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Abstract

Theoretical models of binge eating and eating disorders include both transdiagnostic and eating
disorder-specific risk factors. Negative urgency (i.e., the tendency to act impulsively when
distressed) is a critical transdiagnostic risk factor for binge eating, but limited research has
examined interactions between negative urgency and disorder-specific variables. Investigating
these interactions can help identify the circumstances under which negative urgency is most
strongly associated with binge eating. We examined whether prominent risk factors (i.e.,
appearance pressures, thin-ideal internalization, body dissatisfaction, dietary restraint) specified in
well-established etiologic models of eating disorders moderate negative urgency-binge eating
associations. Further, we investigated whether phenotypic moderation effects were due to genetic
and/or environmental associations between negative urgency and binge eating. Participants were
988 female twins aged 11-25 years from the Michigan State University Twin Registry.
Appearance pressures, thin-ideal internalization, and body dissatisfaction, but not dietary restraint,
significantly moderated negative urgency-binge eating associations, with high levels of these risk
factors and high negative urgency associated with the greatest binge eating. Twin moderation
models revealed that genetic, but not environmental, sharing between negative urgency and binge
eating was enhanced at higher levels of these eating disorder-specific variables. Future
longitudinal research should investigate whether eating disorder risk factors shape genetic
influences on negative urgency into manifesting as binge eating.
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Etiologic and maintenance models of binge eating and associated eating disorders (EDs)
specify a role for both transdiagnostic and ED-specific risk factors. For example, the dual-
pathway model of bulimic symptom development includes key transdiagnostic (i.e., negative
affectivity) and ED-specific (i.e., dietary restraint) proximal risk factors that may act
independently or in concert to increase binge eating (Stice, 2001). Similarly, the cognitive-
behavioral model of bulimic symptom maintenance has recently been extended to include
not only ED-specific factors like weight and shape concerns, but also the personality trait of
impulsivity (Schnitlzer, von Ranson, & Wallace, 2012). Models that include both
transdiagnostic and disorder-specific risk factors are critical for elucidating interactive
pathways that lead to the emergence and continuance of ED symptoms.

Among transdiagnostic risk factors for binge eating, negative urgency has garnered
considerable attention. Negative urgency is defined as the tendency to act impulsively in
response to negative emotions (Whiteside & Lynam, 2001). Negative urgency-binge eating
associations have been detected in both at-risk samples and in individuals with clinical
pathology (Fischer, Settles, Collins, Gunn, & Smith, 2012; Racine et al., 2015). Further,
negative urgency prospectively predicted increases in binge eating in college females
(Fischer, Peterson, & McCarthy, 2013) and early adolescent girls (Pearson, Combs,
Zapolski, & Smith, 2012). Importantly, negative urgency relates to binge eating over and
above general negative affect (Racine et al., 2013), with negative urgency and negative affect
representing independent risk pathways for binge eating onset (Pearson, Zapolski, & Smith,
2015).

Despite the well-replicated association between negative urgency and binge eating, few
studies have investigated whether negative urgency interacts with ED-specific risk factors to
lead to binge eating. Identifying factors that strengthen (i.e., moderate) negative urgency-
binge eating associations is critical for understanding the circumstances under which
negative urgency may be most likely to predict binge eating. This is particularly important
given that negative urgency is associated with numerous forms of psychopathology (e.g.,
alcohol/substance use, depression; Fischer et al., 2012; Smith, Guller, & Zapolski, 2013),
suggesting that not all individuals with negative urgency will develop binge eating.
Investigating interactions among ED-specific risk factors and negative urgency can increase
the specificity of etiologic models and may have prevention and intervention implications.
For example, prevention programs that aim to reduce negative urgency (e.g., through
mindfulness instruction) could be supplemented with modules that target disorder-specific
moderators of negative urgency-binge eating associations.

Prominent disorder-specific risk factors featured in well-established etiologic models of

eating disorders (e.g., Tripartite Model, Restraint Theory; Dual-Pathway model; Polivy &
Herman, 1985; Stice, 2001; Thompson, Heinberg, Altabe, & Tantleff-Dunn, 1999) include
appearance pressures, thin-ideal internalization, body dissatisfaction, and dietary restraint.
Indeed, recent reviews have highlighted the significance of these risk factors for predicting
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disordered eating symptoms, including binge eating, and eating disorder diagnoses (Culbert,
Racine, & Klump, 2015; Pearson, Wonderlich, & Smith, 2015; Stice, 2016). In a 2-year
longitudinal study of adolescent girls, all four of these risk factors predicted binge eating
onset (Stice, Presnell, & Spangler, 2002). Further, findings from a large 5-year prospective
study of diverse adolescents suggested that both body dissatisfaction and dieting predict later
binge eating (Neumark-Sztainer et al., 2006; Neumark-Sztainer, Paxton, Hannan, Haines, &
Story, 2006).

Given that both negative urgency and these ED-specific variables are robustly related to
binge eating, we may expect binge eating symptoms to be more prevalent in individuals with
high levels of both sets of risk factors. Specifically, the combination of high negative
urgency and ED-specific risk factors may be associated with the greatest likelihood of
impulsive binge eating when experiencing a negative mood. According to Pearson and
colleagues (2015), negative urgency is thought to be associated with weaker self-control
capacities because, over time, these individuals learn to use impulsive behavior when
distressed. Individuals with ED risk factors may have additional difficulty engaging in self-
regulation as a result of repetitive negative thoughts about one’s body and/or efforts to
maintain one’s diet. Thus, individuals with high negative urgency and high ED risk factors
may be most likely to binge eat when upset because of a focus on short-term (i.e., alleviating
distress) versus long-term (i.e., weight loss) goals.

Although two prior studies investigated negative urgency-dietary restraint interactions
(Emery, King, Fischer, & Davis, 2013; Wenzel, Weinstock, Vander Wal, & Weaver, 2014),
only one study to date has considered interactions among negative urgency and several
disorder-specific risk factors in the prediction of binge eating-related phenotypes (Racine &
Martin, 2016). In a sample of college women, interactions among negative urgency and
appearance pressures, thin-ideal internalization, body dissatisfaction, and dietary restraint
were uniformly significant in predicting a composite measure of dysregulated eating.
Moreover, these interactive effects were specific to dysregulated eating, in that interactions
were not significantly associated with depressive symptoms or problematic alcohol use.
These findings suggest that individuals with high negative urgency may be most likely to
develop binge eating (versus another form of psychopathology) if they have high levels of
one or more ED-specific risk factors (Racine & Martin, 2016). However, these findings need
to be replicated, as this is the only study that has considered multiple ED-specific risk
factors as moderators of negative urgency-binge eating associations.

