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Abstract

Purpose—Appearance-related stress may result from appearance-focused events such as seeing
one’s reflection, seeing media images, and shopping for clothes. The purpose of this study was to
examine the prospective association between momentary appearance-related stress and eating
disorder (ED) behaviors (i.e., binge eating and vomiting) among women with anorexia nervosa
(AN) using ecological momentary assessment (EMA). We hypothesized that appearance-related
stress at Time 1 would predict binge eating and vomiting at Time 2, and that this prospective
association would be mediated by momentary anxiety at Time 2 (controlling for anxiety at Time
1).

Methods—Women with AN completed a two-week EMA protocol involving repeated daily

assessments of experiences and behaviors.

Results—Momentary appearance-related stress preceded binge eating and vomiting and
momentary anxiety mediated the prospective association between appearance-related stress and
ED behaviors.

Conclusions—Targeted momentary interventions delivered in the natural environments that
address appearance-related stress may have utility in the treatment of ED behaviors.
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The core diagnostic criteria for anorexia nervosa (AN) include maintenance of a low body
weight and associated cognitive disturbances (e.g., fear of weight gain) [1]. However,
individuals with AN may also engage binge eating and/or purging behaviors, which are
maladaptive behaviors associated with marked psychosocial impairment [2]. For example,
binge eating and purging are prospectively associated with disturbances in mood,
interpersonal problems, and poor physical functioning [3-5]. Further, research has found
that patients with AN who regularly engage in binge eating and/or purging have greater
eating disorder severity, more co-occurring psychiatric disorders, and a worse overall
prognosis compared to patients who do not regularly binge eat and/or purge [6,7].

Focus on appearance, often in the form of body weight and shape concerns, is a central
symptom in AN [1]. For example, individuals with AN report more explicit beliefs regarding
the importance of appearance compared to a control group [8]. Further, individuals with AN
exhibit more negative body image, increased body checking, more anxiety about their body,
and increased negativity toward their physical appearance compared to control groups [8-9].
With regard to the daily lives of individuals with eating disorders, appearance-related events
(e.g., seeing oneself in the mirror, exposure to body-related media images, shopping for
clothes) may occur throughout the day and could be associated with negative self-oriented
mental states such as body dissatisfaction and aversive self-awareness--i.e., a negative view
of oneself and concern over others’ appraisals of oneself. Appearance-related events may
promote dissatisfaction with one’s appearance and body image and, additionally, may
increase one’s self-discrepancy (i.e., difference between one’s perceived ideal self and
perceived actual self). For instance, in a laboratory study in which individuals were exposed
to their bodies by viewing a mirror for 40 minutes, individuals with eating disorders had
greater negative emotional and cognitive responses compared to a control group [10]. Also,
another study using a mirror exposure task found that women with AN reported greater
negative thoughts about eating, weight, and shape than a non-dieting control group [11]. A
large literature has also reported associations between viewing images in the media and body
dissatisfaction and eating disorder behaviors [12]. Furthermore, studies show that disordered
eating and body dissatisfaction are related to more negative experiences shopping for clothes
[13-14]. Because appearance-related events often prompt negative self-oriented mental
states, stress stemming from these events may also function as momentary risk factors for
eating disorder behaviors.

Current Study

Appearance-related events, which are often experienced as stressful given the centrality of
appearance concerns in AN, may be particularly important to investigate in relation to binge
eating and purging. Furthermore, in research on women with bulimia nervosa, findings have
suggested that it is the affective responses following stressful events that accounts for the
association between those events and subsequent eating disorder behaviors [15]. Thus, affect
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may also be of importance in understanding the relationship between appearance-related
events and binge eating and purging in AN. To date, we know little about temporal
associations among appearance-related stress, associated affective states, and binge eating
and purging in the natural environment. In the current study, momentary, naturalistic data
collected through ecological momentary assessment (EMA) were used to examine (a) the
prospective association between appearance-related stress and binge eating and vomiting
among women with AN, and (b) momentary anxiety as a mediator of this association.
Although previous naturalistic studies have demonstrated a pattern of increases in various
aversive affective states preceding binge eating and vomiting across eating disorder samples
[16-18] current study focused on anxiety, as this specific form of affect has been shown to
be particularly important in relation to AN. For instance, anxiety and related temperamental
constructs (e.g., harm avoidance) have been shown to be prospective risk factors for AN
[19-20]. Elevated anxiety persists after recovery from AN and also may differentiate those
who do and do not experience remission from AN [21-22]. Further, higher levels of anxiety
have been shown to coincide with the occurrence of various eating disorder behaviors in AN
[23], and data from several studies also indicate that appearance concerns are distinctly tied
to anxiety symptomology [24-26]. Of note, the current data have been used to examine
associations related to those investigated here, including between anxiety and binge/purge
behaviors [23] and between media exposure and binge/purge behaviors [27] . However,
previous papers have not investigated anxiety as a mediator between appearance-related
stress (which includes media exposure as one example among several) and binge/purge.
Consequently, we believe this paper offers a unique contribution to this literature.

