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A B S T R A C T

Poor executive function (EF; pre-frontal cognitive control processes governing goal-directed behavior)
and elevated hedonic hunger (i.e., preoccupation with palatable foods in the absence of physiological
hunger) are theoretical risk and maintenance factors for binge eating (BE) distinct from general obesity.
Recent theoretical models posit that dysregulated behavior such as BE may result from a combination
of elevated appetitive drive (e.g., hedonic hunger) and decreased EF (e.g., inhibitory control and delayed
discounting). The present study sought to test this model in distinguishing BE from general obesity by
examining the independent and interactive associations of EF and hedonic hunger with BE group status
(i.e., odds of categorization in BE group versus non-BE group). Treatment-seeking overweight and obese
women with BE (n = 31) and without BE (OW group; n = 43) were assessed on measures of hedonic hunger
and EF (inhibitory control and delay discounting). Elevated hedonic hunger increased the likelihood of
categorization in the BE group, regardless of EF. When hedonic hunger was low, poor EF increased the
likelihood of categorization in the BE group. Results indicate that the interplay of increased appetitive
drives and decreased cognitive function may distinguish BE from overweight/obesity. Future longitudi-
nal investigations of the combinatory effect of hedonic hunger and EF in increasing risk for developing
BE are warranted, and may inform future treatment development to target these factors.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Binge eating (BE) is defined as consuming large amounts of food
within a discrete time period, accompanied by a sense of loss of
control (LOC). BE is a key symptom of binge eating disorder (BED),
and is linked to serious psychological and physical co-morbidity
(Latner, Hildebrandt, Rosewall, Chisholm, & Hayashi, 2007) and im-
paired social functioning (Rieger, Wilfley, Stein, Marino, & Crow, 2005;
Robinson et al., 2006). A majority of those with BED are over-
weight or obese (Hudson, Hiripi, Pope, & Kessler, 2007); however,
individuals with BED demonstrate increased functional impair-
ment compared to non-binge eating overweight and obese peers
with similar BMIs (Wilfley, Wilson, & Agras, 2003).

Although the current diagnostic criteria for BED require that an
individual’s binge episodes consist of an “objectively large” amount

of food, mounting evidence indicates that the presence of LOC is
the primary indicator of BE severity and associated psychosocial im-
pairment. Indeed, empirical research has shown that the presence
and severity of LOC eating (Colles, Dixon, & O’Brien, 2008), and fre-
quency of LOC eating episodes (Latner et al., 2007; Picot & Lilenfeld,
2003), are closely related to eating disorder psychopathology, even
when the amount consumed in a given episode fails to reach an ob-
jectively large size. Individuals with BED or sub-threshold BED appear
to be similar in terms of psychosocial and quality of life impair-
ment, weight outcomes, and psychological distress (Mond, Latner,
Hay, Owen, & Rodgers, 2010). Thus, for the purposes of the current
study, we refer to BE pathology as recurrent episodes LOC eating,
including objective and subjective binge sizes.

Despite the fact that BE and BED are much more common among
those who are overweight and obese, most overweight and obese
individuals do not endorse BE pathology (Hsu et al., 2002). Thus,
research has begun to examine variables involved in the develop-
ment and maintenance of BE as distinct from those associated with
being overweight or obese. Deficits in cognitive function have been
investigated as possible risk and maintenance factors for BE – par-
ticularly deficits in executive function (EF), which represent higher-
order control processes that govern goal-directed behavior (Van den
Eynde et al., 2011). A large body of evidence has linked EF deficits

☆ Acknowledgements: This study was funded by a grant from the National Insti-
tute of Diabetes and Digestive and Kidney Diseases (R01DK095069) awarded to Dr.
Forman, and two grants from the American Psychological Association of Graduate
Students and Psi Chi, respectively, to Ms. Manasse.

* Corresponding author.
E-mail address: smm522@drexel.edu (S.M. Manasse).

http://dx.doi.org/10.1016/j.appet.2015.01.013
0195-6663/© 2015 Elsevier Ltd. All rights reserved.

