ann. behav. med. (2021) 55:758-768
DOI: 10.1093/abm/kaaa061

REGULAR ARTICLE

Dynamic Stress Responses and Real-Time Symptoms in

Binge-Eating Disorder

Kathryn E. Smith, PhD'° - Tyler B. Mason, PhD? - Lauren M. Schaefer, PhD? - Lisa M. Anderson, PhD*-
Kobe Critchley, BA®- Ross D. Crosby, PhD>’ - Scott G. Engel, PhD>* - Scott J. Crow, MD*¢ - Stephen A. Wonderlich,

PhD?*® - Carol B. Peterson, PhD*¢

Published online: 28 August 2020

© Society of Behavioral Medicine 2020. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Abstract

Background Stress is a dynamic construct that predicts
a range of health behaviors and conditions, including
binge eating and excess weight. Thus far, there have been
limited and inconsistent findings regarding stress re-
sponses in binge-eating disorder (BED) and insufficient
consideration of temporal patterns of stress responses
across the weight spectrum.

Purpose The present study used ecological momentary
assessment (EMA) to examine stress reactivity (i.e., the
magnitude of the initial stress response), recovery (i.e.,
how long the stress response lasts before returning to
baseline), and pileup (i.e., accumulation of repeated
experiences of stressors and responses over time) as
predictors of binge-eating symptoms (BES) and food
craving in BED.

Methods Adults with BED (N = 115) completed a 7 day
EMA protocol assessing stressful events, perceived stress,
binge eating, and food craving prior to being random-
ized to a behavioral intervention.
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Results Generalized estimating equations indicated that
moments of greater stress pileup predicted greater sub-
sequent BES (within-person effect). Participants with
higher perceived stress and pileup reported greater
overall BES and craving, and those with better recovery
reported higher overall craving (between-person effects).
Conclusions Findings highlight the importance of con-
sidering the dynamic nature of stress responses and, par-
ticularly, that the accumulation of stress over the day is
an important trigger for BES.
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Binge-eating disorder (BED) is characterized by recur-
rent binge eating (i.e., consumption of a large amount
of food while feeling a loss of control over eating) in
the absence of regular compensatory behaviors, such as
purging, fasting, or exercise [1]. BED is associated with
a range of negative outcomes, including psychosocial
impairment, reduced quality of life, and a high degree
of comorbidity with other psychiatric and medical con-
ditions, particularly obesity [2-4]. Together, this con-
stellation poses serious problems to the overall health
and well-being of individuals with BED. Despite these
health risks, the effectiveness of treatment for BED is
suboptimal, as only approximately 50% of those who re-
ceive treatment achieve abstinence from binge eating [5].
As such, there is a critical need to identify and target the
momentary processes contributing to the maintenance
of binge eating and associated symptomatology.

Stress is a multifaceted, dynamic construct that is
thought to be centrally important to binge eating and
weight regulation [6, 7]. Stress has been defined as a
negative emotional experience that is associated with
biochemical, physiological, cognitive, and behavioral
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changes, which are directed toward altering the stressor
or accommodating to its effects [8]. Stress has, there-
fore, been conceptualized as a key “upstream” factor
that influences the development and maintenance of
dysregulated eating and obesity through multiple inter-
related pathways, including alterations related to cogni-
tive functioning, physiology, and biochemistry [6, 7].

Consistent with this conceptualization of stress and
affect regulation models of eating disorder behaviors,
binge-eating symptoms (BES; i.e., overeating and loss of
control eating) often occur in response to stress and nega-
tive emotional states [9]. This is further supported by re-
search demonstrating relationships between heightened
cortisol reactivity and eating behavior [10, 11]. These re-
lationships may result in part from the effects of stress
on reward processes, as acute stress can increase craving
and preference for palatable energy-dense foods, possibly
via links between cortisol release and appetite-related
hormones and neuropeptides (i.e., ghrelin, neuropeptide
Y, and leptin) [6, 12]. Given the relevance of stress for
binge eating and weight management, identifying the
momentary mechanisms by which stress predicts eating-
related motivation and behaviors is important to develop
more effective, targeted interventions.

