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Abstract

Obesity and binge eating disorder are detrimental health conditions that are associated with lower
qualities of life. Individuals with obesity often face societal discrimination and frequently experience
related medical disorders such as diabetes, hypertension, and hyperlipidemia. Current research
suggests neurobiological similarities between obesity, binge eating disorder, and substance
dependence. In addition, behavioral similarities link the two conditions; obese and substance
dependent individuals often report similar features such as loss of control towards food or substances,
respectively, and cravings. Treatment options for obesity have begun to use this information to
formulate pharmacological and therapeutic interventions that may provide greater results for weight
loss and decreased binge frequency. Similarly, treatment approaches to substance addictions should
consider aspects of weight management. Findings from research and treatment studies are presented
with the aim of reviewing the current literature of obesity within the context of an addiction
framework and providing information on empirically supported approaches to the treatment of co-
occurring obesity and substance addiction.
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Introduction - Obesity within a Mental Health Framework

Obesity, defined as a body mass index (BMI) greater than 30 kg/m?2, and has a prevalence rate
of 32.2% among American adults (Ogden, Carroll, Curtin et al., 2006). Obesity is associated
with multiple medical conditions including diabetes, hypertension, and hyperlipidemia (Banks,
Marmot, & Oldfield, 2006), and the American Cancer society has estimated that nearly 90,000
of all cancer deaths a year are related to obesity (Calle, Rodriguez, Walker-Thurmond et al.,
2003). In addition, obesity is associated with mood disorders (Stunkard, Faith, & Allison,
2003), possibly in part because the condition is stigmatized with a sense of moral failing, which
may lead to depression, anxiety, and perception of discrimination (Puhl & Brownell, 2001).
Obesity is classified as a medical disorder; however, factors in the development of the condition
suggest that the disease may also be conceptualized as a behavioral disorder with a substantial
psychiatric component. Conceptualizing obesity within a mental health framework from a
motivational behavioral perspective could help improve existing prevention and treatment

Correspondence: Marc N. Potenza, CMHC, SAC, Room S-104, 34 Park Street, New Haven, CT 06519. Tel: 203-974-7356; fax:
203-974-7366; marc.potenza@yale.edu.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

VanBuskirk and Potenza Page 2

Methods

strategies. A focus on cognitive and motivational factors in eating behaviors also suggests
important similarities with other psychiatric conditions including addictive disorders (Volkow
& Wise, 2005).

Obesity can co-occur in the setting of other eating disorders, particularly binge-eating disorder
(BED). BED was found to occur in 30.1% of subjects attending hospital-affiliated weight
management programs and in 2% of the general population. The disorder is more common in
females than in males and is associated with obesity (Spitzer, Devlin, Walsh et al., 1992). The
disorder is marked by overconsumption of food without inappropriate compensatory weight-
loss behaviors found in other eating disorders such as bulimia (Castonguay, Eldredge, & Agras,
1995). Although a “binge-eating syndrome” was originally described in 1959 (Stunkard,
1959; Stunkard, 1993), a set of diagnostic criteria for BED was not incorporated into the DSM-
IV until 1994 (APA, 2000) when research criteria for the disorder were introduced. Therefore,
diagnostic criteria have only recently been available to aid in the study of the symptoms and
potential treatments of BED.

Given the relatively immature status of research into BED, the studies discussed here will focus
on obesity. Nonetheless, BED may more closely share core features with substance use
disorders (e.g., impaired impulse control) in domains that may represent putative
endophenotypes and explain their co-occurrence. Several reviews have focused on the
similarities in neurobiology between obesity and substance use disorders (Wang, Volkow,
Thanos et al., 2004; Volkow & Wise, 2005; Rapaka, Schnur, Shurtleff, 2008; Volkow, Wang,
Fowler, et al., 2008). In this review, we plan to extend current work by describing the
implications for treatment, specifically focusing on the co-occurrence of obesity and substance
use disorders. Findings from pre-clinical and clinical studies are presented to describe
neurobiological and behavioral similarities between obesity and addictive disorders. In
addition, findings from treatment studies of obesity are presented, and the manners in which
weight concerns might be considered in the treatment of substance use disorders (SUDs) are
discussed.

The Medline (1966 to present) database was searched using the MeSH (Medical Subject
Heading) and textwords “obesity” and “substance-related disorders” to identify candidate
articles for review. Potential articles were examined to determine if they met the following
eligibility criteria: 1) were published in peer-reviewed journals between 1966 and 2007, 2)
were written in English and involved pre-clinical and clinical experimentation, and 3) discussed
the similarities and/or differences of obesity and substance-related disorders as related to
neurobiology, treatment approaches, and treatment outcomes. Articles not meeting these
criteria were not included in the review. Additional subsequent searches through Medline were
utilized to find articles that addressed specific focused interests such as nutrition therapy,
cognitive behavioral therapy, and aerobic exercise. These articles were again matched against
the above eligibility criteria before inclusion.