Appetite 89 (2015) 16–21

Contents lists available at ScienceDirect

Appetite

journal homepage: www.elsevier.com/ locate /appet

mailto:smm522@drexel.edu
http://dx.doi.org/10.1016/j.appet.2015.01.013
http://www.sciencedirect.com/science/journal/01956663
http://www.elsevier.com/locate/APPET
http://crossmark.crossref.org/dialog/?doi=10.1016/j.appet.2015.01.013&domain=pdf


with obesity in the absence of BE (Smith, Hay, Campbell, & Trollor,
2011); however, research has also suggested that BE may present
with distinct and more pronounced cognitive deficits (Duchesne
et al., 2010; Manasse et al., 2014). Deficits along two dimensions
of EF show compelling theoretical and empirical associations with
BED: 1) inhibitory control, manifested as reduced inhibition of pre-
potent responses (Duchesne et al., 2010; Manasse et al., 2014; Svaldi,
Naumann, Trentowska, & Schmitz, 2014), and 2) monetary delay dis-
counting, or the preference for immediate, smaller reward over
delayed, larger reward (Manasse et al., 2015; Manwaring, Green,
Myerson, Strube, & Wilfley, 2011). Although preliminary studies have
implicated deficits in these EF domains in BED, the evidence remains
mixed (Van den Eynde et al., 2011). For example, three (Duchesne
et al., 2010; Mobbs, Iglesias, Golay, & Van der Linden, 2011; Svaldi
et al., 2014) of six total studies have detected inhibitory control defi-
cits in individuals with binge eating compared to weight-matched
controls. Similarly, one study found no differences in delay dis-
counting between obese BED and non-BED subjects, (Davis, Patte,
Curtis, & Reid, 2010), although another reported steeper discount-
ing (i.e., choosing smaller, short-term rewards in preference to larger,
long-term rewards) in obese BED versus non-BED subjects (Manasse
et al., 2015). Although inhibitory control and delay discounting reflect
dimensions of impulsivity broadly, research suggests that inhibi-
tory control measured via tasks such as the Stroop or stop-signal
paradigms are classified as measures of “impulsive inhibition” (i.e.,
late-stage inhibition of a prepotent response), whereas delayed dis-
counting may be classified as a measure of “impulsive decision-
making” (i.e., deliberate choice of a smaller short-term over a larger,
long-term reward) (Reynolds, Ortengren, Richards, & de Wit, 2006).
Thus, these distinct constructs that theoretically underlie impul-
sive behavior each warrant investigation as variables that play a role
in the maintenance of BE.

However, one possible reason for inconsistent results across
studies is a failure to consider potential moderating variables. In fact,
an influential theory of self-control posits that poor EF interacts with
increased appetitive drive to predict dysregulated behavior, such as
BE or alcohol use (Hofmann, Friese, & Strack, 2009; Hofmann, Rauch,
& Gawronski, 2007). According to this theory, EF processes are nec-
essary to override persistent and difficult-to-control urges or
impulses. Thus, when appetitive desire is high, a well-functioning
EF system may be essential to prevent dysregulated behavior from
occurring; however, if appetitive desire is low, only minimal EF ca-
pabilities may be necessary to regulate behavior (e.g., overeating)
(Nederkoorn, Houben, Hofmann, Roefs, & Jansen, 2010; Rollins,
Dearing, & Epstein, 2010).

One common conceptualization of increased appetitive desire
for food is “hedonic hunger,” which refers to a preoccupation with
highly palatable food when not physically hungry (Lowe & Butryn,
2007). Overweight individuals with BE may be distinguished from
overweight counterparts without BE by a combination of elevated
hedonic hunger and reduced EF, and emerging evidence shows that
this combination predicts palatable food intake in overweight and
obese samples without BE when they are energy replete (Appelhans
et al., 2011). One study found that hedonic hunger, as measured by
the Power of Food Scale (Cappelleri et al., 2009; Lowe et al., 2009),
is positively related to BE frequency in those with anorexia nervosa
or bulimia nervosa (Witt & Lowe, 2014), but no studies have di-
rectly compared hedonic hunger between obese samples with and
without BED. Additionally, no studies have tested the interacting
effect of hedonic hunger and executive dysfunction on the pres-
ence of BE, over and above overweight and obesity.

