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Chapter 7
Virtual Reality in the Assessment 
and Treatment of Weight-Related 
Disorders

Giuseppe Riva, José Gutiérrez-Maldonado, Antonios Dakanalis, 
and Marta Ferrer-García

�Introduction

The use of Virtual Reality (VR) in behavioral health has become widespread (Riva 
2005; Riva et al. 2016a, b). Recently, a paper assessed the 27 available reviews and 
meta-analyses exploring the efficacy of VR in this field (Riva et al. 2016a, b). The 
authors’ findings supported the use of this technology for the treatment of anxiety 
disorders, stress-related disorders, pain management, and eating and weight disor-
ders. In particular, three different randomized controlled trials (Cesa et al. 2013; 
Gutiérrez-Maldonado et al. 2016a, b; Marco et al. 2013) have shown at one-year 
follow-up that VR had a higher efficacy than the gold standard in the field, i.e., cog-
nitive behavioral therapy (CBT) in treating eating disorders (ED) and obesity.

This vision also is shared by three different reviews of the field that were pub-
lished recently (Ferrer-Garcia and Gutierrez-Maldonado 2012; Ferrer-Garcia et al. 
2013a, b; Koskina et al. 2013). For example, the review by Ferrer-Garcia and col-
leagues (2013) stated: “There is fair evidence for the effectiveness of VR-based 
treatments in relation to body image disturbance in ED and obesity.” Similarly, 
Koskina et  al. (2013) suggested that VR exposure therapy “may be a useful 
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intervention for ED, and its implementation is recommended either as a standalone 
treatment or as an intermediary step prior to in vivo exposure.”

In fact, the clinical use of VR with these disturbances is based on key theory-
driven psychological treatment techniques. First, VR can reduce eating-related 
anxiety during and after exposure to virtual food, helping to disrupt the reconsolida-
tion of adverse, food-related memories (Koskina et al. 2013; Pla-Sanjuanelo et al. 
2015). Second, a recent neuroscientific model of body image disturbances – the 
Allocentric Lock Theory – suggested that eating disorders may be associated with 
impairment in the ability to update a stored, negative allocentric (offline) represen-
tation of one’s body with real-time (online/egocentric), perception-driven inputs 
(Dakanalis et  al. 2016; Riva 2014). As demonstrated by two of the above RCTs 
(Cesa et al. 2013; Gutiérrez-Maldonado et al. 2016a), the addition of VR sensory 
training to unlock the body memory (body image rescripting protocol) by increas-
ing the contribution of new, egocentric/internal, somatosensory information directly 
related to the existing allocentric memory was able to improve the efficacy of CBT 
at one-year follow-up.

Finally, the evolution of VR technologies is now allowing multisensory bodily 
illusions such as the Full Body Illusions that offer illusory ownership over a virtual 
fake body (Keizer et al. 2016; Serino et al. 2016a; b). As demonstrated by two recent 
studies (Keizer et al. 2016; Serino et al. 2016a, b) these techniques are able to tem-
porarily correct the individual’s experience of distorted body shape and size that 
characterizes these pathologies.

The next paragraphs will try to deepen these points by starting from the role 
played by body image disturbances in the etiology of these disorders.

�Do Eating Disorders and Obesity Have a Common Etiology?

Eating disorders and obesity are serious health concerns due to their diffusion and 
negative effects on public health.

The raising prevalence of weight-related disorders, is pushing eating disorder 
and obesity researchers to start a collaboration between the fields to address them. 
In particular, their effort is focused on the identification of risk factors that are 
shared between these weight-related disorders (Haines and Neumark-Sztainer 
2006): apparently, unhealthful weight-control behaviors  – such as fasting (going 
without eating for 24 h for weight control), vomiting or laxative abuse – are the 
common antecedents of both obesity and eating disorders (Haines and Neumark-
Sztainer 2006; Johnston 2004; Neumark-Sztainer 2009; Neumark-Sztainer et  al. 
2006; Stice et al. 2008; Stice et al. 2005). For example Neumark-Sztainer and col-
leagues (Neumark-Sztainer et al. 2006), discussed the results of the Project EAT II 
(Eating Among Teens), a longitudinal study involving 2516 ethnically and socioeco-
nomically diverse adolescents. They report that, 5 years later, the use of unhealthful 
weight-control behaviors increased six times the risk for binge eating with loss of 
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control, three times the risk for being overweight, and two to five times the risk for 
extreme weight-control behaviors such as the use of diet pills and self-induced 
vomiting. A similar result was found by Stice and colleagues (Stice et al. 2008): in 
a different longitudinal study fasting was the best predictor for the future onset, 
5 years later, of binge eating and bulimia nervosa.

It is well known from epidemiological studies that childhood obesity has differ-
ent ethnic, socioeconomic (compared with affluent white children, the poor 
Hispanic, white, and black children have 2.7, 1.9 and 3.2 times higher odds of obe-
sity), and behavioral risk factors (Singh et al. 2008). Between the behavioral vari-
ables higher television viewing, and higher physical inactivity levels were all 
independently associated with higher obesity prevalence.

However, in a 4-year longitudinal study on 496 adolescent girls, Stice and col-
leagues (Stice et al. 2005) studied the psychological and behavioral risk factors able 
to predict the onset of obesity in adolescent girls. Their data show that participants 
who were on a weight-loss diet, or who used maladaptive compensatory behaviors 
for weight control at T1 of the study showed, 4 years later, an increased risk for 
obesity onset.

�The Role of a Negative Body Experience in the Aetiology 
of Eating Disorders and Obesity

The present results have an important clinical implication: the evidence that youths 
practicing unhealthful weight-control behaviors are at higher risk for obesity and 
eating disorders implies that prevention and treatment interventions should also 
focus on the causes of these behaviors. In other words, why do adolescents decide 
to start such radical weight-control behaviors? In a recent letter to the Women-
health.com site an adolescent girl wrote: “I hate my body. No matter what I weigh I 
always look fat, how can I fix this? I am 5' 1' (156cms) and weigh 142 lbs (64.5 kg). 
My BMI is 26.1. In terms of getting back to a healthy weight, I only need to lose 
between 7 to 10 lbs (3–4 kg). But to look in the mirror, I look at myself and think that 
I’m extremely fat. My dietitian seems to think that my weight will normalise and by 
eating normally and exercising moderately that I should go back to a weight closer 
to 132 lbs (60 kg). However, even when I was that weight that I still looked horren-
dously overweight and disgusting.” (online: http://www.womens-health.com/
boards/mental-health/32504-i-hate-my-body-no-matter-what-i-weigh-i-always-
look-fat-how-can-i-fix.html).

The words of the girl clearly explain her behavior: she stopped eating properly 
because she does not like her body (Riva et al. 2000a, b). A study by Kostanski and 
Gullone (Kostanski and Gullone 1999) with a sample of 431 Australian pre-
adolescent children (7–10 years) confirms this interpretation: pre-adolescents as 
young as 7 years of age are unsatisfied with their body appearance and deliberately 
engage in restrictive eating behaviors.
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In general, between 50% and 80% of young women in developed countries want 
to be thinner and between 20% and 60% are dieting because they think they are fat 
and unattractive (Cash and Pruzinski 2004). Even normal-weight and underweight 
girls want to lose weight. These high percentages in the female population have led 
some authors to speak of the existence of a body experience “normative discontent” 
in this group (Rodin and Larson 1992). Indeed, men are usually less dissatisfied 
than women and may even show an increase in body satisfaction during adoles-
cence. For girls, however, puberty only makes things worse. The normal physical 
changes – increase in weight and body fat, particularly on the hips and thighs, take 
them further from the cultural ideal of unnatural slimness.

