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Abstract

Evidence-based treatments for binge eating disorder (BED), such as cognitive behavioral therapy
(CBT) lead to successful outcomes only about half the time. Individuals with BED often have
measurable deficits in executive function (EF) that may challenge adherence to or impact of
cognitive behavioral intervention components. The aim of this study was to evaluate the impact of
adding EF training to CBT by combining CBT with a compensatory cognitive training approach
(EF-CBT). Participants were 32 adults with BED, overweight/obesity, and comorbid anxiety or
depression who were randomly assigned to four months of group treatment in either standard
CBT or EF-CBT. Outcomes were assessed at baseline, post-treatment, and at 2-month follow-up.
Results showed that EF-CBT was feasible and acceptable, comparable to CBT. Both groups
significantly decreased loss of control (LOC) days, clinical impairment, and depression at post-
treatment and 2-month follow-up; though there were no differences between groups. Neither group
significantly reduced anxiety or weight. Exploratory analyses found that participants with lower
EF treated with EF-CBT were less likely to have LOC at post-treatment than those with lower

EF treated with CBT. Higher self-monitoring rates during treatment were associated with lower
LOC at post-treatment and participants with lower EF were more likely to self-monitor in the
EF-CBT arm relative to the CBT arm. These findings suggest that EF-CBT is feasible, acceptable
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and efficacious, although larger scale research is needed. EF-CBT may be particularly suited for
individuals with BED who have lower EF.
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1. Introduction

Binge eating disorder (BED) is characterized by recurrent binge eating (consumption of

an objectively large amount of food accompanied with a sense of loss of control [LOC])

and the absence of compensatory behaviors. BED is associated with several negative

health sequelae including psychiatric comorbidity, medical complications, and decreased
quality of life (Kessler et al., 2013; Mitchell, 2016; Rieger et al., 2005). Additionally, most
individuals with BED (~70 %) have overweight or obesity (OW/OB) (Abraham et al., 2014;
Dingemans & van Furth, 2012; Kessler et al., 2013). BED is associated with the metabolic
complications associated with OW/OB, although research has shown that BED conveys
unique risk above OW/OB (Hudson et al., 2010; Wassenaar et al., 2019). Evidence-based
psychotherapies for BED such as cognitive behavioral therapy (CBT) have been established;
however, only about 50 % abstain from binge eating following treatment (Linardon, 2018;
Peat et al., 2017). Thus, it is important to identify mechanisms related to treatment failure to
improve outcomes and reduce the significant burden associated with BED.

Support for training executive function (EF) in the treatment of eating disorders and
OWI/OB has emerged (Eichen et al., 2017; Eichen et al., 2021; Juarascio et al., 2015;
Szabo-Reed & Donnelly, 2021; Yang et al., 2019). EF refers to higher-order cognitive
functions, typically associated with pre-frontal cortex functioning, that are essential for
goal-directed behavior and self-regulation (Hofmann et al., 2012; Miyake et al., 2000).
There are three core domains of EF (cognitive flexibility, working memory, and inhibitory
control) and several related EFs (planning, problem solving, decision making, prospective
memory, organization). Research has consistently shown that OW/OB is associated with
lower EF compared to those with healthy weight (Fitzpatrick et al., 2013; Smith et al., 2011;
Yang et al., 2019). Several studies have shown that individuals with BED and comorbid
OWI/OB had lower EF, at least on some domains (problem solving, planning, inhibitory
control, preference for immediate reward) than adults with OW/OB without BED (Blume
etal., 2019; Cury et al., 2020; Grant & Chamberlain, 2020; Kollei et al., 2018; Manasse
et al., 2015; Prunell-Castafié et al., 2021; Rouel et al., 2016; Svaldi et al., 2010). However,
some studies failed to find differences in EF between these groups (Aloi et al., 2020; Davis
et al., 2010; Galioto et al., 2012; Lavagnino et al., 2016). Some of the mixed results may
be due to the confounding factor of OB. In several of the studies with no differences,

