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ABSTRACT
Objective: To develop and test the effectiveness of the eBEfree program, a 12-session app-based version of a previously tested 
psychological intervention (BEfree) that combines psycho-education, self-compassion, mindfulness, and Acceptance and 
Commitment Therapy to reduce binge-eating symptoms.
Method: Two-hundred participants with recurrent elevated binge-eating symptoms and a higher body weight were enrolled 
in a remote parallel-group randomized trial, of which 142 completed the initial assessment (70 in the intervention group). The 
end-of-treatment and follow-up assessments were conducted 12 weeks after the initial assessment and 26 weeks after the end of 
treatment, respectively. Intention-to-treat (ITT) analyzes were undertaken using frequentist linear mixed models and Bayesian 
hierarchical models to test the intervention effectiveness.
Results: 43 (waitlist control) and 29 (intervention) participants completed the end-of-treatment assessment, showing a high 
attrition rate (51%). ITT analyzes showed the eBEfree program to be associated with a significant reduction in binge eating symp-
tomatology from baseline to end-of-treatment (β = −9.49, ρ < 0.0001, g = −1.17), and from end-of-treatment to 26-weeks follow-up 
(β = −6.01, ρ = 0.04, g = −1.08). At end-of-treatment, the intervention was also associated with a decrease in body mass index 
and depression symptomatology, as well as an improvement in dimensions of self-criticism and mindfulness. More than 80% of 
participants rated the quality of the program as positive and helpful.
Discussion: This trial suggests potential benefits of the eBEfree program to help individuals manage symptoms of binge-eating 
more effectively, reduce weight, and improve well-being and mental health. The intervention benefits should be confirmed in 
future larger trials.
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properly cited.

© 2025 The Author(s). International Journal of Eating Disorders published by Wiley Periodicals LLC.

https://doi.org/10.1002/eat.24432
https://doi.org/10.1002/eat.24432
https://orcid.org/0000-0001-8054-6473
mailto:
mailto:
mailto:c.duarte@yorksj.ac.uk
mailto:jpgouveia@fpce.uc.pt
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Feat.24432&domain=pdf&date_stamp=2025-03-29


2 of 20 International Journal of Eating Disorders, 2025

Public Significance: Treating binge-eating (BE) symptoms and associated comorbidities might be challenging for mental 
health services. Digital and app-based interventions can be a valuable resource to help people manage symptoms and improve 
well-being and mental health. The current trial suggests the potential benefits of an app-based intervention (eBEfree program) to 
help people reduce BE symptoms and develop psychological strategies to promote well-being and mental health.
Trial Registration: Clini​caltr​ials.​gov: NCT04101032 (“eBEfree—an ICT Adaptation of BEfree”)

1   |   Introduction

Binge-eating disorder (BED) is a potentially disabling condi-
tion entailing negative consequences for health, psychological, 
and social functioning (di Giacomo et al. 2022; Giel et al. 2022; 
Keski-Rahkonen 2021; Mourilhe et al. 2021). Although BED is 
common in individuals with a healthy body weight, it has also 
been associated with a high risk for long-term overweight and 
obesity (Keski-Rahkonen 2021; Santomauro et al. 2021; Udo and 
Grilo 2018). A large population-based study estimated a mean 
body mass index of 34.9 in individuals with a 12-month BED 
diagnosis (Udo and Grilo 2018). In a 10-year prospective study, 
eating disorders, including binge eating, were associated with 
a threefold increase in lifetime obesity, with individuals with 
binge eating showing the highest rates of obesity (88%) (Villarejo 
et al. 2012). Previous research has also highlighted the elevated 
co-occurrence of binge-eating symptoms in individuals seeking 
weight loss treatment and in individuals at the pre-operative 
stage of bariatric surgery (Ágh et al. 2015; Dawes et al. 2016).

Recent meta-analyzes have highlighted heterogeneous results of 
treatment effectiveness in individuals with elevated binge eating 
symptomatology (Hilbert et al. 2019, 2020). The effect sizes are 
moderate to high (in comparison with inactive controls) in phar-
macological treatments, mainly testing second-generation anti-
depressants (0.45, [95% CI: 0.34–0.57]), and in psychological 
treatments, mainly testing cognitive-behavioral therapy (0.83 
[95% CI: 0.45–1.2]) for reducing binge-eating episodes. However, 
the effect sizes get considerably lower when examining the treat-
ments' effects on reducing body mass index, both at the end-of-
treatment and follow-up analysis (Hilbert et al. 2019, 2020), with 
the same meta-analyzes reporting an overall low study quality 
and unclear/low level of evidence, due to studies' limitations, 
inconsistencies, indirectness, imprecision, and publication bias 
(Hilbert et al. 2019, 2020).

Among psychological treatments tested for BED, cognitive-
behavioral based therapies have shown promising results to 
reduce binge-eating symptoms and to improve mental health 
(e.g., reducing eating disorder psychopathology and depression) 
(Grilo et al. 2020; Hilbert et al. 2019, 2020; Linardon et al. 2017). 
Other psychological interventions such as mindfulness-based 
and compassion-focused therapies have also shown poten-
tial for reducing binge eating behaviors and comorbid mental 
health problems (Duarte et al. 2021; Grohmann and Laws 2021; 
Katterman et al. 2014; Kelly and Carter 2015; Messer et al. 2021; 
Sala et al. 2020; Serpell et al. 2020; Warren et al. 2017). A ran-
domized trial found an association between self-compassion 
strategies developed through an 8-week mindful self-
compassion group intervention and an improvement in negative 
affect linked to binge-eating behavior and also an improve-
ment in food-related self-regulation and calorie intake (Serpell 

et  al.  2020). A large-scale interventional study suggested the 
potential benefit of a compassion-based intervention to reduce 
binge-eating symptoms and to improve psychological adjust-
ment and mental health (Duarte et al. 2021). The study found 
compassion, self-reassurance, and a reduction in self-criticism 
to mediate the positive effect of the compassion-focused inter-
vention on binge-eating behaviors.

Mindfulness-based interventions have been tested on individ-
uals with elevated binge-eating symptoms (Grohmann and 
Laws 2021; Katterman et al. 2014). A meta-analysis examining 
11 randomized controlled trials highlighted the potential bene-
fit of mindfulness-based interventions for reducing binge eating 
severity (Hedge's g = −0.39; 95% CI: −0.68, −0.11), although the 
significant effect was only seen at the end of treatment, with 
no maintained effect at follow-up (Grohmann and Laws 2021). 
Improvements in depression symptomatology, emotion reg-
ulation, emotional eating, and binge-eating behaviors have 
also been found in mindfulness-based interventions, includ-
ing in psychological therapies with a mindfulness component 
(Grohmann and Laws 2021; Warren et al. 2017).