Momentary Stress in BED

With respect to prior research on acute stress in BED, a
recent review identified 14 laboratory studies assessing
physiological and behavioral responses to experimen-
tally induced stress in BED [7]. However, stress-induced
eating was examined in only a limited number of studies
(k = 4), indicating a clear need for future study in this
area given that physiological and psychological stress can
independently and interactively contribute to eating be-
haviors [7]. In addition, despite the methodological rigor
of laboratory studies, such paradigms may also fail to
capture the nature of psychological stressors occurring
in daily life that are most relevant to eating behavior.
Evaluating how momentary stress influences eating be-
haviors as they occur in the natural environment could
lend more nuanced, ecologically valid insights into the
microtemporal (e.g., moment-to-moment) processes
underlying associations between psychological stress
and eating.

To this end, ecological momentary assessment (EMA)
research has been useful to elucidate such relationships.
EMA involves repeated assessments of experiences in the
natural environment, which allows for the examination
of microtemporal relationships between variables and
limits retrospective recall biases [13]. Earlier EMA work
demonstrated relationships between momentary self-
reported perceived stress and binge eating in anorexia

nervosa [14] and bulimia nervosa [15-18], although no
relationship was found between the occurrence of mo-
mentary stressors and binge eating among individuals
with obesity [19]. Furthermore, no EMA studies have
examined momentary responses to stressors in BED or
obesity in naturalistic settings.

Dynamic Stress Responses

The inconsistent findings from prior experimental and
EMA work could be due in part to a lack of consid-
eration of the temporal patterning of stress responses.
Recent research suggests that momentary stress re-
sponses are highly dynamic and can be delineated into
three distinct components: (a) reactivity—that is, the
magnitude of the initial stress response/change in affect;
(b) recovery—that is, how long the stress response lasts
before returning to baseline; and (c¢) pileup—that is, the
accumulation of repeated experiences of stressors and re-
sponses over time [20]. Prior EMA work has shown that
these stress response components demonstrate unique
relationships with other health-related behaviors. For ex-
ample, research in adults showed that the effects of stress
reactivity, recovery, and pileup on physical activity levels
differed from the effects of current perceived stress and
negative affect; in addition, stress pileup over the pre-
vious 12 hr was more predictive of subsequent physical
activity compared to stress reactivity and recovery [21].
However, dynamic stress responses have not been exam-
ined in relation to binge eating or in the context of BED
or obesity. Examining momentary stress domains and
momentary eating-related motivation and behaviors will
provide a more temporally precise understanding of the
moments at which individuals with BED are at elevated
risk for engaging in maladaptive eating behaviors.

Stress, Body Weight, and BED

It is also important to note that the relative influences
of overweight/obesity versus BED diagnostic status
on stress response remain unclear given their common
co-occurrence [7]. While stress is independently linked
to excess weight [6], some research has also suggested
that stress-induced eating in BED may be more strongly
linked to psychological factors (e.g., anxiety) compared
to physiological hunger, independent of weight status
[22]. This is generally consistent with other findings
demonstrating that individuals with binge eating report
higher craving, emotional eating, and reward-related
eating compared to weight-matched counterparts [23].
Furthermore, considerable research has suggested that
BED in the context of obesity is a distinct phenotype of
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obesity such that negative affect is more strongly asso-
ciated with dysregulated eating among those with BED
and obesity compared to those with obesity without
BED and binge eating in the context of obesity is asso-
ciated with increased comorbidities, emotion regulation
problems, and distress [4, 24, 25]. As such, it is important
to adjust for weight status when examining stress in rela-
tion to eating behaviors.

Present Study

In light of the current gaps and limitations in the lit-
erature, the present study aimed to (a) assess the degree
to which dynamic stress response components (i.e., re-
activity, recovery, and pileup) are related to desire to eat
and dysregulated eating behavior (i.e., craving and BES)
measured via EMA among a treatment-seeking sample
of adults with BED and (b) examine whether dynamic
stress response components demonstrate unique ex-
planatory power compared to single self-report assess-
ments of perceived stress and after controlling for body
mass index (BMI). It was hypothesized that greater stress
reactivity and pileup, and poorer recovery, would be as-
sociated with increased craving and BES beyond the ef-
fects of self-reported perceived stress.

