
RESEARCH Open Access

Feasibility of a virtual reality-based
approach to improve behavioral weight
management outcomes
Suzanne Phelan1,2* , Sapna Peruvemba1,2, David Levinson1,2, Noah Stulberg1,2, Aidan Lacy1,2, Maria Legato1,2 and
James P. Werner1,3

Abstract

Background: Behavioral weight loss interventions promote clinically significant weight loss over 12 months, but
weight regain remains problematic and a substantial proportion of participants do not achieve long-term weight loss
maintenance. Novel methods are needed that instill habit strength for sustaining weight control behaviors long term.
Virtual reality (VR) has the potential to provide opportunities within behavioral treatment for patients to practice desired
weight control behaviors in the frequency and magnitude necessary to build durable habits. A pilot randomized trial
was done to test the feasibility integrating virtual reality (VR) into standard behavioral weight loss treatment.

Methods: Participants were 15 adults (43 years; 46.7% Hispanic), with overweight or obesity who were randomly
assigned to a 4-week Standard Behavioral Weight Loss plus Non-Weight-Related VR app (i.e., Control Group) or
Standard Behavioral Weight Loss plus Weight-Related VR app (i.e., Intervention Group). The Intervention’s VR tool was
designed to enable practice of behavioral skills taught in weekly group meetings, including managing social and home
environmental cues for eating and activity.

Results: Participants were recruited over 3 months, and retention at the final assessment visit was high (86.6%). The VR
footage and resulting app were rated as highly realistic (6.7 on a 10-point scale), and the VR program overall was rated
as highly satisfactory (3.6 on a 4-point scale). Adverse effects of eye strain and motion sickness were minimal (~ 2 on a
7-point scale). As expected, the intervention and control groups both lost weight and unadjusted means (SD) averaged
3.4% (2.7) and 2.3% (3.6), respectively, over the 4 weeks. Overall, participants reported preferring a VR approach above
traditional weight loss programs (rating of 5 on a 7-point scale).

Conclusions: Future research is needed to develop and test the feasibility of using VR for other weight control skills
with a larger sample size and longer evaluation period to determine if VR can improve standard behavioral weight loss
outcomes by intensifying practice opportunities and building habit strength for weight loss maintenance.

Trial registration: NCT04534088; date of registration: 09/01/2020, retrospectively registered.
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Key messages regarding feasibility

� The feasibility integrating film-based virtual reality
(VR) into standard behavioral weight loss treatment
is unknown.

� Finding from this initial feasibility trial suggested
that the VR film-based footage and resulting app
were rated as realistic, acceptable, and preferred over
traditional face-to-face weight loss intervention.

� Future research is needed to develop and test the
feasibility of using VR for other weight control skills
with a larger sample size and longer evaluation
period to determine if VR can improve standard
behavioral weight loss.

Background
Behavioral weight loss interventions promote weight
losses averaging 5–8% over 12 months [1]. This weight
loss reduces odds of developing type 2 diabetes and im-
proves cardiovascular disease risk factors [2, 3]. How-
ever, a substantial proportion of participants do not
achieve long-term weight loss and clinically significant
benefits [2, 3]. Novel methods are needed to build habit
strength for practicing weight control behaviors and sus-
taining weight loss maintenance over the long term.
Virtual reality (VR) has potential to overcome limita-

tions in standard behavioral weight loss by providing op-
portunities to practice desired weight control behaviors
in the frequency and magnitude necessary for durable
habit formation [4–8]. To date, most VR research in the
field of obesity has involved participants experiencing
VR during weekly sessions in a clinic or an inpatient set-
ting [9], having them interact with a cartoon graphic, or
use an avatar in a “virtual world” like a video game [10].
No known study has examined film-based, 360 video
VR, which immerses a participant within the most realis-
tic representation of space and narrative possible. By
filming real-world environments, the 360 video VR has
the potential to increase potency of the standard behav-
ioral treatment approach, improve patient engagement
and the ability to tolerate uncomfortable risk-related
cues, and improve practice of desired behaviors in the
frequency needed to promote habit strength in the be-
havioral skills of long-term weight loss maintenance.
The purpose of this pilot randomized trial was to de-

velop a prototype and test the initial feasibility of inte-
grating VR into standard behavioral weight loss
treatment. We hypothesized that the study’s recruitment
and retention approaches would be feasible and that the
novel VR intervention would be acceptable. Exploratory
hypotheses evaluated the intervention’s efficacy com-
pared with the control condition in promoting 4-week
weight loss.

Methods
Design
Virtually Healthy was a 4-week pilot randomized trial
conducted at California Polytechnic State University,
San Luis Obispo, CA, USA. Participants were randomly
assigned to (1) Standard Behavioral Weight Loss plus
Non-Weight-Related Virtual Reality (i.e., Control Group)
or (2) Standard Behavioral Weight Loss plus Weight-
Related Virtual Reality (i.e., Intervention Group). Partici-
pants completed assessments at study entry and after 4
weeks. The study was approved by the Institutional Re-
view Board.

