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Abstract: Virtual reality (VR) technology is one of the promising directions for rehabilitation, es-
pecially cognitive rehabilitation. Previous studies demonstrated successful rehabilitation in motor,
cognitive, and sensorial functions using VR. The objective of this review is to summarize the cur-
rent designs and evidence on immersive rehabilitation interventions using VR on cognitive- or
behavioral-related eating disorders, which was mapped using a VREHAB framework. Two authors
independently searched electronic databases, including PubMed, Web of Science, Scopus, CINAHL,
EMBASE, and Cochrane Library. Ten (n = 10) articles were eligible for review. Treatments for anorexia
nervosa and binge eating disorder/bulimia nervosa were reported through enhanced/experimental
cognitive behavior therapy (ECT), cue exposure therapy (CET), and body exposure therapy (BET)
via the virtual environment. Some studies reported that the VR effects were superior or comparable
to traditional treatments, while the effects may last longer using VR technology. In addition, VR
was perceived as acceptable and feasible among patients and therapists and could be valuable for
supplementing existing therapies, relieving manpower and caregiver burdens. Future studies may
consider incorporating haptic, smell, and biofeedback to improve the experience, and thus the effects
of the treatments for the users.

Keywords: X-Reality; virtual rehabilitation; bulimia nervosa; restrictive food-intake disorder; dys-
phagia; nutrition

1. Introduction

Virtual reality (VR) is a category of information technology that creates an interactive
and immersive environment for the user through a virtual simulation of the real world [1].
The system often comes with a head-mounted display (HMD) with tracking functions,
and a controller using a joystick, or sensor gloves to control the body (avatar) interacting
with the virtual environment [2]. It enables the simulated practice of functional tasks at
a higher dosage than traditional therapies [3-6]. It has been reported in various training
settings, such as physical training [7], mental/cognitive training [8], and vocation or life-
skill training [9,10].
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Success has been demonstrated in the rehabilitation of motor, cognitive, and sensorial
deficiencies using VR [11,12]. VR enables a framework for constant re-enactment, intuitive
capacities, and gamification to empower variation and adjustment practices [13]. Besides,
training difficulty could be customized based on the abilities and potential of the indi-
viduals [14]. The degree of immersion or, in other words, the extent to which the users
perceive that they are in a virtual environment rather than the real world is one of the
important concepts in VR [15,16]. Immersive VR is generally described as a system that
uses a projection onto a head-mounted display (HMD), in which users are represented
within the virtual environment, whereas a system with a single-screen projection or desktop
display is considered low immersion. Hwang et al. [17] utilized a semi-immersive VR
system with a 270-degree touchable screen with locomotor activity and improved cognitive
functions and balance among older adults.

VR-based rehabilitation facilitates a feasible, safe, engaging, and enjoyable medium
for patients, especially those with cognitive decline or impairment [18,19]. The strength
of VR-based rehabilitation lies in its potential to offer immersive and realistic experiences
with multimodal enriched environments that supplement the traditional rehabilitation
paradigm’s weakness in realizing training outcomes in daily life [20]. Moreover, some
studies reported that the training outcome of VR-based rehabilitation was more long-
lasting [20], while better efficacy was found when VR integrated physical and cognitive
training components [20].

Cognitive and behavioral impairment may result in eating disorders. For example,
dementia patients suffer from memory loss, confusion, and ineffective motor coordina-
tion. They may fail to eat or self-feed, recognize food, or use tableware [21,22]. Abnormal
cognitive behavior, such as cognitive rigidity and obsessiveness, may lead to prototypi-
cal compulsive behaviors involving calorie counting, hyperactivity, body checking, and
ritualistic eating behavior [23]. Impaired cognitive flexibility with psychosocial risk fac-
tors may give rise to anorexia nervosa or bulimia nervosa [24,25]. Different rehabilitation
interventions have been proposed, such as education, cognitive-behavior therapy, and
mindfulness-based training, despite mixed results [26,27]. Some therapists have taken
advantage of VR technology to improve the effectiveness of rehabilitation [28].

To this end, the objective of this study is to review the evidence, methods, and per-
formance of VR-based immersive rehabilitation for eating disorders induced by cognitive
or behavioral problems. We applied the virtual rehabilitation (VREHAB) model frame-
work [29] to map our review into four themes, including recipients and providers, virtual
environment, applications in health care, and social engagement. This framework was
previously applied to evaluate virtual reality modalities for health care for the elderly [29]
and could be applicable in our current review on virtual rehabilitation for eating disorders,
which had similar considerations and constructs.

2. Materials and Methods

A literature search was performed to review articles involving VR-based rehabilitation
on individuals with eating disorders resulting from cognitive or behavioral problems.
Databases included PubMed, Web of Science, Scopus, CINAHL (via EBSCOHost), EMBASE
(via OVID), and the Cochrane Library. The search was conducted using a combination of
keywords related to VR technology, cognitive impairment, eating disorders, and rehabil-
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itation. Keywords for VR included “virtual reality”, “virtual healthcare”, “virtual visit”,
“immersive reality”, “immersion”, or “haptic”, while those for cognitive impairment and
eating disorders were related to dementia, dysphagia, stroke, malnutrition, or other words
on feeding and eating disorders. For eating disorders, the search keywords included “eat*”
or “chew*” or “swallow*”, while those of rehabilitation included “rehab*” or “train*” or
“therapy” (Table S1).

The search was limited to original research articles in English from journals. The inclu-
sion criteria included: (1) cognitive rehabilitation program on eating disorders;

(2) immersive VR-based intervention; and (3) human subject data. Studies were excluded
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if they: (1) applied a non-immersive VR technique; (2) concerned eating disorders unre-
lated to cognitive or behavioral causes; or (3) had insufficient details on the configuration
of VR gear, environment, and playing process. Two authors (B.P-H.S.) and (D.K.-H.L.)
conducted independent searches in November 2021. The first author (B.P.-H.S.) conducted
the screening of abstracts and full texts, which was reviewed by the corresponding au-
thor (D.W.-C.W.). Any disagreement was resolved by seeking consensus with the other
corresponding author (J.C.-W.C.).

The search and screening process for the systematic review is shown in Figure 1.
There was no disagreement among authors in the selection of studies for the review. Data
synthesis on the eligible articles was conducted based on the VREHAB framework that
divided the research themes into recipients and providers, virtual environment, applications
in health care, and social engagement, as shown in Table 1 [29].

S
286 of records identified through
c database searching
k<]
®
L
5
(7]
o
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E Records screenes Language n = 4
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Figure 1. Flowchart of the systematic search and screening process.

Table 1. The themes and components of the VREHAB framework.

Theme Component

Patients
Healthcare Providers
Researchers
VR Designers

Recipients and Providers

3D Tacking System
Augmented Reality System
Cave System
Active Video Game
Haptic Interface
Simulators

Virtual Environment
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Table 1. Cont.

Theme Component
Physical Rehabilitation
Cognitive Training
Applications in Health Care Psychosocial Rehabilitation

Surgical Simulation
Physical Literacy Development

Accessibility
Changing Attitude
Social Engagement Cost
Cultural Sensitivity
Safety Concern

3. Search Results

The flowchart of the systematic search and screening process is shown in Figure 1. A
total of 172 articles were identified after removing 114 duplicates from the initial search
record of 286 articles. After a preliminary screening of the title and abstract, 144 records
were excluded because of irrelevancy (n = 24), language (1 = 4), not involving VR (n =7),
human subject data (n = 1), and rehabilitation programs for eating disorders (1 = 48). In
addition, some articles were excluded because of ineligible article type, such as review,
perspective paper, or conference paper (1 = 60). Twenty-eight articles proceeded to the
full-text screening and 18 of them were excluded with the reasons: non-immersive VR
(n = 6), evaluation not targeted on treatment outcome (n = 4), no eating-disorder patients
involved (n = 2), inadequate information (1 = 6), such as no evaluation results, and did not
specify VR gear and environment designs. Ten studies were eligible for this review.

4. Review Theme
4.1. Recipients and Providers

Despite our search scope encompassing different cognitive or behavior problems that
may be relevant to eating disorders, we only discovered research on BED, BN, and AN.
Eight studies involved patients with BED or BN [30-37]. Four studies investigated AN
patents [31,33,38,39], while two studies involved a group of patients with unspecified eating
disorders [31,37]. We noted that some studies involved both BED/BN and AN groups.
Diagnosis or inclusion criteria were confirmed by SCID interviews [40], the DSM-IV-TR, or
the DSM-5 scale [41].

Binge-eating disorder (BED) is defined as recurrent out-of-control eating without
compensatory behavior [42]. It is associated with psychopathological factors. People with
BED eat even though not physically hungry and until uncomfortably full. The prevalence
of BED was 1.4% [43] and was found to be related to motor disinhibition and impaired
executive planning [44]. The investigations on BED and BN were often conducted together,
while bulimia nervosa (BN) is a more serious condition, in which patients attempted to
compensate for the behavior by self-induced vomiting, purging, or taking laxatives and
diuretics [45]. On the other hand, anorexia nervosa (AN) is characterized by abnormal
feeding behaviors, primarily because of body image distortion and the pursuit of extreme
emaciation [46]. It was estimated that AN affected 4% of the female population [47].

A total of 342 individuals were involved, with sample sizes ranging from 1 to 36
(Table 2). Nearly all participants were adults aged 18 to 45, except the Porras-Garcia
et al. [34] study, which was a case report on an adolescent aged 15. Only two studies
involved both male and female participants [32,38], while the others only recruited female
participants. This can be explained by the difference of prevalence between genders in
the population (females: AN (0.9%), BED (3.5%); males: AN (0.2%), BED (2%)) [48]. The
number of therapist or psychotherapist trainers for VR interventions was similar to that of
the traditional interventions.



