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Abstract

Background. Loss of control eating is more likely to occur in the evening and is uniquely
associated with distress. No studies have examined the effect of treatment on within-day tim-
ing of loss of control eating severity. We examined whether time of day differentially predicted
loss of control eating severity at baseline (i.e. pretreatment), end-of-treatment, and 6-month
follow-up for individuals with binge-eating disorder (BED), hypothesizing that loss of control
eating severity would increase throughout the day pretreatment and that this pattern would be
less pronounced following treatment. We explored differential treatment effects of cognitive-
behavioral guided self-help (CBTgsh) and Integrative Cognitive-Affective Therapy (ICAT).
Methods. Individuals with BED (N = 112) were randomized to receive CBTgsh or ICAT and
completed a 1-week ecological momentary assessment protocol at baseline, end-of-treatment,
and 6-month follow-up to assess loss of control eating severity. We used multilevel models to
assess within-day slope trajectories of loss of control eating severity across assessment periods
and treatment type.
Results. Within-day increases in loss of control eating severity were reduced at end-of-treat-
ment and 6-month follow-up relative to baseline. Evening acceleration of loss of control eating
severity was greater at 6-month follow-up relative to end-of-treatment. Within-day increases
in loss of control severity did not differ between treatments at end-of-treatment; however,
evening loss of control severity intensified for individuals who received CBTgsh relative to
those who received ICAT at 6-month follow-up.
Conclusions. Findings suggest that treatment reduces evening-shifted loss of control eating
severity, and that this effect may be more durable following ICAT relative to CBTgsh.

Binge-eating disorder (BED) is a serious psychiatric condition characterized by recurrent binge
eating absent of compensatory behaviors (e.g. self-induced vomiting, excessive exercise, laxa-
tive misuse; American Psychiatric Association [APA], 2022). BED is estimated to be the most
common eating disorder and is associated with significant health impairments, including
metabolic syndrome, obesity, and associated medical sequalae (Kessler et al., 2013; Mitchell,
2016). Binge eating is characterized by either the consumption of an objectively large amount
of food (approximately >1200 kilocalories) or a subjectively large amount of food (i.e. an
amount considered large by the individual) while experiencing a subjective sense of loss of
control over what and/or how much one eats. Although the APA’s Diagnostic Statistical
Manual (DSM-5-TR; APA, 2022) necessitates weekly engagement in objective binge-eating
episodes for the diagnosis of BED, individuals with clinically significant binge eating engage
in both objective and subjective binge-eating episodes (e.g. Brownstone & Bardone-Cone,
2020; Kerzhnerman & Lowe, 2002; Mond, Latner, Hay, Owen, & Rodgers, 2010; Wolfe,
Baker, Smith, & Kelly-Weeder, 2009). In fact, the International Statistical Classification of
Diseases’ (ICD-11; World Health Organization, 2019) conceptualization of binge eating
encompasses any eating episodes accompanied by loss of control regardless of quantity,
perhaps suggesting that loss of control itself is a critical intervention target. Moreover, when
measured to approximate the underlying dimensional construct, the degree of loss of control
experienced may be an indicator of binge-eating severity, as it is uniquely associated with dis-
tress, impairment, and poorer overall quality of life (Goldschmidt et al., 2012; Latner,
Hildebrandt, Rosewall, Chisholm, & Hayashi, 2007). Thus, given that varying degrees of
loss of control may be experienced throughout the day among individuals with binge eating
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(Bottera & De Young, 2024), understanding diurnal shifts in loss
of control even outside of discrete binge-eating episodes may pro-
vide critical insights regarding severity and risk for binge eating.

Given the importance of loss of control eating in BED, coupled
with the fact that nearly half of individuals who undergo
evidence-based treatments do not demonstrate sustained symp-
tom remission (Atwood & Friedman, 2019), a better understand-
ing of the factors that contribute to loss of control eating and its
severity may be crucial for improving treatment outcomes.
Notably, recent research demonstrated an evening diurnal shift
in loss of control eating among individuals with binge-spectrum
eating disorders (i.e. eating disorders characterized by binge eat-
ing), such that the likelihood of loss of control eating and binge
eating increases later in the evening (Bottera & De Young,
2023; Forester et al., 2023; Smyth et al., 2007), as does overall cal-
oric consumption (Ellison et al., 2016; Harvey, Rosselli, Wilson,
DeBar, & Striegel-Moore, 2010; Zendegui, West, & Zandberg,
2014). Further, the degree or severity of loss of control eating
shows the same diurnal pattern, with the likelihood of experien-
cing high degrees of loss of control increasing throughout the
day (Bottera & De Young, 2024). These temporal patterns may,
according to the biobehavioral circadian model of restrictive eat-
ing and binge eating, reflect disruptions to diurnal appetitive
rhythms that set the stage for binge eating/loss of control eating
to occur in the context of other stressors and related responses,
such as elevated negative affect (De Young & Bottera, 2022).
Treatment for BED may therefore be most effective if it can
account for and influence the diurnal patterns of shifting risk
throughout the day, underscoring the importance of assessing
loss of control eating severity across the day regardless of the
dichotomous presence or absence of binge-eating episodes.
Detailed understanding of diurnal variations of loss of control
severity is necessary for the enhancement of BED treatment out-
comes through treatment augmentations that target maintaining
mechanisms of binge eating; such augmentations may enhance
longterm outcomes beyond immediate reductions in binge-eating
episodes.

Established treatment approaches for BED include cognitive-
behavioral therapy (CBT) and interpersonal therapy (Wilson,
Wilfley, Agras, and Bryson, 2010), and recent evidence points to
the efficacy of Integrative Cognitive-Affective Therapy (ICAT;
Peterson et al., 2020). Importantly, both CBT and ICAT work
to regulate diurnal appetitive rhythms (i.e. waking eating drive
as reflected by eating patterns and/or daytime hormone patterns
associated with appetite) through the establishment of a regular
pattern of eating (i.e. 3 meals, 2–3 snacks daily) at the outset of
treatment (Fairburn, 2008; Peterson et al., 2020; Wonderlich
et al., 2015), which reduces overall binge-eating frequency (e.g.
Ellison et al., 2016; Fairburn, 2008; Zendegui et al., 2014).
Previous studies using the current dataset demonstrated the
efficacy of both CBT guided self-help (CBTgsh) and ICAT in
addressing binge eating as well as the role of emotion regulation
and other potential maintenance factors related to its occur-
rence (Hazzard et al., 2020; Mason et al., 2021a; Mason et al.,
2021b; Peterson et al., 2020; Smith et al., 2021; Smith et al.,
2022). One study also demonstrated that risk for binge eating
(i.e. eating episodes including loss of control) among treatment-
seeking individuals with BED is greatest in the evening (Forester
et al., 2023). However, no studies using these data or any other
dataset have examined the effect of these treatments on the tim-
ing and severity of subjective loss of control among individuals
with BED.

