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Abstract

Many patients with bulimia nervosa (BN) also meet criteria for a lifetime alcohol use disorder
(AUD). In order to understand possible mechanisms contributing to the co-occurrence and
perpetuation of these disorders, this study investigated the importance of impulsivity and test meal
intake among patients with BN by comparing women with BN only (7= 18), BN and current/past
AUDs (n = 13), and healthy controls (7= 12). All participants completed assessments of eating
disorder symptoms, frequency of alcohol use, binge eating, and purging via questionnaires and
semi-structured interviews over two sessions. Measures of impulsivity consisted of computerized
and self-report measures, and laboratory test meals. Significant differences between individuals
with BN with/without comorbid AUDs were not found for test meal intake, impulsivity measures,
or self-reported psychological symptoms. As hypothesized, compared to healthy controls,
individuals with BN had significantly higher scores on two subscales and the total score of the
Barratt Impulsiveness Scale, a trait measure of impulsivity, and consumed significantly more
calories in the binge instruction meal. Total Barratt Impulsiveness Scale scores were also
significantly related to kcal consumed during the laboratory test meal when individuals were
instructed to binge eat (BN groups). Data from this study add to the existing literature implicating
impulsivity in the psychopathology of disorders of binge eating, including BN, and also support
the use of laboratory meals as a symptom-specific measure of this trait in eating disorder
populations.

Corresponding Author: Dr. Robyn Sysko, One Gustave L Levy Place, Box 1230, Eating and Weight Disorders Program, New York,
NY 10029, Phone: 212-659-8724, Fax: 212-849-2561.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sysko et al. Page 2

Keywords
impulsivity; laboratory eating; eating behavior; bulimia nervosa; alcohol use disorder; binge eating

Introduction

A substantial percentage of individuals with bulimia nervosa (BN) have a co-occurring
substance use disorder, including 33.7% reporting a lifetime diagnosis of alcohol abuse or
dependence in a nationally representative population-based study (Hudson, Hiripi, Pope, &
Kessler, 2007). Despite this significant overlap, few studies examine shared mechanisms for
the etiology and maintenance of BN and alcohol use disorders (AUDs). One characteristic
feature of patients with BN (Vaz-Leal et al., 2015; Waxman, 2009) or AUDs (Jentsch et al.,
2014) is impulsivity, which is hypothesized to increase risk for the development of both
conditions. Impulsivity, or the inability to suppress a dominant or unwanted action, is not
one construct, but rather encompasses a range of behavioral dyscontrol such as response
inhibition, delay of gratification, and delay discounting (Stein, Hollander, & Liebowitz,
1993). Prior research links impulsivity and specific behavioral disturbances in eating, the
defining features of eating disorders. For example, a relationship between measures of trait
impulsivity and features of binge eating (e.g., loss of control over eating, eating alone due to
embarrassment) is found in individuals with binge eating disorder (Nasser, Gluck, &
Geliebter, 2004), and significantly greater test meal intake and impulsivity scores are
observed among individuals who binge eat compared to those who do not (Galanti, Gluck, &
Geliebter, 2007), with a significant positive correlation between impulsivity and test meal
intake.

An extensive literature has also linked impulsivity to risk for developing AUDs.
Relationships are identified between behavioral impulsivity, early onset of alcoholism, and
other substance use (i.e., number of daily cigarettes smoked), in individuals with AUDs
(Stanford et al., 2009). Although studies consistently find that impulsivity predicts the onset
of AUDs, including for individuals genetically predisposed to these conditions, it remains
unclear whether this relation is unique to AUDs or simply reflects the cumulative effect of
trait disinhibition that places individuals at general risk for all externalizing disorders (Dick
etal., 2010).

The primary aim of the current study was to examine differential associations of impulsivity
and eating behavior among individuals with BN with and without a co-occurring or lifetime
AUD, and healthy controls. We hypothesized that compared to patients without a current/
past AUD, individuals with BN and an AUD diagnosis would: (1) report elevated levels of
eating disorder psychopathology, and (2) evidence greater trait and behavioral impulsivity in
comparison to patients with BN alone and healthy controls. Further, we hypothesized that in
comparison to controls, patients with BN would have (1) higher scores on measures of
impulsivity and psychopathology, and (2) demonstrate increased consumption during a
laboratory test meal. Similar to prior research (Galanti et al., 2007; Nasser et al., 2004),we
also hypothesized that an eating-specific measure of disinhibition (laboratory binge meal)
would be correlated with other trait measures of impulsivity among patients with BN.
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Individuals with DSM-1V BN (American Psychiatric Association, 1994) and healthy
controls participated in the study. Patients were treatment-seeking individuals with BN and if
eligible, were offered treatment at no charge in exchange for participation (brief inpatient
stay or 20 sessions of outpatient cognitive-behavioral therapy). Eligibility was evaluated
during an in-person screening, in which all participants completed informed consent, an
evaluation of medical stability, and self-report and interview measures (see below). Patients
with BN were not eligible if a lifetime diagnosis of bipolar disorder, schizophrenia, or other
psychatic disorders, substance abuse or dependence (for patients without a comorbid AUD),
history of alcohol withdrawal symptoms (for patients with a current/past AUD), significant
medical illness, or pregnancy were reported. Control participants were recruited via
advertisements in local media and flyers around a university medical center campus and
participated in exchange for monetary compensation. Healthy controls were of normal
weight and denied any current psychiatric diagnosis or significant medical illness.