Int. ]. Environ. Res. Public Health 2022, 19, 5821 50f18
Table 2. Basic information of the recipients and providers of the reviewed articles.
Sample Age BMI . .
Author Year Group Size M/F)  (Mean, SD)  (Mean, SD) Providers/Trainers

VR 0/27 32.9,8.8 39.2,5.3

Cesa et al. [30] 2013 CBT 0/20 29.9,7.95 411,33 Clinical psy. and psy.ther
Ctrl 0/19 32.2,6.36 41.8,6.3

SEDT 0/9 Eating disorder therapist &
Macro et al. [31] 2013 SEDTBI (Ctrl) 0/9 21.82,5.75 21.5,4.28 co-therapist
Namethetal. [32] 2021 VR 1/10 409,57 31.8,8.1 Therapist recruited from
outpatient university clinic
o VR 8% 18.38, 2.9 215,32 _
Perpifid etal. [33] 1999 SBIT (Ctrl) 5 16.6,1.3 24,3
Porras-Garcia et al. [34] 2020 - 0/1 15 18.14 Health psy.
. VR 2/14 18.25, 1.30 17.39, 1.06 .
Porras-Garcia et al. [38] 2021 Ctrl 2/17 1921.1.78 17.54.1.27 Psy. & co-therapists
Riva et al. [39] 1998 - 0/1 22 16.8 Clinical psy. & psy.ther.
. BED 0/25 Range: 18 to 41.82,7.81 ..

Riva et al. [35] 2000 Obese 0/18 15 111,543 Clinical psy. & psy.ther.
VR

Riva et al. [36] 2003 CBT 0/36 33.07, 8.08 39.80, 6.10 Clinical psy. & psy.ther.

Nutritional

VR 0/30 33.63,8.29 39.59, 6.20
CBT 0/30 32.20,7.95 41.14,5.70 ..

Riva etal. [37] 2004 Nutritional 0/30 3350,8.17  39.95,6.40 Clinical psy. & psy.ther.

No action (Ctrl) 0/30 33.16,8.25 38.59, 6.09

* Gender not specified; BED: binge eating disorder; BMI: body mass index; CBT: cognitive behavioral therapy; Ctrl:
ontrol;c ECT: VR: virtual reality; F: female; M: male; psy.: psychologist; psy.ther.: psychotherapist; SBIT: standard
body image treatment; SD: standard deviation; SEDT: standard eating-disorder treatment; SEDTBI: standard
eating-disorder treatment with body image intervention.

4.2. Virtual Environments and Objects

Immersive VR systems generally include an HMD to display and submerge users into
the virtual environment. The HMD device also provides tracking functions for the VR
system at different degrees of freedom (DoF). DoF refers to the number of ways that the user
can move within a training space. In general, three and six DoF VR systems are available.
HMD with 3DoF provides a 360° viewing perspective for users in a panoramic style but
fix them at one location, while the 6DoF system allows users to ambulate throughout
the environment.

Three studies created the virtual environment using the software Unity (Unity Tech-
nology, San Francisco, CA, USA) [32,34,38], as shown in Table 3. It is a game engine to
create 3D or 2D games, as well as interactive simulations and other experiences. Another
development platform was the WorldUp software from Sense8 (Tera Software Ltd., Hyder-
abad, India) [31,33], which could be integrated with Matlab and Simulink now. Besides,
Riva’s team utilized the virtual environment from the VR for Body Image Modification
2 (VEBIM 2) (IBM Semea Sud, Naples, Italy) or VR for Eating Disorders Modification
(VREDIM) [35-37,39]. VEBIM 2 was a virtual environment developed using the VRT 5
engine (Superscape Ltd., London, UK), a software with different libraries for virtual en-
vironment development. VEBIM 2 was composed of different environment zones used
by the therapists during different training sessions. On the other hand, VREDIM was an
enhanced version of VEBIM in which 14 virtual environments were adopted for training.
Besides, NeuroVR was open-source software with a predeveloped environment and object
library. However, the authors of the paper did not specify which particular environment or
objects were chosen from the library for their rehabilitation program [30].
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The integration of hardware and software in VR could simulate a virtual environment
in the first- (1pp) or third-person point of perspective (3pp). 1pp favored the proprioception
of embodiment and ownership of the virtual body and enhanced the level of immersion via
simulation [49,50]. On the other hand, 3pp facilitated an observer mode that might benefit
the rehabilitation of cognitive impairment. Individuals would internalize an objectified
self-image when presented with a reference frame in an observer mode and perturb their
cognition of body appearance [51]. The treatment principles using the perturbations of
body image in patients can be explained by the allocentric lock hypothesis. The hypothesis
addressed that patient failed to dislodge their negative body image in their memory and
updated from the sensory and proprioceptive inputs in real time [52,53]. VR could unblock
the sensory input and facilitate the reinstallation of body image cognition [54]. Table 4
shows the environment and objects used in the virtual rehabilitation.

Table 3. Software and hardware for the implementation of VR in the reviewed articles.

Author Software Head-Mounted Display Controller Tracker/Sensor
Cesa et al. (2013) [30] Openjiiﬁgzzgihvare ; ; -
Macro et al. (2013) [31] WorldUp, Sense8 V6, Virtual Research 2D mouse -
Nameth et al. (2021) [32] Unity, StreamVR Oculus Rift Oculus Controllers Oculus Sensor
Perpifia et al. (1999) [33] WorldUp, Sense8 V6, Virtual Research 2D mouse -
Porras-Garcia et al. (2020) [34] Unity, Blender HMD-HTC-VIVE HMD-HTC-VIVE HMD FOVE Eye Tracking
Porras-Garcia et al. (2021) [38] Unity, Blender HMD-HTC-VIVE - FOVE,I;I ;{C_SIED Eye
Riva et al. (1998) [39] VEBIM 2 Thunder 400/C VR system
Riva et al. (2000) [35] VEBIM 2 Thunder 500/C VR system  Joystick-type input device -
Riva et al. (2003) [36] VREDIM - - -
Riva et al. (2004) [37] VREDIM Glasstron Joystick-type input device  Joystick-type input device

VEBIM: VR for body image modification; VR: virtual reality; VREDIM: VR for eating disorders modification.

Table 4. Virtual environment and training design of the reviewed articles.

Author Env. Design Object/Avatar Design Interaction/Game Design Training Context
Expectation & emotions related to
14 env,, including Home, Practice eating, emotional, food & weight;
Cesa et al. supermarket, pub, 2 bodv images relational management, Strategies used to cope with
(2013) [30] restaurant, swimming pool, y & decision-making, difficult interpersonal & potential
beach, Gym problem-solving maintenance situations;
Body experience of the subject.
Distinguish and estimate Psychosocial education on body
M 5 env. in stage 1 Virtual scale in stage 2 real, subjective, desired, & image distortion, consequences of
acro et al. . - . ; . ) - .
(2013) [31] Kltchen in stage 2 Mirror and a 3D avatar in .healthy weight. . negative body image, exaggeration
Mirror room in stage 3 stage 3 Manipulate body areas in in media, cultural factors for body
the avatar dissatisfaction

Nameth et al.

(2021) [32]

4 env., including kitchen,
dining room, bedroom,
restaurant

30 common binge foods

Access eliciting craving &
anxiety about losing control
overeating on food &
environment

Changing physical state of body;
Increase behavioral alternative to
eating;

Changing the attentional
Focus;Enhancing motivation to
resist cues.

Perpifia et al.

(1999) [33]

Food area, Exhibition room
Mirror room

Virtual scale
Posters with different
body builds
3D avatar

Estimate body weight after
eating a virtual food.
Manipulate body areas in
the avatar

Education, exposure & cognitive
discussion;
Learn to correct estimate weight
after eating; understand weight as
a relative concept
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Table 4. Cont.

Author

Env. Design

Object/Avatar Design

Interaction/Game Design

Training Context

Porras-Garcia
et al. (2020)
[34]

Simple room w/large mirror
on the front wall

Asked to observe & focus
different part of her virtual
body in the mirror

The Virtual body start with the
same BMI of the patient and
change with progressive increase
of BMI until targeted healthy BMI

Porras-Garcia
etal. (2021)

Unique room w/o furniture
except a large mirror

Exposed a silhouette to
patients. The patients orally
report their throughs &
feeling about most of the

Patient exposed to their real
silhouette, & processingly
increased the BMI of silhouette

[38] body parts of their virtual until a healthy BMI
body
. - . Different questions
Virtual weighing machine; (hypothetical, inverse, & Access & modify patients’
7 avatars from yp yp
Riva et al. Different rooms of a virtual underweicht to third-person ones) to help symptoms of anxiety related to
(1998) [39] office 5 atients synthesize food exposure & their bod
overweight; p 4 P y
Panels of mo degl {ctures information & reach experience
p ’ conclusions on their own.
V1rtua; ‘;v‘f:altgilsng (r)r;achme; Different questions
Kitchen, closet, bedroom; underweight to (hypothetical, inverse, & Access & modify patients’
Riva et al. 4 working env.; 5 third-person ones) to help symptoms of anxiety related to

(2000) [35]

Room w/5 doors of different
dimensions

overweight;
Panels of model pictures;
Large mirror showing
patients’ real body.

patients synthesize
information & reach
conclusions on their own.

food exposure & their body
experience

Riva et al.
(2003) [36]

Different questions
(hypothetical, inverse, &
third-person ones) to help
patients synthesize
information & reach
conclusions on their own.

Access & modify patients’
symptoms of anxiety related to
food exposure & their body
experience

Riva et al.
(2004) [37]

14 virtual env. including
kitchen, bathroom, bedroom,
9 doors room, Shopping
mall, Swimming pool &
beach)

Body Image VR Scale
(BIVRS)

Different questions
(hypothetical, inverse, &
third-person ones) to help
patients synthesize
information & reach
conclusions on their own.

Access & modify patients’
symptoms of anxiety related to
food exposure & their body
experience

BMI: body mass index; Env.: environment; VR: virtual reality; w: with; w/o: without.

4.3. Application in Healthcare

Generally, there were three types of treatment using the immersive virtual rehabil-
itation approach, including enhanced/experimental cognitive behavior therapy (ECT),
VR-based cue exposure therapy (CET), and body exposure therapy (BET), as shown in
Tables 4 and 5.

Table 5. Healthcare application in reviewed articles.