As such, the current study sought to test Hofmann’s model of
self-control in predicting the presence of BE in an overweight and
obese sample. First, we hypothesized that elevated hedonic hunger,
poorer inhibitory control and increased delayed discounting would
each be independently associated with BE status. We additionally

hypothesized that hedonic hunger would moderate the associa-
tion of executive dysfunction (specifically, inhibitory control and
delayed discounting) with membership in BE and non-BE groups.
Specifically, we hypothesized that EF deficits would be most strongly
associated with the presence of BE at the highest levels of hedonic
hunger.

Methods

Participants and procedure

The current study included overweight and obese (BMI = 26–
50 kg/m2) females who endorsed BE in the preceding three months
(BE group) and a group of overweight and obese women without
any past or present BE (OW group). Participants were seeking treat-
ment for weight loss and/or BE. All participants provided informed
consent.

Participants in the OW group (n = 43) met the following crite-
ria: 1) no LOC eating episodes in the past 3 months and 2) no current
or past history of BE or eating disorder (e.g., anorexia nervosa, bulimia
nervosa, BED). Participants in the BE group (BE; n = 31) must have
endorsed an average of at least one subjective or objective binge
episode per week over the past three months (12 total binge epi-
sodes over the past 3 months), and must not have met criteria for
bulimia nervosa. We chose to include those with subjectively large
binge episodes (i.e., subthreshold BED) given evidence that
neurocognitive factors (Manasse et al., 2014) and functional im-
pairment associated with binge eating is most associated with
presence of LOC, rather than size of binge episodes (Latner et al.,
2007; Mond et al., 2006).

Recruitment took place over the course of one year (June 2013–
May 2014). A neuropsychological battery and BE screening were
included as part of a baseline assessment prior to entry in either
intervention. A licensed clinical psychologist supervised all neuro-
psychological assessments. Order of administration of tasks was
randomly generated for each participant to control for order effects.
Participants received free treatment from either of the trials and
also received $50 for completion of the assessments. The study pro-
tocol was approved by Drexel University’s Institutional Review Board.

Measures

Binge eating
The Eating Disorders Examination (EDE) version 16D is the gold-

standard semi-structured interview for assessing for BE (Grilo,
Masheb, Lozano-Blanco, & Barry, 2004; Wilfley, Schwartz, Spurrell,
& Fairburn, 1997). The Overeating section (“Questions for Identi-
fying Bulimic Episodes and Other Episodes of Overeating”) was
administered to all participants to examine for presence of LOC eating
and BE. The EDE has high inter-rater reliability and test–retest re-
liability (Rizvi, Peterson, Crow, & Agras, 2000) and good internal
consistency (Cooper, Cooper, & Fairburn, 1989).

IQ
Wechsler Test of Adult Reading (WTAR) (Wechsler, 2001): The

WTAR is a single-word oral reading test used to estimate verbal in-
telligence; scores were converted to Full Scale IQ estimates. The
WTAR has strong correlations (.70–.80) with WAIS-III FSIQ scores
for a wide age range of WTAR scores (Wechsler, 2001).

Inhibitory control
The Delis–Kaplan Executive Functioning System Color–Word In-

terference Task (D-KEFS) (Delis, Kaplan, & Kramer, 2001): Color–
Word Interference is a modified Stroop task assessing response
inhibition in the presence of distractors. This modified Stroop task
contained four trials: 1) Participants were presented with blocks
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of color and were told to name the colors; 2) Participants were told
to read words; 3) Color names were written in dissonant color ink,
and participants were told to name the ink color; and 4) Same in-
structions, except if a word is in a box, participants were to read
the word. Inhibitory control was operationalized as the raw total
number of errors committed on the task across trials.

Delayed discounting
The Delayed Discounting Task (Robles & Vargas, 2007) is a widely-

used computerized monetary delayed discounting task. Participants
are asked to choose between a smaller amount of hypothetical
money that they would receive sooner and a larger amount of money
they would receive later. The “indifference point” is the point at
which the participant chooses the more immediate, smaller amount
over the delayed, larger amount. Area-under-the-curve (AUC) was
calculated from indifference points across trials (Myerson, Green,
& Warusawitharana, 2001).

