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Abstract Resumen
The management of  “treatment-resistant” alcohol use disorder (AUD) often 
presents significant challenges. Virtual reality (VR) applications, specifically 
VR cue exposure therapy (VR-CET), offer a potentially complementary 
approach to the standard treatment (TAU). This randomized clinical 
trial (RCT) aimed to assess VR-CET’s effectiveness when added to 
TAU, compared to TAU alone, in reducing alcohol craving and anxiety 
among individuals with treatment-resistant AUD. The study also sought 
to determine anxiety and craving levels during VR-CET sessions and to 
explore long-term effects.
Eighty-five AUD patients from the Clinic Hospital of  Barcelona 
participated. They were randomly assigned to either an experimental group 
(EG), receiving VR-CET plus TAU, or a control group (CG), receiving TAU 
alone. The EG completed six VR-CET sessions alongside TAU, while the 
CG continued with only TAU. Alcohol craving and anxiety were assessed 
before and after treatment for both groups, and during VR-CET sessions for 
the EG. Relapses were monitored at 3-, 6-, and 12-months post-treatment.
Results indicated no significant main effects of  “type of  treatment” (EG 
vs. CG) on craving or anxiety. However, a significant “time” factor was 
observed, showing reductions in craving and anxiety from pre-test to 
post-test, regardless of  the treatment type. Within VR-CET sessions, EG 
participants reported minimal anxiety and craving by the end of  the therapy. 
Importantly, no statistically significant differences in relapse rates were 
found between the EG and CG at any follow-up period (3, 6, 12 months). 
The clinical implications of  the study, limitations, and research directions 
are further discussed.  
Keywords: alcohol use disorder, alcohol craving, anxiety, virtual reality, cue-
exposure therapy, clinical trial

El manejo del trastorno por consumo de alcohol (TCA) resistente al 
tratamiento presenta desafíos. La terapia de exposición a señales con 
realidad virtual (TES-RV) es un enfoque complementario al tratamiento 
estándar (TE). Este ensayo clínico aleatorizado (ECA) evaluó la eficacia de 
TES-RV con TE, comparado con TE solo, para reducir craving y ansiedad 
por el alcohol en pacientes con TCA resistente. También buscó determinar 
niveles de craving y ansiedad durante las sesiones de TES-RV y explorar 
efectos a largo plazo en la abstinencia. Participaron 85 pacientes con TCA 
del Hospital Clínic de Barcelona. Fueron asignados aleatoriamente a un 
grupo experimental (GE), con TES-RV más TE, o a un grupo control (GC), 
solo con TE. El GE completó seis sesiones de TES-RV junto con TE; el 
GC continuó solo con TE. Se evaluaron craving y ansiedad por el alcohol 
antes y después del tratamiento en ambos grupos, y durante las sesiones 
de TES-RV en el GE. Las recaídas se monitorizaron a los 3, 6 y 12 meses 
post-tratamiento. Los resultados no mostraron efectos significativos del 
tipo de tratamiento (GE vs. GC) sobre craving ni ansiedad. No obstante, 
un factor temporal significativo indicó reducciones en craving y ansiedad 
del pretest al postest, independientemente del tratamiento. Durante las 
sesiones de TES-RV, los participantes del GE reportaron niveles mínimos de 
craving y ansiedad al finalizar. No se hallaron diferencias estadísticamente 
significativas en las tasas de recaída entre el GE y el GC en ningún 
seguimiento. El estudio discute implicaciones clínicas, limitaciones y futuras 
líneas de investigación.
Palabras clave: trastorno por consumo de alcohol, deseo por alcohol, 
ansiedad, realidad virtual, terapia de exposición a señales, ensayo clínico
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ALCO-VR Project: A randomized clinical trial evaluating virtual reality cue-exposure
Therapy for Treatment-Resistant Alcohol Use Disorder patients

C urrent research indicates that alcohol use di-
sorder (AUD) is a result of  a continuous pa-
ttern of  alcohol misuse (Kranzler & Soyka, 
2018; Kuntsche et al., 2017; Morean et al., 

2018; Witkiewitz et al., 2017). In addition to the personal 
circumstances of  the individual, several underlying mecha-
nisms facilitate the maintenance of  AUD such as the in-
terplay between affective mechanisms [e.g., stress and anxiety] 
(Anker et al., 2018; McCaul et al., 2017) and alcohol craving, 
described as an intense urge to drink alcohol (Bernard et 
al., 2021; Drummond, 2001; Manchery et al., 2017). 

	 The AUD treatment in public health care settings, 
known in the literature as treatment as usual (TAU), consists 
of  pharmacological and psychosocial interventions (Mann 
& Hermann, 2010). Pharmacological interventions include 
medication such as disulfiram, naltrexone, or acamprosate 
among others (Kranzler & Soyka, 2018). Psychosocial 
treatment approaches reflect interventions that address the 
psychological and social elements that contribute to mental 
health disorders. Such interventions may include individual 
therapy and support groups. The psychotherapeutic 
approach is based on the principles of  cognitive-behavioral 
therapy (CBT) and other interventions related to behavior 
change such as motivational interviewing (Witkiewitz et al., 
2019).  However, long-term effect of  both pharmacological 
and psychosocial interventions for AUD is modest. While 
some studies have shown that TAU can be effective (Naqvi 
& Morgenstern, 2015), others have found that few patients 
complete treatment successfully (Patterson Silver Wolf  et 
al., 2021; Patterson Silver Wolf  et al., 2019). In this sense, 
approximately 40% of  individuals experience relapse 
during/after treatment (Andersson et al., 2019). Patients 
with AUD who experience relapse are often given the same 
treatment options as before, which leads to a revolving door 
of  treatment (Naqvi & Morgenstern, 2015; Patterson Silver 
Wolf  et al., 2021). Treatment-resistant AUD is a chronic 
condition characterized by a return to drinking patterns 
after treatment completion and/or difficulty to complete 
treatment (Patterson Silver Wolf  et al., 2022). Considering 
the ongoing concern regarding recovery management, 
new treatment options are the focus of  the latest research 
in AUD.