Author

Disorder

VR Therapy

Study Design

Protocol

Cesa et al. (2013) [30]

BED

ECT

VR:

1 x Inpatient program;

5 X group sessions, 1 per week;
10 x 1-h VR sessions, 2 per week.

RCT

CBT:

1 x Inpatient program;

5 X group sessions, 1 per week;
10 x CBT sessions, 2 per week.

Control:
Inpatient program

Macro et al. (2013) [31]

AN, BN,
EDNOS

ECT + BET

15 ECT sessions & 8 individual

RCT

psychotherapy sessions
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Table 5. Cont.

Author

Disorder

VR Therapy

Study Design

Protocol

Nameth et al. (2021) [32]

BED, BN

CET

cs

8 x 1-h session, 1 per week

Perpifia et al. (1999) [33]

AN, BN

BET

RCT

6 x 1-h session, 1 per week

Porras-Garcia et al. (2020) [34]

BED, BN

BET

CR

5 x 1-h session, 1 per week

Porras-Garcia et al. (2021) [38]

Restrictive AN

BET

RCT

5 X 45-min session, 1 per week

Riva et al. (1998) [39]

AN

ECT

CR

Individual psy. talks for a month, 1 a week;
Group sessions, 2 per week;

5 x VR session.

Riva et al. (2000) [35]

Individual work:
Psychometric tests;
Weekly supportive psy. talks;
5 x VR sessions.

Group work:
Psycho-nutritional groups held by
nutritionists, 2 per week (for patients eat
1200 kcal per day)

BED ECT CSs

Riva et al. (2003) [36]

5 x group sessions aimed at improving
assertiveness & motivation to change, 1 per
week;

10 x VR sessions, 2 per week.

BED ECT RCT

Riva et al. (2004) [37]

5 x group psy. sessions;
10 x individual VR sessions w/psy. (ECT);
1 x individual diet session.
4 or 6 x group diet sessions;Physical
activity

BED, Obese,

BN, EDNOS ECT

RCT

AN: anorexia nervosa; BED: binge eating disorder; BET: body exposure therapy; BN: bulimia nervosa; CR: case
report; CS: case series; ECT: enhanced/experimental cognitive behavior therapy; EDNOS: eaters disorder not
otherwise specified; Psy.: psychologist; RCT: randomized controlled trial; VR: virtual reality; VR-CET: virtual
reality cue exposure therapy; w/: with.

4.3.1. Enhanced/Experimental Cognitive Behavior Therapy (ECT)

ECT was the combination of VR and cognitive behavior therapy (CBT) [55]. ECT
aimed at emancipating the negative memory of the body and modifying the associated
behaviors and emotions. Before the therapy, existing studies often used the temptation
exposure with response prevention protocol for assessment [56] to identify the eliciting
factor to abnormal eating behavior. Patients were guided to practice eating, emotional
and relational management, and general decision-making and problem-solving skills. In
addition, patients were required to rationalize why and what they needed to steer clear
of specific emotional and behavioral triggers. This was achieved by different techniques,
such as countering, alternative interpretation, label shifting, and deactivating negative
beliefs [30,35-37,39]. During the treatment, the therapists worked with the patients using
the Socratic style using different questions, usually hypothetical and inverse, and from
a 3pp to help patients synthesize information and reach conclusions independently. To
boost the body experience of the patients, Butter & Cash [57] and Wooley & Wooley [58]
integrated therapeutic methods with VR using the body image rescripting protocol, which
was a cognitive-, visual-, and motorial-guided imagery approach [59,60].

ECT consisted of four phrases described in the literature [30,35-37]. In Phrase 1, an
interview was conducted to retrieve the negative perception of body image that shall be
attenuated via the design of virtual simulation developed in Phase 2. In Phase 3, the patients
re-experienced the triggering events of the negative body image in the virtual environment
from 1pp. They were asked to express and discuss their feelings and contemplate the
intention to change with gain-framed messages. The main cognitive techniques used here
were countering and label shifting. The countering technique initiated whenever distorted
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perceptions and cognitions are developed. During the discussion about their feelings
about the virtual environment, patients attempted to describe their situations with negative
emotion word labels that were then listed. After that, the therapist helped the patients
replace these emotion labels with two or more other descriptive labels (label shifting). In the
last phase, a cognitive reappraisal was conducted with the patients viewing and reassuring
themselves in a 3pp through the virtual avatar. In this phase, alternative interpretation
and deactivating the illness belief were the two main cognitive techniques used. The
patients learned to stop and consider other interpretations of a situation before proceeding
to the decision-making stage (alternative interpretation), and the therapist first helped
the patients list their beliefs concerning weight and eating (deactivating the illness belief).
Another study conducted psychosocial education lessons before the implementation of
virtual rehabilitation [31]. The study also guided the estimation of body weight and body
image toward the healthy body weight during the virtual rehabilitation section [31]. Marco,
et al. [31] highlighted that it is important for ECT to address the attitudinal, perceptive, and
emotional construct to achieve a normalization of body image.

4.3.2. VR Based Cue Exposure Therapy (CET)

CET was integrated with VR technology for virtual rehabilitation. In brief, the patients
were exposed to eating triggers in the virtual environment and trained to change their
responses. Traditional CET aimed to extinguish the bond between the eating trigger
(conditioned stimuli) and the maladaptive binge response (conditioned response) through
systematic, gradual exposure [60]. According to the CET model, the craving for food and
its metabolic effects could be generated by the conditioned stimuli (e.g., sight, smell, taste,
and the context or environment). The presence of the stimuli elicited eating-related anxiety
that increased the chance of binge episodes (conditioned response) [61-64]. Based on the
inhibitory learning model, patients could create new associations between the conditioned
stimuli and the response to override the existing maladaptive association [65], such as
replacing them with safety, self-control, and self-efficacy. The model was optimized when
exposure was conducted using various stimuli (in terms of number and type) and across
different contexts [60]. Additional out-of-session exposures were arranged as homework in
real life to further disassociate the food trigger from the craving response [60].

There are several advantages of VR-based CET over traditional CET. The treatment
exposure can be tailored to the fear hierarchy of the patient in the virtual environment to
enhance ecological validity. A virtual environment could also encompass a large amount
and variety of environmental or object stimuli (e.g., types of food), which can better
customize the therapy for each patient and help boost progress [65-67] with a perception
of safety and control [66]. The novel and exciting VR technology can attract the curiosity of
patients to engage and thus improve treatment compliance.

As prescribed by the Nameth et al. [32] study, for each VR session, the therapist re-
assessed the conditions of the eating disorder (e.g., frequency) and reinforced the training
components to cope with the eating disorder. The patients were then immersed in the VR
environment exposure for a maximum of 30 min. During the exposure, patients were asked
to hold and manipulate food, bring the food to the face, and engage other sensory modalities.
The level of immersion can also be enhanced by haptic sensation, biofeedback, and food
smell, with promising findings previously in physical and cognitive rehabilitation [67-69].
The anxiety level over eating control was rated every 45 s in the virtual environment using
the visual analogue scale (VAS), and the patients would be brought to the next stage of
difficulty when the anxiety rate was reduced to 40%.

Besides, some studies attempted to incorporate CBT elements into VR-based CET by
arranging coping skill practices. For example, changing the physical state of the body (e.g.,
diaphragmatic breathing and self-soothing via senses), increasing behavioral alternatives
to eating, changing the attentional focus, and enhancing motivation to resist cues.

Ore of the limitations was that the prescription was patient-specific based on the clinical
judgement of the therapists. The treatment effects could depend on the experience and
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expertise of therapists and could be different among patients. Therefore, it was difficult to
determine the optimal intensity or level of the VR training. Besides, the implementation of VR
rehabilitation involved a start-up cost for the equipment and physician/caregiver training. A
cost-effectiveness analysis would be necessary to encourage broader applications, which were
previously demonstrated in VR-based pain therapy and post-stroke treatment [70,71].

4.3.3. VR-Based Body Exposure Therapy (BET)

VR-based BET exposed the patients to a mirror in the virtual environment showing
the patients their modified virtual body with different BMI. Patients were asked to focus
on their different body parts and express their feelings. BET further improved the effects of
CBT by targeting the fear of gaining weight (FGW) for AN patients [72,73], and has been
successful in reducing FGW and overcoming body dissatisfaction [74-77]. However, some
patients could not comply and maintain their gaze out of fear of the stimulus. VR with
eye-tracking function could be implemented to assess whether the patients had placed
their gaze on the required body parts.

According to the Porras-Garcia et al. [34,38] studies, VR-based BET reduced the anxiety
level of food and FGW by several steps. In the beginning, the patients were exposed to a
virtual avatar of themselves with a higher BMI through a mirror in the virtual environment,
which induced the full body illusion (FBI) over the virtual body. FBI, FGW, and anxiety
were quantified using the visual analogue scale (VAS). A VR relaxation environment
(waterfalls, forests, or beaches) was introduced afterward for debriefing. The VR session
ended with a 40% reduction in anxiety compared to the initial level, or after 60 min. In
other studies, participants could manipulate body areas on a 3D human figure to represent
their body images. In addition, the participants” actual body images were overlapped with
the manipulated 3D human to spot the fitness between human figures. They were also
asked to model and discuss their desired body and tested on whether they overestimated
her weight after eating [31,33].

The virtual avatar of the participants was created and designed using the software
Blender [34,38]. Regardless of gender, the avatars wore a white T-shirt, blue jeans, and
black trainers. A grey hat covered the hair to reduce any influence of hairstyle on each
patient. The avatars also wore an HMD like the patients. Nevertheless, the realism of the
avatar was challenged in the aspects of appearance, such as outfit, tone of the skin and hair,
etc. Future studies may consider 3D scans and biometric avatars that could improve the
realism by personalizing virtual bodies with all the features of the individuals [78].

4.3.4. Treatment Effects

Our review demonstrated that VR produced positive outcomes for eating-disorder
patients. For binge eating disorders, patients who underwent VR-based ECT reported
zero monthly binge-eating episodes when the treatment was completed [30], while the
perceived and referenced episodes were also reduced [32]. There was a reduction in body
weight after the treatment that continued in the coming year [30]. Besides, VR-based ECT
successfully alleviated the contributing psychological factors to binge eating disorders,
including body dissatisfaction, anxiety, depressive mood, and low self-esteem [35-37].
Patients who completed the treatment demonstrated better engagement in social activities,
self-control toward food, and social skills [35-37].