Intervention programs combining different therapeutic ap-
proaches have also been tested for managing binge-eating symp-
tomatology. A randomized controlled trial tested a 12-sessions 
group psychological intervention program for people with binge-
eating and overweight or obesity (BEfree program). This program 
incorporated different therapeutic approaches such as psycho-
education, self-compassion, mindfulness, and Acceptance and 
Commitment Therapy (ACT) (Pinto-Gouveia et al. 2019). Main 
end-of-treatment findings suggested a positive intervention 
effect on the reduction of BED symptoms (Cohen's d = 1.95), 
including in disordered eating (Cohen's d = 1.34) and also a re-
duction in body mass index (Cohen's d = 0.52). An improvement 
was seen in individuals' body-image related symptoms, shame, 
self-criticism, body-image flexibility, self-compassion, and gen-
eral quality of life. The intervention-related improvements were 
maintained at 3-and 6-month follow-up. The BEfree program 
was designed to target key psychological and behavioral issues 
that have been previously identified to be closely associated with 
recurrent elevated binge eating symptomatology. This includes 
negative emotions and thoughts that are recurrently experi-
enced by these individuals, triggering maladaptive eating be-
haviors such as binge eating (di Giacomo et al. 2022; Lee-Winn 
et al. 2016; Wilson et al. 2021), lower cognitive control combined 
with higher negative affect (Vainik et  al.  2019), poor emotion 
regulation (Svaldi et al. 2012), addictive behavior (di Giacomo 
et al. 2022), avoidance (Rotella et al. 2015), shame and negative 
body image (Norder et al. 2023; O'Loghlen et al. 2022).

The current study aims to extend the findings of the previous 
research that showed the effectiveness of an integrated group 
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psychological intervention for managing binge eating symp-
tomatology in individuals with overweight or obesity (BEfree 
program; Pinto-Gouveia et  al.  2019). The main goal is to de-
velop and test the effectiveness of a digital version of the BEfree 
program, the eBEfree program, which is designed to tackle the 
significant gap in the uptake of mental health services among 
individuals with recurrent binge-eating symptoms and a higher 
body weight (overweight and obesity), and to offer a potentially 
sustainable resource to address and manage binge-eating symp-
tomatology. As in the BEfree trial, the choice of a subsample 
of individuals with a higher body weight is justified by the el-
evated comorbidity of both conditions, making these individ-
uals potentially more susceptible to complex health conditions 
(e.g., multimorbidity, obesity related diseases) (Giel et al. 2022; 
Keski-Rahkonen 2021). In line with the BEfree trial, the eBE-
free program was designed to incorporate different therapeutic 
approaches (Psycho-education, self-compassion, mindfulness, 
and acceptance and commitment therapy), as previous research 
had already suggested their individual potential to tackle psy-
chological and behavioral issues related to BED (Hermanto and 
Zuroff  2016; Hill et  al.  2015; Kelly and Carter 2015; Kristeller 
and Wolever 2010).

It is hypothesized that participants randomized to receive 
the intervention (eBEfree program) would present greater 
improvements in the primary outcome, binge-eating symp-
toms, at end of treatment (12-weeks after baseline) and at 
26 weeks follow-up. Additionally, it is also hypothesized that 
there would be an improvement in secondary outcomes as-
sociated with the eBEfree intervention at end of treatment 
and follow-up stages, namely: body mass index; well-being; 
mindfulness; self-compassion; cognitive fusion in relation to 
body image (as part of the ACT component, which conceptu-
alizes cognitive fusion as the tendency for over-regulated and 
cognitively influenced behavior); acceptance (ACT compo-
nent); shame; self-criticism; depression symptomatology; and 
values-based behavior related to the clarification of health-
related values and reflection on obstacles that have prevented 
living in accordance with those values.

2   |   Materials and Methods

2.1   |   Design

This study is a remote parallel-group randomized trial com-
paring two groups of individuals with recurrent elevated 
binge eating symptoms and a higher body weight: (1) a group 
assigned to receive a 12-session/week digital and app-based 
mental health intervention based on the previously tested 
BEfree program (Pinto-Gouveia et  al.  2019), which com-
prises an integrative therapeutic approach combining psycho-
education, self-compassion, mindfulness, and acceptance and 
commitment therapy; (2) a waitlist control group. Assessments 
were conducted at baseline, at 12 weeks post-randomization 
(end-of-treatment), and 26 weeks after the end-of-treatment 
(follow-up), to stick with the same trial assessment proto-
col adopted in the Befree trial (Pinto-Gouveia et  al.  2017). 
Participants completed online self-report questionnaires (de-
tailed below) which were already translated and validated to 
the Portuguese population. The original study design included 

a hybrid version of the trial, with participants being assigned 
for in-person assessments and remotely delivered interven-
tions. However, because this study was conducted during the 
SARS-COV-2 pandemic, we had to adjust the original trial 
protocol to make all trial procedures, including trial recruit-
ment and assessment activities, run remotely. The current 
therapeutic program is called eBEfree, which is a digital adap-
tation of the previously tested BEfree program (Pinto-Gouveia 
et al. 2019).

Prior to trial commencement, a pilot study was conducted 
with 10 participants, to check the adequacy and usability of 
our app-based program, including the content (audios, videos, 
texts), and duration of session. The feedback collected from 
participants was taken to improve and finalize the final ver-
sion of the app-based program, ready to be delivered in the 
randomized trial.

The trial received ethical clearance from different institutional 
ethical committees, includingthe University of Coimbra and 
from the Regional Health Administration from the Portuguese 
National Health System (ref.: 98/2019), and was registered 
(ref.:  NCT04101032). All participants were informed about 
all study procedures, includingblind randomization, online 
questionnaire, intervention format, content and duration, and 
gave their consent before any interview, assessment, or ran-
domization procedure had taken place. The study was entirely 
conducted according to the Helsinki declaration and received 
informed consent from all participants.

2.2   |   Study Sample and Recruitment

Participants were recruited from February to July 2021 via 
public advertisements, including: University of Coimbra press 
releases; social media (weight management groups, obesity 
association groups, university social media pages); regional 
and national press and radio stations; and on the project web-
site (https://​ebefr​ee.​uc.​pt/​). On the website, we provided edu-
cational and more detailed content on the eBEfree program: 
what it is; for whom; how it was created (from BEfree pro-
gram); what Binge Eating Disorder is (generic information); 
how the program works; how many sessions there are and 
their content; how to register interest to participate; and who 
we are (the research team). In the advertisement, potential 
participants were informed about basic eligibility criteria, 
which were adopted from the previous trial (BEfree program), 
such as: age (18–55); having overweight or obesity (body mass 
index equal or greater than 25); having access to a smartphone 
and willingness to use it; and not being enrolled in the BEfree 
trial (Pinto-Gouveia et al. 2019).

Potential participants who registered their interest were first in-
terviewed online by one of the eBEfree researchers who were 
also certified clinical psychologists. The online interviews were 
designed to meet the following goals: (1) to provide participants 
with a more detailed description of the eBEfree program, how 
it works, its content, duration, potential challenges, realistic 
goals, expectations, and assessment procedures; (2) to check 
participants' full eligibility to participate in the trial; and (3) 
if the participant was eligible, to discuss their motivation and 
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expectations in relation to the program, including realistic goals 
and potential challenges during the program and main goals to 
be met at the end of the program.