Participation occurred on two non-consecutive days, on average 4.6 days apart (standard
deviation = 3.6; range = 1-21). On both testing days, participants consumed a standardized
breakfast, consisting of one Thomas’ English Muffin, 2 pats of butter, and 4 fluid ounces
(118.3 ml) of apple juice (~300 kcal), at home following an overnight fast. Participants were
asked not to consume additional food or liquid besides water before the test meal six hours
later. Standardized breakfast adherence was evaluated by phone on the morning of the
testing sessions and questionnaire prior to laboratory meals. On the first test day, participants
completed a battery of computerized behavioral and self-report assessments (Barratt
Impulsiveness Scale, GoStop Impulsivity Paradigm, Immediate and Delayed Memory Task,
Stroop Word-Color Interference, Delay Discounting Task; see Measures section for
additional detail) for approximately 90 minutes before initiating the meal procedures.
Immediately before both test meals, all participants were assessed with a breathalyzer and
urine drug screen to rule out intoxication at time of testing. Any participant with a positive
breathalyzer or urine drug screen did not participate in scheduled test meals. This study was
reviewed and approved by the New York State Psychiatric Institute’s Institutional Review
Board.

As above, impulsivity is dimensional (Stein et al., 1993) including behavioral, cognitive, and
biological characteristics (Barratt & Patton, 1983). The heterogeneity of concepts assessed
by measures of ‘impulsivity,” and the multi-impulsive characteristics previously observed in
samples of BN, underscore the importance of examining different aspects of impulse control
(Waxman, 2009). Thus for this study, several assessments measured impulsivity, including
the test meals, which served as an objective, domain-specific measure of impulsivity relevant
to BN. The Wechsler Test of Adult Reading (The Psychological Corporation, 2001) assessed
basic reading level to ensure valid assessments.
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Test Meals—Similar to other research on eating behavior (Goldfein, Walsh, LaChaussée,
Kissileff, & Devlin, 1993; Kissileff, Walsh, Kral, & Cassidy, 1986; LaChaussée, Kissileff,
Walsh, & Hadigan, 1992; Sysko, Devlin, Walsh, Zimmerli, & Kissileff, 2007), instructions
about the meal were given, which on the first day (normal meal) specified: “We would like
this meal to resemble a normal meal that you would eat outside of the laboratory. Please eat
as much or as little as you’d like. If you have problems with binge eating, we would like this
meal to be typical of a meal when you are not binge eating. On the second test day (binge
meal), participants were informed: “We would like this meal to resemble a binge meal. If
you are someone who has problems with binge eating, we would like this meal to resemble
what happens when you have a binge eating episode. If you are not someone who regularly
binge eats, we would like this meal to resemble what happens when you overeat.” Based on
our prior studies of eating behavior (Kissileff et al., 1986; Schebendach, Broft, Foltin, &
Walsh, 2013), rather than counterbalancing instructions, the first test meal was designed as
an adaptation session to acclimate participants to eating in the laboratory and increase the
likelihood of comfort with binge eating or overeating on the second day. Meals consisted of
27 different foods (e.g., bread, chicken, cookies, ice cream) and drinks (e.g., water, Diet
Coke®) used in previous studies (Mayer, Schebendach, Bodell, Shingleton, & Walsh, 2012)
with a few adaptations (e.g., Munchkins® instead of donuts). During the meal, participants
were observed via closed circuit video monitor and a DVD player showed episodes of either
The Office or Modern Family. The end of the meal was signaled by pushing a button
(doorbell). Individuals with BN had access to a private bathroom both during and after the
test meals. Food was weighed (in grams) before and after test meals. Nutrient analyses
included energy (kcal), macronutrient content (grams of carbohydrate, protein, and fat), and
percent of kcal provided by macronutrients. Two dietary scores were calculated: (1) diet
energy density score (DEDS), or intake in kcal divided by the total gram weight of food and
beverage consumed, and (2) diet variety score (DVS), or the total number of different caloric
foods and beverages consumed during the meal divided by the number of caloric foods and
beverages served (Mayer et al., 2012).

Other Impulsivity Assessments—The Barratt Impulsiveness Scale (Patton, Stanford, &
Barratt, 1995) is a 30-item self-report questionnaire measuring impulsivity in three higher
order factors (Attentional, Motor, and Nonplanning Impulsiveness). Items are composed of
statements of behaviors/personality characteristics with higher scores indicating greater
impulsivity, and the scale has demonstrated internal consistency, utility (Stanford et al.,
2009), and test-retest reliability (Weafer, Baggott, & de Wit, 2013). The GoStop Impulsivity
Paradigm (Dougherty, Mathias, & Marsh, 2003) is a behavioral measure of the ability to
inhibit inappropriate actions in favor of appropriate alternative ones, and is reliably elevated
among impulsive populations (Dougherty et al., 2003; Marsh et al., 2002). Participants are
asked to attend to a series of black five digit numbers displayed on a white background. The
“go” signal requires a response when the participant sees two sequential identical five digit
numbers, and the “stop” signal asks the participant to withhold a response after the second
identical number turns from black to red 50, 150, 250, or 350 milliseconds following the
stimulus presentation. The primary outcome is a ratio of the number of response inhibition
failures divided by the number of correct responses for the 150 milliseconds trials. The
Immediate and Delayed Memory Task (Dougherty, Marsh, & Mathias, 2002) measures
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impulsiveness as it relates to sustained attention, produces stable baselines of performance,
and appears sensitive to group differences and the effects of alcohol (Dougherty et al.,
2002). The Immediate Memory Task portion presents a series of black five digit numbers on
a white background changing every 500 milliseconds and asks individuals to respond
selectively to a sequence of two consecutive, identical five digit numbers (“target trials”;
e.g., “20417”). Target trials alternate with “filler trials” (non-matching numbers with random
digits distinct from target trials; e.g., “41376™) and “catch trials” (number sequences are very
close to target trials but off by one digit; e.g., “20437”). In the Delated Memory portion of
the task, individuals respond to a target trial when two matching sequences are separated by
“distracter trials” (always the number “12345™). The primary outcome is the ratio of
commission errors (response to catch trials, representing behavioral response prior to
complete information processing) to correct detections of target trials. The Stroop Word-
Color Interference (Stroop, 1935) asks individuals to identify as many printed stimuli as
possible in 45 seconds. Individuals read the names of colors printed in black and white (e.g.,
“red,” “green”; Words) then state the colors of “X” symbols printed on the page (Colors) and
name the colors of the ink in which words (names of colors) are printed (e.g., for the word
“red” printed in green ink, the correct answer would be “green”; Color-Words). The primary
outcome is “interference,” or the difference between the number of Color-Words correctly
identified and the number of Color-Words predicted to be correctly identified (calculated by
the ratio of the product of correctly identified Words and Colors to the sum of correctly
identified Words and Colors). The Stroop task has good temporal reliability (Connor,
Franzen, & Sharp, 1988; Graf, Utte, & Tuokko, 1995; Sacks, Clar, Pols, & Geffen, 1991)
and is sensitive to central nervous system damage (Spreen & Strauss, 1991). The Delay
Discounting Task (Kirby, Petry, & Bickel, 1999) asks participants to choose between an
immediate monetary reward or delayed monetary reward (e.g., “Would you prefer $41 today,
or $75 in 20 days?”). Participants could receive a cash payment for this task, as once the
questionnaire was complete, a die was rolled for a chance to win one of their choices.
Monetary payment was made if the participant rolled a “6” on the dice for a randomly
chosen item on the task (e.g., “$41 today” drawn blindly from pieces of paper listing all 27
choices from the questionnaire). This measure is an efficient assessment of delayed
discounting of monetary stimuli with convergent validity (Epstein et al., 2003), and evidence
of individuals with greater impulsivity (e.g., drug users) demonstrating a greater discounting
the value of delayed rewards (Kirby et al., 1999).