Method
Participants and Procedure

Participants were drawn from an initial sample of 115
adults who completed pretreatment assessments as part
of a two-site treatment trial assessing the efficacy of two
psychosocial treatments for BED (integrative cognitive-
affective therapy [ICAT-BED] and cognitive behavior
therapy guided self-help [CBTgsh]) [26-28]. This ran-
domized controlled trial was registered with clinicaltrials.
gov (NCT02043496). Participants were recruited from
eating disorder clinics, community advertisements, and
social media postings at two sites in the midwest USA.
Exclusion criteria for the study included severe comorbid
psychopathology (i.e., lifetime history of psychotic symp-
toms or bipolar disorder and substance use disorder
within 6 months of enrollment), medical or psychiatric
instability (e.g., active suicidality), clinically significant
purging behavior, eating or weight loss treatment, or a
medical condition affecting eating or weight. Institutional
review board approval for the study was obtained at each
site. Informed consent was obtained from all individual
participants included in the study.

After an initial eligibility screening, participants com-
pleted a baseline study visit that included semistructured

clinical interviews assessing eating disorder symptoms
and comorbid psychopathology, followed by a 7 day
EMA protocol to assess symptoms in the natural en-
vironment. EMA was completed using the ReTAINE
(Real-Time Assessment in the Natural Environment;
see ReTAINE.org) system administered by smartphone.
Participants were then randomized to ICAT-BED or
CBTgsh. Participants returned for outcome assessments
at the end of treatment and 6 month follow-up. Each
wave of assessment included a 7 day EMA protocol;
however, the present study only utilized the pretreatment
EMA data. Participants received $150 for assessments
following study completion.

Measures

Diagnostic interviews

The Structured Clinical Interview for DSM-IV Axis
I Disorders, Patient Version [29] was used to assess
DSM-IV Axis I disorders to examine exclusion cri-
teria and for descriptive purposes. The Eating Disorder
Examination (EDE) version 16.0 [30] was administered
by trained assessors to establish DSM-5 BED diagnoses
and for descriptive purposes.

Anthropometric assessments

Height and weight were measured with a stadiometer
and scale and used to calculate BMI (kilograms per
square meter).

EMA measures

The EMA protocol utilized both signal- and interval-
contingent recordings. Signal-contingent recordings are
completed at variable time intervals; for these recordings,
participants were prompted to complete assessments
throughout the day in response to five semirandom sig-
nals evenly distributed around five anchor points be-
tween 8 AM and 10 pm. Interval-contingent recordings
are made at fixed times; for these recordings, participants
completed a final assessment at the end of the day (i.e.,
bedtime). At each recording, participants were asked
to rate their current mood, stress level, occurrence of
stressors, and craving and to report any eating behaviors
that had not yet been recorded. If a participant reported
an eating episode, he/she was prompted to complete
items assessing binge eating. Participants indicated the
timing of reported eating episodes in order to locate that
eating behavior in time and establish temporality. This
EMA schedule resulted in a maximum of 42 possible re-
cordings per person during the study (i.e., [5 semirandom
signals/day + 1 end of day signal] X 7 days).

Binge eating. Overeating and loss of control eating were
measured at all eating episodes. Overeating was assessed
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with two items: (a) “To what extent to do you feel that
you overate?” and (b) “To what extent do you feel that
you ate an excessive amount of food?” Loss of control
eating was assessed with four items: (a) “While you were
eating, to what extent did you feel a sense of loss of con-
trol?” (b) “While you were eating, to what extent did you
feel that you could not resist eating?” (c) “While you were
eating, to what extent did you feel that you could not stop
eating once you had started?” and (d) “While you were
eating, to what extent did you feel driven or compelled
to eat?” Items were rated on a scale from 1 (not at all) to
S (extremely). Loss of control and overeating items were
first averaged to create two composite scores (o« = .83 and
.93, respectively); then a dimensional rating of BES was
calculated at each eating episode by summing the loss of
control and overeating composite scores.

Craving. Participants indicated their current level
of craving for food by rating the item “I am craving
food” on a scale from 1 (not at all) to 5 (completely),
with higher ratings indicating greater momentary
craving.

Stressors and perceived stress level. Participants rated
their current level of stress on a visual analog scale from
1 (none) to 100 (extreme). Participants also indicated
whether any stressful events had occurred since the last
EMA signal that was related to the following domains:
family concerns, personal relationships, financial prob-
lems, work-related problems, school-related problems,
or other problems. For descriptive purposes, family
concerns and personal relationships were categorized
as “interpersonal,” and work- and school-related prob-
lems were categorized as “work/school-related.” If any
stressor was reported, the timepoint was coded as a
stressor moment.