More importantly, testing interactions solely at the phenotypic level of analysis limits our
understanding of the mechanisms that may underlie interactive relationships. Both additive
genetic factors (i.e., genetic effects that add across genes) and non-shared environmental
factors (i.e., factors that make members of a twin pair different from one another, e.g.,
different peer groups) contribute to individual differences in negative urgency and binge
eating (Bulik, Sullivan, & Kendler, 1998; Klump, McGue, & lacono, 2002; Racine et al.,
2013). Moreover, negative urgency and binge eating share a significant proportion of their
genetic and non-shared environmental risk factors; a recent study reported that the genetic
and environmental influences on negative urgency and binge eating were correlated at
magnitudes of .77 and .29, respectively (Racine et al., 2013). If ED risk factors moderate

J Abnorm Psychol. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Racine et al.

Page 4

negative urgency-binge eating associations, it is important to understand whether phenotypic
moderation occurs due to differences in genetic and/or environmental associations. In other
words, the proportion of shared genetic and/or environmental risk factors for negative
urgency and binge eating may vary depending on one’s level of the disorder-specific
moderator.

One possibility is that ED-specific risk factors enhance genetic associations between
negative urgency and binge eating, such that the magnitude of shared genetic influences
between negative urgency and binge eating is greater at higher levels of the ED-specific risk
factor. In other words, in the presence of ED-specific variables, individual differences in
binge eating may be more likely to be explained by genetic risk factors that also influence
negative urgency, rather than genetic risk factors for binge eating that relate to other
mechanisms (e.g., obesity; Bulik, Sullivan, & Kendler, 2003). This pattern of moderation
may reflect the fact that ED risk factors enhance a genetically mediated tendency towards
rash action in the face of negative affect that then leads to binge eating. If confirmed, these
findings would point to a biologically-based mechanism by which ED variables increase risk
for binge eating.

Another possibility is that ED-specific risk factors enhance non-shared environmental
associations between negative urgency and binge eating, such that non-shared environmental
influences on negative urgency and binge eating are shared to a larger degree at higher levels
of ED variables. For example, environmental contexts that could theoretically lead to both
negative urgency and binge eating (e.g., abusive or traumatic experiences, poor parental
modeling, deviant peer groups; Arens, Gaher, Simons, 2012; Zhu et al., 2016) may be more
likely to influence binge eating in the presence of ED-specific risk factors. Investigating
whether ED-specific risk factors moderate the relative contribution of genetic/environmental
factors to negative urgency-binge eating associations can significantly enhance current
biopsychosocial theories of risk, as this research will provide insight into the mechanisms
underlying interactions among transdiagnostic and disorder-specific risk factors for binge
eating. Further, this research represents a first step in the development of targeted prevention
and intervention programs that aim to avert risk processes in individuals most vulnerable to
binge eating. Specifically, if we can identify the precise combination of genetic,
environmental, personality, and disorder-specific risk factors, we may be able to enhance
current programs to modify risk factors across multiple levels of analysis and to “match”
treatments to individual profiles of risk.

The aim of the current study was to examine whether appearance pressures, thin-ideal
internalization, body dissatisfaction, and dietary restraint moderate phenotypic and etiologic
(i.e., genetic and environmental) associations between negative urgency and binge eating in
adolescent and young adult female twins. We hypothesized that binge eating symptoms
would be greatest in individuals who endorsed high levels of negative urgency and who
reported ED risk factors. Further, given the relative predominance of genetic influences in
explaining the negative urgency-binge eating relationship (Racine et al., 2013), we predicted
that negative urgency and binge eating would share a greater proportion of their genetic risk
factors in individuals who endorsed appearance pressures, thin-ideal internalization, body
dissatisfaction, and/or dietary restraint. In other words, we expected that these ED risk
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factors would impact the phenotypic negative urgency-binge eating relationship through an
increase in shared genetic variance.

Participants were 988 female twins (544 monozygotic [MZ]; 444 dizygotic [DZ]) between
the ages of 11-25 years (M (SD) = 16.88 (2.60)) from the Michigan State University Twin
Registry (MSUTR).1 The MSUTR is a population-based twin registry that recruits twins
born in Michigan using birth record methods described previously (Burt & Klump, 2013).
Both MSUTR twins (Burt & Klump, 2013) and participants in the current study (80%
Caucasian; 13% African American, 6% Multiracial, <1% Asian; <1% American Indian/
Alaskan Native) are demographically representative of the recruitment region.

Participants were drawn from one of two MSUTR projects: the 7win Study of Hormones
and Behavior across the Menstrual Cycle (HBMC study; female twins ages 16-25) and the
Twin Study of Mood, Behavior, and Hormones during Puberty (MBHP study; female twins
ages 9-15). The HMBC and MBHP studies were designed to investigate phenotypic and
etiologic effects of ovarian hormones on disordered eating. Thus, several inclusion/exclusion
criteria were necessary to capture natural hormonal variation, including no psychotropic or
steroid medication use in past 4 weeks, no pregnancy or lactation in past 6 months, and no
history of genetic/medical conditions known to influence hormone functioning or appetite/
weight. Regular menstruation for the past 6 months also was an inclusion criterion for
HBMC participants. The majority of our sample (94%) was required to be free from
hormonal contraceptive use over the past 3 months, although a subset of HBMC participants
(n=60) were drawn from a related pilot study that recruited for current contraceptive use.
As reported previously (Racine et al., 2013), these inclusion/exclusion criteria do not
significantly impact general impulsivity or binge eating scores. Given known increases in
genetic influences on disordered eating during puberty in females (Klump, Perkins, Burt,
McGue, & lacono, 2007), MBHP twins were required to be in mid-puberty or beyond for
the current study (score > 2.5 on the Pubertal Development Scale; Petersen, Crockett,
Richards, & Boxer, 1988).