Hedonic hunger
The Power of Food Scale (PFS) (Lowe et al., 2009) is a self-

report measure which assesses the extent to which highly palatable
foods influence a person’s food-related thoughts and feelings when
not physically hungry. The PFS has adequate internal and test–
retest reliability and convergent and discriminant validity (Lowe et al.,
2009). The PFS has been used in several previous investigations of
hedonic hunger and its association with dysregulation of food intake
– both among obese populations (Appelhans et al., 2011; Cappelleri
et al., 2009; Schultes, Ernst, Wilms, Thurnheer, & Hallschmid, 2010)
and those with bulimic-spectrum eating pathology (Witt & Lowe,
2014).

Statistical analysis

Two separate logistic regressions (dependent variable: catego-
rization in either OW or BE group) were completed to examine main
and interaction effects of hedonic hunger with both inhibitory control
and delayed discounting on BE status. Age was included as a covariate
to control for differences between groups. We conducted two sep-
arate logistic regression models, consistent with testing Hoffman’s
model (i.e., the interaction between hedonic drive and executive
control in predicting dysregulated behavior) for two distinct facets
of impulsivity. For both models, the covariates, EF variable (inhib-
itory control or delayed discounting) and PFS were entered in Step
1 of the regression. In Step 2, the interaction term was added to
examine the additive effect of the interaction term to the model.
Statistical Package for the Social Sciences (SPSS) v. 20.0 (IBM, 2013)
was used to analyze data.

Results

Descriptive statistics

Sample demographics and clinical characteristics are pre-
sented in Table 1. As expected, the BE group endorsed significantly
more eating pathology as measured by the EDE than the OW
group. In our sample, the association between delayed dis-
counting and inhibitory control was small (r = .10, p = .44),
indicating separable constructs, consistent with existing
literature.

Outcome analyses

Both of the overall regression models with the interaction terms
were statistically significant (p < .01), and Hosmer and Lemeshow’s
goodness-of-fit tests were statistically non-significant (ps > .05), in-
dicating appropriate model fit. There were strong associations of
hedonic hunger (Wald χ2 = 10.38, p < .01; OR = 5.71) and delayed dis-
counting (Wald χ2 = 4.88, p = .03; OR = .33) with the presence of BE
(because a higher DDT score indicates less monetary discounting,
the odds ratio of <1 indicates that steeper discounting is associ-
ated with membership in the BE group). However, the association
of inhibitory control with BE status was small (Wald χ2 = 2.17, p = .14;
OR = 1.62). The interaction between hedonic hunger and inhibito-
ry control was statistically significant (Wald χ2 = 4.03, p < .05, OR = .42)
and the interaction between hedonic hunger and delayed discount-
ing trended toward statistical significance (Wald χ2 = 3.58, p = .06,
OR = 12.10).

To test for simple effects, we conducted four separate logistic re-
gression models to detect main effects of inhibitory control and
delayed discounting at high and low levels of hedonic hunger (see
Figs. 1 and 2). For these analyses, we divided hedonic hunger into
“higher” and “lower” levels using a median split. At higher levels
of hedonic hunger, the effect of delayed discounting was small and
statistically non-significant (Wald χ2 = .78, p = .38, OR = .45). At lower
levels of hedonic hunger, the effect of delayed discounting border-
line trended toward significance, with a large effect size (Wald
χ2 = 2.69, p = .10, OR = .13). At higher levels of hedonic hunger, in-
hibitory control had a small and statistically non-significant negative
relation with the likelihood of categorization in the BE group (Wald
χ2 = 2.21, p = .14, OR = .23). At lower levels of hedonic hunger, worse
inhibitory control was significantly associated with increased like-
lihood of categorization in the BE group (Wald χ2 = 4.45, p = .04,
OR = 2.55). Figures 1 and 2 present the mean predicted probabili-
ties of categorization in the BE group with dichotomized PFS and
EF variables.