Reactivity:
(Time 2 PS) - (Time 1 PS)

|

Statistical Analyses

Stress response components

Calculation of stress reactivity, recovery, and pileup was
calculated based on the procedures outlined in Almeida
et al. [21]. Figure 1 presents a conceptual depiction of re-
activity, recovery, and pileup across EMA signals.

Stress reactivity. This calculation used EMA recordings
when a stressor was reported following a nonstressor
EMA signal. The perceived stress score from the
nonstressor moment at the last EMA signal ( — 1) was
subtracted from the perceived stress score when the re-
cent stressor was reported at time z. Higher scores reflect
greater increases in perceived stress following a stressor,
indicating greater reactivity.

Stress recovery. The level of perceived stress on a
nonstressor moment that was reported following a
stressor (¢ + 1) was subtracted from the level of perceived
stress reported at a prior stressor moment (z). Higher
scores indicate a greater decline in perceived stress after
a stressor, thereby reflecting better stress recovery.

Stress pileup. The accumulation of stress was defined as
the combination of stressors and stress responses over
the previous 12 hr. First, EMA recordings were categor-
ized based on the endorsement of a stressor since the last
EMA signal (coded 0 or 1) and whether the perceived
stress level was at least 1.5 standard deviations [SDs]
above the participant’s own baseline perceived stress
(coded 0 or 1). Each participant’s baseline perceived stress
was calculated as the mean of perceived stress ratings
occurring (a) on days when no stressors were reported
and (b) at EMA signals prior to the first stressor of the
day on days when stressors were reported; this approach

Recovery:

(Time 2 PS) - (Time 3 PS)

A

[ | [

Stressor occurs

¥*

Perceived stress (PS)

Pileup:
> > } Running totals of
> stressors + responses
over the last 12 hours
EMA Time 1 EMA Time 2 EMA Time 3
(No stressor reported) (Stressor reported) (No stressor reported)

Fig. 1. Conceptual depiction of dynamic stress response components (reactivity, recovery, and pileup) across ecological momentary

assessment (EMA) signals.
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was taken to minimize the impact of prior stressors on
perceived stress ratings reported at nonstressor moments.
Next, the total number of EMA signals coded as both a
stressor occurrence and stress response (i.e., occurrence
of a stressor accompanied by a perceived stress score
that was 21.5 SDs above one’s baseline perceived stress
level) over the prior 12 hr were summed over a moving
12 hr window ending at the current EMA signal.

Hypothesis testing

To evaluate Aim 1, separate generalized estimating equa-
tions (GEEs) with AR1 covariance structures were con-
ducted to examine the association between each dynamic
stress index (i.e., stress reactivity, stress recovery, and
pileup) and two dependent variables (i.e., craving and
BES). GEEs are an extension of the generalized linear
model that apply a semiparametric approach to longitu-
dinal analysis. GEEs use one clustering variable and esti-
mate parameters across clusters to yield population-level
inferences [31]. Two separate GEEs examined perceived
stress ratings as independent variables in order to com-
pare the effects of dynamic and static stress measures
(Aim 2). Gamma link functions were used to account for
nonnormal distributions. Each GEE included between-
person (i.e., grand-mean centered) and within-person
effects (i.e., person-mean centered) of independent vari-
ables. That is, between-person effects indicate the degree to
which individuals who are higher or lower on a variable
(relative to the sample mean) generally report higher or
lower levels of a dependent variable, aggregating across
EMA measurements. For instance, individuals who report
higher overall stress, relative to individuals with lower
overall stress, may experience more severe binge eating
during the EMA monitoring period. Within-person effects
indicate the degree to which momentary fluctuations in a
variable (relative to the person’s own average level) are re-
lated to levels of an outcome variable measured at a single
EMA measurement. For instance, when an individual ex-
periences an increase in stress that is higher than his/her
usual baseline level of stress, he/she may be at greater risk
to engage in binge eating. Within-person perceived stress
was lagged from the prior EMA signal (¢ — 1) in models
to establish temporal order of this effect. All analyses con-
trolled for BMI, age (grand-mean centered), and gender.
Analyses were based on all available data without imput-
ation; GEEs were based on full information maximum
likelihood methods. Alpha was set at .05; adjustments
were not made for multiple comparisons. Analyses were
conducted using SPSS 25 and SAS 9.4