�Developing a Negative Body Representation

As we have just seen, a negative body experience during adolescence is an impor-
tant predictor of eating disorders. Therefore, it is useful to identify the aspects 
related with its development. Personal, interpersonal and social factors must all be 
considered.

Personal factors include biological factors such as body mass index (BMI), sex 
and age, and psychological and personality characteristics. From early childhood, 
children are aware of the social preference for slender bodies and internalize the 
present aesthetic model of beauty, which is characterized by the idealization of an 
ever thinner female body. Likewise, children detect rejection of obese or overweight 
people. Consequently, overweight children show body dissatisfaction and express 
their desire to be thinner. Indeed, the BMI of girls correlates with reported body 
dissatisfaction. During adolescence, the feeling of dissatisfaction in girls increases; 
with the onset of puberty, they suffer substantial physical changes that involve an 
increase in their body volume and in the accumulation of fat in certain body parts. 
These changes do not conform to the ideal of thinness to which women aspire. 
By contrast, boys’ dissatisfaction seems to fall during adolescence; as they gain 
height and volume, they come closer to the male aesthetic body model. Linda 
Smolak (2012) notes that differences between males and females with respect to 
dissatisfaction with one’s own body representation and weight concerns are already 
present in children in elementary education.

Literature reports suggest that certain psychological and personality characteris-
tics may be associated with an increased risk of developing a negative body repre-
sentation. High levels of social anxiety and the tendency to compare with others 
may be associated with poor self-esteem in childhood and, consequently, with an 
increased risk of developing a negative body representation. As Cash and Pruzinski 
(2004) state, negative body image is correlated with low self-esteem, depression, 
anxiety, fear of negative evaluation and obsessive-compulsive tendencies.

With regard to interpersonal factors, parents and peers are the main contributors 
to the development of our body representations. Parents can influence in two ways: 
through comments made in relation to their children’s appearance and the eating 

G. Riva et al.



167

habits that they inculcate in them, and through the example they offer with their own 
eating habits and the attitudes they show towards the body. Studies have shown that 
the comments of parents are related to their children’s body dissatisfaction (Cash 
and Pruzinski 2004; Kim 2009). However, there are no clear data about the influ-
ence of parental modeling, although it seems that girls are more affected than boys, 
especially by maternal modeling (Smolak 2012).

Social comparison with peers plays an important role in children’s development. 
By means of social comparison, they realize the ideals of beauty associated with 
weight and body shape, and become aware of the extent to which they conform to 
these ideals or not. However, it is during adolescence when peer influence exerts 
more pressure, especially in girls. A phenomenon that deserves special attention is 
teasing. Research shows that there is a close relationship between suffering gibes 
about body size and shape and the body image that young people develop 
(Sweetingham and Waller 2008). People who have suffered some kind of sexual 
abuse during adolescence also tend to show a more negative body image because of 
the feelings of shame and the perceived loss of control over the body that are expe-
rienced in these situations (Cash and Pruzinski 2004).

More, the socio-cultural and economic environment also plays an important 
role in the development of our body representation. We have already mentioned the 
importance of the female aesthetic body model currently in vogue in Western societ-
ies. This model has progressively reduced the ideal body size to below the average 
weight of women (Dakanalis et al. 2012). In the case of men, the aesthetic model 
promotes physical fitness and an athletic body rather than thinness. Moreover, 
women more often receive pressure than men to fit a certain aesthetic model. Many 
studies have shown how this pressure is exerted by the mass media (Dakanalis and 
Riva 2013). The slender body ideal and associated body dissatisfaction have usually 
been ascribed to Western societies or developed countries. However, such a beauty 
ideal and body concerns are now spreading to different social, economic and cul-
tural settings as part of the globalization of Western beliefs, attitudes and practices. 
Consequently, body dissatisfaction and weight concerns are now present in most 
societies (Dakanalis et al. 2013a, b).

�From a Negative Body Representation to the Development 
of Obesity and Eating Disorders

A popular socio-cultural model  – the “objectification theory” introduced by 
Fredrickson and Roberts (Fredrickson and Roberts 1997) identifies in a negative 
body representation a key factor in the aetiology of these disorders. Specifically, this 
theory suggests that our culture imposes a specific orientational model  – self-
objectification – defining women’s behavioral and emotional responses (Calogero 
2012; Calogero et al. 2010) At its simplest, the objectification theory holds that 
(Dakanalis and Riva 2013; Riva 2014): (1) there is an societal ideal of beauty 
underlying the key role of a thin body that is (2) transmitted via a variety of 
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sociocultural channels. This ideal is then (3) internalized by individuals, so that (4) 
satisfaction and dissatisfaction with appearance will be a function of the extent to 
which individuals do (or do not) meet this ideal prescription. Different studies based 
on this theory have shown that exist strong links between self-objectification and 
eating disorder symptoms (Dakanalis et al. 2015, 2017; Monro and Huon 2006). 
Nevertheless, even if self-objectification is a key characteristic of our culture, only 
a small subset of all the female and male subjects exposed to idealized body models 
develops clinically diagnosable EDs (Thompson et al. 1999). Why?

A possible answer to this question is offered by the Allocentric Lock Hypothesis.
Recently, Riva and colleagues (Dakanalis et al. 2016; Gaudio and Riva 2013; Riva 

2007, 2011, 2012; Riva et al. 2012; Riva and Gaudio 2012, 2018; Riva et al. 2015) 
have proposed the allocentric lock hypothesis as a synthesis of neurobiological, 
psychological and socio-cultural data about the etiology of both ED and obesity. The 
primary claim of the “Allocentric Lock Hypothesis” is that deficits in the integration 
of expected (from predictive coding) and experienced (from perception) bodily 
inputs are able to produce a disturbed body memory that does not only motivate 
severe dietary restrictions and other weight loss behaviors, but also may play a cen-
tral part in initiation, persistence, and relapse of EDs. This perspective offers a pow-
erful insight, according to which EDs subjects may indeed have a dysfunction in 
multisensory integration processes that does not allow them to modify their experi-
ence of the body even after a demanding diet or a significant weight loss (Riva 2018; 
Riva and Gaudio 2018).

The process linking the cultural pressure to be thin, to the allocentric lock 
induced by a multisensory integration deficit, to the development of an eating disor-
der is detailed in Fig. 7.1 and summarized below:

•	 Subjects in their social interactions develop a specific “body image” that defines 
the meaning of our objectified body. The content of the body image is related to 
cultural standard. For example, this may include “fat phobia” (fear of becoming 
fat) in Western countries, or “weight phobia” (fear of becoming mature) in Asian 
countries (Lee 1995).