VR-based BET treatment demonstrated better effects on improving FGW and atten-
tional bias than traditional treatments (control). Better effects also appeared on the fear
of putting on weight, estimation of body weight, and body image, though traditional
treatments also demonstrated some level of improvement [31,33]. Yet, the attentional bias
toward weight-related areas of interest worsened in traditional treatment [38]. In addition,
treatment effects in VR intervention were more sustainable, as demonstrated in a 6-month
follow-up study on binge eating disorder [36]. Nevertheless, the improvement effects were
not superior to traditional treatment [38] and another study also showed that ECT and CBT
produced similar improvements in body satisfaction, episodes, and weight recovery [30].



Int. |. Environ. Res. Public Health 2022, 19, 5821

110f18

As shown in Table 6, there were numerous instruments and parameters for the evaluation
of treatment outcome, while most of them were psychological or psychopathological based.
Typical instruments included the body attitude test (BAT) [79], situational inventory of body-
image dysphoria (SIBID) [80], bulimic investigatory test, Edinburgh (BITE) [81], eating attitude
test (EAT) [82], etc. Another review paper included more details on the instruments and
techniques to encourage participants to immerse themselves in the process [83].

Table 6. Evaluation metrics and key findings of the reviewed articles.

Author Evaluation Timepoint Endpoint Instruments Treatment Findings
EDI CBT + VR:
Cesa et al BSS - Only effective on weight loss at 1 year.
(2013) [30]. Bf-Aft, 1-year FU Binge Eating Epi. BIAQ Recurrence:
- Weight - Occurs in all groups 1-year FU;
No. of epi. - Maintains a low rate in VR & CBT.
SEDTBI:
Macro et al. BAT, BIATQ, BASS, SIBID, 1 BAT, BIATQ, BASS, SIBID after treatment
(2013) [31] BE-Aft, 1-year FU Body Image BITE, EAT and follow-up; and better than SEDT group
but not significant.
Nameth et al. Preliminary Signal of OBE . . .
(2021) [32] Bf-Aft Effectiveness SBE 1 Binge epi. (Perceived & Referenced)
For both groups:
General BDI, PANAS; 1 BDI, PANAS, SIBID, BIAQ, BIATQ, BSQ
Psychopathology EAT, RS, BITE, EDI; | Fear of putting weight
Perpinia et al. BEAft Measures BSQ, BIAQ, BAT, BES, For VR group
(1999) [33] General Eating BIATQ, ASI, SIBID, BASS, | Fear of putting weight,
Disorder Measures Body Inference, Fear of 1 Accuracy in estimating their body
Body Image putting weight weight, closer desired weight to healthy
weight; compared to control
After treatment:
- | Body anxiety, FGB, VAS;
S tomatol BMI - | Levels of body anxiety & FGW (VAS);
%mg Og‘r?x‘i’ fgy EDI -1 Patient’s BMI;
Porras-Garcia 1;) g Im. ety PASTAS - | Body dissat., PASTAS, TSA, Complete
et al. (2020) Bf-Aft, 5 months FU D(i’s tﬁrbai%g TSA fixation time & No. of fixations.
[34] FBI Body-Related Attentional 5 months FU:
FGW Bias - BMI slightly increased;
VAS - Body dissat., body image distortion &
body anxiety slightly reduced;
-1 FGW (VAS).
- FBI, FGW
Porras-Garcia ’
otal (2021) Bf-Aft, 3 months FU Anxiety Level VAS TFBL | FGW
[38] Body Anxiety . .
Attentional Bias PASTAS J Attentional Bias
BSS
Body dissat. CDRS J BSS, CDRS, FRS
Riva et al. FRS
(1998) [39] Bf-Aft Avoidance behav.
Grooming habits BIAQs 1 Avoidance behav. & grooming habits
associated with associated with negative body image
negative body image
BED group:
BSS - | Body dissat. (BSS, FRS, CDRS).
Body dissat. CDRS Obese group:
Riva et al. BEAft FRS - | Body dissat., better representation of
(2000) [35] their members.
. o Both group:
Social activities BIAQs - 1 Social activities;

Concealing behav.

- | Concealing behav.
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Table 6. Cont.

Author Evaluation Timepoint Endpoint Instruments Treatment Findings
After treatment:
STAI - | Anxiety (STAI) in VR & dietetic groups;
. BDI - | Depressive mood (BDI) in VR & CBT;
Anxiety EDI 2 VR amended depressi :
Depressive mood - amended depressive symptoms;
Body Im. BSS -1 BSS, BIAQ, CDRS (VR more effective).
ody tmage CDRS 6 months FU:
FRS - VR had better efficacy on EDI2, BSS,
BIAQ, CDRS.
Riva et al.
Bf-Aft, 6 months FU After treatment:
(2003) [36] Eating control W]%Ing - 1 DIET, WELSQ except control;
- Best results in VR.
After treatment:
. . - | Weight except control.
Weight Weight 6 months FU:
- ® Weight loss.
Self-esteem RSEQ TRASin VR;
Social skills RAS 1 DIET, except control;
Best results in VR.
STAI Both BED & obese patients:
Anxiety BDI - | STAI in VR & dietetic;
Depressive mood BSS -1 BDIin VR & CBT;
Body Image CDRS - VR amended depressive symptoms;
FRS -1 BSS, BIAQ, CDRS more effective in VR.
Both BED & obese patients:
Riva et al. . DIET
Bf-Aft Eating control - 1 DIET, WELSQ except control;
(2004) [37] WELSQ - Best results in VR.
. . Both BED & obese patients:
Weight Weight - | Weight except control
Self-esteem RSEQ Both BED & obese patle.nts:
Social skills RAS - T RSEQ except control;
-7 RAS in VR.

1 Significant increase, higher or improve; | significant decrease, lower or deteriorate; ®: no significant difference.
ASI: appearance schemas inventory; BAT: body attitude test; BDI: Beck depression inventory; Behav.: behavior:
BES: body esteem scale; Bf-Aft: before and after; BIAQ: body image avoidance questionnaire; BIATQ: body
image automatic thoughts questionnaire; BITE: bulimic investigatory test, Edinburgh; BMI: body mass index;
BSS: body satisfaction scale; CDRS: contour drawing rating scale; DIET: dieter’s inventory of eating temptations;
dissatis.: dissatisfaction; EAT: eating attitude test; EDI: eating disorders inventory; Epi.: episodes; FBI: full-body
illusion; FGW: fear of gaining weight; FRS: figure rating scales; FU: follow-up; OBS: objective binge episode;
PANAS: positive and negative affect schedule; PASTAS: physical appearance state and trait anxiety scale; SBE:
subjective binge episode; RAS: Rathus assertiveness schedule; RS: restrained scale; RSEQ: Rosenberg self-esteem
questionnaire; SIBID: situational inventory of body image dysphoria; STAI: state-trait anxiety inventory; TSA:
silhouette test for adolescents; VAS: visual analog scales; W-AQOIs: weight-related area of interests; WELSQ: weight
efficacy life-style questionnaire.

4.4. Social Engagement

Virtual rehabilitation using VR was gaining acceptance from both patients and ther-
apists [32,34], despite a medium-to-high nonresponding rate (33.4%) reported by Cesa
et al. [30]. Riva et al. [35,37] reported that the VR rehabilitation was safe with minimum
side effects such as simulation sickness. Patients commented that VR-based rehabilita-
tion was motivating, helpful, entertaining, and relaxing [38]. Patients also reported that
they could feel the stress during “virtual eating” and thus the therapy could mimic a real
scenario [33].

However, the high cost of VR gear could be a barrier to implementation [39]. With
the improved cost-effectiveness of VR systems in clinical settings [61], we anticipate the
popularization of virtual rehabilitation to benefit patients with eating disorders. Table 7
illustrates a list of considerations in social engagement of the reviewed articles.
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Table 7. Social engagement elements in the reviewed articles.

Author

Construct Instrument Finding

Cesa et al. (2013) [30]

Acceptability Nonrespondent rate Medium to High (33.4%)

Macro et al. (2013) [31]

No. of therapist attended training
after information session & enrolled
after the training session;

- % of participant enrolled; High attend & complete rate for both patients
Feasibility .
Attendance; & therapists.
Nameth et al. (2021) % completion;
[32] % completed questionnaires by
patients & therapists.
SSQ
Acceptability PQ S5Q, PQ & CSQ-R indicated general acceptance
CSQ-R
VR system provided an objective judgement
Acceptability Patient Feedback that was less resisted by patients. They
Perpifid et al. (1999) accepted that they had a body distortion belief
[33] All patients reported 7 to 9 points out of ten for
Attribute Interview and Patient Feedback the realism of VR.
They felt the stress when ate virtually
Motivated, Helpful, Entertaining,
Porras-Garcia et al. . . Progressively more relaxing
(2020) [34] Attribute Patient Feedback Not look realistic enough, clothes look bland,
prefer no swimming cap
Low drop-out rates
Porras-Garcia et al Drop-out rates cannot simulate important feature of general
’ Acceptability Patient Feedback
(2021) [38] Author Comment appearance
Virtual body seemed too young
Riva et al. (1998) [39] Affordability Cost About .$12'000
High
. Side effects Comment that VR had minimum side effects or
Riva et al. (2000) [35] Safety Simulation sickness simulation sickness was found
Riva et al. (2003) [36] - - -
. Side effects Comment that VR had minimum side effects or
Riva etal. (2004) [37] Safety Simulation sickness simulation sickness was found

SSQ: simulator sickness questionnaire; PQ: presence questionnaire; CSQ-R: client satisfaction questionnaire-revised.

5. Conclusions

VR technology serves as a supplementary tool in cognitive rehabilitation through
realistic simulation of the environment. In addition to the strength of virtualizing the
irrealizable scenarios, the virtual environment enables the user to safely experience and
participate in different treatments. For example, therapists utilized VR for telemedicine to
avoid infection during the pandemic of coronavirus (COVID-19) [84,85]. Besides, VR can
design and control past or imaginary experiences in a virtual setting. For ECT and CBT, the
therapist asked the patient to imagine different situations using various questions, while
VR could facilitate the immersion of the imagination for cognitive therapy.

