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AAU4 c bstract

This article reviews the 6-month followup data of a randomized, multicenter, parallel-group study conducted at
five clinical sites in three European cities, which compared two second-level treatments for bulimia nervosa
(BN) and binge eating disorder (BED): virtual reality-based cue exposure therapy (VR-CET) versus additional
cognitive behavioral therapy (A-CBT). Post-treatment outcomes of this study were already published in Ferrer-
Garcia et al. (2017) and details of its design can be found at clinicaltrials.gov (identifier: NCT02237300, https://
clinicaltrials.gov). This article focuses on the evolution of symptoms assessed after 6 months of followup in a
subgroup of 58 patients from the original study. In this study (Ferrer-Garcia et al., 2017) 64 patients with eating
disorders (EDs) (35 with BN and 29 with BED), who still showed active episodes of binge eating by the end of a
structured CBT program (first-level treatment), were randomly assigned to one of two second-level treatments
(A-CBT or VR-CET). Frequency of binge and purge episodes, and attitudinal features of binge-related EDs
(bulimia, drive for thinness, and body dissatisfaction) were assessed before starting the second-level treatment
(n = 64), at the end (n = 64), and at 6-month followup (n = 58). Mixed between-within subject analyses of
variance were used to compare outcomes of both second-level treatments over time. Although both treatment
conditions showed statistically significant improvements at the end and after 6-month followup, obtained
reductions were greater after VR-CET, regarding binge and purge episodes, as well as the decrease of self-
reported tendency to engage in overeating episodes. Accordingly, abstinence from binge episodes were higher
in VR-CET than A-CBT at followup (70 percent vs. 26 percent, respectively; v2 = 11.711, p = 0.001). These
results provide further support for the use of VR-CET as an effective second-level intervention for BN and BED
treatment-resistant patients.
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Introduction

CAU5 c onsiderable evidence from reviews and meta-
analyses of clinical trials supports cognitive behavioral

therapy (CBT) as the first-choice treatment for both bulimia
nervosa (BN) and binge eating disorder (BED).1–4 Overall,
outcomes obtained after CBT point to significant improve-
ments in terms of behavioral and psychological features of
these disorders.5 However, a high percentage of BN and BED
patients do not improve after a first-level intervention (i.e.,
CBT)6,7 and the short- and long-term rates of remission from
eating disorder (ED) cognitions and behaviors range from
around 37 to 69 percent across trials.8 Given the high prev-
alence9 and the considerable long-term morbidity of these
disorders, the development of new efficacious treatment op-
tions is a research priority.8,10

Therefore, when the first-level treatment (i.e., CBT) fails or
when symptoms do not remit completely, two main ap-
proaches have been proposed: either extending CBT with ad-
ditional sessions11 or conducting second-level treatments12,13

targeting specific features related to the patient’s history,
their clinical or psychopathological features, and/or their
response to previous treatments. Several techniques have
been proposed to target specific features associated with poor
response, such as cognitive dysfunction,14 emotional dysre-
gulation,15,16 or the urge to binge in response to food-related
cues17 (i.e., food craving). In this regard, cue exposure therapy
(CET), aims to extinguish/habituate craving and anxiety
responses to food-related cues,18,19 and thus reduce the asso-
ciated risk of overeating. Several studies, including case
reports,20–24 and nonrandomized25 and randomized26,27 con-
trolled studies, have reported the efficacy of CET in reducing
food craving and anxiety, and the positive results in terms of
reducing episodes of binge eating and associated purging
behaviors. However, several logistical constraints of CET
(e.g., in vivo exposure requires patients to bring sufficient
quantities of binge foods to the therapy sessions, and it is
usually limited to specific/proximal cues), have led to the use
of virtual reality (VR).

