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ABSTRACT 

 

Bulimia nervosa (BN) is a serious eating disorder characterized by binge episodes and 

compensatory behaviors. It often persists for several years and is associated with increased 

medical complications and risk of death, underscoring the need to better understand factors 

maintaining this disorder. Weight suppression (WS), the difference between one’s highest 

previous and current weight, has been found to predict both the onset and maintenance of BN. 

However, no studies have examined mechanisms that may account for the effects of WS on BN. 

We hypothesized that high WS would lead to reduced leptin levels. Reduced leptin may increase 

risk of binge eating, given leptin’s role in modulating reward responses, including responses to 

food. The current study examined the relationship between WS, leptin levels, and the reinforcing 

value of food in women with BN (n=32) and non-eating disorder controls (n=30). Participants 

provided information on WS, completed a fasting blood draw to obtain serum leptin, and 

completed a novel progressive ratio task to measure the reinforcing value of food. Individuals 

with BN had significantly greater WS (p<.01) and reinforcing food value (p<.05) compared to 

controls. Additionally, higher WS was associated with both lower leptin (p<.05) and increased 

reinforcing value of food (p<.01). Contrary to our hypotheses, BN and control participants did 

not differ on leptin levels, and leptin levels were not associated with the reinforcing value of 

food. Overall, findings support that efforts to conform to the thin ideal may alter drive to 

consume rewarding foods and leave women vulnerable to binge episodes. However, the 

mechanisms through which WS contributes to food reward and binge eating remain unknown. 

Given limitations of the current study, future studies should use longitudinal designs and 

examine other hormones (e.g., ghrelin and glucagon-like peptide 1) to better understand factors 

driving associations between WS and bulimic symptoms. 
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CHAPTER ONE 

INTRODUCTION 

Bulimia nervosa (BN) is an eating disorder characterized by the presence of binge-eating 

episodes (i.e., consumption of excessive quantities of food with a sense of loss of control over 

eating) and compensatory behaviors such as self-induced vomiting, laxative use, fasting, and 

excessive exercise (American Psychiatric Association, 2013). BN persists for several years in a 

subset of individuals (Keel & Brown, 2010) and is associated with severe medical complications 

(Mehler, 2011) and increased risk of death (Arcelus, Mitchell, Wales, & Nielsen, 2011), 

including death due to suicide (Crow et al., 2009; Preti, Rocchi, Sisti, Camboni, & Miotto, 

2011). Thus, research designed to clarify the etiology and maintenance of BN is critical for 

improving the well-being of individuals suffering from this disorder.  

1.1 Weight Suppression and BN 

Weight suppression, defined as the difference between one’s highest previous weight and 

one’s current weight, has emerged as a robust predictor of both the onset (Keel & Heatherton, 

2010) and maintenance of bulimic symptoms (Butryn, Juarascio, & Lowe, 2011; Butryn, Lowe, 

Safer, & Agras, 2006; Keel & Heatherton, 2010; Lowe et al., 2011). Indeed, Keel and Heatherton 

(2010) found that, in a large community sample of women (n=968) and men (n=369), higher 

weight suppression at baseline predicted both the onset and maintenance of a bulimic syndrome 

at 10-year follow-up. These results were found controlling for body mass index (BMI), gender, 

weight perception, dieting frequency, and other relevant covariates.  Additionally, Lowe and 

colleagues (2011) examined the effect of weight suppression on time to first remission in a 

clinical sample of women with BN (n=110) followed for approximately eight years. Consistent 

with findings from Keel and Heatherton (2010), Lowe and colleagues (2011) found that greater 
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weight suppression at intake was associated with longer time to remission, controlling for age, 

weight at intake, highest past weight, and weight rebound (i.e., difference between current and 

lowest weight). However, some studies have failed to find significant associations between 

weight suppression and treatment completion or outcome in individuals with BN (Carter, 

McIntosh, Joyce, & Bulik, 2008; Dawkins, Watson, Egan, & Kane, 2013; Zunker et al., 2011). 

Discrepant results may be due to differences in samples. Participants in studies finding no 

association had lower levels of and decreased variability in weight suppression compared to 

studies with positive findings, and restricted range may explain null findings.  In addition, some 

of these studies found that weight suppression significantly predicted weight gain (Carter et al., 

2008).  If individuals who are weight suppressed gain weight, then they no longer have high 

weight suppression and may no longer be at risk for maintenance of bulimic symptoms. Despite 

some negative findings, weight suppression has been implicated in BN symptom maintenance in 

independent studies. However, no study to date has examined mechanisms that may account for 

the effects of weight suppression on BN. 

1.2 Psychological and Biological Explanations for Associations between Weight 

Suppression and Bulimic Symptoms 

Psychosocial factors may contribute to observed associations between weight suppression 

and bulimic symptoms. By definition, individuals with BN are not underweight; however, many 

have a history of being at a higher weight and have lost a significant amount of weight (on 

average, 12-20 lbs) when they appear for treatment (Butryn et al., 2006; Carter et al., 2008; 

Zunker et al., 2011).  Evidence indicates that individuals with BN may have a genetic 

predisposition to being overweight or at the higher end of normal weight (Davis, Holland, & 

Keel, 2013; Fairburn, Welch, Doll, Davies, & O'Connor, 1997).  Weighing more than ones’ 
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peers may increase the likelihood of body dissatisfaction, dieting and/or fasting, which may 

contribute to both weight loss, which becomes weight suppression, and bulimic symptoms, given 

that extreme dietary restriction (e.g., fasting) predicts the onset of binge eating (Stice, Davis, 

Miller, & Marti, 2008).  Individuals with higher weight suppression may fear returning to 

premorbid weight, which may contribute to the maintenance of bulimic symptoms. For 

individuals with high weight suppression, evidence indicates that weight gain concerns may be 

realistic; increased weight suppression has been found to predict increased weight gain during 

short-term inpatient (Lowe, Davis, Lucks, Annunziato, & Butryn, 2006) and outpatient treatment 

(Carter et al., 2008) as well as over five-year follow-up (Herzog et al., 2010). Thus, both the fear 

of weight gain and the behaviors used to prevent this outcome may contribute to illness 

maintenance among those with greater weight suppression. 

In addition to psychological explanations for how weight suppression might contribute to 

bulimic symptoms, biological explanations merit exploration.  In particular, leptin is a hormone 

that plays an essential role in homeostatic regulation of eating through its involvement in 

triggering satiation and increasing energy expenditure (Coll, Farooqi, & O'Rahilly, 2007). Leptin 

acts in the arcuate nucleus of the hypothalamus and activates pro-opiomelanocortin (POMC) and 

cocaine- and amphetamine-related transcript (CART) neurons, which decrease food intake. 

Additionally, leptin inhibits neuropeptide Y (NPY) and agouti-related peptide (AgRP) neurons 

that promote food intake (Coll et al., 2007; Lutter & Nestler, 2009). Both animals and humans 

with genetic leptin deficiencies experience extreme hyperphagia and significant weight gain, and 

exogenous administration of leptin causes subsequent suppression of food intake and weight loss 

(Friedman & Halaas, 1998). Leptin is produced by adipose (fat) cells, so significant weight loss 

results in decreased production of leptin (Considine et al., 1996; Maffei et al., 1995; Wolfe, 
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Jimerson, Orlova, & Mantzoros, 2004). Thus, high levels of weight suppression may contribute 

to lower leptin levels in BN, despite the appearance of healthy weight, and lower leptin may 

increase drive to eat.  

Consistent with this proposition, several studies have found lower leptin levels in 

individuals with BN compared to healthy controls matched for BMI (Brewerton, Lesem, 

Kennedy, & Garvey, 2000; Jimerson, Mantzoros, Wolfe, & Metzger, 2000; Jimerson, Wolfe, 

Carroll, & Keel, 2010; Monteleone, Bortolotti et al., 2000; Monteleone, Di Lieto, Tortorella, 

Longobardi, & Maj, 2000; Monteleone, Fabrazzo, Tortorella, Fuschino, & Maj, 2002). 

Additionally, some studies have reported associations between lower leptin levels and greater 

frequency of binge eating episodes (Jimerson et al., 2000; Monteleone et al., 2002) and longer 

duration of illness (Keel et al., under review; Monteleone et al., 2002).  However, not all studies 

have supported associations between leptin and binge frequency (Brewerton et al., 2000; 

Jimerson et al., 2010). These null findings may be due to lower average frequency of binge 

episodes in one study (Jimerson et al., 2010), and a BN group that was abstinent of bingeing and 

purging for up to four weeks prior to leptin assessment in another (Brewerton et al., 2000).  

Although several studies have found lower leptin levels in individuals with BN compared 

to healthy control participants, some have not (Ferron et al., 1997; Housova et al., 2005; 

Monteleone, Martiadis, Fabrazzo, Serritella, & Maj, 2003; Nakai, Hamagaki, Takagi, Taniguchi, 

& Kurimoto, 2000). Nakai and colleagues (2000) found higher leptin levels in Japanese women 

with BN compared to control participants.  Of interest, control participants in this study had 

lower leptin concentrations (mean [SD] = 6.5 [0.5] ng/mL) than observed in control participants 

from other studies, with values in other studies generally ranging from 10 to 15 ng/mL (Gendall, 

Kaye, Altemus, McConaha, & La Via, 1999; Jimerson et al., 2010; Monteleone, Bortolotti et al., 
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2000; Monteleone, Di Lieto et al., 2000; Monteleone et al., 2002). In Nakai et al.’s (2000) study, 

control participants’ BMI ranged from 18-22 kg/m2, indicating that some were medically 

underweight (BMI < 18.5 kg/m2) according to the World Health Organization’s criteria (World 

Health Organization, 2006). Further, control women had significantly lower fat mass compared 

to BN women, despite no differences in body weight. This lower fat mass likely contributed to 

lower leptin levels in the control group, given that the authors did not report controlling for BMI 

or percent body fat in analyses. These limitations reduce confidence that groups in this study are 

representative of those in other studies for current weight or weight history.  In other studies that 

have failed to find differences in leptin levels between individuals with BN and controls, no 

information was provided for when or how samples were collected (e.g., samples were not 

collected in a fasting state in the morning) (Ferron et al., 1997) or whether menstrual cycle phase 

was controlled (Housova et al., 2005). Evidence suggests that blood leptin levels follow a diurnal 

pattern (Kalsbeek et al., 2001; Langendonk et al., 1998; Licinio et al., 1997) and are subtly 

influenced by food intake (Monteleone et al., 2003) and phase of the menstrual cycle (Ludwig, 

Klein, Diedrich, & Ortmann, 2000; Quinton et al., 1999). Thus, inconsistent collection of blood 

samples may contribute to within group variance and null findings. Finally, none of these studies 

assessed weight suppression in their BN participants.  Thus, differences across studies also may 

reflect differences in levels of weight suppression in BN samples. 

In summary, higher levels of weight suppression have been found to predict both the 

onset and maintenance of bulimic symptoms, and it is hypothesized that weight suppression may 

exert its effects, in part, through reducing leptin levels. Given that leptin is produced in 

proportion to fat mass, significant reduction of weight leading to high weight suppression may 

contribute to lower leptin levels found in several studies of BN. Lower leptin concentration in 
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BN may increase hunger and diminish satiation cues via its modulating effects on brain 

responses to gut-derived signals and, thus, contribute to binge eating. However, no published 

studies have examined whether weight suppression and leptin levels are associated in BN.  

Importantly, leptin also has been found to play a role in food hedonics, which may further 

explain the influence of lower leptin levels on propensity to binge in BN. 

1.3 Leptin and Food Reward 

Reduced leptin levels found in women with BN may contribute not only to abnormalities 

in satiation signals but also to increased reward or appetitive value of food, which may further 

increase vulnerability to binge-eating episodes. Leptin regulates hedonic or motivational aspects 

of eating by influencing the dopamine “reward” pathway. Specifically, leptin binds to receptors 

on dopamine neurons in the ventral tegmental area (VTA), which inhibits dopamine signaling to 

the nucleus accumbens (NAc) (Palmiter, 2007). Using double-labeling florescence 

immunohistochemistry or in situ hybridization, studies have demonstrated co-expression of 

leptin receptors within dopamine neurons in the VTA and substantia nigra (Figlewicz, Evans, 

Murphy, Hoen, & Baskin, 2003; Fulton et al., 2006; Hommel et al., 2006). Additionally, Krügel 

and colleagues (Krugel, Schraft, Kittner, Kiess, & Illes, 2003) found that central administration 

of leptin into the NAc led to decreased extracellular dopamine concentration in the NAc prior to 

feeding, suppressed dopamine release during feeding, and reduced food intake. Similarly, 

Hommel and colleagues (2006) found that leptin administration into the VTA caused a decrease 

in the frequency of cell firing and decreased food intake in rats. Importantly, leptin 

administration did not change general locomotor activity, suggesting that leptin’s influence on 

feeding behavior was not due to alterations in activity (Hommel et al., 2006).  
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Behavioral evidence from animal studies further indicates a role of leptin in motivational 

aspects of ingestive behavior. Motivation (“wanting”) or the reinforcing value of a particular 

stimulus is commonly measured in animal studies through an operant procedure known as 

progressive ratio (PR) schedule of reinforcement (Hodos, 1961). In this type of paradigm, 

animals work (e.g., press a lever) to obtain a reward, and the amount of work required to obtain 

the reward (e.g., number of lever presses) increases throughout the task. Ultimately, the 

requirement to obtain the reward is so great that the reward is no longer worth the effort needed, 

and the animal stops responding. The total number of responses for the final completed trial is 

referred to as the breakpoint and is used as a proxy for the reinforcing or rewarding value of the 

stimulus. Figlewicz and colleagues (Figlewicz, Bennett, Naleid, Davis, & Grimm, 2006) used 

this type of paradigm to specifically examine the influence of leptin on food reward in rats. The 

authors found that acute intraventricular leptin administration significantly decreased the number 

of lever presses for sucrose in 24-hour food deprived rats compared to baseline. Importantly, the 

number of lever presses for sucrose did not differ before and after an acute injection of artificial 

cerebrospinal fluid (CSF); however, lever presses after CSF injection were not directly compared 

to those after the leptin injection. Similarly, Sharma and colleagues (Sharma, Hryhorczuk, & 

Fulton, 2012) found that peripheral administration of leptin decreased the number of lever 

presses for food pellets compared to a vehicle injection in mice. Although these studies suggest a 

role of leptin in modulating the reinforcing value of food in both rats and mice, they cannot rule 

out that animals stopped lever pressing because leptin injections triggered satiation.  