Other Assessments—The following measures were administered at the time of the test
meal to assess constructs associated with intake among individuals with BN. The Profile of
Mood States (McNair, Lorr, & Droppleman, 1971), a 65-item internally-consistent
questionnaire with evidence of concurrent validity and test-retest reliability (Spielberger,
1972),was administered immediately before and after each test meal. Participants rated a
series of adjectives, and six subscales are derived: tension-anxiety, depression, anger-
hostility, vigor-activity, fatigue, and confusion-bewilderment. The Spielberger State-Trait
Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970) is a 40-item self-report measure
of state and trait anxiety (20 items each). The trait form was given at the baseline
assessment, and the state form administered before and after test meals. Higher scores are
indicative of greater anxiety, and the scale has appropriate internal consistency, test-retest
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reliability (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), and substantial evidence
of construct and concurrent validity (Spielberger, 1989). Before the meals, participants used
15-cm Visual Analog Scales anchored by the phrases Not at alland Extremelyto rate
hunger, fullness, anxiety, and loss of control. After the meals, participants estimated the
number of calories consumed, rated typicality of the meal as a binge episode, and completed
a second set of Visual Analog Scales for hunger, sickness, anxiety, and loss of control. As in
prior research (Kissileff et al., 1986), participants with BN who designated the binge meal as
moderately, very, or extremely typical were included in the analyses reported below.

The following measures were also given to assess other factors known to be potential
sources of variation among patients with BN. The Abbreviated Structured Clinical Interview
for DSM-IV (SCID-I; First, Spitzer, Gibbon, & Williams, 1995) was used to selectively
diagnose mood disorders, psychotic symptoms, alcohol and substance use disorders, and
eating disorders, conditions for which diagnostic reliability has been observed (Skre,
Onstad, Torgersen, & Kringlen, 1991; Zanarini et al., 2000; Zanarini & Frankenburg, 2001).
The Abbreviated Eating Disorder Examination (EDE; Fairburn, Cooper, & O’Connor, 2008)
is a semi-structured interview with excellent inter-rater reliability, content validity, and
validity generalization (Sysko, 2008) that was shortened to specifically assess loss of control
eating episodes and compensatory behaviors. The Time-Line Follow-Back Interview
(Maisto, Sobell, Cooper, & Sobell, 1982) assesses self-reported daily alcohol use (i.e.,
drinks per day) over the past three months, and has demonstrated good test-retest reliability
(Sobell, Maisto, Sobell, & Cooper, 1979) and significant correlations with collateral report
(Maisto et al., 1982). To aid recall, a calendar marked with notable dates (e.g., holidays,
important personal events) and a standard drink conversation sheet were utilized. The Eating
Disorder Examination-Questionnaire (EDE-Q); Fairburn & Beglin, 1994) is a 36-item
assessment of eating disorder symptoms, including number of objective and subjective
bulimic episodes in the prior month. The EDE-Q has excellent content validity, validity
generalization, and norms (Sysko, 2008) and four symptom subscales: Restraint, Eating
Concern, Shape Concern, and Weight Concern. The Body Shape Questionnaire (Cooper,
Taylor, Cooper, & Fairburn, 1987) is a 34-item measure of body image concerns over the
past four weeks. Thoughts, feelings, and behaviors related to body image are summed into a
total score, and the measure has shown good test-retest reliability, concurrent validity, and
criterion validity (Rosen, Jones, Ramirez, & Waxman, 1996). The Beck Depression
Inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) is a 21-item self-report
measure of depressive symptoms. Higher scores indicate more severe depressive symptoms,
and the measure has good temporal stability and convergent validity with other measures of
depression (Moreno, Fuhriman, & Selby, 1993).

