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Abstract

Virtual Reality (VR) has, for the past two decades, proven to be a useful adjunctive tool for both assessment and
treatment of patients with eating disorders and obesity. VR allows an individual to enter scenarios that simulate
real-life situations and to encounter food cues known to trigger his/her disordered eating behavior. As well, VR
enables three-dimensional figures of the patient’s body to be presented, helping him/her to reach an awareness
of body image distortion and then providing the opportunity to confront and correct distortions, resulting in a
more realistic body image and a decrease in body image dissatisfaction. In this paper, we describe seminal

studies in this research area.

Virtual Reality in the Assessment

of Weight-Related Disorders
RIVA CONDUCTED the pioneering studies on the appli-
cation of virtual reality (VR) for the assessment and
treatment of body image disturbances' in the context of the
European VREPAR Project (Virtual Reality Environments
for the Psycho-neuro-physiological Assessment and Re-
habilitation Project). The main purposes of this project were
to study certain mental disorders and to develop new ther-
apeutic techniques for their treatment and rehabilitation.
Riva developed a software package for the assessment of
body image disturbances, known as the Body Image Virtual
Reality Scale (BIVRS).Z_4 The BIVRS is a nonimmersive,
three-dimensional (3D) graphical interface through which
the participant can choose between nine figures, male and
female, ranging from underweight to overweight. Partici-
pants must choose those figures that best fit their self-
perceived and their desired body size. Discrepancy between
the two measures is an indicator of body image dissatis-
faction. The BIVRS improves upon traditional assessment
methods based on silhouettes by adding the third dimension
to the figures presented to the user; consequently, the figures
are more realistic and this makes it easier for participants to
identify with them.

Perpifia et al., in Spain, developed another application for
the assessment of body image disturbances.” The assessment
software consists of a 3D human figure whose body parts can
be enlarged or made smaller using sliders. The main ad-
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vantage of this application is that (as it is immersive) the user
can manipulate the figure while both are in the same virtual
environment, which implies that the figure presented to the
user has a similar size. This method also assesses several
dimensions or indexes of body image (e.g., the perceived
body, the desired body, and the healthy body) and body
weight (actual weight, subjective weight, healthy weight, and
desired weight), all in different contexts.

Virtual Reality in the Treatment
of Weight-Related Disorders

Riva and colleagues'** were also pioneering in the de-

velopment of a VR application for the treatment of body
image disturbances: the Virtual Environment for Body Image
Modification (VEBIM).

The main problem facing therapists when treating body
image disturbances is perhaps the lack of awareness that
patients show about the real state of their bodies. Riva starts
from the premise that body image distortion is a cognitive
bias and, as such, it is barely accessible to consciousness. It
has been shown that common distortions and desynchro-
nizations produced in VR systems can alter people’s lived
experience. Discrepancies between the signals arriving
from the user’s propioceptive system and the external sig-
nals from the virtual environment alter body perceptions
and may have undesirable consequences such as discomfort
or simulator sickness. However, these same effects can
be used for therapeutic purposes as they involve a greater
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awareness of the associated sensorimotor and perceptual
processes. When a particular event or stimulus is discordant
with body schemata information, such as occurs during the
virtual experience, this information becomes conscious.® This,
in turn, facilitates the process of changing a disturbed body
image since, according to Riva, body schema changes involve
body image changes as the objective of the self is to integrate
and maintain the consistency of different body representa-
tions. Furthermore, VR experience may enhance cognitive-
behavioral techniques: using VR, the therapist can actually
demonstrate that what looks like a perception does not really
exist. This gets across the idea that a person can have a false
perception. Once this has been understood, individual ma-
ladaptive assumptions can then be challenged more easily.’

Riva®*®? conducted some preliminary studies with a
nonclinical population to assess the VEBIM. Given their
positive results, Riva et al.”!1%! then administered these
virtual environments to a 22-year-old woman with anorexia
nervosa (purging type).

After eight treatment sessions, the participant had in-
creased awareness of her own body. She had not yet looked
in the mirror, but this was proposed as the next target. Al-
tering her body representation allowed this patient to reduce
significantly her level of body dissatisfaction. There was also
a reduction in the avoidance behaviors and grooming habits
associated with a negative body image. By the end of treat-
ment, she showed a greater motivation for change and ex-
pressed her desire to continue with it.