•	 In Western countries, the value of the objectified body is defined more by observ-
able body attributes (e.g., “How do I look?” – allocentric perspective), rather 
than by privileged, or nonobservable body attributes (e.g., ‘What am I capable 
of?” “How do I feel?” – egocentric perspective).

•	 The endorsement and acceptance of appearance media ideals lead subjects to 
become aware of how their bodies looks and to evaluate themselves in terms 
of physical appearance. This evaluation becomes body surveillance, the ten-
dency to be highly vigilant of one’s appearance (Fitzsimmons and Bardone-
Cone 2011).

•	 Subjects who experience one or more personal (e.g., “The new jeans were too 
tight”) or social (e.g., teasing) situations in which they fail to meet physical 
appearance standards, then update the objectified body accordingly (van den 
Berg et al. 2007): e.g., “My body is fat”. As demonstrated by different studies, 
including a recent meta-analysis (Makinen et al. 2012; Menzel et al. 2010), 
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Fig. 7.1  The aetiology of eating disorders and obesity (Adapted from Riva 2014)

this produces body dissatisfaction, defined as displeasure with some aspect of 
one’s appearance (Cash and Pruzinski 2004).

•	 Body dissatisfaction has a critical effect on eating behavior: subjects go on diet 
to improve the satisfaction with their body. According to the data collected by 
Ogden and colleagues from 8165 children and adolescents living in the United 
States (Ogden et al. 2008) about 62% of girls aged 12–19 report that they are 
trying to lose weight.

•	 Normally, after a successful diet, subjects experience a thinner body and again 
modify their objectified body accordingly (e.g., “I’m no more fat”). For a multi-
sensory integration deficit (Riva and Gaudio 2018), however, subjects with eat-
ing disorders are locked into their negative objectified body: its content cannot 
updated even after a demanding diet and a significant weight loss.

7  Virtual Reality in the Assessment and Treatment of Weight-Related Disorders
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•	 The impossibility of meeting societal standards transforms body dissatisfaction 
into body shame: the painful social emotion that can result from measuring one-
self against a cultural standard and perceiving oneself as being judged and seen 
as inferior, defective or unattractive in the eyes of others (Dakanalis et al. 2013a, 
b; Pinto-Gouveia and Matos 2011).

•	 Body shame usually has two behavioral effects: subjects either start more radical 
dieting behaviors – such as the use of diet pills and self-induced vomiting – or, at the 
opposite, decide to stop any form of food control and start “disinhibited” eating 
behaviors (Van Strien et al. 2009). In particular, as samurai committed seppuku to 
remove shame, subjects are ready to use the most extreme weight reduction tech-
niques – fasting, vomiting, laxatives, etc. – to achieve the same result.

•	 A variety of studies show that shame experiences are also recorded in autobio-
graphical memory, influencing body image and self-relevant beliefs, inatten-
tional and emotional processing (Pinto-Gouveia and Matos 2011). As 
demonstrated by numerous studies, in patients with eating disorders, the repre-
sentation of the body included in the shame-inducing negative emotional event 
produces a priming effect on any body-related experience (Blechert et al. 2011; 
Goldfein et al. 2000): on one side, the tendency of our perception to be affected 
by our recurring thoughts produces an attentional bias on body related stimuli; 
on the other side, it draws the subject’s attention to previously stored body 
image stimuli biasing egocentric perceptual data and the interpretation of future 
self-relevant events.

This situation potentially has three effects: experiential, cognitive and social 
(Riva 2014). The first, and probably most relevant consequence, is experiential: 
The permanent experience of a “wrong” body, totally independent by the shape or 
the size of the real body. In simpler words, these subjects cannot win: Whatever 
they will do to modify their real body, they will always be present in a virtual body 
(the objectified negative memory) that they hate. The second effect of the allocen-
tric lock is cognitive: It reorganizes existing memories and produces a priming 
effect on any body related experience. The final consequence of the allocentric 
lock is social: Subjects attribute mental states to others by adopting an allocentric 
stance, striving towards static and sometimes unrealistic systems for understanding 
social relations.

�The Use of Virtual Reality in the Study and Assessment 
of Weight-Related Disorders

To maximize the degree of control and internal validity, traditional experimental 
methods usually require participants to carry out tasks that are far removed from real-
life activities. This means that the ecological validity of these tasks is questionable. 
On the other hand, studies based on field data, while having ecological validity, can-
not control multiple confounding variables that may have an impact on observed 
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results, so that their internal validity is reduced. Virtual Reality provides a better 
balance between internal and ecological validity, since VR simulations can be com-
pletely controlled for experimental purposes and, at the same time, allow subjects to 
carry out tasks that are identical to those performed in real life. For this reason VR 
has been used to study different features of weight-related disorders.

�Virtual Reality and Body Image

A first use of VR technology in the field of weight-related disorders is in body 
image research: to broaden our knowledge of the body image concept and to aid 
the evaluation of body image disturbances.

Riva conducted the pioneering studies on the application of VR for the assessment 
and treatment of body image disturbances (Riva et al. 1997) as part of the European 
VREPAR Project (Virtual Reality Environments for the Psycho-neuro-physiological 
Assessment and Rehabilitation Project). The main purposes of this project were to 
study certain mental disorders and to develop new therapeutic techniques for their 
treatment and rehabilitation. Riva developed a software package for the assessment 
of body image disturbances, known as the BIVRS (Body Image Virtual Reality 
Scale; [Riva 1998a] and [Riva and Melis 1997a, b]). The BIVRS was a non-immer-
sive, 3D graphical interface comprising nine figures, male and female, ranging from 
underweight to overweight. Participants were asked to choose the figures that best 
fit their self-perceived and their desired body size. Discrepancy between the two 
measures was an indicator of body image dissatisfaction. The BIVRS improved on 
traditional assessment methods based on silhouettes by adding the third dimension 
to the figures presented to the user: the increased realism of the figures made it 
easier for the participants to identify with them.

Perpiñá and colleagues went a step further with the development of an immersive 
VR-based application for the assessment of body image disturbance (Perpiñá et al. 
2000). The assessment software consisted of a 3D human figure whose body parts 
could be modified using sliders. The main advantage of this application was that, as 
it is immersive, the modifiable figure was of a similar size to the user size and was 
placed in the same virtual position. Moreover, the software allows clinicians to assess 
several dimensions or indexes of body image (e.g., the perceived body, the desired 
body, the healthy body, etc.) and body weight (actual weight, subjective weight, 
healthy weight and desired weight), and all in different contexts.

To explore the concept of body image further, Gutiérrez-Maldonado and col-
leagues (Gutiérrez-Maldonado et al. 2010; Ferrer-Garcia and Gutiérrez Maldonado 
2010) focused their attention on the study of body image instability in patients with 
anorexia and bulimia nervosa. Several studies have stressed that trait and state com-
ponents coexist in the construct of body image (Etu and Gray 2010; Lattimore and 
Hutchinson 2010; Myers and Biocca 1992; Rudiger et al. 2007). According to the 
trait perspective, emotional and situational variables may produce changes in the 
way that people perceive and value their own body (Cash et al. 2002; Slade and 
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Brodie 1994; Smeets 1997; Thompson 1996). Continuing this line of research, 
Gutiérrez-Maldonado and colleagues (Gutiérrez-Maldonado et  al. 2010; Ferrer-
Garcia and Gutiérrez Maldonado 2010) used the ability of VR to reproduce every-
day life environments in order to study whether body image disturbance in patients 
with eating disorders (ED) change depending on the situation.

