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Abstract

Introduction/Objective: Treatment results of anorexia nerv-
osa (AN) are modest, with fear of weight gain being a strong
predictor of treatment outcome and relapse. Here, we present
a virtual reality (VR) setup for exposure to healthy weight and
evaluate its potential as an adjunct treatment for AN. Methods:
In two studies, we investigate VR experience and clinical effects
of VR exposure to higher weight in 20 women with high weight
concern or shape concern and in 20 women with AN. Results:
In study 1, 90% of participants (18/20) reported symptoms of
high arousal but verbalized low to medium levels of fear. Study
2 demonstrated that VR exposure to healthy weight induced
high arousal in patients with AN and yielded a trend that four
sessions of exposure improved fear of weight gain. Explorative
analyses revealed three clusters of individual reactions to

exposure, which need further exploration. Conclusions: VR
exposure is a well-accepted and powerful tool for evoking
fear of weight gain in patients with AN. We observed a
statistical trend that repeated virtual exposure to healthy
weight improved fear of weight gain with large effect sizes.
Further studies are needed to determine the mechanisms and

differential effects. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Anorexia nervosa (AN) is a severe mental disorder that
often exhibits a long-standing course and high rates of
morbidity and mortality [1-3]. Key symptoms of the
disorder are significant underweight, fear of weight
gain, and body image disturbance [4]. Currently, weight
gain is a prioritized treatment goal [5]. However, body
image disturbance and fear of weight gain are strong
predictors for weight outcome in treatment and for
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relapse after weight restoration [6, 7]. Thus, body image
disturbance and fear of weight gain are promising targets
for improving therapy within a mechanism-based ap-
proach [8]. Their contribution to the maintenance of AN
can be conceptualized as a maladaptive circle with avoid-
ance as an intuitive yet reinforcing reaction to fear,
similar to anxiety disorders [9, 10]. Current guidelines
[5, 11] endorse cognitive-behavioral therapy, specialist
supportive clinical management, Maudsley AN treatment
for adults, and focal dynamic therapy. These approaches
address fear as a motivational barrier and avoidance
behaviors (e.g., restriction, physical activity, rumination,
or purging) as isolated symptoms rather than as integral
elements of a maladaptive cycle.

Previous research has suggested that just like patho-
logic fears, fear of weight gain is mostly driven by
expected consequences of weight gain such as loss of
control or social reactions, and less by the stimuli such as
scales or food that patients often report as triggers [9, 12,
13]. According to current evidence on mechanisms of fear
treatment [14], efficient exposure to weight gain would
enable patients to check whether their expected negative
consequences actually hold. Existing interventions for
fear of weight gain and body image, however, aim to
improve patient’s perception and cognitions about their
current body rather than the expected healthy, normal
weight body [15, 16]. Virtual reality (VR) provides the
unique opportunity to expose patients to a healthy body
while at the same time counteracting avoidance through
its multisensory, immersive nature [17].

As VR tools for psychotherapy have progressed, there
have been calls to link clinical considerations with technical
implementation from the outset, including the choice of
hardware and specific software characteristics [17, 18].
Studies using VR for therapeutic applications in eating
disorders have recently increased (for reviews, see [19,
20]), but existing setups for virtual body exposure are either
technically rough but accessible (e.g., [21, 22]) or complex
and bound to the developing laboratory (e.g., [23, 24]).
Other differences include strategies to induce body owner-
ship [25] and therapeutic rationales [19, 26, 27]. Impor-
tantly, research focus on existing setups for body image
therapy has mostly been on the feasibility and potential
clinical utility of virtual body exposure [19] and less on
identifying technical features for successful implementation
and optimizing therapeutic procedures. This study adds on
to previous research by presenting a portable VR body
exposure setup along with user experience data on technical
features and on the therapeutic procedure of pure exposure
to healthy weight as an adjunct treatment for AN. The VR
setup uses a state-of-the-art parametric body model [28, 29]
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along with real-time animation for the induction of own-
ership [25] and can be used flexibly to match individual
therapeutic needs. Study 1 investigated a subclinical sample
of 20 women with high weight or shape concern to
characterize the setup in terms of user experience and to
test whether the setup actually induces fear of weight gain.
Study 2 was conducted in a sample of 20 patients with AN
who underwent four 30-min sessions of pure virtual ex-
posure to healthy weight. Changes in fear of weight gain,
body image dissatisfaction, and arousal within the sessions
and between the first and last session were assessed. Further,
typical courses of self-reported arousal within the sessions
were explored and user experience of the setup and pro-
cedure was assessed to generate hypotheses on helpful
therapeutic ingredients of virtual body exposure.