the samples had higher BMIs (>35) (Aloi et al., 2020; Davis et al., 2010; Galioto et al.,
2012). Additionally, given the numerous domains and various tasks administered, those
can contribute to some heterogeneous results. Other psychiatric disorders that have high
comorbidity rates with BED, like anxiety and mood disorders, have also been associated
with lower EF and poorer BED treatment outcomes (Cotrena et al., 2016; Dingemans et
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al., 2020; Lydecker & Grilo, 2021; Shields et al., 2016). The link between lower EF and
BED is apparent. For example, decreased inhibitory control can lead to binge eating in
response to triggers by not having the ability to resist acting on urges. Similarly, preference
for immediate reward may result in binge eating to obtain immediate relief rather than
consideration of the long-term consequences. Difficulty with problem solving may lead to
maladaptive eating patterns (i.e., irregular eating). Furthermore, EF is required to adhere to
treatment recommendations in CBT for binge eating. For instance, self-monitoring requires
substantial organization and memory, while establishing regular eating requires planning,
problem solving and cognitive flexibility. Taken together, evidence suggests that targeting
EF in the treatment of BED, particularly among those with other psychiatric comorbidities,
is warranted.

Several research groups have utilized computerized cognitive training to address EF to
reduce binge eating and eating disorder pathology (Boutelle et al., 2016; Brockmeyer et al.,
2019; Chami et al., 2022; Das et al., 2022; Giel et al., 2017; Turton et al., 2018). These
interventions often use a repetitive task (e.g., Go/NoGo, dot-probe) to increase inhibition
toward food cues or direct attention away from food cues. Several studies showed promising
preliminary effects at reducing binge eating (Boutelle et al., 2016; Brockmeyer et al., 2019;
Chami et al., 2022; Giel et al., 2017), although sample sizes were small and maintenance
effects were not durable. Despite these positive studies, others have failed to show any
effect (Das et al., 2022; Turton et al., 2018). Computerized training programs have been
criticized for their lack of generalizability to real-world behavior outside of a laboratory.
Compensatory cognitive training (CCT), such as Cognitive Symptom Management and
Rehabilitation Therapy (CogSMART), is a different type of training approach that focuses
on teaching skills to compensate for weaknesses in cognitive functioning. These manualized
interventions have been effective for individuals with a history of traumatic brain injury

or other psychiatric illnesses such as psychosis and schizophrenia (Mendella et al., 2015;
Storzbach et al., 2017; Twamley et al., 2012; Twamley et al., 2014; Twamley et al., 2015;
Twamley et al., 2019). CCT interventions teach both internal strategies, including ways

to categorize information, as well as external strategies, such as relying on tools such as
calendars. Sessions incorporate both learning the cognitive strategies and practice during
the session. Homework is assigned to emphasize turning skills into habits in the real

world. CCT/CogSMART have been used as an adjunct with behavioral therapy for hoarding
disorder (Ayers et al., 2014, 2017) and with behavioral weight loss for adults OW/OB
(Eichen et al., 2021). These approaches have demonstrated feasibility, acceptability, and
preliminary efficacy. Accordingly, combining CCT/CogSMART with CBT could enhance
outcomes for the treatment of BED.

The current study aimed to evaluate incorporating CCT/CogSMART into standard CBT
(EF-CBT) compared to standard CBT in a pilot randomized controlled trial for adults with
BED and comorbid mood or anxiety symptoms. The primary aim of this study was to
evaluate the feasibility and acceptability of EF-CBT. We hypothesized that EF-CBT would
be at least as feasible and acceptable as CBT alone. Secondarily, we aimed to explore
preliminary efficacy by evaluating change in LOC, clinical impairment, anxiety, depression,
and body mass index (BMI). We hypothesized that EF-CBT would show greater preliminary
efficacy than CBT. Exploratory moderator analyses aimed to evaluate the impact of EF on
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LOC outcomes. We hypothesized that those with lower EF would have better outcomes in
the EF-CBT arm.

2. Methods
2.1. Participants and procedures

2.2.