To address the influence of leptin on reward value independently of its influence on 

satiation, studies have examined the influence of leptin on motivation for non-food rewards. For 

example, one study found that central administration of leptin significantly decreased lever 
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presses for heroin in 24-hour food deprived rats compared to a vehicle injection (Shalev, Yap, & 

Shaham, 2001). Furthermore, several studies have found that dietary restriction resulting in 

reduced body weight and presumably decreased leptin levels increases responses (reward 

behavior) for drugs (Campbell & Carroll, 2000; Carr, 2002; Carroll & Meisch, 1980; Oei, 1983) 

whereas increasing body weight and presumably leptin levels has the opposite effect on 

breakpoint for drug reinforcers (Davis et al., 2008; Wellman, Nation, & Davis, 2007). Finally, 

one study found that leptin administration into the VTA decreased responses for intracranial self-

stimulation (Bruijnzeel, Corrie, Rogers, & Yamada, 2011). Taken together, these studies support 

the influence of leptin on the reward system more broadly, and in turn, support its role in both 

homeostatic and hedonic regulation of eating.    

1.4 Examining the Reinforcing Efficacy of Food in Individuals with Eating Disorder 

Symptoms or Diagnoses 

Several studies have attempted to examine the reinforcing properties of food stimuli in 

humans using behavioral reinforcement paradigms that are similar to operant tasks used in 

animal studies (see Epstein, Leddy, Temple, & Faith, 2007 for review). However, only four of 

these studies have been conducted in individuals experiencing binge-eating episodes (Bulik & 

Brinded, 1994; Goldfield, Adamo, Rutherford, & Legg, 2008; Nasser, Evans, Geliebter, Pi-

Sunyer, & Foltin, 2008; Schebendach, Broft, Foltin, & Walsh, 2013) with only two focusing on 

individuals with BN (Bulik & Brinded, 1994; Schebendach et al., 2013). Importantly, many of 

these studies are limited by small sample sizes, have focused on overweight participants, or have 

used behavioral tasks that do not map on well to those used in animal studies, making it hard to 

compare findings across studies.  Furthermore, no studies have examined leptin in relation to 

reinforcing value of food in women with BN.  The following section reviews the methods and 
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findings of these four studies in order to review the literature on operant food reward tasks and 

binge eating and to establish the need to utilize specific behavioral tasks in larger samples of 

individuals with BN. 

Recently, Schebendach and colleagues (2013) completed the largest study to date 

examining food reinforcement in women with BN (n=10) compared to healthy control 

participants (n=10) who did not differ from the BN participants on age or BMI. In order to 

measure the reinforcing efficacy of food (a strawberry yogurt shake), participants completed a 

computerized PR task under two conditions: a “binge” day and “non-binge” day.  During the 

“binge” day, the participants were told to “work for the number of yogurt shake portions that you 

can binge on, or if you are someone who does not binge, we want you to work for the number of 

yogurt shake portions that you can overeat.” In contrast, during the “non-binge” day, participants 

were given instructions to “work for the number of yogurt shake portions that you can drink 

comfortably, without restricting or binging.” A picture of a pitcher filling with shake was 

displayed on a computer screen, and an actual pitcher filling with shake was next to the 

computer. These cues were presented to facilitate visualization of the amount of shake being 

earned.  Importantly, participants did not consume any yogurt shake during the task.  Instead, 

participants began the task at 2 p.m. and were given the amount of shake they had earned at 3 

p.m. and 30 minutes to consume that amount. The authors examined the effect of instructions 

(binge vs. non-binge) within each participant group and found that compared to the non-binge 

instructions, both BN and control groups completed significantly more trials, had higher 

breakpoints, and consumed more shake on the binge-instruction day. Results also indicated a 

significant interaction between instructions (binge vs. non-binge) and group (BN vs. control) on 

total work and breakpoint. Specifically, the women with BN worked harder and had a higher 
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mean breakpoint than the controls during the binge instructions; however, the groups performed 

similarly during the non-binge instructions. The authors did not report whether or not there was 

an overall main effect of group in analyses.  

Bulik and Brinded (1994) also examined food reinforcement in women with BN, but this 

study included a smaller sample size and more complicated task examining effects of short-term 

food deprivation (18 hours) on the reinforcing value of food in female smokers with (n=4) and 

without BN (n=6).  This study used a within and between subjects design to examine the effect 

of condition (deprivation vs. nondeprivation) on the reinforcing value of food versus money, 

representing the relative instead of absolute reinforcing value of food. Study sessions took place 

during consecutive days. On two days (one deprived and one nondeprived), participants could 

work for either food or money in a series of 8 games. Participants completed a computer game in 

which they picked apples from one of two reinforcer “orchards” - work in one orchard was 

rewarded with points that could be exchanged for food from a menu (e.g., 2 small cookies = 5 

points; 1 cup ice cream = 6 points), and another orchard was rewarded with points that could be 

exchanged for money (i.e., 5 points = 5 cents). Participants were allowed to switch back and 

forth between orchards throughout the game so that number of attempts and percentage of time 

in each orchard (pursuing each reinforcer) could be examined. Across the 8 games, the effort 

required to earn points remained constant in the money orchard (5 clicks = 5 points).  In contrast, 

the effort required to earn points increased on a PR schedule across the 8 games in the food 

orchard (in game 1, 5 clicks=5 points, in game 2, 6 clicks = 5 points. . . in game 8, 30 clicks = 5 

points). Reinforcers earned were distributed after every two game trials, and participants were to 

consume whatever food reward they earned and could not carry points over across games.  

However, participants could not immediately consume money they earned as money is a 
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secondary reinforcer. All participants completed all eight games; however, they could work for 

whichever reinforcer they desired.     

A key finding in Bulik and Brinded (1994) was that the effect of deprivation on 

reinforcing value of food differed between controls and BN participants following the first two 

games (when the effort required to earn food and money was relatively comparable).  In the food 

deprived state, controls devoted a higher percentage of their time (67.5%) to pursuing food 

compared to the nondeprived state (26.8%).  In contrast, BN participants spent a minority of their 

time pursuing food in either the deprived (26.9%) or nondeprived (44.8%) state, with some 

indication that they were more likely to work for food when fed than when deprived (Group X 

Condition interaction p=.04).  This same inversion of deprivation effect was observed for a 

separate set of trials examining the reinforcing value of cigarettes, using the same task but 

substituting 3 puffs of cigarettes for food as the alternative reinforcer.  Across all 8 games, 

control participants spent a higher proportion of time (43.6%) working for cigarettes in the 

deprived state (43.6%) compared to the nondeprived state (26.6%) whereas BN participants 

spent a higher proportion of time working for cigarettes in the nondeprived state (51.3%) than in 

the deprived state (34.3%) (Group X Condition interaction, p=.04).  These findings suggest that 

the rewarding value of both food and cigarettes was relatively increased in BN compared to 

controls when they were in the fed versus fasted state.  Importantly, several aspects of this study 

design complicate interpretations.  First, participants were not working towards a single 

reinforcer.  Instead, they were choosing to work between two reinforcers. If leptin levels 

influence reward responding centrally, then these effects would not be specific to just one form 

of reward, particularly as the money could have been spent on food (or cigarettes) after 

participants left the lab.  Moreover, there was some evidence that the BN participants consumed 
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more food in both the deprived and nondeprived conditions (296 and 336 kcal) compared to 

controls (282 and 210 kcal), again with the greatest differences observed in the nondeprived state 

(Cohen’s d=.50).  Given this effect size, it seems likely that the small sample precluded detection 

of significant differences based on diagnostic group.   

Like Bulik and Brinded (1994), Goldfield and colleagues (2008) examined the relative 

rather than absolute reinforcing value of food.  Unlike Bulik and Brinded (1994), Goldfield and 

colleagues (2008) only used food reinforcers (snack foods vs. fruits/vegetables) in their PR task.  

In addition, this study focused on the effects of stress on the reinforcing value of food in 

individuals with high or low levels of binge eating based on self-report measures. More 

specifically, this study examined the effects of both binge-eating status and level of stress 

reactivity on the relative reinforcing value of common binge foods in 37 female students 

(BMI>18.0 kg/m2) classified as either a binge eater or not based on clinical cut-off scores of the 

Binge Eating Scale (Gormally, Black, Daston, & Rardin, 1982). Participants completed the PR 

task at two time points, once after a stress manipulation and once after a control condition. For 

analyses, participants were divided into four groups based on binge status and change scores 

between the control and stress conditions on a self-report measure of anxiety.  High stress 

reactors were those who demonstrated the greatest change in anxiety in the stress compared to 

control condition; low stress reactors demonstrated the least change in anxiety across conditions.  

Thus, the four groups were: binge eaters/high stress reactors (n=10), binge eaters/low stress 

reactors (n=12), non-binge eaters/high stress reactors (n=9) and non-binge eaters/low stress 

reactors (n=6).  The authors hypothesized and found a significant 3-way interaction between 

stress reactivity, group, and condition such that among individuals characterized as high stress 

reactors, binge eaters performed a significantly greater amount of work for snack foods 
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compared to non-binge eaters only after the stress manipulation. No differences were found 

between binge eaters and non-binge eaters in the control (non-stress) condition or between binge 

eaters and non-binge eaters who were low stress reactors.  

Although the above study adds to the literature by examining the influence of stress 

reactivity on reward responding, it does not address whether individuals with BN show increased 

reward responding to food. This study also consisted of females from introductory psychology 

classes, and binge eating was defined by a cut-off score on a self-report measure, rather than 

specific diagnostic criteria. Finally, reward responding was measured through comparison of two 

types of food reinforcers rather than examining the overall reinforcing value of food in those 

who binged vs. those who do not. 

Finally, Nasser and colleagues (2008) examined food reinforcement under fasting and fed 

conditions in women diagnosed with binge eating disorder (BED) (n=6) and women without 

BED (n=12). BED diagnosis was determined by clinical interview using the eating disorder 

examination, and food reinforcement was measured through an operant behavioral task in which 

participants pressed computer keys to earn dollar points to be exchanged for food or non-food 

items. The task consisted of 10 trials with the number of responses needed to earn the money 

increasing after each trial independently for the food and nonfood reinforcers. Ten responses 

(mouse clicks) were needed to complete the first trial and progressed by 20 responses thereafter. 

All participants completed the food reinforcement task twice, once after consuming a 600 ml 

liquid meal product (600 kcal), and once after consuming 600 ml of non-caloric fruit-flavored 

water.  Although no differences in hunger ratings were found between the groups across either 

condition, there was a significant interaction for group X condition on breakpoint. The BED 

group had a higher breakpoint than the non-BED group after the caloric preload (liquid meal 
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product) but the groups did not differ on the food reinforcement task during the non-caloric 

preload condition.  Importantly, the non-BED group was composed of both lean and obese 

individuals (BMI=27.5+2.9 kg/m2) while the BED group was composed of only obese 

individuals (BMI=38.2+4.8 kg/m2). Post hoc analyses comparing only obese BED and obese 

non-BED participants showed similar results with the BED group having a higher breakpoint 

than the non-BED group after the caloric preload. Importantly, the majority of participants in this 

study was overweight and likely had high leptin levels or leptin insensitivity and low weight 

suppression. Thus, although this study examined reinforcing value of food in individuals with 

BED, findings may not generalize to BN participants with high weight suppression and/or low 

leptin levels.  

In all the studies described, the food reward was either delayed until the end of the task or 

was received in exchange for points after every two trials. As such, these tasks may represent a 

better proxy for the anticipation of reward rather than the reinforcing value of the reward itself. 

Food reinforcement directly after the completion of each trial not only more closely resembles 

animal model paradigms, but also allows reinforcing value to be measured directly by the 

orosensory properties of the reward rather than by associations between other stimuli (i.e., 

points, images, dollars) and the final reward.  Measuring reinforcing value of food during food 

consumption also more closely mirrors the nature of deficits observed during binge episodes in 

which the individual feels unable to stop eating during food consumption. In addition, imaging 

data in individuals at high risk for binge eating versus those at low risk for binge eating suggest 

different neural responses to food images in the fasted versus fed state (Coletta et al., 2009).  

When fasted, those at high risk for binge eating demonstrated less signaling in appetitive 

pathways compared to those at low risk.  In contrast, when fed, those at high risk demonstrated 
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increased activation in areas implicated in desire, expectation of reward, and goal-defined 

behavior compared to those at low risk (Coletta et al., 2009).  Thus, disruptions in BN may be 

most pronounced while individuals are eating, such that the rewarding value of food does not 

appropriately diminish.  This may explain why higher breakpoint for food reinforcers was more 

robust in binge-eating participants during fed conditions (Bulik & Brinded, 1994; Nasser et al., 

2008).  

To date, only one study conducted in humans has examined single-item food 

reinforcement after the completion of each trial rather than delaying consumption of the reward 

to the end of the task (Miras et al., 2012). However, this study focused on obese patients before 

and after gastric bypass surgery compared to normal-weight control participants, thus does not 

address changes in reinforcing value of food during food consumption and binge eating. The 

study consisted of two experiments, one in which the participants were working for a maximum 

of 20 chocolate candies and the other in which participants were working for a maximum of 20 

vegetable pieces including corn, baby peas and carrots. Breakpoint was used to measure 

reinforcing efficacy of candy and vegetables. There was no significant difference in breakpoint 

between the normal-weight and obese groups for chocolate candies or vegetables at baseline. 

However, there was a 50% decrease in the median breakpoint for chocolate candies, but not for 

vegetables, in the obese group after bariatric surgery (Miras et al., 2012). Although, by 

definition, these individuals would have high weight suppression and decreased leptin levels 

from baseline, they were morbidly obese at baseline and continued to be obese at follow-up 

(BMI=39.5+1.3 kg/m2) despite significant weight loss. Therefore, these participants do not 

resemble individuals with BN in terms of weight and their patterns may better reflect changes in 

leptin sensitivity or gut peptide signaling before and after weight loss. Thus, although this 
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paradigm appears most consistent with those used in animal studies, findings from this study 

may not generalize to understanding appetite regulation in other populations with different 

weight and eating styles. In summary, no study to date has used the immediate delivery of a 

reward paradigm to measure the absolute reinforcing value of food in relation to leptin levels and 

weight suppression in normal-weight individuals with BN.  