Statistical Analysis

Statistical calculations were performed by using SPSS for WINDOWS software (version
22). For interview and questionnaire data, analysis of variance was used between groups
(healthy controls, patients with BN, patients with BN and a current/past AUD). Healthy
controls were excluded from any analyses for which behavioral symptoms were denied (e.g.,
objective bulimic episodes), and in these cases, both groups of patients with BN were
compared using Mann Whitney U'tests. Data for the independent samples #tests assumed
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equal variances unless otherwise indicated. For the test meals, the effect of Instruction
(binge v. normal mean instruction; within subjects), Group (BN, BN-Current/Past AUD,
Healthy Control; between subjects) and Instruction X Group interaction were tested in a
mixed effects regression model. Follow-up contrasts were adjusted for heterogeneous
variance across groups. Other secondary factors were analyzed with Pearson’s correlation
coefficients or Spearman’s rho (p). Effect sizes (d/or Eta®) were calculated either for two-
way comparison between all patients with BN versus healthy controls or three-way
comparison between patients with BN, patients with BN and current/past AUD, and healthy
controls. Data from one patient (BN-Past AUD) in the normal meal was excluded because
the kcal consumed was > 3 SDs above the mean (5073.8 kcal) and the meal was described as
“very” typical of a binge episode, a designation not endorsed by any of the other BN
participants for the normal meal condition. Two outlier data points in the control group were
identified and excluded (one on the Go-Stop and one on the Immediate/Delayed Memory
Task; both > 3 SD); one control did not complete the Immediate/Delayed Memory Task.
Information presented below reflects results with the outliers removed and missing data
omitted. Alpha was set at p < 0.05.

Thirty-one women with BN participated in this study, including 18 with no history of an
AUD (BN only), seven with a history of alcohol abuse (/7= 3) or dependence (/7= 4; BN-
Past AUD), and six with a current AUD (/7= 3 alcohol abuse, /7= 3 alcohol dependence; BN-
Current AUD). Twelve women without psychiatric symptoms were the comparison group.
Demographic information for all three groups appears in Table 1. There were no differences
in the mean age, body mass index (kg/m2), or distribution of ethnicity across groups. Six
patients were taking stable doses of prescribed psychiatric medication(s) at the time of
testing (7= 4 BN only; n=2 BN-Current/Past AUD), including an antidepressant (7= 6), a
stimulant for the treatment of Attention Deficit Hyperactivity Disorder (n= 2), topiramate (n
= 1), and clonazepam (/7= 1). None of the control group used psychiatric medications, and
no differences in the frequency of medication use were noted between the two groups with
BN.

All participants completed impulsivity assessments and the normal meal instruction testing.
A total of 20 patients with BN (10 BN only, 10 BN-Past/Current AUD) and 12 healthy
controls completed all study procedures. One participant (BN only) was excluded prior to
completing any procedures on the second test day after her urine drug screen was positive
for cocaine. Two participants (BN only, BN-Past AUD) were unable to complete the binge
instruction meal. Eight participants (7= 6 BN only, n= 2 Current/Past BN) were excluded
for failing to rate the binge instruction meal as at least moderately typical of a binge episode
outside of the laboratory.

Psychological Symptoms

Average number of objective bulimic episodes, subjective bulimic episodes, episodes of self-
induced vomiting by EDE per month over the three months prior to baseline, and baseline
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alcohol consumption are provided in Table 1, and were not different between the groups
with BN. Patients with BN (BN only, BN Current/Past AUD) had significantly higher scores
on the Body Shape Questionnaire (total), all four subscales of the EDE-Q (Eating, Restraint,
Shape Concern, Weight Concern), and Beck Depression Inventory (total; all p’s < 0.001)
compared to healthy controls. On the Time Line Follow-Back, patients with BN-Current/
Past AUD reported significantly more total drinks consumed per month over the three
months prior to baseline in comparison to the other two groups [F(2, 40)=6.4, p=0.004].
However, no significant differences were observed for patients with BN only, patients with
BN-Current/Past AUD, or healthy controls on the Time Line Follow-Back for average
number of standard drinks per drinking day or maximum number of standard drinks per
drinking day.

Table 2 provides data from the normal and binge instruction test meals for patients with BN
only, patients with BN-Current/Past AUD, and healthy controls, including total kcal, %
carbohydrate, % protein, and % fat consumed, Diet Energy Density and Diet Variety Scores,
and the model results with control group as reference group. As shown, both groups with
BN consumed significantly more total energy in the binge instruction meal than healthy
controls; however, there were no differences between the groups with BN on any measure of
test meal intake.

The observed power for our primary test (kcal consumed during the binge meal) was 0.94
given the estimated effect size for the main effect of group (eta? = 0.36). To detect
differences on this outcome between BN only versus BN-Current/Past AUD with n =10 in
each group, we were powered at alpha = 0.80 to detect &= 1.3. The observed effect size in
the current study was d = 0.03, and we would have therefore to enroll 34,886 subjects to find
a significant difference of this size between groups. In comparison to healthy controls,
patients with BN only also consumed more energy dense foods.

Table 3 presents the Visual Analog Scale ratings from the normal and binge instruction
meals for all three groups for hunger, fullness, anxiety, out of control (pre-post meal), and
sick (post-meal only). There were no differences observed between the two groups with BN.
In the normal meal, both groups of patients with BN showed a blunted change in hunger in
comparison to healthy controls. In the binge meal, a significantly larger change in fullness
ratings was noted in the healthy control group when compared to the group with BN
Current/Past AUD.

Following the normal meal, 5 patients with BN only (27.8%) reported self-inducing
vomiting, and patients with BN Current/Past AUD and healthy controls denied purging.
Following the binge meal, a total of 10 patients with BN (100%), 8 patients with BN
Current/Past AUD (80%), and no healthy controls reported self-inducing vomiting.

