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Abstract: Several lines of evidence suggest that Virtual Reality (VR) has a potential utility in eating
disorders. The objective of this study is to review the literature on the use of VR in bulimia nervosa
(BN) and binge eating disorder (BED). Using PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement for reporting systematic reviews, we performed a PubMed,
Web of Knowledge and SCOPUS search to identify studies employing VR in the assessment and
treatment of BN and BED. The following search terms were used: “virtual reality”, “eating disorders”,
“binge eating”, and “bulimia nervosa”. From the 420 articles identified, 19 were selected, nine
investigated VR in assessment and 10 were treatment studies (one case-report, two non-controlled
and six randomized controlled trials). The studies using VR in BN and BED are at an early stage.
However, considering the available evidence, the use of VR in the assessment of those conditions
showed some promise in identifying: (1) how those patients experienced their body image; and
(2) environments or specific kinds of foods that may trigger binge-purging cycle. Some studies using
VR-based environments associated to cognitive behavioral techniques showed their potential utility
in improving motivation for change, self-esteem, body image disturbances and in reducing binge
eating and purging behavior.

Keywords: virtual reality; systematic review; binge-purging eating disorders; bulimia nervosa; binge
eating disorder

1. Introduction

Eating disorders (EDs) are widespread, disabling and often chronic mental disorders [1-3].
They are categorized, according to DSM-5 [4], as a group of conditions characterized by a persistent
disturbance of eating or eating related behaviors resulting in altered consumption or absorption of
food that impairs physical health and psychosocial functioning. The EDs diagnostic subgroup includes
major discrete clinical entities such as anorexia nervosa (AN), bulimia nervosa (BN), binge eating
disorder (BED) and their subthreshold syndromes. In general, patients with AN could be described by
low body weight, food restriction, fear of becoming fat and an overvaluation of their weight/shape
(body image (BI) concerns); in those with BN, the core symptomatology are the presence of recurrent
binge eating (BE) episodes followed by inappropriate compensatory behaviors (self-induced vomits,
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fasting, etc.) to prevent weight gain and a self-evaluation unduly influenced by body shape/weight;
and, subjects with BED also have recurrent BE but did not engage in compensatory behaviors as those
seen in BN.

Based on several recent clinical and neurobiological findings a spectrum classification model
has been proposed which distinguishes between eating disordered patients who restrict food intake
without binging and those who binge and purge [5,6]. This distinction between restrictors and
binge—purgers is thought to correspond to important phenomenological and etiological differences,
including those related to predominant personality features, family-interaction styles, neurobiological
abnormalities, and patterns of genetic transmission. Such differences imply that the restrictors versus
binge-purgers distinction may delineate more homogenous subgroups of EDs in a more meaningful
way regarding treatment [7].

Thus, BN and BED are classified as a binge-purging type of ED [6] and both are characterized by a
unique phenomenon called BE, a pattern of disordered eating which consists of episodes of unusually
large consumption of food associated with feelings of loss of control [4]. Moreover, even though body
dissatisfaction was not included as a BED diagnostic criterion, several authors reported high levels of
this symptomatology in this population [8]. Along with this core eating psychopathology, patients
in binge—purging spectrum disorders usually displayed additional general psychopathology such as
depression, anxiety, low self-esteem, and personality traits such as impulsivity.

Although, currently, the pathophysiology of BN and BED is not clearly understood, several
hypotheses based on these emotional aspects have been proposed for the development and
maintenance of these disorders [9,10] and may represent a potential path for the development of
new interventions. In this perspective, BI disturbances/dissatisfaction may potentially lead to feelings
of negative affect and attempts to reduce caloric intake, and in turn, negative affect and dietary
restraint lead to BE [9]. More recently, certain personality traits as impulsivity have been implicated in
triggering eating disordered eating. Impulsivity might be related to deficits in inhibitory control, i.e.,
the capacity to delay a response, to suppress inappropriate responses and to ignore distractions [11,12].
A growing body of evidence suggests that impulsivity and reduced inhibitory control are associated
with overeating and binge-eating behavior [13,14].

BN and BED have a complex, multifactorial etiology, involving the interactions between genes
and environment, with an interplay of biological, psychological and sociocultural factors. Although
psychotherapeutic approaches (such as cognitive-behavior therapy (CBT)) are the most effective and
recommended first-line treatment for those conditions, in general, currently available treatments have
been shown only moderately effective. Thus, there is an urge to improve the understanding of EDs
etiology and to develop a more efficacious and personalized forms of interventions [15].

Virtual reality (VR) is an emerging technology with a variety of uses ranging from clinical research
to the assessment and treatment of several medical and psychological conditions [16]. A comprehensive
definition for VR is “an advanced form of human—-computer interface that allows the user to interact
with and become immersed in a computer-generated environment in a naturalistic fashion” [17].
An important aspect of VR is that it induces a kind of “sense of presence”, i.e., a feeling of “being
there” in the middle of the virtual environment. This sensation of presence produces a setting where
the subject can stay and live a specific experience, evoking emotional responses and a sense of
self-reflectiveness [18]. Summarizing, VR reduces the gap between reality and imagination and have a
potential utility in behavioral health for the assessment and treatment of mental disorders, because it
allows the individual to face anxiogenic situations in a more controlled environment [19].

Initially designed for treatment of phobias, the use of VR in behavioral disorders has expanded
for other mental health conditions [20]. Freeman and colleagues systematically reviewed the studies
of VR in mental disorders and found that the main conditions investigated were anxiety disorders,
schizophrenia, substance related disorders and EDs [16]. The authors pointed out that VR environments
can be used to elicit psychiatric symptoms, manipulation of VR can inform the understanding of
disorders, and simpler psychological treatments can be successfully administered in VR format.
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Another systematic review focusing specifically on the potential use of VR in interventions for mental
disorders [21] demonstrated that, overall, VR has been shown superior to treatment as usual or waiting
lists and with similar efficacy as conventional CBT or in vivo exposure. However, it is important to
mention that the effectiveness of VR-based interventions varied across diagnostic groups and the
studies showed several methodological flaws. Both reviews [16,21] commented that EDs is a promising
area for utilization of VR.

In general, VR is used in EDs studies exploring two main aspects of the EDs syndrome:
BI distortions and uncontrolled eating. For the first aspect, it usually enables three-dimensional
figures of the patient’s body to be presented, helping him /her to reach an awareness of BI distortion
and then providing the possibility to face and modify distortions, which results in a more realistic view
of the body and a potential decrease in BI dissatisfaction. For the second topic, VR provides scenarios
that simulate real-life situations and to encounter food cues known to trigger his/her disordered
eating behavior. Riva and colleagues [20] pioneered the studies on the use of VR for the treatment
of EDs as part of a collaborative network of the European VREPAR PROJECT (VR Environments for
the Psychoneurophysiological Assessment and Rehabilitation Project). They developed the VEBIM
(Virtual Environment for BI Modification), composed of five VR environments for the treatment of
BI disturbance.

Ferrez-Garcia and colleagues [22] in 2013 summarized the available information regarding the
use of VR for the treatment of EDs and obesity. From the 17 studies included in this systematic review,
11 investigated VR-based interventions specifically in patients with EDs. In terms of the diagnostic
rubrics of the samples and designs of the studies, there were four case reports describing the effects of
VR in AN subjects, two non-controlled and two controlled trials with patients with BED; two controlled
studies with a mixed sample of AN and BN individuals; and one non-controlled study in an eating
disorder not elsewhere specified (EDNOS) sample. In the same year, reviewing exposure therapy in
the field of EDs, Koskina and colleagues [23] analyzed the existing evidences of food and BI exposure
using VR environments. Taking together, these reviews considered that treatment studies with VR
in EDs are emerging. Although the authors are generally supportive of the potential usefulness of
VR in EDs they highlighted several methodological limitations of the current studies that need to be
overcame in the future research.

To update the current knowledge on the use of VR-based environments in a more homogenous
subgroup of binge—-purging EDs we performed this systematic review in order to summarize the
current evidences of VR in the assessment and treatment of BN and BED.

2. Methods

Using the PRISMA statement for reporting systematic reviews, we performed a PubMed, Web of
Knowledge and SCOPUS search to identify studies using VR in the assessment and treatment of BN,
BED and their subthreshold syndromes published until June 2017. Two independent reviewers (M.R.C.
and T.R.S.D.) performed study selection procedures and data extraction. The decisions on inclusion or
exclusion of the reviewers were recorded. The results from the data abstraction were compared after
completing the review of the articles. Any discrepancies or disagreements were resolved by consensus,
with attention to the previously defined selection criteria. A third reviewer would decide upon
inclusion or exclusion in the case of a persistent disagreement between the reviewers. We searched
for original clinical studies (controlled and uncontrolled) investigating the utility of VR environments
in samples that includes patients with the diagnosis of BN and BED. Thus, if the sample of the study
along with BN and BED also included patients with other ED rubrics (such as AN or EDNOS) the
paper was incorporated. We included also case-reports. The bibliography of review articles was used
to find articles not retrieved by the electronic search. The following combination of search terms
were used: “virtual reality AND eating disorders”, “virtual reality AND binge eating”, and “virtual
reality AND bulimia nervosa”. The selection of papers suitable for this review was restricted to articles
published in peer-reviewed journals. Where a title or abstract seemed to describe a study eligible for
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inclusion, the full article was obtained and examined to assess relevance based on the inclusion criteria.
Subsequently, the articles were divided according to the study design, data extracted and organized
in tables.