The authors exposed 85 women with ED and 108 women without ED to different 
VR environments (kitchen and restaurant) containing different kinds of food (low-
calorie versus high-calorie food) and in the presence or absence of other people 
(avatars). In accordance with the trait perspective, the authors found that ED patients 
showed a significantly higher over-estimation of body size after simulating eating 
high-calorie food than after simulating eating low-calorie food in the virtual envi-
ronments. Likewise, ED patients reported significantly higher percentages of body 
dissatisfaction after the high-calorie food than after the low-calorie food simulation. 
In contrast, participants without ED showed similar body distortion and body dis-
satisfaction in both situations. For its part, the presence or absence of people in the 
virtual environments had no significant effect on body image.

Gutiérrez-Maldonado concluded that body image distortion and dissatisfaction 
change depending on the situation to which participants are exposed, provided this 
situation is emotionally significant for them. In his study, two variables were manipu-
lated to induce an emotional response in participants: the kind of food and the pres-
ence of other people. As mentioned above, only food type proved to be an emotionally 
significant stimulus for patients with ED (one capable of producing changes in their 
body image), whereas the presence or absence of other people had no such effect.

The main interest of this study is that it provides evidence that body image distor-
tion and dissatisfaction can be influenced by situational factors or, in other words, 
that body image disturbances act partially as a state. This assertion has important 
therapeutic implications. Indeed, one of the most difficult therapeutic goals for clini-
cians is to change the body image experience of ED patients (Rorty et al. 1993). 
Besides, treatment programs usually devote fewer sessions to this component than to 
disturbed eating behavior (Rosen and Ramírez 1998; Rosen 1997). However, by 
using different virtual scenarios representing a range of stressful real-life situations 
for ED patients, the inclusion of body image assessment could provide clear, 
therapist-independent information about the subjective view that patients have of 
their bodies, since 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 – which in itself would represent a starting point for accepting change.

�Virtual Reality and Emotions

Virtual reality-based methods have also been used to assess the different responses 
of ED patients and healthy controls when exposed to certain stimuli and situations. 
Several studies show that exposure to food cues produces specific emotional and 
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behavioral responses in ED patients (e.g., Fett et al. 2009; Schienle et al. 2009). 
It has been suggested that if VR environments could induce similar responses to real 
stimuli in patients with ED, this technology could be used as a valid exposure tech-
nique in the assessment and treatment of eating disorders (Ferrer-Garcia et al. 2009). 
Unlike conventional methods (e.g., “in vivo” exposure, exposure to photographs, 
exposure via guided imagination, and so on), VR exposes individuals to interactive 
three-dimensional environments that simulate real situations, thus offering high 
ecological validity as well as strict control over the variables. Furthermore, VR 
allows researchers and clinicians to include both distal (e.g., restaurant) and proxi-
mal cues (e.g., pizza).

To test the usefulness of VR for developing life-like virtual exposure environ-
ments capable of eliciting emotional responses in ED patients, Gutiérrez-Maldonado 
and colleagues designed a multi-stage research project (Gutiérrez-Maldonado et al. 
2006; Ferrer-Garcia et al. 2009). Six virtual reality 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 situations that caused them 
discomfort related with body image. One hundred and eight healthy female students 
and 85 patients with a diagnosis of ED were exposed to the virtual environments 
(training room, kitchen with low-calorie food, kitchen with high-calorie food, res-
taurant with low-calorie food, restaurant with high-calorie food, and swimming 
pool). First, participants visited the virtual training room, a neutral situation in 
which they learned to use navigation keys and which served as a baseline, and the 
anxiety and depression experienced in this situation were assessed using the STAI-S 
(Spielberger et al. 1970) and the CDB (Pérez et al. 2004) respectively. Participants 
were then randomly exposed to the remaining virtual environments. In the intervals 
between the presentation of each environment, anxiety and depressed mood were 
assessed again.

Compared with healthy controls, patients with ED showed higher levels of anxi-
ety and a more depressed mood after visiting all the virtual environments. The high-
est levels of anxiety and depressed mood were found after eating high-calorie food 
(in the kitchen and in the restaurant) and after visiting the swimming pool. On the 
other hand, healthy controls only showed increased anxiety (compared with the 
neutral room) in the swimming pool. Ferrer-Garcia et al. (2009) attributed this last 
result to the “normative discontent” in women (Rodin et  al. 1984), according to 
which most women experience body image concerns in situations such as the swim-
ming pool where the body is exposed and susceptible to social comparison.

In the same research line, Aimé and colleagues (Aimé et al. 2009) exposed 27 
women to three virtual environments – the office (a neutral environment), the res-
taurant (with high- and low-calorie food), and the swimming pool – and measured 
anxiety before, during, and after immersions. Weight, shape, and food concerns, 
drive for thinness, and body dissatisfaction were also measured after immersions. 
The authors found that participants with 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 neu-
tral situation. On the other hand, participants who did not show concerns with their 
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weight and shape (n = 17) showed no anxiety or concerns after visiting the restaurant 
and the swimming pool.

The results of these studies suggest that VR exposure is able to produce similar 
responses in ED patients and healthy controls to those elicited in real situations and 
that it could therefore be used for both evaluative and therapeutic purposes. However, 
despite their promising results, these studies did not directly compare VR exposure 
with in vivo exposure. To overcome this drawback, Gorini et al. (2010) assessed the 
emotional reactions of 10 AN patients, 10 BN patients, and 10 healthy controls to 
real food, VR food, and photographs of food. Authors found that real food and VR 
food produced comparable emotional reactions in ED patients and that this reaction 
was stronger than the one produced by photographs of food.

Perpiñá, Botella, Baños and colleagues also studied the ability of VR environ-
ments to elicit emotional, cognitive and behavioral responses in ED patients (Perpiñá 
et al. 2001; Perpiñá et al. 2013). This research group conducted a pioneering pilot 
study with a small sample composed of five patients with BN and four with BED, 
with the aim of analyzing the use of virtual environments to assess and treat binge 
eating episodes. Participants were exposed to a virtual kitchen, where they were 
asked to eat high-calorie food (e.g., pizza). The results showed that the virtual envi-
ronment was able to provoke the undesirable features present in binge-eating epi-
sodes. Once a forbidden food had been eaten, patients reported anxiety, impulse to 
over-eat, and guilt feelings (from moderate to extreme). Furthermore, all the patients 
said they experienced a strong sense of reality in the virtual environment. Moreover, 
when augmented reality was added in a second VR exposure session (patients 
smelled a real hot pastry for the duration of the virtual eating process), scores on all 
measures increased.