The current study uniquely extends previous investigations by
examining how the within-day patterns of loss of control eating
severity change across treatment using ecological momentary
assessment (EMA). Specifically, we aimed to examine whether
diurnal rhythms in loss of control eating severity change from
baseline (i.e. pretreatment) to end-of-treatment and at 6-month
follow-up. We hypothesized that at baseline, loss of control eating
severity would demonstrate an evening diurnal shift wherein loss
of control eating severity would increase across the day, reaching
its peak in the evening; following eating disorder treatment, we
predicted that the slope of loss of control eating severity across
the day would be less pronounced, with less of an evening-shifted
increase in severity. In addition, we aimed to explore the differen-
tial treatment effects of CBTgsh and ICAT on within-day patterns
of loss of control eating severity at baseline, end-of-treatment, and
6-month follow-up. Given limited research demonstrating differ-
ences between the two treatments, we approached this question as
an exploratory aim. Importantly, the current study’s aims and
hypotheses, while theory-driven and stated a-priori, were part
of secondary analyses and were not preregistered.

Method

Participants

The study included 112 men and women, between the ages of
18 and 64, who met criteria for BED according to the
Diagnostic Statistical Manual, 5th edition (DSM–5; APA, 2013).
Exclusion criteria for participation were as follows: (a) inability
to read English, (b) body mass index (BMI, kg/m2) less than
21.0, (c) lifetime history of psychotic symptoms or bipolar dis-
order, (d) substance use disorder within six months of enroll-
ment, (e) medical instability, (f) acute suicidality, (g) purging
behavior (e.g. self-induced vomiting, misuse of laxatives or diure-
tics) more than once per month for the previous three months,
(h) current diagnosis of bulimia nervosa, (i) medical condition
impacting eating or weight (e.g. thyroid condition), ( j) history
of gastric bypass surgery, (k) currently pregnant or lactating, (l)
currently receiving weight loss or eating disorder treatment, (m)
use of medication impacting eating or weight (e.g. stimulants),
or (n) psychotropic medication changes in the six weeks prior
to enrollment. Participants were recruited from eating disorder
clinics, community advertisements, and social media postings at
two locations in the midwestern United States.

Procedures

Study procedures were approved by the Institutional Review
Boards at both data collection sites and all participants provided
informed consent. At each assessment period (i.e. baseline,
end-of-treatment, and 6-month follow-up), EMA was used to
repeatedly assess participants’ current or recent eating experiences
multiple times per day over the course of seven days. Specifically,
eating behavior, including loss of control eating severity, and asso-
ciated psychological variables were measured at five time points,
semi-randomly dispersed around five anchor times occurring
between 8 a.m. and 10 p.m.. Participants were also instructed to
self-initiate an additional assessment each day before going to
bed.

The baseline EMA protocol was completed following
informed consent and diagnostic interviews, and before initiating
treatment. Following the baseline EMA, participants were
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randomized to 17 weeks of either ICAT (n = 56) or CBTgsh (n =
56), and the same 7-day EMA protocol was then completed at
end-of-treatment and at 6-month follow-up. A total of 84 partici-
pants (75%) completed the end-of-treatment assessment and 92
(82.1%) completed the 6-month follow-up. For more detail on
the treatments and study procedures, see Peterson et al., 2020.

Measures

DSM-5 BED diagnosis was established by trained assessors using
the Eating Disorder Examination version 16.0 (Fairburn, Cooper,
& O’Connor, 2008). Comorbid DSM-IV diagnoses were estab-
lished with the Structured Clinical Interview for DSM-IV Axis I
Disorders, Patient Version (First, Spitzer, Gibbon, & Williams,
2002).

To measure loss of control severity during eating episodes
using EMA, participants responded to five statements – (a)
‘Feel a sense of loss of control,’ (b) ‘Feel like you could not resist
eating,’ (c) ‘Feel you could not stop eating,’ (d) ‘Feel driven or
compelled to eat,’ and (e) ‘Feel disconnected – numb, zoned
out, on auto pilot’ – following each eating episode recorded dur-
ing an EMA protocol. Responses to each statement were given on
a Likert-type scale from 1 (‘not at all’) to 5 (‘extremely’), and the
sum of the five responses was used to quantify the overall degree
of loss of control for each eating episode. The appropriateness
of the sum score was supported by confirmatory factor analysis,
which demonstrated that all five items significantly loaded
(all p-values <0.001) onto a single factor (within-person loadings:
0.86a, 0.88b, 0.88c, 0.85d, 0.60e; between-person loadings: 0.89a, 0.95
b, 0.96c, 0.93d, 0.63e) and that measurement reliability was acceptable
(ω within−person = 0.92; ω between−person = 0.96) (Geldhof, Preacher, &
Zyphur, 2014) (The item about feeling disconnected (‘Feel discon-
nected – numb, zoned out, on auto pilot’) loaded more weakly
onto the loss of control eating factor than the other four items. As
a sensitivity check, we re-ran the main analyses while excluding
this item. The results did not substantively change.)