1.5 The Present Study 

The purpose of the current study was to use a translational approach to examine potential 

biological and behavioral mechanisms associated with binge eating in women with BN, 

including validation of a behavioral task to measure the reinforcing value of food. More 

specifically, this study aimed to 1) replicate findings of greater weight suppression and lower 

leptin levels in women with BN compared to healthy controls, 2) examine differences in 

reinforcing value of food in BN and controls using a direct rather than anticipatory reinforcement 

paradigm, and 3) examine associations among weight suppression, leptin levels, and reinforcing 

value of food.  In addition, this study sought to 4) explore associations between clinical 

characteristics and weight suppression, leptin levels, and reinforcing value of food, 5) explore 

possible mediators of associations between weight suppression and bulimic symptoms, and 6) 

examine group differences in mood and subjective states (e.g., hunger, fullness) before and after 

a PR computer task and explore associations between mood and subjective states and food 

reward.  
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CHAPTER TWO 

METHODS 

2.1 Participants 

Eighty-eight women with BN or women without a history of any eating disorder were 

recruited from Florida State University (FSU) and the surrounding community. Inclusion criteria 

for the BN group were: 1) female, 2) 18-45 years of age, 3) DSM-5 diagnosis of BN, 4) BMI 

between 18.5-26.5 kg/m2, 5) free of medications known to affect appetite and/or weight, and 6) 

at least moderate liking of chocolate (minimum rating of 6 on a Likert scale ranging from 1 not 

at all like to 10 extremely like). Inclusion criteria for the non-eating disorder control participants 

were identical to those for the BN group with the exception of not having a history of any eating 

disorder. Additionally, control women were excluded if they endorsed dieting in the past eight 

weeks to lose weight. Individuals with a medical condition that could influence appetite or 

weight were also excluded.  Finally, individuals allergic to any foods that precluded participation 

in study procedures were excluded. Seventeen individuals were determined to be ineligible at the 

first study visit and nine participants (12.7%; n=4 BN, n=5 controls) did not return for 

subsequent visits. Although 62 participants completed all study visits (n=32 BN, n=30 controls), 

we were unable to obtain computer task data on four participants due to instructions not being 

followed (n=2 BN participants) or technical problems with the task (n=1 BN and n=1 control 

participant). Additionally, we were unable to obtain blood samples from two BN and three 

control participants due to challenges finding a vein during venipuncture. Thus, 53 participants 

had complete data for all aspects of the study (n=27 BN, n=26 controls). There were no 

differences between participants who completed study procedures and those who dropped out on 

any demographic or clinical variables at baseline (ps>.2). The mean (SD) age of the sample was 
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21.4 (4.8) (range=18-40 years). Consistent with the age of the sample, the majority’s (87.1%) 

highest level of education was high school with 12.9% of the sample having a college degree. 

Approximately 16% of the sample identified as Hispanic, and the racial breakdown was as 

follows: 74.6% White, 11.1% African American/Black, 6.3% Asian, and 4.8% Mixed/Other.          

2.2 Procedure 

Interested participants contacted the lab and completed a confidential telephone interview 

with a trained research assistant to determine potential study eligibility. If the participant 

appeared eligible and was interested in the study, she was scheduled for study visit 1. 

Study Visit 1. The first study visit was used to determine eligibility for future visits and 

was scheduled to occur at a time that was mutually convenient for the participant and researcher. 

During this visit, participants went through the informed consent process, had their height and 

weight measured, were interviewed by a master’s level graduate student to determine presence of 

current and lifetime psychiatric diagnoses, and completed several self-report questionnaires on 

eating and other related psychopathology (described below). Participants were also given five 

M&Ms® and asked to rate how much they liked them, how much they wanted them, and how 

rewarding they found them using Visual Analogue Scales (VAS).  This visit lasted up to 1.5 

hours, and participants received $15 or one research credit for compensation. If participants were 

eligible for the study after this visit, then the next two visits were scheduled. In order to control 

for the potential influence of menstrual cycle phase on leptin levels (e.g., Ludwig, Klein, 

Diedrich, & Ortmann, 2000; Quinton et al., 1999), regularly cycling women (n=37) were 

scheduled during the follicular phase (5-10 days from menses onset).  

Study Visit 2. Participants came to the lab between 8:00-10:00am after an overnight fast 

(i.e., no food or beverages except water after midnight) and had one tube (7.5 mL) of blood 
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drawn, had their weight and body composition measured, and consumed a standardized research 

breakfast of a yogurt parfait and juice (approximately 300 kcal). Part way through the study, 

participants’ blood glucose levels were measured using ReliOn® Prime Blood Glucose 

Monitoring System to ensure participants followed instructions and did not consume food prior 

to the visit. Three BN participants had blood glucose levels of 113 mg/dL; however, the rest of 

the sample had levels within the fasting range indicated by the instruction manual (70-110 

mg/dL; ReliOn® Prime). Glucose levels were not associated with leptin (β=.18, p=.39, partial 

r=.18), and there were no differences in fasting blood glucose between the BN (n=14; 103.7+7.6 

mg/dL) and control (n=12; 104.0+4.9 mg/dL) groups (t[24]=0.11; p=.91, Cohen’s d=0.05). Thus, 

the three participants with slightly higher levels were retained in future analyses of leptin. After 

consuming the research breakfast, participants were told to abstain from eating or drinking 

anything except water and from engaging in any inappropriate compensatory behaviors until they 

returned to the lab between 12:00-2:00pm for study visit 3.  

Study Visit 3. Study visit 3 occurred in the afternoon, four hours after study visit 2. 

During this visit, participants completed mood ratings and VAS ratings of current subjective 

states (see measures), including the VAS items about M&Ms® used at study visit 1. Participants 

then completed a computerized PR task designed to measure the reinforcing value of food. 

Instructions for the task were played on a cassette tape to decrease likelihood of experimenter 

influence while reading task instructions. Specifically, the instructions stated:  

This computer task consists of 10 opportunities, or trials, to earn M&Ms® by repeatedly 

pressing the space bar. The number of presses needed to earn 10 M&Ms® will increase 

as you go through the trials. After you complete a trial, an image of M&Ms® will appear 

on the screen, and 10 M&Ms® will automatically be dispensed into the cup for you to 
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consume. After you complete a trial and consume the M&Ms®, you may continue 

working for more M&Ms® by continuing to tap on the space bar. You will have up to 45 

minutes to complete the computer task; however, you may stop at any time. There are no 

right or wrong answers and this is not a competition (see Appendix A for full 

instructions).  

The participant was left alone to complete the task and asked to notify the experimenter when 

she had completed all 10 trials or decided to stop.  Part way through the study, digital video 

monitoring of task performance was added to confirm that participants followed instructions. 

After the participant completed the study, the experimenter reviewed the recording, and the 

recording was deleted. Two BN participants did not follow instructions during the task, so their 

data were not used in analyses examining reinforcing value of food.  The total number of 

keyboard presses, trials completed, breakpoint, M&Ms® consumed, and duration of task were 

recorded. After the participant ended the task, she repeated the VAS and mood questionnaire. 

Overall, study visits 2 and 3 took approximately 15-30 minutes each to complete, and 

participants received $30 total or one research credit for compensation.   

2.3 Materials and Measures 

2.3.1 Weight Suppression  

Weight suppression was calculated as self-reported highest weight minus objectively 

measured current weight. For example, a 120 lb woman who reported that her highest weight 

was 140 lbs would have a weight suppression score of 20. This method for defining weight 

suppression has been used in previous studies (e.g., Herzog et al., 2010; Keel & Heatherton, 

2010; Lowe et al., 2011). Additionally, in support of the validity of self-reported highest weight, 
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one study found a strong correlation (r=0.85) between measured weight and recall of that 

measured weight approximately 20 years later (Tamakoshi et al., 2003). 

2.3.2 Leptin Levels  

Serum leptin levels were measured by collecting approximately 7.5 mL of whole blood 

(less than two teaspoons) after an overnight fast on study visit 2. Whole blood was collected into 

one red/gray top BD Vacutainer® tube, which contains a clot activator and gel for serum 

separation. After blood collection, the sample was placed in a tube rack for 30 minutes to allow 

the blood to clot. The sample was then centrifuged, and the serum was transferred to cryotubes in 

100μL aliquots and stored in a -80 degree C freezer until assayed. Leptin levels were determined 

by enzyme-linked immunosorbent assay using commercially available kits (Human Leptin 

ELISA kit, Linco/Millipore, St. Charles, MO). Intra-assay coefficient of variability (CV) was 

good (mean % CV=5.15+3.46). 

2.3.3 Food Reward  

The reinforcing value of food was measured using a modified version of a computer task 

developed by the Columbia Center for Eating Disorders (Klein et al., 2010; Schebendach et al., 

2013). During this task, participants pressed a keyboard button to earn M&M® chocolate candies 

(©Mars, Incorporated, Hackettstow, NJ). The task consisted of 10 trials, with the opportunity to 

earn 10 M&Ms® per trial.  As trials progressed, more keyboard presses were required to earn 10 

M&Ms® to establish the work participants were willing to complete to earn the reward. 

Consistent with the ratio used in previous studies (Klein et al., 2010; Schebendach et al., 2013), 

the number of key taps required for the first trial was 50 and increased by 200 keyboard presses 

during each subsequent trial (i.e., 250 presses for trial two, 450 for trial three, 650 for trial 

four…and 1850 for trial 10). As such, a participant needed to press the keyboard 9500 times 



    
 

 22 

across the 10 trials to earn the maximum number of M&Ms® (i.e., 100 M&Ms®).  After 

completion of each trial, 10 M&Ms® were dispensed from a candy dispenser next to the 

participant. The participant was instructed to consume all 10 M&Ms® before initiating the next 

trial. After consuming the reward, the participant decided to either stop the experiment or 

continue working for more M&Ms®. Consistent with previous studies, the breakpoint or number 

of key presses in the last completed trial was the main variable used to reflect the work 

participants were willing to complete for the reward, or the reinforcing value of the food.  

Of note, a sweet rather than salty food was chosen as the reinforcer based on research 

suggesting that the influence of leptin on food reward may be specific to sweet foods (Kawai et 

al., 2000; Niki et al., 2010). M&Ms® were chosen as the specific reward for several reasons: 1) 

this reward was used by Miras and colleagues (2012), 2) feasibility purposes, and 3) M&Ms® 

were among the most liked food items on food rankings of a non-random sample of adults 

(unpublished data). Miras and colleagues (2012) used a single M&M® for the reward as the 

main purpose of their study was to examine changes in taste perception. Given that the purpose 

of the current study was to examine reinforcing value of food more broadly, it was decided to 

include a greater number of M&Ms® per trial. Ten M&Ms® is approximately 42 kcal and one 

fifth of a serving of M&Ms®. Thus, if a participant worked for the maximum amount, this would 

be equivalent to approximately two servings of M&Ms® and 420 kcal. Given the number of 

calories, participants should have remained hungry during the beginning trials, and responses 

were unlikely to have diminished too quickly due to satiation; thus, discontinuation of the task 

(i.e., breakpoint) can be attributable to reward value of the food.   

The Power of Food Scale
SM (PFS; Lowe, et al., 2009) is a 15-item self-report 

questionnaire that measures appetitive drive for palatable foods. Specifically, the questionnaire 
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assesses the influence of food on both behavior and cognition at three levels of food proximity, 

including when food is available but not present (e.g., I find myself thinking about food even 

when I’m not physically hungry), when food is present but not tasted (e.g., If I see or smell food 

I like, I get a powerful urge to have some), and when food is tasted (e.g., When I eat delicious 

food, I focus a lot on how good it tastes). This questionnaire has demonstrated adequate internal 

consistency and test-retest reliability in previous studies (Cappelleri et al., 2009; Lowe et al., 

2009) as well as in the current study (α=.86-.95 across subscales).  

2.3.4 Percent Body Fat  

Percent body fat was used as a covariate in analyses of associations with leptin and 

measured using the foot-to-foot bioelectrical impedance analysis system (BIA), which resembles 

a bathroom scale (Tanita body-fat analyzer; Tanita Corporation of America, Inc, Arlington 

Heights, IL). This method is comparable to other methods used to measure body composition 

such as skinfold thickness, BMI-based formulas, and underwater weighing (e.g., Frisard, 

Greenway, & Delany, 2005; Jebb, Cole, Doman, Murgatroyd, & Prentice, 2000; Utter, Nieman, 

Ward, & Butterworth, 1999). Studies have found high correlations (r=.88-.94) between BIA and 

dual-energy X-ray absorpitometry (DXA) (Boneva-Asiova & Boyanov, 2008; Sun et al., 2005; 

Tyrrell et al., 2001), which is considered the gold standard assessment for body composition.  

However, DXA scans are more invasive and expensive and involve exposure to low levels of 

radiation. Due to these limitations, several  published studies have used BIA for measuring body 

fat in their samples successfully (e.g., Hunter et al., 2008; Jebb et al., 2000; Kotler et al., 2006; 

Ritchie, Miller, & Smiciklas-Wright, 2005). Thus, BIA represents an acceptable approach with 

increased safety and feasibility.  
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2.3.5 Psychiatric Diagnoses 

The Structured Clinical Interview for DSM-IV-TR Axis I Disorders (SCID-I; First, 

Spitzer, Gibbon, & Williams, 1995) is a semi-structured interview commonly used in research 

and clinical settings to assess psychiatric diagnoses. The mood, substance use, and eating 

disorder modules of the SCID-I were administered in the current study in order to assess 

eligibility criteria (e.g., to confirm current diagnosis of BN in the eating disorder group) and 

establish presence of mood and/or substance use disorders, which were used as covariates in 

analyses of food reward. The SCID-I questions were adjusted to evaluate DSM-5 diagnostic 

criteria (e.g., binging and purging frequency of once versus twice per week). Of note, the clinical 

interviewers for this study were trained on the SCID-I as well as the Eating Disorder 

Examination (EDE; Cooper, Cooper, & Fairburn, 1989), and follow-up questions from the EDE 

were used to confirm presence of binge-eating episodes and undue influence of weight or shape 

on self-evaluation. The SCID-I has demonstrated high test-retest and interrater reliability across 

samples (Lobbestael, Leurgans, & Arntz, 2011; Williams et al., 1992) and interrater reliability 

was excellent among clinical interviewers in the current study (Κ=1.00 for lifetime mood, eating, 

and substance use disorders).  