More recently, Perpiñá et al. (2013) examined the ability of virtual environments 
to elicit sense of presence and judgment of reality in users. Twenty-two ED patients 
and 37 healthy eating controls were exposed to a non-immersive virtual environ-
ment, a kitchen in which participants had to eat a virtual pizza. Participants filled 
out the Reality Judgment and Presence Questionnaire (RJPQ) and the ITC-Sense of 
Presence Inventory (ITC-SOPI). The results showed that the VR environment 
induced a sense of presence and was felt to be real by both groups; however, the ED 
patients reported paying more attention and experiencing greater emotional involve-
ment and dysphoria after virtual eating. The results suggest that the VR environ-
ments created were clinically meaningful to the ED patients.

Another interesting line of research has focused on the ability of VR environ-
ments to elicit food craving in ED patients and non-clinical samples. Ledoux and 
colleagues (Ledoux et al. 2013) assessed whether food-related cues delivered by 
VR induced greater food craving than neutral VR cues, photographic food cues, or 
real food in a sample of 60 normal-weight non-dieting women. The results showed 
that the food craving produced by VR was only marginally greater than craving 
elicited by neutral cues, not significantly different from picture cues, and signifi-
cantly lower than real food. Ledoux suggested that these modest effects may have 
been due to the low quality of the VR system and/or measures of food craving 
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(i.e., self-report and salivation). In fact, contrasting results were found by 
Ferrer-Garcia and colleagues, who also assessed the ability of different virtual 
environments to elicit craving for food in non-clinical samples (Ferrer-Garcia et al. 
2013a, b; Ferrer-Garcia et al. 2015a, b). These authors reported that exposure to 
high-calorie food in virtual environments provoked significantly higher levels of 
food craving than low-calorie food virtual cues. In view of the evidence of the 
effectiveness of food-related VR environments to elicit food craving and emotional 
responses in ED patients, this research group started a new line of study assessing 
food craving in ED patients using VR-based exposure.

With this objective in mind, Pla-Sanjuanelo et al. (2017) developed a VR-based 
software for cue exposure therapy in patients with bulimia nervosa (BN) and binge 
eating disorder (BED). As a previous stage before using the software with therapeu-
tic intent, these authors tested its ability to elicit anxiety and food craving in ED 
patients, and assessed differences with respect to the responses of healthy controls. 
Fifty-eight ED outpatients (33 BN and 25 BED) and 135 non-clinical participants 
were exposed to 10 craved virtual foods (e.g., chocolate) and a neutral cue (a sta-
pler) in four experimental virtual environments (kitchen, dining room, bedroom, 
and cafeteria). After exposure to each VR scenario, food craving and anxiety were 
assessed. In both groups, craving and anxiety responses when exposed to the food-
related virtual environments were significantly higher than in the neutral-cue virtual 
environment; however, craving and anxiety levels were significantly higher in the 
clinical group. Thus, these results supported the usefulness of VR for eliciting food 
craving in ED patients and its ability to discriminate between clinical and non-
clinical participants.

Interestingly, an association has also been found between participants’ eating 
behavior style (emotional, restrictive, or external; Van Strien et al. 1986) and food 
craving levels reported in the virtual environments (Ferrer-Garcia et  al. 2015b; 
Ferrer-Garcia, Pla-Sanjuanelo et al. 2017). Analyzing the effect of eating style on 
the anxiety and food craving reported in the study by Pla-Sanjuanelo et al. (2017) 
mentioned above, Ferrer-Garcia et al. (Ferrer-Garcia et al. 2017a) found that, in the 
healthy group, external eating was the only predictor of cue-elicited craving and 
anxiety, whereas in participants with BN and BED external and emotional eating 
were the best predictors of cue-elicited craving and anxiety respectively. Based on 
these data, the authors suggested that VR-based cue-exposure therapy may be an 
ideal intervention for ED patients with an external eating style.

Finally, the potential usefulness of VR to elicit social comparison tendencies has 
also been investigated. Guitard and colleagues assessed the emotional impact of 
exposure to avatars with different body shapes in a virtual bar on 17 body shape-
concerned participants, using physiological and self-reported measures (Guitard 
et al. 2011). Their results provided preliminary support for the hypothesis that social 
comparison in virtual environments produces emotional reactions in participants, 
especially when confronted with a thin-ideal stimulus.

In conclusion, the studies discussed in this section show that VR environments 
are able to produce responses similar to those observed in real world.
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�The Use of Virtual Reality in the Treatment of Weight-Related 
Disorders

As noted above, body image disturbance is one of the most difficult features of ED 
and obesity to modify. The cognitive-behavioral approach (Butters and Cash 1987) 
has proved to be effective for its treatment and is the most frequently used interven-
tion. Alternatively, visual-motor therapy, whose main objective is to increase sub-
jects’ awareness of their own body by videotaping and subsequently viewing the 
different gestures and body movements, has also showed promising results (Wooley 
and Wooley 1985). Both kinds of intervention are useful, but body image distur-
bances are highly persistent (Vandereycken 1990; Vandereycken et al. 1988); in this 
context, VR offers an innovative and promising complement to traditional methods 
of intervention.

�Virtual Reality in the Treatment of Body Image-Related 
Disturbances

Riva and colleagues (Riva and Melis 1997a, b; Riva et al. 1997) developed the first 
VR-based application for the treatment of body image disturbance in weight-related 
disorders: the VEBIM (Virtual Environment for Body Image Modification). The 
VEBIM consisted of five virtual reality environments or zones grouped into two 
parts. The first part (Zone 1: training room and balance; and Zone 2: kitchen and 
office) was developed so that users could acquire the minimum skills necessary to 
navigate and interact with the environment, and to identify which stimuli were able 
of eliciting disturbed eating behaviors. Three additional virtual areas (Zone 3: pic-
tures of models; Zone 4: the mirror room; and Zone 5: the room of doors) were 
developed to modify the user’s body image. During exposure to different environ-
ments the Socratic Method was used to help participants to challenge distorted 
thoughts about their body weight and shape, and to develop a more realistic percep-
tion of their own body image (Riva et al. 1998a, b).

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 is a cognitive bias (see also the para-
graph on the Allocentric Lock Hypothesis) and, as such, it is barely accessible to 
consciousness. This fact hinders body image change, as users believe that biased 
information is real (Riva 2003). However, due to the intrinsic features of the tech-
nology the virtual experience gives users access to this unconscious information 
related with body schemata, where the latter refers to the model of their own body 
that individuals have developed and which serves as the basis for judging their 
movement and posture (Head 1926). It has been shown that common distortions and 
desynchronizations produced in VR systems can alter people’s lived experience. 
Discrepancies between the signals arriving from the user’s propioceptive system 
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and the external signals 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 
awareness of the associated sensorimotor and perceptual processes. When a particu-
lar event or stimulus is discordant with body schemata information, such as occurs 
during the virtual experience, this information becomes conscious (Baars 1988). 
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 objec-
tive of the self is to integrate and maintain the consistency of different body represen-
tations. Furthermore, VR experience may enhance cognitive-behavioural 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 percep-
tion. Once this has been understood, individual maladaptive assumptions can then be 
challenged more easily” (Riva et al. 1999, p. 78).