Impulsivity Measures

Comparisons between groups on Impulsivity assessments appear in Table 4. No differences
were identified between the groups with BN on any of these measures, and correlations
between domain-specific impulsivity (test meal intake) and other measures of impulsivity
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were therefore collapsed across both groups with BN. Patients with BN showed significant
relationships between impulsivity as measured by total score on the Barratt Impulsiveness
Scale and kcal consumed during the non-binge (Spearman’s rho (p)= -0.07, p=0.67) and
binge instruction meals (p = 0.55, p=0.12), but this relationship was not observed in
healthy controls. The only measure that differentiated patients with BN and healthy controls
was the Barratt Impulsiveness Scale, with significantly higher scores noted for the
Attentional Impulsiveness (attention, cognitive instability) and Nonplanning Impulsiveness
(self-control, cognitive complexity) subscales and the total score. No significant
relationships were found between total BIS-11 score and any other measure of impulsivity
(Go-Stop, Immediate/Delayed Memory Tasks, Stroop, Delay Discounting Task).

Discussion

This study investigated impulsivity among patients with BN with and without AUDs to
evaluate whether the behavioral symptoms of these disorders have a shared diathesis of
impulse dyscontrol. Contrary to our hypotheses, differences were not found between BN
groups (with/without AUDs) for laboratory test meal intake or other assessments of
impulsivity. Although differences in impulse control failed to emerge on the basis of
comorbid AUD among women with BN, this study replicates previous behavioral and
biological research demonstrating the importance of pathological impulsivity in this
diagnostic group (e.g., Marsh et al., 2009; Waxman, 2009). Ecological momentary
assessment has linked bulimic behaviors to emotional precipitants, including interpersonal/
work stressors, daily hassles, and stress appraisal (Goldschmidt et al., 2014). Impulsivity
may be a moderator that strengthens the association between such distress and binge eating
and purging behaviors (Engel et al., 2007). The core symptoms of BN may therefore result
from an interaction between emotion dysregulation and trait impulsivity, or interactions
between gonadal hormones and vulnerable neurotransmitter systems (e.g., dopamine,
serotonin, etc.), which may result from genetic influences or eating disorder symptoms
themselves (Steiger & Bruce, 2007). Specifically, some studies of serotonin functioning and
impulsive behaviors among patients with BN demonstrated an inverse relationship between
serotonin activity and impulsivity (Steiger, Koerner, et al., 2001; Steiger, Young, et al.,
2001); however, this finding has not been consistently replicated (Wonderlich et al., 2005).
Thus, strategies commonly used in the treatment of AUDs, which are consistent with
cognitive-behavior therapy for BN, might be further emphasized in interventions with
patients with BN, regardless of comorbidity, to address problems with impulse control.
Stimulus control, cue exposure, and strategies increasing the use of delay discounting (e.g.,
“playing the tape to the end”) could be particularly useful (see Epstein & McCrady, 2009
and Monti, Kadden, Rohsenow, Cooney, & Abrams, 2002).

Consistent with our hypotheses, several distinctions were found between patients with BN
and healthy controls, including trait self-reported impulsiveness and total calories eaten
during a meal with binge instructions. Measures of impulsivity that distinguished patients
with BN and healthy controls assessed a general propensity to act without thinking or lack of
attention (e.g., “I plan tasks carefully.”). In contrast to prior studies, patients with BN and
healthy controls did not differ on behavioral tasks (e.g., the Go Stop) requiring motor
responses or rapid decisions. The neutral pre-meal condition under which these behavioral
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tasks were administered may have affected our data, as extant research of patients with BN
indicates positive and negative emotions have reliable disinhibitory effects on patients with
BN that are not specific to food, but also to other maladaptive behaviors (e.g., drug/alcohol
misuse, self-harm, etc.; Lavender et al., 2015).

Further, among patients with BN, a significant relationship was found for impulsivity, as
measured by total score on the Barratt Impulsiveness Scale, and total consumption during
the binge instruction meal, which parallels the results of prior studies identifying a
significant positive correlation between impulsivity and test meal intake in patients with
binge eating disorder (Galanti et al., 2007). Changing more consistent behaviors or stable
views of the self, as evaluated by the Barratt Impulsiveness Scale (e.g., “I say things without
thinking,” “I am self-controlled,”) may be plausible in light of recent evidence for the
usefulness of cognitive retraining to decrease food intake both in those with (e.g., Boutelle et
al., 2016) and without eating disorders (e.g., Lawrence et al., 2015). In this way, there is face
validity for the relationship between Barratt Impulsiveness Scale and test meal intake
because patients develop behavioral patterns that over time during binge episodes (e.g.,
consuming particular foods, eating foods in a specific order), which parallel the types of
traits evaluated by this questionnaire. This finding supports the potential for utilizing
laboratory studies of eating behavior as a relevant symptom-specific measure of impulsivity
in eating disorder populations, and complements extensive prior data demonstrating the
utility of this type of paradigm in measuring a number of clinically relevant variables
(Forbush & Hunt, 2014), including meal size (Kissileff et al., 1986), rate of eating (Kissileff
et al., 1986), altered satiety (Sysko et al., 2008), and the perception of loss of control (Sysko,
Walsh, Schebendach, & Wilson, 2005).

This study had several limitations. First, only six of the individuals with BN presented with a
current AUD, which limits our power to detect differences based on the co-occurrence of
these disorders. The sample also consisted only of women seeking treatment at a tertiary
care center, which reduces generalizability to other populations, particularly to men. The
multi-item laboratory meals were standardized, so despite a relatively large selection of
foods, some participants may not have had access to items they would typically consume
during binge eating episodes. Similarly, although efforts were made to ensure compliance
with pre-meal breakfast and fasting instructions, participants did not remain in the laboratory
for the entirety of the study, and there may have been variability in pre-meal consumption.
Both of these elements could have affected eating behavior in the laboratory. In addition, for
participant safety, this study did not permit consumption of alcohol or other drugs on the day
of test meals. However, this prevented us from assessing more naturalistic relationships
between substance use and bulimic behaviors in the BN-AUD group, and may help explain
why significant differences in test meal variables were not observed between BN groups.
Several participants reported consuming alcohol before or during binge eating episodes
outside of the laboratory, and there may be interactions between impulse control, drinking,
and food consumption that were not captured in this study. Relative strengths of the study
include its use of both self-report and behavioral measures of impulsivity and eating disorder
symptoms and well-controlled laboratory meals that also achieved participant ratings of
typicality for naturalistic binge episodes.