Virtual reality (VR) technology is increasingly being used 
to improve the treatment of  different disorders, including 
addictions. In AUD, it has been used primarily as a method 
of  conducting cue-exposure therapy (CET), which involves 
repeated and prolonged (in vivo, imagining or multimedia) 
exposure to alcohol beverages by presenting alcohol-related 
cues with the aim to prevent drinking-related behaviors 
(Ferrer-García et al., 2017). Nonetheless, the effectiveness 
of  CET in addressing AUD remains a topic of  contention, 
as evidenced by studies such as Byrne et al. (2019) and 
Mellentin et al. (2017). In this context, a recent meta-
analysis revealed that CET has a small to moderate impact 

on factors such as daily alcohol consumption, total days 
of  drinking, and AUD relapse. However, it is important to 
note that the quality of  evidence supporting these findings 
is rated as low, as indicated by Kiyak et al. (2023). The VR-
based therapeutic approach leverages the fundamental 
mechanism of  CET, which is systematic desensitization, as 
outlined by Conklin and Tiffany (2002). Its objective is to 
systematically and gradually expose individuals to decrease 
their psychophysiological responses to cues related to 
alcohol (Mellentin et al., 2016). 

VR poses several advantages such as digital simulations 
of  real-life situations: VR adds effectiveness to CET 
because technology enables induction of  greater subjective 
and physiological reactivity (e.g. craving). The user is 
immersed within the VR-environment, therefore feeling 
“present” while staying in a safe, secure, yet more flexible 
approach than those from in vivo contexts. VR also allows 
a greater control of  the input variables, thus providing a 
more ecological approach that eases the generalization 
of  treatment effects to real-world and daily life situations 
(Ghiţă & Gutiérrez-Maldonado, 2018; Hone-Blanchet et 
al., 2014; Parsons, 2015; Segawa et al., 2020; Simon et al., 
2020). This is translated into a recent study indicating that 
VR-based interventions are effective in preventing smoking 
relapses (Malbos et al., 2023). Consequently, the combined 
approach of  VR and CET has emerged as VR-CET.

Previous systematic reviews endorse and support the 
application of  VR in alcohol misuse, for both CET and 
other purposes (i.e., examining relationships between 
alcohol and neurological activity, or training for healthcare 
professionals), but the relevance of  findings is limited 
and frequently based on methodological flaws, facts that 
highlight the importance of  further empirical research (Durl 
et al., 2017; Ghiţă & Gutiérrez-Maldonado, 2018; Trahan 
et al., 2019). Finally, although VR has shown promising 
short-term results, further longitudinal research is needed 
to evaluate the effects of  CET using VR in patients with 
AUD (Durl et al., 2017).

The present study is part of  a comprehensive project that 
investigates the use of  VR for the treatment of  AUD. The 
software employed in this study, referred to as “ALCO-VR”, 
was developed based on the findings of  earlier research 
within the project. The initial study in the project aimed 
to identify alcohol-related cues and contexts that trigger 
cravings, with the goal of  creating virtual environments with 
clinical relevance (Ghiţă et al., 2019a). The study’s results 
highlighted that the most frequent alcohol-related contexts 
included bars, restaurants, pubs, and home environments. 
Patients self-reported a wide range of  alcoholic beverages, 
leading to the development of  a library featuring 22 
different alcoholic drinks within the VR platform. The 
second study in the project emphasized the development 
and validation of  the “ALCO-VR” platform (Ghiţă et al., 
2019b). Data from this study revealed that VR environments 
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related to alcohol induced greater anxiety and alcohol 
craving responses among patients with AUD compared to 
a control group consisting of  social drinkers. These studies 
determined that TAU + VR-CET outweighed TAU alone, 
and they highlighted a bidirectional relationship between 
AUD severity, perceived realism of  virtual environments 
and beverages, and alcohol craving.

The main objectives of  the current study were: 1) To 
evaluate the efficacy of  VR-CET + TAU (experimental 
group -EG-) in comparison to TAU alone (control group 
-CG), in reducing levels of  alcohol craving and anxiety 
after treatment in individuals diagnosed with AUD who 
were considered resistant to treatment; 2) To analyze 
momentary levels of  alcohol craving and anxiety during 
VR-CET (intra-session assessment) in the EG; 3) To 
explore long-term effects of  VR-CET versus TAU at 
follow-up timepoints (3, 6, and 12 months) after treatment 
completion, in reducing the percentage of  relapses.

To address these objectives, the following hypotheses 
were formulated: 1) The EG will report a greater reduction 
in anxiety and alcohol craving compared to the CG after 
treatment; 2) The EG will report a gradual reduction in 
momentary levels of  alcohol craving and anxiety during 
the VR-CET sessions; 3) EG will report a lower percentage 
of  relapses compared to CG at follow-up timepoints (3, 6, 
and 12 months) after the treatments.

Methods
Study design 
A single center, two-arm, single-blind RCT was conducted 
with the aim of  determining the efficacy of  VR-CET + 
TAU compared to TAU only for the treatment of  AUD. 
Consecutive sampling was employed as the recruitment 
method for selecting participants in this study. The study was 
performed in accordance with the Declaration of  Helsinki 
(World Medical Association, 2001). Ethical approval was 
obtained from the Ethics Committees of  both the University 
of  Barcelona and Hospital Clinic of  Barcelona, Spain [ethical 
code number: 0377 (HCB/2017/0377); approval date: 
09/2017]. The study protocol identifier on ClinicalTrials.
gov is NCT04858061. Deviations with respect to the initial 
intended research plan were stated, since the follow-up 
finally consisted solely in requesting the subject on his/her 
maintenance of  abstinence at three different timepoints (3, 
6 and 12 months), but no self-report evaluations on alcohol 
craving and anxiety were collected. Follow-up was hindered 
by the low adherence obtained across subjects, alongside the 
outbreak of  the Covid-19 pandemics, a fact that induced and 
led to the development of  the follow-up sessions by telephone.

Participants 
Considering an effect size of  0.5, alpha set at 0.05, and 
0.80 statistical power (Faul et al., 2007), the sample size 
required was N = 84. The predetermined effect size (ES), as 
assessed by Cohen’s d, was set at 0.5. This implies that the 
difference between the means of  the groups is equal to half  
the standard deviation of  the groups. The choice of  a pre-
established effect size of  0.5 was informed by the typical 
effect sizes observed in meta-analyses within the field of  
psychology, which tend to hover around d = 0.50 (Bakker 
et al., 2012; Sullivan & Feinn, 2012). Power size calculation 
was run with G*Power version 3.1.9.7 (Faul et al., 2007). 
The recruitment process was extended to reach a total of  
100 participants, due to the relatively high dropout rates 
typically encountered in these studies.