Statistical analyses

Statistical analyses were conducted using R version 4.2.2. software
program (R Core Team, 2022). Multilevel models (MLMs) were
estimated to examine whether within-day slope trajectories of
loss of control eating severity differed at baseline, end-of-
treatment, and 6-month follow-up assessment periods. These
models included a random intercept, fixed effects for linear
(hours), quadratic (hours-squared) and cubic (hours-cubed)
time components, a fixed, categorical effect of assessment period
(i.e. baseline, end-of-treatment, 6-month follow-up) and interac-
tions between time components and assessment period. For the
primary analysis, the baseline assessment period was treated as
the referent category for the effect of assessment period.
However, to allow for comparison of the end-of-treatment and
6-month follow-up assessment periods, we also ran the model
with end-of-treatment as the referent category. Additional
exploratory MLMs were estimated to examine whether within-day
slope trajectories of loss of control eating severity at each assess-
ment period differed for those who completed ICAT v. CBTgsh.
These models included a random intercept, fixed effects for linear
(hours), quadratic (hours-squared) and cubic (hours-cubed) time
components, a fixed effect of treatment condition (i.e. ICAT or
CBTgsh) and interactions between time components and treat-
ment condition.

Time was centered on midnight. The linear effect of time indi-
cates whether the initial slope of the regression line (i.e. change in
loss of control eating severity) increases, decreases or remains flat
over the course of the day. The quadratic effect indicates whether
the initial linear slope of loss of control eating severity deflects
downward or upward as it moves farther away from midnight.
The cubic effect indicates whether the initial deflection intensifies
or decelerates in the hours most distal to midnight. Models were
estimated with a first-order autoregressive covariance structure to
account for serial autocorrelation. Analyses were performed using
the nlme package (Pinheiro & Bates, 2022; Pinheiro & Bates, 2000).

Results

Sample characteristics and adherence with EMA procedures

Participant demographics are displayed in Table 1. As noted by
Peterson et al. (2020), no significant differences were observed
on demographic variables between participants who received
ICAT and CBTgsh. EMA adherence rates were 76% for semi-
random assessments and 52% for end-of-day assessments.

Within-day trajectories of loss of control eating severity at
baseline, end-of-treatment and follow-up periods

Results for within-day trajectories of loss of control eating severity
at each time period are depicted in Table 2. Results indicated that

Table 1. Demographic information

Characteristic
ICAT

(n = 56)
CBTgsh
(n = 56)

Total
(n = 112)

Age (years), M (S.D.) 39.7 (13.5) 39.6 (13.4) 39.7 (13.4)

Female, n (%) 44 (78.6) 48 (85.7) 92 (82.1)

Race/Ethnicity, n (%)

White 51 (91.1) 52 (92.9) 103 (92.0)

Mixed/Other 2 (3.6) 2 (3.6) 4 (3.6)

Hispanic 2 (3.6) 0 (0.0) 2 (1.8)

Asian 0 (0.0) 1 (1.8) 1 (0.8)

Missing 1 (1.8) 1 (1.8) 2 (1.8)

Never married, n (%) 32 (57.1) 26 (46.4) 58 (51.8)

College degree, n (%) 41 (73.2) 36 (64.3) 77 (68.8)

Current SCID
diagnosis, n (%)

Mood 6 (10.7) 7 (12.5) 13 (11.6)

Anxiety 8 (14.3) 14 (25.0) 22 (19.6)

Lifetime SCID
diagnosis, n (%)

Mood 29 (51.8) 35 (62.5) 64 (57.1)

Anxiety 20 (35.7) 22 (39.3) 42 (37.5)

Substance abuse/
dependence

22 (39.3) 22 (39.3) 44 (39.3)

BMI (kg/m2), M (S.D.) 33.7 (8.4) 36.5 (8.9) 35.1 (8.7)

Note. ICAT, Integrative cognitive-affective therapy; CBTgsh, cognitive behavioral therapy
guided self-help; SCID, structured clinical interview for DSM-IV; BMI, body mass index. M,
mean. SD, standard deviation.
See Peterson et al., 2020 for full sample demographics.
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loss of control eating severity was reduced at end-of-treatment
(estimate =−3.87, S.E. = 0.18, p < 0.001) and 6-month follow-up
(estimate =−3.34, S.E. = 0.18, p < 0.001), relative to baseline,
whereas it was greater at 6- month follow-up relative to
end-of-treatment (estimate = 0.53, S.E. = 0.19, p = 0.005). Further,
main effects of the time components suggested that, overall,

severity of loss of control eating increased in a curvilinear
manner throughout the day (main effect linear: estimate = 64.61,
S.E. = 6.08, p < 0.001; main effect quadratic: estimate = 21.23,
S.E. = 6.13, p < 0.001). However, these main time of day effects
were qualified by a significant interaction between the cubic
time component and the end-of-treatment assessment period
relative to baseline (estimate =−23.25, S.E. = 11.00, p = 0.035;
Figure 1) and between the cubic time component and the
6-month follow-up assessment period relative to end-of-treatment
(estimate = 26.70, S.E. = 11.25, p = 0.018; Figure 1). Specifically, the
evening acceleration of loss of control eating severity was blunted
at end-of-treatment compared to baseline. In addition, the even-
ing acceleration in loss of control eating severity was greater at
6-month follow-up relative to end-of-treatment. Together, these
findings suggest that treatment may have successfully reduced
the typical evening increase in loss of control eating severity,
but that this effect may not have been maintained at follow-up.

Trajectories of loss of control eating severity at each
assessment period for ICAT v. CBTgsh

To explore whether these potential treatment effects varied by
treatment type, we tested if the within-day slope trajectories of
loss of control eating severity differed for those who completed
ICAT v. those who completed CBTgsh, separately at each assess-
ment period. Results for these analyses are depicted in Table 3. At
baseline (when no treatment effects would be expected), we con-
firmed that loss of control eating severity increased in a curvilin-
ear manner throughout the day (linear estimate = 40.51, S.E. =
6.22, p < 0.001; quadratic estimate = 15.27, S.E. = 6.10, p = 0.012)
and that the time effects did not differ by upcoming treatment
type ( ps⩾ 0.835; Figure 2).