Obesity and Addiction

There have been historical shifts in the use of the term “addiction” (Potenza, 2006). Although
the original use of the word was not linked to excessive patterns of substance use, more recent
use of the word has connoted an almost synonymous link with compulsive drug use. For
example, during preparations for DSM-I11-R in the 1980’s, there was almost uniform
agreement that “addiction” referred to compulsive drug-taking (O’Brien, Volkow, & Li,
2006). However, there has been a recent shift in the use of the term to consider non-substance
behaviors (e.g., gambling) as potentially addictive (Holden, 2001). Investigations into
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“behavioral” addictions such as pathological gambling have identified clinical,
phenomenological, and neurobiological similarities with drug addictions (Potenza, 2008).
Behavioral addictions share core elements with drug addictions (e.g., continued engagement
despite adverse consequences, impaired control, an appetitive urge or craving state preceding
behavioral engagement) that may take precedence over other life concerns (Avena, Rada, &
Hoebel, 2008). In such cases, short-term gratification in a pleasurable or hedonic behavior is
given precedence over longer term interests relating to occupation, family and health. If one
considers food consumption within this framework, excessive patterns of eating may be
conceptualized as addictive in nature and reflected in conditions like obesity and BED. In
addition, SUDs may co-occur with obesity and BED, leading to the necessity for multi-faceted
interventions that target each addictive behavior. As weight management may affect substance
use, substance use may, in turn, modulate food consumption and weight control. Data are
presented from the current literature of weight-related influences of substance dependence and
interventions for substance dependence.

Co-Occurrence of Obesity and Addictions

The development of a pattern of excessive consumption of drugs or food is likely to involve
multiple vulnerability factors including genetic predisposition, environmental exposure, and
an interaction between these domains. Such vulnerabilities may involve an increased
experience of reward from food or substances, a decreased ability to inhibit motivated drives
towards food or substances and their related stimuli, and/or a more easily facilitated classical
conditioning response to reinforcing food or substances (Volkow, Wang, Fowler et al.,
2008). Predisposition to obesity and SUDs may be mediated by dopamine receptor genetic
polymorphism, such as that expressed by the presence of the TaqlA Al allele (Stice, Spoor,
Bohon et al., 2008). This allele is associated with dysfunction in dopamine expression in the
striatum and has been associated with greater reward sensitivity. Davis and colleagues
(2007) theorize that the presence of the TaglA Al allele may interact with an additional genetic
variant to lead to higher dopamine activity and greater reward sensitivity in those with obesity
and BED as compared to normal-weight controls (Davis, Levitan, Kaplan et al., 2007). The
Al allele has been linked to impulsivity and “behavioral addictions” such as pathological
gambling, but research results have been inconsistent (Lobo, Vallada, Knight et al., 2007;
Esposito-Smythers, Spirito, Rizzo et al., 2009). Both feeding and substance use may represent
reinforced behaviors involving rewarding experiences, and both behaviors may recruit brain
areas implicated in motivation and reward processing (Volkow & Wise, 2005).

Imaging studies suggest that addictive drugs and addictive foods each activate key brain regions
involved in reward processing and decision-making including the nucleus accumbens, ventral
pallidum, orbitofrontal cortex, and anterior cingulate gyrus (Volkow, Fowler, & Wang,
2003). The desire and drive for drugs in addiction are proposed to result from neurobiological
adaptations within the brain related to chronic, intermittent exposure to the reinforcing drugs;
these exposures lead to downregulation of critical neurotransmitters and adaptations of neural
circuits, and a similar process has been proposed for food (Volkow, Fowler, Wang et al.,
2004; Avena, Rada, & Hoebel, 2008).

Research into simultaneous obesity and addiction investigates the question of whether there
are particular vulnerabilities shared between the two conditions. The general scope of current
research of eating disorders and SUDs suggests that one disorder may increase the likelihood
of experiencing others. A common predisposition, such as increased psychological distress or
failure to develop non-addictive coping mechanisms, has been proposed to explain why certain
individuals may be more likely to use substances and binge-eat (White & Grilo, 2006).
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Several lines of evidence link tobacco smoking and weight regulation. Smoking during
pregnancy may increase the risk for obesity in individuals exposed in utero to nicotine
(Toschke, Ehlin, von Kries et al., 2003). Overweight female smokers with childhood onset of
weight problems were significantly more likely to have an earlier first usage of cigarettes and
greater frequency of binge eating as compared to those with later onset of weight problems. In
addition, those with earlier weight problems disclosed more severe symptoms of nicotine
withdrawal during smoking abstinence as compared to the later onset group (Saules, Levine,
Marcus et al., 2007). A study of individuals with BED found that those who had ever smoked
(either currently or in the past) were more likely to have additional psychopathology than those
who had never smoked. This suggests multiple forms of addictive behavior may reflect greater
underlying psychological vulnerabilities or greater deficits in coping mechanisms (White &
Grilo, 2006).

