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Abstract

Ecological momentary assessment (EMA) data suggest that global negative affect (NA) increases
prior to and decreases following episodes of binge eating and purging, providing support for the
affect regulation model of BN. The current study examined whether facets of NA are differentially
related to bulimic behaviors. Women with bulimia nervosa (BN; n= 133) completed a 2-week
EMA protocol. Momentary assessments of 4 facets of NA (Fear, Guilt, Hostility, and Sadness)
were derived from the PANAS subscales. Trajectories of the NA facets were modeled prior to and
following binge-only, purge-only, and binge/purge events. Fear, Guilt, Hostility, and Sadness
increased prior to and decreased following binge-only and binge/purge events. The same results
were found for purge-only events, with the exception that Hostility did not increase significantly
prior to purging. Notably, ratings of Guilt were higher than those of Fear, Hostility, and Sadness at
the time of binge-only and binge/purge events. Furthermore, post hoc analyses demonstrate that
Guilt increased prior to and decreased following the 3 behavior types, even after controlling for
Fear, Hostility, and Sadness. These results provide further support for the affect regulation model
of BN and also suggest that guilt may be particularly important to the pathology of BN.
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Bulimia nervosa (BN) is characterized by recurrent binge eating (BE), defined as eating an
unusually large amount of food with a sense of loss of control, and the use of compensatory
behaviors such as self-induced vomiting (American Psychiatric Association [APA], 2000).
Bulimic symptoms are relatively common in adults and adolescents (e.g., Hoek, 2006) and
are associated with serious medical and psychiatric problems, along with increased risk of
mortality (e.g., Crow et al., 2009). Although several promising treatments for BN have been
identified, the majority of patients remain symptomatic after receiving treatment (e.g.,
Agras, Crow, et al., 2000). The development of innovative treatments for BN will depend in
large part on research efforts to delineate the mechanisms with which bulimic symptoms are
maintained over time.

The affect regulation model proposes one possible mechanism by which bulimic symptoms
are maintained (Polivy & Herman, 1993). This model posits that BE and purging function to
mitigate negative emotional states and that these behaviors are maintained through negative
reinforcement. Evidence supporting the affect regulation model relies on data that
demonstrate both high levels of NA prior to bulimic behaviors and a decrease in NA
following these behaviors. Overall, there is robust evidence that NA is elevated prior to both
BE and purging. For example, ecological momentary assessment (EMA) data suggest that
BE is more likely to occur on days characterized by stable high NA or increasing NA
(Crosby et al., 2009). Furthermore, a recent meta-analysis of EMA data found that NA
ratings prior to BE were higher than average ratings of NA (ES = .63) and NA ratings prior
to regular eating (ES = .68; Haedt-Matt & Keel, 2011). Perhaps most compelling are data
from an EMA study that used multilevel modeling to illustrate that NA increases over the 4
hours prior to bulimic behaviors (Smyth et al., 2007). In contrast, the evidence that NA
decreases after bulimic behaviors is less consistent. The above-referenced meta-analysis
found that NA ratings made after BE were higher than those made before BE (ES = .50;
Haedt-Matt & Keel, 2011). However, results from a recent EMA study found that NA
decreased significantly over the 4 hours following bulimic behaviors (Smyth et al., 2007). It
is possible that the inconsistent findings are due to differences in the statistical methodology
used by each study; the meta-analysis compared NA ratings made at two single time points,
whereas the EMA study modeled the trajectory of NA over 4 hours using all available data.