Zygosity—A physical similarity questionnaire was used as the primary determinant of
zygosity (Peeters, Van Gestel, Vlietinck, Derom, & Derom, 1998). This questionnaire has
demonstrated over 95% accuracy when compared with genotyping (Lykken, Bouchard,
McGue, & Tellegen, 1990). Physical similarity questionnaires were completed by research
assistants, the twins’ parent (usually mother), and the twins (HBMC study only). When
results across raters were discrepant, questionnaire responses, twin photographs, and DNA
(i.e., twin concordance across several single-nucleotide polymorphisms) were examined by
the principal investigator (KLK) and graduate students to determine final zygosity.

Ien percent of the sample did not complete the Sociocultural Attitudes toward Appearance Questionnaire-3 and were thus missing
data for models examining thin-ideal internalization and appearance pressures as moderators.
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The UPPS-P Impulsive Behavior Scale—The adult (Lynam, Smith, Whiteside, &
Cyders, 2006) and child (Zapolski, Stairs, Settles, Combs, & Smith, 2010) versions of the
UPPS-P Impulsive Behavior Scale were used to assess negative urgency in the HBMC and
MBCP studies, respectively. The adult and child Negative Urgency subscales contain 12 and
8 items, respectively (e.g., “When | am upset, | often act without thinking”), that are rated on
a 4-point scale. Internal consistency estimates for these subscales were high in the current
study (adult a = .86 ; child a =.88) and in previous work (Smith et al., 2007; Zapolski et al.,
2010). Adequate test-retest reliability has been reported in college students over 1 month (r
=.73; Anestis, Selby, & Joiner, 2007) and middle school students over 6 months-1 year (/5

= .53-.66; Pearson et al., 2012). Finally, convergent and discriminant validity have been
established; negative urgency scores measured via self-report and interview assessments are
highly correlated, and negative urgency exhibits lower correlations with other UPPS-P
impulsive traits (Smith et al., 2007; Zapolski et al., 2010).

Minnesota Eating Behaviors Survey (MEBS; von Ranson, Klump, lacono, &
McGue, 2005).2—The MEBS is a 30-item true/false questionnaire that was developed to
assess disordered eating symptoms in children as young as 10 years and was used to
measure binge eating and body dissatisfaction. The Binge Eating subscale includes 7 items
that assess thoughts of binge eating (e.g., “I think a lot about overeating (eating a really large
amount of food)”) and engagement in binge eating behaviors (e.g., “Sometimes | eat lots and
lots of food and feel like | can’t stop”). The Body Dissatisfaction subscale is comprised of 6
items that assess discontent with body shape and size (e.g., “My stomach is too big”).
Internal consistency estimates for the Binge Eating and Body Dissatisfaction subscales were
adequate-to-good in the current study (as = .70 and .82, respectively) and in previous work
(von Ranson et al., 2005). Concurrent validity of the MEBS Binge Eating and Body
Dissatisfaction subscales has been established through correlations with similar scales on
established ED measures (von Ranson et al. 2005). Finally, women with BN or any ED have
higher scores on the Binge Eating and Body Dissatisfaction subscales, respectively,
compared to unaffected control women (von Ranson et al., 2005).

Notably, the current study employed a continuous binge eating measure that assesses binge
eating tendencies, as other methods (i.e., objective binge eating episode [OBE] frequency
counts) lack the necessary variance and power for twin modeling in a community sample.
Fortunately, our prior work in a sample that partially overlaps with the current sample
strongly supported the criterion validity of the MEBS Binge Eating scale for assessing
OBEs. Specifically, twins who endorsed OBESs on a structured interview scored significantly
higher on the MEBS Binge Eating scale than twins who did not report OBEs, twins who
reported objective overeating without loss of control, and twins who reported loss of control
without objective overeating (Racine et al., 2013). Thus, the MEBS Binge Eating subscale
not only distinguishes the presence versus absence of binge eating, but also differentiates

2The Minnesota Eating Behavior Survey (MEBS; previously known as the Minnesota Eating Disorder Inventory (M-EDI)) was
adapted and reproduced by special permission of Psychological Assessment Resources, Inc., 16204 North Florida Avenue, Lutz,
Florida 33549, from the Eating Disorder Inventory (collectively, EDI and EDI-2) by Garner, Olmstead, & Polivy (1983) Copyright
1983 by Psychological Assessment Resources, Inc. Further reproduction of the MEBS is prohibited without prior permission from
Psychological Assessment Resources, Inc.
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among individuals who have one versus both of the core behavioral components of binge
eating.

(Youth) Eating Disorder Examination-Questionnaire ((Y)EDE-Q; Fairburn &
Beglin, 1994; Goldschmidt, Doyle, & Wilfley, 2007)—The EDE-Q and YEDE-Q are
self-report questionnaires that were adapted from the Eating Disorder Examination and
Child Eating Disorder Examination (EDE), respectively. The 5-item Restraint subscale of
the EDE-Q/YEDE-Q was used to assess dietary restraint, defined as trying to limit food
intake, exclude certain foods, and obey rigid dieting rules (e.g., “Have you tried to avoid (not
to eat) any foods which you like in order to influence (change) your shape or weight?”).
Restraint items are rated on a 7-point scale from 0 (no days) to 6 (every day) based on the
past 28 days. The EDE-Q Restraint scale demonstrates acceptable psychometric properties
in clinical and non-clinical samples (Berg, Peterson, Frazier, & Crow, 2012). Internal
consistency for the Restraint subscale was excellent in our sample (a = .81). Correlations
between the EDE-Q and EDE Restraint scales suggest good convergent validity across
questionnaire and interview methods (r=.71; Mond, Hay, Rodgers, Owen, & Beumont,
2004). Finally, criterion validity of the EDE-Q Restraint subscale is established, as women
with EDs score significantly higher than healthy controls (Berg et al., 2012).

