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Abstract
Binge eating is a core clinical feature of bulimia nervosa (BN). Enhanced reinforcing value of
food may play a role in this behavioral disturbance, but a systematic behavioral assessment of
objective measures of the rewarding value of binge eating is lacking. The purpose of this study
was to quantify the reinforcing value of food in BN patients as compared with normal controls. A
progressive ratio (PR) computerized work task was completed under binge and non-binge
instruction. The task consisted of 12 trials. The first trial required 50 keyboard taps to earn one
portion of yogurt shake, and subsequent trials required progressive work increments of 200 taps
for each additional portion. Completion of all 12 trials required 13,800 taps to earn 2,100 ml of
shake. The breakpoint, defined as the largest ratio completed before a participant stopped working,
was the measure of reinforcing efficacy. Ten patients and 10 controls completed the experiment.
Under binge instruction, patients completed more trials and taps, and had a higher breakpoint than
controls. The non-binge instruction yielded opposite findings; compared to controls, patients
completed fewer trials and taps, and had a lower breakpoint. These results support the feasibility
and potential utility of a PR task to quantify the reinforcing value of food in patients with BN.

Keywords
Bulimia nervosa; progressive ratio task; reinforcing value of food

INTRODUCTION
Binge eating, accompanied by inappropriate compensatory behavior to avoid weight gain, is
a core clinical feature of Bulimia Nervosa (BN). Enhanced reinforcing value of food may
play a role in this behavioral disturbance (Bohon & Stice, 2011), but an objective behavioral
assessment of measures of reward is lacking in this patient population.
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The field of behavioral economics provides methods by which to measure the reinforcing
efficacy of motivated behaviors, like smoking (Bulik & Brinded, 1994; Epstein, Bulik,
Perkins, Caggiula, & Rodefer, 1991), drug use (Comer et al., 1998; Stafford, LeSage, &
Glowa, 1998), physical activity (Saelens & Epstein, 1999), and eating (Epstein & Leddy,
2006; Epstein, Leddy, Temple, & Faith, 2007; Lappalainen & Epstein, 1990; Raynor &
Epstein, 2003; Saelens & Epstein, 1996) in a laboratory setting. In general, these laboratory
paradigms quantify the reinforcing efficacy of a target behavior in terms of the amount of
“work” an individual is willing to expend to access it (Hodos, 1961). Specifically, the
progressive ratio (PR) task measures the reinforcing value of a motivated behavior by
requiring the participant to expend progressively increasing amounts of work to gain access
to it (Roane, 2008). In humans, effort or “work” is often based on the number of taps on a
computer keyboard. The PR breakpoint is defined as the number of responses completed for
a reinforcer before the participant stops working for it; the more reinforcing a stimulus is,
the higher the breakpoint (Hodos, 1961).

Human eating behavior can be measured during laboratory test meals and is related to two
food attributes, hedonics and liking (Mitchell, Crow, Peterson, Wonderlich, & Crosby, 1998;
Walsh & Boudreau, 2003). It has, however, been suggested that the reinforcing value of
food may be a more powerful determinant of food intake than either food hedonics or liking
(Epstein & Leddy, 2006). Laboratory studies demonstrate that when asked to binge eat,
patients with BN consume binge quantities of food at single-item and multi-item meals
(Kaye et al., 1992; Kissileff, Walsh, Kral, & Cassidy, 1986; LaChaussee, Kissileff, Walsh,
& Hadigan, 1992; Walsh, Kissileff, Cassidy, & Dantzic, 1989; Walsh, Kissileff, & Hadigan,
1989). The purpose of the current study was to determine if patients with BN were willing to
work at a PR task in order to obtain a binge quantity of food during a single-item laboratory
test meal. We hypothesized that: 1) Both BN and NC subjects would perform more total
work and achieve a higher breakpoint under binge vs. non-binge instruction; and 2) Under
binge instruction, BN subjects would work harder (more total work and a higher breakpoint)
than NC subjects to obtain a larger quantity of food.