One limitation of the current literature on the affect regulation model of BN is that NA is a
broad construct that encompasses many types of emotional experiences (e.g., depression,
anxiety). Determining whether bulimic behaviors are related to NA in general or to a
particular facet of NA (e.g., depression) is particularly important to treatment development,
because it has the potential to determine the content and focus of new interventions. Six
previous investigations have compared facets of NA at different time points in relation to
episodes of BE in women with BN (Corstorphine, Waller, Ohanian, & Baker, 2006; EImore
& de Castro, 1990; Hetherington, Altemus, Nelson, Bernat, & Gold, 1994; Johnson &
Larson, 1982; Kaye, Gwirtsman, George, Weiss, & Jimerson, 1986; Powell & Thelen,
1996). The most common facets of NA examined were depression, anxiety, anger, and guilt.
The most common comparisons were immediately prior to BE versus immediately after BE
and immediately after BE versus some point in time after BE (which varied between
studies). The results of the six studies are relatively inconsistent, both within (e.g.,
comparing the trajectories of depression and anxiety within a single study) and between
studies (e.g., comparing the trajectory of depression across studies; see Table 1).
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These inconsistencies are notable; however, Table 1 highlights several possible explanations
for the discrepancies. First, each study examines multiple facets of NA, each of which could
follow a different trajectory in relation to bulimic behaviors (e.g., depression could increase
prior to and decrease after BE, whereas anxiety could decrease prior to and increase after
BE). Although facets of NA are often highly correlated and load onto a higher-order factor
(global NA), findings from these previous investigations appear to provide preliminary
support for this hypothesis. Second, it is also important to note that BN is characterized by
both BE and compensatory behaviors, which are often, but not always linked (Agras, Walsh,
Fairburn, Wilson, & Kraemer, 2000). Thus, another possibility is that BE and compensatory
behaviors may be differentially related to NA, but unfortunately, previous investigators have
not distinguished these behaviors in their analyses. Third, there were notable discrepancies
between the studies with regard to the time at which affect was measured (e.g., an hour after
BE, immediately after purging). Thus, the inconsistencies in the trajectories of NA between
the studies could be due to differences in the time frames being assessed.

Another possible explanation for the inconsistent findings with regard to the relationship
between facets of NA and bulimic behaviors in previous investigations relates not only to
when NA was assessed, but also to how it was assessed. It is important to note that these
previous investigations are strengthened by the use of EMA rather than retrospective recall
data. Whereas retrospective recall requires participants to remember events that occurred in
the past, EMA allows for the assessment of events in real time. Thus, EMA data are less
likely to be influenced by biases common to retrospective recall, including current mood
(Teasdale & Fogarty, 1979), retroactive reconstruction, and effort after meaning (Stone &
Shiffman, 1994). However, a limitation of these studies, and a possible explanation for the
inconsistent findings, is that they collected EMA data using paper-and-pencil assessments,
which cannot be time stamped. Without a time stamp, it cannot be guaranteed that
participants completed ratings of NA at the specified times, which means that the temporal
relationship between assessments cannot be validated. Previous research has demonstrated
that participants’ reported compliance with paper-and-pencil EMA (90%) vastly
overestimates their actual compliance (10%; Stone, Shiffman, Schwartz, Broderick, &
Huffor, 2003). A second limitation of the investigations described above is that these studies
characterized the temporal relationship between affect and behavior by comparing affect
ratings at single time points in relation to bulimic behaviors (e.g., “prebinge” vs.
“postbinge”). Although a comparison of means analysis can demonstrate whether there is a
statistically significant difference between the magnitude of affect at those time points, this
type of analysis cannot provide any information about the trajectory of affect between those
time points.

In summary, previous investigations suggest that facets of NA could be differentially related
to bulimic behaviors. These results have important implications for our understanding of
maintenance mechanisms of BN (e.g., bulimic behaviors may effectively reduce anxiety but
not depression) and subsequently could influence the focus of future treatments (e.g.,
anxiety management). Unfortunately, conclusions about the role of facets of NA in BN are
premature given the methodological limitations of previous investigations. The objective of
the current study was to examine whether facets of NA are differentially related to bulimic
behaviors using a rigorous methodology. First, we specifically distinguished among binge-
only, purge-only, and binge/purge events to examine whether these behaviors are
differentially related to NA. Second, we collected time-stamped EMA data using palm-top
computers to know exactly when assessments of affect were made in relation to bulimic
behaviors. Finally, we analyzed all data points using multivariate modeling to examine the
trajectory of affect in relation to bulimic behaviors. On the basis of the current literature, we
expected to find that all facets of NA will increase prior to all three types of bulimic
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behaviors (i.e., binge-only, purge-only, and binge/purge events) and that the four facets of
NA will follow different trajectories after the occurrence of the behaviors.