In 2000, Riva and his team'? tested the efficacy of VR in
modifying body image disturbances also in patients with
obesity, binge eating disorder (BED), and eating disorder not
otherwise specified (ED-NOS). Fifty-seven women who
contacted the Weight Reduction Unit of the Istituto Aux-
ologico Italiano were assessed before and after being treated
by means of a brief VR therapy consisting of five fortnightly
sessions. The measures used to assess body image distur-
bances showed a significant post-treatment improvement.
Furthermore, the authors note that this improvement led, in
turn, to a reduction in disturbed behaviors related to food and
social relationships.

The results of these studies allowed Riva and his team to
develop the Experiential Cognitive Therapy (ECT), which
uses an enhanced version of the VEBIM in combination with
cognitive-behavioral treatment (CBT) and psychoeducation.
Since 2007, VEBIM has been included in NeuroVR (www
.neurovr.org), a free VR platform based on open-source
software.'?~13

ECT is a relatively short-term (8-12 weeks) patient-
oriented approach that focuses on individual discovery. As in
the case of cognitive-behavioral therapy, ECT uses a com-
bination of nutritional, cognitive, and behavioral procedures
to help the patient identify and change the maintaining
mechanisms in both obesity and eating disorders. However,
ECT differs from the typical cognitive-behavioral approach
in the VR body image rescripting protocol based on the
Allocentric Lock hypothesis'®*? in its focus on empower-
ment and in its focus on the negative emotions related to
both body and eating.

According to this hypothesis, eating disorder (ED) and
obesity may be the outcomes of a primary disturbance in the
way the body is experienced and remembered: individuals
with these disorders may be locked into an allocentric (ob-
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server view) image schema of their body that is no longer
updated by contrasting egocentric representations driven by
perception. This situation usually has one of two effects: either
the subjects turn to more radical dietary restraint or they decide
to stop any form of food control and engage in disinhibited
eating behaviors. The shift from a locked allocentric repre-
sentation to an eating or weight disorder may be explained by
social influence since the media and culture promote dieting as
the best way to improve one’s body image satisfaction. How-
ever, the impossibility of improving body image, even after a
demanding diet, locks the patient into an unsatisfying body.

In this view, the added value of VR lies in the possibility
of alterin§ the contents of the stored negative memory of
the body.”

Riva et al. have gublished several case studies and
controlled studies*2® about the application of ECT to dif-
ferent weight-related disorders.

In 2001, Riva et al. divided 28 obese women into two
equal groups to compare the results obtained from the ap-
plication of two different treatments: one based on ECT and
another on the psychonutritional intervention of traditional
CBT. Both groups also took part in a parallel diet and ex-
ercise program. The results showed that treatment using ECT
was more effective than CBT in improving body satisfaction,
self-efficacy, and motivation for change, as well as in re-
ducing overeating and reported anxiety. A later study by the
same team> found similar results with 20 BED patients.
Intervention based on ECT was more effective in the short
term than was CBT in improving the overall psychological
state of patients and, specifically, in increasing body satis-
faction, self-efficacy, and motivation for change. However,
no differences were found with regard to the reduction of
binge eating behavior.

A year later, Riva et al.”* randomly divided a sample of
36 women with binge eating disorder into three groups
according to the type of treatment received: experiential
cognitive therapy, including VR (ECT group), cognitive-
behavioral therapy alone (CBT group), and the nutritional
psychoeducation group. At 6-month follow-up, 77 percent
of people in the ECT group had stopped bingeing compared
with 56 percent and 22 percent in the CBT and nutritional
psychoeducation groups, respectively. In 2006, Riva pro-
vided new evidence for the efficacy of ECT in the treatment
of obesity.?® On this occasion, the sample comprised 211
obese women (aged 18 to 50 years and body—mass index
[BMI] over 40) without any other serious psychiatric dis-
order and who had suffered at least one relapse after
treatment for obesity. The women were randomly assigned
to one of three groups: ECT, traditional CBT, or nutritional
psychoeducation. As in previous studies, the ECT group not
only obtained better outcomes than the other two groups
in terms of reduced body dissatisfaction and increased
self-efficacy but they also had fewer relapses both at 6- and
12-month follow-up.?'