A total of  100 participants were initially assessed for 
eligibility from the outpatient clinic of  the Addictive 
Behaviors Unit of  the Hospital Clinic of  Barcelona. The 
study’s inclusion criteria encompassed adults aged 18 
and older diagnosed with AUD as per DSM-5 guidelines 
(American Psychiatric Association, 2013), who had 
experienced at least one relapse episode within the first 
six months following a prior hospital treatment and had 
refrained from alcohol consumption for at least three 
days preceding the initial session. Exclusion criteria 
included severe cognitive impairment that could impede 
study completion, use of  anti-craving medication (e.g., 
naltrexone), severe psychopathological conditions (e.g., 
major depression, psychosis), epilepsy, pregnancy, or severe 
visual impairments. Occasional substance use, such as 
tobacco or cannabis, was permitted. Fifteen participants 
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did not meet the eligibility criteria and, consequently, 
were not included in the study. The specific reasons for 
exclusion were that they declined to participate in the 
study (13 participants) and had severe visual impairments 
(2 participants). The remaining participants (N = 85, Mage 
= 52, SD = 9.2), underwent randomization and were, 
subsequently, randomly allocated to one of  the two groups: 
EG (N = 37) and CG (N = 48). Among these, 18 participants 
completed the EG treatment, while 33 participants 
completed the CG treatment (Figure 1).

Simple randomization was employed, where each 
participant was assigned to a treatment group with a 
known (typically equal) probability, without consideration 
of  the treatment assigned to other participants in the study. 
This allocation was determined through a coin toss (Kang 
et al., 2008; Suresh, 2011).

Measures and materials 
Alcohol Use Disorder Identification Test (AUDIT) 
(Contel et al., 1999) was used to determine problematic 
drinking-behavior patterns. AUDIT consists of  10 items 
scoring from 0-to-4. The final score ranges from 0 to 40 
points. A final score equal to or higher than 8 points is the 

cut-off score to indicate hazardous drinking and warrants 
further assessment for possible AUD. In our study, AUDIT 
was also used as a severity indicator of  AUD, as seen in 
previous research (Donovan et al., 2006). The psychometric 
properties of  this instrument have been widely validated 
(Babor et al., 2001).

Multidimensional Alcohol Craving Scale 
(MACS) (Guardia-Serecigni et al., 2004) was used to 
detect the intensity of  alcohol craving in the past week. 
MACS consists of  12 Likert-based items with possible 
scores in a 1-to-5 range (“strongly disagree to strongly 
agree”). Its outcome categories are non-existent (score 
12-19), mild (13-22), moderate (23-40), or intense (>40) 
craving. An example of  an item is “The urge to drink has 
been very intense”.  This scale has demonstrated a strong 
internal consistency with α = 0.94 (Guardia-Serecigni et 
al., 2004) and a good sensitivity to detect changes in alcohol 
consumption (Guardia-Serecigni et al., 2006). The internal 
consistency of  the instrument was calculated in our study, 
displaying Cronbach’s alpha values of  0.869 for the 12-
item tool.

Figure 1 
Flowchart of the RCT

First assessment

Assessed for ALCO-VR eligibility (N= 100)

Excluded (N = 15)

- Declined to participate in the study (n
= 13).

- Severe visual impairments (n = 2).

VR-CET + TAU (N = 37) TAU only (N = 48)

Allocation

Randomized (N = 85)

¨ Six VR-CET sessions + TAU 

¨ Completed allocated intervention (n= 18)

¨TAU

¨ Completed allocated intervention (n= 33)

Intervention

Final assessment (N = 51)
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Multidimensional Alcohol Craving Scale – 
Virtual Reality (MACS-VR) was an ad-hoc modified 
version of  the original MACS (with the same items and 
outcomes) to assess alcohol craving immediately after VR 
exposure. The items, the scoring part, and interpretation 
were the same as in the original MACS. The only 
modification we made concerned the instructions of  the 
questionnaire. Instead of  determining alcohol craving in 
the last week as depicted in the instructions of  MACS, the 
aim of  MACS-VR was to report alcohol craving immediately 
after exposure to the VR environments. The internal consistency 
of  the MACS-VR was assessed in the current study, with 
Cronbach’s alpha values of  0.920 for the aforementioned 
instrument.

State-Trait Anxiety Inventory (STAI) (Spielberger 
et al., 1982)cross-cultural research. The State-Trait Anxiety 
Inventory (Spielberger, et al., 1970 is a self-reported scale 
with two-subscales (state-anxiety  and trait-anxiety) of  20 
items each, and scores for each item range from 0 to 3.The 
psychometric properties have been extensively analyzed in 
relation to internal consistency, test-retest reliability and 
obtaining consistent evidence of  validity (Bados et al., 
2010; Guillén-Riquelme & Buela-Casal, 2011; Mystakidou 
et al., 2009).

Ad-hoc assessment item of  alcohol consumption 
was created to explore alcohol use (relapse) at 3-, 6-, and 
12-month follow-ups. The dichotomous item “Have you 
consumed any alcohol since….?” had two possible answers (yes/
no). 

Visual Analog Scales (VAS) for craving (VAS-C) and 
anxiety (VAS-A) were used to measure momentary levels 
of  alcohol craving and anxiety during VR exposure, with 
scores ranging from 0 to 100. An example of  the VAS-C 
was “On a scale from 0 to 100, please rate your momentary 
level of  alcohol craving”. A similar item was used to 
measure anxiety on VAS-A: “On a scale from 0 to 100, 
please rate your momentary level of  anxiety”.

Procedure
Patients were recruited during their participation in TAU 
at the Addictive Behaviors Unit of  the Clinic Hospital 
of  Barcelona (Barcelona, Spain). Written informed 
consent was obtained before their inclusion in the study. 
Subsequently, participants were randomly allocated to 
either the EG, receiving TAU and VR-CET, or the CG, 
which received only TAU (see Figure 2).