METHODS
Participants

Patients meeting the Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(Association, 1994) criteria for BN, and healthy normal controls, were recruited to
participate in a laboratory study conducted by the Eating Disorders Research Unit at the
NYSPI, Columbia University Medical Center from Oct 2005 to March 2008. All BN
participants were female outpatients between the ages of 18 and 45 years. Exclusion criteria
included co-morbid substance abuse or a DSM-IV Axis I psychiatric diagnosis other than
depression. Controls were matched on age, gender, and BMI. The New York State
Psychiatric Institute (NYSPI) /Columbia University Department of Psychiatry Institutional
Review Board approved this study. Written informed consent was obtained from
participants prior to study.

Progressive Ratio (PR) Computer Task
The PR computer task consisted of 12 trials, and work consisted of finger presses on a
computer keyboard. The work required in the first trial was 50 keyboard presses to earn a
175 ml portion of a strawberry yogurt shake; an additional 200 keyboard presses were
required to complete each subsequent trial and earn an additional 175 ml aliquot of shake.
Thus, the first completed trial required 50 keyboard presses and the remaining trials required
250 presses, then 450, 650, 850, 1050, 1250, 1450, 1650, 1850, 2050, and 2250 responses.
To earn the maximum amount of shake (2100 ml), the participant had to complete 12 trials
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and perform 13,800 keyboard presses within a 60-min period. The breakpoint, defined as the
largest ratio completed before a participant stopped working, was the primary measure of
reinforcing efficacy.

Study Sessions
All studies were conducted in the Biological Studies Unit (BSU) at the NYSPI. Studies were
scheduled over a four-day period within one week as follows: acclimation day (Tuesday),
day off (Wednesday), study day 1 (Thursday), and study day 2 (Friday).

Acclimation Day—Acclimation day had several purposes: to train subjects on the PR
computer task; to familiarize subjects with the BSU setting and with the instruction to binge
(BN) or overeat (NC); and to determine if a BN subject was able to binge and purge in the
laboratory setting. BN subjects who could successfully binge and purge in the laboratory
proceeded to the experimental study days 1 and 2. Those who could not were not studied
further.

Subjects arrived at 10:00 a.m., and, after an overnight fast, a standardized research breakfast
(≈300 kcal/1256 KJ) was provided. Immediately after breakfast, participants practiced the
identical PR task used on the experimental study days. Before starting the PR task,
participants were given a 2 fl. oz. serving of yogurt shake to taste. A clear plastic glass that
contained a 175 ml visual reference portion was also provided and the subject was instructed
to “Imagine that you are working for the number of yogurt shake portions you would like
drink this afternoon.” During the PR task, a computer screen image of a pitcher, initially
empty, increased in its content of shake with each completed PR trial. In addition, a 175 ml
aliquot of shake was also pumped into an actual pitcher, placed to the left of the computer
screen, after the completion of each PR trial. After completion of the PR computer task, the
pitcher of shake was removed. Participants then remained in a private room in the BSU until
3 pm. During the interim, they could read, write, or sleep, but were asked not to eat or drink
anything except water; compliance was monitored via closed circuit TV. At 3 pm,
participants were seated at a table and provided with an empty glass and a full pitcher of
yogurt shake. Although subjects may have worked for less than a full pitcher of shake
during the actual PR task, on acclimation day (only) they were provided with the maximum
amount they could possibly earn (2100 ml for 12 completed PR trials) and were instructed as
follows: “Today we want you to let yourself go and drink as much as you can. In other
words, binge. If you are someone who does not binge, we want you to let yourself go and
drink as much as you can. In other words, overeat. “The pitcher was removed at 3:30 pm,
but subjects remained in the BSU for additional 30-minutes before discharge (4 pm). Access
to a private bathroom was permitted throughout the afternoon session.

Study Days 1 and 2—Subjects arrived at 10:00 a.m., after an overnight fast, and a
standardized research breakfast (≈300 kcal/1256 KJ) was provided. After breakfast, subjects
remained in a private room in the BSU until they performed the PR computer task later that
afternoon. During the interim, they could read, write, or sleep, but were asked not to eat or
drink anything except water; compliance was monitored via closed circuit TV.