Full inclusion criteria to participate in this trial included the 
basic inclusion criteria previously mentioned, plus: presence 
of elevated binge-eating symptomatology; absence of severe 
depressive symptomatology, to avoid having participants with 
more complex mental health needs (e.g., suicide ideation), need-
ing more immediate medical/psychological intervention that 
would interfere with our trial program; absence of other en-
during mental health problems, such as personality disorders, 
and psychosis; and are not receiving other form of psycholog-
ical or psychiatric intervention. Symptoms of binge-eating 
were assessed by two qualified clinical psychologists using 
semi-structured clinical interviews based on DSM-5 criteria 
for BED (American Psychiatric Association  2013), and using 
the Binge-Eating Scale (BES) (Gormally et al. 1982) (score > 17, 
which suggests binge-eating symptoms (Marcus et  al.  1985)). 
Severe depressive symptomatology was assessed using the Beck 
Depression Inventory (BDI) (Beck et al. 1961) (score < 30), plus 
clinical interviews using the DSM-5 criteria. The same inter-
views were also used to screen participants for other enduring 
mental health problems, such as suicidal ideation, personality 
disorders, and psychosis. Participants not meeting any inclu-
sion criteria were excluded from the trial and not randomized. 
Participants' BMI was checked by asking eligible participants 
who agreed to participate and gave their consent to send (by 
email) a proof of height and current weight obtained from a 
pharmacy scale report obtained in within the previous week. No 
compensation was offered to participants other than the poten-
tial benefits of the intervention on their well-being and mental 
health.

2.3   |   Randomization

Participants who agreed to participate in the eBEfree pro-
gram were randomized into one of the two groups (eBEfree 
app-based program or waiting list) in a 1:1 ratio generated 
through an automated computer-based random sequence, 
using Microsoft Excel. The full randomization procedure was 
undertaken before any assessments. Full allocation conceal-
ment was not undertaken as two researchers had to be aware 
of which group participants had been allocated to (to manage 
the intervention), as well as participants who were aware of the 
intervention they were receiving. Two-hundred participants 
were randomized, with 72 participants in the control group 
and 70 participants in the intervention group completing the 
initial assessment. The trial flowchart is presented in Figure 1.

2.4   |   Trial Arms

The current trial comprised two arms, the intervention group 
composed of individuals randomly assigned to start receiving 
the eBEfree program and the waitlist control group. The con-
trol group did not get access to the eBEfree program while the 
intervention group was doing the program sessions (during the 
program 12-weeks). After the intervention group completed 
the intervention (end-of-treatment stage: 12-weeks after the 
program has been started), the control group started the eBE-
free program. The eBEfree program is a 12-week psychological 
therapeutic intervention based on the BEfree program, which 
has been successfully tested in a previous clinical trial (Pinto-
Gouveia et  al.  2019). The eBEfree program was therefore de-
signed to cover the following key topics: (i) Mindfulness skills 
to promote adaptive emotion regulation and improve eating 

FIGURE 1    |    eBEfree trial flowchart.
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behavior regulation; (ii) Compassion skills to promote motiva-
tion that supports sustained adaptive behavior regulation; (iii) 
The development of psychological flexibility and the promotion 
of values-based living (Acceptance and Commitment Therapy 
skills). The corresponding techniques for each topic were im-
plemented sequentially in a portfolio of digital-based tools, in-
cluding a platform with multimedia resources (e.g., videos of 
sessions) and mobile applications to promote the engagement 
of users (e.g., an online chat). The entire eBEfree program was 
made available in a ready-to-be-used app for smartphones and 
tablets using iOS or Android operating systems. The app was 
available to be installed, and afterwards, the registration was 
approved by the eBEfree team. The 12 sessions were designed 
to be done on a weekly basis, with sessions being released as 
the participant goes along with the program (e.g., session 2 is 
only available after session 1 has been completed and so on). 
However, all participants were able to come back to sessions al-
ready completed, to redo exercises or rewatch audios and videos. 
The content included in each session is presented in different for-
mats, such as videos, animated videos, audios, and text. Videos 
are typically presented with eBEfree therapists (members of the 
research team who are trained clinical therapists) explaining 
concepts and positive strategies to be adopted to tackle binge-
eating behaviors and other related emotional and cognitive-
behavioral issues (e.g., emotional regulation, negative/unwanted 
or triggering thoughts), including mindful eating, acceptance, 
and self-compassion. Animated videos have a similar purpose as 
the therapist videos and were designed to facilitate participants' 
engagement with the therapeutic activities and to present some 
concepts in a more ludic fashion. Audios were more focused on 
mindfulness and compassion-focused therapeutic activities (e.g., 
meditation) to provide participants with specific guidance on 
how to practice mindfulness and self-compassion in relation to 
themselves and, specifically, in relation to binge-eating behav-
iors. Texts include therapeutic and homework activities to mo-
tivate participants to practice mindfulness and self-compassion 
throughout the entire program, including in-between sessions. 
The app containing the eBEfree program was therefore devel-
oped to integrate different content formats (texts, audios, videos) 
ready to be used by participants in the most intuitive possible 
way, to facilitate engagement with the program. By the middle of 
the program (week 6), we invited all participants who were doing 
the program to attend an online group session to get intermedi-
ate feedback on the program and the app and see how they were 
engaging with the program. Our plan was to help participants 
engage with the program, improve any issues reported by partic-
ipants, and prevent further dropouts. The one-off optional online 
group sessions were chaired by the Principal Investigator (JPG) 
and/or an eBEfree therapist. In addition to the online group ses-
sion, we also promoted regular follow-up email contacts with 
participants to check their progress with the intervention, help 
them with any ongoing issues while using the app, and improve 
their engagement with the program to prevent further dropouts. 
All participants were invited to provide their feedback and expe-
rience of using the eBEfree app during the program, including 
reporting any emotional distress experienced during the pro-
gram, by emailing the eBEfree team. Finally, participants also 
had a Forum Chat included in the eBEfree app to share experi-
ences with other participants anonymously. The full description 
of the eBEfree program and some illustrative screenshots of the 
eBEfree app are presented in Supporting Information.

2.5   |   Study Assessments

Study assessments for all participants were undertaken 
at baseline, 12 weeks after baseline assessment (end-of-
treatment), and 26 weeks after the end-of-treatment point (fol-
low-up assessment).

2.5.1   |   Participants Characteristics

Participant baseline demographical and clinical data including 
age, gender, education level, socioeconomical status, and cur-
rent BMI were assessed via an online interview and an online 
survey. Participants' motivations for expressing interest in the 
eBEfree program, self-awareness of binge-eating behaviors, 
goals and expectations in relation to the program, motivation to 
change, and willingness to complete an online app-based men-
tal health program were assessed during the online individual 
interview by a qualified clinical psychologist part of the research 
team. Participant characteristics at baseline are presented in 
Table 1.

2.5.2   |   Primary Outcome

The primary outcome—binge eating symptomatology—
was collected using an online standardized questionnaire, 
the Binge-Eating Scale (BES) (Duarte et  al.  2015; Gormally 
et al. 1982). The questionnaire was filled in by all participants 
(control and intervention group) at baseline, 12 weeks after 
baseline (end-of-treatment), and 26 weeks after the end-of-
treatment. Full details on the BES instrument are presented 
in Supporting Information.

2.5.3   |   Secondary Outcomes

Secondary outcomes were collected using online standard-
ized questionnaires filled in by all participants (control 
and intervention group) at baseline, 12 weeks after baseline 
(end-of-treatment), and 26 weeks after the end-of-treatment. 
Additionally, at the end-of-treatment stage, all participants 
were invited to fill in an online survey to collect data on their 
experience of the eBEfree program. The main goal of the sur-
vey was to assess participants' acceptability of the eBEfree 
program, including preferences, perceived difficulties, quality 
of the contents and format, and the perceived impact on cop-
ing with difficulties associated with binge eating. Full details 
on secondary outcome measures are presented in Supporting 
Information.