Participants
Recruitment took place via flyers, social media, and pre-
sentations by investigators. Eligibility criteria included
non-pregnant adults (age > 18 years), with overweight or
obesity (BMI ≥ 25) who were able to speak and read in
English. Participants had to be available on Thursday
evenings when the group was held and have an iPhone 6
or higher for the VR app. Participants were excluded if
they reported serious psychological problems or medical
problems, a history of negative experiences associated
with using VR, or moderate to severe motion sickness in
vehicles. Participants who had never used VR were given
the opportunity during a 10-min demonstration prior to
enrollment. Those eligible were scheduled for a screen-
ing, consent visit, and randomization visit.

Interventions
Both groups
Randomization to the Intervention or Control Group
was computer-generated. Both groups received the same,
4-week behavioral weight loss program. The program
was rooted in the Social Learning Theory (SCT) and
prior behavioral interventions [2, 3, 11–19]. The weekly
group sessions lasted 60 min and included 7–8 partici-
pants per group [20]. Trained lifestyle counselors led the
group sessions. Each session started with a 15-min
check-in on the progress in meeting weight, eating,
monitoring, and activity goals and included presentation
and discussion of a new lesson. The structured series of
weekly lessons are shown in Table 1. Portable VR head-
sets for a phone were provided to use in VR homework.
On weeks 2, 3, and 4, participants in both groups were
asked to watch specific VR scenarios on three nights/
week for 15 min before bed [21]. In the Control Group,
these were non-weight, diet, and activity-related scenar-
ios using the New York Times VR app (i.e., programs on
marine life, nature, and sounds from around the world).
For the Intervention Group, participants were asked to
watch specific interactive VR scenarios via a provided
app and headsets.
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Intervention group
The intervention group’s VR scenarios complemented
three weight control lessons: assertiveness in restaurants
(session 2), modifying home eating cues (session 3), and
modifying home exercise cues (session 4). The VR sce-
narios were scripted through an iterative process based
on the input from the intervention staff, pilot partici-
pants, students, community members, and filmmakers
until consolidation was reached. Actors were recruited
and rehearsed and footage shot on an Omni GoPro rig,
with six cameras and audio equipment. Singular, spher-
ical video segments were stitched at 4K resolution using
AutoPano Pro. Using the 3D software Unity, graphical
elements were overlayed in the video and programmed
for interactivity. The software was distributed through
Apple iTunes Beta.
The VR restaurant scenario was ~ 10 min and placed

the participant in a simulation where they were sitting at
a circular restaurant table with co-workers who were or-
dering highly caloric and low-nutrient-dense appetizers,
main courses, desserts, and drinks. At each ordering and
eating/drinking segment, patients were given a virtual
menu with several food/drinking options. The patient
had to choose a healthy option (via gaze-based selection
with timing indicators) in order for the video to proceed.
If a participant selected a high-calorie option, a sound
was heard and a red “X” appeared. After selecting a
healthy option, a more positive sound was heard.
Throughout the scenario, an interventionist was sitting
at a nearby table periodically providing guidance and
positive reinforcement.
The VR food cue scenario was created like a hide and

seek game in the kitchen of a house. The interventionist
again guided and encouraged the participant who was
tasked with finding healthy cues in the kitchen, such as
a bowl of apples, a food diary, meal plan, motivational
poster, scale, meal replacements, and several other items.
The simulation included entertaining distractors (e.g.,
child walking through the scene) and was designed to
challenge patients to think about what household items
could subtly encourage healthy food choices and ways
they could modify their home to promote healthy eating.
The VR activity cue scenario was also created like a

game and took place in the living room area of the
house. Cues for identification included running shoes,
motivational posters, pedometers, weights, an exercise

bike, and other items. Intermittently, the interventionist
would re-enter the scene, encouraging the patient and
reinforcing selection of activity cues. The scenario in-
cluded a dog and a person walking through as entertain-
ing distractors. The scenario was designed to encourage
the participant to identify the items that could prompt
them to exercise more and to think about home envir-
onmental cues that shape behavior.

Measures
Assessments were conducted at study entry and after 4
weeks. Participants received $10 for completing each as-
sessment. In this initial study of the VR prototype, feasi-
bility of recruitment was defined a priori and based on
recruiting 15 participants over 3 months or less and
resulting in a diverse sample (Hispanic > 20%). A refusal
rate of < 10% and retention rate of > 80% were also ex-
pected. The feasibility of the intervention conditions was
measured based on adherence to the intervention, de-
fined as attending > 80% of intervention sessions and
using the VR apps as prescribed (3 times/week). Accept-
ability and satisfaction were measured based on partici-
pants’ ratings of VR apps, the group facilitator, content,
and overall impression at the month-long program.
Additional questions assessed satisfaction specifically
with the VR scenes developed for this study. The feasi-
bility of the VR technology was also measured through
an assessment of eye strain and motional sickness [22,
23]. Technical problems were also queried on a weekly
basis and tracked by research assistants throughout the
study. A demographics questionnaire at study entry
assessed age, education, job status, race, and ethnicity.
At study entry and after 4 weeks, weight was measured
to the nearest 0.1 kg using a calibrated standard digital
scale with participants in light clothing and no shoes.
Standing height (mm) was measured in patients without
shoes using a wall-mounted Harpenden stadiometer.

