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Abstract

Background: Virtua redlity (VR) interventions, based on cognitive behavioral therapy principles, have been proven effective
as complementary tools in managing obesity and have been associated with promoting healthy behaviors and addressing body
image concerns. However, they have not fully addressed certain underlying causes of obesity, such as a lack of motivation to
change, low self-efficacy, and theimpact of weight stigmainteriorization, which often impede treatment adherence and long-term
lifestyle habit changes. To tackle these concerns, this study introduces the VR self-counseling paradigm, which incorporates
embodiment and body-swapping techniques, along with motivational strategies, to help people living with obesity effectively
address some of the root causes of their condition.

Objective: This study aims to assess the clinical efficacy of ConVRself (Virtual Redlity self-talk), a VR platform that alows
participants to engage in motivational self-conversations.

Methods: A randomized controlled trial was conducted with 68 participants from the bariatric surgery waiting list from the
obesity unit of the Vall d’Hebron University Hospital in Barcelona, Spain. Participants were assigned to 1 of 3 groups:. a control
group (CG), which only received treatment as usual from the obesity unit; experimental group 1 (EG1), which, after intensive
motivational interviewing training, engaged in 4 sessions of VR-based self-conversations with ConVRself, and underwent
embodiment and body-swapping techniques; and experimental group 2 (EG2), which engaged in 4 VR-based sessions led by a
virtual counselor with a prerecorded discourse, and only underwent the embodiment technique. In the case of both EG1 and EG2,
the VR interventionswere assisted by aclinical researcher. Readinessto change habits, eating habits, and psychological variables,
aswel| asadherence and satisfaction with ConV Rself were measured at baseline, after theintervention, 1 week after theintervention,
and 4 weeks after the intervention.
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Results: Regarding the primary outcomes, EG1 (24/68, 35%) and EG2 (22/68, 32%) showed significant improvements in
confidence to lose weight compared to the CG (22/68, 32%) at all assessment points (3=-.16; P=.02). Similarly, EG1 demonstrated
a significant increase after the intervention in readiness to exercise more compared to the CG (=-.17; P=.03). Regarding the
secondary outcomes, EG1 participants showed a significant reduction in uncontrolled eating (f=.71; P=.01) and emotional eating
(B=.29; P=.03) compared to the CG participants, aswell asin their anxiety levels compared to EG2 and CG participants (3=.65;
P=.01). In addition, participants from the experimental groups reported high adherence and satisfaction with the VR platform
(EG1: mean 59.82, SD 4.00; EG2: mean 58.43, SD 5.22; d=0.30, 95% CI -0.30 to 0.89).

Conclusions: This study revealed that using VR self-conversations, based on motivational interviewing principles, may have
benefitsin helping people with obesity to enhancetheir readiness to change habits and self-efficacy, aswell asreduce dysfunctional

eating behaviors and anxiety.
Trial Registration:

(J Med Internet Res 2024;26:e€51558) doi: 10.2196/51558

Clinical Trials.gov NCT05094557; https://www.clinicaltrials.gov/study/NCT05094557

KEYWORDS

obesity; virtual reality; psychological treatment; embodiment; motivationa interviewing; self-conversation

Introduction

Background

Obesity is defined as a severe, chronic, complex, and
multifactorial diseasewith detrimental effectsontheindividua’s
physical and psychological hedlth [1]. Varioustrestment options
are currently available for obesity, including psychological
interventions, behavioral interventionsfor lifestyle modification,
pharmacotherapy, and bariatric surgery (BS) [2,3]. All these
treatments are taken into consideration in a process of shared
decision-making to generate a patient-centered plan [4].

According to the National Ingtitute for Health and Care
Excellence [5], BS is a treatment option available for people

living with obesity with BMI >40 kg/m? (or BMI between 35

kg/m? and 40 kg/m? if relevant comorbidity is present that could
be improved with weight loss). People living with obesity who
undergo BS require rigorous and comprehensive preoperative
and postoperative monitoring and support. This support should
emphasize the adoption and maintenance of a healthy lifestyle,
as well as the identification of any clinical or psychological
barriers that may hinder adherence to postoperative treatment
[5]. However, when assessing the long-term maintenance of
weight loss in obesity management, including through BS
procedures, achieving lasting and sustainable changes in body
composition remainshighly challenging [6]. Therefore, for more
effective obesity management, it is beneficial to incorporate
multicomponent psychological interventionsthat aim toimprove
health as a whole, foster self-efficacy and self-esteem, and
prioritize sustainable goals chosen by the individual [2].

In this context, motivational interviewing (MI) has gained
considerable recognition as an effective approach to enhance
treatment adherence [ 7] and has been included in the most recent
psychological and behavioral recommendations for obesity
management [2]. Specificaly, MI is a counseling technique
based on a person-centered approach that aims to help
individuals to identify the discrepancies between their goals
and current circumstances and empower them to explore new
aternatives toward behavior change, thereby enhancing
motivation and resolving ambivalence [8].

https://www.jmir.org/2024/1/e51558

Furthermore, in recent years, telemental health care hasemerged
as a rapid and efficient means of establishing different
communication channels between patients and mental health
professionals and has been proven capable of transforming the
availability, accessibility, and efficacy of psychological
treatments [9,10], particularly during the COVID-19 pandemic
and beyond [11]. Recent research findings provide support for
the acceptability, feasibility, and preliminary effectiveness of
using new technologies in the treatment of eating and weight
disorders[12-14]. Specifically, theintegration of virtual reality
(VR) into psychological interventionsfor these conditions holds
great promisein addressing some of the factors associated with
the development or maintenance of the disorders. Through the
provision of multisensory experiences, extrinsic feedback, and
opportunitiesfor embodiment, psychological VR interventions,
which are rooted primarily in cognitive behavioral therapy
principles, have demonstrated effectiveness as complementary
tools in managing obesity and have been associated with
promoting behavior changes and weight reduction, reducing
binge eating episodes, and addressing body image concerns
[12,14-18]. While these interventions focus on correcting
specific behaviors and provide patients with a safe context to
practice eating, emotional, and relational management, they do
not adequately address some of the root causes of obesity, such
as a lack of motivation to change, low self-efficacy, and the
impact of weight stigma interiorization, which are factors that
often hinder treatment adherence and long-term maintenance
of lifestyle habits [19,20].