2.3.6 Eating Disorder Symptoms and Impairment 

The Eating Disorder Examination-Questionnaire (EDE-Q; Fairburn & Beglin, 1994) is a 

self-report questionnaire adapted from the EDE interview. This questionnaire assesses frequency 

of disordered eating behaviors over the previous 28 days including binge eating, purging, and 

excessive exercise. Additionally, the questionnaire assesses specific features of eating disorders 

that contribute to four subscales: Restraint, Eating Concern, Shape Concern, and Weight 

Concern. Studies examining the factor structure of the EDE-Q indicate that most of the shape 
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and weight concern items load onto one factor (Peterson et al., 2007), thus we chose to combine 

these two subscales in analyses. The EDE-Q has demonstrated good internal consistency and 

test-retest reliability in clinical and community samples (e.g., Luce & Crowther, 1999; Mond, 

Hay, Rodgers, Owen, & Beumont, 2004a, 2004b; Peterson et al., 2007; Sysko, Walsh, & 

Fairburn, 2005) as well as high correlations with the EDE interview (Sysko et al., 2005). 

Reliability in the current study was also good with alphas ranging from .91- .98 for the subscales 

and total score. 

The Loss of Control Over Eating Scale (LOC; Bodell, Forney, & Keel, in preparation) is 

a 14-item self-report questionnaire developed by our lab to measure the severity of loss of 

control over eating dimensionally. All items are scored on a 1 to 10 scale with greater scores 

indicating greater severity of loss of control. Thirteen items are included in the total score and 

one item specifically assesses the level of distress one has felt about loss of control eating 

episodes over the past three months. This measure demonstrated good internal consistency 

(α=.90) and convergent validity in a pilot sample of undergraduates (Bodell et al., in preparation) 

and demonstrated good internal consistency in the current sample (α=.95).  

The Three Factor Eating Questionnaire (TFEQ; Stunkard & Messick, 1985) is a 51-item 

self-report questionnaire that assesses three dimensions of eating behavior, Cognitive Restraint 

of Eating, Disinhibition, and Hunger. This measure has demonstrated construct validity (Laessle, 

Tuschl, Kotthaus, & Pirke, 1989) as well as good internal consistency and test-retest reliability in 

both clinical and non-clinical samples (Allison, Kalinsky, & Gorman, 1992; Bardone-Cone & 

Boyd, 2007; Cappelleri et al., 2009).  Supporting the relevance of this measure for specifically 

assessing binge eating, the Disinhibition and Hunger subscales have discriminated between 

individuals with BN and those with purging disorder, a syndrome that resembles BN except for 
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the absence of objectively large binge episodes (Keel, Haedt, & Edler, 2005; Smith & Crowther, 

2013). Internal consistency for all subscales in current study was good (α=.86-.94).  

The Body Shape Questionnaire (BSQ; Cooper, Taylor, Cooper, & Fairburn, 1987) is a 

34-item self-report questionnaire that measures feelings and attitudes about body shape and 

weight over the preceding four weeks. Items are scored using a Likert-type scale ranging from 0 

(never) to 6 (always) and include questions such as “have you felt excessively large and 

rounded” and “has worry about your shape made you feel you ought to exercise.” Higher scores 

indicate greater body image disturbances and/or dissatisfaction. This measure has demonstrated 

good concurrent, discriminant, and criterion validity as well as test-retest reliability in clinical 

and non-clinical samples (Cooper et al., 1987; Rosen, Jones, Ramirez, & Waxman, 1996). 

Internal consistency in the current study was excellent (α=.98). 

The Clinical Impairment Assessment (CIA; Bohn et al., 2008) is a 22-item self-report 

measure that evaluates interpersonal, occupational, and emotional domains of impairment 

attributable to the presence of an eating disorder (if any). This measure has demonstrated high 

internal consistency and construct and discriminat validity (Bohn et al., 2008) and was used in 

the current study to evaluate eating disorder impairment/severity.  Internal consistency for this 

measure was very good in the current study (α=.96). 

2.3.7 Subjective States  

Visual Analogue Scales (VAS) (100mm) were used to obtain subjective ratings for 

hunger, fullness, urge to binge, urge to vomit, sad, tense, anxious, preoccupation with weight, 

preoccupation with shape, satiation, like of M&Ms®, want of M&Ms®, and how rewarding the 

M&Ms® are before and after the PR computer task. Responses were indicated by placing a 

vertical line on a 100mm horizontal scale anchored from “not at all” to “extremely.” These scales 
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are advantageous for measuring momentary states given that they are easy, efficient, and 

inexpensive to use.  Additionally, VAS have shown good within-subject reliability and have 

been found to be correlated with cholecystokinin (CCK) response (Keel, Wolfe, Liddle, De 

Young, & Jimerson, 2007), predictive of meal initiation, amount of food consumed, and are 

sensitive to experimental manipulation (Stubbs et al., 2000). Furthermore, these scales have 

successfully distinguished between eating disorder and control participants in prior studies (e.g., 

Devlin et al., 1997; Keel et al., 2007; Pirke, Kellner, Friess, Krieg, & Fichter, 1994; Rolls et al., 

1992; Schebendach et al., 2013).  These scales were used in the current study to examine 

potential associations between subjective and mood states and participants’ willingness to work 

for M&Ms®.  

The Positive Affect-Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) 

is a 20-item self-report questionnaire that was used to assess current (state) positive and negative 

affect before and after participation in the computer task (study visit 3). Items are scored on a 

five-point scale ranging from 1 (very slightly or not at all) to 5 (extremely). Items on the positive 

affect scale include interested, excited, strong, enthusiastic, proud, alert, inspired, determined, 

attentive, and active. Items on the negative affect scale include distressed, upset, guilty, scared, 

hostile, irritable, ashamed, nervous, jittery, and afraid. This measure was used to explore 

associations between current mood and the reinforcing value of food. The trait version of this 

measure also was administered at study visit 1 to assess general positive and negative affect. 

Internal consistency in the current study was good (α=.84-.91). 

2.3.8 Other Psychopathology  

The Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996) is a 21-item 

self-report questionnaire widely used to assess the presence and severity of depressive 
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symptoms. Each item is scored on a four-point scale, with higher scores indicating greater 

severity of depressive symptoms. This measure has demonstrated convergent and discriminant 

validity and high internal consistency across studies (Dozois, Dobson, & Ahnberg, 1998; Steer & 

Clark, 1997; Whisman, Perez, & Ramel, 2000), including in the current study (α=.95).  

The State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, & Vagg, 1983) 

is 40-item questionnaire that assesses current anxiety (state) and a general tendency toward 

anxiety (trait). Twenty items are asked in the context of how the individual currently feels (state) 

and how she generally feels (trait). Each item is scored on a four-point scale ranging from 1 

(almost never) to 4 (almost always), with higher scores indicating greater feelings of anxiety. 

Evidence suggests construct validity and good internal consistency (Spielberger & Vagg, 1984). 

The STAI (trait) was used in the current study to examine trait anxiety. Internal consistency was 

good (α=.96). 

The UPPS Impulsive Behavior Scale (UPPS; Whiteside & Lynam, 2001). The UPPS is a 

45-item self-report questionnaire that assesses four aspects of impulsive behavior, including 

Urgency, (lack of) Premeditation, (lack of) Perseverance, and Sensation Seeking. Each item is 

scored on a four-point scale ranging from 1 (agree strongly) to 4 (disagree strongly). The 

Urgency subscale includes 12 items that measure the degree to which individuals act impulsively 

in the face of negative affect (e.g., I often make matters worse because I act without thinking 

when I am upset). The (lack of) premeditation subscale reflects difficulty with thinking about 

negative consequences before engaging in an action (e.g., I am not one of those people who blurt 

out things without thinking [reverse scored]). The (lack of) perseverance scale reflects an 

inability to remain focused especially on boring or difficult tasks (e.g., I tend to give up easily).  

The sensation seeking subscale measures the degree to which an individual tends to pursue and is 
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open to trying exciting or dangerous experiences (e.g., I generally seek new and exciting 

experiences and sensations). This measure has been used to examine associations between 

aspects of impulsive behavior and eating disorder symptoms in both clinical and nonclinical 

samples (Anestis, Selby, Fink, & Joiner, 2007; Anestis, Selby, & Joiner, 2007; Fischer, Smith, & 

Anderson, 2003) and evidence supports the convergent and discriminant validity and internal 

consistency of the subscales (Whiteside & Lynam, 2001), including in the current sample 

(α=.82-.93).   

The Drug Abuse Screening Test (DAST; Skinner, 1982) is a 28-item self-report 

questionnaire designed as a screening tool to measure problems associated with misuse of illicit 

substances. Each item is answered as “Yes” or “No” and includes statements such as “Have you 

ever had ‘blackouts’ and/or ‘flashbacks’ as a result of abusing drugs” and “Have you ever 

engaged in illegal activities to obtain drugs.” This measure has demonstrated high internal 

consistency, temporal stability, and concurrent and discriminant validity in previous studies 

(Skinner, 1982; Cocco & Carey, 1998, Yudko, Lozhkina, & Fouts, 2007). Internal consistency in 

the current study was good (α=.86). 

The Short Michigan Alcohol Screening Test (SMAST; Selzer, Vinokur, & van Rooijen, 

1975) is a 13-item questionnaire used as a screening tool to measure problematic alcohol use. 

Items include questions such as “Have you gotten into trouble at work/school because of your 

drinking” or “Have you ever neglected your obligations, you family, or your work for two days 

in a row because you were drinking.” Like the DAST, all item responses are yes/no with higher 

scores indicating greater problems with alcohol use. Internal consistency in the current study was 

good (α=.70). 
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2.4 Data Analytic Plan 

All analyses were conducted using SPSS version 19.0. To address the first hypothesis that 

individuals with BN would have greater weight suppression and lower leptin levels compared to 

control participants, two separate analyses of covariance (ANCOVA) were conducted with age 

entered as a covariate.  In the analysis examining group differences in leptin levels, percent body 

fat and assay also were included as covariates.  

To address the second hypothesis that individuals with BN would show greater 

reinforcing value of food compared to control participants, t-tests were conducted with 

breakpoint (i.e., number of key responses in last completed trial), total number of keyboard 

presses, number of M&Ms® consumed, and rate of keyboard tapping (number of keyboard 

presses per minute) entered as dependent variables. Total responses completed and number of 

key taps per minute were transformed using square root transformation to correct for violations 

of normality.   

Pearson’s correlation or regression analyses were conducted in the full and BN samples 

to address the third group of hypotheses. Specifically, it was predicted that weight suppression 

would be negatively associated with leptin levels and positively associated with reinforcing value 

of food, and that leptin levels would be negatively associated with reinforcing value of food. 

Regression analyses were used to examine associations with leptin with assay and percent body 

fat included as covariates.  

Next, we conducted correlation analyses to examine potential associations between 

clinical characteristics (e.g., frequency and size of binge episodes, dietary restraint, weight/shape 

concerns, depression, and anxiety) and weight suppression, leptin levels, and the reinforcing 

value of food. Additionally, ANCOVAs were conducted to explore whether individuals with BN 
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and controls differed on breakpoint while controlling for variables that may influence reward and 

motivated behaviors, including current comorbid depression and substance use disorders and 

perseverance.  Finally, we used bootstrapping procedures (Preacher & Hayes, 2008) to explore 

mediation models for associations between weight suppression and bulimic symptoms and 

severity. Bootstrapping involves the creation of a large number of samples by random sampling 

existing observations with replacement from the dataset. This approach has the advantage of 

having increased statistical power over traditional tests (MacKinnon, Lockwood, Hoffman, West, 

& Sheets, 2002; Shrout & Bolger, 2002).   

For the last exploratory aim, we examined group differences on self-reported mood and 

subjective states before and after the PR task using repeated measures ANOVA with pre/post 

task ratings entered as the within-subjects variable and group entered as the between-subjects 

variable. We also conducted correlation analyses to examine associations between self-reported 

mood and subjective states and reinforcing value of food in the full and BN samples with pre-

task mood and subjective ratings as the independent variables and reinforcing value of food (e.g., 

breakpoint, total responses) entered as dependent variables.  

2.4.1 Power Analyses 

Effect sizes for differences between BN and control participants on leptin levels have 

been large, with Cohen’s d ranging from 0.8 to 1.8 (Brewerton et al., 2000; Monteleone et al., 

2000; Monteleone et al., 2002). Additionally, Schebendach and colleagues (2013) found medium 

to large effect sizes (Cohen’s d range 0.5-0.6) for differences in the reinforcing value of food and 

grams consumed in BN compared to control participants in a PR task.  Thus, we conducted a 

priori power analyses based on large effects. The total sample size needed to detect large effects 

for differences between BN and control participants above 80% power was n=52 (G*Power 3.1; 
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www.psycho.uni-duesseldorf.de/aap/projects/gpower/) (Faul, Erdfelder, Buchner, & Lang, 

2009). Additionally, the total sample size needed to detect large effects of associations among 

weight suppression, leptin, and reinforcing value of food in women with BN above 80% power 

was n=22 (G*Power 3.1; www.psycho.uni-duesseldorf.de/aap/projects/gpower/) (Faul, et al., 

2009). Thus, this study aimed to include a total sample size of n=52 (n=26 BN, n=26 controls) to 

provide sufficient power to detect large effects for both between and within-group differences in 

analyses. 
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CHAPTER THREE 

RESULTS  

3.1 Sample Characteristics 

Demographic data for the BN and control participants appear in Table 1. There were no 

significant differences between the groups on age, current BMI, percent body fat, race, ethnicity, 

or highest education (ps>.2). As expected, individuals with BN had significantly greater lifetime 

highest BMIs (25.4+3.9 kg/m2) compared to the control participants (22.9+2.7 kg/m2) t(60)= -

2.86, Cohen’s d=0.75, p<.01. Additionally, individuals with BN had significantly higher scores 

than the control participants on all eating-related psychopathology including restraint, eating, 

shape, weight, and body image concerns, appetitive drive, and loss of control over eating (Table 

2). On average, individuals with BN had been ill for 4.9+4.1 years, experienced two binge-eating 

episodes per week and approximately six episodes of compensatory behaviors per week (i.e., 

self-induced vomiting, laxative use, fasting, or excessive exercise). Additionally, average binge-

episode size for the BN group was 2292+1059 kcal. Consistent with the literature on eating 

disorders and comorbidity (Hudson et al., 2007), individuals with BN also endorsed significantly 

greater depressive and anxiety symptom severity, increased negative urgency, and decreased 

perseverance and premeditation compared to individuals without an eating disorder (Table 3). In 

terms of comorbid disorders, three women with BN (9.4%) and no controls met criteria for a 

current major depressive episode.  Nineteen women with BN (59.4%) and two controls (6.7%) 

endorsed a history of major depression. The participants with BN were also more likely to have a 

history of alcohol and substance use disorders and suicidality compared to the control 

participants (Table 3). Finally, as expected, the women with BN had significantly poorer overall 
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functioning as measured by the GAF compared to controls (57.3+5.4 versus 90.2+5.0, 

t[60]=24.7, Cohen’s d=-6.32, p<.001).  