Materials and Methods

Sample

The recruitment and study procedures were conducted in
accordance with the ethical guidelines from the Declaration of
Helsinki and were approved by the Ethics Committee of the
Medical Faculty Tiibingen (No. 580/2019BO2 and 760/
2018BO1). Exposure sessions were supervised by a licensed psy-
chological psychotherapist. All participants provided written in-
formed consent prior to their participation.

For study 1, N = 20 participants with healthy weight and high
weight or shape concern according to the German version of the
Eating-Disorder-Examination Questionnaire (EDE-Q, [30]) were
recruited. Inclusion criteria were age between 18 and 44 years,
German language proficiency, body mass index between 19 and
25 kg/m?, negative screening for an eating disorder (EDE-Q total
score <2,3, [31]), positive screening for significant weight or shape
concern (EDE-Q shape concern or weight concern >1,2,
i.e,, percentile >70 in women <44 years [31]), self-report of no
mental health diagnosis or pregnancy within the last 2 years.
Participants were recruited via mailing lists.

For study 2, N = 24 patients who were in treatment for AN were
recruited. Inclusion criteria were a confirmed diagnosis of AN and
ongoing inpatient or outpatient treatment, no current pregnancy
or lactation, absence of physical conditions that might interfere
with use of VR (e.g., neurological diseases, uncorrected vision),
absence of severe comorbid mental health diagnoses such as
psychotic disorders, active substance abuse or addiction, or bipolar
disorder. Participants were recruited through their therapists, and
AN diagnosis according to DSM-5 was independently confirmed
by the experimenter using the Eating Disorder Examination Inter-
view [32]. Four patients dropped out of the study because of
scheduling issues (n = 2) and violation of inclusion criteria (n = 1
unconfirmed diagnosis of typical AN, n = 1 substance use dis-
order), so data from »n = 20 participants were analyzed.

VR Setup

For the VR setup (Fig. 1), a Valve Index headset and controllers
along with three VIVE trackers that were attached to the upper
arms and hips of the participant were used. Rendering was done on
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Fig. 1. Procedure and setup of exposure sessions. Torso, arms, and head were animated so that participants could
see their avatar in the front or side mirror as well as from a first-person perspective. While height corresponded to
participants’ actual size, weight was determined individually to match a body mass index of +30% (study 1) or a
body mass index between 19 and 25 kg/m? (study 2).

a Lenovo Legion Y740 15ICHg laptop with NVIDIA RTX2070
GPU. One SteamVR base station was positioned in front of the
participant. The VR environment was set up in the Unity game
engine with the SteamVR plugin for tracking integration. A floor
calibration routine at the beginning of each run was used to ensure
accurate height measurement. To calibrate trackers, participants
performed a T-pose. Tracker calibration was conducted at the
beginning of the session and whenever technical issues with
animation occurred during the session.