2.5.3.1   |   BMI.  Participants' BMI was checked by asking 
participants to send (by email) a proof of height and cur-
rent weight obtained from the pharmacy scale report. Due 
to the constraints caused by the SARS-COV-2 pandemic, 
an in-person check of the participants' current BMI was 
not possible.

2.5.3.2   |   Depression.  Beck Depression Inventory (BDI) 
(Beck et al. 1961; Vaz Serra 1973) was used to assess depression 
symptomatology.
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2.5.3.3   |   Self-Compassion.  Self-Compassion Scale (SCS) 
(Castilho et al. 2015a; Neff 2003) was used to assess participants' 
self-compassion.

2.5.3.4   |   Mindfulness.  Five Facet Mindfulness Ques-
tionnaire-15 (FFMQ-15) (Baer et  al.  2006; Gregório and Gou-
veia 2011) was used to assess mindfulness in relation to thoughts, 
experiences, and actions in daily life.

2.5.3.5   |   Psychological Flexibility.  The Acceptance 
and Action Questionnaire-II (AAQ-II) (Bond et  al.  2011; 
Pinto-Gouveia et al. 2012) was used to assess dimensions of psy-
chological inflexibility.

2.5.3.6   |   Wellbeing.  The Obesity Related Well-being–
Revised (ORWELL-97) (Mannucci et al. 1999; Silva et al. 2008) 
was used to assess participants' obesity-related quality of Life.

TABLE 1    |    Baseline characteristics.

Total sample 
(N = 142)

Control group 
(N = 72)

Intervention 
group (N = 70) ρ-valuea ES (Cohen's d)

Age 42.5 (7.3) 42.5 (6.9) 42.7 (7.7) 0.71 0.06

Gender (female) 111 (78.1%) 59 (81.2%) 52 (74.3%) 0.37 0.07

Education level 0.16 0.16

Up to secondary school (9–12 years 
of education)

35 (24.6%) (26.4%) 16 (22.9%)

Higher education (> 12 years of 
education)

107 (75.4%) 53 (73.6%) 54 (77.1%)

BMI 34.0 (5.3) 33.8 (5.3) 34.2 (5.8) 0.6 0.08

BES 24.1 (8.3) 24.4 (8.4) 23.8 (8.3) 0.7 0.06

FSCRS—self-reassurance 17.0 (6.0) 16.7 (6.1) 17.3 (5.9) 0.5 0.1

FSCRS—feeling inadequate 19.3 (7.1) 19.6 (7.0) 19.0 (7.3) 0.7 0.07

FSCRS—self-hating 4.7 (3.6) 4.8 (3.5) 4.6 (3.7) 0.8 0.04

SCS—self-kindness 2.6 (0.8) 2.6 (0.8) 2.6 (0.9) 0.6 0.09

SCS—self-judgment 3.1 (0.8) 3.1 (0.8) 3.0 (0.8) 0.3 0.2

SCS—common humanity 2.9 (0.7) 2.9 (0.8) 2.9 (0.7) 0.8 0.04

SCS—isolation 3.2 (0.9) 3.2 (0.9) 3.1 (0.9) 0.2 0.2

SCS—mindfulness 2.9 (0.7) 2.9 (0.7) 2.9 (0.7) 0.6 0.08

SCS—overidentification 3.0 (0.8) 3.1 (0.8) 3.0 (0.9) 0.6 0.09

SCS—total 2.9 (0.3) 3.0 (0.3) 2.9 (0.4) 0.2 0.2

ORWELL 96.6 (16.4) 97.0 (17.7) 96.2 (15.1) 0.8 0.05

CFQ-BI 38.1 (16.2) 38.3 (16.8) 37.9 (15.7) 0.9 0.03

AAQ-II 50.4 (18.4) 50.5 (18.9) 50.3 (18.0) 0.9 0.01

BDI 15.3 (8.1) 15.9 (8.7) 14.7 (7.6) 0.4 0.1

FFMQ—observing 24.5 (5.7) 23.7 (8.7) 25.4 (5.8) 0.07 0.3

FFMQ—describing 26.1 (7.2) 24.8 (7.1) 27.4 (7.1) 0.03 0.4

FFMQ—acting with awareness 24.3 (7.4) 23.7 (7.2) 24.9 (7.6) 0.3 0.2

FFMQ—non-judgment 26.3 (5.4) 26.0 (5.4) 26.6 (5.5) 0.5 0.1

FFMQ—non-reactivity 19.1 (3.6) 19.4 (3.5) 18.8 (3.8) 0.6 0.2

OSS 13.4 (7.6) 14.0 (7.8) 12.8 (7.3) 0.3 0.2

ELS 53.5 (9.8) 52.1 (9.8) 54.8 (9.6) 0.1 0.3

Abbreviations: AAQ-II, acceptance and action questionnaire-II; BES, binge-eating scale; BMI, body mass index; CFQ-BI, cognitive fusion questionnaire-body image; 
ELS, The engaged living scale; ES, effect size; FFMQ-15, five facet mindfulness questionnaire-15; FSCRS, forms of self-criticizing/attacking & self-reassuring scale; 
ORWELL, obesity related well-being-revised; OSS, other as Shamer scale; SCS, self-compassion scale.
aρ-values from two-tailed t-tests.
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2.5.3.7   |   Self-Criticism.  Forms of Self-Criticizing/
Attacking & Self-Reassuring Scale (FSCRS) (Castilho 
et  al.  2015b; Gilbert et  al.  2004) was used to assess partici-
pants' self-criticism.

2.5.3.8   |   Shame.  Other as Shamer Scale (OSS) (Goss 
et al. 1994; Matos et al. 2015) was used to assess participants' 
perceptions of being negatively evaluated by others.

2.5.3.9   |   Body Image Cognitive Fusion.  Cognitive Fusion 
Questionnaire-Body Image (CFQ-BI) (Ferreira et  al.  2015) 
was used to assess participants' cognitive fusion in relation to 
body image.

2.5.3.10   |   Values-Based Behavior.  The Engaged Living 
Scale (ELS) (Trindade et al. 2016; Trompetter et al. 2013) was 
used to assess engagement with value-driven behavior.

2.5.3.11   |   Program Acceptability.  eBEfree program 
acceptability was assessed using an online survey (incorporated 
in the online assessment protocol) to be filled out by partici-
pants at the end of the eBEfree program. Participants were also 
invited for an online interview with a member of our research 
team to provide more detailed feedback on the eBEfree pro-
gram. The survey to collect participants' acceptability addressed 
questions on program's duration and content, the app's usability, 
the experience of practicing sessions' exercises, and the ther-
apeutic impact (see Supporting Information for full details). 
Further details on the experience of doing each program's ses-
sion was explored with the online interviews. Additionally, we 
have also conducted some follow-up contacts with participants 
who dropped out the intervention to collect their feedback on 
the trial program and the app sessions. Participants' debriefing 
was provided in follow-up contacts and interviews when inter-
vention feedback was collected.