3. Results

The initial electronic search identified 420 studies using VR-based environments in patients with
BN and BED. Additionally, nine studies were identified by hand searching the references of the original
and review articles retrieved. After a careful process of appraisal, 19 studies met the inclusion criteria
and were selected and included in this review (see Figure 1). From these 19 studies using VR in BN and
BED, nine were classified as assessment studies [24-32]—which includes studies of symptom assessment,
identification of symptom markers, tests of putative causal factors and other studies investigating
different aspects of the conditions—(see Table 1) and 10 as treatment studies [33—42]—reports and
studies with includes VR-based environments as a therapeutic intervention—(see Table 2).
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Figure 1. PRISMA Flow Diagram.

In general, an important aspect of those studies is that they have been conducted by basically
three group of researchers using different VR-systems. Through six VR environments, which
included exposure to food and social situations, assessment studies were mainly conducted by
Gutiérrez-Maldonado et al. [24-26,28,30,31]; VEBIM developed by Riva et al. [38,43] with several
updates such as VEBIM 2 or VREDIM (Virtual Reality for Eating Disorders Modification); and Virtual
& Body developed by Perpifia et al. [33], The latter two software packages were used in assessment and
treatment studies. BI disturbance was the main target of the VR component in these interventions, and
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body dissatisfaction was the primary outcome variable assessed. Other outcomes often included were
depression, self-esteem, assertiveness, and other symptoms related to ED. Considering the assessment
studies from the nine studies included in this review, only two included a homogeneous sample of BN
and BED individuals, while the others comprised mixed samples of restrictive and binge-purging type
of EDs. Conversely, the treatment studies were less heterogeneous and, apparently, only two studies
included mixed samples.

In the following paragraphs, we revised the selected studies in more detail.

3.1. VR in the Assessment of BN and BED

Among the umbrella of the assessments studies we found investigations trying to characterize
the differential responses of EDs patient’s symptomatology to BI and food related VR settings
and to validate that these apparatuses really provide a real sense of presence. In this sense,
Gutiérrez-Maldonado et al. [24] and Ferrer-Garcia et al. [25] showed that ED patients presented higher
anxiety when exposed to high-calorie food situations and to locations such as a swimming-pool when
compared to a neutral environment. In another study, Gutiérrez-Maldonado et al. [26] reported that ED
patients showed more BI distortions and body dissatisfaction facing high-calorie food environments
when compared with in low calorie food environments. In relation to the sense of presence, a group
of studies [27-29] have demonstrated that, while exposed to the virtual environments, ED patients
experienced satisfactory sense of presence. Gorini et al. [27] confirmed this impression and reported
that the higher sense of presence experienced in VR settings by a group of patients with AN and BN
was associated with higher levels of anxiety.

More recently, assessment studies have investigated virtual food environments (food-cues)
in terms of triggering, maintaining and/or relapsing mechanisms associated to BN and BED.
They showed that exposure to virtual food could induce similar reactions as exposure to real food,
and that VR environments relevant to ED were able to elicit emotional, cognitive and behavioral
responses in these patients. Perpifia et al. [29] exposed ED patients to a virtual kitchen where they
could prepare and eat food. Before eating, patients displayed moderate to high scores of urge to
eat, fear, and avoidance; and low desire to eat. After eating, they reported feelings of putting on
weight, urge to eat and being upset; and some behavioral aspects such as pressure to exercise as a
compensatory measure, to continue eating, and to purge. Gorini et al. [27] verified that virtual food
was as effective as real food, and more effective than photographs, in producing psychological and
physiological responses in ED patients. Ferrer-Garcia et al. [30] and Pla-Sanjuanelo et al. [31] used
a software with four VR scenarios that contained foods chosen by the participants as the ones that
produced the highest level of craving, and verified that VR was useful for inducing food craving in BN
and BED patients. Participants with higher levels of trait and state-craving showed a greater desire to
eat during exposure to virtual foods [31].

Ferrer-Garcia et al. [30] and Ferrer-Garcia and Gutiérrez-Maldonado [28] reported that high-calorie
food settings and certain social situations produced the highest levels of subjective discomfort. In the
study of Perpifia et al. [29], patients showed a high reality judgment and sense of presence and scored
higher on emotional involvement and attention when compared to controls. Perpifid and Roncero [32]
also reported that the highest scores on emotional involvement, attention, reality judgment and
presence were obtained by the ED group. They also remark that the level of emotional reactivity to
VR proportionally increased the sense of presence in the virtual environment. In contrast with those
findings, Ferrer-Garcia and Gutiérrez-Maldonado [28] reported a low sense of presence experienced
in ED patients. However, considering those patients that reported greater sense of presence they
displayed a higher level of subjective discomfort in food related situations.
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Table 1. Studies using virtual reality in the assessment of bulimia nervosa and binge eating disorder.

Study Sanzlp\)lllleF)Slze Diagnostic Study Design Intervention Chif:ct:::il-setics Sessions Instruments Outcomes
Higher state anxiety in the high-calorie food
6 VR environments: situations and the swimming-pool than in the
30 livine-room kitcher'\ neutral environment. Higher depressed mood in
(0/30) Ving:! L the high-calorie food situations.
X with high calorie food, a LS . .
AN: 17 . . R Significant differences on the level of state anxiety
Gutiérrez-Maldonado ~ (0/17) Exposure to kitchen with low-calorie STAI, CDB, and depression mood comparing low-calorie and
. AN BN EDNOS  NCAS food and food, a restaurant with 1 4 ’ . pres . P g .
et al. (2006) [24] BN:11 conle hiehcalorie food. a EDI-2, PQ. high-calorie food environments; no differences
(0/11) peopie. resgtaurant with were found between environments with people
EDNOS: 2 . and those without.
0/2) ls(\’ri’;ﬂ?;l(i f?;;?’ AN and BN patients responded with similar levels
§pOoL of emotional intensity to the different situations.
VR was useful for eliciting emotional reactions
ED patients showed significantly higher levels of
. . anxiety and depressed mood in the high-calorie
193 6 VR envir onment§. food environments and the swimming pool than in
(0/193) neutral, kitchen with the neutral room
CIG: 85 high calorie food, a ED pati , s
. ] . patients” anxiety increased when other people
Ferrer-Garcia et al (0/85) Exposure to kitchen with low-calorie EAT, STAL were present, but in high-calorie environments,
: (AN: 49, ANBNEDNOS  CAS food and food, a restaurant with 1 i e present, 5 ’
(2009) [25] BN22 cople high-calorie food, a CDB. their anxiety increased when they were alone.
TG, people. 8 o ED patients showed a more depressed mood after
EDNOS:14) restaurant with ine 1 lorie food wh h )
CG: 108 low-calorie food eating low-calorie food when other people were
(0/108) swimming-pool . present. After eating high-calorie food, they felt
&poot. more depressed when they were alone.
VR was useful for eliciting emotional reactions.
ED patients showed more BI distortion and body
dissatisfaction in the high-calorie food
environments than in the low calorie food
193 4 VR environments: environments. People variable was not significant.
(0/193) kitchen with high . BN patients showed greater BI distortion when
CIG: 85 calorie food, a kitchen were alone after eating high-calorie foqd than after
Gutiérrez-Maldonado (0/85) Exposure to with low-calorie food. a eating low-calorie food. Where the patient was
(AN: 49, AN BN EDNOS CAS food and X 7 1 EAT, BIAS. accompanied, BI distortion levels were similar,
etal. (2010) [26] restaurant with p
: BN:22, people. hi h—calori‘e/vfoo da regardless of the kind of food.
EDNOS:14) resgtaurant with ! AN and EDNOS patients presented higher levels
CG: 108 low-calorie food of body distortion after eating high-calorie food
(0/108) . than after eating low-calorie food, independently

of the presence or absence of people.
BI distortion and BI dissatisfaction can be
influenced by VR situational factors.
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Sample Size . . . . Software .
Study (M/F) Diagnostic Study Design Intervention Characteristics Sessions Follow-up  Instruments Outcomes
Higher level of anxiety for patients compared to
control. Patients felt more anxious when exposed
to real and virtual food than to the pictures of food.
Patients showed higher heart rate and skin
CIG:20 EDI-2 conductance compared to control group. Their
Gorini ct al. (a0 B0y ANN cas i Small restaurant witha : STALS, and VR bondlition, than i the P condition.
(2010) [27] cGio (DSM-1V) VR buffet table, 6 foods. VAS-A, Hieh P iated with
: ITC-SOPL ligher sense of presence was associated witl
(0/10) higher levels of anxiety.
Virtual food was as effective as real food, and more
effective than photographs, in producing
psychological and physiological responses in
ED patients.
5 VR environments: High-calorie environments and social situations
neutral room kitchén produced the highest levels of
P 71 with high calorie food, a sub}ectlve Fllscomfort.
Ferrer-Garcia and ©/71) Exposure to Kitchen with low-calorie Patients with severe symptomatology showed a
Gutiérrez-Maldonado (AN:49 AN, BN NCAS food and food, a restaurant with 1 - EAT-26, PQ. higher subjective discomfort in all environments
(2011) [28] BN-éZ)/ people. hi h:calorie food. a than with moderate symptoms.
’ resgtaurant with Reported sense of presence was low. Patients with
low-calorie food high sense of presence showed the highest levels of
’ subjective discomfort in all food situations.
Before eating patients showed moderate-high
scores on control urge to eat, fear, avoidance; and
low desire to eat. After eating, they reported
CIG:22 feelings of putting on weight, urge to continue
(0/22) . . . . eating, of being upset etc.; and reported wanted
Perpina et al. (AN:11, BN:4, AN, BN, Exposure to Kitchen with 2 areas: BDLIL, BAL actions: to do exercise to “compensate”, to
. EDNOS CAS prep area and area with 1 - RS, RJPQ, . ) - : N
(2013) [29] EDNOS:7) (DSM-IV-TR) food. a table and a chair. ITC-SOPI continue eating, to continue with their daily

CG:37 ’ ’ routine, to purge.