The virtual environment shows two virtual full-body stereo-
scopic mirrors in a u-shaped changing cabin with real-time body
shadows on the ground plane for additional realism. The partic-
ipant was represented in VR by an avatar standing in the middle of
the cabin, viewed in mirrors in front and to the left of the
participant and from a first-person perspective. Position of
head, arms, head as well as torso rotation was tracked through
the hand controllers, headset, and trackers. The avatar was ani-
mated in the respective body parts at a stable rate of 90 Hz, so that
the participant could move the avatar’s arms, head, and upper
body through moving his/her own physical body. The setup was
designed to work for both male and female body shapes. To
standardize their appearance to a white-skinned, European
look, both avatars were rendered with similar textures, showing
white skin, neutral gray tops and gray pants as clothing. The
textures were matched for color and brightness. The avatar’s face
was covered by a 3D model of a headset.
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The personalized avatar was generated at run-time based on
specified height and weight by using the Virtual Caliper tool [29],
which creates an accurate, rigged human body based on the
Skinned Multi-Person Linear Model (SMPL; 28) from anthropo-
metric measurements. Height and weight of the avatar were
entered manually, yielding a prediction of an average body shape
for the height and weight. Body animation was tested with Azure
Kinect Body Tracking Hardware (Microsoft), Final IK (RootMo-
tion, commercial full-body IK solver), and Ultimate IK (Sebastian
Starke,  https://github.com/sebastianstarke/AI4Animation/tree/
master/Al4Animation/SIGGRAPH_Asia_2019). Finally, the Ulti-
mate IK full-body IK solver was used because it yielded the fewest
artifacts at no additional latency. However, compared to standard
configuration, additional limb constraints were needed in con-
junction with tracked orientation of the upper arms and position of
the hands to avoid artifacts in shoulder and elbow regions.

Procedure

Study 1 was conducted within a single session of approximately
45 min. It comprised a brief psychoeducational session on the
concept of exposure with a focus on the need for refraining from
any avoidance behavior as a strategy to reduce arousal during the
exposure and a 15-min session of VR exposure to 30% weight gain.
To pilot measures for effects of the virtual exposure, analog scales
assessing fear, body dissatisfaction, and fear of weight gain as well
as heart rate were assessed at baseline, during VR exposure, and
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after VR exposure. VR experience was assessed in a post-
questionnaire based on procedures described in previous studies
[33-35].

Study 2 comprised five sessions. The first session took about
90 min and was a diagnostic and educational session. Eating
disorder diagnosis was confirmed and additional demographic
and illness-related information as well as self-reported measures of
self-esteem (Rosenberg SES, [36], body image [37], cognitions on
body checking [38, 39], and body checking habits [40, 41] were
assessed). In the educational part of the session, the experimenter
informed the participant about the procedure in the exposure
sessions, handed out information materials about maladaptive
cycles of fear of weight gain and avoidance behavior, along
with information on how exposure could be used to break this
cycle (see online suppl. material, patient manual; for all online
suppl. material, see https://doi.org/10.1159/000530932) and dis-
cussed how exposure could help break this cycle for the specific
patient. We opted for pure exposure instead of any guided
procedure to account for the individual character of eating dis-
order fears [14, 42] and thus need for developing individually
adapted appropriate coping strategies. Furthermore, previous
studies on mirror exposure reported that pure exposure induces
broader effects compared to guided procedures [43-45]. Patients
were informed that they would be exposed to an average body
shape, ie., a long-term realistic body rather than one that they
might have immediately after weight gain [46-48], and planned
exposure weights were jointly agreed (see online suppl. materials,
experimenter manual). The number of exposure sessions was set to
four and chosen based on current practice for exposure reported in
the literature [14, 49]. Exposure sessions took about 50 min each
(see Fig. 1). During exposure, heart rate was continuously re-
corded. Before and after exposure, participants completed visual
analog scales on arousal, body dissatisfaction, and fear of weight
gain as well as figure rating scales for their current and ideal body
weight. At the first and last exposure session, salivary samples were
collected before and after the exposure.