The ALCO-VR software is named after the project 
itself. Its development (Ghiţă et al., 2019a), clinical 
implications (Ghiţă et al., 2019b), and clinical applications 
(Hernández-Serrano et al., 2020; Hernández-Serrano et 
al., 2021) have been detailed in other publications. The 
VR equipment included an Oculus Rift S head-mounted 
display (HMD), sensors, touch controllers, and a computer 
compatible with VR technology. The ALCO-VR software 
encompassed two components: assessment and therapy. 
Regarding the assessment, all participants underwent 

Figure 2 
Assessment procedure in the ALCO-VR study

*Note. The initial and final assessment sessions were the same for both groups, however the intra-VR session assessment was conducted only in the EG. 
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two assessment sessions (prior to and following TAU 
+ VR-CET or TAU protocols). The initial assessment 
session (pre-treatment) involved a clinical interview, which 
gathered sociodemographic data, including the patient’s 
AUD history, use of  substances other than alcohol, dual 
diagnosis, and abstinence status. It also included two 
assessment methods: 1) assessment via the ALCO-VR 
software (utilizing VAS-C and VAS-A); 2) assessment using 
paper-and-pencil instruments (comprising AUDIT, STAI-
State, STAI-Trait, MACS, MACS-VR, and evaluations 
of  perceived realism during VR assessment). The VR 
assessment with ALCO-VR software involved establishing 
a hierarchy of  exposure, progressing from the lowest-rated 
environment with the lowest-rated alcoholic drink to the 
highest-rated environment and the highest-rated alcoholic 
drink in terms of  alcohol craving. Prior to the VR alcohol-
related experience, the software introduced a neutral 
environment, consisting of  a white room with a glass of  
water, designed to familiarize users with VR technology. 
The system enabled users to select their preferred alcoholic 
beverages and create a hierarchy based on their self-ratings 
of  alcoholic drinks and environments. Subsequently, 
participants were exposed to each of  their top five favorite 
drinks for 20 seconds in each of  the four VR environments 
(bar, pub, restaurant, and at-home settings). The paper-

and-pencil questionnaire assessment included STAI-State 
and MACS, administered prior to the VR assessment, while 
STAI-Trait, MACS-VR and perceived levels of  realism 
were completed immediately after the VR assessment. 
However, AUDIT was only conducted before the VR 
assessment. A final assessment session (post-intervention) 
occurred 3-4 weeks later, employing the same instruments, 
excluding the clinical interview, AUDIT, and perceived 
levels of  realism.

Regarding therapy, only the EG received six VR-CET 
booster sessions employing the ALCO-VR software, in 
addition to TAU. These booster sessions solely involved 
cue-exposure. During the sessions, patients interacted with 
the VR environment by handling alcoholic beverages and 
inspecting them from all angles without attempting to drink. 
VR-CET sessions comprised exposure to the most preferred 
alcoholic drinks within the four VR environments (pub, bar, 
at-home, and restaurant), conducted twice a week for three 
weeks (see Figure 3). The VR-CET approach involved 
gradual exposure from the lowest-rated to the highest-rated 
alcoholic drinks and VR environments in terms of  alcohol 
craving. The ALCO-VR software encouraged participants 
to progress to the “next level” only if  they scored 40% less 
anxiety and craving, three times in a row, than their initial 
ratings. Depending on the self-ratings of  alcohol craving 

Figure 3 
Images of the four alcohol-related VR environments (restaurant, at-home, pub, and bar)
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and anxiety, the patient was either exposed again to the 
same alcohol drink and environment or allowed to move 
to the “next level”. “Next level” implied the exposure to 
a new alcohol drink from the five initially chosen ones. A 
similar procedure was implemented in all the six VR-CET 
sessions.

The CG did not receive VR-CET sessions and 
continued with their TAU. Participants in both the CG 
and the EG underwent the same baseline treatment, which 
consisted of  standard treatment at the Hospital Clinic of  
Barcelona. Treatment encompassed a combination of  
pharmacotherapy and psychotherapy: 1) Pharmacotherapy 
typically included medications such as disulfiram, 
anxiolytics, and/or antidepressants; 2) Psychotherapy 
involved individual and group therapy sessions grounded 
in psychotherapeutic approaches like cognitive-behavioral 
therapy and motivational interviewing. Components of  
the psychotherapeutic approach were psychoeducation, 
addressing maladaptive cognitive styles and underlying 
core beliefs, behavioral activation, coping skills training, 
social support, as well as incorporating the stages of  
behavioral change. Weekly group sessions involved guided 
recovery-oriented discussions in an open-group format, 
meeting once or twice weekly for 1 hour and 30 minutes. 
All patients received TAU, however, it is important to 
mention that the VR exposure protocol was administered 
only to the participants in the experimental condition 
(EG). Participants in the TAU condition (CG) underwent 
two assessment sessions only, with a 4–5-week gap between 
them.

During the VR exposure, olfactory stimuli were 
employed to enhance the realism of  the environments. A 
small quantity of  an alcoholic beverage, matching those 
observed during VR exposure, was applied to cotton pads 
and placed in proximity to each participant. Assessment and 
therapy sessions had an approximate duration of  one hour. 
The VR-CET treatment was administered by experienced 
research-practitioners with both clinical and research 
backgrounds. The TAU treatment was administered by the 
regular therapists at the hospital.

Follow-up measurement of  abstinence maintenance/
recovery management were performed at three different 
timepoints (3, 6 and 12 months).

Statistical analyses
Normality was assessed using Shapiro-Wilk tests and 
Q-Q plots, and parametric/non-parametric tests were 
subsequently adopted when the assumptions of  normality 
were not met. Baseline variables were compared using 
independent samples t-tests. For participants who completed 
the protocol (NTotal = 51; NTAU = 33;  NVR-CET + TAU = 18), data 
from the initial and final assessment sessions were utilized to 
assess the efficacy of  VR-CET. Consistency (psychometric 
property measuring the extent to which several items that 

propose to measure the same general construct produce, 
indeed, similar scores) of  the instruments MACS and 
MACS-VR was tested by means of  Cronbach’s alpha, a 
statistic calculated from the pairwise correlations between 
items: a value of  around 0.7 or greater is generally accepted 
as an indicator of  high or good consistency (Cohen et al., 
2007). 

To evaluate the comparative effects of  both treatments 
through time, a 2x2 Analysis of  Variance (ANOVA) was 
performed, with the aim of  assessing the parameters 
corresponding to the main effects of  the treatment, those 
corresponding to temporality (with Bonferroni adjustment 
in the estimated marginal means of  the dependent 
variable for all level combinations of  a set of  factors), and 
the interaction between both factors. Also, effect sizes 
between pre and post treatment for both groups across 
the four different environments for VAS-C (craving) and 
VAS-A (anxiety) were calculated by means of  the statistic 
Hedge’s g. For the intra-session assessment of  momentary 
levels of  alcohol craving and anxiety (VAS-C, VAS-A), 
Wilcoxon signed-rank tests were employed to examine 
specific differences across the six VR-CET sessions, whilst 
trends and trajectories for the final scores of  craving and 
anxiety (VAS-C and VAS-A, respectively) across the six 
sessions were defined through gender-based multilevel 
growth models, offering a more profound awareness of  
the dynamics of  treatment through time in both genders 
(male/female), assessing linear relationships (equidistant 
timepoints) through Restricted Maximum Estimation 
Likelihood (RMEL) with fixed slopes and random 
intercepts (since this method has the advantage of  being 
more parsimonious and less intense from a computational 
perspective than that with random slopes and intercepts) 
(Hedeker & Gibbons, 2006; McCormick, 2021; Steele, 
2008). Relapses registered at 3-, 6-, 12-month follow-ups 
were registered and compared through Chi-square tests 
across the total sample, the EG, and the CG.  Analyses 
were performed using IBM SPSS Statistics for Windows, 
Version 28.0 (Armonk, NY, USA: IBM Corp, 2021), with a 
p-level of  significance set at p < 0.05.

