridge, 2009; Cabanac, 1971). The lateral

hypothalamus and ventral pallidum are sensitive to physiological needs and actively
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influence appetite, illustrated by the fact that when these systems are severed both food
wanting and liking are abolished (Cromwell & Berridge, 1993), but when intact can
generate enhancement or aversion to natural rewards (Smith & Berridge, 2005, 2007).
The process of alliesthesia can generate both obsessive aversions and desires through
individual conditioning that can both co-exist and reinforce each other (Faure, Reynolds,
Richard, & Berridge, 2008; Reynolds & Berridge, 2008). For example, food insecurity,
restrictive eating patterns, or fasting can create an internal milieu of lack and starvation
which increases the hedonic value of food due to alliesthesia, which increases the
palatability of food, demonstrating the role alliesthesia plays in subverting the
effectiveness of restrictive dieting interventions.

With repeated exposure and resultant experiences of pleasure, primary
reinforcers, such as palatable food, or the cues associated with them, such as food
advertisements or packaging, can trigger conditioned cue-induced appetitive responses
and become increasingly salient, thereby increasing their motivational value and the
Pavlovian effect (Pavlov, 1927; Volkow et al., 2013). Conscious, cognitive desire which
involves the orbitofrontal cortex, is not necessarily a component of incentive salience,
which depends on subcortical mesolimbic dopamine neurotransmission (Berridge, 2001;
Dickinson & Balleine, 2010). In fact, excessive incentive salience may cause an
individual to powerfully want rewards that are not consciously desired or even liked
(Berridge & Aldridge, 2008; Robinson & Berridge, 1993).

The orbitofrontal cortex, anterior cingulate cortex, and insular cortex, however, do
play a role in liking, along with mesolimbic and subcortical forebrain limbic structures

including the amygdala, nucleus accumbens, and the ventral pallidum (Berns, McClure,
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Pagnoni, & Montague, 2001; Cardinal, Parkinson, Hall, & Everitt, 2002; Craig, 2002;
Everitt & Robbins, 2005; Kringelbach, 2004; Kringelbach, de Araujo, & Rolls, 2004;
Levine, Kotz, & Gosnell, 2003; O’Doherty, Deichmann, Critchley, & Dolan, 2002;
Pelchat, Johnson, Chan, Valdez, & Ragland, 2004; Schultz, 2006; Small, Zatorre,
Dagher, Evans, & Jones-Gotman, 2001; Volkow et al., 2002; Wang et al., 2004). Of
these, the areas that have been singled out as the most significant to hedonic responses
are hotspots within the nucleus accumbens, ventral pallidum, the parabrachial nucleus,
and possibly the amygdala and orbitofrontal cortex as well, which all work together as an
integrated liking system (Berridge, 2009; Berridge & Kringelbach, 2008; Smith, Tindell,
Aldridge, & Berridge, 2009). Endogenous opioid or cannabinoid receptor activation has
been found to mediate food liking (Barbano & Cador, 2007; Berridge, 2009; Cooper,
2004; Dallman, 2003; Higgs, Williams, & Kirkham, 2003; Jarrett, Limebeer, & Parker,
2005; Kelley et al., 2002; Kirkham, 2005; Kirkham & Williams, 2001; Le Magnen,
Marfaing-Jallat, Miceli, & Devos, 1980; Levine & Billington, 2004; Panksepp, 1986;
Sharkey & Pittman, 2005). But whereas hedonic liking involves an estimated 10% of the
nucleus accumbens, the entire nucleus accumbens and surrounding brain structures,
including the amygdala and neostriatum, are stimulated by opioidergic signaling during
food wanting (Kelley, 2004; Kelley, Baldo, & Pratt, 2005; Levine & Billington, 2004;
Pecina & Berridge, 2005; Yeomans & Gray, 2002). Pleasure centers are, therefore, much
smaller than motivational and appetite-increasing centers of the brain, which may
indicate a potential neurological basis for overconsumption or bingeing even in the

absence of food liking or when counter to individual health goals.
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2.7 Targeting Mechanisms with Therapeutic Approaches

Our model identifies key mechanisms involved in the risk chain leading to obesity
identified through integration of prominent theoretical models and biobehavioral research
findings. These cognitive, affective, and psychophysiological mechanisms of obesity
development and maintenance are overlooked or potentially even exacerbated by
traditional weight loss approaches, yet remain tractable to psychosocial interventions.
Underlying mechanisms to be targeted by intervention include attentional bias, cue
reactivity, distress intolerance, appetitive automaticity, and stress-induced allostatic
dysregulation of reward processing. Nonetheless, traditional behavioral interventions for
obesity have largely focused on an analysis of individual interaction patterns with the
surrounding environment through self-monitoring, goal-setting, stimulus control, and
problem-solving in order to promote behavioral change (Berkel, Carlos Poston, Reeves,
& Foreyt, 2005; Foster, Makris, & Bailer, 2005). Systematic reviews demonstrate that
behavioral treatment is more effective than exercise and dieting approaches alone
(McTigue et al., 2003; Shaw, O’Rourke, Del Mar, & Kenardy, 2005). However,
mindfulness, cognitive reappraisal and savoring skills specifically target underlying
mechanisms implicated in the obesity risk chain that are largely unaddressed by extant
therapies and may therefore confer additional therapeutic effects beyond those provided
by