During the end-of-treatment assessment period, loss of control
eating severity increased in a linear manner throughout the day

Table 2. Summary of multilevel models examining within-day trajectories of
loss of control eating severity at baseline, end-of-treatment and follow-up
periods

Variables Estimate SE t(df)

Model 1

Fixed effects

Intercept 12.71 0.31 40.79(5056)

Time 64.61 6.08 10.63(5056)**

Time2 21.23 6.13 3.46(5056)**

Time3 −8.50 6.19 −1.37(5056)

End-of-treatment −3.87 0.18 −21.84(5056)**

Follow-up −3.34 0.18 −18.75(5056)**

End-of-treatment × Time −25.96 9.74 −2.67(5056)*

End-of-treatment × Time2 −2.79 10.53 −0.27(5056)

End-of-treatment × Time3 −23.25 11.00 −2.11(5056)*

Follow-up × Time −14.94 9.45 −1.58(5056)

Follow-up × Time2 −8.12 9.15 −0.89(5056)

Follow-up × Time3 3.44 9.06 0.38(5056)

Variance components

Within-person variance 17.34 0.06

Between-person intercept 9.24 0.04

Autocorrelation 0.22

Model 2

Fixed effects

Intercept 8.84 0.32 27.21(5056)

Time 38.65 7.58 5.10(5056)**

Time2 18.44 8.57 2.15(5056)*

Time3 −31.75 9.09 −3.49(5056)**

Baseline 3.87 0.18 21.84*(5056)*

Follow-up 0.53 0.19 2.81(5056)*

Baseline × Time 25.96 9.74 2.67(5056)*

Baseline × Time2 2.79 10.53 0.27(5056)

Baseline × Time3 23.25 11.00 2.11(5056)*

Follow-up × Time 11.02 10.52 1.05(5056)

Follow-up × Time2 −5.32 10.96 −0.49(5056)

Follow-up × Time3 26.70 11.25 2.37(5056)

Variance components

Within-person variance 17.34 0.06

Between-person intercept 9.24 0.04

Autocorrelation 0.22

Note. Time, linear effect; Time2, quadratic effect; Time3, cubic effect. *p < 0.05, **p < 0.01.

Figure 1. Within-day slope trajectories of loss of control eating severity at baseline,
end-of-treatment, and follow-up assessment periods.
Note. Values on the x-axis represent hours since midnight and values on the y-axis
represent the summed total loss of control scores assessed during the 7-day EMA
period. Shaded regions indicate standard errors.
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(linear estimate = 24.53, S.E. = 4.72, p < 0.001). Overall loss of con-
trol eating severity did not differ between treatment types at
end-of-treatment ( p = 0.722). Interactions between treatment
condition and time components were non-significant ( ps⩾
0.517), suggesting that within-day slope trajectory of loss of con-
trol eating severity at the end-of-treatment assessment period did
not differ for individuals who completed ICAT v. those who com-
pleted CBTgsh (Fig. 2).

During the 6-month follow-up assessment period, loss of con-
trol eating severity increased in a curvilinear manner throughout
the day overall (linear estimate = 24.11, S.E. = 4.91, p < 0.001; cubic
estimate = −10.39, S.E. = 5.02, p = 0.039). Loss of control eating
severity did not differ between treatment types at follow-up
( p = 0.224). However, there was a significant interaction between
the cubic time component and treatment condition ( p = 0.038).

Specifically, the inflection in the within-day trajectory of loss of
control eating severity intensified more towards the end-of-the
day for individuals who received CBTgsh compared to those
who received ICAT (Fig. 2).

Discussion

We aimed to examine whether time of day differentially predicts
severity of loss of control experienced during eating episodes at
baseline, end-of-treatment, and follow-up and between individuals
who received CBTgsh and ICAT. Results demonstrated that loss
of control eating severity exhibited an evening diurnal shift,
wherein loss of control eating severity was greater in the evening.
Further, this evening diurnal shift was most pronounced prior to
treatment and reduced at end-of-treatment. However, evening-

Table 3. Summary of multilevel models examining trajectories of loss of control eating severity at each assessment period for ICAT v. CBTgsh

Variables
Baseline End-of-treatment Follow-up

Fixed effects Estimate SE t(df) Estimate SE t(df) Estimate SE t(df)

Intercept 12.20 0.51 23.88(2030) 8.45 0.43 19.59(1408) 8.66 0.51 16.91(1417)

Time 40.51 6.22 6.51(2030)** 24.53 4.72 5.19(1408)** 24.11 4.91 4.91(1417)**

Time2 15.27 6.10 2.50(2030)* 2.92 5.67 0.51(1408) 0.16 4.82 0.03(1417)

Time3 −6.07 5.87 −1.03(2030) −9.59 6.89 −1.39(1408) −10.39 5.02 −2.07(1417)*

Group 1.12 0.73 1.54(108) 0.22 0.62 0.36(82) 0.90 0.74 1.22(85)

Group × Time 1.85 8.91 0.21(2030) −2.46 6.69 −0.37(1408) 7.22 7.09 1.02(1417)

Group × Time2 −0.85 9.12 −0.09(2030) 4.70 7.25 0.65(1408) 13.74 7.18 1.91(1417)

Group × Time3 1.84 9.22 0.20(2030) −1.61 8.01 −0.20(1408) 14.76 7.12 2.07(1417)*

Variance components

Within-person variance 19.51 0.10 10.94 0.09 12.13 0.09

Between-person intercept 12.99 0.08 7.24 0.07 10.69 0.08

Autocorrelation 0.10 0.10 0.08

Note. Time, linear effect; Time2, quadratic effect; Time3, cubic effect. Group was coded such that ICAT represents the reference category.*p < 0.05, **p < 0.01.

Figure 2. Within-day slope trajectories of loss of control eating severity at baseline, end-of-treatment, and follow-up for ICAT and CBTgsh treatment conditions.
Note. ICAT, Integrative cognitive-affective therapy; CBTgsh, Cognitive behavioral therapy – Guided self-help. Values on the xaxis represent hours since midnight and
values on the y-axis represent the summed total loss of control scores assessed during the 7-day EMA period. Shaded regions indicate standard errors.
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shifted loss of control eating severity appeared more pronounced
at 6-month follow up compared to end-of-treatment, indicating a
potential return to baseline. Interestingly, while loss of control
eating severity increased in a curvilinear manner both prior to
treatment and at follow-up, we observed significant differences
between individuals who received CBTgsh and ICAT at
6-month follow-up. Specifically, individuals who received ICAT
demonstrated less of an evening-shifted increase in loss of control
eating severity compared to those who received CBTgsh, suggest-
ing that the effects of treatment on the pattern of loss of control
eating severity may be more durable following ICAT relative to
CBTgsh.