(0/37) Patients showed a high reality judgment and sense
of presence and scored higher on emotional
involvement, attention and negative effects.

VR software was clinically meaningful to patients.

CIG: 40 4 VR scenarios (kitchen, BN and BED patients showed higher levels of

L emotional, external and restrictive eating and food

(10/30) dining room, bedroom, craving than controls

Ferrer-Garcia et al. (BN:23, BN, BED Exposure to and bakery/café) + 10 _ . - . .
(2015) [30] BED:17) (DSM-5) CAS food. foods (of 30 available 1 DEBQ. Exterpal eqtlng was associated with food craving
G 78 P g both in patients and controls.
: oods that elicit . . Lo
. VR was useful for inducing food craving in BN and
(9/69) craving).

BED patients.
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Sample Size . . . . Software .
Study (M/F) Diagnostic Study Design Intervention Characteristics Sessions Follow-up  Instruments Outcomes
118 Participants with higher levels of trait and
(19/99) state-craving showed a greater desire to eat during
CIG: 40 BED 4 VR scenarios + 10 exposure to virtual foods.
Pla-Sanjuanelo et al. (10/30) (DSM-5) CAS Exposure to foods (of 30 available 1 B FCQ-T, State-craving was associated with perceived
(2015) [31] (BED: 17 BN Food. foods that elicit FCQ-S. craving experience in both groups during
BN:23) (SCID-T) craving). VR exposure.
CG:78 VR-CET model may be helpful in improving the
(9/69) treatment of BE and BN patients.
ED group had the highest scores on emotional
involvement, attention, reality judgment and
62 presence, negative effects. Obese group had the
©0/62) lowest scores on reality judgment and presence,
ED: 20 satisfaction, sense of physical space in
(0/20) AN, BN, Kitchen with 2 areas: X]tatreizziiréinocfe'realit to the virtual eating was
Perpifid and Roncero (AN:10, BN:4, EDNOS CAS Exposure to rep area and area v\;ith 1 RIPQ, redicted by enga grnent and belongin; gto the ED
(2016) [32] EDNOS:6) (DSM-IV-TR) food. prep X (30 min.) ITC-SOPI. p Yy engager ! ging
. . a table and a chair. group. The palatability of a virtual food was
Obese: 19 Obesity dicted b . - d belongi
(0/19) predicted by attention capturing and belonging to
CG23 the obese group.
©/ '23) The level of emotional reactivity to VR

proportionally increased the sense of presence.
VR was useful for assessing and measuring ED
patients’ responses in a naturalistic setting.

Note: Participants—AN: Anorexia Nervosa; BED: Binge Eating Disorder; BN: Bulimia Nervosa; ED: Eating disorder; EDNOS eating disorder not otherwise specified; Intervention—CET:
Cue Exposure Therapy; PH: Photograph slide show; RF: Real Food view; Study Design—AS: Assessment Study; CAS: Controlled Assessment Study; Instruments—BAI: Beck Anxiety
Inventory; BDI II: Beck Depression Inventory; BIAS: Body Image Assessment Software; CDB: The Barcelona Depression Questionnaire; DEBQ: Dutch Eating Behavior Questionnaire;
EAT: Eating Attitudes Test; EDI 2: Eating Disorders Inventory 2; FCQ-T, FCQ-S: State and Trait Food Cravings Questionnaires; ITC-SOPI: Sense of Presence Inventory; PQ: Presence
Questionnaire; RJPQ: The Reality Judgment and Presence Questionnaire; RS: Restraint Scale; STAI: Sate-Trait Anxiety Inventory; VAS-A: Visual analogue scale for anxiety.; Other:

CG: Control Group; CIG: Clinical Group; F: Female; M: Male.
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3.2. VR in the Treatment of BN and BED

3.2.1. Case Report

Roncero and Perpifid [41] described a case of a 17-year-old woman with BN and assessed the effect
of VR as a therapeutic tool to normalize eating patterns as part of a CBT treatment. The patient was
treated for seven weeks using VR sessions and Fairburn’s CBTC protocol [44] for BN. The VR software
consisted of a kitchen with two areas that contained elements to cook, drink and eat. The patient
could access the foods freely or block them if desired. She could also perform alternative behaviors in
the virtual environment (for example, making a phone call). At the end of the treatment, the patient
showed a reduction in BE, purges and food avoidance. In addition, after VR exposure, the patient
showed an overall improvement, such as a decrease in drive for thinness, bulimia measures and
in general psychopathology. The authors concluded that VR was an effective complement to CBT
treatment in this bulimic patient.

3.2.2. Non-Controlled Clinical Trials

Riva et al. [35] conduct two studies with female participants, one of them with an obese group
and other with BED patients, to evaluate a VR-based treatment to be used in the assessment and
treatment of those patients. VEBIM 2 software was used, which includes cognitivebehavioral and
visualmotorial methods. VR first session aimed to assess stimulus that elicit abnormal eating behavior,
focusing on patient’s concerns about food, eating, shape and weight. The other four sessions intended
to assess and modify the symptoms of anxiety related to food exposure and the patient’s body
experience. For these purposes, different zones are used, such as sitting-room, dining-room, kitchen,
bedroom and working environments. In both studies, patients who ate 1200 kcal per day, besides
VR intervention, also participated in bi-weekly psycho-nutritional groups held by dietitians. In both
groups, results showed a reduced level of body dissatisfaction, an improvement on social activities
and a reduced use of disguising clothes. BI change was associated to a reduction in problematic eating.
The authors concluded that the obtained data were promising, but controlled and follow-up studies
are needed to test this VR approach. Riva et al. [34], in another paper, reported again both clinical
trials of the previous study Riva et al. [35] with obese and BED patients and extended the sample
conducting another non-controlled clinical trial, with the same objective and design, with EDNOS
patients. The results pointed out to a reduction on body dissatisfaction, but it was slighter than the
observed in other samples. The patients improved on social activities and reduced disguising clothes’
use. Again, authors concluded that VR-based treatment could be useful to BI modification in obesity,
BED and EDNOS; however, more studies are needed.

3.2.3. Randomized Controlled Trials

Perpifia et al. [33] conduct a randomized controlled trial with AN and BN female patients to
measure the effectiveness of the treatment of Bl through VR. Patients were assigned to two conditions:
cognitive-behavioral treatment plus VR exposure or cognitive-behavioral treatment plus relaxation.
The VR software consisted of six areas where the patients could experience discrepancies about weight
and BI: an accommodation zone; a food area with a virtual balance (to discuss the discrepancies about
subjective, desired and healthy weight; and to address overestimation of weight after eating); a room
with posters showing different body shapes (to help the patient understand that weight is a relative
concept); a room with mirrors (to deal with the representation of BI); a doorframe with strips (to deal
with the estimated body size); and another zone to contrast body areas (to contrast subjective body
shape, desired body shape and body shape that the patient thought that a significant person would
have of her). The patients moved through the VR settings according to their progress. CBT plus VR
group showed significantly improvement in general psychopathology, ED related symptoms and BI
aspects (less weight fear, higher satisfaction with their bodies in social contexts, less thoughts and
negative attitudes about their bodies, and less fear of achieving a healthy weight) when compared to
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CBT plus relaxation group. The results showed that greater improvement was achieved through the
addition of VR to the treatment of BI.

To evaluate the efficacy of a VR-based multidimensional approach in the treatment of BI
disturbances, Riva et al. [36] conduct a randomized controlled trial with female BED patients
involved in a residential weight control treatment, which included a low-calorie diet (1200 Kcal/day)
and physical training. Patients were assigned to two conditions: VR-based treatment and a
psycho-nutritional intervention. VREDIM software was used, an enhanced version of the VEBIM
environment, that includes cognitive-behavioral and visual-motorial methods. The software consists
of different zones: room with balance, drawing room, kitchen, dining room, bathroom, office, beach,
supermarket etc. Initially the focuses of the intervention were patient’s concerns about food, eating,
shape, and weight. Then, patients had to answer the “miracle question”; that is, they were asked to
imagine what life would be like without their complaint. They built their solution, which was used
to guide the therapeutic process. Next, the focuses are to manage anxiety symptoms related to food
exposure and body experience. The psycho-nutritional group was also based on a cognitive-behavior
approach, applied with the purpose of teaching methods for stress management, problem-solving
and eating behavior. Results for VR treatment showed an overall psychological status improvement,
reduced level of body dissatisfaction and anxiety, increased self-efficacy and motivation for change,
reduced concern about social judgment and reduced overeating. The control group presented anxiety
reduction on the Assertion Inventory (AI), but it was not confirmed by the State-Trait Anxiety
Inventory (STAI) score. VREDIM was more effective than psycho-nutritional group on body satisfaction
improvement, overeating and anxiety level reduction. Patients of both groups had remission of BE
episodes at the end of the treatment. VR-based therapy improved BI (and its associated behaviors)
treatment of patients involved in a weight control program with physical training.