Results
Baseline characteristics of the sample
Baseline characteristics are presented in Table 1. A total 
of  85 AUD patients, of  which 60% were males, with 
a mean age of  52 years (SD = 8.83; age range: 32-to-
69), participated in the study. There were no statistically 
significant differences between the groups in terms of  
baseline characteristics. According to AUDIT scores, 
patients exhibited moderate to severe drinking patterns (M 
= 16.09; SD = 9.77), and their alcohol craving was assessed 
as moderate [MACS (M = 22.96; SD =10.95) and MACS-
VR (M = 26.33; SD = 13.02)]. Anxiety levels, as measured 
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AUDIT, Alcohol Use Disorder Identification Test; Disulfiram, is common pharmacotherapy for the treatment of alcohol use disorder and is usually combined 
with other medications (e.g. antidepressants) depending on the condition of the patient; MACS, Multidimensional Alcohol Craving Scale; MACS-VR, Multi-
dimensional Alcohol Craving Scale – Virtual Reality; STAI, State and Trait Anxiety Inventory; VAS-A, visual analog scale – anxiety; VAS-C, visual analog scale – 
craving; Use of other substances, patients self-reported occasional use of illicit substances like cannabisin the month prior to their inclusion in the study; VR 
assessment, virtual reality assessment. 

Baseline characteristics
VR-CET + TAU

(N = 37) 
TAU 

(N = 48) 
Group 

comparison 
M/(N) SD/(%) M/(N) SD/(%) p value

Age 52.33 9.35 52.42 9.19 .96

Gender .72
 Female 14 37.8 20 41.7

 Male 23 62.2 28 58.3

Marital status .43
 Married/in a relationship 19 51.4 21 43.8
 Divorced/separated 9 24.3 14 29.2
 Single 3 8.1 10 20.8
 Other (e.g., widower) 3 8.1 3 6.3
Education .81
 Elementary school 4 10.8 6 12.5
 High school 6 16.2 10 20.8
 Junior college 10 27.0 8 16.7
    University degree (BSc, MSc) 17 46 24 50.1
Socio-economic resources .24

 Low 4 10.8 10 20.8

 Medium 32 86.5 37 77.1
 High 1 2.7 1 2.1
Comorbid psychopathology .60
    None  21 56.8 26 54.2
    Depressive disorders 6 16.2 12 25.2
    Depressive and anxiety disorders 4 10.8 3 6.3
    Depressive, anxiety and personality disorders 0 - 2 4.2
    Anxiety disorders 1 2.7 2 4.2
    Personality disorders 5 13.5 3 6.3
Medication .75
    No medication 14 37.8 20 41.7
    Antidepressants 8 21.6 9 18.8
    Anxiolytics 7 18.9 5 10.4
    Antipsychotics 1 2.7 1 2.1
    Combination of medication 7 18.9 13 27.1
Disulfiram .19
    No 23 62.2 23 47.9
    Yes 14 37.8 25 52.1
Smoking patterns .09
    No currently smoking 14 37.8 27 56.3
    Currently smoking 23 62.2 21 43.8
Use of other substances .13
    No use 23 62.2 37 77.1
    Yes (e.g., illicit drugs) 14 37.8 11 22.9

Abstinence (in days) 74 95 96 115 .34

Baseline data (first assessment) N = 37
M SD N = 48

M SD p Value 

Questionnaires and ad-hoc items 
AUDIT 15.38 10.90 16.58 8.97 .58
MACS 22.96 9.89 22.95 10.92 .99
MACS-VR 28.96 13.04 24.52 12.82 .13
STAI – Trait subscale 25.33 12.70 28.06 10.47 .29
STAI – State subscale 20.72 11.57 18.97 10.41 .48
VR assessment 
VAS-C (0-100) 
Neutral environment (water) 11.63 22.91 18.72 21.36 .21
   At-home 50.39 29.25 45.62 33.09 .55
   Bar 39.43 28.17 41.74 30.59 .75
   Restaurant 38.90 27.23 37.70 28.49 .86
   Pub 41.23 27.72 41.59 30.72 .92
VAS-A (0-100) 
   Neutral environment (water) 22.23 26.49 20.55 24.05 .57
   At-home 48.06 31.64 43.29 31.17 .55
   Bar 38.43 27.17 35.23 29.16 .65
   Restaurant 37.72 26.53 32.70 26.17 .46
   Pub 40.57 27.05 37.11 26.97 .61

Table 1 
Baseline patient characteristics and data from the first assessment session (N = 85)
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by the STAI-Trait subscale (M = 26.95; SD = 11.43) and 
STAI-State subscale (M = 19.70; SD = 10.87), were also 
in the moderate to severe range at baseline. Furthermore, 
there were higher levels of  craving and anxiety in alcohol-
related environments compared to the neutral one.

Effects of  time, treatment and their interaction 
on craving and anxiety on MACS and STAI 

A two-way ANOVA was conducted to determine to 
what extent treatment and time have an effect on “craving” 
(MACS and MACS-VR) and “anxiety” (STAI-State). 
Focusing on craving, there was no significant interaction 
between the effects of  treatment and time (MACS: 
F=0.008, p=0.931; MACS-VR: F=5.131, p=0.052). 
Simple main effects showed that time played a significant 
role on MACS-VR (F=7.880, p=0.020), but not on MACS 
(F=2.258, p=0.167). Treatment had no significant effects, 
neither in MACS nor in MACS-VR. As for anxiety, no 
statistically significant interaction was stated (F=0.258, 
p=0.624). Simple main effects analysis on time showed 
significant differences (F=14.002, p=0.005). Treatment 
had no statistical significance whatsoever. 

Effects of  time, treatment and their interaction 
on craving and anxiety on VAS 

Also, a two-way ANOVA was conducted to determine to 
what extent treatment and time have an effect on “craving” 
(VAS-C in four environments: home, bar, restaurant, 
and pub) and “anxiety” (VAS-A in the aforementioned 
four environments). Concerning craving, there was no 
significant interaction between the effects of  treatment 
and time (p values in a 0.334-to-0.461 range). Simple 
main effects showed no statistically significant differences, 
neither in time (p values in a 0.356-to-0.600 range), nor in 
treatment. 