VR technology shows several advantages over the tradi-
tional exposure procedures28 of in vivo or imagery exposure.
Although in vivo exposure, when possible, is usually the best
option, it sometimes presents major problems, such as pa-
tients’ refusal to participate, difficulties in maintaining the
necessary levels of confidentiality and safety (when exposure
is conducted in the real situation), the time taken to travel to
the exposure situation, and low control. These limitations can
be partially overcome when in vivo exposure is conducted in
the clinician’s office; however, this option only allows ex-
posure to proximal cues (e.g., foods), not to contextual cues
(e.g., kitchen). As for imagery exposure, it resolves some of
drawbacks mentioned above, but, in turn, requires a signifi-
cant cognitive effort and causes considerable fatigue; these
drawbacks increase the risk that patients will use avoidance
strategies, as clinicians cannot fully control the scenario that
patients are imagining. VR technology, on the other hand,
allows us to develop virtual simulations of everyday life
scenarios, where exposure to food-related stimuli is con-
ducted in more controlled and ecological conditions. Com-
pared with in vivo exposure, VR provides a greater degree of
confidentiality and safety, allows the inclusion of both con-
textual and proximal cues, and prevents unforeseen events

during exposure; it also helps to adapt exposure to the needs
of each patient, thus reducing any resistance to treatment and
increasing motivation. Compared with imagery exposure,
VR stimulates several sensory modalities (e.g., auditory and
visual), facilitating the involvement of participants who have
trouble imagining scenes, and helps therapists identify the
stimuli causing a specific emotional response, as they know
what the patient is seeing at each particular moment.

VR-based cue exposure therapy29 (VR-CET) has been
reported to reduce food cravings and anxiety,30,31 as well as
eliminate episodes of binge eating31,32 after systematic ex-
posure to virtual food-related contexts and cues. There is also
evidence of the ability of food-related VR-based environ-
ments to elicit anxiety and craving responses similar to those
expected in real life in both healthy and clinical (i.e., patient
with BN and BED) groups.33–40

As previously described,32 a randomized controlled trial
was conducted to assess the efficacy of VR-CET as a second-
level treatment for BN and BED patients. The study showed
that both second-level treatments (VR-CBT vs. additional
cognitive behavior therapy [A-CBT]) improved all dimen-
sional measures of outcome (i.e., clinician-rated frequency of
episodes of binge eating and purging, self-reported tendency
to engage in episodes of uncontrollable overeating, drive for
thinness (DT), body dissatisfaction [BD], anxiety, and food
craving), but a better overall short-term outcome (i.e., at
post-treatment) was observed in the VR-CET group,32 with a
significantly higher reduction in number of binge and purge
episodes and self-reported tendency to engage in episodes of
overeating, food craving, and anxiety than the A-CBT
group. Furthermore, binge-purging abstinence rates were
also significantly higher in VR-CET.32 This study addressed
whether these positive outcomes were maintained in the long
term (i.e., at 6-month followup) in a subgroup of 58 patients
who participated in the original study.

Specifically, we aimed to assess whether outcomes at the
6-month followup of the two second-level treatments (VR-
CET vs. A-CBT) were maintained and to determine whether
binge/purge abstinence rates in the VR-CET group (who
received an intervention focused on the reduction of anxi-
ety and craving associated with food-related stimuli) were
lower than the binge/purge abstinence rates in the A-CBT
group.

Methods

Participants and procedure

In this study, we analyze and discuss the 6-month fol-
lowup outcomes of the abovementioned randomized, mul-
ticenter parallel-group study32 that was conducted at five
clinical sites in three European cities (Barcelona and Tarra-
gona, Spain, and Milan, Italy) between February 2015 and
March 2016. The study protocol was approved by the ethics
review board of each local institution (clinical site) and of the
University of Barcelona, and written informed consent was
obtained from all participants after the procedure was fully
explained. Details about the design of the study can be found
at clinicaltrials.gov (identifier: NCT02237300, https://
clinicaltrials.gov) and in a previous publication,32 where
results of both second-level treatments are summarized.

b T1Table 1 summarizes the main characteristics of the two
second-level treatments (A-CBT and VR-CET) and b T2Table 2
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includes details about VR system used to administrate the
VR-CET.

The initial sample consisted of 35 patients with BN and 29
with BED, who showed active episodes of binge eating
during the last 2 weeks of a structured program of CBT (first-
level treatment), and who agreed to participate in the study.
The presence of current comorbid severe mental disorders
(substance use disorders, bipolar disorder, and psychosis)
was considered an exclusion criterion, but not the use of
antidepressant medication.42–44 Participants were randomly
assigned to one of two second-level treatments (A-CBT or
VR-CET) using Biased Coin Randomization developed by
Efron,32 and were assessed in the prerandomization phase

(i.e., at the end of treatment with the structured CBT pro-
gram), at the end of the second-level treatments, and at a 6-
month followup session. All randomized participants
(N = 64) finished the second-level treatments and completed
the post-treatment assessment.32 However, only 58 patients
completed the 6-month followup assessment (9.4 percent
dropout rate). It was not possible to reestablish contact with
four participants and, among those who agreed to attend the
followup session, two did not attend the appointment and did
not wish to arrange another one. Thus, in the final sample,
there were 27 patients in the A-CBT group (15.6 percent
dropout rate) and 31 patients in the VR-CET group (3.1
percent dropout rate).