Riva et al. [37] in a randomized controlled trail with female BED patients compared the efficacy
of three interventions (ECT: experiential cognitive therapy, CBT, and NG: nutritional group) with
a waiting list, and also observed the outcomes over a six-month follow-up period. ECT used
VREDIM software and included nutritional intervention and physical training. CBT was based
on Fairburn’s [45,46] protocol and included group sessions to improve assertiveness and motivation
to change, as well as nutritional intervention and physical training. Nutritional group included a
low-calorie diet (1200 Kcal/day), prescribed by dieticians, and physical training. Results showed that
ECT helped with the decrease of anxiety and depression levels and improved assertive behavior. CBT
decreased patients” depression level and NG decreased anxiety level. Patients of all interventions
groups improved on self-esteem, eating control, eating self-efficacy and weight loss. They also
reduced binge episodes. ECT was more effective than CBT in improving overall psychological state,
BI, body satisfaction and resistance to social pressure. At a six-month follow-up, ECT improved
body satisfaction and self-esteem and reduced the frequency of binge episodes of BED patients when
compared to CBT and NG. VR-based therapy improved BED patient’s treatment when compared to
other conditions.

Riva et al. [38] reported a clinical trial with female patients with obesity, BED, BN and EDNOS
comparing ECT, CBT, nutritional group and a control group. ECT used VREDIM software and
also included nutritional intervention and physical training. CBT was delivered with a nutritional
intervention and physical training. Nutritional group included psychological support and physical
training. For ED patients, at post-treatment, ECT decreased anxiety and depression levels and
improved assertive behavior. CBT decreased depression level and NG intervention decreased anxiety.
Otherwise, the waiting list group had increased anxiety level and weight gain. All interventions
groups improved patients’ self-esteem, eating control, eating self-efficacy and weight loss. When all
groups were compared, ECT was the best intervention for eating control improvement. ECT and
CBT were better on improving body satisfaction and body perception. ECT was better than CBT
on BI and self-efficacy improvement. Besides, for obese patients, at post-treatment, ECT and CBT
decreased depression levels and improved self-esteem and assertive behavior. All interventions helped
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to decrease patients’ anxiety and improved eating control and eating self-efficacy. When compared,
all interventions groups had body satisfaction and body perception improvement. ECT was the best
intervention for eating control improvement. ECT and CBT were better in improving motivation to
change. ECT was better than CBT in BI improvement. The authors concluded that ECT was more
effective than the others approach in the treatment of obese, BED, BN and EDNOS patients.

Perpifia et al. [42] examined the evolution of the results of a previous study carried out by her
research group [33] over six-month and one-year follow-up periods. The group that received CBT plus
relaxation in the first study received VR sessions after that treatment, so in this follow-up study the
entire sample had completed the treatment in the VR condition. The results at post-treatment were
maintained at one-year follow-up, and for some measures such as appearance-related schemas and ED
related components the improvement continued along the follow-up period. General psychopathology
improved from pre-treatment to one-year follow-up, and The Brief Symptom Inventory (BSI) score
was always below the pre-treatment level, but it rose between 6 and 12 months. VR was useful in the
treatment of BI and can enhance the efficacy of the standard CBT.

To compare CBT treatment for ED with a CBT protocol focused on BI treatment plus VR,
Marco et al. [39] enrolled AN, BN and EDNOS female patients to two randomized groups over a
one-year follow-up study. CBT for AN followed Garner et al. [47] protocol, CBT for BN was based on
Wilson et al. [48], and CBT for EDNOS followed one of these two protocols, according to each patient
needs. CBT for BI treatment was adapted from Butters and Cash [49] and Perpifid et al. [50]. VR
software consisted of five situations: virtual scale and a kitchen, a room with posters, a room with
mirrors, a doorframe with strips and a zone to contrast body areas. The purposes of the exposure
to each environment were described above Perpifid et al. [33] VR treatment group showed more Bl
improvement than CBT and greater improvement in the behavior clinical measures. At post-treatment,
VR group improved on body attitudes, frequency of negative automatic thoughts on BI, body
satisfaction, discomfort caused by body-related situations and BN symptoms (measured by Bulimic
Investigatory Test; BITE). These results were maintained or continued to improve (body attitudes,
frequency of negative automatic thoughts on BI) at one-year follow-up. All participants improved in
the ED measures and it was maintained at follow-up. The authors analyzed the clinical effectiveness
of both treatment conditions. Patients of VR group showed clinically significant improvement on
post-treatment and follow-up and all BI and ED scores were similar to those of the healthy population.
Their Eating Attitudes Test (EAT) scores were better than the healthy population. In addition, BITE
normalization was achieved at follow-up. Otherwise, patients of CBT group did not show clinically
significant improvement at post-treatment or follow-up. In conclusion, CBT focused on BI treatment
plus VR improved CBT standard treatment for ED.

Cesa et al. [40] in a randomized controlled trial with a one-year follow-up, tested the efficacy of
CBT including a VR protocol (ECT) in morbidly obese patients with BED compared with CBT alone
and an inpatient multimodal treatment (IP), that included psycho-nutritional groups, a low-calorie
diet (1200 Kcal/day), and physical training. In fact, both other groups also received the IP. CBT
protocol was based on Fairburn et al. [44] and Ricca et al. [51]. NeuroVR software was used, which
includes 14 virtual environments that present situations related to maintaining and relapse mechanisms
(Home, Supermarket, Pub, Restaurant, Swimming Pool, Beach, Gymnasium) and Bl comparison areas.
All patients had a reduction in weight, BE episodes (decreased to zero) and improved body satisfaction.
Only patients of ECT improved on BI concerns. ECT and CBT were more effective than IP alone in
preventing weight regain at follow-up, and only ECT was effective in patients’ further weight loss.
At follow-up BE episodes were reported in all groups, but ECT and CBT groups were successful at
maintaining them at a low rate. VR based therapy showed some advances when compared to other
groups at post and follow-up treatment.
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Table 2. Studies using virtual reality in the treatment of bulimia nervosa and binge eating disorder.

Study Sample Size Diagnostic Study Intervention Software Characteristics Sessions Follow-Up Instruments Outcomes
(M/F) Design
Treatment
Perpina et al. 13 AN, BN RCCT SBIT+VR 6 situations: SBIT: 8 - BDI, PANAS, VR condition participants showed a
(1999) [33] (0/13) (DSM-1V) SBIT + Relaxation Accommodation zone, (3 h, weekly, EAT, RS, greater improvement in specific BI
AN:7 food area with a virtual group) BITE, variables, depression and anxiety when
0/7) balance, room with Relaxation: 6 EDI-2, BSQ, compared to non-VR group.
BN: 6 posters, room with (1 h, weekly) BIAQ, BAT, VR was a helpful tool for confronting
0/6) mirrors, a doorframe VR: 6 BES, the patients with BI distortions.
with strips and a zone to (1 h, weekly). BIATQ, ASI,
contrast body areas. SIBID, BASS.
Riva et al. 43 Obesity NCCT VEBIM 2 VEBIM 2 5 - MMPI-2, In both groups, results showed a
(2000) [34] (0/43) (BMI>35) (ECT) Different zones (biweekly). EDI-2, BSS, reduced level of body dissatisfaction,
Obese: 18 BED (Sitting-room, BIAQ, FRS, an improvement on social activities
(0/18) (DSM-1V) dining-room, kitchen, CDRS. and a reduced use of disguising clothes.
BED: 25 bedroom, working Obtained data were promising, but
(0/25) environments etc.). controlled and follow-up studies are
needed to test this VR approach.
Riva et al. 57 Obesity NCCT VEBIM 2 VEBIM 2 5 - BSS, BIAQ, All groups showed a reduced level of
(2000) [35] (0/57) (BMI>35) Different zones (biweekly). FRS, CDRS. body dissatisfaction, an improvement
Obese: 18 BED, EDNOS (Sitting-room, on social activities and a reduced use of
(0/18) (DSM-1V) dining-room, kitchen, disguising clothes. In the EDNOS
BED: 25 bedroom, working group the reduction in body
(0/25) environments etc.). dissatisfaction was slighter than in
EDNOS: 14 other samples.
(0/14) VR-based treatment could be useful to
BI modification in obesity, BED and
EDNOS; but more studies are needed.
Riva et al. 20 BED RCCT VR (+LCD+PT) VREDIM VR:7 - DIET, STAI, VR treatment showed reduced level of
(2002) [36] (0/20) (DSM-1V) PN (+LCD +PT) Different zones (50 min.) Al, WELSQ, body dissatisfaction and anxiety,
(Room with balance, LCD: daily URICA, BSS, increased self-efficacy and motivation
drawing room, kitchen, PT: NR BIAQ, FRS, for change, reduced concern about
dining room, bathroom, (at least 30 min. CDRS. social judgment and
office, beach, walk/twice a reduced overeating.
supermarket etc.). week) PN group presented anxiety reduction
PN: NR on the Al but it was not confirmed by

(3 times a week).

the STAI score.

VR was more effective than PN on
body satisfaction improvement,
overeating and anxiety level reduction.
VR-based therapy improved

BI treatment.




Behav. Sci. 2017, 7,43

Table 2. Cont.