The advantage of ECT in these patients is that during the
VR exposure, they experience critical situations related to
relapse in real life. In virtual environments, the user can face
and learn to cope in such a situation, which, in addition to
allowing the body image disturbance to be treated, increases
the user’s sense of self-efficacy.

In a final study, Cesa et al.>” compared within a controlled
study the outcome of 90 obese (BMI >40) female patients with
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BED upon referral to an obesity rehabilitation center. As before,
they were randomly assigned to three conditions: ECT, tradi-
tional CBT, or nutritional psychoeducation. At start, upon com-
pletion of the inpatient treatment and at l-year follow-up,
patients’ weight, number of binge eating episodes during the
previous month, and body satisfaction were assessed by self-
report questionnaires and compared across conditions. The re-
sults showed that only ECT was effective at improving weight
loss at 1-year follow-up. Conversely, control participants re-
gained on average most of the weight they had lost during the
inpatient program. Binge eating episodes decreased to zero dur-
ing the inpatient program, but were reported again in all the three
groups at 1-year follow-up. However, a substantial regain was
observed only in the group that received the nutritional psy-
choeducation alone, while both ECT and CBT were successful in
maintaining a low rate of monthly binge eating episodes.
Perpifid et al.,”® in Spain, developed another application
for the treatment of ED, which was tested in a controlled
study with a clinical sample (patients with anorexia nervosa
[AN] and bulimia nervosa [BN]). With this objective, the
researchers combined three treatment components:

e An adaptation of the body image disturbance treatment
of Cash®® and Rosen,*® consisting of psychoeducation,
exposure, intervention on safety behaviors, cognitive
restructuring, and self-esteem related to the body. This
cognitive-behavioral program was developed for eight
weekly group sessions of 3 hours each.

e A VR component, applied in parallel to the body image
treatment over six, weekly individual sessions of 1 hour
each.

e A relaxation component, again implemented in parallel
to the treatment for body image disturbances over six,
weekly individual sessions of 1 hour each. This final
component was added to balance the duration of ther-
apy in both conditions so that all the patients received
the same number of hours of treatment.

Eighteen outpatients diagnosed with having ED (anorexia
nervosa or bulimia nervosa) were randomly assigned to two
treatment conditions: the VR condition (CBT + VR) and the
standard treatment for body image disturbances (CBT + re-
laxation). Thirteen of the 18 patients completed treatment
and a significant improvement was observed in all of them.
However, those who were treated with the VR component
showed a significantly greater improvement in specific body
image variables (highest level of satisfaction with their body
in social situations, fewer thoughts and negative attitudes
toward the body, less afraid of their weight, and less fearful
of achieving a healthy weight). It should also be noted that
the dropout rate was lower in the VR group, indicating in-
creased motivation and adherence to treatment.

These results show that greater improvement was achieved
with the addition of the VR component compared with the
standard body image treatment alone. Given this, the re-
searchers offered the patients in the standard treatment group
the possibility of being treated with the VR component as
well. The sample in this second study comprised 12 patients
(7 with AN and 5 with BN). The results showed that the
improvement achieved after completing the treatment was
not only maintained after 12 months but also actually in-
creased.’ Similarly, a case study by the same authors®” also
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reported an improvement in the ED patient’s symptomatol-
ogy at 1-year follow-up. Salorio del Moral et al.>* published
another case study in which they applied a 10-session treat-
ment program based on the treatment developed by Perpifia
and her team to an AN patient. The authors reported de-
creased body dissatisfaction, better interoceptive awareness,
less perfectionism, and no tendency toward asceticism in
the treated participant. Furthermore, at 1-year follow-up, the
patient showed no drive for thinness, more body satisfaction,
and less interpersonal distrust, while perfectionism, asceti-
cism, and social insecurity were all absent.