As for anxiety, no statistically significant interaction was 
stated (p values in a 0.234-to-0.402 range), whilst simple 
main effects analysis did not show significant differences 
either on time (p values in a 0.221-to-0.426 range), or in 
treatment.

Table 2 provides data on the aforementioned treatment 
effects.

Table 3 displays the different effect sizes (Hedge’s 
g) between pre and post treatment timepoints in both 
treatment groups across the four environments.

Intra-session treatment effects on craving 
(VAS-C) and anxiety (VAS-A) during the VR-CET 
treatment in each of  the six sessions 

In the experimental group (EG), Wilcoxon signed-rank 
tests revealed differences in self-reported momentary levels 
of  alcohol craving during intra-session assessment on 
VAS-C between the highest value of  craving and the final 
value of  craving (end of  VR-CET session) in each of  the 
six sessions. These differences were statistically significant 

in the first (Mdn = 50 vs Mdn = 16.50, Z = -3.181, p < 
.001), second (Mdn = 33 vs Mdn = 3.50, Z = -2.934, p = 
.003), third (Mdn = 19.50 vs Mdn = 2, Z = -2.521, p = .005), 
fourth (Mdn = 19.50 vs Mdn = 2, Z = -2.201, p = .028), fifth 
(Mdn = 35.50 vs Mdn = 0, Z = -2.200, p = .028), and sixth 
session (Mdn = 14.50 vs Mdn = 0, Z = -2.201, p = .026).

In terms of  anxiety, Wilcoxon signed-rank tests revealed 
significant differences in self-reported momentary levels of  
anxiety during intra-session assessment on VAS-A between 
the highest value of  anxiety and the final value of  anxiety 
(end of  VR-CET session) in each of  the six sessions in the 
EG. These differences were statistically significant in the 
first (Mdn = 49 vs Mdn = 11, Z = -2.934, p = .003), second 
(Mdn = 31.50 vs Mdn = 5.50, Z = -2.803, p = .005), third 
(Mdn = 41.50 vs Mdn = 1, Z = -2.524, p = .012), fourth 
(Mdn = 36 vs Mdn = 0, Z = -2.521, p = .012), fifth (Mdn = 
14 vs Mdn = 0, Z = -2.371, p = .018), and sixth session (Mdn 
= 6 vs Mdn = 0, Z = -2.201, p = .028). Intrasession changes 
of  craving and anxiety are displayed in Figure 4. 

Multilevel growth curves were used to assess trends 
and trajectories for the final scores of  craving and anxiety 
(VAS-C and VAS-A, respectively) across the six sessions 
were defined through multilevel growth models for male/
female participants, offering a more profound awareness of  
the dynamics of  treatment through time in both genders. 
The model for VAS-C depicted a Schwartz’s Bayesian 
Criterion (BIC) of  818.37, with estimates of  fixed effects 
being not statistically significant, neither for time (95% 
Confidence Interval -95%CI-:  -10.812 – 3.954), nor for 
gender (95%CI: -20.398 – 24.446) or time*gender (95%CI: 
-6.448 – 3.501). The model concerning VAS-A displayed 
a BIC = 809.704, with the following non-statistically 
significant estimates of  fixed effects: time (95%CI: -11.017 
– 3.430), gender (95%CI: -19.173 – 20.595), time*gender 
(95%CI: -6.011 – 3.729). The graphical representation of  
the evolution of  craving and anxiety through the six sessions 
of  the EG displayed by gender is shown in Figure 5.

Relapses at follow-ups
Table 4 displays the relapse percentages registered at 

3-, 6-, 12-month follow-ups. The Chi-square performed 
reported no statistically significant differences were 
observed between the EG and the CG in any of  the three 
time-points assessed, with p-values ranging from 0.992 to 
0.998.
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Table 2 
2*2 ANOVA (Treatment*Time)

2*2 ANOVA (Treatment, Time)

VR-CET+TAU TAU Principal Effect 
Treatment Principal Effect Time Interaction 

Treatment-Time

Pre
(n=37)

Post
(n=16)

Pre
(n=48)

Post
(n=31)