Table 1
Sample descriptive and clinical characteristics by group.

BE Group (n = 31) OW Group (n = 43) t p Cohen’s d

Age (years) 45.06 (14.86) 51.09 (8.26) 2.04 <.05* .50
Objective binge episodesa 10.97 (9.32) – – – –
Subjective binge episodesa 5.74 (11.39) – – – –
Body Mass Index (kg/m2) 36.84 (7.97) 37.85 (6.27) .02 .61 .14
IQ 111.74 (12.31) 112.63 (10.52) .33 .54 .08
BDI-II 17.94 (10.17) 7.58 (6.78) 5.26 <.01** 1.20
EDE Restraint 1.76 (1.34) 1.45 (1.22) .90 .37 .24
EDE Eating Concern 2.52 (1.35) 1.04 (.97) 4.65 <.01** 1.26
EDE Shape Concern 4.06 (1.48) 3.54 (1.20) 1.42 .16 .39
EDE Weight Concern 3.80 (1.17) 3.04 (.82) 2.79 .01* .75
EDE Global Score 3.07 (1.07) 2.27 (.75) 3.1 <.01** .87

* p < .05.
** p < .01.

a In the past 28 days.
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Discussion

This study examined the associations of hedonic hunger and two
measures of EF (inhibitory control and delay discounting) with BE
status among a sample of overweight and obese women. Results
demonstrated a strong positive association between hedonic hunger
and the probability of being categorized in the BE group. When
hedonic hunger was high, likelihood of categorization in the BE group
was substantially increased, regardless of EF. Steeper monetary dis-
counting and worse inhibitory control were associated with increased
probability of being categorized in the BE group, but only among
those with lower levels of hedonic hunger. However, the overall in-
teraction between delayed discounting and hedonic hunger in
association with BE status was significant only at trend level, as was
the simple effect of delayed discounting in those with lower levels
of hedonic hunger, so these results should be interpreted with
caution.

Results are partially consistent with those which would be pre-
dicted by Hofmann’s model, and highlight the importance of both
hedonic drives to eat, and executive abilities to regulate and over-
ride such drives, in predicting BE status. Overweight and obese
individuals who experience strong appetitive motivation to consume

highly palatable foods are more likely to endorse BE, regardless of
their executive abilities. This finding is consistent with a previous
observation that hedonic hunger distinguishes those with BE pa-
thology from their weight-matched, non-BE peers (Witt & Lowe,
2014). Convergent neuroimaging evidence suggests that although
overweight and obese individuals appear to exhibit increased re-
sponse to food stimuli in reward-related brain region, individuals
with BE may display even greater activation in reward-related brain
regions in response to the presence of highly palatable foods when
compared to weight-matched peers (Schienle, Schäfer, Hermann,
& Vaitl, 2009). Differential reward response may explain eleva-
tions in appetitive desire for consuming palatable foods in the
absence of physiological hunger, above and beyond elevated appe-
titive desire in those with obesity in the absence of BE. It is possible
that increased food reward sensitivity and elevated hedonic hunger
contribute to a drive to overconsume highly palatable foods when
available. These elevated drives may promote feelings of LOC as-
sociated with BE.

Although hedonic hunger showed the strongest association with
membership in the BE group, results from this study also high-
light the potential role of EF in the maintenance of BE, particularly
when hedonic hunger is low. The trend–level interaction between
delayed discounting and hedonic hunger in association with the pres-
ence of BE indicates that these two constructs should continue to
be examined as potential combinatorial risk and/or maintenance
factors for BE. A tendency to prioritize immediate reward (e.g., the
pleasant taste of a binge food) may further exacerbate a suscepti-
bility to the hedonically-rewarding properties of food, leading to
LOC eating in the presence of such rewarding stimuli. Even among
those who are less sensitive to the rewarding properties of palat-
able foods, the immediate reward of consuming a palatable food
(or distracting from a negative affective state) may be more com-
pelling than the delayed satisfaction associated with abstaining from
binge eating and reducing shame and guilt overall in the long term.
However, it must be noted that both the overall interaction and
simple effect of delayed discounting in those with low hedonic
hunger were significant only at trend level. It is possible that while
delayed discounting and hedonic hunger may each be important
independent predictors of BE, the interaction between the two vari-
ables may not be as robust as each variable’s independent effect.