Statistical analyses
Descriptive statistics, independent t tests, and chi-square
tests were used to summarize information about recruit-
ment, retention, process, and treatment acceptability
measures for descriptive purposes. A general linear
model was done to explore group differences in the 4-
week weight loss both with and without adjusting the
means for age and baseline body mass index (BMI).

Table 1 The Virtually Healthy intervention program

Week 1 Weight loss and dietary goals, meal planning, and self-monitoring (no virtual reality homework)

Week 2 Calorie counting; assertiveness in restaurants (virtual reality homework)

Week 3 Stimulus control; modifying food cues (virtual reality homework)

Week 4 Exercise and modifying exercise cues (virtual reality homework)

Week 5 Program end and discussion of long-term weight loss maintenance (no virtual reality homework)
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Results
Recruitment was completed between December, 2018 and
March, 2019, and the final assessment occurred in April,
2019. Retention at the final assessment was high with
85.7% (6/7) of controls and 87.5% (7/8) of intervention
participants completing the visit; two participants did not
complete the final assessment due to reported lack of
availability on the final assessment day (n = 1) and unable
to contact (n = 1). Figure 1 summarizes the participant
flow and retention into the Virtually Healthy program. Of
the 69 screened, 54 were ineligible; half of the ineligibles
were due to unavailability to attend the intervention meet-
ing time, which was restricted to one evening in this pilot
study. Lack of an iPhone 6 was the next most common
reason for ineligibility, affecting 16% (9/54) of those ineli-
gible. Of the 69 screened, 2.9% (2/69) refused participation
due to lack of interest in the program.
As shown in Table 2, 46.7% of participants were His-

panic. Participants were on average 43 years old, with a
BMI in the obesity range. Most were female, married, or

living with a significant other and reported an annual fam-
ily income greater than $50,000/year. On average, 46.7%
were college-educated. Half had some prior experience
with VR and reported on average using VR 5 days/month.
There were some between-group differences in sociode-
mographic factors, including BMI and age, which were ad-
justed for in analyses of weight change.
Attendance at the 5 treatment sessions averaged 72%

(3.6 [1.3] visits total) in the control and 88% (4.4 [1.1]
visits) in the intervention group. Also, 54.7% (n = 4) of
controls vs. 85.7% (N = 6) of intervention participants
attended > 80% of visits. During the 3 weeks when VR
homework was assigned, the app was used among con-
trols and intervention participants on average 2.0 (1.4)
and 2.0 (1.8) times per week, respectively, representing
66% of the amount prescribed (and including the data
from individuals with technical problems, see below).
Satisfaction ratings for treatment components (meet-

ings, assignments, goals) for both the control and inter-
vention groups were high, with scores all above 3 on a

Fig. 1 Flow chart
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4-point scale where 1 = very dissatisfied and 4 = very
satisfied (Table 3). Both groups also reported high satis-
faction ratings and likelihood of recommending the pro-
gram to others. Examining satisfaction with the virtually
healthy app, ratings were also high (Table 4). Partici-
pants rated the scenarios on average as being realistic.
Participants reported being overall satisfied with the VR
homework and, in particular, with the restaurant scene
(3.4 on a 4-point scale). The activity and food cue scenes
received somewhat lower—but still satisfactory—ratings
(2.6 and 2.4, respectively, on the same 4-point scale). For
these scenes, difficulties in reading words on some ob-
jects (e.g., “food diary”) and objects being placed too far
were reported by some participants. Participants re-
ported preferring a VR approach above traditional
weight loss programs (rating of 5 on a 7-point scale).
Little-to-no eye strain or feelings of motion sickness

were reported (Table 4). Two technical problems were
reported in the intervention group. One person reported
that they were unable to download the app due to down-
load permissions that restricted access on the phone.
Another person reported receiving a message that the

app had expired during the last week of the intervention
group, which was unresolved prior to project
completion.
Both the control and intervention groups lost weight

over the 4-week program with unadjusted means (SD)
averaging 2.7 (4.4) vs 2.6 (2.1) kg, respectively, and ad-
justed means (SE) that accounted for baseline BMI and
age averaging 2.9 (1.7) and 2.4 (1.5) kg, respectively. As a
percentage of initial body weight, the Control Group vs.
Intervention Group lost an average (SD) unadjusted
mean of 2.3% (3.6) vs. 3.4% (2.7), respectively over the 4
weeks; in adjusted analyses, these means (SE) were 3.2%
(1.5) and 2.7% (1.4), respectively. Examining the propor-
tion of participants who lost 5% or more of initial body
weight, 16% (1/6) of participants in the Control Group
compared with 43% (3/7) of participants in the Interven-
tion Group met this criterion.