Co-occurrence between obesity and cocaine and stimulant use disorders is rare; cocaine,
methylphenidate, and methamphetamines suppress the appetite presumably through
dopamine-related influences. Stimulants are pro-dopaminergic, working to increase
extracellular dopamine (DA), and are anorexigenic (Wang, Volkow, Logan et al., 2001;
Volkow & O’Brien, 2007). Data suggesting that cocaine and glucose may operate on similar
neural circuitry involve findings that the availability of saccharin or glucose solutions decreases
cocaine self-administration (Carroll, Lac, & Nygaard, 1989).

The co-occurrence of obesity and SUDs has also been investigated in epidemiological studies.
In one study, obesity was associated with alcohol use disorders but not for other SUDs (Petry,
Barry, Pietrzak et al., 2008). Using the same data and focusing on past-year diagnoses,
overweight body habitus was associated with drug abuse or dependence amongst women and
was inversely associated with drug abuse or dependence among men, suggesting that gender
considerations are important in understanding the relationship between eating and drug use
behaviors and disorders (Desai, Manley, Desai et al., 2009). Amongst clinical samples, 36%
of women in an alcohol treatment facility displayed symptoms of BED (Peveler & Fairburn,
1990). In a study of over 3500 female twin pairs, those who were classified as Weight
Concerned, Dieters, or Eating Disordered were more likely to have SUDs than those who were
classified as Unaffected [by weight concerns] or Low Weight Gain, meaning a natural failure
to gain weight through aging (Duncan, Bucholz, Neuman et al., 2007). Among moderately and
severely obese individuals, BED was associated with a family history of substance abuse and
a higher likelihood of experiencing Axis | and 11 disorders (Yanovski, Nelson, Dubbert et al.,
1993). Finally, individuals with gambling problems may have increased rates of obesity and
binge eating as compared to the normal population (Lesieur & Blume, 1993; Desai, Desai, &
Potenza, 2007). Together, data suggest that obesity and addictive disorders, both substance-
and non-substance-related, may have shared underlying features explaining their co-
occurrence. Below we will review treatment of obesity and SUDs, and discuss how
understanding the shared mechanisms between the disorders may be used to improve existing
interventions.

Treatment of Obesity and SUDs

Obesity and SUDs may be approached with a variety of treatment options, as summarized in
Table 1. Treatment studies, meta-analyses, and alternative treatments are discussed below, as
are potential gaps in understanding for which research in these areas may lead to the
development of novel and potentially more efficacious treatments.

Obesity has long been treated with prescriptions for reduced-caloric diets and increased energy
expenditure, though the efficacy of those measures has not been consistently established
(Polivy & Herman, 1999; Urbszat, Herman, & Polivy, 2002). Dieting often involves restricted
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ingestion of desired high-caloric foods, and unsuccessful dieting efforts may involve the
resumption of excessive consumption or bingeing of the same foods. This pattern shares
similarities with withdrawal and relapse behaviors in SUDs. Cycling between withdrawal and
relapse may lead to compulsive eating through changes in neurocircuitry function underlying
stress responsiveness. Animal studies have implicated specific brain neurochemicals (e.g., the
neuropeptide corticotrophin-releasing factor) as linking stress responsiveness and the
motivation to eat palatable foods, suggesting a pathway for the induction of compulsive eating
and novel targets for the treatment of BED and obesity (Cottone, Sabino, Roberto et al., 2009).

Meta-analytic studies have found that the treatment option with greatest efficacy for BED is
cognitive behavioral therapy (CBT). Remission rates for BED reach 50% using CBT,
signifying a substantial decrease or complete remission of binge frequency, as well as improved
psychosocial functioning (Wilson, Grilo, Vitousek, 2007; White, Grilo, O’Malley et al., in
press). Pharmacotherapy has been found to be moderately efficacious as well, although CBT
without simultaneous pharmacotherapy has been demonstrated to be most efficacious (Reas
& Grilo, 2008). Despite moderate success in remission of binge frequency, these treatments
have not led to substantial reduction in weight; the margins of weight lost through these
treatments are usually not substantial enough to significantly reduce one’s BMI or BMI
category (Wilson, Grilo, & Vitousek, 2007). Thus, these treatments may not be efficacious to
address the needs of obese individuals seeking to reduce a significant amount of body weight.

A meta-analysis found that nutrition and counseling activities alone may not yield long-term
results in obese individuals; however, programs that targeted eating behaviors, physical
activity, and counseling yielded greater efficacy. Incorporating a problem-solving component
gave additional efficacy for long-term weight loss maintenance (Seo & Sa, 2008). Of the 24
studies examined in this review, four yielded significant long-term results; three of those studies
incorporated a problem-solving component into the paradigm (Seo & Sa, 2008). An additional
meta-analysis found that lifestyle interventions led to significantly reduced body weight, BMI,
waist circumference and other health markers as compared to standard care (Galani &
Schneider, 2007).

