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Abstract. The aim of this study was to establish whether virtual reality (VR)
exposure to food cues is able to produce craving levels consistent with state-craving
and trait-craving as assessed by the Spanish and Italian versions of the State and Trait
Food Craving Questionnaires (FCQ-T/S). The results were compared in 40 patients
with eating disorders (17 with binge eating disorder, 23 with bulimia nervosa) and 78
healthy control subjects without eating disorders. Controls and patients with higher
levels of trait-craving and state-craving both showed a greater desire to eat during
VR exposure. Results also showed that trait and state craving assessed by FCQ-T/S
were able to predict the total mean craving experienced during exposure to the VR
software in both clinical and control samples. These findings present preliminary
evidence about the validity of a new virtual reality-based application for cue-
exposure treatment in patients with eating disorders.
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Introduction

Previous studies have shown that people who usually binge or experience loss of
control over eating are those with highest levels of craving, assessed as a stable and
consistent feature — that is, as a trait [1], subjectively experienced as a strong desire to
eat.
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Food cue-exposure therapy (CET) has been proposed as an effective treatment for
binge eating, given that it eliminates the association between stimuli related to binge
eating and the craving response.

Traditionally, studies of CET for the treatment of bulimia nervosa (BN) have applied in
vivo exposure [2, 3], in which patients are exposed to the foods they usually consume
while bingeing, but they cannot accomplish a binge (response prevention). The results of
these studies show significant improvements in symptoms, eliminating or
significantly reducing binging and purging behaviors and, therefore, improving the
overall health of the patient. Despite its benefits, in vivo exposure has certain
limitations that must be considered. For example, therapists must have food available in
their clinical office to carry out the exposure with the patient. Further, this context does not
allow generalization to the different environments where the patient usually binges, and so
in vivo exposure requires the therapist to be present in these real environments. Virtual
reality (VR) technologies have been proposed as a new and alternative tool that improves
on in vivo exposure. VR allows the simulation of realistic situations in which participants
can interact in real time, producing an immersive and vivid sensation. Exposure to
virtual reality stimuli has been successfully used in the field of drug addictions, and
has proven its ability to elicit craving in people exposed to situations related to their
addiction. Given the similarities between the craving experienced by people suffering
addictions and that experienced by patients with BN and binge eating disorder (BED) [4],
the use of exposure to virtual reality stimuli may prove suitable for the treatment of these
pathologies. Indeed, studies of VR are now beginning to be published [5, 6, 7, 8].

VR seems to be an effective technology for eliciting food craving, especially in the
case of participants with high scores on the State and Trait Food Craving
Questionnaires (FCQ-T and FCQ-S) [9, 10]. The present study aims to replicate the
results found in our previous study [10] with the incorporation of a clinical sample of
patients meeting DSM-5 criteria for BED and BN, with the ultimate aim of identifying
possible differences between control and clinical groups.

Methods

Participants and procedure

The sample comprised a control group formed by 78 undergraduate students (9 male
and 69 female) without eating disorders, and a clinical group of 40 patients (10 male
and 30 female), 17 of whom met DSM-5 criteria for BED and 23 the criteria for BN
according to the SCID-I. Mean age was 22.66 + 2.75 (range 19 to 36) in the control
group, and 33.45 + 9.77 (range 18 to 63) in the clinical group. The mean body mass
index (BMI) was 21.83 + 3.07 in the control group, and 27.46 + 5.37 in the clinical
group. Patients were recruited from two hospitals in the areas around Barcelona (Spain)
and Milan (Italy), while all controls were recruited among college students at the
University of Barcelona. After signing the consent form, all participants completed the
Spanish or the Italian version of the State and Trait Food Craving Questionnaires
(FCQ-T and FCQ-S) [11]. The FCQ-S measures the intensity of the current desire to
eat (food craving) using 15 items divided into five dimensions. The FCQ-T measures a
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person’s characteristic food craving intensity using 37 items divided into nine
dimensions.

After completing the questionnaires, participants were exposed to VR-based software
developed for CET in binge eating. The software creates an exposure hierarchy as a
result of combining four VR scenarios (kitchen, dining room, bedroom, and
bakery/café) and the 10 foods that each participant has assessed as the ones that
produce the highest levels of craving from a list of 30 foods. In the first steps of the
hierarchy, participants were exposed to the foods that elicit the lowest levels of craving
in the four different situations. During the last steps of the hierarchy, participants were
exposed to the foods that provoke the highest levels of craving. In each environment,
participants were asked to indicate the level of food craving on a visual analog scale
from 0 to 100.

The virtual environments were presented using stercoscopic laptops. The level of
immersion that this system achieves is lower than that achieved using other systems
such as Head Mounted Displays (HMD); however, it is a low cost hardware and it can
be used with very few technical complications, and so it is especially well suited for
use by non-technologically specialized clinicians.