Data were collected from 133 adult women who met Diagnostic and Statistical Manual of
Mental Disorders (4th ed., text rev.; DSM-/V-TR; APA, 2000) criteria for BN. Participants
were excluded from the study if they were under 18 years of age or men. Participants ranged
in age from 18 to 55 years, with a mean age of 25.3 + 7.6 years. Most participants were
Caucasian (95.5%), currently employed (73.3%), and had never been married (63.9%).
Lifetime rates of Axis I disorders were 87.0% for mood disorders, 59.5% for anxiety
disorders, and 54.2% for substance dependence. All participants were at least 85% of ideal
body weight (mean body mass index [BMI] = 23.9 £ 5.2). Detailed descriptions of
participants” demographic data, symptom severity, and rates of co-occurring
psychopathology have been previously reported (Croshy et al., 2009; Smyth et al., 2007).

Structured Clinical Interview for DSM-IV Axis | Disorders, Patient Edition
(SCID—I/P)—The SCID-I/P (First, Spitzer, Gibbon, & Williams, 1995) is a semistructured
interview that measures Axis | psychopathology. The SCID-I/P was administered by a
trained doctoral-level psychologist and was used to establish lifetime history of Axis |
disorders. The Eating Disorder module of the SCID-I/P was used to determine whether
participants met current DSM-/V/ criteria for BN. All interviews were audiotaped, and
interrater reliability was calculated on 25 cases from the sample. The kappa coefficient for
current DSM-/V BN diagnosis was 1.0.

Positive and Negative Affect States (PANAS)—The PANAS (Watson, Clark, &
Tellegen, 1988) measures two general dimensions of affect (i.e., positive and negative) as
well as facets of affect (e.g., fear, joviality). Eleven items from the PANAS were chosen to
assess momentary NA: afraid, lonely, irritable, ashamed, angry, disgusted, nervous,
dissatisfied with self, jittery, sad, and angry with self. Participants were asked to rate the
extent to which they currently felt these emotions on a 5-point Likert scale, ranging from 1
(not at all) to 5 (extremely). The internal consistency of this abbreviated NA scale (a =.92)
was consistent with the internal consistency of the full NA scale when assessed at the
momentary level (range of as = .85-.91; Watson & Clark, 1994).

Eating Disorder Checklist—Participants were asked to indicate whenever they engaged
in BE, self-induced vomiting, laxative misuse, or diuretic misuse. These behaviors could be
recorded either immediately after they occurred or during the next signaled recording.
Participants were not asked to provide EMA assessment ratings during behaviors.
Participants were provided with standard definitions of BE (“an amount of food that you
consider excessive, or an amount of food that other people would consider excessive, with
an associated loss of control or the feeling of being compelled to eat”) as well as examples
of what constituted objectively large amounts of food. In the current analyses, self-induced
vomiting, laxative misuse, and diuretic misuse were combined to form a single variable
representing purging.

This study was approved by the Institutional Review Boards of the University of North
Dakota and MeritCare Hospital (Fargo, ND). Participants were recruited through clinical,
community, and campus advertisements. Interested participants were initially screened over
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the phone for inclusion and exclusion criteria. Eligible participants were scheduled for an
informational meeting during which they received information about the study and provided
written informed consent. Participants completed two assessment visits (approximately 3— 4
hr total) during which they completed a larger battery of assessments including
semistructured interviews, self-report questionnaires, and an electrolyte screening to ensure
medical stability. Only those measures used for the current study have been described
above; please refer to Smyth et al. (2007) for the full battery of assessments.