2.6   |   Sample Size Calculation

A priori sample size calculations were performed with G-
Power (version 3.1.9.6) for a mixed-design ANOVA with one 
interaction: between group (2 groups: control vs. treatment) 
vs. assessments (3 repeated measurements: baseline; end-of-
treatment; 26 weeks follow-up). Considering the lack of prior 
evidence on the intervention's effectiveness, the mixed-design 
ANOVA was set for a medium effect size (Cohen's F = 0.25), a 
statistical Power (1 − β) of 0.95, an α of 0.5, an intra-correlation 
coefficient of 0.5, and nonsphericity correction (ɛ) of 1, re-
sulting in a minimum total sample size of 44 subjects, and 
a critical F = 3.11. Assuming a 20%–30% drop-out rate, from 
previous literature (Linardon et  al.  2020) and our previous 
trial (Pinto-Gouveia et al. 2017), the goal for recruitment was 
a sample size of 70 participants.

2.7   |   Statistical Analysis

All statistical analyzes were undertaken with R (version 4.3.1; 
RStudio 2023.12.0), following intention-to-treat principles by 
including participants in the condition they were randomized 
to at baseline. Attrition rates between groups were compared 

using the McNemar χ2 test. Mixed-design ANOVA mod-
els were undertaken to examine the main interaction effect 
(Group*Assessments) for the outcome measures only for per-
protocol analysis (the analysis to compare groups that includes 
only those individuals who completed the treatment (or control 
condition) originally allocated), using the ez R package. Due 
to the high attrition rate at 26 weeks follow-up, per-protocol 
analysis was only conducted for two assessment points (base-
line + end-of-treatment). As ANOVA models do not account 
for fixed and random effects within the same model, the need 
and relevance for running linear mixed models was inspected 
by running two separate models using maximum-likelihood 
estimation: an intercept-only generalized least squares model 
and a random-intercept-only model. Models were then com-
pared for the best Akaike Information Criterion (AIC) value, 
with the random-intercept-only model showing a lower AIC 
value and a ρ-value < 0.001, i.e., suggesting a better fit for a lin-
ear mixed model. Linear mixed models were, therefore, adopted 
for all intention-to-treat (ITT) analysis, using the lme4 (Bates 
et al. 2015a) and lme (Pinheiro et al. 2020) R packages.

Three different linear mixed models with three covariates, age, 
gender, and education, were investigated for primary outcomes 
and then compared for the best AIC value using a likelihood ratio 
test: (1) a random-intercept model; (2) a random intercept plus 
random slopes at the individual level; and (3) a random inter-
cept plus random slopes at the group level. Results suggested no 
significant differences between models (ρ > 0.05) so the simplest 
model (random-intercept—see Equation (1)) was then chosen as 
the final model, as it entails less complexity and is less likely 
to get convergence issues, particularly in studies with modest 
sample sizes (Bates et al. 2015b; West et al. 2022). ITT analysis 
assuming data missing at random was, therefore, undertaken 
using random-intercept models for primary and secondary out-
comes. Statistical assumptions for linear mixed models were in-
spected, with results suggesting models were reliable, including 
normal distribution and equal variance of conditional residuals, 
normal distribution of random effects, and model convergence.

Equation (1) Random-Intercept Model

With Y being the outcome measure, and i = 1, …, n individu-
als, j = 1–2 groups, t = 1–3 temporal assessments (baseline + 
end-of-treatment + 26-weeks follow-up). Fixed effects are ex-
pressed as β (assessment (X1), group (X2), age (X3), sex (X4), 
and interaction assessment*group (X1*X2)). U0j represents the 
random effects at the individual level (intercept), and Ɛti the 
residuals.

Sensitivity analysis for the primary outcome (Binge Eating Scale) 
was performed using Bayesian hierarchical (random-intercept) 
models (see Equation  (2)). Sensitivity analysis was only per-
formed for the primary outcome (BES scores) because it is the 
main outcome for assessing treatment efficacy in our study, and 
because to the best of our knowledge this is the only outcome (in-
cluded in our study) for which we have available evidence on the 
potential magnitude of treatment effect associated with similar 
digital mental health interventions for binge-eating. That prior 
evidence is crucial for Bayesian estimation as the uncertainty 

(1)
�ij = �00 + �1X1ij + �2X2ij + �3X3ij + �4X4ij + �5X2ijX3it +U 0i + ℇti
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is modeled directly and by integrating prior knowledge on the 
parameters of interest (Congdon  2019; Gelman et  al.  2013). 
Bayesian statistics have become popular in medical research 
and clinical trials (Ferreira et  al.  2022; Lammers et  al.  2023; 
Seixas et  al.  2014), and are regarded as a powerful statistical 
method for handling relatively small samples entailing clus-
tered data at higher precision, in comparison with the frequen-
tist statistical approach (Congdon 2019; Gelman et al. 2013). The 
sensitivity analysis included Bayesian models using different 
weakly informative priors, plus more informative priors for the 
coefficients of interest (see Equation  (2)). Noninformative pri-
ors were not computed, as recent literature has highlighted the 
potential overestimation of the magnitude of effects resulting 
from the use of noninformative flat priors, which contradicts the 
“non-informative” assumption inherent to these priors (Gelman 
et al. 2017; Gelman and Carlin 2014; Lemoine 2019; van Zwet 
and Gelman  2022). Informative prior distributions were cho-
sen according to the available literature. The prior distribution 
of the coefficient for the intercept (β0 ~ N(22.3, 6.0)) considered 
the mean and SD for BES in previous validation studies with 
adults with binge-eating and obesity (Gormally et  al.  1982; 
Timmerman 1999). Two different prior distributions of the co-
efficient for the treatment effect (X2ijt X3ijtβ5) were set. One was 
according to a meta-analysis of e-mental health intervention 
studies for binge-eating which suggested an effect size of 0.29 
(Linardon et al. 2020) (~N(−0.15, 5.5)), and a more recent large 
randomized controlled trial suggesting an effect size of 0.60 
(~N(−0.29, 17.0)) (Linardon et al. 2023).

All Bayesian models were run with the brms R package which uses 
the Stan probabilistic programming language and implements 
the No-U-Turn Sampler (NUTS) extension of the Hamiltonian 
Monte Carlo algorithm (Bürkner  2017, 2018). Models were set 
with 10,000 iterations, 5000 warm-up, 4 chains, 1 core and 1 
thins. As Bayesian models with brms cannot handle missing 
data, multiple imputation was performed using fully conditional 
specification implemented through the MICE algorithm which 
adopts multivariate imputation by chained equations, using the 
mice R package (van Buuren and Groothuis-Oudshoorn 2011). 
50 imputations were used for all outcome measures with miss-
ing data. Data were imputed only for end-of-treatment outcome 
missing data, as there were no missing data at baseline for the 
outcome, and also no missing data in any covariates. Multiple 
imputation for missing data at 26 weeks follow-up was not per-
formed to avoid a biased analysis, as the attrition rate from base-
line to follow-up was greater than 85%.

Equation (2) Bayesian Multilevel Model

Weakly-informative Priors: (1) β ~ N(0, 10), bij ~ Cauchy(0, 10); (2) 
β ~ N(0, 5), bij ~ Cauchy(0, 5). Informative Priors: (1) β0 ~ N(22.3, 
6), X2ijt X3ijtβ5 ~ N(−0.15, 5.5), bij ~ Cauchy(0, 5); (2) β0 ~ N(22.3, 
6), X2ijt X3ijtβ5 ~ N(−0.29, 17), bij ~ Cauchy(0, 5).