The SOCRATES project (Self Conversation in Virtual Reality
Embodiment to Enhance Healthier Lifestyles Among People
with Obesity), funded by the European Commission (951930),
hasintroduced the VR self-counseling paradigm, referred to as
ConVRsdlf (Virtual Reality self-talk), which uses embodiment
and body-swapping techniques. On the one hand, embodiment
enables participants to experience the perceptua illusion that
the virtual body is their own [21,22]. On the other hand, body
swapping alows embodying aternatingly between 2 virtua
bodies (or avatars, eg, one representing the self and the other
a counselor) and maintaining a conversation between these 2
embodied perspectives [23-25]. In this study, ConVRself is
used as a solution to help people living with obesity explore
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some of the root causes of their condition. Drawing on MI
principles, this approach allows participants to engage in
self-counseling through motivational conversations with
themselves. In particular, participants are immersed in a VR
environment that resembles a counselor’s office. First, they
embody an avatar that |ooks like themselves (alook-alike), and
from this perspective, they explain their problem, goals, and/or
aspirationsto acounselor, seated in front of them acrossatable.
Once they have stated their problem, participants switch to
embody the counselor’s avatar. In this new perspective, they
listen to a playback of their own words and watch the related
body gestures made during their speech. After having listened,
they can respond from the counselor’s embodied perspective.
In this way, participants engage in a self-conversation by
adopting 2 different embodied perspectives and maintaining a
conversation between them. To ensure that these conversations
remain motivational, participants undergo intensive training in
M1 before engaging in the VR self-counseling experience. The
objective of these virtual self-conversations has been to address
the following challenges that people living with obesity face:
(1) to raise awareness of their actua condition, (2) to better
understand and addressthe impact of weight biasinteriorization,
and (3) to increase their self-efficacy by setting realistic goals
in line with their values.

Objectives

In thisrandomized controlled trial (RCT) based on the protocol
described in the study by Anastasiadou et a [26], our primary
objective wasto evaluate the clinical efficacy of the ConVRself
platform under 3 different conditions. one that uses the
embodiment and body-swapping techniques together with the
MI training, one only using the embodiment technique, and a
group receiving treatment as usual (TAU).

We hypothesized that participants who used ConVRself with
embodiment and body-swapping techniques, along with the M|
training, would show greater improvement in the primary
outcomes (motivation to lose weight and exercise more) aswell
as the secondary outcomes (lifestyle habits and psychological
well-being) from baseline (TO) to the 3 postintervention
assessments compared to participants who used ConVRself
with only the embodiment element or the TAU group.

Methods

Ethical Considerations

This study was approved by the Clinical Research Ethics
Committee and Research Projects Committee of the Vall
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d’Hebron University Hospital (VHUH). The study protocol was
preregistered at ClinicalTrials.gov (NCT05094557) and
published at BMJ Open [26]. Before enrollment in the study,
written informed consent was obtained from all participants.
To maintain confidentiality, each participant was assigned a
numerical code. No compensation was provided for participating
in the study.

Recruitment

Participants from the BS waiting list from the obesity unit of
the VHUH within the national health system were assessed for
eigibility between December 2021 and April 2023. To be
eligible for inclusion, participants had to meet the following

criteria aged between 18 and 65 years, BMI =30 kg/m?;
receiving ambulatory treatment at the VHUH; not undergoing
any other concurrent treatment specifically related to their
obesity condition from other centers; possessing minimal digital
skills, which means being able to use a digital device
(smartphone, tablet, or computer) to make telephone calls and
have video conversationsviatheinternet, send or receive emails,
and search for information about products and (health) services;
demonstrable ora and written understanding of the Spanish
language; and willingness to provide informed consent to
participate. As stated in the usability study conducted by
Anastasiadou et a [27], the BMI criterion wasrevised toinclude

only a minimum threshold of =30 kg/m? for eligibility to
participate in the study, contrary to the BMI criteria originally

set in the study protocol (BMI between =30 kg/m? and <55

kg/m?) [26]. Participants were not eligible if they met >1 of the
following exclusion criteria: presence of an eating disorder in
thelast 2 years, nonstabilized severe mental disorder that could
interfere with the successful implementation of the research
protocol (ie, psychosis, depression with suicida risk, alcohol
or drug abuse, and psychotic or manic symptoms), intellectual
disability or any major illness seriously affecting cognitive
performance (ie, neurological disorders), and persona history
of epilepsy (to avoid the potential risk of triggering seizuresin
this population). Of the 94 participants assessed for eligibility,
68 (72%) were recruited to participate in the study (Figure 1).
Details regarding the sample size calculation are available in
the protocoal (32).
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Figurel1. Flow of participantsthrough each stage of the randomized controlled trial. CG: control group; EG1: experimental group 1; EG2: experimental
group 2; TO: baseline; T1: after the intervention; T2: 1 week after the intervention; T3: 4 weeks after the intervention.

Enrollment

Assessed for eligibility (N=84)

Excluded (n=19)

+ Not meeting inclusion criteria (n=5)
+ Declined to participate (n=11)

+ Not reachable (n=3)

Randomized and asked to undergo
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’ Completed TO assessment (n=68) ‘

}
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+ Completed intervention
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»  Exposure 4 (n=16)
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Allocated to EG2 (n=22)
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Exposure 1 (n=21)

Exposure 2 (n=16)

Exposure 3 (n=13)

Exposure 4 (n=13)
+ Completed T1 assessment (n=14)

Allocated to CG (n=22)

+ Received treatment as usual (n=22)

+ Completed T1 assessment (n=18)

A,

1-wk follow-up

Completed T2 assessment (n=16)

Lost to follow-up (n=1)

Completed T2 assessment (n=12)

Lost to follow-up (n=2)

Completed T2 assessment (n=16)

Lost to follow-up (n=2)

4-wk follow-up

A

Completed T3 assessment (n=16)

Completed T3 assessment (n=13)

Completed T3 assessment (n=16)

Design

We conducted an RCT with 3 parallel groups (experimental
group 1 [EG1], experimental group 2[EG2], and acontrol group
[CG]) witha1:1:1 alocation ratio. Measurements were carried
out at 4 time points; TO, after theintervention (T1), 1 week after
theintervention (T2), and 4 weeks after the intervention (T3).

Procedure

Participant data were managed and automatically distributed
using REDCap (Research Electronic Data Capture; Vanderbilt
University) [28,29], hosted at the Val d Hebron Research
Ingtitute in Barcelona, Spain. The data collected at TO, T1, T2,
and T3 were obtained through web-based self-report instruments
completed by participants using REDCap. In addition, the
research team members measured participants weight and
height to calculate their BMI.

Potential eligible participants for the project were referred to
the research team by health care professionals from the VHUH
obesity unit. These participants received TAU provided by the
obesity unit, which included regular medical, nutritional, and
psychiatric follow-ups conducted by specialists at the hospital.

https://www.jmir.org/2024/1/e51558

RenderX

Eligible participants were contacted viatel ephone by aresearch
team member who provided information about the study. If they
agreed to participate in the study, an appointment was scheduled
at the hospital. During this appointment, a clinical interview
was conducted by the team member to confirm the participants
eigibility. Sociodemographic and clinical variables were also
collected, and weight and height measurements were taken.
Once the necessary data were collected, participants were
randomly distributed in 1 of the 3 groups (EG1, EG2, and CG)
using REDCap and were then informed about the outcome of
the randomization. Next, they were asked to complete the
web-based TO assessment within the following week, which
was managed by the automatic email distribution facilitated by
REDCap. In addition, participants were asked to watch a
30-minute video with psychoeducational advice created by the
research team. This video provided information about obesity
and the promotion of healthy lifestyle habits. It was shared to
ensurethat all participants had asimilar background concerning
the concept of obesity and some knowledge about healthy
lifestyle habits.