In this review, the application of VR in immersive virtual rehabilitation has been demon-
strated on AN and BED, which were among the prevalent types of cognitive- or behavioral-
related eating disorders and carried more than a five-time increase in mortality [43,47]. CBT
was believed to be one of the most promising rehabilitation paradigms [86-83] compared
to other interventions, such as family therapy [89] and internet-based motivation pro-
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grams [90]. VR had comparative treatment effects compared to traditional methods, and
two studies demonstrated that the effects of VR were sustainable.

We anticipated some reports on the application of virtual rehabilitation in the treatment
of eating disorders associated with dementia, dysphagia, and post-stroke in the review,
but in vain. Individuals with dementia often compounded with dysphagia resulting in
sarcopenia [91] that mediates the vicious cycle toward anorexia and the risk of aspiration
pneumonia [92]. Educational interventions, including changes to the dining environment
and table setting [93,94], menu provision, and food service [95-97], were often prescribed
but were not effective in sustaining the therapeutic effects [98-100]. We could not find any
attempt to use VR technology to improve the conditions, probably because of the belief that
neural death is irreversible and the patient might not be able to train and recover [101,102].
Indeed, previous studies reported that VR intervention could improve cognitive and
motor function in older adults with mild cognitive impairment or dementia, especially in
attention/execution and memory [103]. Therefore, we believe that VR technology can be
one of the alternatives in treating eating disorders among dementia patients, particularly
those with signs of forgetting to eat and prolonged mealtimes.

While the research gap fell in the consideration of dementia and dysphagia, studies
on AN, BN, and BED were yet limited. Our search results came up with only 10 eligible
articles. Some studies demonstrated the effectiveness in a relatively rigorous study design
using a randomized controlled trial [30,31,33,36-38]. Furthermore, some articles did not
present sufficient details or essential components of the VR gear, systems, or designs. A
reporting guideline for VR application in clinical trials in health care was recommended [88],
emphasizing the descriptive framework for VR treatment using the TIDIER checklist [104].
We suggested that future studies may incorporate haptics, biofeedback, and olfactory
feedback to improve the experience.

There were some limitations in this review. The eligibility criteria could contribute to
selection bias in the English journal articles. We noted that social belief, religion, and local
culture are associated with diet behavior and may influence eating disorders [105-107].
For example, the Mediterranean diet was found to have an inverse association with the
development of BED [108]. The language bias in our review may hinder this issue. In
addition, obesity was not included in this review since obesity alone is not recognized as an
eating disorder [41]. Future studies may consider comparing immersive and non-immersive
treatments for eating disorders.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/ijerph19105821/s1: Table S1: Search Strategy in Literature Review.

Author Contributions: Conceptualization, J.C.-W.C. and D.W.-C.W.; methodology, D.S.-K.C. and
W.-K.L.; validation, D.S.-K.C. and W.-K.L.; formal analysis, B.P-H.S., D.K.-H.L. and D.W.-C.W.;
investigation, B.P.-H.S. and D.K.-H.L.; resources, ].C.-W.C; data curation, B.P-H.S. and D.K.-H.L.;
writing—original draft preparation, B.P-H.S.; writing—review and editing, D.W.-C.W.; supervision,
D.S.-K.C,J.C.-W.C. and D.W.-C.W.; project administration, J].C.-W.C.; funding acquisition: D.S.-K.C.
and J.C.-W.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable for review.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

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


https://www.mdpi.com/article/10.3390/ijerph19105821/s1
https://www.mdpi.com/article/10.3390/ijerph19105821/s1

Int. |. Environ. Res. Public Health 2022, 19, 5821 15 of 18

References

1. Schultheis, M.T.; Rizzo, A.A. The application of virtual reality technology in rehabilitation. Rehabil. Psychol. 2001, 46, 296-311.
[CrossRef]

2. Howard, M.C. A meta-analysis and systematic literature review of virtual reality rehabilitation programs. Comput. Hum. Behav.
2017, 70, 317-327. [CrossRef]

3. Demain, S.; Burridge, J.; Ellis-Hill, C.; Hughes, A.M.; Yardley, L.; Tedesco-Triccas, L.; Swain, I. Assistive technologies after stroke:
Self-management or fending for yourself? A focus group study. BMC Health Serv. Res. 2013, 13, 334. [CrossRef] [PubMed]

4. Fung, V.; Ho, A,; Shaffer, ].; Chung, E.; Gomez, M. Use of Nintendo Wii Fit™ in the rehabilitation of outpatients following total
knee replacement: A preliminary randomised controlled trial. Physiotherapy 2012, 98, 183-188. [CrossRef] [PubMed]

5. Kwakkel, G.; van Peppen, R.; Wagenaar, R.C.; Wood Dauphinee, S.; Richards, C.; Ashburn, A.; Miller, K.; Lincoln, N.; Partridge,
C.; Wellwood, L; et al. Effects of augmented exercise therapy time after stroke: A meta-analysis. Stroke 2004, 35, 2529-2539.
[CrossRef]

6. Merians, A.S.; Jack, D.; Boian, R.; Tremaine, M.; Burdea, G.C.; Adamovich, S.V.; Recce, M.; Poizner, H. Virtual reality-augmented
rehabilitation for patients following stroke. Phys. Ther. 2002, 82, 898-915. [CrossRef]

7. Chau, PH.; Kwok, Y.Y.J.; Chan, M.K.M.; Kwan, K.Y.D.; Wong, K.L.; Tang, Y.H.; Chau, K.L.P,; Lau, SW.M.; Yiu, Y.Y.Y,; Kwong,
M.Y.F. Feasibility, Acceptability, and Efficacy of Virtual Reality Training for Older Adults and People with Disabilities: Single-Arm
Pre-Post Study. . Med. Internet Res. 2021, 23, €27640. [CrossRef]

8.  Koyagasioglu, O,; Ozgiirbﬁz, C. The Effects of Virtual Reality Nonphysical Mental Training on Coordination and Skill Transfer in
Healthy Adults. ]. Sport Rehabil. 2022, 1, 442—451. [CrossRef]

9.  Larsen, C.R.; Soerensen, J.L.; Grantcharov, T.P; Dalsgaard, T.; Schouenborg, L.; Ottosen, C.; Schroeder, T.V.; Ottesen, B.S. Effect of
virtual reality training on laparoscopic surgery: Randomised controlled trial. BMJ 2009, 338, b1802. [CrossRef]

10. Cheung, ].C.W,; Ni, M,; Tam, A.Y.C.; Chan, T.T.C.; Cheung, A.K.Y,; Tsang, O.Y.H.; Yip, C.B.; Lam, W.K.; Wong, D.W.C. Virtual
Reality Based Multiple Life Skill Training for Intellectual Disability: A Multicenter Randomized Controlled Trial. Eng. Regen.
2022, 3, 121-130. [CrossRef]

11. De Luca, R;; Lo Buono, V.; Leo, A.; Russo, M.; Aragona, B.; Leonardi, S.; Buda, A.; Naro, A.; Calabro, R.S. Use of virtual
reality in improving poststroke neglect: Promising neuropsychological and neurophysiological findings from a case study. Appl.
Neuropsychol. Adult 2019, 26, 96-100. [CrossRef] [PubMed]

12. De Luca, R.; Russo, M.; Naro, A.; Tomasello, P.; Leonardi, S.; Santamaria, F.; Desiree, L.; Bramanti, A.; Silvestri, G.; Bramanti, P.
Effects of virtual reality-based training with BTs-Nirvana on functional recovery in stroke patients: Preliminary considerations.
Int. J. Neurosci. 2018, 128, 791-796. [CrossRef] [PubMed]

13. Hsu, S.Y,; Fang, T.Y,; Yeh, S.C.; Su, M.C.; Wang, P.C.; Wang, V.Y. Three-dimensional, virtual reality vestibular rehabilitation for
chronic imbalance problem caused by Méniére’s disease: A pilot study. Disabil. Rehabil. 2017, 39, 1601-1606. [CrossRef] [PubMed]

14. Maggio, M.G,; Latella, D.; Maresca, G.; Sciarrone, F.; Manuli, A.; Naro, A.; De Luca, R.; Calabro, R.S. Virtual reality and cognitive
rehabilitation in people with stroke: An overview. J. Neurosci. Nurs. 2019, 51, 101-105. [CrossRef] [PubMed]

15.  Gaggioli, A. Advanced Technologies in Rehabilitation: Empowering Cognitive, Physical, Social and Communicative Skills through Virtual
Reality, Robots, Wearable Systems and Brain-Computer Interfaces; IOS Press: Amsterdam, The Netherlands, 2009; p. 305.

16. Weiss, P.L.; Kizony, R; Feintuch, U.; Katz, N. Virtual reality in neurorehabilitation. In Textbook of Neural Repair and Rehabilitation:
Volume 2: Medical Neurorehabilitation; Gage, F., Cohen, L., Selzer, M., Duncan, P, Clarke, S., Eds.; Cambridge University Press:
Cambridge, UK, 2006; Volume 2, pp. 182-197.

17.  Hwang, N.K,; Choi, ].B.; Choi, D.-K; Park, ].-M.; Hong, C.-W.; Park, ].-S.; Yoon, T.-H. Effects of Semi-Immersive Virtual Reality-
Based Cognitive Training Combined with Locomotor Activity on Cognitive Function and Gait Ability in Community-Dwelling
Older Adults. Healthcare 2021, 9, 814. [CrossRef] [PubMed]

18. McEwen, D.; Taillon-Hobson, A.; Bilodeau, M.; Sveistrup, H.; Finestone, H. Two-week virtual reality training for dementia:
Single-case feasibility study. J. Rehabil. Res. Dev. 2014, 51, 1069. [CrossRef]

19. Kim, O.; Pang, Y.; Kim, J.-H. The effectiveness of virtual reality for people with mild cognitive impairment or dementia: A
meta-analysis. BMC Psychiatry 2019, 19, 219. [CrossRef] [PubMed]

20. Weng, W,; Liang, J.; Xue, J.; Zhu, T; Jiang, Y.; Wang, J.; Chen, S. The Transfer Effects of Cognitive Training on Working Memory
among Chinese Older Adults with Mild Cognitive Impairment: A Randomized Controlled Trial. Front. Aging Neurosci. 2019, 11, 212.
[CrossRef]

21. Amujo, A.; Akpor, O. Dementia and the gap in nutrition: A review. SJPH 2015, 3, 1-9.

22. Jackson, J.; Currie, K.; Graham, C.; Robb, Y. The effectiveness of interventions to reduce undernutrition and promote eating in
older adults with dementia: A systematic review. JBI Evid. Synth. 2011, 9, 1509-1550.