Results

Descriptive statistics are presented for the full sample
(N = 115) in Table 1. At baseline, the mean age of the

sample was 39.9 years (SD = 13.2), and the mean BMI
was 35.2 kg/m* (SD = 8.6; range: 21.4-62.0); 20.0% of
the sample had a BMI in the overweight range (25 < BMI
< 30 kg/m%), and 67.0% had a BMI in the obese range
(BMI > 30 kg/m?%). The majority of the sample was fe-
male (82.3%) and Caucasian (92.9%). The observed time
intervals between consecutive EMA assessments within a
day ranged from 1.2 to 4.7 hr, with an average of 3.1 hr
(SD = 0.88). The nature of missing data was explored
by examining associations between the number of com-
pleted EMA signals per person and demographic (i.e.,
age, BMI, and gender) and clinical characteristics (i.e., se-
verity of binge-eating psychopathology, as measured by
EDE binge episode frequency). The number of completed
EMA signals was not significantly related to participants’
age (r=0.12, p =.197), BMI (r = —0.03, p = .759) or binge
frequency (Spearman p = 0.05, p = .578), nor did it differ
between men and women (/[111] = —1.78, p = .08).

Stressors were reported at 62.2% of the 3,144 com-
pleted EMA signals. Participants reported an average
of 1.47 £ 0.72 (range: 1-4) types of stressors at each
EMA signal. Over the course of EMA, work-/school-
related stressors were the most commonly reported
type of stressor, followed by interpersonal and financial
stressors. Table 2 displays Spearman rank correlations.
While mean stress reactivity and recovery were moder-
ately correlated (p = .52), they were less strongly related
to pileup (p = .23). Moderate to strong associations were
observed between mean perceived stress and dynamic
stress responses (p = .36-.59). Table 3 displays GEE re-
sults. The available sample size and observations were
lower for GEEs examining reactivity (ns = 71-79; ob-
servations: 169-226) and recovery (ns = 72-84; observa-
tions: 203-321) compared to GEEs examining perceived
stress (n = 109; observations: 1,617-2,354) and pileup
(n=111; observations: 2,129-3,062). This was due to the
fact that there were fewer available intervals possible to
test reactivity and recovery because they require the se-
quential order of stressor and eating episode.

Perceived Stress

There were main effects of between-person perceived
stress predicting BES and craving such that individuals
with greater overall perceived stress reported more BES
and craving during the EMA protocol. There were no
significant effects of within-person perceived stress. In
other words, when individuals reported greater perceived
stress relative to their usual levels, they were not more
likely to report subsequent increases in BES or craving.

Stress Reactivity

The GEE examining reactivity as a predictor of BES
and craving revealed no significant effects of between- or
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Table 1. Descriptive statistics
n Mean SD Minimum Maximum

Number of EMA days completed 115 6.51 1.56 1.00 8.00
Number of EMA signals completed 115 27.34 10.63 1.00 43.00
Number of eating episodes reported 115 18.97 8.00 0.00 33.00
Age 112 39.93 13.22 18.00 64.00
BMI 115 35.15 8.60 21.41 62.03
Craving mean 115 2.39 0.78 1.00 5.00
Binge-eating mean 114 5.01 1.51 2.13 9.35
LOC-eating mean 114 2.67 0.84 1.13 4.55
Overeating mean 114 2.34 0.77 1.00 4.80
Perceived stress mean 115 28.39 18.79 0.40 94.77
Reactivity mean 82 15.23 14.39 —=5.00 81.00
Recovery mean 87 15.18 11.11 —1.50 53.00
Pileup mean 115 1.32 0.82 0.00 3.50
Total interpersonal stressors reported 115 6.97 6.56 0.00 37.00
Total work/school stressors reported 115 7.43 6.89 0.00 27.00
Total financial stressors reported 115 4.09 7.51 0.00 37.00
Total other stressors reported 115 6.50 7.55 0.00 34.00
Total stressors reported 113 25.42 17.94 2.00 82.00

EMA-measured variables were aggregated within person (i.e., mean or total scores across the EMA protocol).