Participants were 39 adults (see Fig. 1) recruited from the community through online
recruitment resources such as ResearchMatch and clinicaltrials.gov (NCT04242550),
advertising for a study called Binge Eating Anxiety and Mood (BEAM). Additionally,
individuals who inquired about clinical BED treatment services were referred if they
expressed interest in the research study. All procedures were conducted remotely due

to COVID-19, recruitment occurred between June of 2020 and February of 2021

and participants were aware all assessments and treatment would take place remotely.
Participants were adults aged 18-65 years with English fluency who met criteria for
clinical or subclinical BED and a comorbid mood or anxiety disorder. Exclusion criteria
included a known cognitive disability, psychiatric condition that would interfere with
program participation (e.g., significant substance abuse, suicide attempt within previous
6 months, active suicidality, active purging, psychosis,); pregnant, lactating or planning to
become pregnant during study or follow-up; change in psychotropic medications or other
medications that could impact weight, binge eating, anxiety, or mood disorder symptoms
within the past three months, participating in an organized program for binge eating or
overeating.

All procedures were approved by the UC San Diego Institutional Review Board and all
participants provided informed consent. Following consent, participants completed baseline
assessments remotely via HIPAA-compliant videoconference meetings. Participants who
remained eligible were randomized to one of the two groups, CBT or EF-CBT via block
randomization by sex assigned at birth and BMI status (<25 kg/m? or = 25 kg/m?). Group
treatment occurred via 14, 60-minute HIPAA-compliant videoconference sessions over the
course of four months (weekly for first 12 sessions; then biweekly). Participants completed
additional remote assessments immediately post-treatment and at 2-month follow-up. The
current analyses focused on the 32 adults with OW/OB, as seven participants with BMI
<25 were misallocated disproportionally to one arm (5 vs 2) due to errors within this
randomization block. Additionally, previous research suggested that individuals with BED
without OW/OB have distinct characteristics and thus a disproportionate allocation risked
design balance (Goldschmidt et al., 2011). See Table 1 for demographic characteristics.

Intervention

Both interventions were conducted by a licensed clinical psychologist (DME) and a
registered dietician who were both experienced in the delivery of CBT. Each of the 14
sessions were 60 min long and groups met weekly for 12 weeks and biweekly for the last

2 sessions. Treatment materials for both groups included weekly PowerPoint sessions with
the didactic content which was shared via email to participants and shown on screen to help
ensure fidelity.
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2.2.1. CBT—AIl groups followed the same structure and started with check in/review of
homework, followed by introduction of the new topic covered with time for skill practice,
and ended with a summary of content reviewed and homework assigned. The CBT content
was derived from established CBT programs (Fairburn et al., 1993; Mitchell et al., 2007). To
help reinforce the CBT content, all participants were provided the book Overcoming Binge
Eating (Fairburn, 2013) and were assigned to read the corresponding material in the book
as homework after the content was reviewed in group. All participants were encouraged

to self-monitor their eating episodes daily via the Recovery Record app (Tregarthen et

al., 2015) or on paper and weigh themselves weekly. Participants were encouraged to
establish regular eating of meals and snacks and were taught to identify cues and triggers

of binge eating as well as consequences of binge eating. Focus was placed on the link
between thoughts, emotions, and behaviors, with a focus on modifying thoughts. Additional
content was provided on managing emotions, self-esteem, body checking behaviors, body
avoidance, food avoidance, addressing strict dieting, and creating a relapse prevention plan.

2.2.2. EF-CBT—Participants in the EF-CBT group received all elements of the CBT
group described above. Additionally, cognitive training exercises adapted from CCT/
CogSMART (Twamley et al., 2010) were integrated each week and were tied to the

CBT topic. Domains addressed included: cognitive flexibility, inhibition, problem solving,
planning, organization, and prospective memory. For example, participants were taught
about time management and prioritization. Then, participants were encouraged to use a
calendar to help ensure there were no barriers to group attendance. Participants were taught
the benefits of weekly planning and how to incorporate reminders such as alarms, can’t miss
reminders, and linking tasks to help them remember to utilize skills (e. g., setting alarms to
cue self-monitoring of meals). Participants worked on establishing routines that incorporated
CBT recommendations such as regular eating to facilitate habit development. Strategies to
help improve problem-solving such as utilizing self-talk and learning how to effectively
brainstorm were also included.