Exposure sessions were conducted following an experimenter
manual (see online suppl. materials) and only differed in regards to
the exposure weight, which was continuously adapted in consul-
tation with the participant. In each session, participants were
welcomed, completed baseline assessments of arousal, body dis-
satisfaction, and fear of weight gain, and were supported in putting
on the electrocardiogram device, arm and pelvis trackers, con-
trollers, and headset. Then VR exposure was conducted for 30 min.
Participants were exposed to a weight corresponding to at least
19 kg/m?, which could be gradually increased over sessions to up to
25 kg/m?. To maximize potential outcomes on body image and
fear of weight gain, the exact exposure weight was determined
based on individual considerations to approach either a healthy
premorbid weight or to match individual challenges (e.g., a
“round” number or slightly above the individual no-go). During
exposure, the experimenter asked every 3 min for currently
perceived arousal (not fear, as in study 1) on a scale from 0 to
100 and prompted the participant to verbalize her thoughts.
Following a manualized procedure (see online suppl. materials),
the experimenter paraphrased the thoughts and, if appropriate,
gave further hints on technical opportunities (e.g., pointed to the
second mirror), with the aim to support the participant in focusing
on the exposure. In case of obvious avoidance, this impression was
shared in the paraphrases. After exposure 1-3, participants were
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given the opportunity to reflect on their experiences and the next
exposure weight was jointly agreed. After the last exposure session,
participants were handed the same debriefing questionnaire asking
for VR experience and feedback on the study as in study 1 and a
brief semi-structured interview was conducted for more informal
feedback.

Outcomes

Arousal

To account for frequently observed problems of pa-
tients with AN in verbalizing their emotions [50], arousal
before, during, and immediately after exposure was as-
sessed with both physiological measures and self-report.
For self-report, patients were asked to quantify their
currently perceived arousal on visual analog scale before
and after each exposure as well as every 3 min during
exposures on a scale from 0 to 100. As a physiological
measure, heart rate variability was assessed through low-
frequency power (LF), high-frequency power (HF), and
root mean square successive difference (RMSSD) for the
3-min bins during exposure as well as the overall ex-
posure sessions.

For the first and fourth exposure session in study 2,
salivary cortisol was assessed using Salivette (Sarstedt®,
Niimbrecht, Germany). Special care was taken to ensure
that both sessions took place at the same time of the day.
Samples were taken by moistening a cotton roll 1 h before
exposure as well as immediately after exposure and
15 min after exposure, reflecting arousal before, at the
beginning of the exposure, and in the middle of exposure.
Samples were placed into a Salivette device and frozen
at —80°C until the end of the data collection. Samples
underwent centrifugation and cortisol values were deter-
mined by averaging the results from two runs of the
luminescence immunoassay method.

Body Dissatisfaction

To assess changes in body dissatisfaction, figure rating
scales from Molbert, Thaler [51] suited for normal to
overweight (study 1) and underweight to normal weight
(study 2) as well as visual analog scales ranging from 0 to
100 that asked for global body dissatisfaction were used.
Before and after each exposure, participants were asked to
indicate their perceived current and ideal body, as well as
their overall body dissatisfaction.

Fear of Weight Gain

Changes in fear of weight gain were assessed using
visual analog scales ranging from 0 to 100, which par-
ticipants completed before and after each exposure.
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Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics 28. For study 1, two-tailed paired samples ¢-tests
were used to compare arousal, body dissatisfaction, and
fear of weight gain before and after exposure. Courses in
self-reported fear during exposure were plotted and
analyzed descriptively. Feedback on VR experience was
summarized descriptively to enable comparison with
previous VR studies, where possible.