Table 1. Second-Level Treatments’ Main Characteristics

Second-level treatments

Cognitive behavioral treatment (A-CBT) Virtual reality-based cue exposure therapy (VR-CET)

Six twice-weekly individual 60-minute sessions held
over 3 weeks.

Sessions focused on reinforcing the strategies and
skills developed during the first-level CBT inter-
vention (e.g., psychoeducation; meal planning;
identifying and challenging overvalued cognitions
about food, eating, weight, and shape; identifying
cues for bulimic behaviors and use of strategies
such as stimulus control to manage cues; relapse
prevention) and assessing in greater depth aspects
of the disorder that remained problematic after
finishing the first-level intervention (e.g., body
image disturbance; food craving; and dysfunctional
cognitions), as suggested by Eldredge et al.11

Six twice-weekly individual 60-minute (maximum) sessions
held over 3 weeks.

Sessions focused on diminishing or extinguishing the
conditioned psychophysiological reactivity (i.e., anxiety
and craving) to food-related cues, which have been
associated with binge eating behavior.19–22

Based on the theoretical approaches of Jansen19 and
Martı́nez-Mallén et al.,22 participants were exposed to a
hierarchy of virtual reality scenarios simulating different
food-related situations where they were exposed to the
foods that they had previously rated as the ones that
produced the highest levels of craving from a list of
30 items.36,41

During exposure, the patient was able to handle the virtual
foods using the laptop’s mouse, but could not eat them
(exposure with response prevention).

Exposure to each hierarchy step ended when the partici-
pant’s anxiety40 level (assessed on a visual analog scale
from 0 to 100 displayed on the laptop’s monitor)
decreased by 40 percent in relation to the level registered
at the start of the exposure session or after 60 minutes
of exposure.

Note: A more detailed description of the VR-CET procedure has been previously published.31,32

A-CBT, additional cognitive behavioral therapy; CBT, cognitive behavioral therapy.

Table 2. Virtual Reality System’s Main Components

Hardware Software

5.6-in 3D laptop (i.e., three-dimensional view of the VR
scenarios) with polarized glasses.

Laptop’s mouse, to move around the virtual environment
and to interact with the food placed inside (i.e., the food
can be lifted, rotated, and zoomed, but not eaten).

Earphones, to isolate participants from the real world.

The software comprises a library with four contexts
(kitchen, dining room, bedroom, and bakery-café) and 30
foods (e.g., ice cream, pizza, cookies, and popcorn).

Before initiating CET, users are exposed to bidimensional
images of the 30 foods and the four contexts, and food
craving elicited per item is assessed using a visual
analogue scale (from 0 to 100).

Based on this information, the software creates an individ-
ualized exposure hierarchy with 3D interactive environ-
ments and foods ( b F1Figs. 1 and b F22).

Note: Given that previous research30 showed that prolonged exposure to food-related virtual environments decreased the craving initially
reported in a nonclinical sample both when using a head mounted display and when using a 3D laptop, the second option was chosen so as
to reduce the technological complexity and the risk of simulator sickness28 (i.e., nausea, disorientation, headache, sweating, dizziness,
general fatigue, eye strain, and blurred vision).

3D, three-dimensional; CET, cue exposure therapy.
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T3 c Table 3 contains descriptive data on these groups. There
were no significant differences between the groups in the
prerandomization phase in terms of gender (v2 = 0.037,
p = 0.781) or diagnosis (v2 = 0.318, p = 0.573). The A-CBT
group consisted of eight men (29.6 percent) and 19 women
(70.4 percent) and the VR-CET group consisted of 11 men
(35.5 percent) and 20 women (64.5 percent). As regard to
diagnosis, the A-CBT group included 16 patients with BN
(59.3 percent) and 11 patients with BED (40.7 percent), and
the VR-CET included 15 patients with BN (48.4 percent) and
16 patients with BED (51.6 percent). There were no signif-
icant differences found in the prerandomization phase in
terms of age, body mass index, duration of the ED, clinician-
rated frequency of episodes of binge eating and purging, self-
reported tendency to engage in episodes of uncontrollable
overeating (i.e., bulimia subscale on the EDI-3), self-
reported measures of attitudinal features of EDs (i.e., DT
and BD subscales on the EDI-3), anxiety, or food craving
( p > 0.05).