The Sociocultural Attitudes toward Appearance Questionnaire-3 (SATAQ-3;
Thompson, van den Berg, Roehrig, Guarda, & Heinberg, 2004)—The SATAQ-3
was used to assess appearance pressures and thin-ideal internalization. The 7-item
Appearance Pressures subscale assesses the extent to which participants endorse feeling
pressure from media sources to engage in behavior that may move them toward appearance
ideals (e.g., “I’ve felt pressure from TV and magazines to be thin”). The 9-item General
Internalization subscale captures the extent to which participants want to look like
individuals from various media sources (e.g., “l would like my body to look like the models
who appear in magazines”). The construct assessed by the General Internalization subscale
is most often referred to as “thin-ideal internalization” (e.g., Fitzsimmons-Craft et al., 2012;
Myers & Crowther, 2007; Suisman et al., 2012), but also has been referred to as “media
internalization” in some studies (e.g., Rodgers, McLean, & Paxton, 2015). SATAQ items are
rated on a 5-point scale from 1 (definitely disagree) to 5 (definitely agree). Both subscales
demonstrated excellent internal consistency in the current sample (pressures: a = .91;
internalization: a = .91) and in prior samples (@’ >.90; Thompson et al., 2004). Finally,
individuals with EDs obtain higher scores on these scales compared to controls (Thompson
etal., 2004).

Covariates—Given correlations between our predictor variables and both age and body
mass index (BMI; see Table 1), age and BMI were included as covariates in phenotypic and
etiologic analyses. BMI was calculated ([weight in kg])/[height in m]?) from assessments of
height and weight made using a wall-mounted ruler or tape measure and digital scale,
respectively.
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Statistical Analyses

Prior to analyses, dietary restraint and binge eating were log transformed (logioX + 1) to
correct for kurtosis and positive skew.

Phenotypic associations—Pearson correlations were used to initially examine variable
relationships. Hierarchical linear models (HLMSs) were then fit to investigate the moderating
effects of the four ED-specific risk factors on the association between negative urgency and
binge eating. HLMs allowed us to control for the non-independent twin data (i.e., by nesting
a level 1 variable [twin] within a level 2 unit [family]). Since HLM does not provide
standardized regression coefficients, all variables were first standardized to interpret
unstandardized estimates as something close to standardized effects. Separate HLMs were
run for each ED-specific moderator. Significant interactions were plotted and probed using
the online tool specific to HLM described in Preacher, Curran, & Bauer (2006). We
examined the significance of simple slopes (i.e., the relationship between the independent
variable and dependent variable at chosen levels of the moderator) and computed the regions
of significance (i.e., moderator values at which the relationship between the independent
variable and dependent variable is significant).

Etiologic associations—First, a bivariate Cholesky decomposition model was used to
examine genetic and environmental associations between negative urgency and binge eating.
This allowed us to quantify the degree of genetic/environmental overlap between these
constructs in the full sample (i.e., independent of level of ED risk factor) and replicate the
large genetic and moderate non-shared environmental correlations between negative urgency
and binge eating previously reported in a sub-set of the current sample (63% of the HBMC
sample; 45% of the total sample; Racine et al., 2013). The bivariate model decomposes the
variance within and covariance between two phenotypes into additive genetic (A; genetic
influences that add across genes), shared environmental (C; non-genetic factors that make
co-twins similar to one another), and non-shared environmental (E; non-genetic factors that
make co-twins different from one another, including measurement error) influences. Genetic
and environmental correlations are obtained by standardizing genetic and environmental
covariance matrices; these correlations index the extent to which the genetic/environmental
influences on negative urgency and binge eating are the same.

Next, we used an extension of the bivariate model (i.e., gene-environment interaction [GxE]
in presence of gene-environment correlation [rGE] model; Purcell, 2002) to investigate the
influence of ED-specific moderators on genetic and environmental associations between
negative urgency and binge eating. As shown in Figure 1, the bivariate model provides three
path estimates for genetic influences: 1) genetic effects on negative urgency; 2) genetic
effects on binge eating that are attributable to negative urgency (“common”); and 3) genetic
effects unique to binge eating (“unique”). In the GXE in the presence of rGE extension of the
bivariate model, the addition of two beta terms allows one to examine: 1) whether a
measured variable influences the genetic covariance between negative urgency and binge
eating; and 2) whether a measured variable influences the genetic influences unique to binge
eating, after controlling for the covariation between negative urgency and binge eating.
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Shared and non-shared environmental influences are estimated in this model in the same
way as genetic influences, but are not included in Figure 1.

Typically, the GXE in the presence of rGE model has been used to examine whether a
measured variable moderates genetic influences on a single outcome variable (GXE) after
accounting for shared genetic variance between the measured variable and the outcome
variable (rGE, see Racine, Burt, lacono, McGue, & Klump, 2011 for an example). In this
case, researchers are interested in the significance of the unique genetic moderation
coefficient (Baynique; See Figure 1) for the single outcome variable. In contrast, the Bacommon
coefficient is of particular interest in the current study, as this coefficient indicates whether
the genetic covariance between negative urgency and binge eating significantly varies based
on an individual’s level of the ED-specific moderator. This approach is consistent with prior
work that has utilized the GXE in the presence of rGE model to examine moderation of
etiologic covariance between two phenotypes (Slane, Klump, McGue, & lacono, 2014;
Wang, Deater-Deckard, Petrill, & Thompson, 2012).

Similar to phenotypic analyses, we investigated each ED moderator variable in a separate
GXE in the presence of rGE model. Scores on the ED-specific moderators were categorized
into four groups to ensure an adequate sample size at each level of the moderator.
Appearance pressures and thin-ideal internalization scores were grouped into quartiles. Body
dissatisfaction and dietary restraint scores could not be grouped into quartiles given that
approximately half of the participants had a score of 0 on these measures; thus, categories
were formed to ensure that a minimum of 100 participants fell into each group.3

Biometric models were fit using full-information raw data techniques in Mx (Neale, 1995).
Raw data techniques treat missing data as missing-at-random and allow for the retention of
twin pairs in which one twin in a pair is missing data on a main variable. Full ACE models
were fit and compared to AE nested sub-models. Given extant research suggesting little-to-
no shared environmental influences on impulsivity (Bezdjian, Baker, & Tuvblad, 2011) and
binge eating (Bulik et al. 1998), we expected AE models to provide a better fit to the data
than ACE models. Additional submodels (e.g., those in which moderation coefficients were
constrained to zero) were not fit in order to minimize model comparisons and ensure that
confidence intervals were not artificially narrowed (Sullivan & Eaves, 2002). Instead, the
significance of moderator estimates was determined by examining whether confidence
intervals overlapped with 0. Model fit was examined by taking the difference in minus twice
the log likelihood between the full ACE and the nested AE models. This comparison results
ina XZ difference test, with the degrees of freedom representing the difference between the
full and nested models. A non-significant chi square test suggests that the more
parsimonious model (i.e., the model with fewer estimated parameters and more degrees of
freedom) is preferred. Akaike’s information criterion (AIC) was also used as an index of
model fit, with lower AICs indicating better model fit.