Measures

2.3.1. Feasibility and acceptability—Feasibility was assessed by attendance at group
sessions. Acceptability was assessed by responses to questions created for this study on

the post-treatment survey. Questions were asked on a 5-point Likert scale ranging from
0-Strongly Disagree to 4- Strongly Agree and included “The program was helpful to me
overall”, “The program helped me reduce my binge eating”, and “I would recommend the
program to someone with binge eating”.

2.3.2. Loss of control/binge eating—The Eating Disorder Examination (Cooper &
Fairburn, 1987; Fairburn et al., 2008) version 17.0 was administered to all participants

at all timepoints. At baseline, it was used as a screening measure to ensure participants

met inclusion criteria. All participants needed to endorse at least 12 binge eating episodes
(objectively large amount of food plus sense of LOC) at baseline over the past three months.
The total number of days with LOC over the past 3 months (regardless of size) was used

as the main outcome to assess change in LOC symptoms over the course of treatment and
follow-up. LOC days were collapsed into different intervals of levels of days of LOC over

Eat Behav. Author manuscript; available in PMC 2024 February 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Eichen et al.

Page 6

the past 3 months for analysis as an ordered categorical index of increasing frequency of
LOC days. The levels included a ‘no LOC’ level and then the remaining categories consisted
of increasing intervals of LOC over the past 3 months (e.g., 1-7 days, 8-14 days, 15-21
days, 22-35 days and > 35 days) to balance the number of observations across categories.
Conceptually, results should be interpreted as a change in the level of number of days of
LOC over the past 3 months.

2.3.3. Mood and anxiety—The MIN/ International Neuropsychiatric Interview
(Sheehan et al., 1998) (MINI) 7.0was a psychodiagnostic interview conducted at baseline
to evaluate inclusion/exclusion criteria. Additionally, the Patient Health Questionnaire-9
(Kroenke et al., 2001) (PHQ-9) was administered to assess depressive symptomatology and
the General Anxiety Disorder-7 (Spitzer et al., 2006) (GAD-7)was administered to assess
anxiety symptomatology across all timepoints. Participants met inclusion criteria for mood
or anxiety disorder if they met criteria on the MINI for a mood or anxiety disorder and/or

if their PHQ-9 or GAD-7 scores were in at least the range for mild depression or anxiety
symptoms. Despite evaluating for this criterion, no participants were solely excluded for this
reason. For both the PHQ-9 and GAD-7 higher scores equate to greater psychopathology.

2.3.4. Executive function—The Wisconsin Card Sorting Test— 64 Card Version
(Kongs et al., 2000) (WCST)was administered remotely over Zoom following telehealth
administration guidelines (PAR Staff, 2020). The total errors t-score (corrected for age and
education) was used with lower scores representing lower EF. Reliability (split-half) of
WSCT scores has been estimated to be =0.90 for in-person and computer administrations
(Steinke et al., 2021). The Behavior Rating Inventory of Executive Function-Adult Version
(Roth et al., 2005) (BRIEF-A) was administered to capture participants’ views of their
own EF in their everyday environment. The Global Executive Composite (GEC) or overall
summary score age-adjusted t-score was used with higher scores representing lower EF.
The GEC and BRIEF-A scales have demonstrated internal consistency reliability of 0.93—
0.96 (Roth et al., 2005). The Problem-Solving Inventory (Heppner, 1988) (PS/)— was
administered to assess participants’ views of their problem solving abilities. The inventory
produces three scores: problem solving confidence (coefficient alpha = 0.89), approach-
avoidance style (coefficient alpha = 0.88), and personal control (coefficient alpha = 0.74)
with higher score reflective of lower EF. Lastly, the Detail and Flexibility Questionnaire
(Roberts et al., 2011 )(DFlex) was administered to assess cognitive rigidity (coefficient alpha
= 0.82) and attention to detail (coefficient alpha = 0.81). Higher scores represent lower EF.

2.3.5. Anthropometrics—Participants self-reported their height at baseline and weight
at all assessments. Height and weight were converted to BMI (kg/m?). If participants did not
have a home scale, one was provided.