Perpifid et al.** conducted a study with a small sample of
ED patients (five with BN and four with binge eating [BE])
with the aim of analyzing the use of virtual environments to
assess and treat binge eating episodes. The virtual environ-
ment presented to participants was the kitchen area, where
forbidden (high-calorie) and permitted (low-calorie) food
could be found. Participants were then asked to eat the for-
bidden food, usually a pizza. While they carried out this task,
the experimenter suggested flavors and sensations. The results
showed that the virtual environment was able to provoke the
undesirable features present in binge eating episodes. First,
once a forbidden food had been eaten, patients reported anx-
iety, an impulse to overeat, and guilt feelings (from moderate
to extreme). Furthermore, all the patients said they experi-
enced a strong sense of reality in the virtual environment.
Second, introduction of the food smell during VR exposure
led to an increase on all measures, indicating that augmented
reality is useful for the purpose of helping participants to
immerse themselves in the virtual situation and experience it
more intensely. It should be remembered that the VR serves
not only to recreate situations but also to help patients cope
with mental representations of their fears.

VR technology has been also used to increase adherence to
physical activity in obese individuals. Ruiz et al.** exposed
30 overweight and obese participants to three versions of a
3D avatar-based VR intervention to promote exercise: virtual
representation of the self-exercising condition; virtual rep-
resentation of other person exercising; and control condition.
Results showed that only participants in the virtual repre-
sentation of the self group significantly increased their levels
of physical activity after intervention.

Another recent line of research is trying to assess the
usefulness of VR for implementing exposure with response
prevention of bingeing. Several treatment approaches have
proved effective in the treatment of bulimia nervosa, and
cognitive-behavioral therapy produces the best outcomes.
However, some patients show resistance to conventional treat-
ment and do not improve, despite intervention. The aim of this
new line of research® is to develop a new treatment method
based on cue exposure through VR. The novelty of this proposal
is the addition of VR to cue-exposure procedures, which have
proved effective in other studies.’®*” This addition is aimed at
increasing the efficacy of cue-exposure therapy through en-
hancing ecological validity, while decreasing the logistic
complications associated with exposure to real cues (food).

Virtual reality and body image

A first use of VR technology in the field of weight-related
disorders is in body image research: to improve our knowl-
edge about the body image concept.
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Recently, the team of Gutiérrez-Maldonado at the Uni-
versity of Barcelona (Spain) studied the instability of body
image in women with anorexia and bulimia nervosa.

Previous research suggested that body image may be more
a state than a trait’®*" and may change according to situa-
tional or emotional variables.*' In fact, Myers and Biocca®?
referred to the instability of body image almost 20 years ago,
and more recently, other authors™> ™ stressed that trait and
state components coexist in this construct. The trait per-
spective pertains to intraindividual stability of body image.
By contrast, the state perspective focuses on the existence of
intrapersonal variability.

Continuing this line of research, Gutiérrez-Maldonado
and colleagues*®*” studied whether perceptual distortions in
body image and body dissatisfaction changed depending on
the situation. The results showed that patients with ED dis-
play a significantly higher overestimation of body size after
eating high-calorie food than after eating low-calorie food. In
contrast, participants without ED showed similar percent-
ages of overestimation in both situations. The general per-
centages of overestimation were much higher in the ED
group than in the control group. The presence or absence of
people in the virtual environments had no significant effect
on body image distortion. Similarly, patients with ED showed
significantly higher percentages of body dissatisfaction after
eating high-calorie food than after eating low-calorie food.
Once again, participants without ED showed similar body
dissatisfaction in both situations. There was no significant
effect for the variable people. The authors conclude that body
image distortion and body image dissatisfaction change de-
pending on the situation to which participants are exposed,
provided this situation is emotionally significant for them.
These results suggest that body image can indeed be under-
stood as a state rather than as a trait, it being modified when
the participant is exposed to situations that are emotionally
relevant for them. Moreover, this study shows that food type
appears to be an emotionally significant stimulus for patients
with ED, one that is capable of producing changes in their
body image, whereas the presence or absence of people has no
such effect. Thus, body image distortion and body image
dissatisfaction can be influenced by situational factors, and
VR exposure is a useful technology for their study.