Measures

The ED Examination-Interview45 12.0D adapted to cover
the specified time frame, that is, past 2 weeks,12 was used to
assess the core behavioral features of BN and BED, specif-
ically the frequency of binge eating episodes and purging
(i.e., self-induced vomiting and laxative and diuretic use, in
the case of patients with BN). Attitudinal features of BN and
BED were assessed using the eight-item bulimia subscale
(B), the seven-item DT, and the 10-item BD scales of the ED
Inventory-346; all EDI-3 scales (a’s q 0.87) are rated on a
five point scale (ranging from 0 to 4). Finally, the State-Trait
Anxiety Inventory47 (STAI)47 and the Food Craving Ques-
tionnaire48 Trait (FCQ-T) and State (FCQ-S) were also in-
cluded to assess specific variables targeted by VR-CET.30

The STAI consists of two 20-item scales (rated on a four-
point scale from 1 to 4) for measuring the level of anxiety as
a state (STAI-S; i.e., at the time of evaluation) and trait
(STAI-T) (a’s q 0.89). The FCQ-S (consisting of 15 items
rated on a five-point scale, ranging from 1 to 5) and the FCQ-
T (consisting of 39 items rated on a six-point scale, ranging
from 1 to 6) were designed to assess state (i.e., at the time of
evaluation) and trait food craving (a’s q 0.92).

Statistical analyses

Mixed between-within subject analyses of variance were
used to compare the outcomes of both second-level treat-
ments over time, with the treatment group (VR-CET vs.
A-CBT) being the between-subject factor and the time
(prerandomization/pretest, end-of treatment/post-test, and 6-
month followup) being the within-subject factor. Frequency
of binge eating and purge episodes (rated by the clinicians),
self-reported tendency to engage in episodes of uncontrol-
lable overeating (assessed using the EDI-3 bulimia scale),
and attitudinal ED features (assessed using the EDI-3 DT and
BD scales) were the outcomes included in the analyses. In
those analyses in which the sphericity assumption was vio-
lated (Mauchly’s test p < 0.05), degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity
(e). Although the analyses in this study were consistent with
those carried out in our earlier research,31 the interpretation
of results is focused on effect sizes and confidence intervals
(CIs) around these effects. Since the traditional null hy-
pothesis significance testing shows important limitations, the
use of effect sizes and CIs has previously been proposed as
a more accurate interpretation approach.49–51 Accordingly,
Cohen’s d was used to assess the effect of pairwise com-
parisons found when combining the outcomes of both A-
CBT and VR-CET interventions across the three assessment
sessions (pretreatment, post-treatment, and 6-month fol-
lowup). Interpretation of effect sizes was based on Cohen52

for Cohen’s d, considering values <0.20 as an indicator of
nonexistence of effect, values between 0.21 and 0.49 as an
indicator of a small effect, values between 0.50 and 0.70 as
an indicator of moderate effect, and values equal to or >0.80
as an indicator of large effects; and on eta squared (g2)
values, considering 0.01 a small effect size, 0.06 a moderate
effect size, and 0.14 a large effect size. Finally, v2 tests were
conducted to compare abstinence from the pathological be-
havior (i.e., no episodes of binge eating and purging) at the
end of the second-level treatment and at 6-month followup in
both groups. Given that, by definition, BED patients do not

FIG. 1. Picture of the virtual bedroom.

FIG. 2. Picture of the virtual bakery-café.
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engage in purging behaviors,44 all the analyses conducted
with this variable only included BN patients. Analyses were
conducted using SPSS Statistics for Windows version 23.