Riva (1998a; b; c; Riva and Melis 1997b) conducted some preliminary studies 
with non-clinical population to assess the VEBIM. In the first of these studies, expo-
sure to VEBIM during no more than 10 mins produced changes on body image dis-
satisfaction (understood as the discrepancy between the perceived and the ideal body 
size). Specifically, body dissatisfaction levels were significantly lower after leaving 
the VEBIM than before entering. A controlled study was conducted subsequently in 
order to test the results obtained in the first one. Here, 48 women were randomly 
assigned to two groups: the experimental group, in which the VEBIM was adminis-
tered, and the control group, without treatment. In line with the first study the experi-
mental group showed a significant reduction in body image dissatisfaction after 
visiting the VEBIM compared with previous measures. The control group did not 
show any significant change across the two measures. Riva (1998c) also studied 
whether exposure to VEBIM produced psychophysiological changes in a sample of 
47 males and 24 females. Blood pressure and heart rate were assessed. No differ-
ences were found between measures obtained before and after the virtual experience. 
Given the results of those preliminary studies, Riva and colleagues (Riva et al. 1998a, 
b, 1999) then administered these virtual environments to a 22-year-old woman with 
anorexia nervosa (purging type).

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

In 2000, Riva and his team (Riva et al. 2000a, b, c) tested the efficacy of VR in 
modifying body image disturbances also in patients with obesity, BED and 
ED-NOS.  Fifty-seven women who contacted the Weight Reduction Unit of the 
Istituto Auxologico 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 disturbances showed a significant post-treatment improvement. 
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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 com-
bination with cognitive-behavioral treatment and psychoeducation (see Table 7.1). 
Since 2007 VEBIM has been included in NeuroVR 2 (http://www.neurovr.org, see 
Fig. 7.2) a free virtual reality platform based on open-source software (Riva et al. 
2007, 2009, 2011).

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 combination of nutritional, cognitive and behavioral procedures to help 
the patient identify and change the maintaining mechanisms in both obesity and 

Table 7.1  The structure of the Experiential-Cognitive Therapy – ECT (Adapted from Riva et al. 
2004, 2006)

Week 1
Psychometric test (Test)
Psychodiagnostic Interview Preliminary group (Motivation to 

treatment and definition of rehabilitative 
protocol)

Session 1 VR Assessment + body image (virtual 
balance + sitting room)

Nutritional assessment

Weeks 2 and 3
Session 2 VR Eating control + interpersonal reframe 
(kitchen + bathroom + bedroom)

Nutritional group (2/3 sessions)

Session 3 VR Body image (BIVRS) Psychological Group (1 session)
Session 4 VR Eating control (supermarket) Physical Activity

Weeks 4 and 5
Session 5 VR Body image + interpersonal reframe 
(gymnasium)

Nutritional group (2/3sessions)

Session 6 VR Eating control + interpersonal reframe 
(pub)

Psychological group (1 session)

Session 7 VR Body image + interpersonal reframe 
(clothes shop)

Physical activity

Weeks 6 and 7
Session 8 VR Eating control + interpersonal reframe 
(restaurant)

Nutritional group (2/3sessions)

Session 9 VR Body image + interpersonal reframe 
(swimming pool + beach)

Psychological group (1 session)

Session 10 VR Eating control + body image 
(kitchen + BIVRS + 9 doors room)

Physical activity

Week 8
Psychological support (2/3 sessions)
Physical activity
Final group (motivation to out-patient 
phase)

Psychometric tests (Re-test)
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eating disorders. However, ECT differs from the typical cognitive-behavioral 
approach in the VR body image rescripting protocol based on the Allocentric Lock 
hypothesis (see Table 7.2), in its focus on empowerment and in its focus on the 
negative emotions related to both body and eating.

Riva and colleagues have published several case studies (Riva et al. 2002; 2003) 
and controlled studies (Riva et al. 2001; 2002; 2003; 2006) about the application of 
ECT to different weigh-related disorders.

Table 7.2  The VR body image rescripting protocol (Adapted from Riva 2011)

Phase 1: 
Interview

During a clinical interview the patient is asked to relive the contents of the 
allocentric negative body image and the situation/s in which it was created 
and/or reinforced (e.g. being teased by my boyfriend at home) in as much 
detail as possible. The meaning of the experience for the patient was also 
elicited.

Phase 2: 
Development of 
the VR scene

The clinician reproduces the setting of the identified situation (e.g. the 
corridor of the classroom where my boyfriend teased me) using one of the 
different scenes available in the free NeuroVR software (http://www.
neurovr2.org),

Phase 3: 
Allocentric 
Experience of the 
VR scene

The patient is asked to reexperience the event in VR from a first person 
perspective (the patient does not see his/her body in the scene) expressing 
and discussing his/her feelings.

The patient is then asked what was needed to happen change the feelings in 
a positive direction. The questions asked follow the Socratic approach, for 
example “What would need to happen for you to feel better? How does it 
look through the eyes of a third person? Is there anything you as a third 
person like to do? How do the other people respond?”
The main cognitive techniques used in this phase, if needed, are: 
Countering: Once a list of distorted perceptions and cognitions is 
developed, the process of countering these thoughts and beliefs begins. In 
countering, the patient is taught to recognize the error in thinking, and 
substitute more appropriate perceptions and interpretations.
Label Shifting: The patient first tries to identify the kinds of negative words 
she uses to interpret situations in her life, such as bad, terrible, obese, 
inferior, and hateful. The situations in which these labels are used are then 
listed. The patient and therapist replace each emotional label with two or 
more descriptive words.

(continued)
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Table 7.2  (continued)

Phase 4: 
Egocentric 
Experience of the 
VR scene

The patient is asked to reexperience the event in VR from a third person 
perspective (the patient sees his/her body in the scene) intervening both to 
calm and reassuring his/her virtual avatar and to counter any negative 
evaluation.

The main cognitive techniques used in this phase, if needed, are: 
Alternative Interpretation: The patient learns to stop and consider other 
interpretations of a situation before proceeding to the decision-making 
stage. The patient develops a list of problem situations, evoked emotions, 
and interpretative beliefs. The therapist and patient discuss each 
interpretation and if possible identify the kind of objective data that would 
confirm one of them as correct.
Deactivating the Illness Belief: The therapist first helps the client list her 
beliefs concerning weight and eating. The extent to which the illness model 
influences each belief is identified. The therapist then teaches the client a 
cognitive/behavioral approach to interpreting maladaptive eating behaviors 
and shows they can be understood from this framework.

In 2001, Riva and colleagues divided 28 obese women into two equal groups in 
order to compare the results obtained from the application of two different treat-
ments: one based on ECT and another on the psycho-nutritional intervention of 
traditional cognitive-behavioral treatment (CBT). Both groups also took part in a 
parallel diet and exercise program. The results showed that treatment using ECT 
was more effective than CBT in improving body satisfaction, self-efficacy and moti-
vation for change, as well as in reducing over-eating and reported anxiety. A later 
study by the same team (Riva et al. 2002) 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 satisfaction, self-efficacy and motivation for change. However, no differences 
were found as regards the reduction of binge eating behavior.