After baseline assessments, eligible participants were given palm-top computers to complete
EMA assessments over the course of the next 2 weeks. The EMA assessment protocol
implemented three types of daily self-report methods: (1) signal-contingent recording, (2)
interval-contingent recording, and (3) event-contingent recording. With regard to the signal-
contingent recording, participants were signaled by the palm-top computer to complete
EMA assessment ratings at six semi-random times throughout the day. These signals
occurred semirandomly, but were all within £20 min of each of six “anchor” times
distributed evenly throughout the day: 8:30 a.m., 11:10 a.m., 1:50 p.m., 4:30 p.m., 7:10 p.m.,
and 9:50 p.m. With regard to interval-contingent recording, participants were instructed to
complete EMA assessment ratings at the end of each day. Finally, with regard to event-
contingent recording, participants were instructed to provide EMA assessment ratings
immediately following the occurrence of predetermined behaviors (e.g., BE). During each
recording, participants completed the PANAS and Eating Disorder Checklist. Participants
received $200 for completing the 2-week assessment period and were given a $50 bonus for
completing at least 85% of assessments within 45 min of the palm-top signal. For additional
detail regarding the procedure, please refer to Smyth et al. (2007).

Statistical Methods

Confirmatory factor analysis—A two-level confirmatory factor analysis with random
intercept was performed with EMA data to evaluate the factor structure of the PANAS
negative scale. Model fit was evaluated using the confirmatory fit index (CFI), the Tucker—
Lewis index (TLI), the root-mean-square error of approximation (RMSEA), and the standard
root-mean-square residual (SRMR). Analyses were performed using Mp/us version 6.11
(Muthén & Muthén, 1998 —2004). To examine whether the model varied over the 2-week
period, we included time as a covariate.

Within-day analyses—To examine the temporal relationship between facets of NA and
bulimic behaviors, we modeled the pre- and postevent trajectories of each facet of NA
separately using piecewise linear, quadratic, and cubic functions centered on the time at
which each of the following behaviors occurred: BE unaccompanied by purging (binge
only), purging unaccompanied by BE (purge only), and BE and purging that occurred in
combination (binge/purge). Multilevel models included linear functions (i.e., hours prior to
event, hours following event), which reflected the rate of change in affect prior to and
following bulimic behaviors; quadratic functions (i.e., [hours prior to event]?, [hours
following event]?), which reflected the acceleration in rate of affect change prior to and
following bulimic behaviors; and cubic functions (i.e., [hours prior to event]?, [hours
following event]3), which reflected either further acceleration or dampening of the
acceleration in rate of affect change. When more than one behavior was reported in a single
day, only the first behavior was used to avoid confounding the relationship between
antecedent and consequent mood ratings in relation to the multiple bulimic behaviors that
occurred throughout any one day. Additionally, if subsequent behaviors occurred within the
4-hr time frame following the first behavior, only affect ratings made after the first behavior
and prior to the subsequent behavior were included in the postevent analyses.
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Participants’ compliance with completing signal-contingent ratings was good (average =
86%; median = 90%). Participants’ timeliness was also good; the majority of signal-
contingent ratings were made within 5 min, and 75% were made within 20 min. Analyses
were based on observations of 1088 binge-only, 2117 purge-only, and 2727 binge/purge
events.

Confirmatory Factor Analysis

The CFA indicated that the best-fitting model was a four-factor solution (RMSEA = .029;
CFI =.943; TLI =.917; SRMR within = .033; SRMR between = .053) that replicated the
results of the original factor analysis (Watson & Clark, 1994), with one exception. The
current CFA indicated that the Disgust item loaded onto the Guilt factor, whereas the
original factor analysis found that Disgust loaded most highly onto the Hostility factor (see
Table 2). However, it should be noted that in the original factor analysis, Disgust loaded
onto both the Guilt and Hostility factors. The Cronbach’s alphas of the four abbreviated
lower-order NA subscales were .80 (Fear), .89 (Guilt), .79 (Hostility), and .81 (Sadness),
demonstrating good internal consistency. Model estimates from the CFA demonstrated
significant, moderate associations among the four factors (see Table 3), which was expected,
given that they represent subfactors of a global NA scale. Finally, Factor x Time interactions
were not significant, indicating that the model structure did not vary over the 2-week
assessment period.