Appetite. Author manuscript; available in PMC 2018 May 01.
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In summary, the results of this study support impulsivity as an important contributor to
eating behavior amongst individuals with BN. Contrary to our hypotheses, there were no
differences in test meal behavior or impulsivity between women with BN with and without
an AUD. Additional studies are needed to better understand the naturalistic relationship
between impulsivity, alcohol use, and eating behavior in individuals with co-occurring BN
and AUDs and to investigate whether treatment strategies specifically addressing
impulsiveness for individuals with BN would be useful in cases where standard treatment
(e.g., cognitive behavior therapy) results in a suboptimal response.

Acknowledgments

The authors thank Stephanie Brewer, Simona Kaplan, and Margaret Martinez for their assistance in conducting this
research. This study was supported by a Young Investigator grant from NARSAD: The Brain and Behavior
Research Fund and National Institute of Diabetes and Digestive and Kidney Diseases Grant DK088532-01A1.

Abbreviations

BN bulimia nervosa

AUD alcohol use disorder

References

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: 4th edition.
Washington, DC: American Psychiatric Association; 1994.

Barratt, ES., Patton, JH. Impulsivity: Cognitive, behavioral, biological, and environmental data. In:
McCown, WB.Johnson, JL., Shore, MB., editors. The Impulsive Client: Theory, Research, and
Treatment. Washington: American Psychological Association; 1983.

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring depression.
Archives of General Psychiatry. 1961; 4:561-571. [PubMed: 13688369]

Boutelle KN, Monreal T, Strong DR, Amir N. An open trial evaluating an attention bias modification
program for overweight adults who binge eat. Journal of Behavior Therapy and Experimental
Psychiatry. 2016; 52:138-146. [PubMed: 27116704]

Connor A, Franzen MD, Sharp B. Effects of practice and differential on Stroop performance.
International Journal of Clinical Neuropsychology. 1988; 10:1-4.

Cooper PJ, Taylor MJ, Cooper Z, Fairburn CG. The development and validation of the Body Shape
Questionnaire. International Journal of Eating Disorders. 1987; 6:485-494.

Dick DM, Smith G, Olausson P, Mitchell SH, Leeman RF, O’Malley SS, Sher K. Understanding the
construct of impulsivity and its relationship to alcohol use disorders. Addiction Biology. 2010;
15:217-226. [PubMed: 20148781]

Dougherty DM, Bjork JM, Harper RA, Marsh DM, Moeller FG, Mathias CW, Swann AC. Behavioral
impulsivity paradigms: A comparison in hospitalized adolescents with disruptive behavior disorders.
Journal of Child Psychology and Psychiatry. 2003; 44:1145-1157. [PubMed: 14626456]

Dougherty DM, Marsh DM, Mathias CW. Immediate and delayed memory tasks: a computerized
behavioral measure of memory, attention, and impulsivity. Behavioral Research Methods,
Instruments, & Computers. 2002; 34:391-398.

Dougherty, DM., Mathias, CW., Marsh, DM. Go Stop Impulsivity Paradigm (\ersion 1.0; Manual).
University of Texas Health Science Center at Houston, Houston, TX: Neurobehavioral Research
Laboratory and Clinic; 2003.

Engel SG, Boseck JJ, Crosby RD, Wonderlich SA, Mitchell JE, Smyth J, Steiger H. The relationship
of momentary anger and impulsivity to bulimic behavior. Behaviour Research and Therapy. 2007;
45:437-447. [PubMed: 16697350]

Appetite. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sysko et al.

Page 12

Epstein, EE., McCrady, BS. Overcoming alcohol use problems: A cognitive-behavioral treatment
program, Treatments That Work. New York: Oxford University Press; 2009.

Epstein LH, Richards JB, Saad FG, Paluch RA, Roemmich JN, Lerman C. Comparison between two
measures of delay discounting in smokers. Exp Clin Psychopharmacol. 2003; 11:131-138.
[PubMed: 12755457]

Fairburn CG, Beglin SJ. Assessment of eating disorders: Interview or self-report questionnaire.
International Journal of Eating Disorders. 1994; 16:363-370. [PubMed: 7866415]

Fairburn, CG., Cooper, Z., O’Connor, M. Eating Disorder Examination Edition 16.0D. In: Fairburn,
CG., editor. Eating Disorders and Cognitive Behavior Therapy. New York: Guilford Press; 2008.

First, MB., Spitzer, RL., Gibbon, M., Williams, JBW. Structured Clinical Interview for DSM-1V Axis |
Disorders, Patient Edition (SCID-P), version 2. New York: New York State Psychiatric Institute,
Biometrics Research; 1995.