Craving

MACS 22.96 ± 
9.89

17.50 ± 
9.75

22.95 ± 
10.92

18.64 ± 
7.77

F=1.021
p-value=0.339

Partial Eta2=0.102

F=2.258
p-value=0.167

Partial Eta2=0.201

F=0.008
p-value=0.931

Partial Eta2=0.001

MACS-VR 28.96 ± 
13.04

16.18 ± 
9.11

24.52 ± 
12.82

20.35 ± 
11.28

F=0.397
p-value=0.544

Partial Eta2=0.042

F=7.880
p-value=0.020*

Partial Eta2=0.467

F=5.131
p-value=0.052

Partial Eta2=0.363

VAS-C

Home 36.73 ± 
26.75 7.21 ± 9.03 39.06 ± 

30.97
38.53 ± 
36.93

F=2.136
p-value=0.218

Partial Eta2=0.348

F=0.324
p-value=0.600

Partial Eta2=0.075

F=0.741
p-value=0.438

Partial Eta2=0.156

Bar 39.42 ± 
28.17 6.85 ± 8.06 41.74 ± 

30.59
34.33 ± 
31.15

F=6.462
p-value=0.064

Partial Eta2=0.618

F=0.833
p-value=0.413

Partial Eta2=0.172

F=1.203
p-value=0.334

Partial Eta2=0.231

Restaurant 38.90 ± 
27.23 7.78 ± 8.41 37.70 ± 

28.49
36.13 ± 
34.10

F=2.604
p-value=0.182

Partial Eta2=0.394

F=0.955
p-value=0.384

Partial Eta2=0.193

F=0.663
p-value=0.461

Partial Eta2=0.142

Pub 41.23 ± 
27.72 8.00 ± 7.90 41.59 ± 

30.72
36.13 ± 
33.03

F=3.289
p-value=0.144

Partial Eta2=0.451

F=1.089
p-value=0.356

Partial Eta2=0.214

F=1.090
p-value=0.355

Partial Eta2=0.214

Anxiety

STAI-State 20.72 ± 
11.57 8.50 ± 8.16 18.97 ± 

10.41
13.90 ± 

8.51

F=3.110
p-value=0.112

Partial Eta2=0.257

F=14.002
p-value=0.005*

Partial Eta2=0.609

F=0.258
p-value=0.624

Partial Eta2=0.028

VAS-A

Home 35.74 ± 
27.87 6.07 ± 9.97 36.73 ± 

28.35
37.40 ± 
34.22

F=1.126
p-value=0.348

Partial Eta2=0.220

F=0.785
p-value=0.426

Partial Eta2=0.164

F=0.878
p-value=0.402

Partial Eta2=0.180

Bar 38.43 ± 
27.17 6.64 ± 9.95 35.23 ± 

29.16
36.66 ± 
27.39

F=5.872
p-value=0.073

Partial Eta2=0.595

F=1.189
p-value=0.337

Partial Eta2=0.229

F=1.965
p-value=0.234

Partial Eta2=0.329

Restaurant 37.71 ± 
26.53 6.64 ± 9.14 32.69 ± 

26.17
39.26 ± 
34.65

F=1.375
p-value=0.306

Partial Eta2=0.256

F=2.101
p-value=0.221

Partial Eta2=0.344

F=1.472
p-value=0.292

Partial Eta2=0.269

Pub 40.57 ± 
27.05 6.21 ± 8.64 37.11 ± 

26.97
36.06 ± 
31.58

F=2.713
p-value=0.175

Partial Eta2=0.404

F=2.089
p-value=0.222

Partial Eta2=0.343

F=1.761
p-value=0.255

Partial Eta2=0.306

MACS, Multidimensional Alcohol Craving Scale; MACS-VR, Multidimensional Alcohol Craving Scale – Virtual Reality; Perceived realism, the ad-hoc items were 
rated on a scale from 0 to 10; STAI, State and Trait Anxiety Inventory; TAU, treatment as usual; VAS-A, visual analog scale – anxiety; VAS-C, visual analog scale – 
craving; VR-CET, virtual reality cue exposure therapy; *p < .05. 
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Figure 4 
Momentary levels of alcohol craving reported on VAS-C and VAS-A

Table 3 
Intragroup pre vs post Effect Sizes for VAS-C (craving) and VAS-A (anxiety)

VR-CET+TAU TAU

Pre
(n=37)

Post
(n=33) Hedges’ g Pre

(n=48)
Post

(n=48) Hedges’ g

Craving

VAS-C

Home 36.73 ± 26.75 10.20 ± 11.69 1.28 39.06 ± 30.97 41.40 ± 26.75 0.01

Bar 39.42 ± 28.17 9.26 ± 10.34 1.35 41.74 ± 30.59 34.13 ± 31.12 0.24

Restaurant 38.90 ± 27.23 7.78 ± 8.41 1.33 37.70 ± 28.49 36.83 ± 34.90 0.05

Pub 41.23 ± 27.72 7.60 ± 7.96 1.40 41.59 ± 30.72 36.28 ± 33.24 0.17

Anxiety

VAS-A

Home 35.74 ± 27.87 6.11 ± 9.12 1.23 36.73 ± 28.35 27.90 ± 27.42 0.02

Bar 38.43 ± 27.17 6.64 ± 9.95 1.35 35.23 ± 29.88 36.66 ± 27.12 0.05

Restaurant 37.71 ± 26.53 6.64 ± 9.14 1.36 32.69 ± 26.17 39.88 ± 34.15 0.22

Pub 40.57 ± 27.05 6.88 ± 7.14 1.48 37.11 ± 26.97 35.76 ± 26.48 0.03

TAU, treatment as usual; VAS-A, visual analog scale – anxiety; VAS-C, visual analog scale – craving; VR-CET, virtual reality cue exposure therapy; *p < .05. 
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Figure 5 
Momentary levels of alcohol craving reported on VAS-C and VAS-A

Discussion
The study aimed to evaluate the efficacy of  Virtual Reality 
– Cue Exposure Therapy (VR-CET) + Treatment as Usual 
(TAU) (experimental group -EG-) in comparison to TAU 
alone (control group -CG-), in terms of  alcohol craving 
and anxiety levels; as well as to explore long-term effects 
of  VR-CET versus TAU at follow-up timepoints (3, 6, 
and 12 months) after treatment completion. The clinical 
population consisted of  patients diagnosed with AUD, who 
were considered resistant to TAU.  

The first hypothesis yielded mixed results. The data 
indicated no significant treatment effects on alcohol 
craving (MACS, MACS-VR, and VAS-C) and anxiety 
(STAI-State and VAS-A). Nevertheless, the results showed 
significant principal effects of  “time” over cue-induced 
craving (measured by MACS-VR) and anxiety (measured 
by STAI-State). There was no significant interaction 
between “type of  treatment” and “time” regarding craving 
and anxiety. The “time” factor (pre-test versus post-test) 
had an effect on craving (MACS-VR) and anxiety (STAI-
State) regardless of  the type of  treatment the participants 
received. Although the differences were not statistically 
significant, the VR assessment of  cue-induced craving 
(VAS-C) and anxiety (VAS-A) reflected a tendency of  the 

EG to report lower scores on both VAS-C and VAS-A in 
all of  the four VR environments; this tendency is endorsed 
by the effect sizes stated in the pre-post differences between 
both therapeutic approaches, as displayed in Table 3, 
figures in turn highlighted by the fact that VR contributes 
and provides the added value of  controlling the input 
variables in a safe and secure context.

Hypothesis 2 was confirmed, as reflected by the analysis 
of  momentary levels of  VAS-C and VAS-A during the 
intra-VR-CET sessions in the experimental group (EG), 
which revealed a gradual decrease in alcohol craving and 
anxiety levels, progressing from the initial to the final session 
(as depicted in Figures 4 and 5). By the end of  the therapy, 
participants reported minimal levels of  both craving and 
anxiety. These findings underscore the effectiveness of  VR-
CET in mitigating cue-induced alcohol craving and anxiety 
within VR alcohol-related environments. Furthermore, 
these results align with research conducted in other mental 
health domains, such as post-traumatic stress disorder 
(Kothgassner et al., 2019) and anxiety disorders (Freeman 
et al., 2017). 

The data corresponding to hypothesis 3 were contrary to 
our expectations, and no statistically significant differences 

Table 4 
Relapses at follow-up and comparison through Chi-square tests

Total EG CG p-value

3 months (n=43) 14/43 (32.55%) 6/18 (33.34%) 8/25 (32.00%) 0.998

6 months (n=19) 11/19 (57.89%) 4/7 (57.14%) 7/12 (58.33%) 0.997

12 months (n=12) 8/12 (66.67%) 3/5 (60.00%) 5/7 (71.42%) 0.992
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were observed between groups in terms of  relapses at 
follow-ups. This suggests that both approaches (i.e., TAU 
and TAU+VR-CET) provide similar relapse-rates at 
medium and long term. These results should nonetheless 
be generalized cautiously, since the high drop-out rates, 
yet consistent with other studies in the field (Stohs et al., 
2019), longitudinally hinder any potential conclusions in 
this framework.