Within-Day Analyses

The results of the within-day analyses are provided in Table 4 and illustrated in Figure 1
using data estimated by the linear, quadratic, and cubic coefficients. The data indicate that
there was a significant change in trajectory, reflecting the association between NA and time
anchored on the time at which the behavior occurred, for all four facets of NA before and
after binge-only and binge/purge events. In other words, all four facets of NA increased
prior to and decreased following binge-only and binge/purge events (all ps <.001; see Table
4). The same results were found for purge-only events (all ps < .05; see Table 4), with the
exception that Hostility did not increase significantly prior to purging. Of note,
nonoverlapping confidence intervals suggest that for binge-only and binge/purge events, the
magnitude of Guilt at the intercept point1 was higher than the magnitudes of Sadness, Fear,
and Hostility (see Table 5). To further examine the unique effects of each facet of NA, we
repeated the within-day analyses described above, this time examining each facet of NA
individually while using the other three facets of NA as covariates. Despite significant
associations among the four facets of NA, the post hoc analyses indicated that Guilt still
increased prior to and decreased after all three types of behaviors, even after controlling for
Fear, Hostility, and Sadness (all ps <.001). In contrast, the effects for Fear, Hostility, and
Sadness washed out when controlling for the other facets of NA.

Discussion

The objective of this study was to examine whether facets of NA are differentially related to
bulimic behaviors. Overall, there was a relatively consistent temporal relationship between
the four facets of NA and bulimic behaviors, with the facets of NA increasing prior to and
decreasing following all three types of bulimic behaviors. These data provide additional
support for the affect regulation model of BN and indicate that both BE and purging
function to mitigate individual facets of NA, regardless of whether the behaviors occur alone

IThe intercept point represents the time at which the behavior occurred.
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or in combination. Although there was a significant decrease in Hostility after purge-only
events, there was no significant change in the trajectory of Hostility prior to purge-only
events. These data may suggest that although purging may be reinforced by reductions in
hostility, fluctuations in hostility do not necessarily precipitate episodes of purging. Of
particular interest are the findings that Guilt was higher than the other facets of NA and that
Guilt was the only facet of NA that retained significant linear effects before and after
bulimic behaviors when controlling for the other facets of NA. These data provide
preliminary evidence that guilt may be particularly important to the pathology of BN and the
maintenance of bulimic behaviors. For example, one explanation for these findings may be
that the primary function of bulimic behaviors is to regulate guilt specifically, and any
observed decreases in the other facets of NA following bulimic behaviors may be
unintended consequences of those behaviors.

Also of interest is the finding that guilt decreased significantly after binge-only events,
which seems counterintuitive given that historically, BE has been thought to be associated
with feelings of guilt, self-deprecation, and disgust (American Psychiatric Association
[APA], 2012; Polivy & Herman, 1993). However, inherent in this notion is that the feelings
of guilt are specifically related to the binge itself and/or potential implications of the binge
on shape/weight. It is notable that the item content of the Guilt subscale is relatively vague
(e.g., dissatisfied with self), which means that the context for the feelings of guilt cannot be
identified with these data. It is possible that the feelings of guilt reported by participants in
this study were not related to eating events or shape and weight, but were related to
interpersonal events or general self-concept instead. Determining the context of the guilt
(e.g., guilt related to interpersonal events, body image, dietary rules, self-concept) could
help delineate the role of guilt in maintaining bulimic symptoms and may be particularly
important for treatment providers as it could implicate a specific target for treatment.