Discussion
To our knowledge, this is the first development and
usage of VR film as a tool to improve standard behav-
ioral treatment for weight management. Preliminary

Table 2 Participant characteristics in Virtually Healthy. Participants were randomized to standard behavioral weight loss plus non-
weight-related virtual reality (i.e., Control) or standard behavioral weight loss plus weight-related virtual reality (i.e., Intervention)
groups.

Overall
(N = 15)

Control
(N = 7)

Intervention
(N = 8)

Age, mean (SD) 43.3 (14.7) 35.6 (14.8) 50.1 (11.3)

Female, % 86.7 38.5% 61.5%

Body mass index, mean (SD) 33.2 (5.3) 36.5 (4.9) 30.4 (4.0)

College degree, % 46.7 57.1% 37.5%

Hispanic, % 46.7 42.9% 50.0%

Family income > $50,000/year 80% 85.7% 75.0%

Employed for wages 53.3 71.4% 37.5%

Married or living with significant other 60.0 57.1% 62.5%

Wear glasses 40.0% 42.9% 37.5%

Prior experience with virtual reality 53.3% 71.4% 25%

Days per month currently use virtual reality, mean (SD) 4.9 (15.2) 2.3 (4.3) 0.3 (0.5)

Table 3 Acceptability of the VR intervention and control programs

Control
N = 6

Intervention
N = 7

Satisfaction ratings (scale where 1 = very dissatisfied and 4 = very satisfied )

Weekly meetings with study interventionist 3.8 (0.4) 3.7 (0.5)

Weight, physical activity and diet goals 4.0 (0.0) 3.7 (0.4)

Weekly meetings with interventionist 4.0 (0.0) 3.8 (0.4)

Weekly behavioral assignments 3.7 (0.5) 3.6 (0.5)

How satisfied are you overall with the program you received from Virtually Healthy? (1 = very dissatisfied; 4 = very satisfied) 3.2 (1.2) 3.6 (0.8)

Would you recommend the program you received from Virtually Healthy to others? (1 = definitely not; 4 = definitely would) 3.3 (0.8) 3.7 (0.5)

VR, virtual reality; data presented as mean (standard deviation)
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evaluation of the program over 4 weeks suggested that
the integration of VR into standard treatment was feas-
ible and acceptable. Recruitment was conducted in a
timely fashion, and refusal rates were low. The recruited
sample represented a diverse patient population, includ-
ing nearly 50% of participants who self-identified as His-
panic and an equal proportion (53%) who had never
used VR previously. The VR footage and resulting app
were rated as realistic with few-to-no adverse effects.
Both groups produced weight losses that were in line
with expectations. Future research is now needed to de-
velop and test the feasibility of this approach using more
VR scenarios, a larger sample size, and a longer evalu-
ation period.
The VR scenarios complemented the weight control

strategies discussed during weekly standard behavioral
treatment meetings. The presence of the virtual inter-
ventionist (played by an actress) who provided guidance
and positive reinforcement appeared particularly effect-
ive. One problem with the cue-finder games was that
some of the home environment cues that contained
writing (e.g., motivational poster, food diary) were placed
too far away for easy reading by some participants.

Future shoots should ensure optimal lighting and large
font for naming food diaries or other positive cues that
contain words. Only a few technical issues were re-
ported. With these caveats, participants reported on
average that they would prefer the VR approach over
standard behavioral programs.
Participants in the current study were instructed to

watch the videos three times per week. Investigators ini-
tially considered a prescription to use the VR more fre-
quently but decided against the idea in order to prevent
potential boredom. However, investigators’ initial con-
cerns of boredom were not validated; satisfaction ratings
were high. Although both groups used the VR app less
than prescribed (on average two times per week vs. 3
days prescribed), this appeared to reflect reduced adher-
ence due to a few weeks with technical problems and
one participant using her partner’s phone. These could
be addressed in future research that included more
training in installing and using the VR apps and provid-
ing technology to those in need. Given the importance
of repetition in habit formation [24–26], future imple-
mentation of this approach should consider prescribing
daily or more frequent repetition of the VR assignments.