With γ representing the outcome for individuals (i), groups ( j) 
and assessments (t), Xijt�0…4 representing the coefficients for all 
fixes effects as stated in Equation (1), Zijtbi the random effects 
at individual level, and ℇij the residuals. Coefficients' prior dis-
tributions set for ~ (mean, SD).

3   |   Results

3.1   |   Baseline Characteristics

The sample baseline characteristics are presented in Table  1. 
Most of our sample was composed of female individuals, with 
a high level of education (> 12 years of education), an elevated 
body mass index (within the obesity range) and high binge-
eating symptomatology (according to the Binge Eating Scale). 
No significant differences between control and intervention 
groups were found for the primary and secondary outcome mea-
sures (p > 0.05) except for the FFMQ dimension of mindfulness 
Describing, in which the intervention group showed slightly 
higher scores (Table 1).

3.2   |   Study Attrition

One hundred forty-two individuals (72 in the control group 
and 70 in the intervention group) completed all baseline as-
sessments, from which 72 individuals (43 in control group 
and 29 in the intervention group) completed all assessments 
at the end-of-treatment (post-test) stage. The 29 participants 
in the intervention group who completed the end-of-treatment 
assessment had completed the 12-week eBEfree program. 
At the 26-week follow-up, 19 individuals completed all as-
sessments (7 in the control group and 12 in the intervention 
group). The attrition rates were, therefore, 50% at the end-
of-treatment stage (in relation to baseline: 58.5% in the in-
tervention group; 40.3% in the control group), and 74% at the 
26-week follow-up (in relation to end-of-treatment: 58.6% in 
the intervention group; 83.7% in the control group). McNemar 
test suggested significant differences between groups for the 
attrition rate, with greater attrition in the treatment group at 
the end-of-treatment stage (McNemar χ2 = 5.98, ρ = 0.01), and 
greater attrition in the control group at the 26-week follow-up 
(McNemar χ2 = 12.25, ρ < 0.001). t-tests showed no significant 
differences (ρ > 0.05) for all primary and secondary outcomes 
at baseline between individuals who completed all end-of-
treatment assessments and individuals who dropped out of the 
trial. No statistical differences were found for demographics 
between participants who completed the program and those 
who dropped out.

3.3   |   Post-Treatment and Follow-Up Efficacy

3.3.1   |   Primary Outcome

ITT analysis for the primary outcome (BES) using a random 
intercept model showed a significant reduction in binge eating 
symptomatology from baseline to end-of-treatment, and also 
from end-of-treatment to 26-weeks follow-up (Table 2; Figure 2). 
The effect sizes were large at end-of-treatment (g = −1.17) and at 
follow-up (g = −1.08).

3.3.2   |   Secondary Outcomes

ITT analyzes for all secondary outcomes are presented in 
Table  2. At end-of-treatment, the intervention was associated 

(2)�ijt = Xijt�0…4 + Zijtbi + ℇij
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with a significantly lower BMI (Figure  3), significantly lower 
scores on the FSCRS dimensions of self-criticism, inadequate 
self, and hated self, significantly lower depression symptom-
atology (BDI) (Figure 4), and significantly greater scores on the 

FFMQ dimension of mindfulness Non-reactivity, with effect sizes 
(Hedge's g) ranging from 0.24 to 0.67. At 26-weeks follow-up, the 
scores in the outcomes did not significantly change in relation 
to the end-of-treatment point, suggesting that the benefits of the 

FIGURE 2    |    eBEfree treatment effect on symptoms of binge-eating (results from linear mixed models).

FIGURE 3    |    eBEfree treatment effect on body mass index (results from linear mixed models).
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intervention were maintained during the 26-weeks follow-up. 
The effect sizes (g) for secondary measures at end-of-treatment 
and at 26-weeks follow-up ranged from low (BMI; FFMQ) to 
medium (BDI, FSCRS). No significant effects were detected for 
the remaining secondary measures, including the other dimen-
sions of mindfulness (FFMQ) and self-criticism (FSC), and for 
all dimensions of self-compassion (SCS), psychological flexibil-
ity (AAQ-II), wellbeing (ORWELL-97), Shame (OSS), cognitive 
fusion (CFQ-BI), and values-based behavior (ELS).

3.4   |   Sensitivity Analysis

The Bayesian analysis for the primary outcome is presented in 
Table 3. Results confirmed the treatment effect for reducing binge-
eating symptomatology, lowering BES scores at end-of-treatment 
(credible intervals not crossing zero for the interaction group*as-
sessment), although suggesting a slightly smaller coefficient for 
the treatment effect in comparison with the frequentist multilevel 
model (−5.07 vs. −9.49). All models converged, with Rhat values 
equal to 1. Additional data on Bayesian model diagnostics is pre-
sented in Supporting Information. The model diagnostics for both 
studies are presented in the Supporting Information, including the 
posterior predictive density of model parameters suggesting nor-
mality of the posterior distribution, and trace plots and the poste-
rior predictive checks plot suggesting that the model converged.

3.5   |   Per-Protocol Analysis

Mixed ANOVA models with only complete assessments con-
firmed the ITT results from linear mixed models, with the 

following exceptions: significant interactions between assess-
ments (baseline × end-of-treatment) and group (control × treat-
ment), in favor of the treatment group at end-of-treatment, 
with greater scores on the SCS dimension “common humanity” 
(F(1,70) = 4.10, ρ = 0.047); and a non-significant treatment inter-
action for BDI scores (symptoms of depression) (F(1,70) = 2.14, 
ρ = 0.15). Full per-protocol results are presented in Supporting 
Information.

3.6   |   Intervention Usage and Acceptability

Among participants who had been assigned to receive the in-
tervention and had completed the baseline assessment (N = 70), 
67 (95.7%) downloaded the app and logged in at least once. Of 
those who accessed and started the eBEfree program, 55 (82%) 
completed at least 25% of the program (3 sessions), 37 (55%) com-
pleted 50% of the program (6 sessions), 34 (51%) completed 75% 
of the program (9 sessions), and 29 (43%) completed the entire 
program (12 sessions in 12 weeks). The mean number of sessions 
completed among all participants was 5.5 (SD = 2.4).

The full report on participants' acceptability for all participants 
who completed the eBEfree program is presented in Supporting 
Information. In general, most participants found the program's 
format and length adequate, easy to use, and helpful. More 
than 80% of participants rated the quality of the program's ses-
sions as positive and helpful. For the majority of participants, 
the preferred program's content format was audios, followed by 
animated videos and videos with therapists. Most participants 
(59%) said they were practicing session exercises once a week. 
Most participants (> 70%) experienced improvements in the way 

FIGURE 4    |    eBEfree treatment on symptoms of depression (results from linear mixed models).

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24432 by T

est, W
iley O

nline L
ibrary on [30/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



15 of 20

T
A

B
L

E
 3

    
|    

B
ay

es
ia

n 
m

ul
til

ev
el

 m
od

el
s f

or
 th

e 
pr

im
ar

y 
ou

tc
om

es
 (B

in
ge

-e
at

in
g 

sy
m

pt
om

at
ol

og
y)

.