Further treatment development may be enhanced through a better understanding of the
underlying biological mechanisms of obesity. Leptin, implicated in reward-processing,
influences metabolic homeostasis and motivation for feeding behaviors. Endogenous and
exogenous leptin administration leads to reduced food consumption (Enriori, Evans, Sinnayah,
et al., 2006; Yip & Potenza, 2009). Ghrelin, a hormone produced within the lining of the
stomach and in the pancreas, stimulates feelings of hunger. Ghrelin and leptin may act together
to modulate feeding behaviors, and this relationship may be dysfunctional within obese
individuals (Fulton, Woodside, Shizgal, 2000; Tschop, Weyer, Tataranni, et al., 2001; Yip &
Potenza, 2009). These and other neurochemicals may represent important targets for the
development of novel, complementary and potentially more efficacious treatments for weight
loss. An understanding of the history and efficacy of treatment approaches for SUDs is also
important in formulating innovative and effective treatment, particularly when considering co-
occurring obesity and SUDs.

Some behavioral interventions for SUDs may have relevance for obesity and binge eating
disorder (see Table 1 below). Alcoholics Anonymous was established in 1935 and contributed
to the development of behavioral interventions that remain an important part of treatment for
SUDs (Lemanski, 2001). One meta-analysis, utilizing 53 controlled trials of subjects with
alcohol and/or substance use disorders, found that CBT produced a significant, although
relatively small, treatment effect (Magill & Ray, 2009). These findings support the use of CBT
across a broad range of SUDs, although alternative or combination therapies may enhance the
robustness of treatment outcome. Dutra and colleagues (2008) found positive outcomes for
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psychosocial interventions for SUDs in a meta-analysis. Contingency Management (CM)
programs had the greatest efficacy, with 31% of subjects achieving post-treatment abstinence.
Relapse prevention programs yielded high abstinence rates, as well, (39%), although the drop
out rate for these programs was 57%. CBT treatment studies reported abstinence rates of 27%
with drop out rates of 35% (Dutra, Stathopoulou, Basden et al., 2008). An important
consideration is how well treatment responses are maintained, or gained, over time. For
example, CBT in contrast to other behavioral interventions has been shown to have a “sleeper”
effect in which treatment outcome improvement may be observed months or years after
treatment delivery has ended (presumably related to individuals internalizing, developing and
using skills related to CBT overt time). These findings suggest moderate success in treatment
through psychosocial interventions, with the possibility of pharmacotherapy and combination
therapy offering additional treatment utility.

For nicotine dependence, combination therapy (nicotine replacement patch with an additional
component) was found to be significantly more efficacious in smoking cessation treatment
than was monotherapy; these results were maintained at 3-, 6-, and 12-month follow-ups (Shah,
Wilken, Winkler et al., 2008). For the treatment of opioid dependence, maintenance programs
are often utilized to aid opioid detoxification. Amato and colleagues (2008) meta-analyzed
randomized controlled trials to investigate potential added benefits of pairing psychosocial
therapy with pharmacological treatments. The combination therapy was found to have greater
efficacy than pharmacological interventions alone. The added psychosocial component may
aid in the maintenance of drug-free behaviors to maintain detoxification (Amato, Minozzi,
Davoli et al., 2008).

Alternative Treatments

Research that investigates non-substance related ways to influence DA systems may help to
expand treatment options for individuals with obesity and SUDs, as DA is implicated in reward-
processing and reinforcement. Exercise interventions have been found to be effective in
increasing DA D2-like dopamine receptors in animal studies. In rodents, exercise training
increased striatal DA D2 receptors (MacRae, Spirduso, Walters et al., 1987; Wang, Volkow,
Loganetal., 2001). Inepileptic and spontaneously hypertensive rats, each with pre-intervention
low levels of DA, DA levels were normalized in the neostriatum and nucleus accumbens
(Sutoo & Akiyama, 2003). These brain regions are strongly associated with reward processing
and addictive disorders (Volkow, Fowler, & Wang, 2003). Exercise may increase DA function
through exercise-related increases in calcium-serum levels (Sutoo & Akiyama, 1996; Sutoo &
Akiyama, 2003).