13 of 20

Study Sample Size Diagnostic Study Intervention Software Characteristics Sessions Follow-Up Instruments Outcomes
(M/F) Design
Treatment
Riva et al. 36 BED RCCT ECT (+NG+PT) VREDIM ECT: 15 6 months DIET, STAI, ECT decreased anxiety and depression
(2003) [37] (0/36) (DSM-1V) CBT (+NG +PT) Different zones (over 6 weeks) BDIII, RAS, and improved assertive behavior. CBT
NG (+PT) (Room with balance, 10 VR sessions RSEQ, decreased depression. NG decreased
WL drawing room, kitchen, CBT: 15 WELSQ, anxiety. All interventions groups
dining room, bathroom, (over 6 weeks) URICA, BSS, improved patients’ self-esteem, eating
office, beach, NG: 5 BIAQ, CDRS.  control, eating self-efficacy, weight loss.
supermarket etc.). (weekly). They also reduced binge episodes.
ECT was more effective than CBT on
improving overall psychological state,
body image, body satisfaction and
resistance to social pressure.
At follow-up, ECT improved body
satisfaction and self-esteem and
reduced the frequency of binge
episodes when compared to CBT
and NG.
VR-based therapy improved BED
patients’ treatment.
Riva et al. 120 Obesity, BED, = RCCT ECT (+NG+PT) VREDIM ECT: 15 - STAI BDI, ED:
(2004) [38] (0/120) BN, EDNOS CBT (+NG+PT) Different zones (10 VR sessions of RSEQ, RAS, ECT was the best intervention for
Obese: 68 NG (+PT+PI) (Room with balance, 15 min.) DIET, eating control improvement. ECT and
(0/68) WL drawing room, kitchen, CBT: 15 WELSQ, CBT were better on improving body
BED: 36 dining room, bathroom, NG: 4-6 URICA, BSS, satisfaction and body perception. ECT
(0/36) office, beach, PI: NR. BIAQ, CDRS. was better than CBT on Bl and
BN: 12 supermarket etc.). self-efficacy improvement.
(0/12) Obesity:
EDNOS: 3 All intervention groups helped on
0/3) improving body satisfaction and body

perception. ECT was the best
intervention for eating control
improvement. ECT and CBT were
better to improve motivation to change.
ECT was better than CBT on BI
improvement.

ECT was more effective than the

others approaches.
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Study Sample Size Diagnostic Study Intervention Software Characteristics Sessions Follow-Up Instruments Outcomes
(M/F) Design
Treatment
Perpina et al. 12 AN, BN RCCT SBIT+VR 6 situations: SBIT: 8 6 months, 1 BIATQ, Improvement in all measures.
(2004) [42] 0/12) (DSM-1V) SBIT + Relaxation Accommodation zone, (3 h, weekly, year SIBID, ASI, Post-treatment results were maintained
AN:7 + VR food area with a virtual group) BAT, EDI-2, at follow-up, and for some measures
0/7 balance, room with Relaxation: 6 EAT, BSI. like appearance-related schemas and
BN:5 posters, room with (1 h, weekly) ED related components the
(0/5) mirrors, a doorframe VR: 6 improvement continued along the
with strips and a zone to (1h, weekly). follow-up period.
contrast body areas. General psychopathology improved
from pre-treatment to one-year
follow-up, and BSI score was always
below the pre-treatment level, but it
rose between 6 and 12 months.
VR was useful in the treatment of BI
and capable of enhancing the efficacy
of the standard CBT.
Marco et al. 18 BN, AN, RCCT CBT 5 situations: CBT for BN:19 1 year BAT, BIATQ, CBT+VR showed more BI
(2013) [39] (0/18) EDNOS CBT (B)+VR Virtual scale and kitchen, (Group, 2 h, BASS, SIBID, improvement than CBT;
(DSM-IV-TR) room with posters, room weekly) BITE, EAT. CBT+VR showed more body attitudes
with mirrors, a CBTC for AN:23 and frequency of negative automatic
doorframe with strips (individual) thoughts on Bl improvement at
and a zone to contrast CBT: 15 (group) + post-treatment and this continued to
body areas. VR: 8 rise at follow-up; more body

1 H, weekly).

satisfaction, discomfort caused by
body-related situations and BN
symptoms (BITE) improvement at
post-treatment and follow-up; greater
improvement in the behavior

clinical measures.

All participants improved in the ED
measures and it was maintained

at follow-up.

CBT+VR post-treatment and follow-up
showed clinically significant
improvement and all BI and ED scores
were similar to healthy population.
CBT+VR also showed EAT better
scores than healthy population. BITE
normalization was achieved at
follow-up.

CBT focused on BI plus VR improved
CBT standard treatment for ED.
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Study Sample Size Diagnostic Study Intervention Software Characteristics Sessions Follow-Up Instruments Outcomes
(M/F) Design
Treatment
Cesa et al. 66 Obesity + RCCT ECT (+IP) Neuro-VR ECT: 15 1 year EDI-Symptom  Weight decreased, number of binge
(2013) [40] (0/66) BED CBT (+IP) 14 environments (5 weeks, Checklist, eating episodes decreased to zero, body
(DSM-IV-TR) P (Home, Supermarket, 10 biweekly VR BSS, BIAQ, satisfaction improved in all groups. BI
Pub, Restaurant, sessions) CDRS. concerns improved only in ECT.
Swimming Pool, Beach, CBT:15 ECT and CBT were more effective than
Gymnasium, BI (5 weeks) IP alone in preventing weight regain at
comparison areas). P follow-up. Only ECT was effective in
(6 weeks). further weight loss.
Binge eating episodes were reported at
follow-up, ECT and CBT were
successful in maintaining them at a
low rate.
Roncero and 1 BN CR CBT+VR Kitchen with two areas CBT:7 - EDI-2, BITE, Reduction in binges, purges and food
Perpina 0/1) (DSM-IV-TR) that included elements to VR:7 ACTA, BDI-2, avoidance; development of the ability
(2015) [41] cook, drink and eat. (60 min/weekly BAL to make decisions over impulses.
or biweekly).

Note: Participants—AN: Anorexia Nervosa; BED: Binge Eating Disorder; BN: Bulimia Nervosa; ED: Eating disorder; EDNOS eating disorder not otherwise specified; Intervention—CBT:
Cognitive Behavior Therapy; ECT: Experiential Cognitive Therapy; IP: Integrated multimodal medically managed inpatient program; LCD: Low-calorie Diet; PI: Psychological support;
PN: Psycho-nutritional intervention; SBIT: standard BI treatment; VEBIM: Virtual Reality for Body Image Modification; VREDIM: Virtual Reality for Eating Disorders Modification;
WL: Waiting List Group; Study Design—CR: Case Report; NCCT: Non-Controlled Clinical Trial; RCCT: Randomized Controlled Clinical Trial; Instruments—ACTA: Attitudes Toward
Chance in eating disorders; Al: Assertion Inventory; ASI: Appearance Schemas Inventory; BAIL: Beck Anxiety Inventory; BAT: Body Attitudes Test; BASS: Body Areas Satisfaction Scale;
BDI II: Beck Depression Inventory; BIAQ: Body Image Avoidance Questionnaire; BIATQ: Body Image Automatic Thoughts Questionnaire; BITE: Bulimic Investigatory Test; BSI: The Brief
Symptom Inventory; BSS: Body Satisfaction Scale; CDRS: Contour drawing rating scale; DIET: Dieter’s Inventory of Eating Temptations; EAT: Eating Attitudes Test; EDI 2: Eating Disorders
Inventory 2; EDI-Symptom Checklist: Eating Disorder Inventory-Symptom Checklist; FRS: Figure rating scale; MMPI 2: Minnesota Multiphasic Personality Inventory 2; PANAS: Positive
and Negative Affect Schedule; RAS: Rathus Assertiveness Schedule; RSEQ: Rosenberg Self-Esteem Questionnaire; SIBID: Situational Inventory of Body Image Dysphoria; STAI: Sate-Trait
Anxiety Inventory; URICA: University of Rhode Island Change Assessment Scale; WELSQ: Weight Efficacy Life-Style Questionnaire; Other—BMI: Body Mass Index; BI: Body Image;
CG: Control Group; CIG: Clinical Group; F: Female; M: Male; NG: Nutritional Group; PT: Physical Training; SCID-I: Structured Clinical Interview for DSM-IV Axis I Disorders.
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4. Discussion

This systematic review on the use of VR based environments in the assessment and treatment of
BN and BED expanded the information provided by previous reviews [16,21,52] by focusing in a more
homogenous group of binge—purging EDs and adding more recent investigations in the area [30-32,41].
From the 18 studies selected, nine were characterized as assessment studies because they investigated
different aspects of these syndromes using VR-related settings, and nine were considered treatment
studies by exploring the usefulness of VR as a potential therapeutic strategy in BN and BED. Based
on the studies selected, the use of VR in EDs is an evolving area and, although in an early stage,
the results of current studies are promising. First, the overall findings support the idea that patients
with BN and BED immersed in VR environments felt a sense of presence, improving the ecological
validity of this procedure in this group of individuals. Secondly, considering the available evidences
the use of VR in the assessment of BN and BED showed some promise to identify: (1) how those
patients experienced their BI; and (2) and environments or specific kind of foods that may trigger
binge—purging cycle. Finally, the studies using VR technologies associated to cognitive behavioral
procedures demonstrate their potential utility in improving eating related (binge-eating, urge to eat,
etc.), general psychopathology and other aspects of these binge—purging conditions. Studies showed
that VR assessment tools provide novelty features when compared to available psychometric tests.
Through VR system:s it is possible to manipulate the size and shape of body areas and to compare the
visualization of the differences between the actual, perceived and desired body weight or shape of ED
patients [27]. Psychometric instruments can collect information through patients reporting, but VR can
turn these reports into concrete perceptions. Other advantage is that the perception of presence in the
virtual environments can elicit compulsive behaviors in a way like reality, and this is a benefit when
studying the triggers of BE and the response to them.