Subjects began the PR task at 2 pm. Before starting, they were given a 2 fl. oz. portion of the
yogurt shake to taste. A 175 ml visual reference portion was provided, and the participant
was then given either a binge instruction (“Today we want you to work for the number of
yogurt shake portions that you can binge on. If you are someone who does not binge, we
want you to work for the number of yogurt shake portions that you can overeat on.”) or a
non-binge instruction (“Today we want you to work for the number of yogurt shake portions
that you can drink comfortably, without restricting or bingeing.”). The order of the binge
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and non-binge days was counter balanced across subjects. The PR computer task was
identical to that used on acclimation day. During the task, a pitcher image on the computer
screen allowed subjects to visualize the amount of shake earned during the session, and the
actual pitcher, initially empty, filled with a 175 ml aliquot shake upon completion of each
PR trial.

After completion of the PR task, participants remained in a private room in the BSU. At 3
pm, participants were provided with yogurt shake. As distinct from acclimation day, only
the amount of shake that was actually earned (i.e., 175 ml per completed trial) was provided.
Prior to drinking the shake, participants were provided with the appropriate binge instruction
(“Today we want you to let yourself go and drink as much as you can. In other words, binge.
If you are someone who does not binge, we want you to let yourself go and drink as much as
you can. In other words, overeat. “) or non-binge instruction (“Today we want you to drink
comfortably, without restricting or bingeing.”). The pitcher was removed at 3:30 pm, but
subjects remained in the BSU for additional 30 minutes before discharge. Access to a private
bathroom was permitted throughout the afternoon session.

Instruments
Eating Disorder Examination (Fairburn & Cooper, 1993)—The Eating Disorders
Examination, administered by a trained research assistant, was used to determine the energy
content of a typical binge, as well as the frequency of binge and purge episodes.

Visual Analogue Scales—Immediately before starting the PR computer task on binge
instruction day, participants completed visual analogue scale (VAS) ratings in response to
the following questions: ”How tense or anxious do you feel right now?”; “How hungry are
you right now?”; “How full are you right now?”; “How much do you want to eat right
now?”; “How much do you want to binge right now?” Responses were indicated on a 100
ml scale that was anchored by “not at all” on one end and “extremely” on the other.

Profile of Mood States (McNair, Lorr, & Dropplemen, 1971)—Immediately before
starting the PR computer task on binge instruction day, participants completed the 65-item
standard version of the Profile of Mood States (POMS). Six subscale scores (tension,
depression, anger, vigor, fatigue, confusion) and a total mood disturbance score (TMD)
score ranging in value from - 24 to 177; lower scores indicating more stable mood profiles
and higher scores indicating less stable mood profiles were determined.

Outcome Measures
Results of the PR task were the primary outcome measures. These included the PR
breakpoint (measure of reinforcing efficacy), total work (i.e., the total number of key board
presses), the number of number of completed trials, the amounts of shake earned (g) and
consumed (g), and percent of earned shake that was consumed. Secondary outcome
measures included POMS scores and VAS ratings in both participant groups, and EDE
measures in the BN patients.

Statistical Analyses
The mean and standard deviation (SD) for clinical characteristics, POMS scores, VAS
ratings, PR task performance, and ingestive behavior were determined for BN and NC
participants. The independent samples (Student’s) t-test was used to compare differences in
clinical characteristics, POMS scores, VAS ratings, PR task performance, and ingestive
behavior between the BN and NC groups. The paired sample t-test was used to compare PR
task performance and ingestive behavior under non-binge and binge instruction within the
BN and NC groups.
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A mixed model analysis of variance (ANOVA) with one within-subjects factor (instruction)
and one between-subjects factor (diagnosis) was conducted to compare the PR breakpoint
and total work. Four post-hoc comparisons were conducted: BN vs. NC subjects under non-
binge instruction; BN vs. NC subjects under binge instruction; BN subjects under non-binge
vs. binge instruction; NC subjects under non-binge vs. binge instruction. The p values from
the t- tests for these comparisons were multiplied by 4 in accord with the Bonferroni
correction for multiple comparisons.

Pearson correlation coefficients were calculated to determine the relationship between the
PR breakpoint and shake consumption in BN and NC participants under binge and non-
binge condition. In BN participants, Pearson correlation coefficients were also calculated to
determine the relationship between the PR breakpoint and EDE measures, POMS scores,
and VAS ratings at the binge meal.

Means +/− SD are reported; t-tests were two-tailed. Statistical significance was set at the p
0.05 level. Statistical analyses were performed by using SPSS for WINDOWS software
(version 17.0, 2008; SPSS Inc., Chicago, IL). Effect sizes (Cohens d) were calculated as the
mean difference between the two groups being compared for a given variable divided by the
mean SD of the two groups on that variable.