Table 4 Satisfaction with the intervention’s virtual reality scenarios

To what extent do you think that you would prefer a virtual reality over a more traditional weight loss approach? (1 = not at all prefer
virtual reality; 7 = extremely prefer virtual reality)

4.7
(1.8)

Satisfaction (1 = very dissatisfied to 4 =very satisfied )

VR homework in general 3.3
(0.5)

VR restaurant scene 3.4
(0.5)

VR activity cues 2.6
(1.3)

VR kitchen cues 2.4
(1.5)

How would you rate the distance of objects in the VR videos (1 = way too close; 5 = way too far) 3.3
(1.0)

How clear were the narration and instructions during the VR exercises? (1 = not clear at all; 10 = very clear) 7.3
(3.5)

Rate how difficult it was for you to find the objects in the Home Kitchen and Activity Cue simulations. (1 = too easy; 10 = too hard) 5.6
(3.2)

How would you rate your ability to look in the right place at the right time when people were talking in both scenarios? (1 = very easy; 10
= very hard)

5.3
(2.7)

Rate how realistic you felt the Kitchen scene portrayed in the VR video was to you. This question refers to the atmosphere of the scene, not
the visual clarity of the video. (1 =not at all realistic; 10 = very realistic)

6.7
(2.4)

Rate how realistic you felt the Activity Cues scene portrayed in the video was to you. This question refers to the atmosphere of the space,
not the visual clarity of the video. (1 =not at all realistic; 10 = very realistic)

6.7
(1.9)

Rate how effective you found the selection menu in the restaurant scenario (1 = not effective; 10 = very effective) 5.6
(2.2)

To what extent were your eyes strained during the VR experiences? (1 = not at all; 7 = extremely) 2.6
(1.8)

To what extent did you experience motion sickness or nausea during the VR experiences? (1 = not at all; 7 = extremely) 2.1
(1.9)

VR virtual reality; data presented as mean (standard deviation)
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Future research is also needed to determine whether VR
integration into standard behavioral treatment offers
more frequent opportunities for patients to engage in,
practice, and develop habit strength for long-term
weight control behaviors.
Other weight control behaviors that could be practiced

through VR include selecting portion sizes and navigat-
ing selection of foods in grocery stores, buffets, and
other social gatherings, and choosing active over non-
active activities. VR could facilitate frequent practice of
non-eating responses to highly palatable foods, such as
salty snacks, cookies, candy, and sugary drinks [27] and
in response to strong emotional cues, such as boredom
or cravings. Although visual cues (e.g., pictures and vid-
eos) appear most effective [28], additional sensory stim-
uli could be considered to make the experience “4D”.
Participants could be instructed to practice the VR
homework during high-risk times for eating in the ab-
sence of hunger, such as during the evening or during
other sensory states (e.g., after an alcoholic beverage)
[29]. Future research could include biometric measures
of emotional reactivity and lab-based measure of eating
to provide objective means of evaluating the efficacy of
this approach.
Few prior studies have examined VR approaches to

weight loss. The most relevant work in this area has
been led by investigators in Italy who have developed
and refined a VR computer-generated imagery anima-
tion environment to assist during clinical sessions for
treatment of body image disturbances in patients with
severe obesity and binge eating [30–33]. The VR pro-
gram was adapted for use in a cognitive behavioral treat-
ment (CBT) for patients with obesity in an inpatient
setting. VR + CBT appeared to produce greater 6-month
weight loss than CBT alone (13 kg loss vs. 6–9-kg loss)
[30] and facilitate weight loss maintenance through 1
year in completer [34] but not intent-to-treat analyses
[35]. However, the comparison groups in these studies
were unmatched in contact time (i.e., the VR group re-
ceived an additional 15 sessions), and the CBT weight
loss approaches tested to “unlock negative memory of
the body” [34] were somewhat unconventional. Import-
antly, these graphics-based VR approaches have the pa-
tient select an avatar in a “virtual world” and interact
with settings like a video game [10]. Graphical scenes
have the advantage of being edited quickly and poten-
tially more rapidly and tailored an individual patient’s
triggers. However, the current study’s use of film, while
potentially less flexible, has the great advantage of being
realistic, as suggested in the current study. Experimental
designs that control for contact time and include popu-
lations with overweight and obesity who are outside of
the inpatient setting are needed to advance this nascent
area of research.

This current study has strengths and some weaknesses.
A prototype of a film-based VR method was developed
and tested. Feasibility was examined, and the study in-
cluded a randomized trial methodology. However, the
study was limited by small sample size and short-term
evaluation. Key measures, such as habit strength, coping,
and changes in specific behaviors were not evaluated. It
is possible that feasibility and satisfaction differed by
gender, BMI, and age, but these too were not analyzed
given the small sample size. Finally, the interventionists
were not masked to treatment assignment, which could
have biased intervention delivery and should be ad-
dressed in future research.

Conclusions
In conclusion, the goal of this small pilot study was to
establish initial feasibility of a film-based VR habit for-
mation tool. Future research is needed to determine
whether and how this approach can improve long-term
weight loss maintenance [36]. VR has the potential to
improve upon standard behavioral weight loss treatment
by offering more frequent opportunities for patients to
practice behavioral modification skills, including coping
with uncomfortable situational cues and drives to eat,
and by providing more positive reinforcement and en-
couragement from an interventionist in life-like situa-
tions [37, 38].

Abbreviations
VR: Virtual reality; BMI: Body mass index; Kg: Kilograms

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s40814-021-00865-5.

Additional file 1. CONSORT 2010 checklist of information to include
when reporting a pilot or feasibility trial*.

Acknowledgements
The researchers would like to thank the participants in this research project.