After the completion of the TO assessment, participantsreceived
their assigned interventions based on their respective groups
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for a period of 10 weeks. The timeline of the assessments is
depicted in Multimedia Appendix 1. The T1 assessment took
place during week 6, T2 assessment during week 7, and T3
assessment during week 10 using the same automatic email
distribution as with the TO assessment. Furthermore, REDCap
implemented an automatic alert system to remind participants
to complete the questionnaires if they had not done so at the
scheduled time. Finally, participants who underwent BS during
the course of the 4 exposures (for details, refer to the
Experimental Groups subsection) were still requested to respond
to the T1 assessment, even if they did not complete the full
intervention.

Interventions

CG Participants

After completing the TO assessment, CG participants did not
receive any intervention besides the TAU provided by the
VHUH obesity unit and the psychoeducational video.

Experimental Groups

Interventions Overview

After completing the TO assessment, EG1 partici pants underwent
al-day MI training at the hospital facilities. Thetraining lasted
4 hours and focused on devel oping basic M1 skills. In addition,
participants had an individual coaching session via telephone
1 week after the training. The initial in-person training session
was led by an expert in M1 (author PLP), while the follow-up
onswere carried out by the other members of the research
team. At the end of the initial session, 3 photographs (2 from
the front and 1 from the side) were taken of each participant to
create their look-alike avatars, while their counselor’s avatar
was designed according to each participant’s preferences
concerning sex, age, and body shape. EG2 participants did not
receive any MI training. Instead, they were invited to the
hospital facilities where a research team member took
photographs for the creation of their avatars.

Two weeks later, EG1 and EG2 participants engaged in 4 VR
scenarios at the hospital facilities, assisted by a team clinical
researcher. Scenarioswere distributed in weekly sessions, each
lasting 30 minutes, over a period of 4 weeks. After each
exposure, satisfaction and adherence to the VR experiments
were assessed for both groups using a semistructured interview
designed by the research team. In addition, several self-report
guestionnaires were administered to the participants, including
the readiness ruler (RR), the Suitability Evaluation
Questionnaire (SEQ), and the Body Ownership Questionnaire
(BOQ). For more detailed information, refer to the Measures
subsection.

Specifically, the exposures of the 2 groups are detailed in the
following subsections.

EG1 Participants

Overview

In each of the 4 scenarios, participants had a self-conversation
using the embodiment and body-swapping techniques.
Specifically, for exposures 1, 2, and 4, participants aternated
between their look-alike avatar and the avatar of a counselor.

https://www.jmir.org/2024/1/e51558
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During exposure 3, they alternated between their own avatar
and an avatar representing their future self—a representation
depicting their future self after adopting a healthier lifestyle 5
yearsfrom the present. When embodying the counsel or and the
future-self avatars, participants applied the M1 techniques they
had learned during the intensive training.

Exposure 1: Embodied Discussion About Problems and
Solutions

The purpose of this scenario was to facilitate motivational
self-conversations between the participant and their counselor
about the lifestyle changes they planned to achieve in terms of
eating healthier and being more physically active.

Exposure 2: Overcoming Self-Stigmatization

The objective of this intervention was to explore and address
the participants’ subjective weight stigmaexperiencesand their
interiorization through motivational self-conversations between
the participant and their counselor.

Exposure 3: Illustrating the Possibility of Autonomy

The objective of this intervention was to explore, through
motivational self-conversationswith participants' future selves,
how these future selves successfully achieve the goals that
participants set in the present and to identify any barriers
encountered during the process.

Exposure 4: Summing Up

Participants started their self-conversations by sharing the
insights they gained from the previous exposures. In addition,
they reflected on how these insights could be effectively
implemented in their daily lives.

EG2 Participants

Overview

EG2 participants received atraditional counseling approach in
a virtua setting. In al 4 exposures, participants were only
embodied in their own look-alike avatars. First, participants
engaged in a prerecorded discourse, conducted by a virtual
counselor, that posed open-ended questions to which the
participants responded. Second, the virtual counselor provided
general and prerecorded advice that could be beneficial for the
participants in promoting a healthier lifestyle.

Exposure 1: Embodied Discussion About Problems and
Solutions

For this exposure, the virtual counselor asked about the
perceived barriers that participants faced when trying to adopt
a hedthier lifestyle and then provided practical
recommendationsto help overcomethese barriers and facilitate
the adoption of a healthier lifestyle. Examples of these
recommendations are as follows:

Thank you for sharing your goals with me. Next, I’'m
going to give you some simple tips that can help
improve your lifestyle and overall well-being. First
of all, try to avoid miracle diets as none of themwork
in the medium and long term...Second, make healthy
choicesregarding your diet. Certain foods should be
prioritized, others limited, and some replaced with
healthier alternatives.
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Exposure 2: Overcoming Self-Stigmatization

In this exposure, the participants shared their subjective
experiences of body size discrimination, and the virtual
counselor offered practical advice about how to deal with them.
Some examples of the advice given are as follows:

Despite the enticing advertisements encouraging you
to believe that image is everything, never forget that
your appearance is just one aspect of who you are.
Try to develop your sense of identity based on all the
things you can do and the person you are deep within,
despite inhabiting a larger body...Secondly,
appreciate and take care of your body—a body that,
when healthy, can accomplish many things.

Exposure 3: Illustrating the Possibility of Autonomy

In this exposure, the conversation focused on discussing the
potential positive effects that people living with obesity may
experience when they adopt healthier behaviors that prioritize
their overall health, rather than solely focusing on weight. An
example of such a conversation is as follows:

Given that many factorsinfluence your health status,
some of which are beyond your control, oneimportant
step you can take to promote good health whileliving
in a larger body is to adopt healthy eating and
exercise habits, along with activitiesthat foster social
support, without solely focusing on weight loss.

Exposure 4: Summing Up

Participants engaged in a conversation during which the virtual
counselor provided a general summary of the main concepts
explained in the previous exposures.

Technical Features of the VR System

The VR system used in the study consisted of both hardware
and software components. The VR hardware used wasthe Meta
Quest 2, which is a stand-alone headset developed by Reality
Labs (Meta Platforms, Inc). The main part of the hardware
consists of a head-mounted display worn by the participants.
This head-mounted display has a vision- and inertia-based
inside-out tracking system that alows precise tracking of the
user’'s head movements. In addition, the Meta Quest 2 comes
equipped with hand controllers that enable interaction within
the virtual environment. Finaly, the Meta Quest 2 also
incorporates a built-in processor that generates stereoscopic
images and spatialized audio. The headset runs the ConV Rself
application, which was developed using the Unity 3D
development environment (Unity Technologies).