Forbush KT, Hunt TK. Characterization of eating patterns among individuals with eating disorders:
what is the state of the plate? Physiology and Behavior. 2014; 134:92-109. [PubMed: 24582916]

Galanti K, Gluck ME, Geliebter A. Test meal intake in obese binge eaters in relation to impulsivity and
compulsivity. International Journal of Eating Disorders. 2007; 40:727-732. [PubMed: 17683093]

Goldfein JA, Walsh BT, LaChaussée JL, Kissileff HR, Devlin MJ. Eating behavior in binge eating
disorder. International Journal of Eating Disorders. 1993; 14:427-431. [PubMed: 8293024]

Goldschmidt AB, Wonderlich SA, Crosby RD, Engel SG, Lavender JM, Peterson CB, Mitchell JE.
Ecological momentary assessment of stressful events and negative affect in bulimia nervosa.
Journal of Consulting and Clinical Psychology. 2014; 82:30-39. [PubMed: 24219182]

Graf P, Utte B, Tuokko H. Color- and Picture-Word Stroop Tests: Performance changes in old age.
Journal of Clinical and Experimental Neuropsychology. 1995; 17:390-415. [PubMed: 7650102]

Hudson JI, Hiripi E, Pope HG Jr, Kessler RC. The prevalence and correlates of eating disorders in the
National Comorbidity Survey Replication. Biological Psychiatry. 2007; 61:348-358. [PubMed:
16815322]

Jentsch JD, Ashenhurst JR, Cervantes MC, Groman SM, James AS, Pennington ZT. Dissecting
impulsivity and its relationships to drug addictions. Annals of the New York Academy of Sciences.
2014; 1327:1-26. [PubMed: 24654857]

Kirby KN, Petry NM, Bickel WK. Heroin addicts have higher discount rates for delayed rewards than
non-drug-using controls. Journal of Experimental Psychology: General. 1999; 128:78-87.
[PubMed: 10100392]

Kissileff HR, Walsh BT, Kral JG, Cassidy SM. Laboratory studies of eating behavior in women with
bulimia. Physiology and Behavior. 1986; 38:563-570. [PubMed: 3823170]

LaChaussée JL, Kissileff HR, Walsh BT, Hadigan CM. The single-item meal as a measure of binge-
eating behavior in patients with bulimia nervosa. Physiology and Behavior. 1992; 51:593-600.
[PubMed: 1523236]

Lavender JM, Wonderlich SA, Engel SG, Gordon KH, Kaye WH, Mitchell JE. Dimensions of emotion
dysregulation in anorexia nervosa and bulimia nervosa: A conceptual review of the empirical
literature. Clinical Psychology Review. 2015; 40:111-122. [PubMed: 26112760]

Lawrence NS, O’Sullivan J, Parslow D, Javaid M, Adams RC, Chambers CD, Verbruggena F. Training
response inhibition to food is associated with weight loss and reduced energy intake. Appetite.
2015; 95:17-28. [PubMed: 26122756]

Maisto SA, Sobell LC, Cooper AM, Sobell MB. Comparison of two techniques to obtain retrospective
reports of drinking behavior from alcohol abusers. Addictive Behaviors. 1982; 7:33-38. [PubMed:
7080882]

Marsh DM, Dougherty DM, Mathias CW, Moeller FG, Hicks LR. Comparison of women with high
and low trait impulsivity using laboratory impulsivity models of response-disinhibition and
reward-choice. Personality and Individual Differences. 2002; 33:1291-1310.

Marsh R, Steinglass JE, Gerber AJ, Graziano O’Leary K, Wang Z, Murphy D, Peterson BS. Deficient
activity in the neural systems that mediate self-regulatory control in bulimia nervosa. Archives of
General Psychiatry. 2009; 66:51-63. [PubMed: 19124688]

Moreno JK, Fuhriman A, Selby MJ. Measurement of hostility, anger, and depression in depressed and
nondepressed subjects. Journal of Personality Assessment. 1993; 61:511-523. [PubMed: 8295113]

Appetite. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sysko et al.

Page 13

Mayer LE, Schebendach J, Bodell LP, Shingleton RM, Walsh BT. Eating behavior in anorexia nervosa:
before and after treatment. International Journal of Eating Disorders. 2012; 45:290-293. [PubMed:
21495053]

McNair, DM., Lorr, M., Droppleman, LF. Manual for the profile of mood states. San Diego, CA:
Educational and Industrial Testing Service; 1971.

Monti, PM., Kadden, RM., Rohsenow, DJ., Cooney, NL., Abrams, DB. Treating alcohol dependence:
A coping skills training guide. 2nd. New York: Guilford Press; 2002.

Nasser JA, Gluck ME, Geliebter A. Impulsivity and test meal intake in obese binge eating women.
Appetite. 2004; 43:303-307. [PubMed: 15527933]

Patton JH, Stanford MS, Barratt ES. Factor structure of the Barratt impulsiveness scale. Journal of
Clinical Psychology. 1995; 51:768-774. [PubMed: 8778124]

Rosen JC, Jones A, Ramirez E, Waxman S. Body Shape Questionnaire: studies of validity and
reliability. International Journal of Eating Disorders. 1996; 20:315-319. [PubMed: 8912044]

Sacks TL, Clar CR, Pols RG, Geffen LB. Comparability and stability of performance of six alternate
forms of the Dodrill-Stroop Color-Word Test. Clinical Neuropsychology. 1991; 5:220-225.

Schebendach J, Broft A, Foltin RW, Walsh BT. Can the reinforcing value of food be measured in
bulimia nervosa? Appetite. 2013; 62:70-75. [PubMed: 23178173]

Skre I, Onstad S, Torgersen S, Kringlen E. High interrater reliability for the Structured Clinical
Interview for DSM-111-R Axis | (SCID-I). Acta Psychiatr Scand. 1991; 84:167-173. [PubMed:
1950612]

Sobell LC, Maisto SA, Sobell MB, Cooper AM. Reliability of alcohol abusers’ self-reports of drinking
behavior. Behavior Research and Therapy. 1979; 17:157-160.

Spielberger CD. Review of Profile of Mood States. Professional Psychology. 1972; 3:387-388.

Spielberger, CD., Gorsuch, RL., Lushene, RE. Manual for the state-trait inventory. Palo Alto, CA:
Consulting Psychologists Press; 1970.