P
re

di
ct

or
s

M
od

el
 w

it
h 

w
ea

kl
y-

in
fo

rm
at

iv
e 

pr
io

rs
 ~

N
(0

, 1
0)

M
od

el
 w

it
h 

w
ea

kl
y-


in

fo
rm

at
iv

e 
pr

io
rs

 ~
N

(0
, 5

)
M

od
el

 w
it

h 
in

fo
rm

at
iv

e 
pr

io
rs

 (a
)

M
od

el
 w

it
h 

in
fo

rm
at

iv
e 

pr
io

rs
 (

b)

β
SD

C
rI

 (9
5%

)
β

SD
C

rI
 (9

5%
)

β
SD

C
rI

 (9
5%

)
β

SD
C

rI
 (9

5%
)

G
ro

up
 

[in
te

rv
en

tio
n]

−
0.

34
1.

42
−3

.1
3 

to
 2

.4
5

−
0.

40
1.

37
−3

.0
9 

to
 2

.2
9

−
0.

38
1.

37
−3

.0
7 

to
 2

.3
1

−
0.

26
1.

38
−2

.9
6 

to
 2

.4
4

A
ss

es
sm

en
t 

[e
nd

-o
f-

tr
ea

tm
en

t]

−3
.6

1
1.

15
−5

.9
0 

to
 

−1
.3

8
−3

.6
3

1.
11

−5
.8

5 
to

 
−1

.4
8

−3
.6

0
1.

11
−5

.8
2 

to
 

−1
.4

4
−3

.4
9

1.
13

−
5.

73
 to

 
−1

.3
0

Se
x 

[m
al

e]
−2

.7
8

1.
65

−
6.

00
 to

 0
.4

5
−2

.6
0

1.
58

−5
.6

8 
to

 0
.5

1
−2

.6
0

1.
58

−5
.6

9 
to

 0
.5

2
−2

.6
0

1.
58

−
5.

68
 to

 0
.5

1

Ed
uc

at
io

n 
[h

ig
he

r 
ed

uc
at

io
n]

0.
32

1.
60

−3
.4

8 
to

 2
.8

0
0.

31
1.

54
−3

.3
4 

to
 2

.7
0

0.
31

1.
54

−3
.3

4 
to

 2
.6

9
0.

31
1.

54
−3

.3
4 

to
 2

.6
9

A
ss

es
sm

en
t 

[e
nd

-o
f-

tr
ea

tm
en

t]:
 

gr
ou

p 
[in

te
rv

en
tio

n]

−5
.1

5
1.

58
−

8.
28

 to
 

−2
.1

1
−5

.0
0

1.
51

−7
.9

9 
to

 
−2

.0
8

−5
.0

7
1.

52
−

8.
07

 to
 

−2
.1

3
−5

.3
0

1.
57

−
8.

41
 to

 
−2

.2
8

R
an

do
m

 e
ffe

ct
s

τ 00
 su

bj
id

6.
50

 (0
.7

0)
; C

rI
: [

4.
99

–7
.8

0]
6.

48
 (0

.7
0)

; C
rI

: [
4.

96
–7

.7
7]

6.
47

 (0
.7

0)
; C

rI
: [

4.
95

–7
.7

6]
6.

47
 (0

.7
0)

; C
rI

: [
4.

95
–7

.7
6]

Si
gm

a 
(r

es
id

ua
l S

D
)

5.
47

 (0
.5

1)
; C

rI
: [

4.
63

–6
.6

9]
5.

46
 (0

.5
1)

; C
rI

: [
4.

63
–6

.6
8]

5.
46

 (0
.5

1)
; C

rI
: [

4.
63

–6
.6

8]
5.

46
 (0

.5
1)

; C
rI

: [
4.

63
–6

.6
8]

O
bs

er
va

tio
ns

28
4

28
4

28
4

28
4

N
ot

e:
 P

ar
am

et
er

s a
re

 su
m

m
ar

iz
ed

 u
si

ng
 th

e 
m

ea
n 

(β
) a

nd
 th

e 
st

an
da

rd
 d

ev
ia

tio
n 

(S
D

) o
f t

he
 p

os
te

ri
or

 d
is

tr
ib

ut
io

n,
 w

ith
 th

e 
co

rr
es

po
nd

in
g 

95
%

 c
re

di
bl

e 
in

te
rv

al
s.

 (a
) M

od
el

 w
ith

 X
2 ijt

 X
3 ijt

β 5 ~
 N

(−
0.

15
, 5

.5
), 

(b
) M

od
el

 w
ith

 X
2 ijt

 
X

3 ijt
β 5 ~

 N
(−

0.
29

, 1
7)

.

 1098108x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/eat.24432 by T

est, W
iley O

nline L
ibrary on [30/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



16 of 20 International Journal of Eating Disorders, 2025

they were coping with their difficulties, including being less self-
critical, greater self-acceptance, living more in the present, being 
more self-compassionate, and better coping with emotions.

Regarding participants who dropped out of the trial interven-
tion, 10 participants gave their feedback about their experiences 
of doing the eBEfree program. Main reasons pointed out for hav-
ing given up the program included: lack of human contact; the 
app could be more interactive; technical issues that sometimes 
limited access to the contents; greater self-awareness of binge-
eating episodes which made them feel more guilty and therefore 
avoidant in relation to the eBEfree sessions; and lack of moti-
vation because the therapeutic gains were not seen in the short 
term. On the positive side, these participants highlighted: the 
freedom to do the program session whenever they feel like it; 
greater self-awareness of emotional and behavioral issues trig-
gering binge-eating; the sessions' video and audio contents, in-
cluding mindfulness exercises, which helped them develop new 
strategies to deal with binge-eating behaviors; and the interme-
diate group sessions.

4   |   Discussion

The current study examined the effectiveness of a digital version 
of the BEfree program (Pinto-Gouveia et al. 2017, 2019) the eBE-
free—an app-based psychological intervention for binge eating 
symptoms in individuals with overweight and obesity, which in-
tegrates components of psychoeducation, mindfulness, compas-
sion, and values-based actions derived from the ACT approach 
(Hayes et al. 1999).

In a remote parallel-group randomized trial, participants in the 
intervention group were given access to the 12-session weekly 
digital intervention; participants in the waitlist control group 
were assigned to be in a waiting list. Effects of the intervention 
were examined at post-intervention (12 weeks) and at 26 weeks 
follow-up. ITT findings revealed that at post-treatment partici-
pants in the eBEfree presented a significant reduction in binge 
eating symptomatology (primary outcome of the study). This re-
duction was also shown at 26-weeks follow up. These results had 
large effect sizes. In terms of the secondary outcomes, results also 
revealed that the intervention group presented significant reduc-
tions in BMI, depressive symptomatology, and self-criticism in 
the forms inadequate self and hated self. There were also signifi-
cant increases in the mindfulness facet non-reactivity. This may 
be interpreted as a result from the specific content of the eBEfree 
intervention, which frames its mindfulness exercises as tools for 
developing noticing and non-reactivity skills, in order to choose 
valued action, which might then reflect in the significant result 
of the non-reactivity facet. It is also worth noting that concerns 
have been raised regarding the validity of some facets, namely 
according to previous experience with meditation (Christopher 
et al. 2012). Given that we used the shorter version of the FFMQ, 
these results should be interpreted with even more caution due 
to smaller reliability than the long version, and potential ceiling 
effects (Pelham III et al. 2019). These results were maintained at 
the 26-weeks follow up assessment. Per-protocol analysis con-
firmed the ITT findings, except for a significant effect for the 
SCS dimension common humanity, and the effect on depressive 
symptoms was non-significant. Moreover, results indicated an 

overall trend herein participants enrolled in the eBEfree inter-
vention showed increases in self-compassion, self-reassurance, 
mindfulness, and values-based behavior; and decreases in psy-
chological inflexibility, shame, and in the impact of overweight/
obesity in quality of life.