2.3.6. Demographics—Participants self-reported their demographics, including age, sex
assigned at birth, race, ethnicity, and years of education.
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2.4. Analyses

We used ordinal mixed effects models with a cumulative link (ordinal - Regression models
for ordinal data. Version R package version 2019.12-10, 2019) to assess ordered categories
of increasing frequency of LOC days from baseline to post-treatment and 2-month follow-up
assessments. Covariates included sex at birth, baseline BMI, age and race-ethnicity in all
models evaluating differences between EF-CBT and CBT treatments. Covariate adjusted
effects reflecting probability of LOC episodes were generated from models using the
‘effects’ package (Fox, 2003; Fox & Hong, 2009). Moderators of treatment effects on
outcomes were evaluated with an interaction term reflecting potential differences in level
of change in outcomes for each treatment across time (moderator*treatment*time). Linear
mixed effects models were used for the other continuous outcomes using the Ime4 package
(Bates et al., 2015) with the same covariates. Multi-way interactions always included lower
order terms.

3. Results

3.1.

Feasibility and acceptability

Both groups were well attended. On average, participants in the EF-CBT group attended
11.6 sessions (SD = 3.4; median = 13), while participants in the CBT group attended 10.1
sessions (SD = 4.7; median = 12). Both groups were also well accepted. In total, 92.9 % (13
of 14) of participants in EF-CBT and 83.3 % (10 of 12) in CBT responded that they agreed
or strongly agreed that the treatment was helpful overall. 73.3 % (11 of 15) of participants in
EF-CBT and 58.3 % (7 of 12) of participants in CBT responded that they agreed or strongly
agreed that the treatment was helpful to reduce their binge eating. 93.3 % (14 of 15) of
participants in EF-CBT and 100 % (13 of 13) in CBT agreed or strongly agreed that they
would recommend the program to someone else.

3.2. Loss of control

Both groups significantly decreased levels of LOC days over the past 3 months from
baseline to post-treatment (B = —4.28; SE = 0.92; p< 0.001) and baseline to 2-month
follow-up (B = —5.34; SE = 1.04; p < 0.001). Model estimates of covariate-adjusted post-
treatment probability of 7 or more LOC days over the past 3 months was 0.52 (95%ClI:
0.32-0.72) and 0.82 (95%ClI: 0.66-0.97) for CBT and EF-CBT, respectively. At 2-months,
the covariate-adjusted probability of 7 or more LOC days was 0.27 (95%Cl: 0.10-0.45) and
0.56 (95%CI: 0.35-0.77) for CBT and EF-CBT, respectively. There were no differences in
LOC between the groups at post-treatment (B = 0.87, SE = 1.04; p= 0.40) or 2-month
follow-up (B = 0.65; SE = 1.07; p=0.55). See Fig. 2 & Table 2.

3.2.1. Moderators of LOC—Given that EF-CBT was developed to improve outcomes
for individuals with lower EF, we explored EF variables as moderators of LOC outcome.

We found that participants who had lower EF at baseline, as measured by the GEC on

the BRIEF-A, were less likely to have LOC at post-treatment in the EF-CBT compared to
CBT group (B =-0.37; SE = 0.12; p=0.002; see Fig. 3a). Among those with lower EF

at baseline (i.e., GEC >75th percentile) who received EF-CBT compared to CBT had an
estimated 0.26 lower probability of 7 or more LOC days at post-treatment. Conversely, those
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with higher EF at baseline (i.e., GEC <25th percentile) who received EF-CBT compared to
CBT had an estimated 0.87 higher probability of 7 or more LOC days at post-treatment.
Similarly, participants who had lower EF at baseline as measured by WCST total were less
likely to have LOC at post-treatment in the EF-CBT compared to CBT group (B = 0.30; SE
=0.12; p=0.02; see Fig. 3b).