A year later Riva et al. (2003) 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 ther-
apy alone (CBT group), and the nutritional psychoeducation group. At six-month 
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follow-up 77% of people in the ECT group had stopped bingeing, compared with 
56% and 22% in the CBT and nutritional psychoeducation groups, respectively. In 
2006, Riva provided new evidence for the efficacy of ECT in the treatment of obe-
sity (Riva et al. 2006). On this occasion the sample comprised 211 obese women 
(aged 18–50 and BMI over 40) without any other serious psychiatric disorder, 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 psy-
choeducation. As in previous studies, the ECT group not only obtained better out-
comes than the other two groups in terms of reduced body dissatisfaction and 
increased self-efficacy, but they also had fewer relapses both at six-month and 
twelve-month follow-up (Riva et al. 2012).

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

In a further study Cesa et al. (2013) compared within a controlled study the out-
come of 90 obese (BMI>40) female patients with BED upon referral to an obesity 
rehabilitation center. As before, they were randomly assigned to three conditions: 
ECT, traditional CBT or nutritional psychoeducation. At start, upon completion of 
the inpatient treatment, and at 1-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 results showed that 
only ECT was effective at improving weight loss at 1-year follow-up. Conversely, 
control participants regained on average most of the weight they had lost during the 
inpatient program. Binge eating episodes decreased to zero during 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 who received the 
nutritional psychoeducation alone, while both ECT and CBT were successful in 
maintaining a low rate of monthly binge eating episodes. In a final study 
(Gutiérrez-Maldonado et  al. 2016b) 163 female morbidly obese inpatients (body 
mass index >40) were randomly assigned to three conditions: a standard behavioral 
inpatient program (SBP), SBP plus standard CBT, and ECT. Patients’ weight, eating 
behavior, and body dissatisfaction were measured at the start and upon completion 
of the inpatient program. Weight was assessed also at one-year follow-up. All mea-
sures improved significantly at discharge from the inpatient program, and no signifi-
cant difference was found among the conditions. However, odds ratios showed that 
patients in the ECT condition had a greater probability of maintaining or improving 
weight loss at one-year follow-up than SBP patients had (48% vs. 11%, p = 0.004) 
and, to a lesser extent, than CBT patients had (48% vs. 29%, p = 0.08). Indeed, only 
ECT was effective in further improving weight loss at one-year follow-up. On the 
contrary, participants who received only the inpatient program regained back, on 
average, most of the weight they had lost. Findings support the hypothesis that a 
VR module addressing the locked negative memory of the body may enhance the 
long-term efficacy of standard CBT.
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Perpiñá et al. (1999), developed another application for the treatment of ED that 
was tested in a controlled study with a clinical sample (patients with AN and BN). 
With this objective, the researchers combined three treatment components:

•	 An adaptation of the body image disturbance treatment of Cash (1996) and 
Rosen (1997), consisting of psychoeducation, exposure, intervention on safety 
behaviors, cognitive restructuring and self-esteem related to the body. This 
cognitive-behavioral programme was developed for eight weekly group sessions 
of 3 h each.

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

•	 A relaxation component, again implemented in parallel to the treatment for body 
image disturbances over six, weekly individual sessions of 1 h each. This final 
component was added in order to balance the duration of therapy in both condi-
tions, so that all the patients received the same number of hours of treatment.

Eighteen outpatients diagnosed with ED (anorexia nervosa or bulimia nervosa) 
were randomly assigned to two treatment conditions: the VR condition (cognitive-
behavioral treatment + VR) and the standard treatment for body image disturbances 
(cognitive-behavioral treatment + relaxation). Thirteen of the eighteen 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 towards 
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 
an increased motivation and adherence to treatment.

These results show that greater improvement was achieved with the addition of 
the VR component compared to the standard body image treatment alone. Given 
this, the researchers offered the patients in the standard treatment group the possi-
bility of being treated with the VR component as well. The sample in this second 
study comprised twelve patients (seven with AN and five with BN). The results 
showed that the improvement achieved after completing the treatment was not only 
maintained after 12 months but actually increased (Perpiñá et al. 2004). Similarly, a 
case study by the same authors (Perpiñá et al. 2001) also reported an improvement 
in the ED patient’s symptomatology at one-year follow-up. Salorio del Moral and 
colleagues (Salorio del Moral et al. 2004) published another case study in which 
they applied a ten-session treatment programme based on the treatment developed 
by Perpiñá and her team to an AN patient. The authors reported decreased body dis-
satisfaction, better interoceptive awareness, less perfectionism, and no tendency 
toward asceticism in the treated participant. Furthermore, at one-year follow-up the 
patient showed no drive for thinness, more body satisfaction and less interpersonal 
distrust, while perfectionism, asceticism and social insecurity were all absent.

In a further study, Marco et al. (2013) integrated this VR body image protocol 
within a Cognitive Behavioral Treatment (CBT) for eating disorders and compared 
it with the CBT alone in a sample of 34 ED patients. Results showed that the patients 
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who received the VR component improved more than the group without this 
component. Furthermore, improvement was maintained in post-treatment and at 
one-year follow-up.

Perpiñá and colleagues (Perpiñá et al. 2001) conducted a study with a small sample 
of ED patients (five with BN and four with 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 forbidden food, usually a pizza. While they carried out this task the experimenter 
suggested flavors and sensations. The results showed that the virtual environment 
were able to provoke the undesirable features present in binge-eating episodes. First, 
once a forbidden food had been eaten, patients reported anxiety, an impulse to over-
eat and guilt feelings (from moderate to extreme). Furthermore, all the patients said 
they experienced a strong sense of reality in the virtual environment. Secondly, intro-
duction 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 re-create situations but also to help 
patients cope with mental representations of their fears.

Virtual reality technology has been also used to increase adherence to physical 
activity in obese individuals. Ruiz and colleagues (Ruiz et al. 2012) exposed 30 over-
weight and obese participant to three versions of a 3D avatar-based VR intervention 
to promote exercise: virtual representation of the self-exercising condition; virtual 
representation of other person exercising; and control condition. Results showed that 
only participants in the virtual representation of the self-group significantly increased 
their levels of physical activity after intervention.

�Virtual Reality in the Treatment of Binge Eating-Related 
Disorders

Cognitive-behavioral therapy (CBT) is considered the treatment of choice for both 
BN and BED (Wilson et al. 2007) and was given the highest rating in the National 
Institute of Mental Health (2004) review of evidence-based treatments. However, an 
important percentage of BN and BED patients fail to respond by the end of the treat-
ment and the effects tend to wane in the long term (Amianto et al. 2015; Berkman 
et  al. 2007; Lampard and Sharbanee 2015; Wilson et  al. 2010). Consequently, the 
addition of second-level treatment has been proposed in those cases where the first 
level (i.e., CBT) does not work (Wilson et al. 2007). Although there is some evidence 
that BN and BED patients who do not stop binge eating after CBT benefit from addi-
tional CBT sessions focusing on the specific problem areas identified at the end of the 
initial program (Eldredge et al. 1997), it has been suggested that second-level inter-
ventions targeting specific features associated with poor response may represent a 
better option (Dakanalis et al. 2016; Dakanalis et al. 2017; Halmi 2013).
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In line with this approach, Gutiérrez-Maldonado and colleagues created a new 
treatment method based on cue exposure via virtual reality (Ferrer-Garcia et  al. 
2017a, b; Gutiérrez-Maldonado et  al. 2016a, b; Pla-Sanjuanelo et  al. 2007). 
The novelty of this proposal was the addition of VR to cue-exposure procedures, 
which have proved effective for the treatment of binge-related eating disorders in 
previous research (see Gutiérrez-Maldonado et al. 2013; and Koskina et al. 2013 for 
a review). This addition aims to increase the efficacy of cue exposure therapy (CET) 
by enhancing its ecological validity, while reducing the logistic complications asso-
ciated with exposure to real cues (i.e. food).