Overall, these results are similar to the findings of the original 
face-to-face BEfree program (Pinto-Gouveia et al. 2017, 2019) and 
suggest the efficacy of this integrated psychological approach in 
reducing binge eating symptomatology. In comparison with the 
BEfree program, at end-of-treatment, the eBEfree intervention 
showed an effect size a bit lower for reduction of binge-eating 
symptoms (1.17 vs. 1.95) and for lowering BMI (0.24 vs. 0.52). 
However, regarding binge-eating symptomatology, both effect 
sizes are high and may represent a positive clinically significant 
change toward a healthy and better-adjusted eating behavior. 
Furthermore, considering the cost and resource intensiveness of 
face-to-face intervention, the eBEfree program offers an attrac-
tive alternative or complementary low-intensity resource to tra-
ditional forms of intervention. The eBEfree intervention seems 
to be efficacious in reducing binge-eating symptoms which are 
known to be potentially triggered and maintained by factors 
such as negative affect (Dingemans et al. 2017; Giel et al. 2022; 
Leehr et al. 2015) and self-criticism (Duarte et al. 2014; Williams 
and Levinson 2022). Moreover, the eBEfree intervention seems 
to promote participants' mindfulness capacity to remain non-
reactive to internal experiences, allowing these experiences to 
arise and flow as they are without getting caught up in them. 
Research has found mindfulness and in particular this non-
reactivity trait to be a potential protective mechanism for binge 
eating and a mediator of treatment outcome (Kristeller  2013; 
Sala and Levinson 2017).

Overall, the psychometric measurements' findings were corrob-
orated by the acceptability survey that participants completed at 
the end of the intervention. Most participants reported that the 
eBEfree was useful, and that the way they coped with their dif-
ficulties improved. Specifically, they reported that the interven-
tion helped them being less self-critical, more accepting of their 
inner experience and being better able to cope with negative 
emotions, living more in the present moment, and being more 
self-compassionate. Most participants also found the program's 
format and length to be adequate, and the app to be easy to use.

As governments currently emphasize the need for citizens to be 
proactive in the prevention and treatment of preventable diseases, 
the development and availability of accessible interventions be-
comes a public health priority (World Health Organization and 
United Nations Children's Fund (UNICEF) 2018; World Health 
Organization 2023). Moreover, the surge in eating disorders post 
COVID-19, and in particular binge eating (Caldiroli et al. 2023), 
stresses the need for evidence-based timely healthcare options 
to the wider community struggling with binge eating. The cur-
rent study findings' support the effectiveness of the eBEfree as 
an innovative and suitable intervention delivery format for indi-
viduals with binge eating and overweight/obesity.

Nevertheless, the current study has important limitations. 
Considering the small study sample and high attrition rates, 
the intervention effectiveness, including the correspond-
ing effect sizes, should be interpreted with caution. Findings 
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generalizability should be tested in future trials with larger sam-
ples to expand the current analyzes and examine whether effects 
remain consistent. The choice of investigating a sub-sample of 
individuals with binge eating and overweight or obesity also 
limits generalizability of findings, as binge eating is often pres-
ent in individuals with a healthy BMI. Also, findings should be 
interpreted with caution, as the intervention length might be too 
brief to have an independent effect on BMI. It should be noted 
that the fact that participants provided some reasons for drop-
ping out eBEfree related to the digital tool itself (e.g., lack of 
human contact; reduced interactivity; technical issues) suggests 
that these tools would benefit from a more blended approach 
(e.g., adding synchronous online sessions; adding an embedded 
direct channel of contact between patient and therapist). Future 
studies should explore the cost-effectiveness of different ap-
proaches (app-only, blended online, blended online and face-to-
face). The COVID-19 pandemic and the trial co-occurred, which 
might have contributed to the observed high attrition rates at 
post-intervention and at follow-up. The feedback provided from 
our participants who dropped out might be helpful for future 
RCTs testing digital interventions for BED. The limitations of 
having a modest sample size in our study were attenuated by 
undertaking ITT analyzes comprising linear mixed models and 
Bayesian hierarchical models, with the latter offering a more ro-
bust approach to clinical studies with small sample sizes (van de 
Schoot et al. 2015). Our trial sample resulted from the applica-
tion of specific eligibility criteria (absence of severe depressive 
symptomatology, BMI indicating overweight or obesity) that 
might limit generalizability of findings. Future trials will clar-
ify the effect of the eBEfree program on more diverse samples 
and whether it can be used in preventive contexts. Additionally, 
most of the current sample was comprised of women, limiting 
the generalizability of the results to other gender identities. 
Furthermore, effects of the intervention were examined in re-
lation to a wait list control group, which precludes conclusions 
regarding the effectiveness of the eBEfree in comparison to 
TAU or another active intervention. Future studies should con-
duct placebo-controlled trials, both in terms of its format and 
content (e,g., a social support group mobile app for people with 
binge eating). Also, to assess mediating factors of intervention 
effectiveness on larger samples would be key to understanding 
how a digital integrative program produces its effect. Future 
studies should confirm the potential advantages of a digital in-
tervention for binge eating, as in our study the app-based inter-
vention (eBEfree) showed a similar level of effectiveness to the 
one found in the face-to-face modality (BEfree) (Pinto-Gouveia 
et al. 2017). Moreover, the cost-effectiveness of this digital ap-
proach should be ascertained by comparing direct costs of run-
ning this digital tool (e.g., data server maintenance and storage) 
and direct expenses of TAU or specific face-to-face equivalent 
interventions (e.g., BEfree therapists fees, setting and travel ex-
penses). Additionally, the sociodemographic background of the 
participants was not considered in statistical analysis. In fact, 
when considering RCTs of contextual-behavioral interven-
tions, samples are mostly composed of highly educated partic-
ipants (Hughes et al. 2017), and individuals with binge eating 
from ethnic and gender minoritized, and economically disad-
vantaged groups, are underreported and overlooked in RCT 
studies (Burnette et al. 2022). This intersects with an ongoing 
discussion on the under-representativeness and lack of general-
izability of results in psychological science, which should strive 

for conducting research outside WEIRD (western, educated, 
industrialized, rich and democratic) sociodemographic groups 
(Henrich et al. 2010). Future studies should replicate the current 
study in samples with more diverse backgrounds and conduct 
sophisticated multi-level analyzes where sociodemographics are 
explored as predictors and/or mediators of efficacy, thus contrib-
uting to tailored and patient-centered mental health resources.

In conclusion, the current findings indicate that the eBEfree is 
a potentially useful tool for individuals with binge eating symp-
toms. The eBEfree can be presented as a timely approach that 
attenuates the burden of intensive resource face-toto-face inter-
ventions, contributing to reducing asymmetries in access to spe-
cialized interventions for disordered eating.
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