3.2 Group Differences in Weight Suppression and Leptin Levels 

Consistent with our hypotheses, individuals with BN had significantly greater weight 

suppression (mean[SE]=17.4[2.4] lbs) compared to control participants (5.5[2.4] lbs) (F[1, 

59]=12.27, p=.001, partial η2=0.17), despite no significant difference in height, current body 

weight, or current BMI. Contrary to our hypotheses, there were no significant differences 

between the BN (mean[SE]=6.39[.58]) and control (6.75[.61)]) groups on leptin levels (F[1, 

52]=0.19, p=.66, partial η 2=0.004), while controlling for age, assay, and percent body fat. 

Results were consistent when controlling for BMI instead of percent body fat (F[1, 52]=0.17, 

p=.68, partial η 2=0.003).    

3.3 Group Differences in Reinforcing Value of Food 

Group differences in performance on the PR task appear in Table 4. Individuals with BN 

worked harder for the food reinforcer as demonstrated by significantly higher breakpoint and 

total number of responses compared to the control participants. The range in number of trials 

completed was the same for the BN and control groups (1-10); however, the mean number of 

trials completed was significantly higher for women with BN (4.5+2.2) compared to the women 

without an eating disorder (3.2+1.9) (t[56]=2.39, p=.02, Cohen’s d=0.63). Thus, individuals with 

BN worked for and consumed approximately 45 M&Ms® during the task (189 kcal) whereas the 

controls worked for and consumed approximately 32 M&Ms® (134 kcal).   

3.4 Associations among Weight Suppression, Leptin Levels and Reinforcing Value of Food 

As hypothesized, higher weight suppression was significantly associated with decreased 

leptin levels in the full sample (β=-.29, t=-2.48, p=.02, partial r=-.32). Additionally, there was a 
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trend toward an association between higher weight suppression and decreased leptin levels 

within the BN group (β=-.32, t=-2.00, p<.06, partial r=-.36). Similarly, there was a significant 

association between weight suppression and reinforcing value of food in the full sample such that 

higher weight suppression was correlated with increased breakpoint (r=.34, p<.01) and total 

responses (r=.34, p<.01) (Table 5). We observed a similar, moderate effect size for associations 

between weight suppression and breakpoint (r=.35, p=.06) and total responses (r=.36, p<.06) in 

the BN group; however, there was insufficient power to detect statistical significance for the 

moderate effect size. Contrary to the hypothesized relationship between leptin levels and the 

reinforcing value of food, leptin levels were not significantly associated with any measure of 

food reward including breakpoint, total responses, rate of keyboard tapping, or self-report of 

appetitive drive in the full or BN samples. Thus, leptin levels do not explain the association 

between weight suppression and reinforcing value of food in the current sample. 

3.5 Associations between Clinical Characteristics and Weight Suppression, Reinforcing 

Value of Food, and Leptin Levels 

Correlations between clinical characteristics and weight suppression, PR task 

performance, and leptin levels in the full and BN samples appear in Table 6. In the full sample, 

both weight suppression and PR task performance were associated with increased 

psychopathology including greater severity of eating disorder symptoms, eating disorder-related 

distress and impairment, duration of illness, depression, anxiety, impulsivity, and poorer overall 

functioning (Table 6). Within the BN group, higher weight suppression was significantly 

associated with greater loss of control eating severity, higher weekly frequency of compensatory 

behaviors, larger binge episode size, and longer duration of illness.  Furthermore, the relationship 

between weight suppression and binge size remained significant while controlling for BMI 
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(β=.44, t=2.63, p=.01, partial r=.44). Within the BN sample, depression was the only significant 

correlate of PR task performance with greater severity of depressive symptoms associated with 

higher breakpoint and total responses (rs=.39, ps<.04). Leptin levels were not associated with 

any clinical characteristics in the full sample and were only associated with overall functioning 

in the BN sample such that lower leptin was associated with poorer functioning (r=.38, p<.05).  

The difference between BN and control groups on breakpoint remained significant after 

controlling for current comorbid depression and substance use disorders (F[1, 55]=5.57, p=.02, 

partial η 2=0.09), but not when (lack of) perseverance was added as an additional covariate F(1, 

54)=2.57, p=.12, partial η 2=0.04. Of note, the significant association found between 

perseverance and breakpoint in the full sample was in the opposite direction of that expected 

with lower perseverance associated with higher breakpoint. This finding likely reflects the lower 

perseverance (i.e., greater impulsivity) and higher breakpoint found in the BN group.  

3.6 Examination of Potential Mediating Factors for Association between Weight 

Suppression and Bulimic Symptom Features 

Our original hypothesis was that we would find an association between weight 

suppression and reinforcing value of food due to the influence of weight suppression on leptin 

and influence of leptin on breakpoint.  However, leptin was not significantly associated with 

breakpoint or any other measure of reinforcing value of food.  Therefore, leptin cannot serve as a 

mediator and was not examined further. 

Based on the significant correlations found in the current study, we explored whether 

associations between weight suppression and eating disorder-related impairment, duration of 

illness, and binge episode size were mediated by increased reinforcing value of food in the full 

sample.  SPSS macros for bootstrapping mediation effects (Preacher & Hayes, 2008) were used 
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to test these models using 1,000 bootstrapping samples and bias corrected 95% confidence 

intervals (BCCI). Path estimates for the model of weight suppression predicting duration of 

illness derived from the bootstrap distribution are reported in Figure 1. Although direct paths 

from weight suppression (IV) to breakpoint (M) and duration of illness (DV) were statistically 

significant, the pathway from breakpoint to duration of illness was not. Furthermore, the BCCI 

contained zero (-0.002 to 0.06), indicating that task performance does not mediate the association 

between weight suppression and duration of illness. Similar results were found when examining 

eating disorder distress/impairment (BCCI=-0.002 to 0.22) and binge episode size (BCCI= -1.72 

to 12.46) as dependent variables.   

3.7 Group Differences in Mood and Subjective States and Associations between these States 

and the Reinforcing Value of Food 

Table 7 includes mean ratings for mood and subjective states in the BN and control 

groups. Prior to the PR task, individuals with BN reported increased desire to binge, desire to 

vomit, preoccupation with weight and shape, sadness, tension, anxiety, negative affect and 

decreased hunger and positive affect compared to the controls. There were no significant group 

differences in “liking,” “wanting,” or “reward” of M&Ms®. “Wanting” and “reward” 

significantly decreased across participants pre to post task, despite no significant change in 

“liking” ratings from pre to post task (70.8+20.1 vs. 63.6+27.6, t[54]=1.86, p=.07). Additionally, 

there was no group by time interaction on “wanting” or “reward” of M&Ms®, indicating that 

both groups achieved the same decline in wanting and reward and followed task instructions.  In 

the full sample, greater “wanting” and “reward” of M&Ms®, preoccupation with shape and 

weight, tension, anxiety, and negative affect were associated with higher breakpoints and total 

responses (r=.28-.37, ps<.05) (Table 8). In the BN sample, increased “wanting” significantly 
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predicted higher breakpoint and total responses (rs=.42-.44, ps<.05).  Additionally, there were 

similar effect sizes in the BN group as in the full sample for associations between tension and 

negative affect and reinforcing value (rs=.24-.32); however, we did not have adequate power to 

detect statistical significance for these small to medium effects in the sample of BN participants 

(Table 8).  

3.8 Associations between Clinical Characteristics and Loss of Control over Eating Severity 

Although not directly related to the main or exploratory aims, the current study included 

a measure of loss of control (LOC) over eating developed by our lab to provide a continuous 

measure of this dimensional construct that has demonstrated considerable clinical significance 

(e.g., Colles, Dizon, & O’Brien, 2008; Forney, Haedt-Matt, & Keel, 2014; Shomaker et al., 

2010). As previously mentioned, this measure consisted of 13 items measuring LOC severity and 

one item measuring distress over LOC eating episodes. Both LOC severity and distress were 

significantly higher in the BN compared to the control group (t[47.6]=-16.23, p<.001). 

Additionally, the LOC measure was significantly associated with higher eating, shape, and 

weight concerns, greater disinhibition, negative urgency, and trait negative affect within the BN 

group (Table 9).  
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CHAPTER FOUR 

DISCUSSION 

The purpose of the current study was to better understand mechanisms driving the 

influence of weight suppression on the maintenance of bulimic symptoms. Specifically, we 

aimed to test a model in which higher weight suppression contributes to decreased leptin levels, 

which, in turn, contribute to greater reinforcing value of food and subsequent binge eating. We 

examined differences between women with BN and non-eating disorder controls on weight 

suppression, leptin levels, and reinforcing value of food as well as associations among these 

variables and momentary ratings of subjective states and clinical characteristics. Consistent with 

our hypotheses and prior research, we found that women with BN were significantly more 

weight suppressed and had greater reinforcing value of food compared to the control women. 

Furthermore, higher levels of weight suppression were associated with lower leptin levels and 

higher breakpoint. Contrary to hypotheses, we did not find group differences in leptin, and leptin 

was not associated with the reinforcing value of food or with any other variable of interest in the 

study aside from weight suppression.  

Our finding that individuals with BN exhibited greater weight suppression compared to 

controls replicates findings from previous studies (e.g., Butryn et al., 2006; Davis et al., 2013; 

Keel & Heatherton, 2010). In addition, we found that higher weight suppression was associated 

with greater binge size, which suggests that decreasing one’s body weight potentially below a 

previous set point may increase propensity to overeat. Additionally, we found a significant 

positive association between weight suppression and duration of illness, which is consistent with 

literature on the potential influence of weight suppression on the maintenance of bulimic 

symptoms (Butryn et al., 2006; Butryn et al, 2011; Keel & Heatherton, 2010; Lowe et al., 2011), 



    
 

 40 

and supports that weight suppression may be a key factor for better understanding why BN 

follows a chronic course for some individuals.  

Consistent with Schebendach and colleagues (2013), we found that individuals with BN 

had a higher breakpoint and total number of responses than controls on the PR task for M&Ms®.  

This finding supports that individuals with BN find a palatable food more reinforcing than 

controls, which may contribute to overeating. However, breakpoint was not significantly 

associated with binge-eating frequency or binge size within the BN group. In contrast, higher 

breakpoint was marginally associated with longer duration of illness, suggesting that a greater 

reinforcing value of palatable food may indirectly contribute to eating disorder maintenance.  

It is interesting to note that group differences in breakpoint were not significant after 

controlling for (lack of) perseverance. However, lower trait perseverance was associated with 

greater perseverance on the task, which is in the opposite direction of that expected and may 

reflect a type I error. Alternatively, this finding may suggest that individuals with BN exhibit 

lower perseverance (i.e., greater impulsivity), and thus, decreased ability to persevere in their 

efforts to demonstrate dietary restraint.  

The association between greater weight suppression and higher breakpoint suggests that 

currently being at a lower weight than in the past may increase “wanting” of palatable foods. 

This association may help explain, in part, why individuals who have lost weight often find it 

hard to maintain weight loss (Elfhag & Rossner, 2005), and in turn, may help inform treatments 

for BN and obesity. For individuals with BN, this information may be used to educate patients on 

how weight suppression may actually contribute to increased appetitive drive. Additionally, in 

patients with high weight suppression, it may be particularly important to address fear of weight 

gain during treatment, as gaining some weight and reducing the level of weight suppression may 
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lead to reductions in food reward and decreased bulimic symptoms. In terms of obesity, it may 

be necessary to target the reinforcing value of palatable foods during weight loss treatments in 

order to increase success of weight loss maintenance and decrease health problems associated 

with obesity. 

The lack of a significant difference in leptin levels between the BN and control groups is 

somewhat surprising, given several studies have found lower leptin in individuals with BN 

(Brewerton et al., 2000; Jimerson et al., 2000; Jimerson et al., 2010; Monteleone et al., 2002; 

Monteleone, Bortolotti et al., 2000; Monteleone, Di Lieto et al., 2000).  Leptin levels in our BN 

sample (mean[SE]=6.39[.58] ng/mL) appear similar to those found in other studies (range 2.2-10 

ng/mL; Brewerton et al., 2000; Jimerson et al., 2000; Jimerson et al., 2010; Monteleone, et al., 

2002; Monteleone, Bortolotti et al., 2000; Monteleone, Di Lieto, et al., 2000); however, control 

participants in our sample exhibited relatively low leptin levels compared to other control 

samples in the literature. Leptin concentrations of control participants observed in previous 

studies have generally ranged from 10 to 15 ng/mL (Gendall, Kaye, Altemus, McConaha, & La 

Via, 1999; Jimerson et al., 2000; Jimerson et al., 2010; Monteleone, et al., 2002; Monteleone, 

Bortolotti et al., 2000; Monteleone, Di Lieto et al., 2000) whereas control participants in the 

current study had a mean leptin value of 6.75+.61 ng/mL. These low leptin levels in our control 

group may reflect the relatively young age of the sample (21.6 years), given individuals’ weights 

and presumably leptin levels are likely to increase over time (Keel et al., 2007). However, age 

was not significantly associated with leptin levels in the current study (β=.14, p=.49), and mean 

age of control samples in previous studies finding group differences has ranged from 22.2-25.4 

years. Furthermore, control participants in the current study were excluded if they were 

attempting to diet to lose weight but were not excluded for attempting to maintain weight 
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through diet and exercise or for the presence of comorbid disorders. This recruitment strategy 

may have led to some biases in our sample (e.g., increased exercise frequency); however, the 

former criterion is not dissimilar to that used in other studies which have supported lower leptin 

in BN compared to control participants (e.g., Jimerson et al., 2000; Jimerson et al., 2010).  

An alternative explanation for our null leptin result is that differences between BN and 

control participants from prior studies may reflect differences in percentage of body fat not 

captured by controlling for BMI.  It is well established that leptin is produced in proportion to 

body fat mass. Although most studies have controlled for BMI, few have examined or controlled 

for percent body fat. Indeed, of the studies that have included body fat as a covariate (n=4), only 

one has found group differences in leptin levels (Jimerson et al., 2000). In the current study, 

control and BN participants did not differ significantly on percentage of body fat, which may 

account for the lack of significant difference in leptin levels.  