In humans, after high-impact running, subjects were found to have higher catecholamine (DA,
epinephrine, and norepinephrine) levels as compared to groups in no exercise and low-impact
exercise conditions (Winter, Breitenstein, Mooren et al., 2007). However, Wang, Volkow,
Fowler and colleagues (2000) found that subjects who underwent 30 minutes of treadmill
running exercise did not have significantly higher levels of striatal DA. The methodology may
be limited due to the research design in which subjects underwent PET imagery after exercise
completion, thus potentially limiting the ability to identify transient DA increases that may
have occurred during the exercise. This hypothesis is supported through rodent studies in which
rats had DA levels 50%-80% above baseline during exercise as compared to 10%-50% after
exercise completion (Meeusen, Smolders, Sarre et al., 1997; Wang, Volkow, Fowler et al.,
2000). In addition, the subjects who were recruited for this study were physically fit and without
medical problems; therefore, it is possible that their baseline DA levels were higher as
compared to individuals seeking treatment for obesity or an addictive disorder (Wang, Volkow,
Fowler et al., 2000).
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Aerobic exercise has been associated with better executive functioning. In rodents, exercise
training is associated with better performance on memory tasks (Harburger, Kzerem, Frick,
2007). In one study of overweight children, cognitive processes were better in those subjects
who had undergone a high-dose aerobic exercise condition (40 min/5 days a week/15 weeks)
(Davis, Tomporowski, Boyle et al., 2007). Studies seeking to mitigate cognitive decline in
aging populations have found that aerobic exercise aids in the maintenance of executive
functioning and enhances brain plasticity (Cotman & Berchtold, 2002). These findings suggest
that exercise may be an appropriate component of treatment for obese individuals, as well as
those with SUDs, as it may help to increase DA levels in brain regions associated with addictive
disorders and to improve executive functioning and inhibition.

An additional alternative treatment involves meditation or mindfulness-based therapy in the
treatment of addiction. Meditation, the conscious, effortful practice of calming thoughts and
emotions, has been recently investigated in the treatment of addiction (Brewer, Smith, Bowen
et al., in press). Meditating subjects have been found to exhibit increased endogenous DA
release in the ventral striatum and increased DA levels were correlated with a reduced readiness
for action, a quality that may be helpful in increasing inhibitory responses towards substance
and food cravings (Kjaer, Bertelsen, Piccini et al., 2002). Mindfulness-based interventions that
incorporate elements of meditation have shown preliminary promise in the treatment of
substance addictions (Brewer, Sinha, Chen et al., in press) and warrant further study in the
treatment of obesity.

Treatment of Obesity: Insights from SUDs

Cognitive Therapies

In the treatment of dependence, programs of a methodical, gradual pace have been proposed
as being more successful (Thornley, McRobbie, Eyles et al., 2008). CBT, experiential-
cognitive therapy, and twelve-step programs, such as Overeaters Anonymous, may allow for
gradual, methodical treatment approaches and are discussed below.

For BED, CBT can be an effective treatment, producing significant reductions in days binged,
BMI, depression, and remission rates (Gorin, LeGrange, & Stone, 2003; Hilbert & Tuschen-
Caffier, 2004). In addition, CBT and interpersonal therapy may reduce binge frequency with
gains maintained at a four-month follow-up (Wilfley, Welch, Stein et al., 2002). Experiential-
cognitive therapy as compared to those who received standard CBT or nutritional therapy (NT)
may produce a greater weight reduction. Experiential-cognitive therapy seeks to address body
dissatisfaction in obese patients with the aims of increasing self-confidence as well as aiding
in contingency planning and problem-solving in the face of weight reduction and maintenance
obstacles such as social situations and food shopping (Riva, Bacchetta, Cesa et al., 2006).
Experiential-cognitive therapy utilizes virtual reality simulation in an effort to present subjects
with simulated scenarios in which they may problem-solve and rehearse different approaches
to weight maintenance obstacles. The virtual reality simulation is meant to influence subjects’
perceived sense of control, perceived competence, and goal internalization by allowing the
subject to formulate and practice weight reduction strategies in real-time virtual reality. The
practice scenarios consist of various virtual reality placements such as “Home”,
“Supermarket”, “Pub”, and “Gymnasium” (Riva, Bacchetta, Cesa et al., 2006).

Mann, Tomiyama, Westling and colleagues (2007) conducted a review of obesity treatments
and found that most treatments employed food restriction and dieting techniques in order to
achieve a goal of weight loss. Their results corroborated with those of Jeffery, Drewnoski,
Epstein and colleagues (2000); diets were found to be primarily ineffective in the treatment of
weight disorders. These reviews found that while restrictive diets may achieve short-term
weight loss, long-term maintenance was rare. Overeaters Anonymous, founded on the twelve-
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step process of Alcoholics Anonymous, stresses social support and personal responsibility and
honesty (Overeaters Anonymous, 2001). This approach may help to improve the effectiveness
of a restricted dietary regime.

Pharmacotherapy

Gradually released pharmacotherapies also warrant consideration for obesity and SUDs. For
example, in smoking cessation, nicotine patch, associated with slow nicotine release, increases
the likelihood of effective cessation (West & Schiffman, 2004). Similarly, it has been proposed
that slow release of sugar and foods with high glycemic indices may help to gradually mitigate
food addiction or obesity (Thornley, McRobbie, Eyles et al., 2008).