VR treatment can present some advantages over reality, but its objective is not to substitute
real experiences. Virtual exposure has been considered an alternative for imaginary exposure and
an intermediate step for in vivo exposure. If experienced anxiety is too high, receiving a virtual
exposure treatment can increase patients’ possibilities of accepting an in vivo exposure program in the
future [53]. In addition, exposures could be detailed customized by the therapist in the VR exposure
condition, which can help patients to cope with stimulus or complex environments in a more feasible
and controlled way. The possibility of monitoring the responses of the patient also offers an advantage
over real exposure [54,55]. It was already argued that patients may progress more rapidly in their VR
exposure hierarchy due to a perception of increased control and safety [55]. Besides these advantages,
these VR based apparatus are accessible and have a good cost-effectiveness ratio. Just to give an
example, the VR systems used in BN BED studies used affordable equipment such as a basic computer
hardware (1 GB RAM, 256 Mb graphic card, and 17-in) sold for about USD 500,00 (unit); and VR
glasses, with an approximate value of USD 700,00 (unit). In addition, the Neuro VR [40] software is
available for free download at http:/ /www.neurovr2.org/.

The rationale of the use of VR exposure is that it is supposed to work according emotion-processing
model. The confrontation with a threatening stimuli (which elicits the fearful responses) activates
the fear network. The processes of habituation and extinction aid modification of the fear structure,
making its meaning less threatening, as new and incompatible information is added into the emotional
network [20]. Thus, VR exposure can reduce eating-related anxiety during and after exposure to virtual
foods and environments, helping to disrupt the reconsolidation of adverse food/situations related
memories [23,31]. For the exposure therapy, the hierarchy is created in the software, and patients are
first exposed to stimuli that elicit the lowest levels of craving until they can reach the ones that elicit
the highest levels. During the exposure, the level of craving is assessed, and the patient must stay in
the situation until the levels of craving and anxiety diminish sufficiently. Then, the patient can cope
with the following stimuli in the hierarchy.

Another reason for the use of VR is related to the Allocentric Lock Theory, which suggests that
ED may be associated with impairment in the ability to update a stored negative allocentric (offline)
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representation of one’s body with real-time (online/egocentric) perception-driven inputs [56,57].
The addition of VR sensory training to unlock the body memory (body image rescripting protocol) by
increasing 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,
supporting its rationale [40,58]. In addition, Riva et al. [54] emphasizes the role of VR in transforming
external and internal experience. External experience can be modified by focusing on the personal
efficacy and self-reflectiveness, and both can be achieved through the sense of presence and emotional
engagement that the exposure to virtual environments can provide. Besides, inner experience can be
modified by structuring, altering, and/or replacing bodily self-consciousness.

It is important to register that, after a first phase of immaturity (published between 1999 and 2004)
with studies showing several methodological flows the field has evolved. The more recent studies, in
particular the ones published in the last five years follow the guidelines required by high level RCTs.
Two different randomized, controlled trials [39,40] 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).

In line with the theoretical framework mentioned previously, the rationale behind the VR systems
currently used in the ED studies incorporated environments to deal with BI distortions [59] and
regulation of emotions [25]. More recently, settings offering exposure with response prevention
of bingeing have been also included [30]. The novelty of this proposal is the addition of VR to
cue-exposure procedures. Food cue-exposure therapy (CET) has been proposed as an effective treatment
for binge—purging syndromes, eliminating or significantly reducing binging and purging behaviors [60].

Future recommendations included the need for more high-quality RCTs, [61], with robust sample
sizes and long-term follow-ups to investigate the effects of VR-based interventions in BN and BED.
Forthcoming studies should also compare VR-based interventions in more homogenous groups of BN
and BED patients (and not in mixed samples as observed in this review) with waiting lists and active
interventions such as psychotherapy and pharmacotherapy. To facilitate comparability of treatments,
standardized outcome measures (instruments to assess eating-related and general psychopathology)
should be used in line with current available literature on other interventional studies in BN and BED.

A limitation of this study was the impossibility to report separately the results related to
binge—purging EDs. The objective of the review was to exclude studies with AN-only subjects,
as this subgroup of restrictive type of eating disorders have a distinctive pathophysiology. However,
currently, as there are few studies with BN and BED-only samples, mixed samples were incorporated.
Unfortunately, specific information related with binge-purging EDs were not possible to be selected
because of the lack of report and analysis of each group of patients separately in the primary
studies results.

5. Conclusions

In conclusion, based on the current available data VR-based environments may be considered
a promising strategy for the assessment and treatment of BN and BED. Considering the available
evidence, the use of VR in the assessment of those conditions showed some promise in identifying;:
(1) how those patients experienced their body image; and (2) environments or specific kind of foods
that may trigger binge—purging cycle. VR-based environments associated to cognitive behavioral
techniques showed their potential utility in improving motivation for change, self-esteem, body image
disturbances and in reducing binge eating and purging behavior.

Author Contributions: Marcele Regine de Carvalho was the primary investigator, was responsible for electronic
search, and wrote the manuscript. She implemented the PRISMA method. Jose Carlos Appolinario contributed
theoretically to the content, wrote the manuscript, and revised the paper. He also contributed with manual search
and offered advice regarding content. Thiago Rodrigues de Santana Dias conducted the electronic and manual
search, wrote the manuscript and contributed with tables and figures. Monica Duchesne assisted with tables
and figures and revised the paper. Antonio Egidio Nardi revised the paper. All authors agreed to be listed and
approved the submitted version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Behav. Sci. 2017, 7,43 18 of 20

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Whiteford, H.A ; Ferrari, A.J.; Degenhardt, L.; Feigin, V.; Vos, T. The Global Burden of Mental, Neurological
and Substance Use Disorders: An Analysis from the Global Burden of Disease Study 2010. PLoS ONE 2015,
10, 1-14. [CrossRef] [PubMed]

Whiteford, H.; Degenhardt, L.; Rehm, J.; Baxter, A.; Ferrari, A.; Erskine, H.; Charlson, F; Norman, R.;
Flaxman, A.; Johns, N.; et al. Global burden of disease attributable to mental and substance use disorders:
Findings from the Global Burden of Disease Study 2010. Lancet 2013, 382, 1575-1586. [CrossRef]

Smink, F.; Hoeken, D.; Hoek, H. Epidemiology of Eating Disorders: Incidence, Prevalence and Mortality
Rates. Curr. Psychiatry Rep. 2012, 14, 406-414. [CrossRef] [PubMed]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; (DSM-5);
American Psychiatric Association Publishing: Arlington, VA, USA, 2013.

Brooks, S.; Rask-Andersen, M.; Benedict, C.; Schioéth, H. A debate on current eating disorder diagnoses in
light of neurobiological findings: Is it time for a spectrum model? BMC Psychiatry 2012, 12, 76. [CrossRef]
[PubMed]

Vervaet, M.; Van Heeringen, C.; Audenaert, K. Personality-Related Characteristics in Restricting Versus
Binging and Purging Eating Disordered Patients. Compr. Psychiatry 2004, 45, 37-43. [CrossRef] [PubMed]
Pennesi, J.-L.; Wade, T.D. A systematic review of the existing models of disordered eating: Do they inform
the development of effective interventions? Clin. Psychol. Rev. 2016, 43, 175-192. [CrossRef] [PubMed]
Ahrberg, M.; Trojca, D.; Nasrawi, N.; Vocks, S. Body image disturbance in binge eating disorder: A review.
Eur. Eat. Disord. Rev. 2011, 19, 375-381. [CrossRef] [PubMed]

Mason, T.B.; Lewis, R.J. Assessing the roles of impulsivity, food-related cognitions, BMI, and demographics
in the dual pathway model of binge eating among men and women. Eat. Behav. 2015, 18, 151-155. [CrossRef]
[PubMed]

Stice, E. Interactive and Mediational Etiologic Models of Eating Disorder Onset: Evidence from Prospective
Studies. Annu. Rev. Clin. Psychol. 2016, 12, 359-381. [CrossRef] [PubMed]

Claes, L.; Robinson, M.D.; Muehlenkamp, ].J.; Vandereycken, W.; Bijttebier, P. Differentiating
bingeing/purging and restrictive eating disorder subtypes: The roles of temperament, effortful control, and
cognitive control. Pers. Individ. Dif. 2010, 48, 166-170. [CrossRef]

Lezak, M.D.; Howieson, D.B.; Loring, D.W.; Hannay, H.J.; Fischer, ].S. Neuropsychological Assessment, 4th ed.;
Oxford University Press: Oxford, UK, 2004.