ConVRself Software

The VR software ConV Rself, devel oped by Virtual Bodyworks
SL, displays 3D scenarios and virtual human representations.
This VR application enables participants to have
self-conversations by embodying their look-alike avatar and
another avatar alternatingly. The software generates scenarios
that have 3 stages:. calibration, tutorial, and experience. In the
first stage, calibration, participantsworeaV R headset and held
VR controllers. The system used this setup to calculate an
internal human representation that synchronized the movements
of the embodied avatar with the participants’ own movements.

https://www.jmir.org/2024/1/e51558
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During the next 2 stages, tutorial and experience, participants
were immersed in the virtual environment, embodying their
look-alike avatar from a first-person perspective. To enhance
the sense of embodiment, they could see themselves reflected
inavirtual mirror on their left. To watch a video showing how
ConVRsdlf works, please refer to the supplementary materials
in the study by Anastasiadou et a [26]. Specifically in the
tutorial stage, participants had to follow detailed audio
instructions provided by the application to get used to the
platform before the actual experience. In addition, during this
stage, participants underwent the embodiment technique to
foster the illusion that the virtual body represented their own.
Finally, in the experience stage, participants engaged in different
EXPOSUres.

To minimize the risks associated with COVID-19, the research
team followed a safety protocol that included wearing masks,
carrying out regular hand disinfection, and using the CX1
decontamination system (Cleanbox Technology) to clean the
Meta Quest 2 headsets and controllers used in the study.

M easures

Primary Outcomes

The primary outcomes (motivation to lose weight and exercise
more) were assessed using 2 measurement tools: the RR [8] and
the Stages of Change Questionnaire for Weight Management
(S-Weight) and Processes of Change Questionnaire for Weight
Management (P-Weight) [30]. The RR isavisua analog scale
ranging from 1 to 10 that assessed participants' readiness for,
confidence about, and perception of theimportance of changing
behavior with regard to 2 specific areas:. (1) achieving ahealthy
weight and (2) exercising more. The S-Weight questionnaire
consists of 5 mutually exclusive items that aim to allocate
participantsto 1 of the 5 stages of change in weight management
according to the transtheoretical model: precontemplation,
contemplation, preparation, action, and maintenance. The
P-Weight questionnaire is a 5-point Likert scale (ranging from
strongly disagree to strongly agree) consisting of 34 items
developed to assess 4 processes of change for weight
management: (1) emotional re-evaluation (13 items), (2) weight
management actions (7 items), (3) environmental restructuring
(5 items), and (4) weight consequences evaluation (9 items).
The scores of each subscale were summed to obtain atotal score
and were then transformed on a new scale ranging from O to
100. The Spanish version of P-Weight showed an adequate
internal consistency (Cronbach a coefficientsranged from 0.78
to 0.96 in both individuals with normal weight and individuals
with overweight and obesity) [30]. The Cronbach a valuesin
this study for the P-Weight subscales were 0.74 for emotional
re-evaluation, 0.74 for weight management actions, 0.76 for
environmental restructuring, and 0.76 for weight consequences
eva uation.

Secondary Outcomes

Eating Habits

The Three-Factor Eating Questionnaire-Revised 18 items
(TFEQ-R18) [31] is a salf-report questionnaire designed to
measure 3 aspects of eating behavior: (1) cognitive restraint
(CR; 6 items), (2) uncontrolled eating (UE; 9 items), and (3)
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emotional eating (EE; 3 items). Participants responded to each
item on a 4-point Likert scale ranging from definitely true to
definitely false. Thetotal scores of each subscal e were obtained
by summing the scores of individual items. The Spanish version
of the TFEQ-R18 [32] showed good internal consistency
(Cronbach a coefficientsranged from 0.75 to 0.87) in asample
of young and healthy adults. The Cronbach a values in this
study for each subscalewere 0.59 for CR, 0.87 for UE, and 0.78
for EE.

The Eating Habits Questionnaire [33] is a self-report
guestionnaire with 37 items, each rated using a 5-point Likert
scaleranging from never to always. This questionnaire measures
eating habits across 8 different spheres: (1) sugar intake (4
items), (2) healthy eating (9 items), (3) physical activity (3
items), (4) diet caoric intake (5 items), (5) psychological
well-being (3 items), (6) types of aliments (5 items), (7)
knowledge and control (5 items), and (8) acohol intake (2
items). A total score was obtained as the average of the scores
from the 8 spheres. The Cronbach a coefficient for the complete
guestionnaire was 0.87 and ranged from 0.58 to 0.94 for the
different spheresin a Spanish sample of adult participantsliving
with overweight and obesity [33]. In this study, the Cronbach
o value was 0.88.

Psychological Variables

Psychological functioning was estimated with the Hospital
Anxiety and Depression Scale (HADS) [34]. The HADS isa
self-report 14-item questionnaire (7 items for anxiety and 7
itemsfor depression). Participants rated each item on a 4-point
Likert scaleto indicate the presence and severity of anxiety and
depression symptoms. The total scores of each factor were
obtained by summing the scores of individual items. The
Spanish version showed high internal consistency, with a
Cronbach a value of 0.86 for the 2 factorsin asampl e of patients
and healthy controls [35]. The Cronbach a valuesin this study
were 0.77 for the depression subscale and 0.79 for the anxiety
subscale.

Body satisfaction was measured using the 10-item validated
Spanish version of the Body Shape Questionnaire [36]. This
self-report scale is rated using a 6-point Likert scale ranging
from never to always. A total score was obtained by summing
the scores of individua items. In this study, the Cronbach a
value for this questionnaire was 0.89.

The Modified Weight Bias Internalization Scale (WBIS-M)
[37] was used to assessweight biasinteriorization. The WBIS-M
is a self-report 11-item unidimensional scale rated using a
7-point scal e ranging from strongly disagree to strongly agree.
A total scorewas obtained asthe sum of the scores of individual
items. The Cronbach a coefficient for the complete
guestionnaire ranged from 0.93 to 0.94 in a sample of Spanish
adults[37]. The Cronbach a value for this questionnairein this
study was 0.86.

The Cognitive Reserve Questionnaire [38] was used to measure
participants’ cognitive reserve. This self-report questionnaire
consists of 8 items that evaluate aspects generally related to
cognitivereserve, such aseducationa status (own and parental),
occupational status, completion of training courses, musical
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training, and language proficiency. Thetotal scorewas obtained
by summing the item scores. The Cronbach a value for this
guestionnaire in this study was 0.63.