Selective serotonin reuptake inhibitors (SSRIs) have been found to be helpful in the treatment
of bulimia nervosa, an eating disorder that has addiction-like symptoms such as bingeing and
diminished behavioral control (Fluoxetine, 1992). Another SSRI, sertraline appears
moderately effective in the treatment of BED (McElroy, Casuto, Nelson et al., 2000). Similar
studies using SSRIs have found moderate and temporary relief from symptoms of BED
(Stunkard, Berkowitz, Tanrikut et al., 1996; Hudson, McElroy, Raymond et al., 1998; Arnold,
McElroy, Hudson et al., 2002).

In one study, obese subjects with BED were treated with group psychotherapy and fluoxetine
(Tammela, Rissanen, Kuikka et al., 2003). To assess post-treatment effects, fluoxetine was
discontinued for three months before a post-treatment single-photon emission computed
tomography (SPECT) paired with a tracer designed to identify 5-HT activity. In the post-
treatment SPECT, the researchers found improved 5-HT transporter binding, supporting
previous findings that 5-HT transporter is associated with eating behaviors, as well as
suggesting that this treatment may help to improve 5-HT activity in patients with BED.

Sibutramine, a serotonin-norepinephrine reuptake inhibitor, may alter internal signals that
inform the perception of hunger and satiation. Sibutramine treatment has been associated with
weight loss in obese patients (Arterburn, Crane, & Veenstra, 2004) and to decrease binge
frequency (Appolinario, Bacaltchuk, Sichieri et al., 2003; Wilfley, Crow, Hudson et al.,
2008).

When treated with topiramate, patients with comorbid mood disorders and BED exhibited
diminished symptoms of BED (Shapira, Goldsmith, & McElroy, 2000). Similar findings have
been observed in patients with epilepsy treated with the drug (Smith, Axelsen, Hellebo-
Johanson et al., 2000). Topiramate may aid in weight loss through reduction in the activity of
salivary enzymes or reduced leptin, corticosteroid, serum glucose, or insulin concentrations;
however, the precise process by which the medication mitigates weight loss is incompletely
understood (Goldfarb, 2005).

Considerations of Weight Management in the Treatment of SUDs—The treatment
of SUDs often involves pharmacological therapy, psychotherapy, or a combination of the two.
The treatments for substance dependence currently available may have varying side effects.
Weight gain may be associated with drug abstinence and represent an obstacle in successful
abstinence in weight-concerned individuals. In an inpatient treatment facility, over the course
of 60 days, subjects in recovery from addictive disorders related to alcohol and illicit substances
gained an average of 1.58 BMI points, with those who also smoked cigarettes gaining more
weight than did nonsmoking subjects (Hodkins, Cahill, & Seraphine, 2004). Given these
findings, an awareness of weight management in the treatment of SUDs may aid in successful
abstinence.
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Nicotine

Tobacco smoking is associated with poor health behaviors such as low physical activity,
unbalanced diet, overweight and obesity. In addition, women smokers are twice as likely to be
inactive as compared to nonsmokers (Kaleta, Makowiec-Dabrowska, Polanska et al., 2009).
Achieving smoking abstinence may be prevented by fears related to potential effects of
smoking cessation, particularly weight gain (Perkins, 1993; Jeffery, Hennrikus, Lando et al.,
2000). The belief in the efficacy of smoking as a mechanism for weight control is more
pronounced in women, especially those with disordered eating patterns (McKee, Nhean,
Hinson et al., 2006). Data have suggested that smoking cessation leads to a variable weight
gain of about six kilograms (approximately 13 pounds) in approximately 80% of those who
attempt to quit (Samet, 1990; Klesges, Winders, Meyers et al., 1997; Munafo, Murphy, &
Johnstone, 2006; Aubin, Berlin, Smadja et al., 2009). However, the magnitude of the weight
gain may match that of never-smokers. Smokers as compared with non-smokers have been
found to have lower BMIs by an average of three kilograms (Klesges, Klesges, & Meyers,
1991). Over time, ex-smokers tend to achieve a mean BMI equivalent to those of never-
smokers, whereas non-abstinent smokers have a lower mean BMI by an average of 1.6 kg/
m?2 (Munafo, Tilling, & Ben-Shlomo, 2009). In smokers, factors related to weight concerns
related to smoking cessation include frequent food restriction for weight loss, high nicotine
dependence, and high cigarette use (Pomerleau, Zucker, & Stewart, 2001; Aubin, Berlin,
Smadja et al., 2009).