Women with AN (A= 118) were recruited at three sites in the Midwestern United States via
eating disorder treatment facilities, online postings, and clinical, community, and campus
advertising. The majority of the sample was Caucasian (96.6%). The mean age was 25.3

+ 8.4 years and the mean body mass index (BMI) was 17.2 + 1.0 kg/m2. Eligibility criteria
included: being female, at least 18 years of age, and meeting criteria for Diagnostic and
Statistical Manual of Mental Disorders (4th Edition) [1] AN or subthreshold AN.
Subthreshold AN criteria for the study were defined as meeting all of the DSM-IV criteria
for AN except: (1) body mass index between 17.5 and 18.5; or (2) absence of amenorrhea or
an absence of the cognitive features of AN. There were 73 women with AN-restricting
subtype and 45 with AN-binge eating/purging subtype, and the sample was equally split
between full-threshold and subthreshold AN.

Diagnostic interview—The Structured Clinical Interview for DSM-IV Axis | Disorders,
Patient Edition (SCID-I/P) [28] was used to determine DSM-IV diagnostic criteria for AN
and subthreshold AN. SCID interviews were recorded by trained assessors and a second
independent assessor rated current eating disorder diagnoses in a random sample of 25% (n
= 30) of these interviews. Interrater reliability for current AN diagnosis based upon a kappa
coefficient was .929.
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EMA measures—The current study used EMA data collected via three types of daily self-
report methods using palmtop computers. Event-contingent reporting involved participants
completing an assessment when a binge eating or vomiting episode occurred. Signal-
contingent reporting required participants to complete an assessment at various times
throughout the day in response to six semi-random signals distributed around six anchor
points (i.e., 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.). Interval-
contingent reporting involved participants completing an assessment each night before they
went to sleep. Momentary appearance-related stress was measured with 3 items asking how
stressed an individual felt when they “saw reflections of self,” “shopped for clothes,” and
“saw media images about food, shape, or weight.” First, participants indicated “yes” or “no”
as to whether the event occurred. If the participant answered “yes,” they were instructed to
indicate how much stress they experienced on a scale from 1 (not at all) to 5 (very much). A
score of 1to 5 (i.e., the corresponding stress rating) was assigned to an item when a “yes”
was endorsed for that item; a score of 0 was assigned when a “no” was endorsed for the
item. . Scores for each item were summed, such that total scores for the 3-item scale could
range from 0 to 15. To evaluate internal consistency of these items, we calculated summary
scores of the three items for each person. The inter-correlations between the three items
were .43, .63, and .64, suggesting consistency without excessive overlap. Appearance-related
stress was measured only during random recordings.

Momentary anxiety was assessed using eight items (i.e., on edge, restless, tense, anxious,
uneasy, shaky, panicky, and relaxed; a = .92) from the tension-anxiety scale of the Profile of
Mood States (POMS-A) [29]. Participants rated each item in terms of their current mood on
a 5-point scale ranging from 1 (not at all) to 5 (extremely). Anxiety was assessed at all
recordings. For eating disorder behaviors, individuals were instructed to complete an EMA
recording when they engaged in binge eating and vomiting. During random recordings,
participants were able to report recent episodes of binge eating or vomiting that they had not
yet recorded.