Spielberger, CD., Gorsuch, RL., Lushene, R., Vagg, PR., Jacobs, GA. Manual for the State-Trait
Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press; 1983.

Spielberger, CD. State-Trait Anxiety Inventory. 2nd. Palo Alto, CA: Consulting Psychologists Press;
1989.

Spreen, O., Strauss, E. A compendium of neuropsychological tests: Administration, norms, and
commentary. New York: Oxford University Press; 1991.

Stanford MS, Mathias CW, Dougherty DM, Lake SL, Anderson NE, Patton JH. Fifty years of the
Barratt Impulsiveness Scale: An update and review. Personality and Individual Differences. 2009;
47:385-395.

Steiger H, Bruce KR. Phenotypes, endophenotypes, and genotypes in bulimia spectrum eating
disorders. Canadian Journal of Psychiatry. 2007; 52:220-227. [PubMed: 17500302]

Steiger H, Koerner N, Engelberg MJ, Israel MNg, Ying Kin NM, Young SN. Self-destructiveness and
serotonin function in bulimia nervosa. Psychiatry Research. 2001; 103:15-26. [PubMed:
11472787]

Steiger H, Young SN, Kin NM, Koerner N, Israel M, Lageix P, Paris J. Implications of impulsive and
affective symptoms for serotonin function in bulimia nervosa. Psychological Medicine. 2001;
31:85-95. [PubMed: 11200963]

Stein DJ, Hollander E, Liebowitz MR. Neurobiology of impulsivity and the impulse control disorders.
Journal of Neuropsychiatry and Clinical Neuroscience. 1993; 5:9-17.

Stroop JR. Studies of interference in serial verbal reactions. Journal of Experimental Psychology.
1935; 18:643-662.

Sysko, R. Eating disorders. In: Hunsley, J., Mash, EJ., editors. A guide to assessments that work. New
York: Oxford University Press; 2008.

Sysko R, Devlin MJ, Walsh BT, Zimmerli E, Kissileff HR. Satiety and test meal intake among women
with binge eating disorder. International Journal of Eating Disorders. 2007; 40:554-561. [PubMed:
17534911]

Sysko R, Walsh BT, Schebendach J, Wilson GT. Eating behavior among women with anorexia
nervosa. American Journal of Clinical Nutrition. 2005; 82:296-301. [PubMed: 16087971]

Appetite. Author manuscript; available in PMC 2018 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sysko et al.

Page 14

The Psychological Corporation. Wechsler Test of Adult Reading. San Antonio, TX: Harcourt
Assessment; 2001.

Vaz-Leal FJ, Ramos-Fuentes MI, Rodriguez-Santos L, Flores-Mateos IS, Franco-Zambrano A, Rojo-
Moreno L, Beato-Fernandez L. Neurobiological and Clinical Variables Associated with Alcohol
Abuse in Bulimia Nervosa. European Eating Disorders Review. 2015; 23:185-92. [PubMed:
25766414]

Waxman SE. A systematic review of impulsivity in eating disorders. European Eating Disorders
Review. 2009; 17:408-425. [PubMed: 19548249]

Weafer J, Baggott MJ, de Wit H. Test-retest reliability of behavioral measures of impulsive choice,
impulsive action, and inattention. Experimental and Clinical Psychopharmacology. 2013; 21:475-
481. [PubMed: 24099351]

Wonderlich SA, Crosby RD, Joiner T, Peterson CB, Bardone-Cone A, Klein M, Vrshek S. Personality
subtyping and bulimia nervosa: psychopathological and genetic correlates. Psychological
Medicine. 2005; 35:649-657. [PubMed: 15918341]

Zanarini MC, Skodol AE, Bender D, Dolan R, Sanislow C, Schaefer E, Gunderson JG. The
Collaborative Longitudinal Personality Disorders Study: reliability of axis | and Il diagnoses.
Journal of Personality Disorders. 2000; 14:291-299. [PubMed: 11213787]

Zanarini MC, Frankenburg FR. Attainment and maintenance of reliability of axis | and axis Il
disorders over the course of a longitudinal study. Comprehensive Psychiatry. 2001; 42:369-374.
[PubMed: 11559863]

Appetite. Author manuscript; available in PMC 2018 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sysko et al.

Table 1

Page 15

Baseline Demographic, Eating Disordered, and Psychiatric Characteristics by Group

Patients with BN Only (n=18) | Patients with BN Current/Past Healthy Control Participants
Mean + SD AUD (n=13) (n=12)
Mean + SD Mean + SD
Age (years) 23755 26.8+5.1 23.1+38
Body Mass Index (kg/m?) 21827 214+23 21721
Average OBE by EDE 26.2+15.7 31.3+£275 0.0+0.0
Average SBE by EDE 19.0+39.7 20.5+28.3 0.0+0.0
Average Vomiting by EDE 39.3+31.1 76.1+92.6 0.0+0.0
EDE-Q Eating Concern 3.7+x11 3.8+1.6 0.1+0.2
Subscale
EDE-Q Restraint Subscale 35+09 34+16 0.1+0.2
EDE-Q Weight Concern 3015 44+16 04+09
Subscale
EDE-Q Shape Concern 45+12 4613 02+04
Subscale
Average Drinks per Drinking | 2.1+1.6 40+4.4 26+13
Day by TLFB
Maximum Standard Drinks 15+14 33+37 1.7+0.60
per Drinking Day by TLFB

Note. BN=bulimia nervosa, AUD=alcohol use disorder, SD=standard deviation, OBE=0bjective Bulimic Episode, EDE=Eating Disorder
Examination, SBE=Subjective Bulimic Episode, EDE-Q=Eating Disorder Examination Questionnaire, TLFB=Time Line Follow-Back Interview,

no differences were observed in the mean age, body mass index (kg/mz), or distribution of ethnicity across groups.
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