Results discussed herein should be interpreted in the context of
several limitations. First, the study sample was demographically
homogenous and cannot fully represent the efficacy of eating dis-
order treatment on reducing loss of control eating severity in
more diverse populations. Given the prevalence of BED across
genders, racial/ethnic identities, and sexual identities
(Keski-Rahkonen, 2021; Striegel-Moore & Franko, 2003), future
research is needed to better understand the effects of ICAT and
CBTgsh on daily patterns of loss of control eating severity in
more diverse samples. Second, our treatment group sample sizes
were small (n = 56, respectively), limiting our power to examine
the three-way interaction between time, treatment modalities
(i.e. ICAT and CBTgsh), and measurement timepoint (i.e. base-
line, end-of-treatment, and 6-month follow-up). While results
from our exploratory analyses indicate potential differences
between ICAT and CBTgsh, studies including larger sample
sizes are needed to assess whether trajectories of loss of control
eating severity differentially change across these two treatments.
Third, although examining loss of control eating severity repre-
sents a significant strength of our study that provides nuanced
information apart from discrete occurrence of binge eating, a
floor effect following post-treatment reductions in loss of control
eating severity remains possible. Finally, a 6-month follow-up
period is relatively short and cannot fully demonstrate the long-
term effects of treatment on daily trajectories of loss of control
eating severity. Although it appears that the effect of treatment
on evening-shifted loss of control eating severity was more dur-
able following ICAT relative to CBTgsh, it is possible that these
effects would diminish over longer follow-up periods, requiring
booster treatments to maintain effects. Such possibilities necessi-
tate treatment studies with longer follow-up periods as well as
novel treatment delivery models.

Our results aligned with previous findings demonstrating the
presence of an evening diurnal shift in loss of control eating sever-
ity (Bottera & De Young, 2024), such that individuals with BED
reported within-day increases and greater severity of loss of con-
trol eating later in the evening. Our findings partially supported
our hypothesis that evening-shifted loss of control eating severity
would be dampened following treatment for binge eating.
Compared to pretreatment baseline, the evening increase in loss
of control eating severity was blunted post-treatment; however,
the effects of treatment on loss of control eating severity appeared
to partially wane at 6-month follow up. Thus, for some, treat-
ment’s efficacy in reducing the severity of loss of control eating
may be less durable. For example, it is possible that individuals
with more frequent or severe binge eating at treatment initiation
require more intensive treatment or intermittent treatment boos-
ters following a full dose of treatment to maintain the effects.
Interestingly, previous results demonstrated that binge-eating fre-
quency was reduced following both ICAT and CBTgsh and that

these reductions were maintained at 6-month follow up
(Peterson et al., 2020), suggesting that measuring loss of control
eating severity in addition to discrete binge-eating episodes pro-
vides additional insights into treatment’s effects. That is, changes
in diurnal patterns of loss of control eating severity may serve as a
unique risk factor for lapse of binge-eating behavior that could
serve as a novel relapse prevention target for individuals following
treatment for BED. Further, screenings that assess loss of control
eating severity in addition to binge-eating frequency may better
capture prodromal risk of binge eating and identify individuals
who may benefit from prevention efforts. Importantly, greater
degrees of loss of control may signify greater severity of binge eat-
ing (Bottera & De Young, 2024; Goldschmidt, 2017; Latner,
Mond, Kelly, Haynes, & Hay, 2014), potentially pointing to the
importance of reducing severity of loss of control eating within
treatment. Given the clinically significant distress associated
with loss of control (Goldschmidt et al., 2012), understanding
within-day changes in loss of control eating severity, apart from
binge-eating episodes, across treatment may have critical implica-
tions for proactive problem-solving around at-risk time periods
during treatment and sustaining behavioral changes following
treatment. While loss of control severity may index momentary
distress, explicit examination of the relation between momentary
ratings of loss of control severity and concurrent momentary dis-
tress is warranted. Further, the impact of various within-person
factors (e.g. comorbid presentations, binge-eating frequency) on
treatment response as it relates to evening-shifted loss of control
eating severity should be investigated using longitudinal and
EMA study designs, as observation of within-person differences
may aid in the development of personalized, momentary inter-
ventions (e.g. Just-in-Time adaptive interventions; Juarascio,
Parker, Lagacey, and Godfrey, 2018) that facilitate sustained
symptom remission.

Finally, results from our exploratory aim highlight the poten-
tially unique efficacy of ICAT in maintaining decreases in evening
diurnal shifts in loss of control eating severity long-term. That is,
for individuals who received ICAT, relative to CBTgsh, their
within-day loss of control eating severity appeared to remain
dampened 6-months posttreatment, suggesting that ICAT may
not only acutely blunt evening-shifted loss of control eating sever-
ity, but that these effects may be uniquely durable. Further, since
average daily loss of control eating severity did not differ between
individuals who received ICAT or CBTgsh at any timepoint,
including the 6-month follow-up, ICAT’s potentially unique effect
may be specific to the within-day diurnal shift in loss of control
eating severity. While our findings are preliminary in nature
and necessitate replication with longer follow-up periods, the dur-
ability of ICAT’s effects on evening-shifted loss of control eating
severity may point to an important treatment target for indivi-
duals with binge eating. In addition to establishing a regular pat-
tern of eating, ICAT uniquely includes structured meal planning
and an affective intervention component (Peterson et al., 2020).
In accordance with the biobehavioral circadian model of restrict-
ive eating and binge eating (De Young & Bottera, 2022), struc-
tured meal planning likely serves to regulate diurnal appetitive
disruptions that may set the stage for binge eating in the context
of negative emotions. While CBTgsh emphasizes the importance
of regular eating (i.e. 3 meals and 2–3 snacks daily), the structure
and extra accountability provided by ICAT compared to CBTgsh
may have contributed to consistency and maintanence of regular
eating. Further, and perhaps more significantly, ICAT uniquely
emphasizes the role emotions play in the onset of binge-eating
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episodes, targeting negative emotions through adaptive coping
strategies and addressing elicitors of negative affect such as exces-
sive self-control and self-neglect, interpersonal difficulties, and
self-discrepancy and evaluative standards (Peterson et al., 2020;
Wonderlich et al., 2015). On the other hand, CBTgsh does not
explictely address emotional anticedents of binge eating. Thus,
the large emphasis placed on the role of affect in eliciting binge
eating in ICAT may contribute to the longevity of decreased
within-day loss of control eating severity. That is, even when pre-
sent, loss of control eating severity may not demonstrate the same
evening-shifted increase if individuals engage in adaptive coping
and emotion regulation techniques emphasized in treatment
when negative emotions arise. Such integration of treatment com-
ponents that specifically target negative emotional states that often
precipitate binge eating (Haedt-Matt & Keel, 2011) may explain
the observed differences between ICAT and CBTgsh at 6-month
follow-up and could underscore the importance of addressing
affective maintanence mechnisms in treatment for binge eating.
Further study of the role of momentary emotions on loss of con-
trol eating severity, specifically, and the impact affect-focused
interventions have on relapse prevention is needed.