Adherence and Satisfaction Regarding VR Experiments

To measure satisfaction, acceptance, and security regarding the
use of the ConV Rself platform, we used the SEQ[39]. The SEQ
is a 14-item questionnaire, with 13 items rated on a 5-point
Likert scale ranging from not at all to very much, as well asa
last open-ended question where participants can provide
suggestions and additional feedback. For the specific purposes
of this study, the word “rehabilitation” in item 11 was replaced
by “obesity treatment” The total score was obtained by
summing the scores of the first 13 items. Validation studies of
the SEQ showed an acceptable internal consistency, with a
Cronbach a value of 0.70 in samples of individuals with
different physical pathologies. The Cronbach a value of the
SEQ in this study was 0.61.

The BOQ evaluates the subjective illusion of body ownership
in a VR context through a 7-point Likert scale ranging from
strongly disagreeto strongly agree. Specifically, the 4 questions
of this scale were obtained from a previous study evaluating
ConVRsdf [25]. The questionnaire assesses body ownership
when (1) looking down at the virtual body, (2) observing oneself
in a virtual mirror, (3) perceiving body movements, and (4)
recognizing oneself. These questions were asked for the
participants own avatar aswell asthe counselor’s avatar (except
for the question regarding the self-recognition item, which was
only asked for the participants own avatar). For EG2
participants, the questions were asked exclusively for their own
avatar because they did not experience the body-swapping
technique. For more information about particular items, please
refer to the protocol published in the study by Anastasiadou et
al [26].

Along with the questionnaires, abrief interview was conducted
after each exposure to assess participants' satisfaction with the
VR experience and acceptability of ConVRself.

Statistical Analysis

Initial analyses involved comparisons of EG1, EG2, and CG
participants on sociodemographic and clinical characteristics,
adherence (dropout analysis), and assessment variables at the
TO level. Subsequent assessments examined those participants
who completed the long-term follow-up assessment and those
who did not on the same sociodemographic and clinical
characteristics and outcome variables at TO. Depending on
variable types or objective, various statistical tests were used:
the Shapiro-Wilk test for assessing the normality of the
distribution, a 1-way ANOVA with group as a factor for
normally distributed variables, the Friedman test for variables
with non-normal distributions, and the chi-square test for
qualitative variables.

To handle missing data within questionnaires, passive multiple
imputation was used. This approach updates total scores based
on recent imputed values at the item level, thereby ensuring
complete data for analysis [40,41].
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Analyses for our primary and secondary outcomes were tested
with 2-level hierarchical linear models (HLMs). These models
were implemented with group (EG1, EG2, and CG) and time
(TO, T1, T2, and T3 for the RR; TO, T1, and T3 for other
variables) as fixed factors and participants nested within time
as arandom factor. For model adjustment, we used restricted
maximum likelihood as the estimation method and the scaled
identity as the error covariance structure. Potential moderators
(such as age, sex, BMI at TO, time of treatment at the VHUH
obesity unit, the presence of physical comorbidities, current
mental illness, and Cognitive Reserve Questionnaire scores at
TO) were examined. All covariableswere grand mean centered.

An intent-to-treat (ITT) analysis was conducted using the
available data of all participants for outcome estimation. This
analysis, leveraging the ability of HLMSs to integrate missing
data, offers a more redlistic, unbiased analysis compared to
traditional methods[42]. To ensure the robustness of the results
obtained from the primary and secondary I TT analyses, wealso
conducted a per-protocol analysis. This analysisincluded only
participants who completed the RCT. Results from the
per-protocol analysis were reported if they differed from the
results of the aforementioned ITT analyses.

Effect sizes were calculated and reported using R* marginal
(variance explained by the fixed effects) and R? conditional
(variance explained by the entire model, both fixed and random
effects) [43,44] for HLMsand Cohen d for comparison between
the experimental groupsin VR technique. Their magnitude was
interpreted according to the Cohen guidelines where R?=0.01
or d<0.2 represents a small effect, R°=0.06 or d=0.5 represents

amedium effect, and R>>0.14 or d=0.8 represents alarge effect
[45].

Analyseswere conducted using SPSS (version 29.0; IBM Corp)
and RStudio (version 2022.12.0; Posit Software, PBC), with
the mice package from RStudio [46] for passive multiple
imputation. A 2-tailed significance level of .05 was applied to
all statistical tests.

Results

Sample Description

Asshownin Figure 1, of theinitial 94 participants assessed for
the study, 19 (20%) were excluded before the randomization,
resulting in 75 (80%) participants being enrolled and
randomized. However, after receiving the TO assessment, of the
75 participants, 7 (9%) decided not to continue participating;
therefore, 68 (91%) participants completed the TO assessment
and were allocated to 1 of the 3 groups: EG1 (n=24, 35%), EG2
(n=22, 32%), and CG (n=22, 32%).

In EGL, of the 24 participants, 22 (92%) received the allocated
intervention, of whom 16 (73%) completed the 4 exposures. At
T1, 77% (17/22) responded; and at T2 and T3, 73% (16/22)
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responded. In EG2, of the 22 participants, 21 (95%) received
the allocated intervention, of whom 13 (62%) completed the 4
exposures. At T1, 67% (14/21) responded; at T2, 57% (12/21);
and at T3, 62% (13/21). Regarding the CG, of the 22
participants, at T1, 18 (82%) responded; at T2, 16 (73%); and
at T3, 16 (73%). The adherence analysisdid not reveal statistical
differences among the groups (XZG: 4.6; P=.60).

The sociodemographic and clinical characteristics of the sample
are presented in Multimedia Appendix 2. Participants had a
mean age of 44.22 (SD 10.30) years, amean BMI of 43.58 (SD

5.96) kg/m?, and had been receiving treatment at the VHUH
obesity unit for an average of 21.62 (SD 11.18) months. Most
of the participants were female individuas (54/68, 79%),
Spanish citizens (51/68, 75%), employed either part time or full
time (39/68, 57%), and lived with their family (50/68, 74%).
Regarding clinical data, most of the participants had physical
comorbidities (58/68, 85%), with pain and cardiovascular
problems being the most prevalent, and no current mental illness
(53/68, 78%). When comparing al groups on sociodemographic
variables, significant differences were found regarding sex

(x%,=8.4; P=.02), the presence of current mental illness (x%,=8.4;
P=.02), and physical comorbidities (x%,=6.0; P=.05).

Furthermore, there were no differences among the groups in
any assessment variable at the TO level (P>.05). Descriptive
results of the primary and secondary outcomes of all
participants, and separately for each group, are presented in
Multimedia Appendices 3 and 4.