23. Altman, S.E.; Shankman, S.A. What is the association between obsessive-compulsive disorder and eating disorders? Clin. Psychol
Rev. 2009, 29, 638-646. [CrossRef] [PubMed]

24. Zakzanis, K.K.; Campbell, Z.; Polsinelli, A. Quantitative evidence for distinct cognitive impairment in anorexia nervosa and
bulimia nervosa. J. Neuropsychol. 2010, 4, 89-106. [CrossRef] [PubMed]

25. Keel, PK,; Forney, K.]J. Psychosocial risk factors for eating disorders. Int. J. Eat. Disord. 2013, 46, 433—439. [CrossRef] [PubMed]

26. Katterman, S.N.; Goldstein, S.P; Butryn, M.L.; Forman, E.M.; Lowe, M.R. Efficacy of an acceptance-based behavioral intervention

for weight gain prevention in young adult women. J. Contextual Behav. Sci. 2014, 3, 45-50. [CrossRef]


http://doi.org/10.1037/0090-5550.46.3.296
http://doi.org/10.1016/j.chb.2017.01.013
http://doi.org/10.1186/1472-6963-13-334
http://www.ncbi.nlm.nih.gov/pubmed/23968362
http://doi.org/10.1016/j.physio.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22898573
http://doi.org/10.1161/01.STR.0000143153.76460.7d
http://doi.org/10.1093/ptj/82.9.898
http://doi.org/10.2196/27640
http://doi.org/10.1123/jsr.2021-0198
http://doi.org/10.1136/bmj.b1802
http://doi.org/10.1016/j.engreg.2022.03.003
http://doi.org/10.1080/23279095.2017.1363040
http://www.ncbi.nlm.nih.gov/pubmed/28937807
http://doi.org/10.1080/00207454.2017.1403915
http://www.ncbi.nlm.nih.gov/pubmed/29148855
http://doi.org/10.1080/09638288.2016.1203027
http://www.ncbi.nlm.nih.gov/pubmed/27418422
http://doi.org/10.1097/JNN.0000000000000423
http://www.ncbi.nlm.nih.gov/pubmed/30649091
http://doi.org/10.3390/healthcare9070814
http://www.ncbi.nlm.nih.gov/pubmed/34203233
http://doi.org/10.1682/JRRD.2013.10.0231
http://doi.org/10.1186/s12888-019-2180-x
http://www.ncbi.nlm.nih.gov/pubmed/31299921
http://doi.org/10.3389/fnagi.2019.00212
http://doi.org/10.1016/j.cpr.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19744759
http://doi.org/10.1348/174866409X459674
http://www.ncbi.nlm.nih.gov/pubmed/19619407
http://doi.org/10.1002/eat.22094
http://www.ncbi.nlm.nih.gov/pubmed/23658086
http://doi.org/10.1016/j.jcbs.2013.10.003

Int. |. Environ. Res. Public Health 2022, 19, 5821 16 of 18

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

Kristeller, J.; Wolever, R.Q.; Sheets, V. Mindfulness-based eating awareness training (MB-EAT) for binge eating: A randomized
clinical trial. Mindfulness 2014, 5, 282-297. [CrossRef]

Brown, T.; Vogel, ENN.; Adler, S.; Bohon, C.; Bullock, K.; Nameth, K.; Riva, G.; Safer, D.L.; Runfola, C.D. Bringing virtual reality
from clinical trials to clinical practice for the treatment of eating disorders: An example using virtual reality cue exposure therapy.
J. Med. Internet Res. 2020, 22, e16386. [CrossRef]

Campelo, A.M.; Hashim, J.A.; Weisberg, A.; Katz, L. Virtual Rehabilitation in the elderly: Benefits, issues, and considerations.
In Proceedings of the 2017 International Conference on Virtual Rehabilitation (ICVR), Montreal, QC, Canada, 19-22 June 2017;
pp- 1-2.

Cesa, G.L.; Manzoni, G.M.; Bacchetta, M.; Castelnuovo, G.; Conti, S.; Gaggioli, A.; Mantovani, F.; Molinari, E.; Cardenas-Lépez,
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. |. Med. Internet Res. 2013, 15, e113. [CrossRef]

Marco, ].H.; Perpina, 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]

Nameth, K.; Brown, T.; Bullock, K.; Adler, S.; Riva, G.; Safer, D.; Runfola, C. Translating virtual reality cue exposure therapy for
binge eating into a real-world setting: An uncontrolled pilot study. J. Clin. Med. 2021, 10, 1511. [CrossRef]

Perpifia, C.; Botella, C.; Bafios, R.; Marco, H.; Alcafiiz, 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]
Porras-Garcia, B.; Serrano-Troncoso, E.; Carulla-Roig, M.; Soto-Usera, P.; Ferrer-Garcia, M.; Figueras-Puigderrajols, N.; Yilmaz,
L.; Onur Sen, Y.; Shojaeian, N.; Gutiérrez-Maldonado, J. Virtual Reality Body Exposure Therapy for Anorexia Nervosa. A Case
Report with Follow-Up Results. Front. Psychol. 2020, 11, 956. [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.; 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 Inf.
2004, 99, 121-163.

Porras-Garcia, B.; Ferrer-Garcia, M.; Serrano-Troncoso, E.; Carulla-Roig, M.; Soto-Usera, P.; Miquel-Nabau, H.; Olivares, LED.C,;
Marnet-Fiol, R.; Santos-Carrasco, I.L.M.; Borszewski, B.; et al. AN-VR-BR. A randomized controlled trial for reducing fear of
gaining weight and other eating disorder symptoms in anorexia nervosa through virtual reality-based body exposure. J. Clin.
Med. 2021, 10, 1-23. [CrossRef]

Riva, G.; Bacchetta, M.; Baruffi, M.; Rinaldi, S.; Molinari, E. Experiential cognitive therapy in anorexia nervosa. Eat. Weight Disord
1998, 3, 141-150. [CrossRef]

First, M.B.; Spitzer, R.L.; Gibbon, M.; Williams, J.B. Structured Clinical Interview for DSM-IV-TR Axis I Disorders, Research Version,
Patient Edition (SCID-I/P); Biometrics Research, New York State Psychiatric Institute: New York, NY, USA, 2002.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Washington, DC, USA, 2013.

De Zwaan, M. Binge eating disorder and obesity. Int. J. Obes. 2001, 25, S51-555. [CrossRef]

Kessler, R.C.; Berglund, P.A.; Chiu, W.T.; Deitz, A.C.; Hudson, ].I; Shahly, V.; Aguilar-Gaxiola, S.; Alonso, J.; Angermeyer, M.C;
Benjet, C. The prevalence and correlates of binge eating disorder in the World Health Organization World Mental Health Surveys.
Biol. Psychiatry 2013, 73, 904-914. [CrossRef]

Grant, ].E.; Chamberlain, S.R. Neurocognitive findings in young adults with binge eating disorder. Int. J. Psychiatry Clin. Pract.
2020, 24, 71-76. [CrossRef]

Silvestro, S.; Ashley Braun, R. Bulimia Nervosa: Signs and Treatments. Available online: https://ro.co/health-guide /bulimia-
nervosa/ (accessed on 7 April 2022).

Marzola, E.; Nasser, ].A.; Hashim, S.A.; Shih, P.A.B.; Kaye, W.H. Nutritional rehabilitation in anorexia nervosa: Review of the
literature and implications for treatment. BMC Psychiatry 2013, 13, 290. [CrossRef]

Van Eeden, A.E.; van Hoeken, D.; Hoek, H.W. Incidence, prevalence and mortality of anorexia nervosa and bulimia nervosa. Curr.
Opin. Psychiatry 2021, 34, 515. [CrossRef] [PubMed]

Hudson, ].I; Hiripi, E.; Pope, H.G.; Kessler, R.C. The prevalence and correlates of eating disorders in the National Comorbidity
Survey Replication. Biol. Psychiatry 2007, 61, 348-358. [CrossRef] [PubMed]

Slater, M.; Spanlang, B.; Sanchez-Vives, M.V.; Blanke, O. First Person Experience of Body Transfer in Virtual Reality. PLoS ONE
2010, 5, €10564. [CrossRef] [PubMed]

Maselli, A.; Slater, M. The building blocks of the full body ownership illusion. Front. Hum. Neurosci. 2013, 7, 83. [CrossRef]
Giner-Bartolome, C.; Fagundo, A.B.; Sanchez, L.; Jimenez-Murcia, S.; Santamaria, ].J.; Ladouceur, R.; Menchon, ].M.; Fernandez-
Aranda, F. Can an intervention based on a serious videogame prior to cognitive behavioral therapy be helpful in bulimia nervosa?
A clinical case study. Front. Psychol. 2015, 6, 982. [CrossRef]

Riva, G. Neuroscience and eating disorders: The allocentric lock hypothesis. Med. Hypotheses 2012, 78, 254-257. [CrossRef]
Riva, G. Out of my real body: Cognitive neuroscience meets eating disorders. Front. Hum. Neurosci. 2014, 8, 236. [CrossRef]


http://doi.org/10.1007/s12671-012-0179-1
http://doi.org/10.2196/16386
http://doi.org/10.2196/jmir.2441
http://doi.org/10.1016/j.psychres.2013.02.023
http://doi.org/10.3390/jcm10071511
http://doi.org/10.1089/cpb.1999.2.149
http://doi.org/10.3389/fpsyg.2020.00956
http://www.ncbi.nlm.nih.gov/pubmed/32499742
http://doi.org/10.1002/1099-0879(200007)7:3&lt;209::AID-CPP232&gt;3.0.CO;2-V
http://doi.org/10.1089/109493103322011533
http://www.ncbi.nlm.nih.gov/pubmed/12855080
http://doi.org/10.3390/jcm10040682
http://doi.org/10.1007/BF03340002
http://doi.org/10.1038/sj.ijo.0801699
http://doi.org/10.1016/j.biopsych.2012.11.020
http://doi.org/10.1080/13651501.2019.1687724
https://ro.co/health-guide/bulimia-nervosa/
https://ro.co/health-guide/bulimia-nervosa/
http://doi.org/10.1186/1471-244X-13-290
http://doi.org/10.1097/YCO.0000000000000739
http://www.ncbi.nlm.nih.gov/pubmed/34419970
http://doi.org/10.1016/j.biopsych.2006.03.040
http://www.ncbi.nlm.nih.gov/pubmed/16815322
http://doi.org/10.1371/journal.pone.0010564
http://www.ncbi.nlm.nih.gov/pubmed/20485681
http://doi.org/10.3389/fnhum.2013.00083
http://doi.org/10.3389/fpsyg.2015.00982
http://doi.org/10.1016/j.mehy.2011.10.039
http://doi.org/10.3389/fnhum.2014.00236

Int. |. Environ. Res. Public Health 2022, 19, 5821 17 of 18

54.