Our study is the first to examine how within-day patterns of
loss of control eating severity changed across treatment for
BED, indicating that both ICAT and CBTgsh reduce evening-
shifted loss of control eating severity. Alongside recent literature
characterizing the evening diurnal shift of loss of control
(Bottera & De Young, 2023, 2024), our findings provide a founda-
tion for future investigation of whether explicitly targeting diurnal
shifts in loss of control severity impacts illness course for indivi-
duals with binge eating. Further, while exploratory and necessitat-
ing replication, ours is the first to indicate potential differences in
the durability of treatment effects on within-day increases in loss
of control eating severity between ICAT and CBTgsh, suggesting
that ICAT’s effects may be more long-lasting. Overall, current
treatments appear to blunt evening-shifted loss of control eating
severity immediately following treatment; however, such effects
may lose their potency over time, necessitating further under-
standing of long-term treatment effects on loss of control eating
severity and perhaps emphasizing the utility of targeting diurnal
patterns of loss of control eating severity and related emotional
states in treatment.

Data availability statement. The data that support the findings of this
study are available from author CBP ( peter161@umn.edu) upon reasonable
request.

Funding statement. This work was supported by the National Institute of
Mental Health (grant numbers: R34MH099040, R34MH098995,
T32MH082761), the National Institute of General Medical Sciences (grant
number: P20GM134969), and the National Institute of Diabetes and
Digestive Kidney Diseases (grant number: P30DK60456).

Competing interests. None.

Ethical standards. The authors assert that all procedures contributing to
this work comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008.

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of
mental disorders (5th ed.). Washington, DC: American Psychiatric Pub.

American Psychiatric Association. (2022). Diagnostic and statistical manual of
mental disorders (5th ed., text rev.). Washington, DC: American Psychiatric
Pub.

Atwood, M. E., & Friedman, A. (2019). A systematic review of enhanced cog-
nitive behavioral therapy (CBT-E) for eating disorders. International
Journal of Eating Disorders, 53(3), 311–330. https://doi.org/10.1002/eat.
23206

Bottera, A. R., & De Young, K. P. (2023). Characterizing naturalistic meal tim-
ing, energy intake, and macronutrient intake among individuals with loss of
control eating. Appetite, 184, 106524. https://doi.org/10.1016/j.appet.2023.
106524

Bottera, A. R., & De Young, K. P. (2024). Loss of control eating exhibits an
evening diurnal shift among females with bulimia nervosa and binge-eating
disorder. European Eating Disorders Review, 32(1), 56–65. https://doi.org/
10.1002/erv.3021

Brownstone, L. M., & Bardone-Cone, A. M. (2020). Subjective binge eating: A
marker of disordered eating and broader psychological distress. Eating and
Weight Disorders – Studies on Anorexia, Bulimia and Obesity, 26(7), 2201–
2209. https://doi.org/10.1007/s40519-020-01053-9

De Young, K. P., & Bottera, A. R. (2022). A biobehavioral circadian model of
restrictive eating and binge eating. International Journal of Eating Disorders,
55(10), 1291–1295. https://doi.org/10.1002/eat.23758

Ellison, J. M., Simonich, H. K., Wonderlich, S. A., Crosby, R. D., Cao, L.,
Mitchell, J. E., … Peterson, C. B. (2016). Meal patterning in the treatment
of bulimia nervosa. Eating Behaviors, 20, 39–42. https://doi.org/10.1016/j.
eatbeh.2015.11.008

Fairburn, C. G. (2008). Cognitive behavior therapy and eating disorders.
New York, NY: Guilford Press.

Fairburn, C. G., Cooper, Z., & O’Connor, M. (2008). Eating disorder examin-
ation. In C. G. Fairburn (Ed.), Cognitive behavior therapy and eating disor-
ders (16.0D) (pp. 1-2). New York, NY: Guilford Press.

First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. (2002). Structured clin-
ical interview for the DSM–IV axis I disorders—patient edition (SCID–I/P,
version 2). New York, NY: New York State Psychiatric Institute,
Biometrics Research Department.

Forester, G., Schaefer, L. M., Dodd, D. R., Burr, E. K., Bartholomay, J., Berner,
L. A., … Wonderlich, S. A. (2023). Time-of-day and day-of-week patterns
of binge eating and relevant psychological vulnerabilities in binge-eating
disorder. International Journal of Eating Disorders, 56(9), 1694–1702.
https://doi.org/10.1002/eat.23995

Geldhof, G. J., Preacher, K. J., & Zyphur, M. J. (2014). Reliability estimation in
a multilevel confirmatory factor analysis framework. Psychological Methods,
19(1), 72–91. https://doi.org/10.1037/A0032138

Goldschmidt, A. B. (2017). Are loss of control while eating and overeating
valid constructs? A critical review of the literature. Obesity Reviews, 18(4),
412–449. https://doi.org 10.1111/obr.12491

Goldschmidt, A. B., Engel, S. G., Wonderlich, S. A., Crosby, R. D., Peterson, C.
B., Le Grange, D., … Mitchell, J. E. (2012). Momentary affect surrounding
loss of control and overeating in obese adults with and without binge eating
disorder. Obesity, 20(6), 1206–1211. https://doi.org/10.1038/oby.2011.286