When comparing participants who completed the long-term
foll ow-up assessments and those who did not, significant results
werefound regarding thefollowing variables: (1) age (tgs=—2.68;
P=.009), (2) TFEQ-R18 CR (tgs=—2.74; P=.008), (3) Eating
Habits Questionnaire total score (tg,=—3.23; P=.002), and (4)
S-Weight (x23:16.3; P=.001). More precisely, participantswith
ahigher mean age (46.4, SD 10.3) were more likely to complete
the foll ow-up assessments than younger participants (mean age
39.7, SD 8.8). In addition, participants who completed all
assessment points had significantly higher means in the
TFEQ-R18 CR subscale and Eating Habits Questionnaire total
score, and a higher percentage of them were at the maintenance
stage (S-Weight), compared to those who did not complete all
assessments.

Primary Outcomes

Overview

The results of the analysis examining the effects of group
condition and time are shown in Table 1. The HLMs revealed
significant results for some RR scales, while no effects were
observed for group versus time and time for P-Weight and
S-Weight.
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Table 1. Results from the hierarchical linear models? for each variable?.

Variable B (SE) t test (df) P value =4 marginal® R2 conditional®

RR® importance of losing weight 0.099 0.583
Time A7 (.12) 1.61(182) 11
Timexgroup -.05 (.05) -1.00 (186) 34

RR : importance of exercising more 0.122 0.523
Time 33(.17) 1.95 (188) 05
Timexgroup -.07 (.08) -0.96 (190) .34

RR : confidence to lose weight 0.151 0.727
Time 52(.15) 3.47 (169) <.001
Timexgroup -.16 (.07) -2.34(172) .02

RR : confidence to exercise more 0.124 0.623
Time .55 (.18) 3.01 (179) .003
Timexgroup -.16 (.08) -1.89 (183) .06

RR : readinessto lose weight 0.126 0.778
Time .36 (.15) 2.48 (160) 01
Timexgroup -.10(.07) -1.56 (163) a2

RR : readinessto exercisemore 0.119 0.649
Time 60 (.17) 3.54 (177) .001
Timexgroup -.17 (.08) -2.21(181) .03

P-Weightf: emotional re-evaluation 0.165 0.712
Time -1.05(1.03) 0.45 (120) 31
Timexgroup .21 (.47) -0.36 (124) .66

P-Weight: weight management actions 0.154 0.667
Time -.06 (.71) -0.09 (124) 93
Timexgroup 21(.32) 0.66 (128) 51

P-Weight: environmental restructuring 0.136 0.750
Time 1.07 (.62) 1.72 (116) .09
Timexgroup -.46 (.28) -1.64 (119) .10

P-Weight: weight consequences evaluation 0.212 0.717
Time .38(0.86) 0.4 (122) 66
Timexgroup -.16 (.39) -0.42 (125) .67

S-Weight? 0.084 0559
Time -.22(.12) -1.92(121) .06
Timexgroup .10 (.05) 1.92 (125) .06

TFEQ-F218h : cognitive restraint 0.106 0.610
Time 39 (.47) 0.82 (126) 41
Timexgroup .08(.21) 0.39 (130) .70

TFEQ-R18: uncontrolled eating 0.068 0.801
Time -1.82(.62) -2.93(107) .004
Timexgroup .71 (.28) 2.53(109) .01

TFEQ-R18: emotional eating 0.070 0.772
Time -.83(.30) -2.80 (110) .006
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Variable B (SE) t test (df) P value RZ marginal® R2 conditional®
Timexgroup .29 (.13) 2.15(112) .03
Eating Habits Questionnaire total score 0.104 0.838
Time .09 (.05) 1.88(101) .06
Timexgroup -.003 (.02) -0.14 (103) .90
HADS' : anxiety 0.209 0.735
Time -1.24 (.57) -2.18 (117) .03
Timexgroup .65 (.30) 2.55 (120) .01
HADS: depression 0.239 0.735
Time -1.07 (.51) -2.09 (118) 04
Timexgroup 44 (.23) 1.92 (121) .06
BSO-10 0.170 0.844
Time -.91 (1.29) -0.70 (105) .50
Timexgroup 46 (.58) 0.79 (107) 43
WBIS-MK 0.165 0.805
Time -.004 (.15) -0.03 (110) .98
Timexgroup -.02 (.07) -0.34 (112) .73

8A|| hierarchical linear models were estimated with time and group as fixed effects; participant nested time as random effects; and age, sex, BMI at
baseline, time of treatment at the obesity unit of the hospital, the presence of physical comorbidities, current mental illness, and Cognitive Reserve

Questionnaire scores at baseline as covariables.
BNumbers presented are estimated values.
°R2 marginal refers to the amount of variance explained by the fixed effects.

9R2 conditional refers to the amount of variance explained by the entire model, both fixed and random effects.

RR: readinessruler.

P-Wei ght: Processes of Change Questionnaire for Weight Management.
95 Weight: Stages of Change Questionnaire for Weight Management.
hTFEQ-F218: Three-Factor Eating Questionnaire-Revised 18 items.
'HADS: Hospital Anxiety and Depression Scale.

jBSQ—lO: Body Shape Questionnaire, 10-item version.

KWBIS-M: Modified Weight Bias Internalization Scale.

RR Analysis

First, regarding confidence to lose weight, the HLM revealed a
significant group versus time effect (3=-.16; P=.02). Post hoc
comparisonsrevea ed that both EG1 and EG2 showed significant
differences compared to the CG at TOversus T1, TOversus T2,
and TO versus T3. This notable increase in confidence to lose
weight for both groups can be seen in Figure 2. Second, a
significant group versus time effect for readiness to exercise
more (B=-.17; P=.03) was found, with post hoc comparisons
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showing a significant increase for EG1 compared to CG at TO
versus T2. The significant interaction effect is represented
graphically in Figure 2, wherewe can a so see how the different
group conditions evolve through the different time measures.
Finaly, participants from &l groups had a significant
improvement in their confidence to exercise more between TO
and T1 and between TO and T3 (B=.55; P=.003) and in their
readiness to lose weight between TO and T1, TO and T2, and
TOand T3 (B=.36; P=.01).
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Figure 2. Estimated means of primary outcomes confidence to lose weight and readiness to exercise more in group versus time effect. The values are
based on estimated means derived from hierarchical linear models with intent-to-treat analysis. Within each group, the central line represents the
estimated mean outcome, while the surrounding error areas, delimited by 2 outer lines, illustrate the upper and lower bounds of the 95% CI around the
estimated mean. CG: control group; EG1: experimental group 1; EG2: experimental group 2; RR: readinessruler; TO: baseline; T1: after theintervention;

T2: 1 week after the intervention; T3: 4 weeks after the intervention.
RR: confidence to lose weight

10 1
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RR: readiness to exercise more
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Secondary Outcomes

Overview

The HLMsrevealed significant resultsfor some TFEQ-R18 and
HADS subscales, while no significant group versus time and
time effects were found for the Eating Habits Questionnaire,
Body Shape Questionnaire, and WBIS-M. The significant
interaction effect for the TFEQ-R18 and HADS subscales is
represented graphically in Multimedia Appendix 5.