Implications of the VR in AUD 
The data from this study underscore the potential of  
technological advancements to offer valuable insights into 
the treatment-resistant patterns observed in individuals with 
AUD. Virtual reality technology offers a more ecologically 
valid approach compared to traditional cue-exposure 
techniques (Simon et al., 2020), and can complement and 
upgrade existing methods in clinical psychology in terms 
of  treatment approaches (Segawa et al., 2020).  Fully 
immersive VR environments, enriched with motivating 
sensory stimuli and enabling extensive interaction, provide 
a heightened sense of  realism. This VR approximation to 
real-life scenarios can elicit momentary responses, such as 
cue-induced alcohol craving or anxiety. The theoretical 
foundation of  VR-CET aligns with the core principles of  
systematic desensitization (Hernández-Serrano et al., 2020). 
This approach aims to diminish or extinguish reactions 
to alcohol-related cues and contexts, such as alcohol 
craving (Mellentin et al., 2016). Our research showed that 
prolonged, gradual, and systematic exposure significantly 
reduced responses to VR alcohol-related stimuli in patients 
with AUD as reflected by the intra-session data from the 
experimental group. 

Limitations 
Our study must be interpreted within the context of  its 
limitations. Firstly, there was an imbalance in gender 
representation, and variables such as medication type and co-
morbid psychopathological conditions were not controlled 
for. This was mainly due to the focus on treatment-resistant 
patterns in AUD, which made participant recruitment 
challenging. On another note, simple randomization was 
used for two fundamental reasons: simplicity, and absence 
of  selection bias, as all subjects had equal probabilities 
of  being assigned to one group or the other. Obviously, 
the greatest disadvantage of  this method is the potential 
quantitative “imbalance” in the number of  subjects 
between or across groups (as it happened, indeed, in our 
study), although the baseline comparison analyses of  both 
groups guarantee an adequate and unbiased distribution 
of  the subjects of  study. Another limitation of  the study 
was reflected by the overall drop-out rates. A total of  85 
AUD patients were initially recruited for this study, with 
51 successfully completing the protocol. It is worth noting 
that high non-adherence rates are commonplace in 

this field, primarily due to the elevated levels of  alcohol 
craving experienced during AUD treatment, which often 
lead to relapses both during and after treatment (Stohs et 
al., 2019). Additionally, the severity of  AUD among our 
patients was considerable, as they all exhibited treatment-
resistant patterns, representing the most severe end of  the 
AUD spectrum. This underscores the significant challenges 
involved in managing recovery (Sliedrecht et al., 2019), 
especially among our participants who were also diagnosed 
with co-morbid disorders such as anxiety, depression, 
or personality disorders. These co-occurring conditions 
further complicated communication and data collection 
processes. The results stemming specifically from hypothesis 
2 should be cautiously generalized, since the authors did not 
compare the results of  the EG vs CG, a fact that hinders 
and limits the statement on the relative effectiveness of  
both treatments. Finally, another significant limitation of  
the study refers to the follow-up data collection process 
itself. In substance use disorder research, variables such as 
time to/until lapse and relapse, total alcohol consumption, 
(heavy) drinking days, standard drink units per day, 
abstinence time, or craving (Bogenschutz et al., 2022; 
Brecht & Herbeck, 2014; Carroll et al., 2014; Sliedrecht et 
al., 2019) are reported as indicators of  treatment outcomes 
as part of  the long-term data (at follow-ups) derived from 
clinical trials. Although our initial plan was to also consider 
several of  these indicators, the COVID-19 pandemic led to 
collecting data from the patients at follow-up time points 
through phone calls instead of  attending the Addictive 
Behaviors Unit in person. This critically interfered with 
reaching patients, in addition to patients having difficulties 
to accurately recall information about their alcohol use. 
Based on the limited data collected from the patients, we 
followed a previous study (Andersson et al., 2019), and we 
created a dichotomous item regarding alcohol use (yes/
no) as a measure of  treatment outcomes at 3-, 6-, and 
12-month follow-ups (Table 4).

Future research directions 
VR has shown promising short-term results, however 
further longitudinal research is necessary to assess the long-
term effects of  VR-CET on individuals with AUD (Durl et 
al., 2017). We acknowledge the importance of  conducting 
an initial RCT with VR-CET in treatment-resistant 
adults with AUD, but we also suggest exploring additional 
complementary interventions (e.g., coping skills training) 
to potentially enhance treatment outcomes. Also, we 
strongly recommend incorporating measures to investigate 
the generalization of  therapy effects to the everyday lives 
of  patients to mitigate potential learning effects. Finally, 
further studies should include complementary measures, 
such as patients’ perceived acceptability, a fact that will 
endorse and enhance the information on the usability and 
feasibility of  the therapy itself. 
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Conclusions
The “time” factor (pre-test versus post-test) had an effect 
on craving and anxiety regardless of  the type of  treatment 
(EG vs CG) the participants received. Data from VR 
assessment indicated a tendency of  the EG to report 
lower scores on both anxiety and craving in all of  the four 
VR environments, a fact that is endorsed and supported 
by the differences in the effect sizes calculated between 
both treatment groups across the four environments. 
Additionally, participants in the EG displayed a gradual 
intra-session reduction in momentary alcohol craving and 
anxiety levels, from the first to the last session. In terms 
of  relapse at follow-ups, the results should be interpreted 
cautiously since the limited data collection interferes with 
drawing solid conclusions about the long-term effects of  
VR-CET. More longitudinal research is therefore needed. 

Although the incorporation of  VR-CET into TAU 
programs may offer significant benefits, particularly in 
addressing alcohol craving and anxiety, the results of  the 
present study should be interpreted carefully: 1) Future 
studies should expand their focus to include additional 
outcomes, such as total alcohol consumption, time to/
until lapse and relapse, (heavy) drinking days, standard 
drink units per day, abstinence time, or craving, to provide 
a more comprehensive understanding of  the potential 
contributions of  VR-CET in recovery management; 
2) More long-term empirical research is warranted 
utilizing VR-CET in patients with AUD with different 
severity symptoms (mild, moderate, severe); 3) Further 
psychometric evaluation of  VR should be conducted to 
compare traditional paper-and-pencil questionnaires with 
VR assessment.
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