3.2.2. Tracking as a potential mechanism—We evaluated self-monitoring as a
potential mechanism across the sample. We found that increased self-monitoring over the
course of treatment was significantly related to a lower probability of LOC at post-treatment
(B =-1.32; SE = 0.62; p=0.039). Adults with poorer EF as measured by higher rigidity
scores on the DFlex questionnaire (B = 0.18; SE = 0.08; p = 0.03) were more likely to

track in the EF-CBT compared to CBT condition (see Fig. 4A). Adults with poorer EF
(DFlex scores at the 75th percentile) had a 0.79 (95%ClI: 0.51-0.93) probability of reporting
tracking 1 or more meals in EF-CBT compared to 0.28 (95%CI: 0.08-0.62) in CBT. Adults
with higher EF (DFlex scores at the 25th percentile) had a similar probability of reporting
tracking 1 or more meals in EF-CBT (prob = 0.51 (95%ClI: 0.25-0.77)) compared to those
in CBT (prob = 0.61 (95%CIl: 0.34-0.82)). Similarly, adults with poorer EF as measured by
higher scores on the PSI personal control subscale (B = 0.66; SE = 0.17; p < 0.001) were
also more likely to track in EF-CBT compared to CBT (see Fig. 4B).

3.3. Clinical impairment assessment

Both groups significantly decreased clinical impairment from baseline to post-treatment (B
=-7.32; SE = 2.55; p=0.006) and to the 2-month follow-up (B = —8.58; SE = 2.54; p=
0.001) but there were no differences in the amount of change in clinical impairment between
the groups at post-treatment (B = -2.77, SE = 3.52; p= 0.44) or 2-month follow-up (B =
-4.23; SE = 3.56; p=0.24); see Table 2.

3.4. Depression/anxiety

3.5.

BMI

Both groups reported significantly decreased depression from baseline to post-treatment (B
=-3.16; SE = 1.21; p=0.011) and to the 2-month follow-up (B = -5.41; SE = 1.23; p

= 0.001) but there were no differences in the amount of change in depression between the
groups at post-treatment (B = 0.19, SE = 1.76; p=0.92) or 2-month follow-up (B = —0.55;
SE = 1.80; p=0.76). Anxiety did not significantly change at any assessment (ps > 0.05). See
Table 2.

There were no significant changes in weight across the entire sample at post-treatment or
two-month follow-up (ps > 0.05). Furthermore, there was no main effect of group on change
in weight. See Table 2.

4. Discussion

This pilot randomized controlled trial was the first to evaluate the impact of adding
compensatory executive function training, by incorporating CCT/CogSMART strategies
into CBT. As hypothesized, results showed that EF-CBT was feasible and acceptable,
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comparable or better than CBT. Both EF-CBT and CBT similarly decreased levels of LOC
and depression at post-treatment and two-month follow-up. Neither treatment was related to
any significant decreases in anxiety or BMI.

Exploratory moderator analyses were conducted to better understand if levels of EF prior to
treatment were associated with differences in response to EF-CBT and CBT interventions.
These analyses showed that individuals with lower EF within this sample were less likely
to have LOC at post-treatment if they were in the EF-CBT rather than CBT group. These
findings suggest that adding EF training to CBT may promote skills that aid individuals
with lower EF in managing binge behavior. Thus, EF-CBT may potentially help a subset of
those 50 % who do not respond in the long term. Interestingly, the converse also appeared
to be true such that those with higher EF were more likely to have LOC following treatment
in EF-CBT. Accordingly, these exploratory moderator analyses may suggest that EF-CBT
only be offered to those with lower EF. Again, as this is a small pilot study, these findings
should all be interpreted with caution without replication in larger samples. However, it

is possible that providing EF strategies to those who may not need them as much may
cause participants to lose interest and perhaps not pay attention to some of the other core
curriculum to reduce binge eating.

Not surprisingly, this study found that greater compliance with self-monitoring over the
course of treatment resulted in greater reductions of LOC eating. This finding is consistent
with previous research that showed that greater compliance with self-monitoring was related
to greater reductions in binge eating (Srivastava et al., 2021). Self-monitoring can be
challenging for many participants and requires considerable amounts of EF. Importantly,

we found that participants with lower EF were more likely to self-monitor in EF-CBT
compared to CBT. Thus, self-monitoring represents a potential mechanism of action which
can be improved by using targeted treatments, such as EF-CBT.