Haedt-Matt, A. A., & Keel, P. K. (2011). Revisiting the affect regulation model
of binge eating: A meta-analysis of studies using ecological momentary
assessment. Psychological Bulletin, 137(4), 660–681. https://doi.org/10.
1037/a0023660

Harvey, K., Rosselli, F., Wilson, G. T., DeBar, L. L., & Striegel-Moore, R. H.
(2010). Eating patterns in patients with spectrum binge-eating disorder.
International Journal of Eating Disorders, 44(5), 447–451. https://doi.org/
10.1002/eat.20839

Hazzard, V. M., Peterson, C. B., Crosby, R. D., Schaefer, L. M., Smith, K. E.,
Engel, S. G., … Wonderlich, S. A. (2020). Predictors of treatment response
durability in psychotherapy for binge-eating disorder: Examining the roles
of self-discrepancy, self-directed style, and emotion dysregulation.
International Journal of Eating Disorders, 53(12), 1918–1927. https://doi.
org/10.1002/eat.23389

Juarascio, A. S., Parker, M. N., Lagacey, M. A., & Godfrey, K. M. (2018).
Just-in-time adaptive interventions: A novel approach for enhancing skill
utilization and acquisition in cognitive behavioral therapy for eating

Psychological Medicine 7

https://doi.org/10.1017/S003329172400028X Published online by Cambridge University Press

https://doi.org/10.1002/eat.23206
https://doi.org/10.1002/eat.23206
https://doi.org/10.1002/eat.23206
https://doi.org/10.1016/j.appet.2023.106524
https://doi.org/10.1016/j.appet.2023.106524
https://doi.org/10.1016/j.appet.2023.106524
https://doi.org/10.1002/erv.3021
https://doi.org/10.1002/erv.3021
https://doi.org/10.1002/erv.3021
https://doi.org/10.1007/s40519-020-01053-9
https://doi.org/10.1007/s40519-020-01053-9
https://doi.org/10.1002/eat.23758
https://doi.org/10.1002/eat.23758
https://doi.org/10.1016/j.eatbeh.2015.11.008
https://doi.org/10.1016/j.eatbeh.2015.11.008
https://doi.org/10.1016/j.eatbeh.2015.11.008
https://doi.org/10.1002/eat.23995
https://doi.org/10.1002/eat.23995
https://doi.org/10.1037/A0032138
https://doi.org/10.1037/A0032138
https://doi.org 10.1111/obr.12491
https://doi.org 10.1111/obr.12491
https://doi.org/10.1038/oby.2011.286
https://doi.org/10.1038/oby.2011.286
https://doi.org/10.1037/a0023660
https://doi.org/10.1037/a0023660
https://doi.org/10.1037/a0023660
https://doi.org/10.1002/eat.20839
https://doi.org/10.1002/eat.20839
https://doi.org/10.1002/eat.20839
https://doi.org/10.1002/eat.23389
https://doi.org/10.1002/eat.23389
https://doi.org/10.1002/eat.23389
https://doi.org/10.1017/S003329172400028X


disorders. International Journal of Eating Disorders, 51(8), 826–830. http://
doi.org/10.1002/eat.22924

Kerzhnerman, I., & Lowe, M. R. (2002). Correlates of subjective and objective
binge eating in binge-purge syndromes. International Journal of Eating
Disorders, 31(2), 220–228. https://doi.org/10.1002/eat.10026

Keski-Rahkonen, A. (2021). Epidemiology of binge eating disorder:
Prevalence, course, comorbidity, and risk factors. Current Opinion in
Psychiatry, 34(6), 525–531. https://doi.org/10.1097/YCO.0000000000000750

Kessler, R. C., Berglund, P. A., Chiu, W. T., Deitz, A. C., Hudson, J. I., Shahly,
V., … Xavier, M. (2013). The prevalence and correlates of binge eating
disorder in the World Health Organization World Mental Health
Surveys. Biological Psychiatry, 73, 904–914. http://dx.doi.org/ 10.1016/
j.biopsych.2012.11.020.

Latner, J. D., Hildebrandt, T., Rosewall, J. K., Chisholm, A. M., & Hayashi, K.
(2007). Loss of control over eating reflects eating disturbances and general
psychopathology. Behaviour Research and Therapy, 45(9), 2203–2211.
https://doi.org/10.1016/j.brat.2006.12.002

Latner, J. D., Mond, J. M., Kelly, M. C., Haynes, S. N., & Hay, P. J. (2014). The
loss of control over eating scale: Development and psychometric evaluation.
International Journal of Eating Disorders, 47(6), 647–659. https://doi.org/
10.1002/eat.22296

Mason, T. B., Smith, K. E., Anderson, L. M., Schaefer, L. M., Engel, S. G., Crow, S.
J., … Wonderlich, S. A. (2021a). Affective response to binge eating as a pre-
dictor of treatment outcomes for binge-eating disorder. Clinical Psychological
Science, 9(4), 752–760. https://doi.org/10.1177/2167702620985198

Mason, T. B., Smith, K. E., Williams-Kerver, G. A., Crosby, R. D., Engel, S. G.,
Crow, S. J., … Peterson, C. B. (2021b). Descriptives and baseline ecological
momentary assessed predictors of weight change over the course of psycho-
logical treatments for binge eating disorder. Journal of Psychosomatic
Research, 143, 110373. https://doi.org/10.1016/j.jpsychores.2021.110373

Mitchell, J. E. (2016). Medical comorbidity and medical complications asso-
ciated with binge-eating disorder. International Journal of Eating
Disorders, 49, 319–323. http://dx.doi.org/10.1002/eat.22452

Mond, J. M., Latner, J. D., Hay, P. H., Owen, C., & Rodgers, B. (2010).
Objective and subjective bulimic episodes in the classification of bulimic-
type eating disorders: Another nail in the coffin of a problematic distinc-
tion. Behaviour Research and Therapy, 48(7), 661–669. https://doi.org/10.
1016/j.brat.2010.03.020

Peterson, C. B., Engel, S. G., Crosby, R. D., Strauman, T., Smith, T. L., Klein,
M., … Wonderlich, S. A. (2020). Comparing integrative cognitive-affective
therapy and guided self-help cognitive-behavioral therapy to treat
binge-eating disorder using standard and naturalistic momentary outcome

measures: A randomized controlled trial. International Journal of Eating
Disorders, 53(9), 1418–1427. https://doi.org/10.1002/eat.23324