Another potential difference between the current study and others that found significant 

group differences in leptin is inclusion of individuals taking hormonal contraceptives in the 

current study.  To our knowledge, only one previous study has permitted hormonal 

contraceptives; however, the authors did find significant group differences in leptin levels 

between BN and control participants (Jimerson et al., 2010). Furthermore, we did not find 

significant differences in hormonal contraceptive use between BN and control participants 

(χ2=1.12, p=.29) or differences in leptin levels between individuals using (6.4+.6 ng/mL) versus 

not using (6.7+.6 ng/mL) hormonal contraceptives (F[1, 53]=0.18, p=.67, partial η2=0.003).  

Finally, leptin differences in prior studies may reflect the requirement that BN 

participants purge.  The current study used DSM-5 criteria for our BN group, which does not 

distinguish between purging and non-purging subtypes and only requires presence of one episode 
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of binge eating and compensatory behaviors per week as compared to two episodes per week in 

prior definitions (e.g., DSM-IV or DSM-III-R). Indeed, all published studies of leptin in BN 

have examined BN purging subtype, and in the current study, there was a trend toward BN 

participants who purged (n=15) to have lower leptin levels compared to those who used other 

forms of compensatory behaviors (i.e., fasting and excessive exercise) (n=15) (5.5+.8 vs. 7.6+.8 

ng/mL) (F[1, 26]=3.39, p<.08, partial η2=0.12). Furthermore, the average weekly frequency of 

binge eating (2.3+1.6) appears less than in other studies (range 4-14 episodes/week). Given 

associations between lower leptin and greater frequency of bulimic symptoms in prior studies 

(Jimerson et al., 2000; Monteleone et al., 2002), it is possible that the women with BN in our 

sample were less severe than those in other samples, which may also account for our null 

finding. If this were the case, we would have expected to find associations between frequency of 

binge episodes and lower leptin levels in the current sample. Importantly, however, there was a 

restricted range in weekly frequency of binge-eating episodes (1-8), which may account for the 

non-significant association between leptin and binge frequency. Of the differences between the 

current study and studies finding significant group differences in leptin, lower leptin found in our 

control group, inclusion of individuals with non-purging compensatory behaviors, and a less 

severe sample of individuals with BN seem to be the most plausible explanations for the current 

null finding.  

Despite significant associations found between weight suppression and leptin and 

between weight suppression and reinforcing value of food, we did not find an association 

between leptin and reinforcing value of food, suggesting that another mechanism may be driving 

the weight suppression/food reward association. Importantly, given the cross-sectional nature of 

the current study, we were only able to examine absolute leptin levels across participants. In 



    
 

 44 

contrast, animal studies, which can infer that changes in leptin levels cause changes in behavior, 

have demonstrated robust associations between leptin and food reward (e.g., Figlewicz et al. 

2006). Thus, it is possible that greater decreases in leptin levels (what could be termed “leptin 

suppression”) drive associations between weight suppression and food reward. Given that 

individuals with BN had significantly greater lifetime highest BMIs compared to controls, it is 

likely that they also had higher leptin levels previously. As individuals lost weight, their leptin 

levels would decrease, signaling the body to increase food intake in order to maintain 

homeostasis (Coll et al., 2007). Thus, although current leptin levels in the BN group did not 

differ from those in controls, the function of a relatively lower leptin level on drive to eat may be 

very different. Future studies should test this hypothesis using a longitudinal design to determine 

whether the relative concentration of leptin in one’s body drives associations between weight 

suppression and reinforcing value of food and contributes to bulimic symptom severity and 

maintenance.   

In addition, other feeding related hormones may drive associations between weight 

suppression and the reinforcing value of food. In particular, ghrelin is an orexigenic hormone 

that has been found to be increased in individuals with anorexia nervosa and BN compared to 

healthy control subjects (Kojima et al., 2005; Misra et al., 2004; Tanaka et al., 2002; Tanaka et 

al., 2003). Supporting its potential role in driving associations between weight suppression and 

food reward, studies have found an increase in ghrelin concentration after diet-induced weight 

loss (Cummings et al., 2002) and have found that administration of ghrelin into the VTA 

increases a rodent’s lever pressing/willingness to work for palatable food (Perello et al., 2010; 

Skibicka, Hansson, Egecioglu, & Dickson, 2012). Glucagon-like peptide-1 (GLP-1) is a meal-

related satiation hormone secreted in response to nutrients in the small intestine and has been 
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found to influence the reward pathway and decrease motivation to consume palatable foods 

(Alhadeff, Rupprecht, & Hayes, 2012; Dickson et al., 2012). Additionally, indirect evidence 

supports the possible influence of weight suppression on GLP-1 functioning (Anni & Brubaker, 

2003; Goldstone et al., 1997; Goldstone et al., 2000). Thus, future studies should examine 

whether ghrelin or GLP-1 influence associations between weight suppression and the reinforcing 

value of food in BN. 

Exploratory findings that increased tension, anxiety, and negative affect predicted higher 

breakpoint add to the growing literature implicating negative affect in contributing to binge 

episodes in BN. Indeed, a recent meta-analysis of 36 ecological momentary assessment (EMA) 

studies found that negative affect increased just prior to binge-eating episodes (Haedt-Matt & 

Keel, 2011). Schebendach and colleagues (2013) found that increased depression as measured by 

the Profile of Mood Scale (POMS; McNair, Lorr, & Dropplemen, 1971) was associated with 

higher breakpoint in the BN group.  Bohon and Stice (2012) posited that negative affect might 

increase reward sensitivity to food cues in women with BN and represent one potential 

mechanism of binge eating in response to negative affect. Findings from the current study 

support Bohon and Stice’s (2012) model by providing a direct behavioral measure of the 

reinforcing value of palatable food, which was significantly positively correlated with negative 

affect. Finally, depression was the only significant correlate of breakpoint and total responses in 

the BN group, with greater severity of depressive symptoms associated with higher breakpoint 

and responses. Consistent with addiction models of binge eating (e.g., Wang et al., 2001), it is 

possible that for some individuals, depressive symptoms drive increased motivation to consume 

palatable foods as a way to cope with these negative feelings.  
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Finally, preliminary data using our new measure of LOC over eating support potential 

utility of this measure in future studies of BN and binge eating. Indeed, a “sense of lack of 

control” is a defining feature of a binge-eating episode; however, assessment of this construct in 

prior studies has been limited to its presence/absence or the combined frequency of objective and 

subjective (i.e., experiencing loss of control while consuming normal amounts of food) binge 

episodes. Results from the current study support numerous associations between our new 

measure of LOC and other eating-related self-report measures. These findings are consistent with 

previous research demonstrating the clinical significance of loss of control eating (Colles et al., 

2008; Forney et al., 2014; Shomaker et al., 2010) and suggest that severity of LOC may be 

related to a broader construct of emotion dysregulation.  

Overall, the current study had several strengths to acknowledge.  First, we used measures 

with good psychometric properties, including a semi-structured clinical interview to confirm 

eating disorder diagnoses and assess for current and lifetime mood and substance use disorders. 

We followed rigorous procedures for leptin analyses including monitoring blood glucose levels 

to confirm participants were fasted, controlling for menstrual cycle phase, and measuring percent 

body fat. Additionally, we developed a novel task modeled off of those used in animal studies to 

directly measure the reinforcing value of food during food consumption, which more closely 

resembles the nature of binge-eating episodes in BN and increases translational value of findings. 

Furthermore, the M&M® dispenser was automated so participants only had access to the candy 

when they completed the required number of responses. We also played the task instructions on 

an audio recorder to minimize experimenter influence and monitored performance during the 

task, which enabled us to confirm compliance with task instructions. Given that video recording 

was added part way through the study, we were able to examine potential reactivity to being 
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observed. Importantly, we did not find significant differences in task performance between those 

who were (n=31) or were not monitored (n=27) (F[1, 54]=1.24, p=.27, partial η2=.02) or an 

interaction between group and being monitored (F[1, 54]=0.02, p=.88, partial η2<.001)1, 

suggesting that this observation did not influence participants’ behavior. Finally, this study was 

the largest to date to examine the reinforcing value of food in individuals with BN.  

Despite these strengths, the current study also had important limitations that warrant 

attention. Although this was the largest study to date, the sample size was too small to detect 

small to medium effect sizes, including those in meditation analyses. Additionally, we cannot 

rule out the possibility that responses were influenced by expectations of how participants 

thought they should perform. In order to try to decrease these expectations, the instructions 

indicated that there were no right or wrong answers.  Because participants were run individually 

and could not know how others responded to the task, their only guide for how hard to work for 

the M&Ms® should have been the extent to which they still wanted M&Ms®. Similar to other 

PR studies in the literature, the current study was cross-sectional, so we were unable to make 

temporal inferences regarding the direction of associations between weight suppression and 

breakpoint or between any other variables. This limitation is particularly important given the 

proposed model posits specific temporal associations among weight suppression, leptin levels, 

and reinforcing value of food.  That said, the absence of a cross-sectional association between 

leptin levels and reinforcing value of food indicates the importance of examining other possible 

mediators for associations between weight suppression and food reward.  Additionally, a 

longitudinal design would permit examination of leptin suppression (vs. absolute leptin levels), 

which may be more relevant to understanding whether or not leptin plays a role in food reward in 

                                                           
1 There was no difference in the number of BN versus control participants who were monitored 
during the PR task.  
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BN.  Although we did measure percent body fat, we were unable to use DXA, the gold standard 

assessment, due to feasibility.  Finally, weight suppression was calculated by self-reported 

highest weight, which is consistent with previous studies (e.g., Herzog et al., 2010; Keel & 

Heatherton, 2010; Lowe et al., 2011), but includes limitations inherent in self-report measures.   

Given limitations of the current study, future studies should use longitudinal designs and 

examine other hormones (e.g., ghrelin and GLP-1) to better understand factors driving 

associations between weight suppression and bulimic syndromes. Additionally, it would be 

important to replicate and further investigate findings of negative affect predicting increased 

reinforcing value of food, especially using experimental designs. Ghrelin has been shown to 

increase in response to stress and presumably negative affect (Asakawa et al., 2001; Chuang et 

al., 2011; Kristenssson et al., 2006), providing additional support for its potential role in 

associations between weight suppression and reinforcing value of food. Thus, future studies 

could examine associations among increased negative affect, increased ghrelin response, and 

food reward to better understand the relationship between negative affect and binge eating. 

Finally, future studies are necessary to further develop and validate the PR task used in the 

current study. During binge episodes, individuals with BN are unable to stop eating once they 

have started, so it may be important to examine whether physiological state (e.g., fasted vs. fed) 

moderates group differences in food reward. This type of study would also benefit from 

inclusion of biological correlates to better understand factors driving binge eating and increased 

reinforcing value of food in BN.  

In summary, results from the current study support aspects of our novel biobehavioral 

model of weight suppression and BN and add to the growing literature on the role of weight 

suppression in bulimic syndrome severity. In particular, weight suppression may contribute to 
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increased rewarding value of palatable food in BN and subsequent bulimic symptoms; however, 

the mechanisms of these associations remain unknown. Findings from the current study support 

future longitudinal investigations of weight suppression in BN and examination of other possible 

mediators for associations between weight suppression and food reward. Future studies 

examining the reinforcing value of food in BN and potential biological or neurological correlates 

could provide critical information on the extent and nature of reward deficits in BN and how 

these factors may contribute to illness maintenance. Overall, improved understanding of factors 

maintaining bulimic symptoms is crucial to inform and refine treatments and reduce suffering 

from this often chronic and deadly disorder.  
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Table 1 
 

Demographic Data for Bulimia Nervosa and Control Participants 

 

 Full Sample 

(n=62) 

BN 

(n=32) 

Controls 

(n=30) 

   

Variable Mean SD Mean SD Mean SD t df p 

Age 21.39 4.83 21.22 4.24 21.57 5.46      0.28 60 .78 
BMI (kg/m2) 22.29 2.00 22.47 1.79 22.09 2.22     -0.75 60 .45 
Highest BMI 24.20 3.55 25.38 3.91 22.94 2.65     -2.86 60 .006 
Percent Body Fat 26.35 5.62 26.71 4.90 25.98 6.37     -0.51 60 .62 
WS (lbs) 11.68 15.70 17.23 19.82 5.75 5.32     -3.07 35.73* .003 

 n (%) n (%) n (%) Chi-Square df p 
 

      

Ethnicity      0.27 1 .60 

      Hispanic 10 (16.1%) 6 (18.8%) 4 (13.3%)  

      Non-Hispanic 52 (83.9%) 26 (81.2%) 26 (86.7%)  
Race      3.17 4 .53 
      Asian 4 (6.5%) 2 (6.3%) 2 (6.7%)  

      Black 7 (11.3%) 4 (12.5%) 3 (10%)  

      White 46 (74.2%) 22 (68.8%) 24 (80%)  

      Mixed/Other 5 (8.1%) 4 (12.5%) 1 (3.3%)  
Highest Education      3.27 2 .20 
      High School  54 (87.1%) 30 (93.7%) 24 (80%)    
      College 6 (9.7%) 2 (6.3%) 4 (13.3%)    
      Graduate  2 (3.2%) 0 (0%) 2 (6.7%)    
 
 

 

Notes: BN=bulimia nervosa; BMI=body mass index; WS=weight suppression; *Degrees of freedom for tests when equal variance not assumed 
due to violation of assumption.
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Table 2 
 

Group Differences in Eating Disorder Psychopathology 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: BN=bulimia nervosa; BSQ=Body Shape Questionnaire; CIA=Clinical Impairment Assessment; EDE-Q=Eating Disorder Examination 
Questionnaire; OBEs=Objective binge episodes; TFEQ=Three Factor Eating Questionnaire; * Degrees of freedom for tests when equal variance 
not assumed due to violation of assumption. 