Institutional review board approval for the study was obtained at each site. Potential
participants were initially phone screened. Those who met initial study criteria were invited
to attend an informational meeting to receive more information about the study and provide
written informed consent if they wished to enroll in the study. Participants were then
scheduled for two assessment visits to have a physical examination screening and laboratory
tests to ensure medical stability. In addition, participants completed self-report
questionnaires and structured interviews during this visit. Participants were trained on how
to use the palmtop computers at the end of first assessment. During one of these initial
assessment visits, a trained research staff member met with participants to discuss the
objectives of the study, what to expect during participation, and how to address any
questions that might arise from the signaling of the palmtop computer. Participants were
instructed not to complete entries at any times when they felt unable to reply or if safety was
a concern (e.g., when driving), but instead to delay responding until a later, more convenient
time.
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Participants carried the palmtop computer for two practice days. After these practice days,
participants returned to the research center and provided the data recorded during their
practice period; these data were not used in analyses. This practice period was used to help
ensure that participants were familiar with the protocol and to minimize reactivity to the
recording procedures. However, previous research suggests that reactivity to EMA
monitoring is uncommon [30-31]. A research assistant reviewed practice data and gave
feedback to participants regarding their compliance rates and answered any questions about
the procedures. Participants were then given the palmtop computer to complete EMA
recordings over the following two weeks. To maintain contact with the participants,
minimize the loss of data, and proactively address any potential problems, attempts were
made to schedule 2-3 visits for each participant during this two-week interval to obtain
recorded data. Participants were given feedback at each visit regarding their compliance
rates. Participants completed a study evaluation questionnaire at the end of the study and
were compensated $100 per week for completing assessments. Additionally, they were
offered a bonus of $50 for a compliance rate of at least 80% to random signals.

Data Analytic Plan

Results

Descriptive statistics were calculated. Multilevel structural equation modeling (MSEM) [33]
using Mplus version 7.3 [34] was used to test the proposed mediation model (see Figure 1).
A 1-1-1 MSEM was used, which means the independent variable, mediating variable, and
dependent variable were all used as Level 1 within-person variables. The independent
variable was momentary appearance-related stress at Time 1, the mediating variable was
momentary anxiety at Time 2, and binge eating and vomiting at Time 2 were the dependent
variables. Time 2 reflects the time when a binge eating or vomiting episode occurred, while
Time 1 represents the most proximal momentary rating preceding the binge eating or
vomiting episode. Although the length of time between Time 1 and Time 2 varied, the
average interval separating the two was 2 hours and 40 minutes. We first tested the direct
effect of the independent variable (i.e., momentary appearance-related stress) on eating
disorder behaviors. Then, we examined the model with the mediator (i.e., anxiety) added.
We tested two separate models: one with binge eating as the outcome and another with
vomiting as the outcome. In the mediation models, Time 1 levels of anxiety and binge eating
or vomiting were included as covariates of Time 2 anxiety (the mediator), and Time 1 levels
binge eating or vomiting were included as a covariate of Time 2 binge eating and vomiting.
This allowed us to address whether increases in anxiety precede binge eating and vomiting.
The between-subjects effects of appearance-related stress and anxiety were included as
predictors of binge eating and vomiting as well.

Compliance rates to random signals (defined as responding to signals within 45 minutes)
averaged 87% across participants (range = 58-100%); 77% of all signals were responded to
within 45 minutes. Compliance with end-of-day ratings averaged 89% (range = 24 100%).
Across the two weeks of EMA, there were 2867 episodes of seeing one’s reflection, 154
episodes of shopping for clothes, and 686 episodes of seeing media images. The mean stress
rating for seeing one’s reflection was 2.90 (SD = 1.30; Range = 1-5); the mean stress rating
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for shopping for clothes was 2.94 (SD = 1.50; Range = 1-5); and the mean stress rating for
seeing media images was 2.82 (SD = 1.31; Range = 1-5). Shopping for clothes was
associated with the highest percentage of high stress ratings (i.e., 4 or 5 on 5-point rating
scales), followed by seeing one’s reflection and seeing media images (percentages were
38.9, 33.6, and 30.9, respectively).