RESULTS
Participant Characteristics

Ten NC and 10 BN patients completed the three-day study. Nine additional BN participants
who were recruited and consented did not complete the study. Of these, one withdrew
consent after acclimation day, four were unable to binge on acclimation day, and four failed
to comply with either the binge or non-binge instruction on the experimental study days. The
BN group was comprised of one Asian American and nine Caucasian participants. The NC
group was comprised of one African American, one Asian American, two Hispanic, and six
Caucasian participants. No significant between-group differences in age, height, weight, or
BMI were observed (Table 1).

Progressive Ratio Task Performance
PR task performance on the non-binge study day was compared to performance on the binge
study day within each participant group (Table 2). Compared with the non-binge instruction,
patients with BN completed significantly more trials, performed significantly more total
work, and achieved a significantly higher breakpoint on the binge instruction day. They also
earned and consumed significantly more shake under binge instruction; however, no
difference in the percent of shake consumed was observed. The PR breakpoint and shake
consumption were significantly and positively correlated under binge (r=0.975, p<0.001)
and non-binge (r=0.728, p<0.05) instructions.

In a similar manner, NC participants also completed significantly more trials, performed
significantly more total work, and achieved a significantly higher breakpoint on the binge
instruction day. The controls also earned and consumed significantly more shake under
binge instruction, but there was no significant difference in the percent of shake consumed.
The PR breakpoint and shake consumption were significantly and positively correlated
under non-binge instruction (r=0.898, p<0.001) but failed to correlate under binge
instruction(r= −0.047, p=0.898).

Results of the mixed model ANOVA showed a significant instruction by diagnosis
interaction for the PR breakpoint (F(1,18)=16.2, p<0.01). The nature of this interaction was
examined using post-hoc t-tests corrected with the Bonferroni adjustment for multiple
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comparisons (Table 2). These revealed that patients and controls had similar breakpoints
under non-binge instruction; however, under binge instruction the breakpoint was
significantly higher in BN vs. NC participants. Similarly, ANOVA results for total work
showed a significant instruction by diagnosis interaction (F(1,18)=18.929, p<0.001): under
non-binge instruction, the BN and NC groups performed similar amounts of work, but under
binge instruction the BN group performed significantly more work than did the NC group.
Effect sizes were consistently large under binge instruction, and small to medium under non-
binge instruction.

The purpose of acclimation day was largely instructional; participants practiced the PR
computer task, and regardless of outcome, were provided with a full pitcher of shake. It is
noteworthy that the amount of shake consumed on acclimation day was similar to the
amount consumed on binge instruction day in both the BN (1197.8 g vs. 1279.3 g, p=0.71)
and NC (615.3 g vs. 610.6 g, p=0.929) groups.

Relationship between EDE measures and the PR Breakpoint
Results of the EDE indicated that, one month prior to study, BN participants reported 48.6
(+/− 38) binges, 69.2 (+/− 57.6) purges, and a typical binge intake of 3248 (+/− 2864)) kcal.
Although the BN group demonstrated a significantly higher breakpoint under binge
instruction, the breakpoint did not correlate significantly with patients’ history of binge
eating episodes (r= −0.025, p=0.945), purging episodes (r= −0.293, p=0.41), or kcal content
of binge episodes (r= 0.176, p=0.626). Similarly, total work performed also failed to
correlate with the number of binges (r= −0. 008, p=0.982), number of purges (r= −0.307,
p=0.389), and kcal content of a typical binge (r= 0.138, p=0.705) reported on the EDE.

POMS Scores and VAS Ratings on Binge Instruction Day
On binge instruction day, immediately before starting the PR computer task, the BN and NC
participants differed significantly on some POMS scores and VAS ratings (Table 1). Patients
with BN scored significantly higher than controls on the POMS depression, fatigue, and
confusion subscale scores, as well as the total POMS score; however, only the anger and the
depression subscale scores correlated with the breakpoint in BN patients (r= 0.655, p<0.05,
and r= 0.774, p<0.01, respectively). The between group difference in response to the VAS
rating of ”How tense or anxious do you feel right now?” approached statistical significance,
and the VAS rating of “How much do you want to binge right now?” was significantly
higher in BN patients than in controls. Nevertheless, within the BN group, no significant
correlations were found between the PR breakpoint and VAS ratings of tension (r= -0.195,
p=0.589), hunger (r=0.278, p=0.437), fullness (r= −0.21, p=0.56), want to eat (r=0.222,
p=0.538), and want to binge(r=0.124, p=0.732).