 BN 

(n=32) 

 Controls 

(n=30) 

    

Variable Mean SD  Mean SD  t df p 

EDE-Q 3.98 0.95  0.53 0.46  -18.43 45.2* <.001 
     Restraint 3.80 1.29  0.43 0.77  -12.62 51.1* <.001 
     Eating Concerns 2.79 1.21  0.06 0.13  -12.65 31.8* <.001 
     Shape and Weight Concerns 4.36 0.96  0.68 0.62  -17.80 53.6* <.001 
TFEQ          
     Restraint 15.30 4.36  4.91 4.14  -9.60 60 <.001 
     Hunger  8.95 3.24  3.73 2.32  -7.25 60 <.001 
     Disinhibition 12.16 1.93  2.91 1.51  -20.90 60 <.001 
Power of Food Scale 54.00 11.45  30.20 8.76  -9.23 57.7* <.001 
     Food Available 3.52 0.85  1.52 0.54  -11.11 52.6* <.001 
     Food Present  3.93 0.97  2.51 0.83  -6.19 61 <.001 
     Food Tasted 3.46 0.93  2.21 0.78  -5.71 61 <.001 
Loss of Control Scale          
     Severity 89.39 16.48  27.96 11.17  -16.23 47.6* <.001 
     Distress 8.46 1.92  1.44 1.28  -16.03 47.3* <.001 
BSQ-Body Shape Concerns  137.22 28.56  49.37 11.78  -16.01 41.8* <.001 
OBEs per Week  2.27 1.60  -- --  -- -- -- 
Compensatory Behaviors per Week 6.44 5.06  -- --  -- -- -- 
Binge Size (kcal) 2291.9 1059.1  -- --  -- -- -- 
CIA-Distress/Impairment  26.94 12.24  1.73 2.32  -11.44 33.4* <.001 
Duration of Illness (years) 4.90 4.09  -- --  -- -- -- 
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Table 3  
 

Group Differences in Other Clinical Characteristics and Psychopathology 

 

 BN 

(n=32) 

 Controls 

(n=30) 

    

Variable Mean SD  Mean SD  t df p 

UPPS          
     Negative Urgency 2.87 0.71  1.94 0.49  -6.05 55.5* <.001 
     Perseverance (Lack of) 2.33 0.68  1.72 0.36  -4.50 48.1* <.001 
     Premeditation (Lack of) 2.12 0.51  1.81 0.40  -2.67 60 .01 
     Sensation Seeking 2.93 0.59  2.91 0.51  -0.10 60 .92 

DAST- Drug use  3.56 3.52  1.75 3.40  -1.48 30 .15 

SMAST- Alcohol use  0.56 0.89  0.88 1.75  0.64 30 .53 

BDI- Depression 20.22 10.14  3.00 4.04  -8.87 41.4* <.001 
STAI- Anxiety 51.72 9.84  32.13 7.93  -8.65 60 <.001 
Negative Affect (Trait) 25.19 8.30  14.21 3.41  -6.87 42.0* <.001 
Positive Affect (Trait) 28.84 8.76  36.37 6.54  3.81 60 <.001 
Global Assessment of Function 57.25 5.44  90.23 5.04  24.70 60 <.001 

 n (%)   n (%)  Chi-square  p 

Lifetime Major Depression 19 (59.4%)  2 (6.7%)  19.21 1 <.001 
     Current Major Depression 3 (9.4%)  0 (0%)  2.96 1 .09 
Lifetime Alcohol Abuse (DSM-IV) 9 (28.1%)  4 (13.3%)  2.04 1 .15 
Lifetime Alcohol Dependence (DSM-IV) 9 (28.1%)  1 (3.3%)  7.04 1 .008 
Lifetime Alcohol Use Disorder (DSM-5) 14 (43.8%)  5 (16.7%)  5.34 1 .02 
     Current DSM-5 Alcohol Use Disorder 7 (21.9%)  2 (6.7%)  2.89 1 .09 
Lifetime Substance Abuse (DSM-IV) 10 (31.3%)  4 (13.3%)  2.84 1 .09 
Lifetime Substance Dependence (DSM-IV) 12 (37.5%)  2 (6.7%)  8.42 1 .004 
Lifetime Substance Use Disorder (DSM-5) 14 (43.8%)  5 (16.1%)  5.34 1 .02 
     Current DSM-5 Substance Use Disorder 4 (12.5%)  1 (3.3%)  1.76 1 .19 
Lifetime Suicidality 14 (43.8%)  1 (3.3%)  14.39 1 <.001 
     Current Suicidality 3 (9.4%)  0 (0%)  2.86 1 .09 
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Table 3 
 

Continued 

 

Notes: BN=bulimia nervosa; BDI=Beck Depression Inventory; DAST=Drug Abuse Screening Test; DSM= Diagnostic and Statistical Manual for 
Mental Disorders; SMAST=Short Michigan Alcohol Screening Test; STAI= State Trait Anxiety Inventory; *Estimates represent tests of equal 

variance not assumed; †n=16 for BN and control groups 
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Table 4  
 

Group Differences in the Reinforcing Value of Food 
 

 BN (n=29) Control (n=29)   

Variable Mean SD Mean SD t df Cohen’s d p 

Breakpoint 753.4 429.7 498.3 380.4 -2.39 56 .63 .02 
Trials Completed 4.52 2.15 3.24 1.90 -2.39 56 .63 .02 

Total Responses  2280.4 2157.1 1272.0 1836.8 -2.31 56 .50 .03 

Key Taps per Minute  167.5 119.3 133.9 131.2 -1.39 56 .27 .17 

M&Ms® Consumed 45.1 21.5 32.4 19.0 -2.39 56 .63 .02 
Percent of M&Ms® Consumed 99.9 0.46 100 0.00 1.00 28* -.31 .33 

 

Notes: BN=bulimia nervosa; *Estimates represent tests of equal variance not assumed; Raw mean values are included to ease 
interpretation, but statistical analyses used square root transformed variables.
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Table 5 
 

Correlations among Weight Suppression, Leptin Levels, and Progressive Ratio Task Performance in the Full Sample (Above 

Diagonal) and BN Sample (Below Diagonal)  

 

Variable 1 2 3 4 5 6 7 

1.  Weight Suppression -- -.24* .34*** .34*** .15 .83*** .04 

2.  Leptin  -.35* -- -.13 -.13 .33** -.01 .47*** 

3.  Trials Completed/Breakpoint .35* -.11 -- .99*** -.18 .15 -.21 
4.  Total Responses .36* -.09 .99*** -- -.16 .16 -.20 
5.  BMI .11 .24 -.20 -.19 -- .66*** .83*** 
6.  Lifetime Highest BMI .89*** -.19 .22 .23 .54*** -- .46*** 
7.  Percent Body Fat -.05 .47*** -.26 -.23 .79*** .31* -- 
 
Notes: BN=bulimia nervosa; BMI=body mass index; *p<.10, **p<.05; ***p<.01; Estimates represent standardized beta coefficients 
controlling for assay
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Table 6 
 

Correlations between Clinical Characteristics and Weight Suppression, Progressive Ratio Task Performance, and Leptin in the Full 

and BN Samples 

 
 Full Sample  

(n=59-62) 

 BN Sample  

(n=29-32) 

Variable Weight 

Suppression 

Breakpoint Total 

Responses 

Leptin‡  Weight 

Suppression 

Breakpoint Total 

Responses 

Leptin‡ 

EDE-Q .42** .29* .28* .02  .25 .12 .12 .05 
     Restraint .41** .28* .26* -.04  .20 .07 .06 -.002 
     Eating Concerns .44** .30* .29* -.01  .27 .09 .09 -.02 
     Shape & Weight Concerns .39** .28* .27* .05  .19 .16 .17 .09 
TFEQ          
     Restraint .31* .11 .10 -.09  .02 -.19 -.20 -.11 
     Hunger  .24 .33* .34* .01  -.02 .27 .28 .17 
     Disinhibition .40** .29* .29* .004  .17 .05 .06 .23 
PFS .37** .30* .30* -.03  .22 .16 .16 .007 
     Food Available .37** .22 .22 -.02  .18 .06 .06 -.01 
     Food Present  .26 .33* .32* .02  .07 .08 .09 .11 
     Food Tasted .35** .29* .28* -.09  .29 .21 .20 -.08 
Loss of Control Scale          
     Severity .50** .23 .23 -.11  .40* .17 .17 -.10 
     Distress .42** .24 .24 -.07  .13 .05 .05 .15 
BSQ-Body Shape Concerns  .41** .28* .27* .05  .21 .04 .04 .24 
OBEs/week  .43** .12 .12 -.03  .21 -.09 -.14 .02 
Comp Behaviors/week .62** .22 .22 -.07  .56** .03 .03 -.10 
Binge Size (kcal) .53** .30* .30* .08  .45** .12 .12 .24 
CIA-Distress/Impairment  .48** .36** .36** .04  .34 .29 .30 .13 
Duration of Illness (years) .56** .38** .38** -.03  .47** .34 .34 -.10 
UPPS          
     Negative Urgency .40** .35** .37** -.06  .27 .36 .37 .14 
     Perseverance (Lack of) .27* .26* .26 .04  .11 .29 .30 .12 
     Premeditation (Lack of) .04 .16 .16 .02  -.10 .15 .16 .23 
     Sensation Seeking -.03 .15 .13 -.05  -.02 .12 .12 .19 

DAST- Drug use  .08 .07 .07 -.06  -.18 .06 .05 .26 

SMAST- Alcohol use  -.13 -.14 -.12 .35  -.21 .42 .42 .17 

BDI- Depression .38** .38* .39** .09  .18 .39* .39* .19 
STAI- Anxiety .32** .33* .34* .07  .08 .24 .24 .18 
Negative Affect (trait) .36** .35** .36** -.02  .17 .27 .27 .05 
Positive Affect (trait) -.08 -.30* -.30* -.23  .12 -.23 -.24 -.33 
GAF -.35** -.29* -.28* .06  .01 -.11 -.10 .38* 
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Table 6 
 

Continued 

 

Notes: BN=bulimia nervosa; BDI= Beck Depression Inventory; BSQ=Body Shape Questionnaire; CIA= Clinical Impairment Assessment; 
Comp=Compensatory; DAST=Drug Abuse Screening Test; EDE-Q=Eating Disorder Examination Questionnaire; GAF=Global Assessment of 
Functioning; LOC= Loss of control; OBE=Objective binge episode; PFS= Power of Food Scale; SMAST=Short Michigan Alcohol Screening 

Test; STAI= State Trait Anxiety Inventory; TFEQ= Three Factor Eating Questionnaire; Estimates represent standardized beta coefficients 

controlling for assay;  n=32 for full sample and n=16 for BN sample; Estimates represent standardized beta coefficients controlling for 
assay; *p<.05, **p<.01 
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Table 7 
 

Group Differences on Self-Reported Mood and Subjective States before and after the Progressive 

Ratio Task 

 
 BN  

(n=29) 

Control 

(n=29) 

Group 

 

Time 

 

Group X 

Time 

 

Variable Mean (SD) Mean (SD) F(1, 55) F(1, 55) F(1, 55) 

Hunger 
     Pre 
     Post 

 
60.2 (23.8) 
38.0 (27.4) 

 
69.8 (16.1) 
48.7 (19.8) 

4.38* 
 

42.62*** 
 

0.02 
 

Fullness 
     Pre  
     Post 

 
19.8 (17.9) 
42.1 (29.4) 

 
14.5 (11.2) 
32.0 (20.5) 

3.23 33.31*** 0.49 

Satiation 
     Pre 
     Post 

 
29.1 (21.4) 
42.1 (26.7) 

 
33.7 (20.8) 
45.6 (20.3) 

0.63 13.71** 0.03 

Desire to Binge 
     Pre 
     Post 

 
36.0 (31.0) 
36.8 (32.8) 

 
8.4 (15.3) 
6.0 (12.2) 

61.42*** 0.06 0.23 

Desire to Vomit  
     Pre 
     Post 

 
8.3(13.8) 

24.9 (29.8) 

 
0.5 (1.7) 
0.7 (1.9) 

19.61*** 12.7** 12.10** 

Preoccupation with Weight 
     Pre 
     Post 

 
58.1 (26.6) 
65.0 (32.2) 

 
6.3 (9.5) 
9.9 (16.0) 

90.62*** 4.73* 0.48 

Preoccupation with Shape  
     Pre 
     Post 

 
65.1 (22.4) 
68.6 (22.8) 

 
9.7 (11.5) 

12.1 (16.8) 

154.99*** 1.60 0.06 

Sadness 
     Pre 
     Post 

 
33.3 (26.8) 
34.5 (25.5) 

 
6.7 (13.3) 
5.3 (10.2) 

35.27*** 0.002 0.24 

Tension 
     Pre 
     Post 

 
41.9 (26.2) 
44.8 (30.0) 

 
10.4 (15.0) 

6.5 (11.3) 

48.83*** 0.02 1.20 

Anxiety 
     Pre 
     Post 

 
47.3 (24.4) 
45.8 (33.2) 

 
13.6 (17.9) 

7.8 (12.0) 

41.75*** 1.73 0.61 

Negative Affect (State) 
     Pre 
     Post 

 
18.3(6.0) 
19.7 (7.8) 

 
12.3 (2.7) 
11.1 (1.5) 

32.68*** 0.07 7.46** 

Positive Affect (State) 
     Pre 
     Post 

 
24.1 (6.4) 
20.9 (6.4) 

 
27.7 (6.2) 
26.9 (7.4) 

8.69** 9.20** 3.44 

Like M&Ms® 
     Pre 
     Post 

 
72.4 (18.3) 
61.0 (31.2) 

 
69.1 (22.0) 
66.3 (23.6) 

0.04 3.40 1.26 
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Table 7  
 

Continued 

 
 
 

 
Variable 

BN 

(n=29) 
Control 

(n=29) 
Group 

 
Time 

 
Group X 

Time 
 

Mean (SD) Mean (SD) F(1, 55) F(1, 55) F(1, 55) 
Want M&Ms® 
     Pre 
     Post 

 
57.8 (27.8) 
33.1 (33.0) 

 
65.1 (27.3) 
29.0 (22.5) 

0.09 36.75*** 1.28 

Reward M&Ms® 
     Pre 
     Post 

 
54.7 (32.4) 
43.7 (31.8) 

 
59.9 (28.4) 
41.5 (26.9) 

0.06 8.79** 0.56 

 
*p<.05, **p<.01, ***p<.001  
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Table 8 

 

Correlations between Self-Reported Mood and Subjective States and Progressive Ratio Task 

Performance in the Full and BN Samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*p<.05, **p<.01; BN= bulimia nervosa 
 

 Full Sample (n=58)  BN (n=29) 