This study had several strengths. First, it is the first EMA study to examine the relationship
between facets of NA and bulimic behaviors with time-stamped assessments, which improve
both the reliability and validity of the data. Second, modeling the relationship between NA
and bulimic behaviors using all data points provides a more comprehensive illustration of
the relationship between NA and bulimic behaviors than does comparing two data points.
Third, binge-only, purge-only, and binge/purge behaviors were examined separately,
providing the opportunity to examine the relationship between affect and each type of
behavior. Finally, participants were not seeking treatment, and the sample size was
substantially larger than those of previous investigations, both of which increase the
generalizability of the findings.

Several limitations of the current study should be noted. Importantly, the four lower-order
subscales of the PANAS were created using a subset of the original items. However, the
factor structure and internal consistencies of the four subscales used in the current study
were consistent with the full subscales. Second, although BE was defined for all
participants, all eating episodes were self-rated as either binge or nonbinge episodes by the
participants. Given that research suggests that lay definitions of BE are characterized
primarily by the presence of loss of control irrespective of the quantity of food consumed
(Beglin & Fairburn, 1992), it is possible that the current data are more suggestive of the
relationship between NA and loss of control eating (in which the amount of food consumed
may or may not have been large by clinical assessment). Third, although these data illustrate
the relationship between facets of NA and individual bulimic behaviors over an 8-hr period,
it is possible that the temporal relationship between NA and bulimic behaviors may differ
over longer periods of time (e.g., days, weeks) or when multiple bulimic behavior events
occur during the same day. Fourth, only adult women were included in the current study;
therefore, it is unclear whether these results generalize to men or adolescents. Finally, these
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data are descriptive and do not necessarily provide explanations for the observed findings. In
summary, these data provide additional support for the affect regulation model and suggest
that guilt may be particularly important to the pathology of BN. Additional research (e.g., to
identify the context of guilt, to examine the relationship between affect and behavior over
longer periods of time or when sequential bulimic behaviors occur) is needed to further
understand how facets of NA contribute to the pathology of BN.
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Level of lower-order negative affect subscales over time in relation to binge-only, purge-
only, and binge/purge events.
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Table 2

Within-Level Model Results for Two-Level Confirmatory Factor Analysis

Factor/descriptor Est. SE  Two-tailed pvalue
Fear
Afraid 1.00 0.00 999.00
Nervous 1.25 0.08 <.001
Jittery 099 0.8 <.001
Guilt
Ashamed 1.00 0.00 999.00
Angry at self 115 0.04 <.001
Dissatisfied with self  0.82  0.05 <.001
Disgust 1.06 0.04 <.001
Hostility
Angry 1.00 0.00 999.00
Irritable 091 0.04 <.001
Sadness
Sad 1.00 0.00 999.00
Lonely 0.75 0.03 <.001

Note. Est. = estimate; SE = standard error.
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Table 3

Model Estimates of the Association Between Factors

Factor Est. SE  Two-tailed pvalue
Fear with
Guilt 0.23 0.03 <.001
Hostility 0.22 0.03 <.001
Sadness  0.23  0.03 <.001
Guilt with
Hostility 0.36 0.03 <.001
Sadness  0.42 0.03 <.001
Hostility with
Sadness  0.35 0.03 <.001

Note. Est. = estimate; SE = standard error.
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Table 5

Magnitudes of Fear, Guilt, Hostility, and Sadness at the Intercept Point

Behavior Intercept  95% ClI
Binge only
Fear 2.09 1.89,2.29
Guilt 3.03 2.83,3.24
Hostility 2.13 1.95,2.32
Sadness 2.49 2.27,2.70
Purge only
Fear 2.04 1.87,2.21
Guilt 2.66 247,284
Hostility 2.01 1.85,2.18
Sadness 2.32 2.19, 2.52
Binge/purge
Fear 2.21 2.04,2.38
Guilt 3.05 2.87,3.23
Hostility 231 2.15,2.46
Sadness 2.60 2.41,2.79

Note. Cl = confidence interval.
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