Results

Patients in both second-level treatment groups (A-CBT
and VR-CET) showed a significant reduction in symptom-
atology post-treatment that was maintained at 6-month
followup. However, overall improvement was greater in the
VR-CET group than in the A-CBT group. This was particu-
larly evident in the rates of abstinence from binging and
purging. At the 6-month followup, the percentage of binge
abstinence increased (from 53 percent at the post-treatment)32

to 70 percent in the VR-CET group (22 of the 31 patients),
while in the A-CBT group, it was maintained (25.9 percent, 7
of the 27 patients) (v2 = 11.711, p = 0.001). Among BN pa-
tients, the percentage of participants who achieved abstinence
from purging episodes at followup was also higher in the VR-
CET group (11 of the 15 patients, 73.3 percent) than in the A-
CBT group (5 of the 16 patients, 31.3 percent) (v2 = 5.490,
p = 0.019). Consistent with these results, the VR-CET group
showed a lower self-reported tendency to engage in episodes
of uncontrollable overeating (assessed using the bulimia scale
of the EDI-3) than the A-CBT group at the end of the second-
level treatment and, again, at the 6-month followup, even
when no differences were found among groups pretreatment.
Most importantly, differences between the A-CBT and VR-
CET groups post-treatment and at followup showed very large
effect sizes for binge episodes (d = 1.381 and d = 1.078, re-
spectively), purge episodes (d = 1.051 and d = 0.840, respec-
tively), and the bulimia scale of the EDI-3 (d = 1.888 and
d = 1.426, respectively), as shown inT5 c Table 5AU6 c .

T4 c Table 4 summarizes the results of mixed between-within
subject analyses of variance. The effect of time (pretreat-
ment, post-treatment, and 6-month followup) was large for

all measured variables (g2 ranging from 0.291 to 0.619),
meaning that all patients showed a significant reduction in
behavioral (binge and purge episodes) and attitudinal (DT,
bulimia, and BD assessed using the EDI-3) features of ED, as
well as food craving and anxiety, across assessment sessions.
On the other hand, the interaction between time and group
showed moderate to very large effects only on frequency of

Table 3. Outcome Measures in A-CBT and VR-CET Groups at Pretest, Post-Test and Six-Month Followup

Pretest measures Post-test measures 6-Month followup

A-CBT VR-CET A-CBT VR-CET A-CBT VR-CET
n = 27 n = 31 n = 27 n = 31 n = 27 n = 31

Age 34.37 (9.55) 34.64 (10.16) — — — —
BMI 28.69 (7.15) 27.27 (4.88) — — 27.97 (6.21)d 26.36 (4.66)
ED duration 13.23 (11.73)c 12.39 (8.60) — — — —
Bingesa 12.85 (6.99) 11.13 (6.36) 6.33 (5.80) 0.77 (1.02) 6.33 (6.30) 1.19 (2.83)
Purgesb 11.69 (7.45) 10.33 (7.76) 5.06 (6.03) 0.47 (0.83) 6.31 (7.06) 1.53 (3.70)
EDI-DT 17.92 (7.32) 17.61 (7.43) 13.55 (7.28) 14.87 (5.98) 11.81 (6.61) 11.29 (6.26)
EDI_B 20.63 (6.93) 20.06 (7.53) 17.92 (6.79) 6.42 (5.47) 14.81 (7.94) 4.90 (5.97)
EDI-BD 25.59 (9.56) 24.48 (8.28) 20.00 (9.53) 19.52 (5.95) 18.37 (9.00) 16.81 (8.47)
FCQ-T 151.27 (32.70) 149.35 (3.28) 138.67 (35.92) 84.19 (47.83) 123.41 (35.05) 76.90 (46.38)
FCQ-S 41.96 (14.44) 43.19 (15.16) 36.37 (14.88) 23.45 (10.84) 36.78 (15.77) 23.32 (11.01)
STAI-T 38.96 (10.18) 37.38 (13.01) 35.30 (9.51) 26.64 (8.98) 31.48 (8.89) 24.10 (10.80)
STAI-S 33.63 (12.95) 33.13 (18.11) 30.74 (11.50) 21.10 (8.30) 25.81 (10.92) 19.81 (9.54)

Note: Only participants who completed the assessment at followup are included.
aNumber of binge episodes during the last 2 weeks
bNumber of purge episodes during the last 2 weeks (only BN patients, n = 16 in A-CBT group and n = 15 in VR-CET group).
cn = 26.
dn = 24.
ED duration, eating disorder duration in years; BMI, body mass index; EDI, eating disorders inventory; DT, drive for thinness;

B, bulimia; BD, body dissatisfaction; BN, bulimia nervosa; STAI, State-Trait Anxiety Inventory; FCQ, Food craving questionnaire; T, trait;
S, state.