In the treatment of cigarette smoking, nicotine replacement and bupropion are frequently used
pharmacotherapies (Jorenby, Leischow, Nidesetal., 1999). In efforts to mitigate post-cessation
weight gain found in smokers attempting to quit, Toll and colleagues (2008) used a combination
of naltrexone, an opioid antagonist, and bupropion, a norepinephrine and DA reuptake inhibitor
and nicotinic acetylcholine receptor antagonist. In the combination treatment group, post-
cessation weight gain was lower than in the bupropion-only group, suggesting that a
combination pharmacotherapy may be helpful in minimizing weight gain in smoking cessation
(Toll, Leary, Wu et al., 2008). Alone, bupropion has been found to be effective in reducing
post-cessation weight gain (Jorenby, Hays, Rigotti et al., 2006). In a review of smoking
cessation interventions, three studies found that subjects taking bupropion gained significantly
less weight at the end of treatment as compared to those taking varenicline, a nicotinic receptor
partial agonist (Parsons, Shraim, Inglis et al., 2009). Post smoking cessation treatment,
varenicline was not found to significantly reduce amount of weight gained (Jorenby, Hays,
Rigotti et al., 2006). Fluoxetine, a SSRI, dose-dependently suppressed post-cessation weight
gain; however, this administration resulted in dose-dependent weight rebound upon
termination of pharmacotherapy. The post-termination weight gain observed was comparable
to that observed during cessation with placebo. Despite the weight rebound, this delay in post-
cessation weight gain may aid in successful cigarette abstinence so that quitters may focus on
their treatment rather than weight concerns (Borrelli, Spring, Niaura et al., 1999). An exercise
component to smoking cessation treatment may aid in effective abstinence and help ward off
weight gain. In comparison of CBT paired with moderate-intensity exercise and CBT alone,
female smokers were equally likely to achieve smoking cessation at the end of treatment across
the two groups and the CBT-exercise group was more likely to report smoking cessation at 3-
month follow-up. Among those within the CBT-exercise group, there was a positive correlation
between smoking cessation and exercise adherence (Marcus, Lewis, Hogan et al., 2005).

Cannabis and Opiates

Cannabinoids, the active compounds found within cannabis, bind to cannabinoid receptors,
including the CB1 receptor, located in the brain and throughout the body (Akbas, Gasteyger,
Sjodin etal., 2009). Use of a CB1-selective antagonist SR141716 may block the psychological
and physiological effects of marijuana use in humans (Huestis, Gorelick, Heishman et al.,
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Cocaine

2001). Cannabis may be used in the treatment of such conditions as nausea, vomiting, muscle
spasms associated with multiple sclerosis, diminished appetite, and migraines (Gurley,
Aranow, & Katz, 1998; Rosenthal & Kleber, 1999). Cannabis has a pro-appetitive effect in
users; however, evidence suggests that this effect may be temporary since no substantial weight
difference has been observed between users and non-users. In addition, there is not a higher
prevalence of cannabis use among overweight populations (Horcajadas, 2007).

The endocannabinoid system is an area of research in the treatment of obesity, as blocking the
endocannabinoid system may aid in weight management and evidence suggests that
endocannabinoids directly influence regulatory systems that mitigate hunger, food craving,
and the enjoyment of the sensory properties of food (Kirkham, 2005; Van Gall, Rissanen,
Scheen et al., 2005). In mice, blocking the CB1 receptor led to diminished responsiveness to
cannabinoid drugs; the reinforcing properties and withdrawal symptoms relating to morphine
were significantly reduced (Ledent, Valverde, Cossu et al., 1999). Evidence suggests an
overlap between the appetite-enhancing roles of opiates and cannabis and, inversely, the
anorexigenic effects of their antagonists. Cannabinoid-induced overconsumption of food
appears to be mitigated by the administration of opioid receptor antagonists and, in converse,
in mice, opiate self-administration is reduced by the CB1 receptor antagonist rimonabant
(Navarro, Carrera, Fratta et al., 2001; Cota, Marsicano, Tschop et al., 2003; Tallett, Blundell,
& Rodgers, 2009).

Animal studies suggest that rimonabant may have additional metabolic effects. Tolerance to
the anorexigenic effect of rimonabant was observed 4-5 days after rimonabant administration;
however, weight loss persisted until discontinuation of the intervention, suggesting that a
metabolic effect continues despite tolerance to the anorexigenic effect (Vickers, Webster,
Whyatt et al., 2003). Methadone treatment is associated with higher consumption of and desires
for sweet foods, and higher BMIs are observed in methadone-maintained individuals (Zador,
Wall, & Webster, 1996; Nolan & Scagnelli, 2007). Administration of naloxone to rats currently
undergoing morphine withdrawal is associated with decreased food consumption (Gellert &
Sparber, 1977). Further, a combination therapy of naloxone and rimonabant may prove
efficacious in simultaneously treating opiate addiction and aiding weight management. In mice,
the combination therapy reduced food consumption and time spent feeding and each antagonist
has been to be found efficacious in the treatment of SUDs (Tallett, Blundell & Rodgers,
2008).