3Model fitting was examined using additional data preparations (e.g., dichotomous scores, tertiles), and the same pattern of results was
obtained in all cases (data not shown).
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Results

Phenotypic Associations

Descriptive statistics and Pearson correlations are presented in Table 1. Inspection of means,
standard deviations, and ranges suggested sufficient variability for most constructs.
Descriptive statistics for MEBS subscales were similar to those reported in previous twin
studies (Klump et al. 2002; Racine et al. 2011). Further, 4.8% and 11.2% of our sample
scored above the clinical cut-offs for MEBS Binge Eating and Body Dissatisfaction,
respectively (cutoffs = 4; von Ranson et al. 2005). SATAQ-3 means were on par with those
from previous studies of adolescent females (e.g., Wilksch, Tiggemann, & Wade, 2006), but
the mean and standard deviation for the EDE-Q Restraint subscale was lower than norms for
adolescent and adult females (Carter, Stewart, & Fairburn, 2001; Mond, Hay, Rodgers, &
Owen, 2006). As expected, all variables of interest were significantly correlated with one
another (75 = .25-.79; see Table 1). BMI was correlated with all variables, and age was
correlated with appearance pressures and thin-ideal internalization, supporting the inclusion
of these covariates.

Results from the HLMs examining ED-specific variables as moderators of phenotypic
negative urgency-binge eating associations are presented in Table 2. Negative urgency,
appearance pressures, thin-ideal internalization, body dissatisfaction, and dietary restraint
were significantly associated with binge eating, after controlling for age and BMI.
Moreover, appearance pressures, thin-ideal internalization, and body dissatisfaction
significantly moderated the relationship between negative urgency and binge eating, but
dietary restraint did not (see Table 2). Plotting the significant interactions revealed that, as
expected, the relationship between negative urgency and binge eating was stronger at higher
levels of appearance pressures, thin-ideal internalization, and body dissatisfaction (see
Figure 2). Interestingly, however, probing the interactions using simple slopes and regions of
significance analyses indicated that negative urgency was significantly related to binge
eating across all possible values of each moderator, highlighting the strength of the main
effect of negative urgency on binge eating.

Etiologic Associations

Bivariate model—Replicating previous findings in a sub-set of this sample (Racine et al.,
2013), bivariate Cholesky decomposition models revealed significant genetic and non-shared
environmental influences on negative urgency and binge eating, as well as significant
genetic and non-shared environmental associations between negative urgency and binge
eating. The AE model was preferred to the ACE model, given the non-significant chi-square
difference test (AX2 (Adf) < 0.001 (3); p>.99) and a lower AIC value (AE: 1290.67 vs
ACE: 1296.67). Shared environmental effects were estimated at 0 for both negative urgency
and binge eating and, as such, genetic and non-shared environmental estimates were
identical in the AE and ACE models. The heritability of negative urgency was estimated at
39% (confidence intervals (Cls): .29, .48), with the remaining variance due to the non-shared
environment (61%, Cls: .52, .71). Genetic and non-shared environmental variance estimates
for binge eating were similar to those reported in previous research (A: 39%, Cls: .29, .48;
E: 61%, Cls: .52, .71). With regards to the etiologic nature of the negative urgency-binge
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eating association, the genetic correlation was large and significant (r, = .72, Cls: .57, .86)
with a smaller, yet significant, non-shared environmental correlation (7, = .31, Cls: .21, .40).
These genetic and non-shared environmental correlation estimates are very similar to those
reported in our previous study (r, = .77; r = .29; Racine et al., 2013). Thus, across the
sample, negative urgency and binge eating have very similar genetic influences and exhibit
some overlap in their non-shared environmental contributions.

Moderator models—Given bivariate model results, we first confirmed that AE moderator
models provided a superior fit to the data than ACE moderator models. We found this to be
true for all three ED-specific moderators: appearance pressures: Ax? (Adf) = 0.72 (5); p=.
98; AlCs: AE = 1104.04; ACE = 1113.32; thin-ideal internalization: AXZ (Adf) < 0.001 (5);
p>.99; AICs: AE = 1086.91; ACE = 1096.91; body dissatisfaction: Ax? (Adf) = 0.13 (5); p
=.99; AICs: AE = 1214.31; ACE = 1224.17.

Path and moderator estimates for the best-fitting AE moderator models are presented in
Table 3.2 Path estimates index genetic and environmental contributions to the variance
within, and covariance between, negative urgency and binge eating at the lowest level of the
moderator (i.e., individuals in the lowest quartile on appearance pressures and thin-ideal
internalization; individuals with a score of 0 on body dissatisfaction). Moderator estimates
are added to path estimates to calculate the genetic and environmental variance and
covariance at each level of the moderator. For example, the genetic covariance between
negative urgency and binge eating is calculated using the following equation: covariance,;
[Ac + Bacommon*moderator value (i.e., 0, 1, 2, 3)]2. Following previous recommendations
(Purcell, 2002), unstandardized path and moderator estimates are presented. However, we
standardized these estimates to calculate the genetic and environmental correlations between
negative urgency and binge eating at each level of the moderator (see Table 4). Similar to
simple slopes analyses in traditional moderation models, these correlations index the impact
of the moderating variables on genetic and environmental associations between negative
urgency and binge eating.