TFEQ-R18 Analysis

The HLMsrevealed a significant timexgroup effect for the UE
(B=.71; P=.01) and EE subscales (3=.29; P=.03). Post hoc
comparisons revealed consistently lower levels of UE for EG1
versus CG across all time measures, and for EE, areduction for
EG1 versus CG at TO versus T3.

HADS Analysis

A significant group versustime effect wasfound for the anxiety
subscale (=.65; P=.01). In particular, post hoc comparisons
revealed greater reductions in anxiety levels between TO and
T1 for EG1 compared to EG2 and CG. For the depression
subscale, only a significant time effect was found ($=1.07;
P=.04), indicating a decrease in depression levels across all
groups over time.

TheHLM per-protocol analysisrevealed consistent resultswith
the ITT analysis, showing no significant differences between
the 2 approaches.

Adherence and Satisfaction Regarding VR Experiments
(SEQ and BOQ)

For the SEQ, the experimental groups demonstrated high
suitability scores with the VR platform (EG1: mean 59.82, SD
4.00; EG2: mean 58.43, SD 5.22; d=0.30, 95% CI -0.30 to
0.89).

Regarding the BOQ, both groups displayed average positive
agreement scores, showing higher mean in EG1 than in EG2.
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Specifically, from the perspective of their look-alike avatar, for
item 1 (looking down at the virtual body), EG1 had a mean of
2.09(SD 1.17), while EG2 had amean of 0.05 (SD 2.12; d=1.18,
95% CIl 0.53-1.81); for item 2 (observing oneself in a virtual
mirror), EG1 scored amean of 2.34 (SD 0.70), and EG2 scored
amean of 1.53 (SD 1.58; d=0.66, 95% CI 0.05-1.26); for item
3 (perceiving body movements), EG1 scored a mean of 2.56
(SD 0.45), and EG2 scored a mean of 2.14 (SD 0.97; d=0.56,
95% Cl -0.54 to 1.14); and for item 4 (recognizing oneself),
EG1 scored amean of 1.53 (SD 1.31), and EG2 scored a mean
of 1.36 (SD 1.57; d=0.12, 95% CI -0.47 to 0.71). From the
counselor’'s perspective, EG1 also demonstrated average
agreement scores: (1) looking down at the virtual body: mean
1.72 (SD 1.25); (2) observing oneself in avirtual mirror: mean
1.99 (SD 0.81); and (3) perceiving body movements: mean 2.25
(SD 0.64).

Discussion

Principal Findings

This study is focused on assessing the clinical efficacy of the
ConVRsdlf platform in tackling some of the root causes of
obesity. The findings of this study confirmed our hypothesis,
indicating that ConV Rsalf with embodiment and body-swapping
elements, along with MI training, significantly enhanced
participants confidenceto lose weight and readinessto perform
physical exercise. In addition, thisintervention proved effective
in reducing dysfunctional eating behaviorsand anxiety compared
to the other groups. Overall, these findings are consistent with
previous studies on the beneficial effects of positive,
instructional, and motivational self-talk for performance [47].

The adherence analyses reveadled that participants who had
higher adherence to the treatment were those who reported, at
TO, higher CR in relation to their eating habits, had healthier
eating habits, and were in the maintenance stage of their change
process, indicating a sustained commitment to lifestyle changes
[8]. In line with these findings, a previous study showed that
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patients with obesity before BS who were more ready to limit
food intake and were actively engaged in physical activity were
more likely to adhere to dietary and physical activity
recommendations after BS[48]. The dropout ratio of the study
was 33.8% and was similar among the groups. This finding is
aligned with another RCT that used VR psychological treatments
for weight management [49], in which no differences between
treatment conditions were found in the dropout rates.

Asregardsthe sociodemographic information at TO, the average
age closealy aligns with findings from various studies involving
patients who were on the BS waiting list or who had recently
undergone surgery [50], aswell as studiesinvolving VR in the
psychological management of obesity [51]. In addition, the
uneven sex distribution in the study sample—79% (54/68) of
the participants were femal e individual s—is common in studies
with patients who have undergone BS [50,52,53], and also in
VR interventions for weight management [49,51]. In fact, a
recent systematic review that included 24 studiesthat used VR
to treat obesity [15] reported that in 8 trials with both men and
women, 93% of the sample were women. Several studies have
explored this phenomenon [54,55], showing that women tend
to experience higher body image dissatisfaction, psychological
disturbances, and agreater desireto lose weight than men. This
may explain why they are morefrequently representedin clinical
research studies.

Regarding clinical variables, consistent with previousliterature
[56], a high proportion of our sample (58/68, 85%) exhibited
physical comorbidities, with pain, endocrine disorders, breathing
problems, and cardiovascular problems being the most prevalent.
Thesefindings, together with the high prevalence of participants
in our sample who were unemployed or on sick leave and with

severe obesity (BMI: mean 43.58, SD 5.96 kg/m?), further
confirm the debilitating nature of the disease. In addition, the
most prevalent mental disorders observed were anxiety (8/68,
12%) and depression (6/68, 9%). However, neither disorder
reached significant levels of morbidity based on the
recommended cutoff points of the HADS [57]. Interestingly,
our results indicate lower levels of anxiety and depression
compared to previousresearch on patientswho have undergone
BS[58,59].

Regarding the assessment of motivation to change, measured
along 3 dimensions (importance, confidence, and readiness)
over time, participants initially reported a high importance
placed on losing weight or exercising more. This posed
challenges in detecting significant changes over time, as they
were predominantly situated in the action and maintenance
phases, as indicated by the S-Weight scores. However, all 3
groups improved over time in confidence to exercise more and
readiness to lose weight. This was likely influenced by their
positive expectationsrelated to the BS or their mereinvolvement
in the study. The participants' expectation of undergoing BS,
in aignment with recent literature [53], potentialy served as
an additional motivator intheir personal journey toward change
[60,61]. Notably, most participants had aready consulted with
the nutritionist and endocrinologist of the obesity unit on
multiple occasions and had received instructions on how to
implement modifications to their diet and exercise routines in
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preparation for surgery. The adherence to these
recommendations provided valuableinsightsinto their likelihood
of being eligible to undergo surgery soon. Consequently, the
findings regarding changes in motivation to change over time
remain inconclusive, making it difficult to draw specific
conclusions regarding postintervention improvements in these

aspects.