Cocaine use is not associated with weight gain, perhaps due to its anorexigenic effects, and
weight gain during recovery may reflect a beneficial restoration of weight. Indatraline and
sustained-release methamphetamine are each associated with significantly reduced cocaine use
and craving, as well as increased weight loss (Negus, Brandt, & Mello, 1999; Mooney, Herin,
Schmitz et al., 2009). In contrast, quetiapine has been associated with efficacy in reducing
cocaine use and cravings, but a higher likelihood of weight gain throughout treatment
(Kennedy, Wood, Saxon et al., 2008). As an alternative or compliment to pharmacological
interventions, aerobic exercise has been found to reduce the reinforcing effects of cocaine in
rats and would likely aid in weight management (Smith, Schmidt, lordanou et al., 2008). As
discussed above, aerobic exercise has been found to influence DA systems in rodents (Sutoo
& Akiyama, 2003) and existing human research corroborates these findings (Wang, Volkow,
Fowler et al., 2000). Treatment of cocaine dependence may benefit from screening for food
restriction and eating-disordered thinking. Cocaine dependent females, and males to a lesser
extent, may present with eating disordered symptoms and report using cocaine as a method of
weight management. For successful treatment of this subset of cocaine dependent individuals,
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identifying and targeting eating disordered symptoms appears particularly important
(Cochrane, Malcolm, & Brewerton, 1998).

Binge drinking is associated with poor diet, body dissatisfaction, sedentary behavior, and poor
weight control. Alcohol-related food consumption is associated with increased likelihood of
overweight and obesity (Nelson, Lust, Story et al., 2009). Alcohol dependence is associated
with greater preference and desire for sweet foods, though after 6 months of abstinence, alcohol
dependent subjects were significantly less likely to prefer sweet foods than those who did not
maintain abstinence (Krahn, Grossman, Henk et al., 2006). In recovery from alcohol
dependence, patients may be told to use sweet substances as a way to manage alcohol craving
(Alcoholics Anonymous, 1975; Gorski & Miller, 1986), although empirical studies have failed
to establish a significant effect of sweet substances on alcohol cravings (Krahn, Grossman,
Henk et al., 2006). Over six months, alcohol dependent individuals attempting to remain
abstinent gained more weight than did healthy controls and non-abstinent alcohol dependent
individuals; however statistical significance was only reached between the abstinent alcohol
dependent subjects and healthy controls (Krahn, Grossman, Henk et al., 2006). Given these
considerations, weight gain during recovery from alcohol dependence represents a clinically
significant consideration.

Nalmefene, an opioid receptor antagonist used primarily in the treatment of alcohol
dependence, was found to suppress appetite in diet-induced mice, but subsequently led to a
significant gain in cumulative food intake and body weight at 21 days of treatment (Chen,
Huang, Shen et al., 2004). Varenicline, a nicotinic receptor partial agonist used primarily for
smoking cessation, was associated with successful treatment of alcohol dependence
(Streensland, Simms, Holgate et al., 2007) and weight loss in a case study (Cocores & Gold,
2008). However, in smoking cessation studies, varenicline was not found to significantly
reduce amount of weight gained post-cessation (Jorenby, Hays, Rigotti et al., 2006).

Conclusion

Obesity and SUDs share commonalities in neural circuitry, suggesting that treatment advances
in the field of SUDs may inform advancements in the treatment of obesity and vice versa.
Pharmacological and psychotherapeutic interventions may simultaneously target obesity and
SUDs, and non-standard approaches involving exercise and mindfulness training may have
important roles in the treatments of obesity and SUDs. Weight management may represent an
important part of achieving successful recovery from SUDs, particularly amongst weight-
concerned individuals. Future research should investigate the degree to which treatment
interventions for SUDs aid or hinder weight management. Further research is needed to
determine more precisely the extent to which obesity and SUDs share similarities as well as
contain unique elements, such that prevention and treatment strategies may be optimized for
the disorders.
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Table 1

Proposed Similarities and Differences Between Obesity, SUDs, and BED

Use despite adverse Consequences
Compulsive Use

Appetitive Urge

Diminished Control

Behavioral Therapies

Self-help treatment (AA, NA, OA
groups)

Pharmacotherapies
Physiological Role of Substance
Learning, Habits, CRs

Role of Stress

Obesity SUDs BED
+ + +
+ + +
+ + +
+ + +
Vary Vary Vary
+ + +
Vary Vary Vary

Necessary for survival — Unnecessary for survival — Necessary for survival
+ + +

+ + +

SUDs = Substance Use Disorders

BED = Binge eating disorder

“Vary” indicates a role for treatments that show varying efficacies for each category of disorders.

AA = Alcoholics Anonymous
NA = Narcotics Anonymous
OA = Overeaters Anonymous

CRs= Conditioned Responses
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