DISCUSSION
This study demonstrates that patients with BN and healthy controls will work at a PR
computer task to earn and consume food in a laboratory setting. As expected, both groups
performed more work and achieved a higher breakpoint at the binge vs. non-binge meal.
However, on the binge instruction day, the BN group achieved a significantly higher
breakpoint, performed significantly more total work, and consumed a significantly larger
amount of shake compared to the NC group. These significant between-group differences
were not observed on the non-binge day.

Eating behavior in bulimia nervosa
Previous studies of BN using laboratory meal studies have documented that during both
single- and multi-item meals BN participants consumed more than controls when asked to
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binge (Kissileff et al., 1986; Walsh et al., 1989a; Walsh et al., 1992; LaChaussee et al.,
1992). In contrast, in meals when individuals with BN are asked to eat normally, they
generally consumed less than controls during both multi-item and single-item non-binge
meals (Kissileff et al., 1986; Walsh, Kissileff & Hadigan, 1989b; Walsh et al., 1992;
LaChaussee et al., 1992). The results of the current study follow a similar pattern, but, in
addition, document that BN participants worked harder than controls to obtain the food that
they subsequently binged on.

Studies of reinforcing efficacy of food
The amount of work an individual will perform to obtain a food item is a measure of its
reinforcing value (Epstein & Leddy, 2006). To date, only three studies have measured the
reinforcing value of food in individuals with eating disorders. Of these, only one was
specific to BN. Goldfield et al. (Goldfield, Adamo, Rutherford, & Legg, 2008) used a stress
induction procedure and found that increased stress raised the amount of work for food by
binge eaters.Nasser et al. (2008) and Bulik and Brinded (1994) manipulated hunger and
found that the reinforcing value of food was not altered by food deprivation in participants
with binge eating disorder or BN. Although we did not directly manipulate stress or hunger,
measures obtained (i.e., POMS tension score, VAS tension/anxiety rating, VAS hunger
rating) failed to correlate with the PR breakpoint under binge instruction.

Research suggests that the increased reinforcing efficacy of a food results in increased food
intake (Goldfield et al., 2008). In the current study, the PR breakpoint, our primary measure
of reinforcing efficacy, was significantly and positively correlated with shake consumption
in BN patients at both the binge and non-binge meals. In controls, the PR breakpoint and
shake consumption were correlated in the non-binge condition, but failed to correlate at the
binge meal. Although the reason for this is unclear, we speculate that while controls were
willing to work for more shake under the binge instruction, they simply could not consume
all of their earnings. It is also noteworthy that while binge meal shake consumption and the
PR breakpoint were significantly correlated in our BN patients, their history of binge
frequency and kcal intake during a typical binge, as reported on the EDE, failed to correlate
with the breakpoint measure. This may suggest that an objective laboratory measure of food
intake may better capture the reinforcing value of food in BN patients compared to
subjective self-report measures.

Mood and bulimic behaviors
Retrospective reports suggest that individuals with BN have more negative mood, both in
general and prior to a bulimic episode, than do normal controls (Smyth et al., 2007). The
relation of mood to bulimic behaviors has also been examined in real-time using ecological
momentary assessment (EMA) measurements of BN patients in their natural environment.
Using EMA, Smyth et al. (Smyth et al., 2007) used the Negative Affect (NA) scale from the
Positive and Negative Affect Scale (PANAS) (Watson, Clark, & Tellegen, 1988) to examine
the relation of negative mood to bulimic behaviors over a two-week period. Results
indicated that BN participants reported more negative affect on days when at least one binge
eating or vomiting event occurred; furthermore, negative affect severity ratings increased up
to the point of the bulimic event and decreased thereafter. Similarly,Crosby et al. (2009)
used the NA scale of the PANAS to evaluate the relation of mood to bulimic behaviors over
a two-week period. Results indicated that the highest rates of bingeing and purging episodes
occurred on days characterized by stable high negative affect or increasing negative affect
over the course of a day. In the current study, negative affect (measured by the POMS
depression subscale score) was significantly and positively correlated with willingness to
work (measured by the PR breakpoint) for the opportunity to engage in bulimic behaviors.
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While not a naturalistic study, the PR task did provide a real-time measure of the relation of
mood and bulimic behavior in a laboratory setting.