Results from the moderator models suggested that genetic covariance between negative
urgency and binge eating was enhanced as appearance pressures, thin-ideal internalization,
and body dissatisfaction increased. The moderation coefficients for the genetic influences on
binge eating that are shared with negative urgency (“common’) were positive and
statistically significant (i.e., confidence intervals did not overlap with 0) in the thin-ideal
internalization and body dissatisfaction models, and this moderation coefficient approached
significance in the appearance pressures model (see Table 3). The genetic correlations
clearly demonstrate an increase in the genetic association between negative urgency and
binge eating at higher levels of the moderator (see Table 4). At the lowest level of
appearance pressures, thin-ideal internalization, and body dissatisfaction, genetic
correlations between negative urgency and binge eating were .51, .52, and .61, respectively,
whereas these correlations were .91, .86, and .88 at the highest level of these risk factors. In

4we do not present twin moderation models for dietary restraint since restraint did not significantly moderate the phenotypic negative
urgency-binge eating association. As expected, twin moderation models revealed that dietary restraint did not significantly moderate
genetic and/or environmental covariance between negative urgency and binge eating (data not shown).

Path and moderator estimates from full ACE moderator models are available as Supplemental Material.
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contrast, the “unique” genetic moderation coefficients were uniformly non-significant (see
Table 3), suggesting that disorder-specific risk factors did not impact the magnitude of the
genetic influences unique to binge eating (i.e., after accounting for genetic influences shared
with negative urgency).

The opposite pattern is true when considering how ED-specific risk factors impact non-
shared environmental contributions to binge eating. Moderation coefficients for the non-
shared environmental influences on binge eating that are shared with negative urgency
(*common) were uniformly small and non-significant, whereas examination of “unique”
moderation coefficients indicated that non-shared environmental influences on binge eating
appeared to be greater in individuals who reported higher levels of appearance pressures,
thin-ideal internalization, and body dissatisfaction (see Table 3). Taken together, behavioral
genetic modelling suggests that ED risk factors moderate the phenotypic relationship
between negative urgency and binge eating by increasing the degree to which these two
constructs share genetic influences.

Confirmatory bivariate models—Although the GxE in the presence of rGE model has
been widely used, there also have been published concerns that the model can yield false
positive GXE results and biased parameter estimates (Rathouz, Van Hulle, Rodgers,
Waldman, & Lahey, 2008; van Hulle, Lahey, & Rathouz, 2013). The extent to which these
concerns apply to our use of the model (i.e., to examine whether etiologic influences shared
by two variables are moderated by an independent moderator variable) is unclear.
Nonetheless, we confirmed our genetic moderation findings by conducting bivariate models
at high and low levels of the moderator variables, defined by both a median split and by
extreme groups (i.e., values of 0 and 4 from moderator models).6 The pattern of results in
these confirmatory models was identical to that observed in the moderator models. For
appearance pressures and body dissatisfaction, estimated genetic correlations between
negative urgency and binge eating were significantly larger for individuals high and low on
the respective moderator in both sets of analyses (see Table 5). For thin-ideal internalization,
the genetic correlations in the median split analysis did not significantly differ (although
were in the right direction), but the extreme group analysis revealed significant differences
between high and low moderator groups.7 Taken together with our moderation model
results, appearance pressures, thin-ideal internalization, and body dissatisfaction appear to
significantly moderate genetic influences common to negative urgency and binge eating.

Discussion

The aim of the current study was to examine whether well-established risk factors for EDs
(i.e., appearance pressures, thin-ideal internalization, body dissatisfaction, dietary restraint)
moderate associations between negative urgency and binge eating. Using a large sample of

6The primary disadvantage to this approach is that it requires co-twins to have the same score on the level of the moderator variable.
As such, these models excluded 42-45% and 61-81% of our sample in median split and extreme group analyses, respectively.

7As recommended by Van Hulle et al. (2013) and Zheng, Van Hulle & Rathouz (2015), we also confirmed that our significant
moderation effects were not instead explained by non-linear main effects of the moderator on the dependent variable. For each ED-
specific moderator, non-linear main effects were non-significant, with the GXE in presence of rGE model providing a better fit to the
data than the non-linear main effects model (data not shown).
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twins, this study was the first to investigate moderation effects at both the phenotypic and
etiologic (i.e., genetic and environmental) levels of analysis. Appearance pressures, thin-
ideal internalization, and body dissatisfaction strengthened phenotypic and genetic
associations between negative urgency and binge eating, such that a greater proportion of
genetic influences were shared between negative urgency and binge eating at higher levels of
these disorder-specific risk factors. Each risk factor had a similar moderating impact on
phenotypic and etiologic negative urgency-binge eating associations. In contrast, dietary
restraint did not emerge as a moderator of the phenotypic or etiologic relationship between
negative urgency and binge eating.

Our results suggest that sociocultural pressures for thinness, and the cognitive consequences
that can arise from these pressures (i.e., thin-ideal internalization and body dissatisfaction),
are associated with a higher risk for binge eating in individuals with negative urgency. For
women with this combination of risk factors, binge eating may be an impulsive behavior that
functions to regulate negative emotions, despite the ineffectiveness of binge eating for
moving toward cultural ideals of thinness. Notably, however, negative urgency was
associated with binge eating even at low levels of these ED-specific risk factors. This finding
highlights the strength of the main effect of negative urgency on binge eating and is
consistent with a recent study that found that high negative urgency also was associated with
elevated loss of control eating frequencies in individuals with low dietary restraint (Emery et
al., 2013). Consistent with transdiagnostic models of negative urgency (Cyders,
Conskunpinar, VanderVeen, 2016), one possibility is that women with high negative
urgency, but low disorder-specific risk, engage in several different maladaptive behaviors in
an attempt to regulate emotions, including binge eating. In contrast, disorder-specific
variables may interact with negative urgency to place individuals at risk for using a specific
maladaptive behavior to cope with negative emotions. This interpretation is consistent with
the findings of Racine & Martin (2016), as high negative urgency was associated with
dysregulated eating, depressive symptoms, and problematic alcohol use, but interactions
among negative urgency and ED risk factors only predicted dysregulated eating. Thus, the
increased risk for binge eating that is associated with high negative urgency may be further
potentiated in the presence of ED-risk factors. Future research using prospective,
longitudinal designs is necessary to investigate how negative urgency and disorder-specific
risk factors intersect to predict binge eating as well as other forms of psychopathology.