Wu, M.; Hartmann, M.; Skunde, M.; Herzog, W.; Friederich, H.C. Inhibitory control in bulimic-type eating
disorders: A systematic review and meta-analysis. PLoS ONE 2013, 8, e83412. [CrossRef] [PubMed]
Racine, S.E.; Culbert, K.M.; Larson, C.L.; Klump, K.L. The possible influence of impulsivity and dietary
restraint on associations between serotonin genes and binge eating. |. Psychiatr. Res. 2009, 43, 1278-1286.
[CrossRef] [PubMed]

Schmidt, U.; Campbell, I.C. Treatment of eating disorders can not remain “brainless”: The case for
brain-directed treatments. Eur. Eat. Disord. Rev. 2013, 21, 425-427. [CrossRef] [PubMed]

Freeman, D.; Reeve, S.; Robinson, A.; Ehlers, A ; Clark, D.; Spanlang, B.; Slater, M. Virtual reality in the assessment,
understanding, and treatment of mental health disorders. Psychol. Med. 2017, 22, 1-8. [CrossRef] [PubMed]
Schultheis, M.T.; Rizzo, A.A. The application of virtual reality technology in rehabilitation. Rehabil. Psychol.
2001, 46, 296-311. [CrossRef]

Bafios, R.M.; Botella, C.; Guerrero, B.; Liafio, V.; Alcaiiiz, M.; Rey, B. The third pole of the sense of presence:
Comparing virtual and imagery spaces. Psychnol. ]. 2005, 3, 90-100.

North, M.M.; North, S.M. Virtual Reality Therapy. In Computer-Assisted and Web-Based Innovations in
Psychology, Special Education, and Health; Academic Press: London, UK, 2016; pp. 141-156.

De Carvalho, M.R.; De Freire, R.C.; Nardi, A.E. Virtual reality as a mechanism for exposure therapy. World J.
Biol. Psychiatry 2010, 11, 220-230. [CrossRef] [PubMed]

Valmaggia, L.R.; Latif, L.; Kempton, M.].; Rus-Calafell, M. Virtual reality in the psychological treatment
for mental health problems: A systematic review of recent evidence. Psychiatry Res. 2016, 236, 189-195.
[CrossRef] [PubMed]

Ferrer-Garcia, M.; Gutierrez-Maldonado, J.; Riva, G. Virtual reality based treatments in eating disorders and
obesity: A review. J. Contemp. Psychother. 2013, 43, 207-221. [CrossRef]


http://dx.doi.org/10.1371/journal.pone.0116820
http://www.ncbi.nlm.nih.gov/pubmed/25658103
http://dx.doi.org/10.1016/S0140-6736(13)61611-6
http://dx.doi.org/10.1007/s11920-012-0282-y
http://www.ncbi.nlm.nih.gov/pubmed/22644309
http://dx.doi.org/10.1186/1471-244X-12-76
http://www.ncbi.nlm.nih.gov/pubmed/22770364
http://dx.doi.org/10.1016/j.comppsych.2003.09.008
http://www.ncbi.nlm.nih.gov/pubmed/14671735
http://dx.doi.org/10.1016/j.cpr.2015.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26781985
http://dx.doi.org/10.1002/erv.1100
http://www.ncbi.nlm.nih.gov/pubmed/21341345
http://dx.doi.org/10.1016/j.eatbeh.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/26094134
http://dx.doi.org/10.1146/annurev-clinpsy-021815-093317
http://www.ncbi.nlm.nih.gov/pubmed/26651521
http://dx.doi.org/10.1016/j.paid.2009.09.016
http://dx.doi.org/10.1371/journal.pone.0083412
http://www.ncbi.nlm.nih.gov/pubmed/24391763
http://dx.doi.org/10.1016/j.jpsychires.2009.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19493540
http://dx.doi.org/10.1002/erv.2257
http://www.ncbi.nlm.nih.gov/pubmed/24123463
http://dx.doi.org/10.1017/S003329171700040X
http://www.ncbi.nlm.nih.gov/pubmed/28325167
http://dx.doi.org/10.1037/0090-5550.46.3.296
http://dx.doi.org/10.3109/15622970802575985
http://www.ncbi.nlm.nih.gov/pubmed/20218785
http://dx.doi.org/10.1016/j.psychres.2016.01.015
http://www.ncbi.nlm.nih.gov/pubmed/26795129
http://dx.doi.org/10.1007/s10879-013-9240-1

Behav. Sci. 2017, 7,43 19 of 20

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Koskina, A.; Campbell, I.C.; Schmidt, U. Exposure therapy in eating disorders revisited. Neurosci. Biobehav. Rev.
2013, 37, 193-208. [CrossRef] [PubMed]

Gutiérrez-Maldonado, J.; Ferrer-Garcia, M.; Caqueo-Urizar, A.; Letosa-Porta, A. Assessment of
Emotional Reactivity Produced by Exposure to Virtual Environments in Patients with Eating Disorders.
Cyberpsychol. Behav. 2006, 9, 507-513. [CrossRef] [PubMed]

Ferrer-Garcia, M.; Gutierrez-Maldonado, J.; Caqueo-Urizar, A.; Moreno, E. The Validity of Virtual
Environments for Eliciting Emotional Responses in Patients with Eating Disorders and in Controls.
Behav. Modif. 2009, 33, 830-854. [CrossRef] [PubMed]

Gutiérrez-Maldonado, J.; Ferrer-Garcia, M.; Caqueo-Urizar, A.; Moreno, E. Body Image in Eating Disorders:
The Influence of Exposure to Virtual-Reality Environments. Cyberpsychol. Behav. Soc. Netw. 2010, 13, 521-531.
[CrossRef] [PubMed]

Gorini, A ; Griez, E.; Petrova, A.; Riva, G.; Pull, C; Gorini, A.; Riva, G.; Gregg, L.; Tarrier, N.; Barfield, W.; et al.
Assessment of the emotional responses produced by exposure to real food, virtual food and photographs of
food in patients affected by eating disorders. Ann. Gen. Psychiatry 2010, 9, 30. [CrossRef] [PubMed]
Ferrer-Garcia, M.; Gutierrez-Maldonado, J. Virtual reality exposure in patients with eating disorders:
influence of symptom severity and presence. Stud. Health Technol. Inform. 2011, 167, 80-85. [PubMed]
Perpifia, C.; Roncero, M.; Fernandez-Aranda, F; Jiménez-Murcia, S.; Forcano, L.; Sanchez, 1. Clinical
validation of a virtual environment for normalizing eating patterns in eating disorders. Compr. Psychiatry
2013, 54, 680-686. [CrossRef] [PubMed]

Ferrer-Garcia, M.; Gutiérrez-Maldonado, J.; Pla-Sanjuanelo, J.; Vilalta-Abella, F; Andreu-Gracia, A.;
Dakanalis, A.; Fernandez-Aranda, F.; Fuste-Escolano, A.; Ribas-Sabate, J.; Riva, G.; et al. ExternalEating
as a PredictorofCue-reactivitytoFood-related Virtual Environments. Stud. Health Technol. Inform. 2015, 219,
117-122. [PubMed]

Pla-Sanjuanelo, J.; Ferrer-Garcia, M.; Gutiérrez -Maldonado, J.; Vilalta-Abella, F.; Andreu-Gracia, A.;
Dakanalis, A.; Fernandez-Aranda, F,; Fuste-Escolano, A.; Ribas-Sabate, J.; Riva, G.; et al. TraitandStateCraving
as IndicatorsofValidityof VR-based Software for BingeEatingTreatment. Stud. Health Technol. Inform. 2015,
219, 141-146. [PubMed]

Perpina, C.; Roncero, M. Similarities and differences between eating disorders and obese patients in a virtual
environment for normalizing eating patterns. Compr. Psychiatry 2016, 67, 39-45. [CrossRef] [PubMed]
Perpifid, C.; Botella, C.; Bafios, R.; Marco, H.; Alcaiiiz, M.; Quero, S. Body image and virtual reality in
eating disorders: Is exposure to virtual reality more effective than the classical body image treatment?
Cyberpsychol. Behav. 1999, 2, 149-155. [CrossRef] [PubMed]

Riva, G.; Bacchetta, M.; Baruffi, M.; Rinaldi, S.; Vincelli, F; Molinari, E. Virtual reality-based experiential cognitive
treatment of obesity and binge-eating disorders. Clin. Psychol. Psychother. 2000, 7, 209-219. [CrossRef]

Riva, G.; Bacchetta, M.; Baruffi, M.; Cirillo, G.; Molinari, E. Virtual Reality Environment for Body Image
Modification: A Multidimensional Therapy for the Treatment of Body Image in Obesity and Related
Pathologies. Cyberpsychol. Behav. 2000, 3, 421-431. [CrossRef]

Riva, G.; Bacchetta, M.; Baruffi, M.; Molinari, E. Virtual-reality-based multidimensional therapy for the
treatment of body image disturbances in binge eating disorders: A preliminary controlled study. IEEE Trans.
Inf. Technol. Biomed. 2002, 6, 224-234. [CrossRef] [PubMed]

Riva, G.; Bacchetta, M.; Cesa, G.; Conti, S.; Molinari, E. Six-Month Follow-Up of In-Patient Experiential
Cognitive Therapy for Binge Eating Disorders. Cyberpsychol. Behav. 2003, 6, 251-258. [CrossRef] [PubMed]
Riva, G.; Bacchetta, M.; Cesa, G.; Conti, S.; Molinari, E. The use of VR in the treatment of eating disorders.
Stud. Health Technol. Inform. 2004, 99, 121-163. [PubMed]

Marco, J.H.; Perpind, C.; Botella, C. Effectiveness of cognitive behavioral therapy supported by virtual reality
in the treatment of body image in eating disorders: One year follow-up. Psychiatry Res. 2013, 209, 619-625.
[CrossRef] [PubMed]

Cesa, G.L.; Manzoni, G.M.; Bacchetta, M.; Castelnuovo, G.; Conti, S.; Gaggioli, A.; Mantovani, F.; Molinari, E.;
Cardenas-Lopez, G.; Riva, G. Virtual reality for enhancing the cognitive behavioral treatment of obesity with
binge eating disorder: Randomized controlled study with one-year follow-up. J. Med. Internet Res. 2013, 15,
1-13. [CrossRef] [PubMed]