As with previous studies (Agras et al., 1995; Wilfley et al., 2002), despite decreases in LOC,
there were no changes in weight in either arm of the study. Following the principles of

CBT, both groups were informed that the goal of treatment was to focus on reducing binge
eating first rather than weight change. The only recommendation regarding weight was for
participants to weigh themselves weekly. Additionally, this treatment was only four months
long with a two-month follow-up and this study was underpowered to detect differences
between two active treatment arms. However, almost all participants stated that they wanted
to lose weight. Given the strong desire by most participants to lose weight, new treatments
that both reduce binge eating and help with weight management may be warranted for
longer term remission of BED.

Results of this study should also be considered in the context of the timing of the study. This
study was conducted early during the COVID-19 pandemic when many individuals were
under mandated quarantines. Thus, some individuals may have experienced fewer triggers
for binge eating or LOC (eating out; drive thru) while others may have experienced more
(due to loneliness/isolation, increased anxiety, and financial stress). Relatedly, it is possible
that the lack of change in anxiety and weight may have been due to the timing of the trial

as many individuals experienced fluctuations of anxiety during the pandemic and policies
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related to quarantines and social distancing resulted in reduced physical activity behaviors
for many individuals and increased isolation.

Strengths of this study include the development and initial evaluation of a treatment aimed
at targeting a potential mechanism, executive function, which may be related to failure in
CBT. The treatment was delivered virtually, which allows for ease of dissemination and
increased reach. Despite this novel treatment development, there are limitations that need to
be noted. This is a very small pilot study and should be viewed as a proof-of-concept study
for EF-CBT and the findings should be interpreted with caution. Furthermore, all treatment
for this study was conducted during the COVID-19 pandemic, which may have impacted
outcomes. This treatment was tested among participants with BED and OW/OB and may
not apply to those without OW/OB. Additionally, all participants had a comorbid mood or
anxiety disorder making this a challenging sample for a proof-of-concept pilot; however, the
majority of individuals with BED have a comorbid psychiatric disorder (Udo & Grilo, 2019)
so it may be more representative of BED patients attending treatment. Lastly, we did not
include a measure of 1Q and thus we cannot say for sure whether the EF results may be
confounded with 1Q. Future research should continue to evaluate EF-CBT in large samples
to explore whether it continues to confer additional benefits for individuals with lower EF
and whether this is through the mechanism of self-monitoring. Additionally, future research
could explore whether EF-CBT has any benefits for individuals with BED without OW/OB.

Overall, this study was the first to evaluate adding CCT to CBT for BED. Results suggest
that EF-CBT was acceptable and feasible. Furthermore, it was efficacious in reducing

LOC, anxiety, and depression. Specifically, EF-CBT may benefit a specific phenotype of
individuals with BED, those with lower EF. EF-CBT may help a subset of individuals
achieve improved outcomes via increasing adherence to self-monitoring. Future larger
clinical trials are needed to better understand this mechanism and evaluate for whom EF-
CBT may be more beneficial. If proven to be efficacious, EF-CBT could provide a treatment
for those who may not respond to CBT, specifically those with lower EF. In conclusion,
results suggest that EF-CBT is a promising treatment worthy of more exploration.
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Participants screened for eligibility (n=163)

Excluded (n=131)
* Did not meet inclusion criteria (n=47)
* Out of age range (n=2)
Not enough binge eating (n=23)
Psychiatric condition (n=12)
Enrolled in another program (n=3)
History of learning disorder or

v

neurological disorder (n =2)
Change in medication (n=3)
¢ Pregnant, planning to become
pregnant, or lactating (n=2)
¢ Lost to follow-up (n=44)
* No longer interested in participating (n=13)
* Schedule conflict (n= 20)

Randomized = 39

/\

'

Completed Post-Treatment
Assessment = 15

!

CBT =21 EF-CBT =18
16 BMI >25 16 BMI > 25
5 BMI<25 2 BMI<25

|

Completed Post-Treatment
Assessment = 15

Completed 2-month Follow-
up Assessment = 12

Completed 2-month Follow-
up Assessment = 14

!

!