Our behavior genetic modeling results significantly extend phenotypic findings by
suggesting that ED-specific risk factors moderate genetic, rather than environmental,
covariance between negative urgency and binge eating. Specifically, at high levels of ED risk
factors, individual differences in binge eating were more likely to be accounted for by
genetic influences shared with negative urgency, as opposed to genetic influences
independent of negative urgency. Consistent with the biopsychosocial model of risk
proposed by Culbert et al. (2015), genetic influences on transdiagnostic, trait-based risk
factors like negative urgency may be “shaped” by ED-specific risk factors to lead to the
development of binge eating and eating disorders. That is, individuals who are genetically
“wired” for engaging in emotion-based rash action may be more likely to manifest this
genetic predisposition as binge eating in the presence of ED-risk factors, which would serve
to strengthen genetic associations between negative urgency and binge eating. Notably,
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negative urgency and binge eating also shared a relatively large proportion of their genetic
risk factors at low levels of ED-specific risk variables, but the presence of ED-risk factors
appears to further enhance risk for binge eating via genetically-based mechanisms.

Prospective behavioral genetic research is necessary to examine whether genetic influences
on earlier negative urgency predict later binge eating, and whether there are critical
developmental windows (e.g., puberty) during which these genetic processes are shaped by
ED-specific risk factors. Further, future twin studies should consider whether individual
differences in binge eating are more likely to result from genetically-mediated mechanisms
that do not overlap with negative urgency (e.g., obesity, ovarian hormones, appetite-
regulating hormones; Bulik et al., 2003; Culbert, Racine, & Klump, 2016; Klump et al.,
2016) in individuals with low versus high ED-specific risk.

Given that ED risk factors impacted negative urgency-binge eating associations through
genetic, rather than environmental mechanisms, it is important to consider candidate genetic/
biological mechanisms that may underlie both negative urgency and binge eating and that
may be strengthened in the presence of ED-specific risk factors. Although mechanistic
research on negative urgency is in its infancy, individuals with high negative urgency are
thought to be biologically at risk for behaviors that involve approach tendencies towards
rewarding stimuli as well as poor behavioral regulation of the pursuit of long-term goals.
Specifically, negative urgency has been theorized to result from a combination of high
dopamine and low serotonin levels (Cyders & Smith, 2008). Dopamine mediates approach-
related behavior, whereas serotonin is involved in affect-guided planning. Given that
serotonin modulates dopamine neurotransmission in some brain areas, low serotonin levels
have been hypothesized to leave the effects of dopamine on reward drive and impulsivity
uninhibited (Cyders & Smith, 2008). Further, neuroimaging studies reveal associations
between self-reported negative urgency and activation in brain regions that underlie both
reward valuation and cognitive control (Cyders et al. 2014; Weiland et al., 2014; Wilbertz et
al., 2014). Importantly, these same neuromodulators and neurocognitive processes have been
implicated in the etiology of binge eating and EDs (Culbert et al., 2015; Schag, Schonleber,
Teufel, Zipfel, & Giel, 2013). Thus, negative urgency and binge eating may be genetically
related because they are both mediated by a strong “bottom-up” approach system and a weak
“top-down” control system. This genetically-mediated association is likely present
regardless of disorder-specific moderators, as both our previous report and the current study
found that genetic influences on negative urgency and binge eating significantly overlapped,
independent of ED-specific moderators. However, ED-specific risk factors may strengthen
genetic associations because they may serve to increase approach tendencies, and decrease
cognitive control abilities, specifically in relation to food.

In contrast to genetic influences, ED-specific risk factors did not moderate non-shared
environmental associations between negative urgency and binge eating but instead impacted
the magnitude of non-shared environmental influences unique to binge eating. The fact that
ED-specific risk factors impacted negative urgency-binge eating associations through
genetic, rather than environmental, mechanisms suggests that environmental experiences
that are shared with negative urgency are less important for binge eating than shared
neurobiological/neurocognitive mechanisms at high levels of ED risk factors. In contrast,
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environmental experiences that impact binge eating, independent of negative urgency, appear
to contribute more to binge eating among females with high ED-specific risk factors. For
example, parental comments about weight or weight-focused peer groups (Marcos,
Sebastian, Aubalat, Ausina, & Treasure, 2013) are environmental factors that are unlikely to
be associated with negative urgency and that may predict binge eating in girls who feel
pressure to look like women they see on the media and who feel negatively about their body.

Contrary to two previous studies in female college students (Emery et al., 2013; Racine &
Martin, 2016), we found that dietary restraint exerted a significant main effect, but did not
significantly interact with negative urgency to predict binge eating. Although these previous
studies also used the EDE-Q Restraint Scale, the fact that our participants spanned pre-
adolescence to early adulthood and had lower rates of dietary restraint could account for
discrepant findings. Further, binge eating is often accompanied by compensatory behaviors
in college students (Kelly-Weeder, 2011), and negative urgency-dietary restraint interactions
may be most likely to predict binge eating in individuals with intentions of compensating
after binge eating episodes. It also is possible that momentary levels of dietary restraint or
restriction may be more relevant for binge eating in individuals with negative urgency than
number of days of restrained eating over the past month. Indeed, Pearson and colleagues
(2015) recent model posits that dieting behavior may represent a state-based risk factor that
precipitates binge eating in individuals high on trait negative urgency. Future ecological
momentary assessment research should examine the interactive roles of momentary
restriction and negative affect for binge eating in individuals with high and low negative
urgency.

Despite the significance of our study for advancing integrative models of binge eating and
ED development, we must note several limitations. First, our results are based on cross-
sectional data, as all measures were completed at one time point. Although negative urgency
and ED risk factors have predicted increases in binge eating in previous longitudinal
research (Pearson et al., 2012; Stice et al., 2002), it is unclear whether interactions among
these variables prospectively predict binge eating symptoms. Further, although the proposed
explanations for our findings focus on negative urgency as a genetically-mediated risk factor
for binge eating, it also is important to recognize that binge eating may further reinforce the
tendency to act impulsively in response to negative emotions. Specifically, individuals who
binge eat may have fewer opportunities to learn effective emotion regulation strategies, and
reciprocal reinforcement processes may be especially strong in individuals with ED-specific
risk factors because of the increased rates of binge eating associated with these variables.