The average level of appearance-related stress over the course of the EMA protocol was 0.77
(SD=0.74; Range = 0-5) and the average level of anxiety over the course of the EMA
protocol was 2.52 (5D = 0.79 Range = 1-5). Over the course of the EMA protocol, 42% of
women (7= 49) reported at least one binge eating episode and 39% of women (7 = 46)
reported at least one vomiting episode. The mean number of binge eating episodes was 2.26
(SD = 4.45; Range = 0-29) and the mean number of vomiting episodes was 3.79 (SD = 7.92;
Range = 0 37). An independent samples #test revealed that compared to women who
reported no binge eating over the EMA protocol, women who reported binge eating over the
EMA protocol had a lower number of shopping events, #(116) = —2.94, p=.004. There were
no differences in occurrence of seeing one’s reflection or seeing media images between
women who reported binge eating versus not binge eating during the EMA protocol. There
were no differences in occurrence of any appearance-related events between women who did
and did not report vomiting during the EMA protocol.

Binge Eating Model

Time 1 appearance-related stress was first examined alone as a predictor of Time 2 binge
eating. Time 1 appearance-related stress significantly predicted Time 2 binge eating
(Estimate = .07, SE = .03, p=.03). The fitted mediation model is displayed in Figure 2 and
direct and indirect paths estimates are displayed in Table 1. Time 1 appearance-related stress
and Time 1 anxiety were entered as predictors of Time 2 anxiety, and Time 1 appearance-
related stress and Time 2 anxiety were entered as predictors of binge eating. Time 1
appearance-related stress was significantly associated with Time 2 anxiety (Estimate = .06,
SE = .03, p=.02) and not associated with Time 2 binge eating (Estimate = .05, SE= .03, p
.16). Time 1 anxiety was significantly associated with Time 2 anxiety (Estimate = .49, SE
.02, p<.001). Time 2 anxiety was significantly related to Time 2 binge eating (Estimate
.13, SE=.03, p<.001). The formal test of the indirect effect was significant (Estimate = .
01, SE=.004, p=.03). Participants who reported greater momentary appearance-related
stress at Time 1 had increased momentary anxiety at Time 2. In turn, greater momentary
anxiety was associated with binge eating. Momentary anxiety fully mediated the association
between momentary appearance-related stress and binge eating. Between-person anxiety
was associated with more binge eating (Estimate = .10, SE = .02, p<.001) and between-
person appearance-related stress was unrelated to binge eating (Estimate = .32, SE = .26, p
=.21). Thus, women who report more anxiety in general engage in more binge eating,
although the tendency to experience appearance-related events as stressful was not related to
propensity for binge eating.

Vomiting Model

Time 1 appearance-related stress was first examined alone as a predictor of Time 2 vomiting.
Time 1 appearance-related stress marginally predicted Time 2 vomiting (Estimate = .07, SE
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=.04, p=.06). The fitted mediation model is displayed in Figure 3 and direct and indirect
paths estimates are displayed in Table 1. Time 1 appearance-related stress and Time 1
anxiety were entered as predictors of Time 2 anxiety and Time 1 appearance-related stress
and Time 2 anxiety were entered as predictors of vomiting. Time 1 appearance-related stress
was significantly associated with Time 2 anxiety (Estimate = .06, SE= .03, p=.02) and not
associated with Time 2 vomiting (Estimate = .06, SE= .04, p=.13). Time 1 anxiety was
significantly associated with Time 2 anxiety (Estimate = .49, SE= .02, p< .001). Time 2
anxiety was significantly related to Time 2 vomiting (Estimate = .08, SE= .02, p<.001).
The formal test of the indirect effect was significant (Estimate = .01, SE=.002, p=.03).
Participants who reported greater momentary appearance-related stress at Time 1 had
increased momentary anxiety at Time 2. In turn, greater momentary anxiety was associated
with vomiting. Momentary anxiety fully mediated the association between momentary
appearance-related stress and vomiting. Neither between-person anxiety (Estimate = —.002,
SE = .03, p=.93) nor between-person appearance-related stress (Estimate = —.26, SE = .38,
p=.51) was related to vomiting.

Discussion

These findings indicate that appearance-focused events are associated with binge eating and
self-induced vomiting. This is consistent with findings from the same data as the current
study and found that stress related to media image exposure was prospectively associated
with later binge eating and vomiting [27]. However, the present investigation expands upon
these prior findings both by examining broader appearance-focused stress, and importantly,
by considering the mechanisms underlying these prospective associations. Results
demonstrated that momentary anxiety mediated the prospective association between
appearance-related stress and eating disorder behaviors. Specifically, appearance-related
stress predicted increased anxiety, which in turn, was associated with greater likelihood of
engaging in binge eating and vomiting.