55.

56.
57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

Riva, G. The key to unlocking the virtual body: Virtual reality in the treatment of obesity and eating disorders. J. Diabetes Sci.
Technol. 2011, 5, 283-292. [CrossRef]

Atwood, MLE,; Friedman, A. A systematic review of enhanced cognitive behavioral therapy (CBT-E) for eating disorders. Int. J.
Eat. Disord. 2020, 53, 311-330. [CrossRef]

Schlundt, D.G.; Johnson, W.G. Eating Disorders: Assessment and Treatment; Allyn & Bacon: Needham Heights, MA, USA, 1990; p. 311.
Butters, J.W.; Cash, T.FE. Cognitive-behavioral treatment of women’s body-image dissatisfaction. J. Consult. Clin. Psychol 1987, 55,
889-897. [CrossRef]

Wooley, S.C. Intensive outpatient and residential treatment for bulimia. In Handbook of Psychotherapy for Anorexia Nervosa and
Bulimia; Garner, D.M., Garfinkel, P, Eds.; Guilford Press: New York, NY, USA, 1985; pp. 391-430.

Ghaderi, A.; Welch, E.; Zha, C.; Holmes, E.A. Imagery Rescripting for Reducing Body Image Dissatisfaction: A Randomized
Controlled Trial. Cogn. Ther. Res. 2022, in press. [CrossRef]

Jansen, A. A learning model of binge eating: Cue reactivity and cue exposure. Behav. Res. 1998, 36, 257-272. [CrossRef]

Boswell, R.G.; Kober, H. Food cue reactivity and craving predict eating and weight gain: A meta-analytic review. Obes Rev. 2016,
17,159-177. [CrossRef]

Garcia-Garcia, I.; Narberhaus, A.; Marqués-Iturria, I.; Garolera, M.; Radoi, A.; Segura, B.; Pueyo, R.; Ariza, M.; Jurado, M.A.
Neural responses to visual food cues: Insights from functional magnetic resonance imaging. Eur. Eat. Disord. Rev. 2013, 21, 89-98.
[CrossRef] [PubMed]

Lyu, Z.; Zheng, P.; Jackson, T. Attention Disengagement Difficulties among Average Weight Women Who Binge Eat. Eur. Eat.
Disord. Rev. 2016, 24, 286-293. [CrossRef] [PubMed]

Wolz, I; Sauvaget, A.; Granero, R.; Mestre-Bach, G.; Bafio, M.; Martin-Romera, V.; Veciana de las Heras, M.; Jiménez-Murcia,
S.; Jansen, A.; Roefs, A.; et al. Subjective craving and event-related brain response to olfactory and visual chocolate cues in
binge-eating and healthy individuals. Sci. Rep. 2017, 7, 41736. [CrossRef]

Craske, M.G.; Treanor, M.; Conway, C.C.; Zbozinek, T.; Vervliet, B. Maximizing exposure therapy: An inhibitory learning
approach. Behav. Res. Ther. 2014, 58, 10-23. [CrossRef]

De Carvalho, M.R; Dias, T.R.D.S.; Duchesne, M.; Nardi, A.E.; Appolinario, J.C. Virtual Reality as a Promising Strategy in the
Assessment and Treatment of Bulimia Nervosa and Binge Eating Disorder: A Systematic Review. Behav. Sci. 2017, 7, 43. [CrossRef]
Tomasi, D.; Ferris, H.; Booraem, P.; Enman, L.; Gates, S.; Reyns, E. Olfactory virtual reality (OVR) for wellbeing and reduction of
stress, anxiety and pain. J. Med. Res. Health Sci. 2021, 4, 1212-1221.

Wan, A.H.; Wong, D.W.; Ma, C.Z.; Zhang, M.; Lee, W.C. Wearable vibrotactile biofeedback device allowing identification of
different floor conditions for lower-limb amputees. Arch. Phys. Med. Rehabil. 2016, 97, 1210-1213. [CrossRef]

Ocampo, R.; Tavakoli, M. Improving user performance in haptics-based rehabilitation exercises by colocation of user’s visual and
motor axes via a three-dimensional augmented-reality display. IEEE Robot. Autom. Lett. 2019, 4, 438—444. [CrossRef]

Islam, M.K.; Brunner, I. Cost-analysis of virtual reality training based on the virtual reality for upper extremity in subacute stroke
(VIRTUES) trial. Int. ]. Technol. Assess. Health Care 2019, 35, 373-378. [CrossRef] [PubMed]

Delshad, S.D.; Almario, C.V.; Fuller, G.; Luong, D.; Spiegel, B.M. Economic analysis of implementing virtual reality therapy for
pain among hospitalized patients. NPJ Digit. Med. 2018, 1, 22. [CrossRef] [PubMed]

Murray, S.B.; Loeb, K.L.; Le Grange, D. Dissecting the Core Fear in Anorexia Nervosa: Can We Optimize Treatment Mechanisms?
JAMA Psychiatry 2016, 73, 891-892. [CrossRef] [PubMed]

Reilly, E.E.; Anderson, L.M.; Gorrell, S.; Schaumberg, K.; Anderson, D.A. Expanding exposure-based interventions for eating
disorders. Int. J. Eat. Disord. 2017, 50, 1137-1141. [CrossRef] [PubMed]

Hildebrandt, T.; Loeb, K.; Troupe, S.; Delinsky, S. Adjunctive mirror exposure for eating disorders: A randomized controlled pilot
study. Behav. Res. Ther. 2012, 50, 797-804. [CrossRef] [PubMed]

Key, A.; George, C.L.; Beattie, D.; Stammers, K.; Lacey, H.; Waller, G. Body image treatment within an inpatient program for
anorexia nervosa: The role of mirror exposure in the desensitization process. Int. |. Eat. Disord. 2002, 31, 185-190. [CrossRef]
Jansen, A.; Voorwinde, V.; Hoebink, Y.; Rekkers, M.; Martijn, C.; Mulkens, S. Mirror exposure to increase body satisfaction: Should
we guide the focus of attention towards positively or negatively evaluated body parts? J. Behav. Ther. Exp. Psychiatry 2016, 50,
90-96. [CrossRef]

Levinson, C.A.; Rapp, J.; Riley, E.N. Addressing the fear of fat: Extending imaginal exposure therapy for anxiety disorders to
anorexia nervosa. Eat. Weight. Disord. Stud. Anorex. Bulim. Obes. 2014, 19, 521-524. [CrossRef]

Waltemate, T.; Gall, D.; Roth, D.; Botsch, M.; Latoschik, M.E. The Impact of Avatar Personalization and Immersion on Virtual
Body Ownership, Presence, and Emotional Response. IEEE Trans. Vis. Comput Graph. 2018, 24, 1643-1652. [CrossRef]

Probst, M.; Vandereycken, W.; Coppenolle, H.V.; Vanderlinden, J. The Body Attitude Test for patients with an eating disorder:
Psychometric characteristics of a new questionnaire. Eat. Disord. 1995, 3, 133-144. [CrossRef]

Cash, T. The Situational Inventory of Body-Image Dysphoria: Contextual assessment of a negative body image. Behav. Ther. 1994,
17,133.

Henderson, M.; Freeman, C. A self-rating scale for bulimia the ‘BITE’. Br. J. Psychiatry 1987, 150, 18-24. [CrossRef] [PubMed]
Garner, D.M.; Garfinkel, P.E. The Eating Attitudes Test: An index of the symptoms of anorexia nervosa. Psychol. Med. 1979, 9,
273-279. [CrossRef] [PubMed]


http://doi.org/10.1177/193229681100500213
http://doi.org/10.1002/eat.23206
http://doi.org/10.1037/0022-006X.55.6.889
http://doi.org/10.1007/s10608-022-10295-z
http://doi.org/10.1016/S0005-7967(98)00055-2
http://doi.org/10.1111/obr.12354
http://doi.org/10.1002/erv.2216
http://www.ncbi.nlm.nih.gov/pubmed/23348964
http://doi.org/10.1002/erv.2438
http://www.ncbi.nlm.nih.gov/pubmed/26856539
http://doi.org/10.1038/srep41736
http://doi.org/10.1016/j.brat.2014.04.006
http://doi.org/10.3390/bs7030043
http://doi.org/10.1016/j.apmr.2015.12.016
http://doi.org/10.1109/LRA.2019.2891283
http://doi.org/10.1017/S026646231900059X
http://www.ncbi.nlm.nih.gov/pubmed/31452469
http://doi.org/10.1038/s41746-018-0026-4
http://www.ncbi.nlm.nih.gov/pubmed/31304304
http://doi.org/10.1001/jamapsychiatry.2016.1623
http://www.ncbi.nlm.nih.gov/pubmed/27463780
http://doi.org/10.1002/eat.22761
http://www.ncbi.nlm.nih.gov/pubmed/28815659
http://doi.org/10.1016/j.brat.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23089085
http://doi.org/10.1002/eat.10027
http://doi.org/10.1016/j.jbtep.2015.06.002
http://doi.org/10.1007/s40519-014-0115-6
http://doi.org/10.1109/TVCG.2018.2794629
http://doi.org/10.1080/10640269508249156
http://doi.org/10.1192/bjp.150.1.18
http://www.ncbi.nlm.nih.gov/pubmed/3651670
http://doi.org/10.1017/S0033291700030762
http://www.ncbi.nlm.nih.gov/pubmed/472072

Int. |. Environ. Res. Public Health 2022, 19, 5821 18 of 18

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.
107.