Pinheiro, J., & Bates, D., & R Core Team (2022). nlme: Linear and nonlinear
mixed effects models. R package version 3.1-160, Retrieved from https://
CRAN.R-project.org/package=nlme

Pinheiro, J. C., & Bates, D. M. (2000). Mixed-effects models in S and S-PLUS.
New York: Springer. https://doi.org/10.1007/b98882

R Core Team (2022). R: A language and environment for statistical computing,
Vienna, Austria: R Foundation for Statistical Computing. Retrieved from
https://www.R-project.org/

Smith, K. E., Mason, T. B., Schaefer, L. M., Anderson, L. M., Critchley, K.,
Crosby, R. D., … Peterson, C. B. (2021). Dynamic stress responses and real-
time symptoms in binge-eating disorder. Annals of Behavioral Medicine, 55
(8), 758–768. https://doi.org/10.1093/abm/kaaa061

Smith, K. E., Mason, T. B., Schaefer, L. M., Anderson, L. M., Hazzard, V. M.,
Crosby, R. D.,… Peterson, C. B. (2022). Micro-level de-coupling of negative
affect and binge eating in relationship to macro-level outcomes in binge eat-
ing disorder treatment. Psychological Medicine, 52(1), 140–148. https://doi.
org/10.1017/s0033291720001804

Smyth, J. M., Wonderlich, S. A., Heron, K. E., Sliwinski, M. J., Crosby, R. D.,
Mitchell, J. E., & Engel, S. G. (2007). Daily and momentary mood and stress
are associated with binge eating and vomiting in bulimia nervosa patients in
the natural environment. Journal of Consulting and Clinical Psychology, 75
(4), 629–638. https://doi.org/10.1037/0022-006x.75.4.629

Striegel-Moore, R. H., & Franko, D. L. (2003). Epidemiology of binge eating
disorder. International Journal of Eating Disorders, 34(S1), S19–S29.
https://doi.org/10.1002/eat.10202

Wilson, G. T., Wilfley, D. E., Agras, W. S., & Bryson, S. W. (2010).
Psychological treatments of binge eating disorder. Archives of General
Psychiatry, 67(1), 94–101. https://doi.org/10.1001/archgenpsychiatry.2009.170

Wolfe, B. E., Baker, C. W., Smith, A. T., & Kelly-Weeder, S. (2009). Validity
and utility of the current definition of binge eating. International Journal
of Eating Disorders, 42(8), 674–686. https://doi.org/10.1002/eat.20728

Wonderlich, S. A., Peterson, C. B., Leone Smith, T., Klein, M. H., Mitchell, J.
E., & Crow, S. J. (2015). Integrative cognitive-affective therapy for bulimia
nervosa. New York, NY: Guilford Press.

World Health Organization. (2019). International statistical classification of diseases
and related health problems (11th ed.). Retrieved from https://icd.who.int/

Zendegui, E. A., West, J. A., & Zandberg, L. J. (2014). Binge eating frequency
and regular eating adherence: The role of eating pattern in cognitive behav-
ioral guided self-help. Eating Behaviors, 15(2), 241–243. https://doi.org/10.
1016/j.eatbeh.2014.03.002

8 Angeline R. Bottera et al.

https://doi.org/10.1017/S003329172400028X Published online by Cambridge University Press

http://doi.org/10.1002/eat.22924
http://doi.org/10.1002/eat.22924
http://doi.org/10.1002/eat.22924
https://doi.org/10.1002/eat.10026
https://doi.org/10.1002/eat.10026
https://doi.org/10.1097/YCO.0000000000000750
https://doi.org/10.1097/YCO.0000000000000750
http://dx.doi.org/
http://dx.doi.org/
https://doi.org/10.1016/j.brat.2006.12.002
https://doi.org/10.1016/j.brat.2006.12.002
https://doi.org/ 10.1002/eat.22296
https://doi.org/ 10.1002/eat.22296
https://doi.org/ 10.1002/eat.22296
https://doi.org/10.1177/2167702620985198
https://doi.org/10.1177/2167702620985198
https://doi.org/10.1016/j.jpsychores.2021.110373
https://doi.org/10.1016/j.jpsychores.2021.110373
http://dx.doi.org/10.1002/eat.22452
http://dx.doi.org/10.1002/eat.22452
https://doi.org/10.1016/j.brat.2010.03.020
https://doi.org/10.1016/j.brat.2010.03.020
https://doi.org/10.1016/j.brat.2010.03.020
https://doi.org/10.1002/eat.23324
https://doi.org/10.1002/eat.23324
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://doi.org/10.1007/b98882
https://doi.org/10.1007/b98882
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1093/abm/kaaa061
https://doi.org/10.1093/abm/kaaa061
https://doi.org/10.1017/s0033291720001804
https://doi.org/10.1017/s0033291720001804
https://doi.org/10.1017/s0033291720001804
https://doi.org/10.1037/0022-006x.75.4.629
https://doi.org/10.1037/0022-006x.75.4.629
https://doi.org/10.1002/eat.10202
https://doi.org/10.1002/eat.10202
https://doi.org/10.1001/archgenpsychiatry.2009.170
https://doi.org/10.1001/archgenpsychiatry.2009.170
https://doi.org/10.1002/eat.20728
https://doi.org/10.1002/eat.20728
https://icd.who.int/
https://icd.who.int/
https://doi.org/10.1016/j.eatbeh.2014.03.002
https://doi.org/10.1016/j.eatbeh.2014.03.002
https://doi.org/10.1016/j.eatbeh.2014.03.002
https://doi.org/10.1017/S003329172400028X

	Changes in evening-shifted loss of control eating severity following treatment for binge-eating disorder
	Method
	Participants
	Procedures
	Measures
	Statistical analyses

	Results
	Sample characteristics and adherence with EMA procedures
	Within-day trajectories of loss of control eating severity at baseline, end-of-treatment and follow-up periods
	Trajectories of loss of control eating severity at each assessment period for ICAT v. CBTgsh

	Discussion
	References