Regarding the group versustime effect on motivation to change,
the results indicated that participants who used ConVRself
reported asignificant increasein their confidenceto lose weight
and a higher readiness to engage in exercise compared to the
CG. These positive effects were maintained for a duration of
between 1 and 4 weeks after the exposures. This finding is
particularly encouraging for behavior change, given that, for a
person to initiate and maintain a change process, they must
believethat the changeisimportant and have confidencein their
ability to achieve it [8]. Notably, increased confidence is often
associated with a greater propensity to adopt self-regulation
skills, including control over eating behaviors and improvement
in physical activity [62]. In this sense, our results derived from
the TFEQ-R18 suggested improved control over eating
behaviors over time among the ConV Rself group, as evidenced
by lower tendencies in EE and UE behaviors, compared to the
CG. Previous studies employing VR interventions with people
living with obesity have yielded similar results, consistently
demonstrating increased self-efficacy and readiness to initiate
behavior change [63-65].

Apart from the af orementioned improvement in eating control
in EG1, the same group also experienced a notable reduction
in anxiety from TO to T1 compared to EG2 and CG. These
findingsalign with theresults of 2 RCTs conducted by Manzoni
et al [64,65]. In these studies, it was demonstrated that a
relaxation treatment augmented by VR was more effective in
reducing anxiety and EE behaviors than traditional meditation
interventionsat 2-week and 3-month foll ow-upsamong women
living with obesity. It is worth mentioning that anxiety scores
in EG1 decreased more after the intervention compared to EG2
and CG; however, this reduction was not sustained over time.
We believe that this result can be attributed to the absence of
ongoing psychological support after the intervention period
with ConVRself. This finding emphasizes how patients can be
highly sensitive to changes in the treatment process during the
preoperative period and underscores the constant need for
psychological support in all pre- and postoperative treatment
phases[5]. In this context, similar to the successful application
of VR in addressing various mental disorders, including anxiety
[66], ConVRsdf has the potential to provide an additional
benefit by enabling patients to cope with anxiety and develop
strategies aligned with their values.

In line with our previous usability study [27], high SEQ scores
on ConVRself indicated high usability and acceptance of the
platform by people living with obesity, which means that the
platform was well adapted to this population. In addition, as
regards the body ownership of the avatars, the results obtained
aresimilar to those reported in previousliterature [ 25,27], which
indicates that participants experienced a strong sense of body
ownership over the virtual avatars. However, inconsistent
outcomes were found with EG2 for the looking down at the
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virtual body item compared to the other body ownership
evauations. Thelikely reason for thisanomaly isatechnological
problem. Whenever participants looked down while embodied
intheir look-alike avatars, they could only seetheir knees. This
limited visibility of their legswas primarily dueto their anatomy
(body size and shape), which caused most of their legs to be
out of view. EG2 participants, particularly, failed to infer that
seeing their kneesimplied seeing their entire legs. Despite the
avatar'sanatomy being the samefor all participants, we believe
that EG1 participants were more focused on engaging in
self-conversation, while EG2 participants placed greater
emphasis on the physical appearance of their avatars.

Limitationsand Strengths

This study has several limitations. First, the high presence of
physica comorbidities in the participants may have been
influenced by the impact of delayed medical care and the
exacerbation of conditions dueto the COVID-19 pandemic[56].
This could potentially affect the generalizability of our results
to the broader population. Second, a high dropout rate was
observed, which made it challenging to achieve the expected
adherence rate as stated in the study protocol [26]. This high
dropout rate and the resulting smaller sample size may have
impeded the detection of medium or small effects within the
sample, particularly the potential differencesamong the groups.
Third, the study design did not alow for a clear separation of
the effects of ConVRself and the motivational training on the
primary and secondary variables. The interpretations derived
from our results could be attributed to either the effects of the
motivational training or the virtual self-conversations, or, more
likely, acombination of both. Fourth, the short follow-up period
may limit the generalizability of the results. It becomes
necessary to conduct alonger-term follow-up of the patientsto
observe whether the changes obtained with the ConVRself
platform are sustained. Unfortunately, this was not feasible in
this study due to time constraints imposed by the European
SOCRATES project and the specific characteristics of our
sample (patients on the BS waiting list). Furthermore, despite
intensive basic training in MI, real competence in it demands
constant and prolonged practice, potentially influencing the
results. Finaly, the high expectation of improvement from BS
may have influenced the positive outcomes; therefore, it would
be necessary to corroborate the results in a population with
morbid obesity but without BS expectations.

The drengths of this study are its experimental design,
specifically astudy with 3 experimental groupsand 4 assessment
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points, and the well-balanced distribution of the sample across
groups. Moreover, we conducted a comprehensive evaluation
of the participants health, including a clinical interview that
considered both physical comorbidities and mental illness at
TO. Furthermore, EG1 participants received intensive training
before the VR intervention, which was led by an M1 expert. In
terms of statistical analysis, HLMs were used in conjunction
with ITT analyses, enabling the inclusion of all available data
from the study, including information from participants who
dropped out. Finally, there are no previous studies on MI
training aimed at patients rather than therapists, either in obesity
or other medical fields. This opens up possibilities to train
patients as experts, making them self-aware about their own
condition and capable of self-motivation.

Conclusions

In conclusion, using VR self-conversations to address the root
causes of obesity has demonstrated important benefits and can
be safely applied, with no side effects, among this population.
In particular, the VR self-conversation with novel techniques
of embodiment and body-swapping was well received by EG1
participants and was effective in enhancing self-efficacy and
readinessto change, aswell asin reducing dysfunctional eating
behaviors and anxiety, compared to the other groups. Despite
the apparent complexity of the procedures (self-conversation
with embodiment and body-swapping), participants were able
to complete the exposures, and they engaged in meaningful
self-conversations about their obesity-related challenges and
potential solutions. In this regard, a future study will provide
qualitative data (currently under analysis and subject to another
publication) on the unfolding of the moativational
self-conversation process.

As for future perspectives, our findings underscore the
importance of incorporating innovative psychological
interventions to promote overall well-being and facilitate
improvements in eating behaviors and lifestyle beyond mere
weight loss. Such integrated interventions are crucial not only
during the preoperative phase but also for the long-term
maintenance of positive outcomes after BS. Future research
should be conducted with ConVRself as a treatment not only
for people living with obesity but also for patients with mental
disorders or addictive behaviors. The potential of enriching
virtual self-conversation during moments of blockagein patients
with artificial intelligence techniques presents an exciting future
research line.
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HADS: Hospital Anxiety and Depression Scale

HLM: hierarchical linear model

ITT: intent-to-treat

MI: motivational interviewing

P-Weight: Processes of Change Questionnaire for Weight Management
RCT: randomized controlled trial

REDCap: Research Electronic Data Capture

RR: readiness ruler

SEQ: Suitability Evaluation Questionnaire

S-Weight: Stages of Change Questionnaire for Weight Management
TO: baseline

T1: after theintervention

T2: 1week after theintervention

T3: 4 weeks after the intervention

TAU: treatment as usual

TFEQ-R18: Three-Factor Eating Questionnaire-Revised 18 items
UE: uncontrolled eating

VHUH: Vall d'Hebron University Hospital

VR: virtua reality

WBIS-M: Modified Weight Bias Internalization Scale
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