Authors’ contributions
SP conceived of the idea, contributed to study implementation and analysis,
and drafted the manuscript. JP created the VR videos and provided critical
revisions to the manuscript. DL, NS, and AL contributed to the literature
review, data collection, and data analysis and provided critical revisions to
the manuscript; ML served as a study interventionist and coordinator and
provided critical revisions to the manuscript. The authors read and approved
the final manuscript.

Funding
This research was supported by the William and Linda Frost Fund in the Cal
Poly College of Science and Mathematics and a grant from the Cal Poly
Center for Health Research.

Availability of data and materials
A de-identified version of the dataset will be made available upon reason-
able request.

Phelan et al. Pilot and Feasibility Studies           (2021) 7:129 Page 7 of 9

https://doi.org/10.1186/s40814-021-00865-5
https://doi.org/10.1186/s40814-021-00865-5


Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board at Cal Poly, San
Luis Obispo. All participants provided written informed consent to
participate.

Consent for publication
Not applicable

Competing interests
Unrelated to the current work, the first author is investigator on a grant
funded by WW. No other potential competing financial interests exist among
the authors.

Author details
1Center for Health Research, California Polytechnic State University, San Luis
Obispo, CA, USA. 2Department of Kinesiology & Public Health, California
Polytechnic State University, San Luis Obispo, CA, USA. 3Art & Design
Department, California Polytechnic State University, San Luis Obispo, CA,
USA.

Received: 11 February 2021 Accepted: 3 June 2021

References
1. Alamuddin N, Wadden TA. Behavioral treatment of the patient with obesity.

Endocrinol Metab Clin North Am. 2016;45(3):565–80. https://doi.org/10.1016/
j.ecl.2016.04.008.

2. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence
of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med.
2002;346(6):393–403. https://doi.org/10.1056/NEJMoa012512 [published
Online First: 2002/02/08].

3. Look Ahead Research Group, Wing RR. Long-term effects of a lifestyle
intervention on weight and cardiovascular risk factors in individuals with
type 2 diabetes mellitus: four-year results of the Look AHEAD trial. Arch
Intern Med. 2010;170(17):1566–75. https://doi.org/10.1001/archinternmed.2
010.334 [published Online First: 2010/09/30].

4. Neumann DL, Moffitt RL. Affective and attentional states when running in a
virtual reality environment. Sports (Basel). 2018;6(3). https://doi.org/10.3390/
sports6030071 [published Online First: 2018/07/27].

5. Gorini A, Griez E, Petrova A, 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.
https://doi.org/10.1186/1744-859X-9-30 [published Online First: 2010/07/07].

6. Ferrer-Garcia M, Gutierrez-Maldonado J, Caqueo-Urizar A, et al. The validity
of virtual environments for eliciting emotional responses in patients with
eating disorders and in controls. Behav Modif. 2009;33(6):830–54. https://doi.
org/10.1177/0145445509348056 [published Online First: 2009/10/14].

7. Powers MB, Emmelkamp PM. Virtual reality exposure therapy for anxiety
disorders: a meta-analysis. J Anxiety Disord. 2008;22(3):561–9. https://doi.
org/10.1016/j.janxdis.2007.04.006 [published Online First: 2007/06/05].

8. Ogourtsova T, Archambault P, Sangani S, et al. Ecological Virtual Reality
Evaluation of Neglect Symptoms (EVENS): effects of virtual scene complexity
in the assessment of poststroke unilateral spatial neglect. Neurorehabil
Neural Repair. 2018;32(1):46–61. https://doi.org/10.1177/1545968317751677
[published Online First: 2018/01/22].

9. Persky S. Application of virtual reality methods to obesity prevention and
management research. J Diabetes Sci Technol. 2011;5(2):333–9. https://doi.
org/10.1177/193229681100500220 [published Online First: 2011/04/30].

10. Johnston JD, Massey AP, Devaneaux CA. Innovation in weight loss
programs: a 3-dimensional virtual-world approach. J Med Internet Res. 2012;
14(5):e120. https://doi.org/10.2196/jmir.2254 [published Online First: 2012/
09/22].

11. Farmer RF, Chapman AL. American Psychological Association., et al.
Behavioral interventions in cognitive behavior therapy: practical guidance
for putting theory into action. Second edition. Washington, DC: American
Psychological Association; 2016.

12. Bandura A. Social learning theory of aggression. J Commun. 1978;28(3):12–
29. https://doi.org/10.1111/j.1460-2466.1978.tb01621.x.

13. Gill TM. Education, prevention, and the translation of research into practice.
J Am Geriatr Soc. 2005;53(4):724–6. https://doi.org/10.1111/j.1532-5415.2005.
53227.x [published Online First: 2005/04/09].

14. Loo RL, Zou X, Appel LJ, Nicholson JK, Holmes E. Characterization of
metabolic responses to healthy diets and association with blood pressure:
application to the Optimal Macronutrient Intake Trial for Heart Health
(OmniHeart), a randomized controlled study. Am J Clin Nutr. 2018;107(3):
323–34. https://doi.org/10.1093/ajcn/nqx072.