Statistical analyses

Correlation analyses were conducted to assess the association between trait-craving and
state-craving scores obtained on the FCQ-T and FCQ-S and the mean food craving
experienced in each of the four VR contexts (kitchen, dining-room, bedroom, and
bakery/café).

Multiple regression analyses were also conducted to determine the percentage of
variance explained by the model, including FCQ-T and FCQ-S scores as predictor
variables. This analysis also assessed which of the two variables (trait-craving and
state-craving) contributed more to predicting the food craving experienced during VR
exposure. Analyses were conducted separately in control and clinical samples in order
to explore differences between the two groups.

Finally, an independent Student’s ¢ test was also applied to compare FCQ-T and
FCQ-S total scores obtained by the control and clinical samples. Significance levels of
p<.05 were considered.

Results

The results in Table 1 show significant, positive correlations between both FCQ-
T and FCQ-S scores and the mean craving experienced in each of the four VR contexts
in the control group. The strongest correlations were found between food cravings and
the FCQ-S scale. The results also showed significant and positive correlations between
cravings experienced and state-craving scores on the FCQ-S in patients. However, no
significant correlations were found between food cravings and the FCQ-T scale in the
clinical group.
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Table 1. Correlations between trait-craving and state-craving scores on the FCQ-T and
FCQ-S and the mean food craving experienced in each of the four VR contexts in
controls and patients.

Kitchen Dining room Bedroom Cafeteria
Controls .234* (p=.039) .230* (p=.043) .289%* (p=.010) 266* (p=.018)
FeQ-T Patients  .176 (p=276)  .196 (p=226) .176 (p=276) .005 (p=975)
Controls .570%** S51%* .508** (p=.000) 513%* (p=.000)
FCQ-S (p=.000) (p=.000)
Patients ~ .427%* A23%* .542%* (p=.000) .347* (p=.028)
(p=.006) (p=007)

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

The results of multiple regression analyses are shown in Table 2. The model,
which includes the variables of trait-craving and state-craving, is able to predict food
craving experienced during VR exposure in the different 3D environments in both
control and clinical samples. The results also show that our model explains 30% of the
variance in food craving for the control sample, and 24.1% of the variance in food
craving for the clinical sample. In both control and clinical samples, state-craving
assessed by the FCQ-S makes the largest (beta=0.531 and beta=0.589, respectively)
single contribution to explaining the craving experienced during exposure to foods in the
virtual environments. The contribution was also statistically significant (p=.000 and
p=.002, respectively).

Table 2. Multiple regression analyses including FCQ-S and FCQ-T scores as
predictors of mean food craving during VR exposure in the whole 3D environments.

Model Predictors | Beta | ¢ p R Adj.R | F P
Food 300 | 281 |16.05 |.000
craving
Controls FCQ-T 037 | 347 |72
FCQ-S 531 | 4984 | .000
Food 241 | 199|585 | .006
craving
Patients FCQ-T 21 | -1241 | 223
FCQ-S 580 3303 | .002
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Finally, the Student’s ¢ test revealed a statistically significant difference between
clinical and control samples in FCQ-T and FCQ-S total scores. The clinical group
presented higher scores on both FCQ-T (Mcontrol = 86.41 + 24.95 vs. Mclinical =
129.72 + 27.33, t116 = -8.64, p<.05) and FCQ-S (Mcontrol = 26.41 + 10.93 vs.
Mclinical = 43.40 + 12.15, t116 = -7.69, p<.05).

Conclusions

In agreement with our previous studies [9, 10], people with higher levels of trait-
craving and state-craving also showed a greater desire to eat during VR exposure to
virtual foods in the different 3D environments. Our results also determined the extent to
which trait-craving and state-craving may predict food craving elicited via VR in both
clinical and control samples.

The results showed that trait and state craving assessed by FCQ-T/S were able to

predict the total mean craving experienced during exposure to the VR software in both
clinical and control samples. State-craving, assessed by the FCQ-S, made the largest
contribution to explaining the craving experienced during VR exposure in the two
groups. The contribution was also statistically significant.
Although previous studies have found that people with higher levels of trait-craving
usually present more binges and a higher tendency to lose control over eating [1], our
results showed that state-craving was the main variable associated with perceived
craving during VR exposure. Therefore, in both controls and patients, the craving
experienced may be determined by contextual variables more than by stable individual
variables.

Our findings suggest that this VR-CET model using stereoscopic laptops may be
helpful in improving the treatment of binge eating behaviors for bulimia and binge
eating disorder, given that the food cravings experienced during the VR exposure were
consistent with state/trait cravings assessed by means of FCQ-S/T.
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