Roncero, M.; Perpifia, C. Normalizing the eating pattern with virtual reality for bulimia nervosa: A case
report. Rev. Mex. Trastor. Aliment. 2015, 6, 152-159. [CrossRef]


http://dx.doi.org/10.1016/j.neubiorev.2012.11.010
http://www.ncbi.nlm.nih.gov/pubmed/23201859
http://dx.doi.org/10.1089/cpb.2006.9.507
http://www.ncbi.nlm.nih.gov/pubmed/17034316
http://dx.doi.org/10.1177/0145445509348056
http://www.ncbi.nlm.nih.gov/pubmed/19822737
http://dx.doi.org/10.1089/cyber.2009.0301
http://www.ncbi.nlm.nih.gov/pubmed/20950176
http://dx.doi.org/10.1186/1744-859X-9-30
http://www.ncbi.nlm.nih.gov/pubmed/20602749
http://www.ncbi.nlm.nih.gov/pubmed/21685646
http://dx.doi.org/10.1016/j.comppsych.2013.01.007
http://www.ncbi.nlm.nih.gov/pubmed/23452907
http://www.ncbi.nlm.nih.gov/pubmed/26799891
http://www.ncbi.nlm.nih.gov/pubmed/26799896
http://dx.doi.org/10.1016/j.comppsych.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/27095333
http://dx.doi.org/10.1089/cpb.1999.2.149
http://www.ncbi.nlm.nih.gov/pubmed/19178251
http://dx.doi.org/10.1002/1099-0879(200007)7:3&lt;209::AID-CPP232&gt;3.0.CO;2-V
http://dx.doi.org/10.1089/10949310050078887
http://dx.doi.org/10.1109/TITB.2002.802372
http://www.ncbi.nlm.nih.gov/pubmed/12381039
http://dx.doi.org/10.1089/109493103322011533
http://www.ncbi.nlm.nih.gov/pubmed/12855080
http://www.ncbi.nlm.nih.gov/pubmed/15295149
http://dx.doi.org/10.1016/j.psychres.2013.02.023
http://www.ncbi.nlm.nih.gov/pubmed/23499231
http://dx.doi.org/10.2196/jmir.2441
http://www.ncbi.nlm.nih.gov/pubmed/23759286
http://dx.doi.org/10.1016/j.rmta.2015.11.001

Behav. Sci. 2017, 7,43 20 of 20

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Perpifia, C.; Marco, ].H.; Botella, C.; Bafios, R. Tratamiento de laimagen corporal enlostrastornosalimentarios
mediante tratamiento cognitivo-comportamental apoyadoconrealidad virtual: Resultados al afio de
seguimiento. Psicol. Conductual 2004, 12, 519-537.

Riva, G.; Bolzoni, M.; Carella, F; Galimberti, C.; Griffin, M.].; Lewis, C.H.; Luongo, R.; Mardegan, P.; Melis, L.;
Molinari-Tosatti, L.; et al. Virtual Reality Environments for Psycho-Neuro-Physiological Assessment and
Rehabilitation. Stud. Health Technol. Inform. 1997, 39, 34-45. [PubMed]

Fairburn, C.G.; Marcus, M.D.; Wilson, G.T. Cognitive-behavioral therapy for binge eating and bulimia
nervosa: A comprehensive treatment manual. In Binge Eating: Nature, Assessment, and Treatment; Weill Cornell
Medical College: New York, NY, USA, 1993; pp. 361-404.

Fairburn, C.; Garner, D.; Garnfinkel, P. Cognitive-Behavioral Treatment for Bulimia. In Handbook of
Psychotherapy for Anorexia and Bulimia, Gamer, D.M., Garnfinkel, PE., Eds.; Guilford Press: New York,
NY, USA, 1985; pp. 160-192.

Fairburn, C. Overcoming Binge Eating; Guilford Press: New York, NY, USA, 1995.

Garner, D.; Vitousek, K.; Pike, K. Cognitive-Behavioral Therapy for AN. In Handbook of Treatment for Eating
Disorders; Garner, D., Garfinkel, P, Eds.; Guilford Press: New York, NY, USA, 1997; pp. 94-145.

Wilson, T.; Fairburn, C.; Agras, W. Cognitive-Behavioral Therapy for Bulimia Nervosa. In Handbook of
Treatment for Eating Disorders; Garner, D., Garfinkel, P., Eds.; Guilford Press: New York, NY, USA, 1997;
pp- 67-93.

Butters, J.; Cash, T. Cognitive-behavioral treatment of women’s body-image dissatisfaction. J. Consult.
Clin. Psychol. 1987, 55, 889-897. [CrossRef] [PubMed]

Perpina, C.; Botella, C.; Bafios, R. Imagen Corporal em Los Trastornos Alimentarios. In Evaluacion y
Tratamiento por Medio de Realidad Virtual, Promolibro: Valencia, Spain, 2000.

Ricca, V.; Mannucci, E.; Zucchi, T.; Rotella, C.M.; Faravelli, C. Cognitive-behavioural therapy for bulimia
nervosa and binge eating disorder. A review. Psychother. Psychosom. 2000, 69, 287-295. [CrossRef] [PubMed]
Wiederhold, B.K.; Riva, G.; Gutiérrez-Maldonado, J. Virtual Reality in the Assessment and Treatment of
Weight-Related Disorders. Cyberpsychol. Behav. Soc. Netw. 2016, 19, 67-73. [CrossRef] [PubMed]

Botella, C.; Villa, H.; Garcia-Palacios, A.; Bafios, R.; Perpifia, C.; Alcaniz, M. Clinically significant virtual
environments for the treatment of panic disorder and agoraphobia. Cyberpsychol. Behav. 2004, 7, 527-535.
[CrossRef] [PubMed]

Riva, G.; Bafios, R.; Botella, C.; Mantovani, E; Gaggioli, A. Transforming Experience: The Potential of
Augmented Reality and Virtual Reality for Enhancing Personal and Clinical Change. Front. Psychiatry 2016,
7,164. [CrossRef] [PubMed]

Powers, M.; Emmelkamp, P. Virtual reality exposure therapy for anxiety disorders: A meta-analysis. J. Anxiety
Disord. 2008, 22, 561-569. [CrossRef] [PubMed]

Riva, G.; Gaudio, S.; Dakanalis, A. The Neuropsychology of Self Objectification. Eur. Psychol. 2015, 20, 34-43.
[CrossRef]

Riva, G. Out of my real body: Cognitive neuroscience meets eating disorders. Front. Hum. Neurosci. 2014, 8,
236. [CrossRef] [PubMed]

Manzoni, G.; Cesa, G.; Bacchetta, M.; Castelnuovo, G.; Conti, S.; Gaggioli, A.; Riva, G. Virtual
Reality-Enhanced Cognitive-Behavioral Therapy for Morbid Obesity: A Randomized Controlled Study with
1 Year Follow-Up. Cyberpsychol. Behav. Soc. Netw. 2016, 19, 134-140. [CrossRef] [PubMed]

Ferrer-garcia, M.; Gutiérrez-maldonado, J. The use of virtual reality in the study, assessment, and treatment
of body image in eating disorders and nonclinical samples: A review of the literature. Body Image 2012, 9,
1-11. [CrossRef] [PubMed]

Bohon, C.; Stice, E. Negative affect and neural response to palatable food intake in bulimia nervosa. Appetite
2012, 58, 964-970. [CrossRef] [PubMed]

Mobher, D.; Jones, A.; Lepage, L.; CONSORT Group. Use of the CONSORT Statement and Quality of Reports
of Randomized Trials. JAMA 2001, 285, 1992-1995. [CrossRef] [PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://www.ncbi.nlm.nih.gov/pubmed/10168930
http://dx.doi.org/10.1037/0022-006X.55.6.889
http://www.ncbi.nlm.nih.gov/pubmed/2891736
http://dx.doi.org/10.1159/000012410
http://www.ncbi.nlm.nih.gov/pubmed/11070440
http://dx.doi.org/10.1089/cyber.2016.0012
http://www.ncbi.nlm.nih.gov/pubmed/26882323
http://dx.doi.org/10.1089/cpb.2004.7.527
http://www.ncbi.nlm.nih.gov/pubmed/15667047
http://dx.doi.org/10.3389/fpsyt.2016.00164
http://www.ncbi.nlm.nih.gov/pubmed/27746747
http://dx.doi.org/10.1016/j.janxdis.2007.04.006
http://www.ncbi.nlm.nih.gov/pubmed/17544252
http://dx.doi.org/10.1027/1016-9040/a000190
http://dx.doi.org/10.3389/fnhum.2014.00236
http://www.ncbi.nlm.nih.gov/pubmed/24834042
http://dx.doi.org/10.1089/cyber.2015.0208
http://www.ncbi.nlm.nih.gov/pubmed/26430819
http://dx.doi.org/10.1016/j.bodyim.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/22119329
http://dx.doi.org/10.1016/j.appet.2012.02.051
http://www.ncbi.nlm.nih.gov/pubmed/22387716
http://dx.doi.org/10.1001/jama.285.15.1992
http://www.ncbi.nlm.nih.gov/pubmed/11308436
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	VR in the Assessment of BN and BED 
	VR in the Treatment of BN and BED 
	Case Report 
	Non-Controlled Clinical Trials 
	Randomized Controlled Trials 


	Discussion 
	Conclusions 