BMI body mass index; EM A ecological momentary assessment; LOC loss of control; SD standard deviation.

within-person stress reactivity. That is, individuals who
had greater stress reactivity did not report more BES or
craving than individuals with less stress reactivity and,
at moments when individuals reported greater stress re-
activity relative to their usual levels, they were not more
likely to report subsequent increases in BES or craving.

Stress Recovery

Similarly, stress recovery was not related to BES at the
between- or within-person level. However, there was
a significant effect of between-person stress recovery
predicting craving such that participants with higher
(i.e., better) recovery reported more craving across the
EMA protocol. There was no significant effect of within-
person recovery predicting craving. That is, while individ-
uals with better stress recovery experienced more craving
on average, at moments when individuals had better or
worse stress recovery compared to their usual level, they
were not more likely to report increases in craving.

Stress Pileup

With respect to stress pileup, there were significant be-
tween- and within-person main effects predicting binge
eating. That is, participants with greater overall stress
pileup reported more BES over the course of EMA
(between-person effect). In addition, at moments when

participants had experienced greater pileup over the last
12 hr (i.e., a greater number of stressors associated with
heightened negative affect), relative to their own average
level of pileup, they reported greater subsequent BES at
the next EMA signal (within-person effect). For craving,
there was also a significant main effect of between-
person pileup such that individuals with higher pileup
reported higher craving on average. There was not a sig-
nificant effect of within-person pileup on craving.

Discussion

The present study sought to examine dynamic stress re-
sponse components (i.e., reactivity, recovery, and pileup)
in relationship to food craving and BES in BED, after
adjusting for weight status. Hypotheses were partially
supported in that stress pileup was the dynamic stress
index that contributed to both food craving and BES.
However, no hypothesized effects were supported for
stress reactivity or recovery and, contrary to hypotheses,
better stress recovery was associated with higher overall
craving. There were also similarities and differences
across static (i.e., derived from single timepoint assess-
ments) and dynamic stress measures. At the individual
level (i.e., between-person effects), both perceived stress
and pileup were associated with greater BES and craving.
These similarities are consistent with correlations that
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a T =9 2 showed moderate to strong correlations between per-
27 gl ceived stress and the dynamic stress indices at the indi-

= v ‘é vidual level (rs = 0.36-0.59), suggesting at least some
o ;.g overlap in these constructs. However, differences be-
0~ 0 © . .
=222 g 3 tween static and dynamic measures also emerged. At the
= - £ é momentary (i.e., within person) level, individuals were
B more likely to report BES at moments when they had
> P higher stress pileup, though momentary stress reactivity,
513323 5% recovery, and perceived stress were not related to subse-
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a9 R quent BES or craving.
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v E .§ The observed individual-level effects regarding BES
S £ and craving are largely consistent with the broader lit-
o a3 erature suggesting that stress is related to dysregulated
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1332338 |g| g% eating [8]. Findings from the current study lend a more
2IT9°F7 rlflv & E nuanced understanding of these associations in BED
2 § g and are not attributable to the effects of co-occurring
z=zsaz|$g % z obesity alone. These findings are also supported by lit-
Blgge-° S| 52 erature showing distinctions between acute and chronic
Q (5] . . . .
2 % Ifll stress responses (i.e., high allostatic load) [32]. That is,
= f = allostatic load refers to the cumulative effects of acti-
ss 23 ﬁ §§ vated physiological (neuroendocrine, autonomic, and
q | T I =| 5= & metabolic) responses to stressful experiences, with
g § 5 allostatic overload being associated with numerous nega-
© == = £ o = tive health consequences [33]. In the present sample, it
|7 =G 7 5 % = is possible that the result of chronic stress or allostatic
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2 = B overload was manifested by the trait-level (i.e., between
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o § 2 > person) effects of perceived stress and stress pileup on
ZlIgs =8 oS E BES and craving. However, contrary to hypotheses,
ICH - Y g individuals with better stress recovery also reported
= = o - I : 5 recovery p
3 g 2 higher food craving. One possibility is that the tendency
_ g % s to experience greater relief from stressors may activate
¢ P é hedonic appetite and trigger an increased desire to eat
2 g § § § R when in a good or significantly improved mood—that
= |V = s g is, eating for reward enhancement [34].
ag 3 Despite these effects, individual differences in stress
b o . . .
5 <2 B reactivity and recovery were not associated with BES,
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Slsge°|a 55 = subsequent BES or craving levels the next EMA signal.
g g E It is important to note that these models were based on
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e e | 8|25 .= a smaller number of observations, which may have im-
| S S2S2| 5| ¢ Eﬁ'% 5 pacted the ability to detect effects. Given that the average
©v |V Vv E £ 5 g E interval between EMA recordings was approximately
513 2zZ g 3 hr, it is also possible that the EMA prompts were too
3 = o = | £8% é infrequent to capture the dynamic process of recovery
“ C\f Sss<s | § E ° § and reactivity. Thus, the potential nature and timescale
2 A @D < of these associations are yet unclear. In addition, these
g:% £ 5 stress indices were based on self-reports over 1 week,
B g © and future research is warranted to assess the degree to
> . . . .