Table 4. Mixed Between-Within Subject Analyses

of Variance Comparing Treatment Groups

on Behavioral (Number of Binge Eating

and Purge Episodes) and Attitudinal Eating

Disorder Features (Bulimia, Drive for Thinness,

and Body Dissatisfaction), and Cue Exposure-

Related Variables (Food Craving and Anxiety)

at Pretreatment, at Post-Treatment,

and at Six-Month Followup

Time (pretest–post-
test-followup) Time · group

F(2, 55) p g2 F(2, 55) p g2

Bingesa 90.931 <0.001 0.619 4.348 0.023 0.072
Purgesb 38.856 <0.001 0.573 1.809 0.183 0.059
EDI-DT 49.862 <0.001 0.471 1.299 0.274 0.023
EDI-B 62.532 <0.001 0.528 17.988 <0.001 0.243
EDI-BD 41.462 <0.001 0.425 0.208 0.786 0.004
FCQ-T 74.913 <0.001 0.572 21.665 <0.001 0.279
FCQ-S 42.991 <0.001 0.434 14.091 <0.001 0.201
STAI-T 41.634 <0.001 0.426 5.232 0.013 0.085
STAI-S 22.957 <0.001 0.291 4.121 0.032 0.069

Note: Only participants who completed the assessment at
followup are included.

aNumber of binge episodes during the last 2 weeks.
bNumber of purge episodes during the last 2 weeks (only BN

patients, n = 16 in A-CBT group and n = 15 in VR-CET-group; df = 29).
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binge and purge episodes, bulimia scale of the EDI-3, trait/
state food craving, and trait/state anxiety reported by par-
ticipants. On the whole, the reduction of scores in these
variables was significantly higher in the VR-CET group than
in the A-CBT group at post-treatment, despite the fact that no
difference between groups had been found at pretreatment.
These improvements were maintained at 6-month followup
without great changes in either group. Table 5 provides more
detailed information about the differences in outcomes over
time and between treatment groups. As mentioned above, all
participants showed a significant reduction in symptom se-
verity (based on self-reported frequency of binge and purge
episodes and questionnaires) post-treatment. However, effect
sizes in the A-CBT group ranged from small to moderate,
while effect sizes in the VR-CET group ranged from mod-
erate to very large (with one exception: Cohen’s d for EDI-
DT was 0.290, a small effect). When comparing measures
pretreatment and at 6-month followup, the effect sizes in the
VR-CET group were even larger, ranging from 0.648
(moderate effect) to 1.578 (very large effect). Nevertheless,
comparisons between the outcome post-treatment and at 6-
month followup showed nonsignificant small or very small
size effects in both the A-CBT and VR-CET groups, pro-
viding support for the continued maintenance of improve-
ments achieved post-treatment after 6 months.

Finally, between-group comparisons (Table 5) revealed
that the frequency of binge and purge episodes (d = 1.078,
and d = 0.840, respectively), self-reported tendency to en-
gage in overeating episodes (assessed with the bulimia scale
of the EDI-3; d = 1.426), food craving (assessed as a trait and
as a state; d = 1.120, and d = 1.002, respectively), and anxiety
(assessed as a trait and as a state; d = 0.741, and d = 0.589,
respectively) at 6-month followup were significantly lower
in patients in the VR-CET group than in patients of the A-
CBT group, as also found post-treatment, with most of the
effect sizes of these differences being large or very large.