For study 2, two-tailed repeated-measures ANOVAs
with factors within session (pre/post) and exposure session
(1/4) were ran to compare fear of weight gain, body image
dissatisfaction, and self-reported arousal within and be-
tween the sessions. For salivary cortisol, the same analysis
was conducted using immediately after and 15 min after
values, thereby reflecting initial changes during exposure.
For heart rate variability, heart rate variability (HF, LF, and
RMSDD) was compared between the first and fourth
exposure session. Individual courses of self-reported arousal
were plotted and patients were clustered based on their
arousal courses independently by two authors (S.C.B. and
P.S.). Both raters identified three clusters and spontaneous
rater agreement in assigning patients to clusters was high
(90%). Disagreements could be resolved in joint discussion
by defining clusters more precisely. Feedback on VR expe-
rience was analyzed as in study 1.

Results

Study 1

All participants were female and their age ranged from 19
to 44 years (M = 26.36, SD = 6.54). EDE-Q total score was
M = 1.46 (SD 0.46), EDE-Q weight concern was M = 1.61
(SD = 1.05), and EDE-Q shape concern was M = 2.21 (SD =
0.70), corresponding to percentiles between 80 and 85 in the
German norm sample [31]. On the visual analog scales,
participants reported stable levels of arousal, body dissat-
isfaction, and fear of weight gain before and after exposure.
Changes in these self-reported measures were not signifi-
cant and effect sizes were null or small (all p > 0.15, d <
0.15). Self-reported fear of weight gain during exposure
showed no clear courses and the same applied for heart rate
variability parameters (RMSDD, SDNN, AVNN, each cal-
culated over 15-min exposure). In the post-questionnaire,
however, 95% of participants (19/20) reported fear symp-
toms during the session. 65% of participants (13/20) re-
ported cognitive symptoms, and 50% of participants (10/20)
reported physiological symptoms such as sweating or faster
heart rate. Similarity of the avatar with the own body was
rated M = 3.85 (SD = 1.46) on a 1-7 scale, ownership was
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rated M = 525 (SD = 143) on a 1-10 scale, thereby
exceeding previous results from studies using non-
individualized and non-animated avatars with synchronous
visuo-tactile stimulation [35] and in the same range as a
setup using fully individualized animated avatars [23].

Study 2

Descriptive information about the sample is provided
in Table 1. All participants were female. 35% of partic-
ipants (7/20) reported comorbid disorders, among them
recurrent severe depression (30%; 6/20), obsessive-
compulsive disorders (15%; 3/20), and post-traumatic
arousal disorder (15%; 3/20). 65% of participants (13/
20) had received their first diagnosis of AN within less
than 3 years, 10% (2/20) between 3 and 6.9 years ago, and
25% (5/20) more than 7 years ago. 50% of participants
(10/20) reported active measures for weight control.

On the visual analog scales, the ANOVA yielded a sig-
nificant main effect suggesting reduction in fear of weight gain
within session 1 and 4 (F(19) = 8.51, p < 0.01, r]2 =0.31)anda
large but nonsignificant main effect suggesting reduction in
fear of weight gain between session 1 and 4 from M = 71
(SD = 24) to M = 54 (SD = 34) (F(1) = 301, p < 0.10, % =
0.14). ANOVAs for body dissatisfaction and ideal body
indicated in the figure rating scales yielded trends for medium
to large within-session effects (body dissatisfaction: (F(19) =
157, p < 023, 1 = 0.08; ideal body: (F(19) = 3.71, p < 0.07,
n? = 0.16) but no significant change across sessions (all p >
0.45). Self-reported arousal before and after the exposure did
not change significantly either within or across sessions (all
p > 0.80). No significant change, moreover, was documented
for saliva cortisol levels (p > 0.72). When considering HRV
parameters (RMSSD, HF, and LF, each calculated over 30-
min exposure), none of them significantly changed between
sessions. Nonetheless, RMSSD and HF yielded trends for a
decrease (RMSSD: (F(1) = 2.44, p < 0.14, n* = 0.11; HF:
(F(1) = 2.55, p < 0.13, n? = 0.12), suggesting a trend toward
higher arousal in exposure session 4 compared to session 1.