The evidence that body image disturbances act partially
as a state is important and has therapeutic implications.
Changing the body image experience of ED patients is one
of the most difficult therapeutic goals to achieve,*® and yet
traditional treatment programs usually devote fewer sessions
to this component than to disturbed eating behavior.”"*°
However, by using different virtual scenarios, which repre-
sent a range of stressful real-life situations for ED patients,
the inclusion of body image assessment could provide clear
and therapist-independent information about the subjective
view that patients have of their bodies as their perception and
judgments change depending on the situation they have been
exposed to. This would offer patients with ED hard evidence
that their body image is just a mental representation, which
may differ greatly from objective reality.

VR and Emotions

Several studies have shown that in vivo exposure to food
produces emotional responses in ED patients.”*"
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To delve further into this issue with VR methodology,
Gutiérrez-Maldonado et al. designed a multistage research
project. In the first stage, > they studied the usefulness of
VR for developing life-like virtual exposure environments
capable of eliciting emotional responses in patients with ED.
Six VR environments were developed using the information
obtained from a survey of 68 patients with ED, who were
asked about the situations and specific aspects of these situa-
tions that caused them discomfort related with body image.
Unlike the conventional methods (e.g., in vivo exposure to the
situation, exposure to photographs, and exposure through
guided imagination) such as those used in previous studies,**
VR exposes subjects to interactive 3D environments that
simulate real situations, thus offering high ecological valid-
ity as well as strict control over the variables. Furthermore,
VR is able to include both distal (e.g., eating in a restaurant)
and proximal cues (e.g., pizza). Participants in this study
were 108 female students and 85 patients with eating dis-
orders. The assessment was carried out in two stages. First,
the Eating Attitudes Test-26°! was administered and the BMI
calculated. Second, participants visited the virtual training
environment, a neutral situation in which they learned to use
navigation keys and which served as a baseline. The next
step involved the first administration of measures concerning
anxiety (STAI-S),®* depression (CDB),** and body image
(BIAS).** Participants were then randomly exposed to the
remaining virtual environments. In the interval between the
presentation of each environment, anxiety, depression, and
body image disturbances were assessed again.

Compared with controls, patients with ED showed higher
levels of anxiety and a more depressed mood after visiting all
the virtual environments. More specifically, they showed
higher levels of anxiety and a more depressed mood after
eating, especially high-calorie food, as well as after visiting
the swimming pool. Controls showed higher levels of anxiety
in the swimming pool than in the neutral room and a less
depressed mood in the restaurant (under both the high-calorie
and low-calorie conditions). In the remaining situations, they
showed a similar mood state to that in the neutral room. The
higher levels of anxiety among controls in the swimming
pool were probably due to the fact that in this kind of situ-
ation, body image dissatisfaction and social comparison af-
fect all women. Rodin et al. talk about normative discontent
in women to explain this phenomenon.®® With regard to the
restaurant, the social contact in this setting seemed to im-
prove the mood of controls, probably because it was a more
enjoyable and stimulating situation for them.

The results obtained with both in vivo and VR exposure
appear to be similar, and this is an extremely important
finding since it indicates that these environments could be
used for both evaluative and therapeutic purposes. Recently,
Gorini et al.°® tested the emotional reaction of 10 AN pa-
tients, 10 BN patients, and 10 healthy control subjects to real
food, VR food, and photographs of food. Authors found that
real food and VR food produced comparable emotional re-
actions in ED patients and that this reaction was stronger
than the one produced by photographs of food.

Other studies have assessed the ability of VR to elicit
emotional, cognitive, and behavioral responses in ED patients
similar to those observed in real life. Perpind et al.®’ conducted
a pilot study with a small sample of ED patients (five with
BN and four with BED) with the aim of analyzing the use
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of virtual environments to assess and treat binge eating epi-
sodes. The virtual environment presented to participants was
the kitchen area, where forbidden (high-calorie) and permitted
(low-calorie) food could be found. Participants were then
asked to eat the forbidden food, usually a pizza. The results
showed that the virtual environment was able to provoke the
undesirable features present in binge eating episodes. First,
once a forbidden food had been eaten, patients reported anx-
iety, impulse to overeat, and guilt feelings (from moderate to
extreme). Furthermore, all the patients said they experienced a
strong sense of reality in the virtual environment. Second,
when augmented reality was added in a second VR exposure
session (patients smelled an actual hot pastry for the duration
of the virtual eating process), scores on all measures increased.
Therefore, augmented reality seems useful for the purpose of
helping participants to immerse themselves in the virtual sit-
uation and experience it more intensely.