Variable Breakpoint Total 

Responses 

Breakpoint Total 

Responses 

Hunger .05 .06  .05 .06 
Fullness -.20 -.20  -.28 -.29 
Satiation -.24 -.23  -.25 -.27 
Desire to Binge .13 .13  .09 .08 
Desire to Vomit  .21 .20  .15 .14 
Preoccupation with Weight .30* .29*  .01 -.01 
Preoccupation with Shape  .35* .34*  .11 .09 
Sadness .24 .23  .12 .11 
Tension .37** .37**  .32 .33 
Anxiety .28* .28*  .20 .20 
Negative Affect (State) .28* .27*  .24 .24 
Positive Affect (State) -.12 -.11  .26 .26 
Like M&Ms® .26 .24  .08 .10 
Want M&Ms® .37** .36*  .42* .44* 
Reward M&Ms® .31* .31*  .26 .28 
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Table 9 
 

Correlations between Clinical Characteristics and Loss of Control Severity and Distress in the 

BN Sample (n=28) 

 

Variable LOC 

Severity 

LOC 

Distress 

EDE-Q .54** .58** 
     Restraint .20 .22 
     Eating Concerns .69*** .51** 
     Shape & Weight Concerns .53** .64*** 
TFEQ   
     Restraint .10 .38* 
     Hunger  .28 .12 
     Disinhibition .42* .51** 
PFS .52** .08 
     Food Available .55** .25 
     Food Present  .25 -.14 
     Food Tasted .42* .03 
BSQ-Body Shape Concerns  .48* .59** 
OBEs/week  .60** .22 
Comp Behaviors/week .65*** .23 
Binge Size (kcal) .23 .24 
CIA-Distress/Impairment  .51** .32 
Duration of Illness (years) .16 -.003 
UPPS   
     Negative Urgency .65*** .45* 
     Perseverance (Lack of) .30 .28 
     Premeditation (Lack of) .31 .46* 
     Sensation Seeking -.25 -.17 
DAST- Drug use† .02 .31 
SMAST- Alcohol use† -.10 .36 
BDI- Depression .27 .18 
STAI- Anxiety .36 .36 
Negative Affect (trait) .55** .41* 
Positive Affect (trait) -.24 -.39* 
GAF -.24 -.14 
 
 

Notes: LOC severity and distress are significantly correlated (r=.45, p=.02); BN=bulimia nervosa; BDI= 
Beck Depression Inventory; BSQ=Body Shape Questionnaire; CIA= Clinical Impairment Assessment; 
Comp=Compensatory; DAST=Drug Abuse Screening Test; EDE-Q=Eating Disorder Examination 
Questionnaire; GAF=Global Assessment of Functioning; LOC= Loss of control; OBE=Objective binge 
episode; PFS= Power of Food Scale; SMAST=Short Michigan Alcohol Screening Test; STAI= State 

Trait Anxiety Inventory; TFEQ= Three Factor Eating Questionnaire; †n=16; *p<.05, **p<.01, 
***p<.001. 
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Figure 1. Mediation Model of the Effect of Weight Suppression on Duration of Illness through 

Reinforcing Value of Food (Breakpoint). **p<.01 
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APPENDIX A 

COMPUTER TASK INSTRUCTIONS 

 

1. This computer task consists of 10 opportunities, or trials, to earn M&Ms® by 
repeatedly pressing the space bar. The number of presses needed to earn 10 M&Ms® 
will increase as you go through the trials.  
 

2. After you complete a trial, an image of M&Ms® will appear on the screen, and 10 
M&Ms® will automatically be dispensed into the cup for you to consume.  

 
3. After you complete a trial and consume the M&Ms®, you may continue working for 

more M&Ms® by continuing to tap on the space bar. Please only continue to tap for as 
long as you still want more M&Ms®. You must finish the M&Ms® in the cup before 
you continue to tap on the space bar. 

 
4. You will have up to 45 minutes to complete the computer task; however, you may stop 

at any time. There are no right or wrong answers and this is not a competition.  
 

5. To end the task, please open the door to the room. Note that you only earn 10 M&Ms® 
for completed trials.  

 
6. After consuming the M&Ms®, please make sure to put the cup back under the 

dispenser. 
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APPENDIX B 

USE OF HUMAN SUBJECTS IN RESEARCH—APPROVAL MEMORANDUM 

 
The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 1/18/2013 
 
To: Lindsay Bodell 
From:   Thomas L. Jacobson, Chair 
 
Re:     Use of Human Subjects in Research 
Biological, Psychological, and Behavioral Correlates of Weight Suppression 
 
The application that you submitted to this office in regard to the use of human subjects in the 
research proposal referenced above has been reviewed by the Human Subjects Committee at its 
meeting on 01/09/2013.  Your project was approved by the Committee. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh 
the risk to the human participants and the aspects of the proposal related to potential risk and benefit. 
This approval does not replace any departmental or other approvals, which may be required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent form 
is attached to this approval notice.  Only the stamped version of the consent form may be used in 
recruiting research subjects. 
 
If the project has not been completed by 1/8/2014 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by the 
Committee prior to implementation of the proposed change in the protocol.  A protocol 
change/amendment form is required to be submitted for approval by the Committee.  In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is reminded 
that he/she is responsible for being informed concerning research projects involving human subjects 
in the department, and should review protocols as often as needed to insure that the project is being 
conducted in compliance with our institution and with DHHS regulations. 
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This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is FWA00000168/IRB number IRB00000446. 
 
Cc: Pam Keel, Advisor 
HSC No. 2012.9124  
 
The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
RE-APPROVAL MEMORANDUM 
 
Date: 1/17/2014 
 
To: Lindsay Bodell 
 
From:   Thomas L. Jacobson, Chair 
 
Re:     Re-approval of Use of Human subjects in Research 
Biological, Psychological, and Behavioral Correlates of Weight Suppression 
 
Your request to continue the research project listed above involving human subjects has been 
approved by the Human Subjects Committee. If your project has not been completed by 1/7/2015, 
you must request a renewal of approval for continuation of the project. As a courtesy, a renewal 
notice will be sent to you prior to your expiration date; however, it is your responsibility as the 
Principal Investigator to timely request renewal of your approval from the committee. 
 
If you submitted a proposed consent form with your renewal request, the approved stamped consent 
form is attached to this re-approval notice.  Only the stamped version of the consent form may be 
used in recruiting of research subjects. You are reminded that any change in protocol for this project 
must be reviewed and approved by the Committee prior to implementation of the proposed change in 
the protocol.  A protocol change/amendment form is required to be submitted for approval by the 
Committee. In addition, federal regulations require that the Principal Investigator promptly report in 
writing, any unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor are 
reminded of their responsibility for being informed concerning research projects involving human 
subjects in their department.  They are advised to review the protocols as often as necessary to insure 
that the project is being conducted in compliance with our institution and with DHHS regulations. 
 
Cc: Pam Keel, Advisor 
HSC No. 2013.11826  
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APPENDIX C 

FSU CONSENT FORM (BIO-MEDICAL STUDY) 

 

Biological, Psychological, and Behavioral Correlates of Weight Suppression Consent Form 

 
You are invited to be in a research study of potential psychological, behavioral, and biological 
differences among groups with and without an eating disorder. You were selected as a possible 
participant because you volunteered from a public advertisement or email and either have a 
history of an eating disorder or you have no history of an eating disorder. Individuals who do not 
have a history of an eating disorder will serve as the control group for this study. Please read this 
form and ask any questions you may have before agreeing to be in the study.  
 
This study is being conducted by Lindsay P. Bodell, M.S. a graduate student in the Department 
of Psychology under the supervision of Professors Pamela K. Keel, Ph.D and Thomas E. Joiner, 
Ph.D.  
 

Study Purpose: 

 
The purpose of this study is to explore potential biological, psychological, and behavioral 
differences between women who have large binge eating episodes coupled with self-induced 
vomiting and women who have no history of disordered eating and do not restrict their food 
intake.  Research suggests that there are hormonal differences between women with and without 
eating disorders, but few studies have examined how these differences may influence behavior, 
including rewarding aspects of eating. Results of this study may help us better understand risk 
and maintaining factors for and the treatment of eating disorders. Furthermore, as new questions 
emerge, data from this study may be used to inform other important questions about eating 
disorders and related problems.  
 
Study Procedures: 

 
If you agree to be in this study, we would ask you to do the following:  
 

1) First Appointment: Participate in interviews that will cover any current or previous 
problems with mood, thoughts, eating and other behaviors. Fill out questionnaires that 
ask detailed questions about eating related behaviors, body image, anxiety, mood, 
impulse control, and illegal drug and alcohol use. You will be free to skip any questions 
that you would prefer not to answer. This visit should take no more than 1 hour to 
complete. Depending on results from this visit, your participation in the study may be 
complete at this time. 
 
We would like to audio record the interview; however, this is optional (please see 
Audio/Video Recoding on the next page). 

 
2) Second Appointment: Have body composition measured by stepping on a scale and have 

less than 10mL (approximately 2 teaspoons) of blood drawn by personnel trained to 
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drawn blood (phlebotomist). This blood draw will be conducted during a fasting state in 
the morning between 9-10 a.m.; you will be asked not to eat or drink anything except for 
water from midnight until you come in for the visit in the morning. The blood sample 
will be used to measure glucose and leptin levels. After having your blood drawn, you 
will be asked to eat a standardized breakfast. This visit should take about 20 minutes.  

 
3) Third Appointment: You will return to the lab in the afternoon between 1-2 p.m. on the 

same day as your second appointment.  You will be asked to consume nothing other than 
water between the breakfast you consumed during your second appointment and coming 
in for your third appointment. You will complete some measures of current feelings of 
hunger, fullness, desire to eat, and mood, and then participate in a computer task that 
looks at how much work (pressing a computer keyboard button) you are willing to do for 
a specified amount of food. The computer task will be video recorded to ensure that the 
task runs smoothly. This visit should take no more than 45 minutes to complete.  
 

 
Audio Recording/Video Recording/Photographs 

One aspect of this study involves making audio recordings of you. Audiotapes of the interview 
are used only for the purpose of checking that interviewers rate responses in the same way. 
Taped interviews are labeled by identification number and do not use first or last names. Only 
clinical interviewers will have access to audiotapes from this study. Recordings will be destroyed 
following completion of review for consistency of interviewer ratings. Another aspect of this 
study involves making a video recording of you during the computer task. This recording is for 
the sole purposes of ensuring that the task runs smoothly and that all participants are completing 
the task as instructed. Only the experimenter running the visit will have access to the video, and 
the recording will be destroyed immediately after your participation. 
 
[ ] Yes   [ ] No       I give you permission to make audio recordings of me during this study. 
 
Risks of Study Participation: 

 
The study has the following risks:  
 
Participation in interviews and questionnaire measures may involve recalling sad or upsetting 
memories. Some of the questions may be sensitive, and you can decide not to answer any 
questions you wish. A list of names and phone numbers of clinics and mental health 
professionals will be provided to participants.  
 
Participation in the blood draw may result in infection at the site of the blood draw, bruising, or 
feeling faint or dizzy. Blood draws will be conducted by a trained phlebotomist to minimize 
these risks. 
 
Benefits of Study Participation: 
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You will not benefit personally from being in this study.  However, we hope that, in the future, 
other people might benefit from this study because results may shape the way we understand risk 
factors for eating disorders and contribute to improved prevention and treatment.   
 

Alternatives to Study Participation: 

 
The alternative to study participation is that you may choose not to take part at all. 
 

Study Compensation: 

 
You will be paid or receive research credits for use toward a course requirement to compensate 
for your time and inconvenience related to your participation in the study.  Disbursement will 
occur at two time points, one payment of $15 (or 1 research credit) after completion of your first 
appointment and $30 (or 1 research credit) after completion of your third appointment (Day 2). 
Payment will be prorated to the degree of completion within each visit (full payment for full 
completion). For example, if you discontinue after 20 minutes during the first appointment which 
normally requires approximately 1 hour to complete, you would receive 1/3 payment for that 
visit ($5).  
 

Research Related Injury: 

 

If you are injured from taking part in this study, medical treatment in the form of first aid will be 
available from study staff at no charge to you.  If you require emergency care, you will be taken 
to the closest emergency room. If you require follow-up care, you will be responsible for 
coordinating this. No compensation for treatment of research-related illness or injury is available 
from Florida State University. Care you receive for research-related injury (beyond immediate 
first aid and acute medical monitoring by study staff) will be billed in the ordinary manner to you 
and/or your insurance company. Thus, you and/or your insurance company will be responsible 
for any costs associated with emergency care, including transportation by ambulance and 
emergency room fees, and follow-up care.  
 

Confidentiality: 

 
The records of this study will be kept private and confidential to the extent allowed by law. In 
any publications or presentations, we will not include any information that will make it possible 
to identify you as a subject.  Your record for the study may, however, be reviewed by 
representatives from the National Institute of Mental Health and by departments at the University 
with appropriate regulatory oversight.  However, no information from this study will be included 
in any existing medical record for you. In addition, research records that include sensitive 
information will be identified by a unique identification number, and records that link your name 
to your identification number will be destroyed after study completion.  
 
 

Voluntary Nature of the Study 
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Participation in this study is voluntary.  Your decision whether or not to participate in this study 
will not affect your current or future relations with the University. If you decide to participate, 
you are free to withdraw at any time without affecting those relationships. 
 

 

Contacts and Questions: 
 
The researchers conducting this study are Lindsay P. Bodell, M.S., Dr. Pamela K. Keel, and Dr. 
Thomas E. Joiner. You may ask any question you have now, or if you have a question later, you 
are encouraged to contact Lindsay P. Bodell at XXX-XXX-XXXX or by email at 
XXX@XXX.edu.  Additionally, if you have questions you may contact Dr. Keel at XXX-XXX-
XXXX or XXX@XXX.edu or Dr. Joiner at XXX-XXX-XXXX or XXX@XXX.edu. 
 
If you have any questions or concerns regarding the study and would like to talk to someone 
other than the researchers, you are encouraged to contact the FSU IRB at telephone number 850-
644-8633. You may also contact this office by email at humansubjects@magnet.fsu.edu, or by 
writing or in person at 2010 Levy Street, Research Building B, Suite 276, FSU Human Subjects 
Committee, Tallahassee, FL 32306-2742. 
 
 
You will be given a copy of this information to keep for your records. 
 
 

Statement of Consent 

 

I have read the above information I have asked questions and have received answers. I consent to 
participate in this study. 
 
 
 
 
___________________                                ____________ 
Signature of Subject                                      Date 
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