Cue exposure therapy is based on classic conditioning theory. According to this 
model, the intake of food is considered the unconditioned stimulus and all stimuli 
associated with this action (e.g., the presence of palatable food, emotional states, the 
smell of food) are considered the conditioned stimuli. Once conditioning has been 
established, the presence of conditioned stimuli (e.g., sweets) elicits physiological 
responses (experienced as food craving) which in turn trigger binge episodes (Jansen 
et al. 1989; Jansen 1998). The main objective of CET is to extinguish food craving 
by breaking the bond between the conditioned stimuli and the food craving. Toro and 
Martínez-Mallén (Martínez-Mallén et al. 2007; Toro et al. 2003) proposed an alter-
native explanation of the CET rationale. According to them, anxiety, stress and nega-
tive mood are strongly associated with binge behavior. Episodes of excess intake at 
the onset of the disorder generate feelings of anxiety, shame and guilt. With time, 
exposure to cues related with binges produce anticipatory anxiety in BN and BED 
patients and it is this anxiety that leads to “bulimic hunger” (Martínez-Mallén et al. 
2007). These two explanations are not mutually exclusive; in fact, BN and BED 
patients frequently report experiencing food craving associated with high levels of 
anxiety and negative mood (Pla-Sanjuanelo et al. 2015). As Martínez-Mallén et al. 
(2007) suggested, anxiety and food craving are experienced simultaneously in the 
presence of binge-related cues.

Although CET is considered an effective intervention for BN and BED (espe-
cially in cases in which CBT does not achieve good results; indeed, it has been 
proposed as a second line of treatment in these situations, Koskina et  al. 2013), 
logistical difficulties and the time necessary for in vivo CET to work have hindered 
its development and implementation (Gutiérrez-Maldonado et al. 2013). To over-
come these difficulties, Gutiérrez-Maldonado proposed using VR-based exposure 
for CET. VR technology has several benefits for exposure therapy: first, VR envi-
ronments maintain good ecological validity even when exposure is conducted in the 
therapist’s office and are therefore easy to generalize to real situations. Second, VR 
exposure allows the therapist to control all the parameters of the situation and to 
adapt the exposure environment to the specific needs of each patient at each stage of 
treatment. Third, using VR scenarios patients can be exposed not only to specific 
stimuli but to contextual cues related with the problem.

Gutiérrez-Maldonado and colleagues found that exposure to VR environments 
incorporating both specific stimuli (e.g., high calorie food) and contextual cues 
(e.g., kitchen) significantly reduces food craving and anxiety (Gutiérrez-Maldonado 
et al. 2016a, b; Pla-Sanjuanelo et al. 2016) in a non-clinical sample. Likewise, a 
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case study showed that six sessions of VR-based CET were sufficient to extinguish 
episodes of binge-eating, and associated purging behaviors, in a BN patient who 
initially failed to successfully respond to CBT (Pla-Sanjuanelo et al. 2016).

On the basis of these results, a multicenter, randomized, parallel-group study was 
conducted at different hospitals (five sites) in three European cities in order to estab-
lish whether the addition of a six-session VR-CET second-level treatment, after a 
structured CBT program, achieved a better outcome than adding six more CBT ses-
sions (A-CBT) in treatment-resistant patients aged over 18 with BN and BED (https://
clinicaltrials.gov/ct2/show/NCT02237300). Exclusion criteria were suicidal ideation 
and severe mental disorder (psychosis or dementia). Sixty-four patients (35 BN and 
29 BED) were randomly assigned to two experimental conditions: VR-CET and 
A-CBT. Frequency of binge and purge episodes, drive for thinness, bulimia symp-
toms, body dissatisfaction, food craving and anxiety were assessed both before start-
ing second-level treatment and once it had finished.

Even though patients in both groups improved, VR-CET was significantly supe-
rior to A-CBT at the end of second-level treatment in terms of the proportion of 
participants who achieved abstinence from binge eating episodes: 17/32 (53%) of 
those treated with VR-CET, compared with 8/32 (25%) of those treated with A-CBT 
(N = 32) (χ2 = 5.32, p = .02). Amongst BN patients, VR-CET was also superior to 
A-CBT at the end of second-level treatment in terms of the percentage of participants 
that achieved abstinence from purging episodes (75% vs. 31%, [χ2 = 6.56, p = 0.02]). 
Consistent with these results, the VR-CET group showed a lower clinician-rated fre-
quency of binge and purge episodes and a lower self-reported tendency to engage in 
episodes of uncontrollable overeating (assessed by the bulimia scale on the EDI-3) 
than the A-CBT group at the end of second-level treatment, although there were no 
significant differences between groups at the pre-randomization/pre-test phase 
(Ferrer-Garcia et  al. 2017a). Furthermore, good outcomes were maintained at 
6-month follow-up. The authors conclude that the results highlighted the superiority 
of VR-CET over A-CBT. This software can be downloaded for free at http://www.
ub.edu/vrpsylab/foodcraving/

�Conclusions

During the last decade virtual reality (VR) emerged as a technology that is especially 
suitable for the study, assessment and treatment of weight related disorders (Riva 
2017; Riva et al. 2016a, b; Wiederhold et al. 2016). Taking into account the results 
obtained to date in the studies reviewed, several conclusions can be drawn (Gutiérrez-
Maldonado et al. 2016a, b). Even if It has been recognized that the field had in the past 
very few methodologically strong studies, the situation is quite different now. Three 
different randomized, controlled trials (Cesa et al. 2013; G.M. Manzoni et al. 2016; 
Marco et al. 2013) have shown at one-year follow-up that VR had a higher efficacy 
than the gold standard in the field, i.e., cognitive behavioral therapy (CBT).
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More, this chapter also outlined the potential of virtual reality in the study of 
weight-related disorders. This approach is currently used for the assessment of body 
image distortions, emotional responses and social comparison skills in clinical and 
subclinical subjects.

First, VR can be used to improve our knowledge about the body image concept. 
For example, different studies explored whether perceptual distortions in body 
image and body dissatisfaction changed depending on the situation.

Second, VR can be used to evaluate the emotional responses produced by food 
exposure. In fact, real food and VR food produce comparable emotional reactions – 
anxiety, food craving, impulse to over-eat, and guilt feelings – in ED patients and 
this reaction was stronger than the one produced by photographs of food.

Third, it is also possible to use the potential of virtual reality (VR) to elicit social 
comparison tendencies induced by subjects with different weight and body sizes. 
The available studies suggest that more negative stereotyping and less visual contact 
are produced by the interaction with overweight/obese subjects.

In conclusion, VR is a powerful tool for studying, assessing and treating weight 
related disorders. Nevertheless, future research and clinical practice are still required 
for transforming virtual reality in a real tool for researchers and clinicians.
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