Included in analyses = 16 BMI>25

Included in analyses = 16 BMI > 25

Fig. 1.

Flow of participants in the Binge Eating Anxiety and Mood (BEAM) Study.
Note: CBT = Cognitive Behavioral Therapy; EF-CBT = CBT + Executive Function

Training;
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Fig. 2.

Both CBT and EF-CBT significantly decreased loss of control (LOC) at post-treatment and

2-month follow-up.

Note: CBT = Cognitive Behavioral Therapy; EF-CBT = CBT + Executive Function

Training; Graph depicts average LOC days at each assessment.
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BRIEF-A: Global Executive Composite
(Higher Scores = Lower EF)
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1.00
0.751
0.501
0.251
0.00
20 30 40 50 60 20 30 40 50 60

WCST: Total Errors T-Score
(Lower Scores = Lower EF)

Fig. 3.

Pagrticipants with lower executive function at baseline were less likely to have loss of control
at post-treatment. a BRIEF-A — Global Executive Composite. b WCST - total errors.

Note: CBT = Cognitive Behavioral Therapy; EF-CBT = CBT + Executive Function; BRIEF-
A = Behavior Rating Inventory of Executive Function — Adult Version; WCST = Wisconsin

Card Sorting Test; LOC = loss of control; EF = executive function.
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Fig. 4.
Participants with lower executive function were more likely to self-monitor in the EF-CBT

compared to CBT group. a DFlex-Rigidity b PSI-Personal Control.
Note: CBT = Cognitive Behavioral Therapy; EF-CBT = CBT + Executive Function; D-Flex
= Detail and Flexibility Questionnaire; PSI = Problem Solving Inventor.
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Demographic characteristics.

Table 1

CBT (n=16) EF-CBT (n=16) All (N=32)

Age M (SD) 4369 (13.71)  46.60 (13.17) 45.10 (13.31)
Sex

Female 14 12 26

% 88 % 75 % 81 %

Male 2 4 6

% 12 % 25% 19 %
Race-ethnicity

White 9 13 22

% 56 % 81 % 69 %

Hispanic or Latino 3 1 4

% 19 % 6 % 12 %

Other 4 2 6

% 25% 12 % 19 %
Education

Less than college graduate 6 1 7

% 38 % 6 % 22%

College graduate 3 8 11

% 19 % 50 % 34 %

Advanced degree 7 7 14

% 44 % 44 % 44 %
BMI (kg/m2) M (SD) 36.32(9.26)  37.76 (9.91) 37.04 (9.46)
Total loss of control days 58.38 63.19 (27.91) 60.78

(EDE) (28.54) (27.87)

Eat Behav. Author manuscript; available in PMC 2024 February 05.

Page 20



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Eichen et al.

Table 2

Means and Standard Deviations of Examined Outcomes at each Timepoint.

Baseline Post-treatment  2-Month follow-up
M (SD) M (SD) M (SD)

LOC days
CBT 58.38 (28.54) 14.21(15.34)  8.09 (11.41)
EF-CBT 63.19(27.91) 20.14(20.74) 12 (22.34)
CIA
CBT 23.62(8.27) 14.93(1145)  13.05(9.32)
EF-CBT 23.03(11.44) 12.40 (9.58) 10.07 (7.08)

PHQ-9
CBT 1325 (6.57)  9.31(6.29) 6.42 (3.82)
EF-CBT 10.31(7.00) 7.33(4.73) 450 (4.01)

GAD-7
CBT 8.69(6.41)  7.00(6.18) 6.00 (4.69)
EF-CBT 8.11(6.54)  6.40 (5.04) 5.07 (4.98)

BMI
CBT 36.32(9.26)  35.44 (8.12) 34.63 (6.97)
EF-CBT 37.76(9.91)  37.95(9.66 38.09 (9.25)

Note: CBT = Cognitive Behavioral Therapy; EF-CBT = CBT + Executive Function; LOC = loss of control; CIA = Clinical Impairment
Assessment; PHQ-9 = Patient Health Questionnaire-9; GAD-7 = Generalized Anxiety Disorder-7; BMI = body mass index.
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