Self-reported arousal courses during exposure yielded
three clusters of individually stable courses (see Fig. 2).
45% of patients (9/20) showed a reduction in arousal
within and across sessions (cluster 1), 20% of patients (4/
20) showed generally low arousal levels (cluster 2), and
35% of patients (7/20) showed rising or continuously high
arousal levels within the sessions (cluster 3). Patients in
cluster 1 reported active efforts to overcome avoidance as
strategy during exposure (focus on nice body parts,
explicit focus on problematic body parts, convincing
themselves of the importance of gaining weight and its
pros, trying other people’s perspective on the body).
Cluster 2 reported strategies oscillating between active
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Table 1. Descriptive information about the patient sample from study 2

N Mean SD Range
Age, years 20 30.1 11.9 18-58
BMI, kg/m? 20 16.0 13 12.7-17.9
Lowest BMI, kg/m? 20 14.1 1.9 10.9-16.6
Premorbid BMI, kg/m? 167 18.1 2.7 14.1-22.9
EDE Total Score (0-6) 20 3.2 12 0.3-5
EDE Restrictive Eating (0-6) 20 27 14 0.2-5.8
EDE Eating Concern (0-6) 20 34 1.2 0.4-4.8
EDE Weight Concern (0-6) 20 3.6 1.6 0.0-6
EDE Shape Concern (0-6) 20 3.6 1.6 0.6-6
FKB-20 Perception of Body Dynamics (10-50) 18 252 6.4 12.0-35
FKB-20 Body Dissatisfaction (10-50) 19 37.0 8.2 26.0-50
Rosenberg Self-Esteem (0-3) 17 12 0.7 0.1-24
BCCS 17 33 14 1.2-7.2
BCQ 16 238 0.9 1.5-4.5

BMI, Body Mass Index; EDE, Eating Disorder Examination Interview; FKB-20, Body Image Questionnaire [37]; Rosenberg Self-
Esteem, Rosenberg self-esteem scale [36]; BCCS, Body Checking Cognitions Scale [38, 39]; BCQ, Body Checking Questionnaire [40,
41]. AFour patients could not indicate any premorbid weight due to their iliness course. Other missing data were due to incomplete
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Fig. 2. Average courses of self-reported arousal (0-100) during exposure in the three identified clusters and
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avoidance (looking away) and seeing the healthy weight
body as a recovered version of themselves. In cluster 3,
explorative analysis of verbal comments during exposure
suggested focus on subjectively ugly body regions and
avoidance as strategy in coping with higher body weight,
which was paraphrased by the experimenter according to
the protocol. In terms of fear of weight gain, cluster 3
reported less improvement than the other clusters. In all
clusters, ownership was reported between 5 and 5.8.

In the debriefing questionnaire and interview, 85% of
patients (17/20) reported fear symptoms during exposure
such as bad memories, mind racing, panic, sweat, tears,
faster heart rate, nausea, vertigo, or flatter breathing. While
most patients (95%; 18/19) would recommend VR exposure
to other patients, one commented that it had actually
increased her fear of weight gain and the recommended
ideal time for participation varied greatly between “as early
as possible” and “late in therapy.” Similarity with the own
body was rated M = 3.79 (SD = 1.51) on a 1-7 scale;
ownership was rated M = 5.18 (SD = 1.82) on a 1-10 scale.

Discussion

The present study presents a VR setup that exposes the
participant to a body of higher weight along with pilot data
from a subclinical sample and a sample of patients with AN
who used the setup in a pure exposure procedure. The
results suggest that VR exposure to higher weight is a
powerful tool in evoking fear of weight gain, e.g., supported
by a statistical trend for a large effect of improving fear of
weight gain after four 30-min sessions of pure exposure to
healthy weight. The observed reduction corresponded to an
average reduction from extreme fear of weight gain (>70 on
a 0-100 scale) to a fear level that can be handled (54 on a
0-100 scale), but reactions to exposure differed greatly
between participants. Patient reactions were heterogeneous,
and there are many possible variations to the setup and the
therapeutic procedure that might help better address this
heterogeneity. Further studies will be needed to replicate
and better characterize the different response patterns in
terms of emotion regulation strategies and to optimize the
setup and therapeutic strategies.