Study limitations
Several limitations of our study warrant comment. First, our sample size was small;
nonetheless, statistically significant between-group differences were observed. Second,
while it is possible that the eating behavior of BN patients who are willing to binge and
purge in a laboratory setting may differ from other individuals with this disorder, our BN
participants ate in a manner similar to that reported in the literature. Third, methodological
differences in the design of operant tasks make it difficult to compare findings across
studies. Our study used a PR ratio schedule of 200 keyboard taps. Although this PR schedule
is identical to that which was used to measure the reinforcing efficacy of exercise in patients
with AN (Klein et al., 2010; Schebendach, Klein, Foltin, Devlin, & Walsh, 2007), it is
possible that the use of a different PR schedule, or use of a variable ratio schedule, may have
yielded different findings. Fourth, in the current study, yogurt shake was the exclusive
reinforcer and alternate choices, like cigarettes or money, were not made available. Fifth, it
has been suggested that food may be more reinforcing for individuals who are cigarette
smokers (Bulik & Brinded, 1994; Epstein et al., 1991). Unfortunately, smoking status was
not controlled for in our study. Sixth, reinforcing efficacy of food may be influenced by food
deprivation (Epstein, 2003; Raynor & Epstein, 2003). Although our participants were
instructed to remain without food or beverage (water excepted) for ≈ 10-hr. immediately
prior to their morning arrival, abstinence could not be ensured. Upon arrival, participants
were provided with a 300 kcal standardized breakfast which was immediately followed by a
4-hr period of monitored abstinence from food and beverage (water excepted). Seventh,
yogurt shake may not have been a familiar nor typical binge food for our BN participants;
however, the same shake formulation has been used in prior studies of eating behavior in
BN.

Future directions
The "Work to Binge" paradigm developed here may be used provocatively in conjunction
with biological measures that may be relevant to BN. Such experimental design may assist
with determining the relevance of a model for BN, in which the binge eating may be viewed
as a "motivated" behavior with several relevant components (e.g. including desire/
motivation for reward, decision-making around the reward, consumption of the reward, and
subsequent subjective response) (Berridge & Robinson, 2003; Sharp, Monterosso, &
Montague, 2012), with each component likely to be mediated in part by overlapping but
distinct brain reward circuitry and mechanisms. This approach has been used with success in
the clinical substance use disorder literature. For example, Martinez et al. (Martinez et al.,
2004) utilized a laboratory "work" paradigm, in which patients with a history of cocaine
abuse were offered a choice between drug of choice (cocaine) and an alternative reinforcer
(equivalent monetary reward), and subsequently "worked" (through an operant task) to
obtain the reinforcer. Subjects also underwent neuroimaging studies (in this case, PET
neurochemical neuroimaging studies). Results supported that the choice for drug over an
alternate reinforcer was inversely associated with magnitude of ventral striatal DA response
in the neuroimaging studies, specifically implicating the role of striatal DA in mediating
flexible choosing between alternative rewards. Thus, the combination of behavioral
paradigms which parse reward into its component processes, in conjunction with biological
studies, may allow for associations between specific components of reward processes and
neurobiological measures to be obtained. In this way, such studies could provide a vehicle
for translation from preclinical studies which simultaneously examine neurobiology in
conjunction with operant responding behaviors.
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Conclusion
This study supports the feasibility and potential utility of the novel application of a PR ratio
operant task to quantify the reinforcing value of food in patients with BN. Future studies that
elucidate factors that modulate the reinforcing value of food may be helpful in the
development of behavioral alternatives and improved treatment options for these
individuals. This study also provides further evidence of an association between affective
state and motivation to engage in binge eating and purging behaviors, and suggests that the
PR task may prove to be an additional method of exploring this relationship in patients with
BN.
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A PR computerized work task was completed by BN and NC participants.

BN patients performed more work and had a higher breakpoint under binge
instruction.

Under non-binge instruction, patients performed less work and had a lower
breakpoint.

Negative affect was significantly correlated with the breakpoint in BN.
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