2 g % —"E which these indices also converge with self-report and

E = gg - E physiological measures of chronic stress over longer time
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mentary fluctuations in perceived stress were predictive



ann. behav. med. (2021) 55:758-768

767

of BES. This finding aligns with the results of Almeida
et al., who found that stress pileup was more strongly as-
sociated with physical activity compared to reactivity and
recovery [21]. In other words, compared to other within-
person stress indices that focus on relatively short-term
fluctuations (i.e., moments of increased perceived stress,
stress reactivity, and stress recovery), the cumulative
buildup of stress over recent hours appears to be more
salient in predicting the moments at which individuals
with BED are likely to engage in binge eating. It may be
that temporary fluctuations in stress are not unequivo-
cally linked to subsequent maladaptive eating behavior.
Rather, the progressive buildup of stress is likely to lead
to dysregulated eating among individuals who have diffi-
culties with consistently implementing adaptive emotion
regulation strategies over the course of the day, such as
those with BED [25].

Limitations

There are also several limitations to acknowledge the
present study. Only signal- and interval-contingent EMA
recordings were used in this study, which may have failed
to capture all eating episodes; however, this was done
to minimize participant burden associated with event-
contingent recordings (i.e., completing assessments im-
mediately after behaviors of interest). The sample was
limited to primarily Caucasian women, which limits
the generalizability of findings to other demographic
groups. While EMA and interview-based measures of
binge eating have shown moderate convergence [35], it
is unclear the extent to which self-reported overeating
corresponded to objective amounts of food consumed.
As previously noted, stress indices relied on self-report,
and it is was not possible to determine how these meas-
ures correspond to objective physiological markers of
stress responses (e.g., cortisol). In addition, there were
less data points to derive reactivity and recovery indices,
which may attenuate the reliability of these stress indices;
thus, EMA monitoring periods longer than 7 days would
be advantageous to address this concern. Lastly, all par-
ticipants were diagnosed with BED, most of whom had
overweight/obesity. Given that stress can lead to both
overeating and undereating [12], it would be informative
for future research to explore how these results may differ
in other eating disorders and groups without overweight/
obesity.

Conclusions and Future Directions

Collectively, these results highlight the importance of
considering temporal patterning of stress responses in

relation to eating-related motivation and behavior in
BED, independent of weight status. Based on the present
study, the cumulative buildup of stress appears most rele-
vant when predicting episodes of binge eating, which has
direct implications for the development of tailored mo-
mentary interventions (i.e., just-in-time adaptive inter-
ventions) that could be harnessed to target these times
of risk with stress management or emotion regulation
strategies [36]. The current findings imply that it is neces-
sary for such interventions to take into account not only
individuals’ current states but also how they have experi-
enced and responded to prior stressors that day. Future
research is also needed to determine what threshold of
stress pileup has to be reached before a given individual
will engage in binge eating. In addition, trait-level (i.e.,
between person) relationships indicate that chronic stress
is nevertheless a relevant clinical target, and additional
work is needed to examine how longer-term stress man-
agement and emotion regulation interventions may alter
dynamic stress responses and associated biomarkers in
BED. Ultimately, identifying and targeting acute and
chronic stress may serve to enhance the efficacy of BED
treatments and mitigate the associated psychological and
physical health consequences of this disorder.
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