108.

Perpina, C.; Botella, C.; Bafios, R. Virtual reality in eating disorders. Eur. Eat. Disord. Rev. Prof. ]. Eat. Disord. Assoc. 2003, 11,
261-278. [CrossRef]

Mantovani, E.; Zucchella, C.; Bottiroli, S.; Federico, A.; Giugno, R.; Sandrini, G.; Chiamulera, C.; Tamburin, S. Telemedicine and
Virtual Reality for Cognitive Rehabilitation: A Roadmap for the COVID-19 Pandemic. Front. Neurol. 2020, 11, 926. [CrossRef]
Smits, M.; Staal, J.B.; Van Goor, H. Could Virtual Reality play a role in the rehabilitation after COVID-19 infection? BM] Open
Sport Exerc. Med. 2020, 6, €000943. [CrossRef]

Carter, ].C.; McFarlane, T.L.; Bewell, C.; Olmsted, M.P.; Woodside, D.B.; Kaplan, A.S.; Crosby, R.D. Maintenance treatment for
anorexia nervosa: A comparison of cognitive behavior therapy and treatment as usual. Int. ]. Eat. Disord. 2009, 42, 202-207.
[CrossRef]

Pike, K.M.; Walsh, B.T.; Vitousek, K.; Wilson, G.T.; Bauer, J. Cognitive behavior therapy in the posthospitalization treatment of
anorexia nervosa. Am. J. Psychiatry 2003, 160, 2046-2049. [CrossRef]

Dalle Grave, R.; Calugi, S.; Conti, M.; Doll, H.; Fairburn, C.G. Inpatient cognitive behaviour therapy for anorexia nervosa: A
randomized controlled trial. Psychother. Psychosom. 2013, 82, 390-398. [CrossRef]

Grange, D.L.; Hughes, EK.; Court, A.; Yeo, M.; Crosby, R.D.; Sawyer, S.M. Randomized Clinical Trial of Parent-Focused Treatment
and Family-Based Treatment for Adolescent Anorexia Nervosa. |. Am. Acad. Child. Adolesc. Psychiatry 2016, 55, 683—692.
[CrossRef] [PubMed]

Von Brachel, R.; Hotzel, K.; Hirschfeld, G.; Rieger, E.; Schmidt, U.; Kosfelder, J.; Hechler, T.; Schulte, D.; Vocks, S. Internet-Based
Motivation Program for Women with Eating Disorders: Eating Disorder Pathology and Depressive Mood Predict Dropout. J.
Med. Internet Res. 2014, 16, €92. [CrossRef] [PubMed]

Chen, K.C,; Jeng, Y.; Wu, W.T.; Wang, T.G.; Han, D.S.; Ozcakar, L.; Chang, K.V. Sarcopenic Dysphagia: A Narrative Review from
Diagnosis to Intervention. Nutrients 2021, 13, 4043. [CrossRef] [PubMed]

Westmoreland, P.; Krantz, M.].; Mehler, P.S. Medical Complications of Anorexia Nervosa and Bulimia. Am. . Med. 2016, 129,
30-37. [CrossRef] [PubMed]

Wong, A.; Burford, S.; Wyles, C.L.; Mundy, H.; Sainsbury, R. Evaluation of strategies to improve nutrition in people with dementia
in an assessment unit. J. Nutr. Health Aging 2008, 12, 309-312. [CrossRef] [PubMed]

Dunne, T.E; Neargarder, S.A.; Cipolloni, P.B.; Cronin-Golomb, A. Visual contrast enhances food and liquid intake in advanced
Alzheimer’s dis’ase. Clin. Nutr. 2004, 23, 533-538. [CrossRef] [PubMed]

Young, KW.H.; Greenwood, C.E.; van Reekum, R.; Binns, M.A. Providing nutrition supplements to institutionalized seniors with
probable Alzheimer’s disease is least beneficial to those with low body weight status. . Am. Geriatr. Soc. 2004, 52, 1305-1312.
[CrossRef]

Salas-Salvado, J.; Torres, M.; Planas, M.; Altimir, S.; Pagan, C.; Gonzalez, M.E.; Johnston, S.; Puiggros, C.; Bonada, A.; Garcia-Lorda,
P. Effect of oral administration of a whole formula diet on nutritional and cognitive status in patients with Alzheimer’s disease.
Clin. Nutr. 2005, 24, 390-397. [CrossRef]

Keller, H.H.; Gibbs, A.J.; Boudreau, L.D.; Goy, R.E.; Pattillo, M.S.; Brown, H.M. Prevention of weight loss in dementia with
comprehensive nutritional treatment. J. Am. Geriatr. Soc. 2003, 51, 945-952. [CrossRef]

Perivolaris, A.; Leclerc, C.M.; Wilkinson, K.; Buchanan, S. An Enhanced Dining Program for Persons with Dementia. Alzheimer’s
Care Today 2006, 7, 258-267.

Suominen, M.H.; Kivisto, 5.M.; Pitkala, K.H. The effects of nutrition education on professionals’ practice and on the nutrition of
aged residents in dementia wards. Eur J. Clin. Nutr. 2007, 61, 1226-1232. [CrossRef] [PubMed]

Mambhidir, A.-G.; Karlsson, I.; Norberg, A.; Mona, K. Weight increase in patients with dementia, and alteration in meal routines
and meal environment after integrity promoting care. J. Clin. Nurs. 2007, 16, 987-996. [CrossRef] [PubMed]

Clarfield, A.M. The Decreasing Prevalence of Reversible Dementias: An Updated Meta-analysis. Arch. Intern. Med. 2003, 163,
2219-2229. [CrossRef] [PubMed]

Cotman, C.W.; Su, J.H. Mechanisms of Neuronal Death in Alzheimer’s Disease. Brain Pathol. 1996, 6, 493-506. [CrossRef]
[PubMed]

Zhu, S.; Sui, Y.; Shen, Y,; Zhu, Y.; Ali, N.; Guo, C.; Wang, T. Effects of Virtual Reality Intervention on Cognition and Motor
Function in Older Adults with Mild Cognitive Impairment or Dementia: A Systematic Review and Meta-Analysis. Front. Aging
Neurosci. 2021, 13, 586999. [CrossRef]

Hoffmann, T.C.; Glasziou, P.P.; Boutron, I.; Milne, R.; Perera, R.; Moher, D.; Altman, D.G.; Barbour, V.; Macdonald, H.; Johnston,
M. Better reporting of interventions: Template for intervention description and replication (TIDieR) checklist and guide. BM]
2014, 348, g1687. [CrossRef]

Menotti, A.; Puddu, PE. Can we still learn from the seven countries study? Curr. Opin. Lipidol. 2018, 29, 313-317. [CrossRef]
Mumford, D.B. Eating disorders in different cultures. Int. Rev. Psychiatry 1993, 5, 109-114. [CrossRef]

Keel, PK.; Klump, K.L. Are eating disorders culture-bound syndromes? Implications for conceptualizing their etiology. Psychol.
Bull. 2003, 129, 747. [CrossRef]

Bertoli, S.; Spadafranca, A.; Bes-Rastrollo, M.; Martinez-Gonzalez, M. A ; Ponissi, V.; Beggio, V.; Leone, A.; Battezzati, A. Adherence
to the Mediterranean diet is inversely related to binge eating disorder in patients seeking a weight loss program. Clin. Nutr. 2015,
34,107-114. [CrossRef]


http://doi.org/10.1002/erv.520
http://doi.org/10.3389/fneur.2020.00926
http://doi.org/10.1136/bmjsem-2020-000943
http://doi.org/10.1002/eat.20591
http://doi.org/10.1176/appi.ajp.160.11.2046
http://doi.org/10.1159/000350058
http://doi.org/10.1016/j.jaac.2016.05.007
http://www.ncbi.nlm.nih.gov/pubmed/27453082
http://doi.org/10.2196/jmir.3104
http://www.ncbi.nlm.nih.gov/pubmed/24686856
http://doi.org/10.3390/nu13114043
http://www.ncbi.nlm.nih.gov/pubmed/34836299
http://doi.org/10.1016/j.amjmed.2015.06.031
http://www.ncbi.nlm.nih.gov/pubmed/26169883
http://doi.org/10.1007/BF02982660
http://www.ncbi.nlm.nih.gov/pubmed/18443712
http://doi.org/10.1016/j.clnu.2003.09.015
http://www.ncbi.nlm.nih.gov/pubmed/15297089
http://doi.org/10.1111/j.1532-5415.2004.52360.x
http://doi.org/10.1016/j.clnu.2004.12.006
http://doi.org/10.1046/j.1365-2389.2003.51307.x
http://doi.org/10.1038/sj.ejcn.1602639
http://www.ncbi.nlm.nih.gov/pubmed/17251922
http://doi.org/10.1111/j.1365-2702.2006.01780.x
http://www.ncbi.nlm.nih.gov/pubmed/17462050
http://doi.org/10.1001/archinte.163.18.2219
http://www.ncbi.nlm.nih.gov/pubmed/14557220
http://doi.org/10.1111/j.1750-3639.1996.tb00878.x
http://www.ncbi.nlm.nih.gov/pubmed/8944319
http://doi.org/10.3389/fnagi.2021.586999
http://doi.org/10.1136/bmj.g1687
http://doi.org/10.1097/MOL.0000000000000520
http://doi.org/10.3109/09540269309028299
http://doi.org/10.1037/0033-2909.129.5.747
http://doi.org/10.1016/j.clnu.2014.02.001

	Introduction 
	Materials and Methods 
	Search Results 
	Review Theme 
	Recipients and Providers 
	Virtual Environments and Objects 
	Application in Healthcare 
	Enhanced/Experimental Cognitive Behavior Therapy (ECT) 
	VR Based Cue Exposure Therapy (CET) 
	VR-Based Body Exposure Therapy (BET) 
	Treatment Effects 

	Social Engagement 

	Conclusions 
	References