Discussion

Followup data collected in this study showed that outcomes
after two second-level treatments (A-CBT or VR-CET) ap-
plied to patients with BN and BED resistant to standard
treatment (i.e., structured CBT intervention) were maintained
for at least 6 months. Most importantly, abstinence from binge
episodes increased to 70 percent in the VR-CET group. Re-
covery rates (understood as the elimination of binge behavior)
used to be low (from 11 percent to 26 percent) in treatment-
resistant patients with BN and BED.53 Previous research
found that the addition of CET sessions, as a second-level
treatment, to a CBT-based intervention produced a binging
abstinence rate (assessed for the last year) of 54 percent at 5-
year followup.17 So, rates around 20 percent in the A-CBT
group and around 50 percent in the VR-CET group would be
expected. Results obtained at the end of second-level treat-
ment32 were consistent with the abovementioned data (53
percent in the VR-CET group and 25 percent in the A-CBT
group). However, the fact that the percentage abstinence from
binging increased even more during followup in the VR-CET
group provides support for those models that associate food
craving and anxiety with binge behavior, and that predict that
lower levels of food craving and food-related anxiety reduce
the risk of binge behavior.19,22
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VR-CET is focused on reducing craving and anxiety re-
sponses in patients when they are exposed to food-related
cues (e.g., pizza) and contexts (e.g., bakery), with the aim of
reducing the risk of engaging in binge behaviors (and, con-
sequently, the risk of purging). Consistent with this objec-
tive, self-reported food craving (assessed using the FCQ-T/S)
and anxiety (assessed using the STAI-T/S) in this group
were greatly reduced post-treatment and at the 6-month
followup, compared with pretreatment scores (with very
large effects for FCQ scores and moderate-to-large effects
for STAI). Furthermore, both post-treatment and at 6-month
followup, levels of food craving and anxiety reported by
the A-CBT group were much higher than in the VR-CET
group (with very large effects for FCQ scores and moderate-
to-large effects for STAI). Differences in food craving
and anxiety may explain the superiority of VR-CET in the
maintenance and even improvement of binge episode absti-
nence rates at followup. Coherent with abstinence from
binging, the rate of abstinence for purge episodes in BN
patients was higher in the VR-CET group (73.3 percent vs.
31.5 percent). As purge episodes are aimed at counteracting
the caloric intake and weight gain from binge eating,54,55 a
reduction in binge episodes would be expected to lead to a
reduction in purge episodes.

As previously reported,32 all patients in both second-level
treatments showed a significant reduction in self-reported
tendency to engage in uncontrollable overeating episodes,
DT, and BD (assessed using the B, DT. and BD scales of
EDI-3) post-treatment. However, scores on the DT and BD
scales still fitted the clinical range (EDI-DT scores between 9
and 22 and EDI-BD scores between 13 and 28, according to
Elosua et al.56) in both groups. Thus, we hypothesized that
normalization of eating patterns may improve attitudinal
features of EDs, such as DT and BD, in the long term.57–60

The 6-month followup data did not support this statement.
Even though DT and BD scores were lower at the 6-month
followup than post-treatment, the effects of the differences
were small and scores remained in the clinical range (al-
though near the lower end of the range). On the other hand,
the bulimia scale scores in VR-CET patients were almost in
the range of nonclinical significance (p4, according to
Elosua et al.56) at the 6-month followup, whereas the scores
of participants in the A-CBT group still fell within the
clinical range. The EDI-3 bulimia scale assesses the ten-
dency to engage in episodes of uncontrollable overeating. As
mentioned above, the main objective of VR-CET is to reduce
cue-elicited food craving and anxiety responses to prevent
binge behavior, so our results were consistent with the effi-
cacy of intervention.

The limitations of the randomized controlled trial were
summarized in a previous publication,32 the most relevant
being the following: the lack of supervision of the structured
CBT first-level intervention at the different participating
sites and not having controlled for a possible placebo effect
from switching treatment in the VR-CET group. Further-
more, while VR-CET focused on CET, the A-CBT did not
include this component. Consequently, an in vivo and/or
photograph-based CET condition should be added in future
research to assess the benefits of VR over other exposure
methods. Despite these drawbacks, our followup data pro-
vide added support to the use of VR-CET as an effective
second-level intervention for BN and BED treatment-

resistant patients, as previously suggested.18,22,24 Patients in
the VR-CET group not only showed a huge improvement
after only six VR-CET sessions but also the outcome was
maintained and even improved at followup. Although
treatment-resistant patients assigned to A-CBT also
benefitted from additional CBT sessions,11 the results of this
study show that the use of VR for targeting specific features
associated with poor response,13,42,43,61 such as urge to binge
in response to a cue26 and anxiety experienced simulta-
neously in the presence of binge-related cues,22,24,26,30,31 is a
better strategy for treating resistant BN and BED patients.62

Consequently, future research should focus on the underly-
ing conceptual model and mechanisms of action of VR-
CET29,61,62 to strengthen its rationale and optimize its
clinical application.
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