15. Wing RR, Jeffery RW, Burton LR, Thorson C, Nissinoff KS, Baxter JE. Food
provision vs structured meal plans in the behavioral treatment of obesity.
Int J Obes Relat Metab Disord. 1996;20(1):56–62.

16. Ludwig DS, Ebbeling CB. The carbohydrate-insulin model of obesity:
beyond "calories in, calories out". JAMA Intern Med. 2018;178(8):1098–103.
https://doi.org/10.1001/jamainternmed.2018.2933.

17. Mockus DS, Macera CA, Wingard DL, et al. Dietary self-monitoring and its
impact on weight loss in overweight children. Int J Pediatr Obes. 2011;6(3-
4):197–205. https://doi.org/10.3109/17477166.2011.590196 [published Online
First: 2011/07/04].

18. Clark JE. Diet, exercise or diet with exercise: comparing the effectiveness of
treatment options for weight-loss and changes in fitness for adults (18-65
years old) who are overfat, or obese; systematic review and meta-analysis. J
Diabetes Metab Disord. 2015;14:31. https://doi.org/10.1186/s40200-015-01
54-1 [published Online First: 2015/04/17].

19. Wilde BE, Sidman CL, Corbin CB. A 10,000-step count as a physical activity
target for sedentary women. Res Q Exerc Sport. 2001;72(4):411–4. https://
doi.org/10.1080/02701367.2001.10608977 [published Online First: 2002/01/
05].

20. Brownell KD. Diet, exercise and behavioural intervention: the
nonpharmacological approach. Eur J Clin Invest. 1998;28 Suppl 2:19–21
discussion 22. [published Online First: 1998/10/20].

21. Craig M, Dewar M, Della Sala S, et al. Rest boosts the long-term retention of
spatial associative and temporal order information. Hippocampus. 2015;
25(9):1017–27. https://doi.org/10.1002/hipo.22424 [published Online First:
2015/03/17].

22. Ames GE, Heckman MG, Diehl NN, et al. Further statistical and clinical
validity for the Weight Efficacy Lifestyle Questionnaire-Short Form. Eat
Behav. 2015;18:115–9. https://doi.org/10.1016/j.eatbeh.2015.05.003
[published Online First: 2015/05/21].

23. Gianaros PJ, Muth ER, Mordkoff JT, et al. A questionnaire for the assessment
of the multiple dimensions of motion sickness. Aviat Space Environ Med.
2001;72(2):115–9.

24. Lally P, Gardner B. Promoting habit formation. Health psychol Rev. 2013;
7(sup1):S137–S58. https://doi.org/10.1080/17437199.2011.603640.

25. Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical
explanations for maintenance of behaviour change: a systematic review of
behaviour theories. Health Psychol Rev. 2016;10(3):277–96. https://doi.org/1
0.1080/17437199.2016.1151372.

26. Lally P, Van Jaarsveld CHM, Potts HWW, et al. How are habits formed:
modelling habit formation in the real world. Eur J Soc Psychol. 2010;40(6):
998–1009. https://doi.org/10.1002/ejsp.674.

27. Cohen JD, Mounsey JP. "Virtual research" may point the way towards future device
programming trials. J Cardiovasc Electrophysiol. 2011;22(3):290–2. https://doi.org/1
0.1111/j.1540-8167.2010.01978.x [published Online First: 2010/12/17].

28. Boswell RG, Kober H. Food cue reactivity and craving predict eating and
weight gain: a meta-analytic review. Obes Rev. 2016;17(2):159–77. https://
doi.org/10.1111/obr.12354 [published Online First: 2015/12/09].

29. Goldschmidt AB, Crosby RD, Cao L, et al. Contextual factors associated with eating
in the absence of hunger among adults with obesity. Eat Behav. 2017;26:33–9.
https://doi.org/10.1016/j.eatbeh.2017.01.005 [published Online First: 2017/01/31].

30. Riva G, Bacchetta M, Cesa G, et al. Is severe obesity a form of addiction?
Rationale, clinical approach, and controlled clinical trial. Cyberpsychol Behav.
2006;9(4):457–79. https://doi.org/10.1089/cpb.2006.9.457 [published Online
First: 2006/08/12].

31. Riva G, Bacchetta M, Baruffi M, et al. Virtual reality-based multidimensional
therapy for the treatment of body image disturbances in obesity: a
controlled study. Cyberpsychol Behav. 2001;4(4):511–26. https://doi.org/10.1
089/109493101750527079 [published Online First: 2001/11/16].

32. Riva G, Bacchetta M, Baruffi M, et al. Virtual reality-based experiential
cognitive treatment of obesity and binge-eating disorders. Clinical Psychol
Psychotherap. 2000; [published Online First: 2000/14/07]. https://doi.org/10.1
002/1099-0879(200007)7:3<209::AID-CPP232>3.0.CO;2-V.