While study 1 investigated a subclinical sample, study 2
provides data from patients with AN who suffer from severe
symptoms of varying duration. The patient sample included
7 patients (35%) with severe comorbid diagnoses that are
known to decrease chances for good treatment response
[52] and 13 patients (65%) with an illness duration of less
than 3 years, which has been reported a negative predictor
of improvement in drive for thinness during hospitalization
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[53]. Indeed, typical courses with sinking arousal [7] and
reduced fear of weight gain occurred mostly in patients with
short illness duration. Independent of the individual arousal
course, 95% of participants (18/19) reported positive feed-
back on the procedure. The explorative analysis of verbal
comments suggests that differences in emotion regulation
strategies [54] and attentional focus [55] might have driven
the differences in reactions. Hence, the standardized pro-
cedure used in this study might help some patients in
practicing functional coping strategies on weight gain while
it supports others in elaborating an individual understand-
ing of their body dissatisfaction.

Participants in both study 1 and study 2 reported in-
tensive arousal reactions already before the actual exposure
started and across all exposure sessions, which was also
reflected in physiological measures. Participants from study
1 did not show any change in self-reported and physiological
arousal, which was probably due to the short exposure
sequence of only 15 min. In study 2, the overall constant
physiological arousal contradicts the self-report of low or
sinking arousal during the sessions reported by more than
half of the patient sample. This result needs further exami-
nation to be fully understood. Possible explanations are the
gradual weight increase over sessions, a generally high level
of strain, and individually different processes during expo-
sure, e.g., reduction of avoidance behavior over sessions in 1
patient versus increase of difficulty over sessions in another
patient. Further, it should be noted that individuals with AN
may display blunted/reduced cortisol and sympathetic nerv-
ous system responses to stress exposure [56], which might
have biased arousal assessments.

Even though effects were not statistically significant, study
2 yielded large effect sizes for improvement in fear of weight
gain, which is in line with other preliminary findings on VR
exposure to higher weight [21, 57]. There was no lasting
effect on body dissatisfaction. This could be due to the sparse
assessment using visual analog scales. While visual analog
scales are generally an established item format and widely
established for unidimensional constructs such as arousal
[58], they are non-validated measures for fear of weight gain
and body dissatisfaction. Specifically, for body dissatisfac-
tion, which is a multidimensional construct [59], this assess-
ment method has limitations. Effects on fear of weight gain
and body dissatisfaction were larger within sessions than
across sessions. These observations suggest that multiple
sessions of exposure to healthy weight are needed to generate
lasting effects. However, based on our study protocol, it was
not possible to determine the ideal number of sessions
needed. Moreover, controlled and sufficiently powered study
designs are needed to disentangle the observed effects from
baseline effects of ongoing treatments.
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Overall, the technical evaluation of the setup yielded
good usability, low to medium similarity ratings with the
own body, and medium levels of ownership over the virtual
body. These values reach previous results from studies using
synchronous visuo-tactile stimulation [33, 35] and ani-
mated, fully individualized avatars [23]. This suggests
that roughly individualized bodies (accurate height, skin
tone, and sex) can be used for virtual body exposure, when
ownership is induced through visual-motor congruency
[25]. Further research incorporating systematic modifica-
tions to the technical setup and/or therapeutic procedure
could improve the understanding of AN core symptoms
and support the generation of therapeutic algorithms and
procedures. For example, technical or instructional ele-
ments could target specific consequences of weight gain
(social judgment, personal consequences) [13] or support
the adoption of a healthy attention allocation [55]. Incre-
mental use of such procedures in routine care should then
be tested in randomized controlled trials.
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