The present findings can be considered in light of certain theories of eating disorder
psychopathology. For instance, consistent with escape theory of binge eating [35],
appearance-related stress may lead to a state of aversive self-awareness, which prompts a
negative emotional state that an individual seeks to escape through maladaptive strategies.
Thus, when an individual with AN sees herself in the mirror, she may experience begin to
feel more anxious due to negative self-judgments of her body shape/weight. This could
prompt binge eating or vomiting as a method of coping with the anxiety. Further, consistent
with the momentary maintenance model of Integrative Cognitive-Affective Therapy [36],
appearance-related stressful events may function to highlight that an individual does not
meet her appearance self-standard, resulting in self-discrepancy and appearance-focused
stress and, potentially, appearance-focused self-criticism. Eating disorder behaviors such as
vomiting may thus be prompted as a maladaptive attempt to reduce appearance-related self-
discrepancies.

A notable strength of this study was the use of EMA methodology, which allowed for the
examination of momentary mediational processes underlying the occurrence of eating
disorder behaviors using temporally sequenced data collected in the natural environment.
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However, several limitations are important to consider. First, although participants were
largely compliant with the EMA protocol, it is possible that not all binge eating and
vomiting episodes were recorded. Second, we focused on binge eating and vomiting
behaviors; future investigations should also examine the momentary impacts of appearance-
related stress on other eating disorder behaviors (e.g., body checking, exercise). Also, while
our model offers strong support for mediation, it is possible that third variables could be
driving the mediational findings. Finally, our measure of appearance-related stress only
included stress ratings from three possible appearance-based events; as such, other events
associated with appearance-related stress may be important to assess in future research.

Clinical Implications

Conclusion

The current findings suggest that both appearance-related stress and anxiety may potentially
be useful treatment targets, particularly among individuals with AN who binge and/or purge.
Further, these results suggest that the inclusion of appearance-related stress in novel,
naturalistic interventions — i.e., ecological momentary interventions (EMIs) — may be
warranted. More specifically, EMIs are treatments that are delivered in the natural
environment through the use of technology and are capable of intervening in real-time [37].
Given that momentary appearance-related stress is a precipitating factor of anxiety and binge
eating and vomiting behaviors, EMIs may be particularly efficacious. For example, when
individuals with AN experience appearance-related stress, EMIs may be used to intervene by
providing psychoeducational material that focuses on reducing anxious reactions to stress as
well as adaptively coping with stress. In addition, EMIs may provide clinical and
psychoeducational material rooted in principles of self-compassion or emotion regulation
[38-39]. Though the specific content may vary, the overarching goal of these EMI strategies
is to prevent the occurrence of binge eating and vomiting.

With regard to traditionally delivered psychotherapeutic approaches, the finding that seeing
one’s reflection was the most common appearance-related event suggests that targeting
individuals’ reactions to their reflection may have clinical utility. Consistent with this
concept, one study found that adding a mirror exposure component to inpatient treatment for
AN produced less body dissatisfaction and increased reductions in body anxiety compared
to treatment without mirror exposure [40]. Another study found evidence for the efficacy of
a mirror exposure intervention in improving body image in women dissatisfied with their
bodies [41]. In addition, given the increasing focus on emotion-based processes in the
treatment of AN [42-43], prevention and intervention efforts may benefit from targeting the
role of appearance-related stressors and associated emotional responses.

This study examined a momentary, mediational model of appearance-related stress, anxiety,
and eating disorder behaviors (i.e., binge eating and vomiting). Findings revealed that
momentary appearance-related stress was an important momentary antecedent to binge
eating and vomiting, and importantly, that anxiety mediated the prospective association
between momentary appearance-related stress and eating disorder behaviors. Appearance-
related stress and associated anxiety may be useful clinical targets in the naturalistic
environment. EMIs addressing appearance-related stress and related anxiety may have utility
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in the treatment of eating disorder behaviors among individuals with AN, and addressing
adaptive responding to exposure to appearance-related stressors may be useful in
psychotherapeutic approaches for treating AN.
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Fitted momentary mediation model for binge eating. Solid lines represent significant paths at

p=.05; dashed lines represent nonsignificant paths.
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Fitted momentary mediation model for vomiting. Solid lines represent significant paths at p

=.05; dashed lines represent nonsignificant paths.
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