Phelan et al. Pilot and Feasibility Studies           (2021) 7:129 Page 8 of 9

https://doi.org/10.1016/j.ecl.2016.04.008
https://doi.org/10.1016/j.ecl.2016.04.008
https://doi.org/10.1056/NEJMoa012512
https://doi.org/10.1001/archinternmed.2010.334
https://doi.org/10.1001/archinternmed.2010.334
https://doi.org/10.3390/sports6030071
https://doi.org/10.3390/sports6030071
https://doi.org/10.1186/1744-859X-9-30
https://doi.org/10.1177/0145445509348056
https://doi.org/10.1177/0145445509348056
https://doi.org/10.1016/j.janxdis.2007.04.006
https://doi.org/10.1016/j.janxdis.2007.04.006
https://doi.org/10.1177/1545968317751677
https://doi.org/10.1177/193229681100500220
https://doi.org/10.1177/193229681100500220
https://doi.org/10.2196/jmir.2254
https://doi.org/10.1111/j.1460-2466.1978.tb01621.x
https://doi.org/10.1111/j.1532-5415.2005.53227.x
https://doi.org/10.1111/j.1532-5415.2005.53227.x
https://doi.org/10.1093/ajcn/nqx072
https://doi.org/10.1001/jamainternmed.2018.2933
https://doi.org/10.3109/17477166.2011.590196
https://doi.org/10.1186/s40200-015-0154-1
https://doi.org/10.1186/s40200-015-0154-1
https://doi.org/10.1080/02701367.2001.10608977
https://doi.org/10.1080/02701367.2001.10608977
https://doi.org/10.1002/hipo.22424
https://doi.org/10.1016/j.eatbeh.2015.05.003
https://doi.org/10.1080/17437199.2011.603640
https://doi.org/10.1080/17437199.2016.1151372
https://doi.org/10.1080/17437199.2016.1151372
https://doi.org/10.1002/ejsp.674
https://doi.org/10.1111/j.1540-8167.2010.01978.x
https://doi.org/10.1111/j.1540-8167.2010.01978.x
https://doi.org/10.1111/obr.12354
https://doi.org/10.1111/obr.12354
https://doi.org/10.1016/j.eatbeh.2017.01.005
https://doi.org/10.1089/cpb.2006.9.457
https://doi.org/10.1089/109493101750527079
https://doi.org/10.1089/109493101750527079
https://doi.org/10.1002/1099-0879(200007)7:3<209::AID-CPP232>3.0.CO;2-V
https://doi.org/10.1002/1099-0879(200007)7:3<209::AID-CPP232>3.0.CO;2-V


33. Ferrer-Garcia M, Gutierrez-Maldonado J, Riva G. Virtual reality based
treatments in eating disorders and obesity: a review. J Contemp
Psychotherap. 2013;43(4):207–21. https://doi.org/10.1007/s10879-013-9240-1.

34. Manzoni GM, Cesa GL, Bacchetta M, et al. Virtual reality-enhanced cognitive-
behavioral therapy for morbid obesity: a randomized controlled study with
1 year follow-up. Cyberpsychol Behav Soc Netw. 2016;19(2):134–40. https://
doi.org/10.1089/cyber.2015.0208 [published Online First: 2015/10/03].

35. Cesa GL, Manzoni GM, Bacchetta M, et al. 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(6):e113. https://doi.org/10.2196/jmir.2441 [published Online First:
2013/06/14].

36. Ershow AG, Peterson CM, Riley WT, et al. Virtual reality technologies for
research and education in obesity and diabetes: research needs and
opportunities. J Diabetes Sci Technol. 2011;5(2):212–24. https://doi.org/10.11
77/193229681100500202 [published Online First: 2011/04/30].

37. Ferrer-Garcia M, Gutierrez-Maldonado J, Pla J. Cue-elicited anxiety and
craving for food using virtual reality scenarios. Stud Health Technol Inform.
2013;191:105–9 [published Online First: 2013/06/26].

38. Bordnick PS, Carter BL, Traylor AC. What virtual reality research in addictions
can tell us about the future of obesity assessment and treatment. J
Diabetes Sci Technol. 2011;5(2):265–71. https://doi.org/10.1177/1932296811
00500210 [published Online First: 2011/04/30].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Phelan et al. Pilot and Feasibility Studies           (2021) 7:129 Page 9 of 9

https://doi.org/10.1007/s10879-013-9240-1
https://doi.org/10.1089/cyber.2015.0208
https://doi.org/10.1089/cyber.2015.0208
https://doi.org/10.2196/jmir.2441
https://doi.org/10.1177/193229681100500202
https://doi.org/10.1177/193229681100500202
https://doi.org/10.1177/193229681100500210
https://doi.org/10.1177/193229681100500210

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Key messages regarding feasibility
	Background
	Methods
	Design
	Participants
	Interventions
	Both groups
	Intervention group

	Measures
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