Second, we used a self-report questionnaire to assess binge eating tendencies in a sample of
twins unselected for binge eating or EDs. These study features were necessary to permit
sufficient variability to examine moderating effects and power to conduct twin moderation
analyses. Although self-report questionnaires have been criticized for overestimating the
presence and frequency of binge eating compared to clinical interviews (Fairburn & Beglin,
1994), interview-based measures often underestimate the heritability of psychopathology
(Burt, 2009). Thus, there are advantages and disadvantages to both questionnaire and
interview assessments when conducting twin studies. Further, our measure of binge eating
has been validated against a structured interview and has been shown to distinguish among
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multiple forms of dysregulated eating (i.e., binge eating, objective overeating, loss of control
eating; Racine et al., 2013). Nonetheless, we acknowledge that our binge eating measure
assesses both binge eating thoughts and urges, in addition to actions, which is a limitation of
our study. It is important to investigate whether interactions among negative urgency and
ED-specific risk factors predict the onset and maintenance of clinically significant binge
eating and EDs in future longitudinal research.

Third, as noted above, the bivariate moderation model used in the present study has been
found to produce false positive GXE results, with alternative non-linear models potentially
explaining significant moderation of covariance pathways (Rathouz et al. 2008; van Hulle et
al., 2013; Zheng et al., 2015). By running bivariate models at high and low levels of the
moderators, we confirmed that ED-risk factors enhance genetic sharing between negative
urgency and binge eating. We also did not detect significant non-linear main effects of our
ED-specific moderators on binge eating, lending further confidence to our moderator model
results. Finally, it is important to note that the detection of etiologic moderation can be
influenced by the scaling and distribution of the outcome variables (Purcell, 2002). We used
log-transformed binge eating scores, as log transformations have been shown to significantly
reduce the false positive rate for GXE (Murray, Molenaar, Johnson, & Krueger, 2016).
Nonetheless, the above issues warrant some caution, and our findings need to be replicated
in independent samples.

Future directions include investigating genetically-mediated mechanisms that may account
for increased phenotypic and genetic associations between negative urgency and binge
eating in the presence of ED risk factors. As mentioned above, increased reward sensitivity
and decreased cognitive control in response to negative affect are thought to underlie self-
reported negative urgency and binge eating (Cyders & Smith, 2008; Schag et al., 2013). The
possibility that these neurocognitive processes explain the genetic moderation effects
observed in our study should be examined in future research that incorporates measures
spanning multiple units of analysis (e.g., circuits, physiology, behavior, self-report). In
addition, other important disorder-specific risk factors for binge eating, such as the
expectation that eating will alleviate negative affect (Pearson et al., 2012), should be
investigated as moderators of genetic and environmental negative urgency-binge eating
associations in future work. Although eating expectancies may operate similarly to the ED-
specific risk factors included in the current study, the importance of early parental modeling
experiences for the development of eating expectancies (e.g., Annus, Smith, Fischer,
Hendricks, & Williams, 2007) suggests that this ED-specific risk variable could play a more
prominent role in increasing non-shared environmental associations between negative
urgency and binge eating.

Finally, if longitudinal studies find that negative urgency-ED risk factor interactions
prospectively predict binge eating onset, novel prevention programs that address both sets of
risk factors should be considered, particularly for females who are at high genetic risk for
negative urgency and binge eating. For example, the Body Project (Stice, Becker, & Yokum,
2013), a well-established program designed to modify ED-risk factors, could be enhanced
via assessments of negative urgency and the addition of mindfulness and emotion regulation
strategies for individuals with this combination of transdiagnostic and disorder-specific risk

J Abnorm Psychol. Author manuscript; available in PMC 2018 July 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Racine et al. Page 17

factors. Further, interventions that target both emotion-related variables and traditional ED-
specific risk factors (e.g., Integrative Cognitive-Affective Treatment; Wonderlich et al.,
2014) may be most helpful for individuals who are at genetic risk for negative urgency and
binge eating.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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General Scientific Summary

This study found that females who reported the tendency to act impulsively in response to
negative emotions (i.e., negative urgency) and who endorsed greater eating disorder-
specific risk had the highest levels of binge eating. Eating disorder risk factors were
found to increase risk for binge eating among those with negative urgency via genetic
mechanisms.
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factor unique to binge eating; aneg urgency = total genetic effects on negative urgency;
acommon = genetic effects on binge eating that are attributable to negative urgency; Bacommon
= moderation coefficient for common genetic path; aynique = genetic effects unique to binge
eating; Baunique = Mmoderation coefficient for unique genetic path.
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Hierarchical Linear Models Examining Interactive Effects of Negative Urgency and Eating Disorder-Specific

Risk Factors in the Prediction of Binge Eating.

b (SE) t (df) p
Appearance pressures
Negative urgency 40 (.03) 12.99(858.78) <.001
Appearance pressures .17 (.03) 5.16 (817.53) <.001
Negative urgency x appearance pressures .06 (.03) 2.15 (861.66) .03
Age -.01(04) -034(473.10) .73
BMI 09(03) 2.87(626.58) .004
Thin-ideal internalization
Negative urgency 40 (.03) 12.69(853.80) <.001
Thin-ideal internalization .17 (.03) 5.29 (810.67) <.001
Negative urgency x thin-ideal internalization .08 (.03) 2.88 (854.58) .004
Age .01(.03)  0.39(456.51) .70
BMI 12(03)  3.79(613.19) <.001
Body dissatisfaction
Negative urgency .39 (.03) 13.70(939.92) <.001
Body dissatisfaction .28 (.03) 8.25(929.49) <.001
Negative urgency x body dissatisfaction .07 (.03) 2.71 (940.80) .007
Age 03(03)  1.01(497.07) .31
BMI -.05(03) -1.68(787.53) .09
Dietary restraint
Negative urgency .39 (.03)  13.91(934.20) <.001
Dietary restraint .23 (.03) 7.59 (929.61) <.001
Negative urgency x dietary restraint .04 (.03) 1.39 (926.47) 17
Age .03(.03)  0.95(490.92) .34
BMI 04(03) 1.26(730.72) .21

Standardized beta estimates are presented in the table, as all variables were standardized prior to conducting the hierarchical linear models. BMI =

body mass index
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