In another study, Perpifia et al.®® explored the efficacy of
VR in eliciting emotions, sense of presence, and reality of a
virtual environment in 22 ED patients and 37 healthy eating
individuals. The VRE (nonimmersive) consisted of a kitchen
room where participants had to eat a virtual pizza. To assess
the sense of presence and reality produced by the VRE,
participants answered seven questions with a Likert scale
(0-10) during the experience, and then filled out the Reality
Judgment and Presence Questionnaire (RJPQ) and ITC-
Sense of Presence Inventory (ITC-SOPI). The results showed
that the VRE induced a sense of presence and was felt as real
for both groups, without differences in the experience of ease
with the VRE, sense of physical space, or the ecological
validity assigned to the virtual kitchen and eating virtually.
However, the ED patients reported paying more attention
and experiencing greater emotional involvement and dys-
phoria after virtual eating. The results suggest that the VRE
was clinically meaningful to the ED patients.

It is interesting to note that VR exposure also produces
emotional responses in a subclinical population. In a first
study with 60 normal weight nondieting women, Ledoux
et al. investigated whether food-related cues delivered by VR
could induce greater food craving than neutral VR cues,
photographic food cues, or real food.*® Sixty normal weight
nondieting women were recruited and, to prevent a floor
effect, half were primed with a monotonous diet. In this
specific study, however, food cravings produced by VR were
marginally greater than a neutral cue, not significantly dif-
ferent from picture cues, and significantly less than real food.
The modest effects may have been due to quality of the VR
system and/or measures of food cravings (i.e., self-report and
salivation).

In fact, in a different study, Ferrer-Garcia and colleagues
assessed the ability of different virtual environments to elicit
anxiety and craving for food in a nonclinical sample.”*”"
Their results show that exposure to virtual environments
provokes changes in reported craving for food. Specifically,
high-calorie food cues are the ones that elicit the highest
increases in craving.

In a different study, Aimé et al.”> exposed 27 women to
three virtual environments—the office (neutral environ-
ment), the restaurant (with high- and low-calorie food), and
the swimming pool. Anxiety was measured before, during,
and after immersions. Weight, shape, and food concerns,
drive for thinness, and body dissatisfaction were also mea-
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sured after immersions. The authors found that participants
who showed elevated, but subclinical, concerns with their
weight and shape (n=10) showed significantly higher level
of anxiety and weight concerns after visiting the restaurant
and the swimming pool than visiting the neutral situation. On
the other hand, participants who did not show concerns with
their weight and shape (n=17) did not show anxiety or
concerns after visiting the restaurant and the swimming pool.

It is also possible to use the potential of VR to elicit social
comparison tendencies. To do so, Guitard et al. assessed the
emotional impact of exposure to avatars with different body
shapes in a virtual bar.”” Their sample consisted of 17 shape-
concerned participants, assessed using physiological and
self-reported measures during two experimental immersions.
Preliminary results support the hypothesis that exposure to
both stimuli generates emotional reactions, a reaction which
is even more significant when confronted with a thin-ideal
stimulus.

The evaluation of social comparison is also the goal of a
different study by Persky and Eccleston.”* These authors
assessed the attitudes, beliefs, and interpersonal behavior
elicited by a virtual female patient who was visibly either
obese or nonobese in a sample of 76 clinical-level medical
students. The results revealed more negative stereotyping,
less anticipated patient adherence, worse perceived health,
more responsibility attributed for potentially weight-related
presenting complaints, and less visual contact directed to-
ward the obese version of a virtual patient than the nonobese
version of the patient.

In conclusion, the different studies discussed in this article
show that VR environments are useful for producing similar
responses to those observed in the real world. Therefore,
these environments can be useful for studying intraindividual
variability of body image disturbances.
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