The significant interaction between inhibitory control and hedonic
hunger indicated that, for those with lower hedonic hunger, more
inhibitory control (commission) errors increased likelihood of cat-
egorization in the BE group. This result indicates that inhibitory
control may play a role in the maintenance of binge eating, espe-
cially when hedonic hunger is not elevated. Results indicated that
when hedonic hunger is high, risk for binge eating is significantly
elevated, regardless of inhibitory control capacity. Interestingly, pre-
vious literature has implicated inhibitory control deficits in both
general overeating and obesity (Batterink, Yokum, & Stice, 2010;
Loeber et al., 2011; Nederkoorn, Smulders, Havermans, Roefs, &
Jansen, 2006). Other results suggest that inhibitory control defi-
cits that distinguish individuals with BED from their weight-
matched counterparts are food-specific (Hege et al., 2014; Svaldi
et al., 2014), and that no differences exist on general measures of
inhibition (Wu et al., 2013), although findings remained mixed (Van
den Eynde et al., 2011). We did not detect a main effect of inhibi-
tory control in association with BE status in our sample. Mixed results
regarding inhibitory control deficits in those with BE may be at-
tributable to use of different measures of inhibitory control across
studies. These conflicting results also highlight the importance of
examining potential moderating variables (such as hedonic hunger)
which may explain how inhibitory control (general and food-
specific) deficits play differential roles in risk for obesity versus BE.
Given the robust effect size of the inhibitory control–hedonic hunger
interaction, it appears that impulsive inhibition, rather than
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impulsive decision-making as measured by the DDT, may be espe-
cially important in its relation with hedonic drive to predict BE
behavior. Future research should aim to distinguish between and
examine the role of these distinct constructs in the maintenance
of BE.

Interpretation of the present results should be made in the
context of important limitations. First, the sample sizes were rel-
atively small, and the delayed discounting–hedonic hunger
interaction only trended toward statistical significance. Simple effects
analyses were also especially underpowered, as they were con-
ducted with subsets (higher and lower hedonic hunger) of the
sample. Thus, although they provide a promising direction for future
research, our findings should be interpreted cautiously. Secondly,
our sample consisted of treatment-seeking women, limiting our
ability to generalize to males and non-treatment-seeking individu-
als. Additionally, while the variables examined were concurrent
predictors of BE status, the design was cross-sectional. Thus, no
temporal relations can be inferred. Future research should examine
hedonic hunger, inhibitory control, and delay discounting as pro-
spective predictors, differentiating between risk for onset of
overweight/obesity with and without BE. Additionally, we utilized
a control sample completely absent of LOC eating, and a BE sample
consisting of a mixed sample of those who met full criteria for
BED and those who did not, limiting our ability to generalize results
to full threshold BED groups and overweight groups that may have
LOC pathology but do not meet BED frequency criteria. Future re-
search should aim to include and differentiate full, sub-threshold,
and control groups. Finally, neuroimaging research should inves-
tigate the underlying neural substrates of executive deficits in BE,
as well as how they might interact with hedonic reward to promote
overconsumption during binge episodes.

With replication, these findings could have important implica-
tions for the treatment of overweight and obese individuals with
BE. For example, existing interventions could be adapted to address
the intense cravings for highly palatable foods. Acceptance-based
behavioral interventions may be indicated, due to preliminary ev-
idence that strategies to accept, and gain psychological distance from,
intense food cravings are effective for individuals with elevated
hedonic hunger (Baer, Fischer, & Huss, 2005; Forman, Hoffman,
Juarascio, Butryn, & Herbert, 2013; Forman et al., 2007). However,
no studies have targeted hedonic hunger directly in the treatment
of BE.

Results from the current pilot study indicate that further exam-
ination of the combinatorial associations of hedonic hunger and poor
EF with BE is warranted; future research will benefit from replica-
tion in order to provide directions for treatment development that
could be tailored to specific risk and maintenance factors for BE.
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