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HIGHLIGHTS

® We review the literature on the applications of virtual reality in alcohol misuse.
® Virtual reality may enhance the effectiveness of cue-exposure techniques.
® Virtual Reality shows promise as an assessment and treatment tool.

ARTICLE INFO ABSTRACT

Keywords: Background: Alcohol use and misuse have been intensively studied, due to their negative consequences in the
Alcohol misuse general population. Evidence-based literature emphasizes that alcohol craving plays a crucial role in the de-
Craving velopment and maintenance of alcohol-drinking patterns. Many individuals develop Alcohol Use Disorders
Virtual reality (AUD); significantly, after treatment many also experience relapses, in which alcohol craving has been re-
?::i:‘;:t peatedly implicated. Cue-exposure therapy (CET) has been widely used in the treatment of alcohol misuse, but

the results are inconsistent. Virtual reality (VR) can add effectiveness to cue-exposure techniques by providing
multiple variables and inputs that enable personalized alcohol use assessment and treatment. The aim of this
review was to examine the applications of virtual reality in individuals who misuse alcohol.

Method: We conducted an exhaustive literature search of the Web of Science, Scopus, Embase, Google Scholar, and
PsycInfo databases, using as search items terms such as “alcohol” and its derivates, and virtual reality.

Results: We identified 13 studies on alcohol craving that implemented virtual reality as an assessment or
treatment tool.

Conclusions: The studies that incorporate VR present clear limitations. First, no clinical trials were conducted to
explore the efficacy of the VR as a treatment tool; nor were there any studies of the generalization of craving
responses in the real world, or of the long-term effects of VR treatment. Despite these limitations, the studies
included showed consistent results as regards eliciting and reducing alcohol craving. We suggest that VR shows
promise as a tool for the assessment and treatment of craving among individuals with alcohol misuse. Further
studies implementing VR in the field of alcohol consumption are now required.

1. Introduction Long-term alcohol-drinking patterns determine automatic cognitive

and emotional processing schema in individuals with AUD and promote

Craving is of great importance in the development and maintenance
of alcohol-drinking behaviors (Ramirez et al., 2015). In alcohol use
disorder (AUD), craving is heavily involved in drinking patterns, the
severity of dependence, the maintenance of abstinence, and the risk of
relapse (American Psychiatric Association, 2013; Wapp, Burren, Znoj, &
Moggi, 2013). Alcohol craving is understood as a pathological appetite,
a strong urge to drink alcohol, which induces neuro-psycho-physiolo-
gical, emotional, behavioral, and cognitive changes in individuals with
AUD (Addolorato, Leggio, Abenavoli, & Gasbarrini, 2001).

compulsive drinking (Koob, 2013). Heavy drinking episodes alter the
reward pathways through overstimulation of dopaminergic neuro-
transmission, a critical mechanism for eliciting hedonic and positive
experiences. This reward mechanism strengthens alcohol drinking
patterns, causing hypersensitivity to alcohol-related stimuli (Gardner,
2011; Robinson & Berridge, 1993). This chain of events leads to intense
alcohol craving, relapse, and associated harmful behaviors even after
many years of abstinence (Robinson & Berridge, 2008).

The treatment methods in alcohol misuse and AUD require a
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multidisciplinary approach, including pharmacological, behavioral,
and psycho-social interventions. However, despite complex treatment
options, many individuals diagnosed with AUD experience several re-
lapses after interventions and a decreased quality of life because of the
chronic nature of these disorders (Litten et al., 2015). Therefore, there
is an urgent need to conduct more research to expand assessment and
treatment approaches. Virtual reality (VR) has recently attracted at-
tention because of its potential utility for individuals with AUD. How-
ever, only a limited amount of research has been conducted to date
regarding the effectiveness of VR-based approaches in extinguishing
alcohol craving and thus preventing relapses. Nevertheless, several
studies suggest that VR is a promising tool for a psychological approach
to AUD treatment (Bordnick et al., 2008; Choi & Lee, 2015; Son et al.,
2015).

1.1. Virtual reality cue-exposure therapy for AUD

Previous studies have emphasized that alcohol craving should be
targeted in reduction of alcohol consumption and in AUD treatment (for
example, see Zironi, Burattini, Aicardi, & Janak, 2006). Consistent with
this assumption, cue-exposure therapy (CET) attempts to elicit both
subjective and physiological craving in a controlled setting, with the
goal of extinguishing alcohol urges. This cue-exposure paradigm is
based on classical conditioning processes (Conklin & Tiffany, 2002;
Weerts, Goodwin, Kaminski, & Hienz, 2006). From a classical con-
ditioning perspective (Pavlov, 1927), alcohol-related cues elicit condi-
tioned responses such as alcohol craving even when no alcohol stimuli
are present. Hence, empirical research suggests that alcohol-related
contexts and cues are of major importance in the development and
maintenance of AUD (Bottlender & Soyka, 2004).

CET methods involve in vivo, imaginary techniques or simulated
exposure to alcoholic beverages by presenting auditory, visual, or
photographic cues (Monti et al., 2001). Nevertheless, in a meta-ana-
lysis, Conklin and Tiffany (2002) found that CET had only modest ef-
fectiveness with inconsistent results. The authors observed that in most
cases, CET was conducted in a secure, safe room with only one cue
presented at a time. However, alcohol addiction is a more complex
condition and typically involves the interaction and processing of
multiple variables at once. Thus, craving reduction is highly context-
dependent, and cue presentation in a clinical setting can reasonably be
expected to interfere with generalization of newly learned responses
(Lee, Kwon, Choi, & Yang, 2007; Stasiewicz, Brandon, & Bradizza,
2007). Over the last decade, CET has evolved through the development
of more exhaustive treatment approaches that may benefit from VR
(Saladin, Brady, Graap, & Rothbaum, 2006).

VR technology simulates and enriches real-life situations by pre-
senting a diverse range of stimuli to create a fully immersive experi-
ence. Multiple sensory inputs (auditory, olfactory, visual, and tactile)
facilitate ecological validity and provide a better alternative to classical
cue-exposure methods. Lee et al. (2007) suggested that VR technology
adds effectiveness to CET because of its capacity to induce greater
subjective and physiological craving, which in turn prompts the gen-
eralization of treatment effects to real world, daily life activities. VR-
based assessment and treatment studies have provided benefits in many
psychopathologies, particularly in anxiety disorders (Maples-Keller,
Bunnell, Kim, & Rothbaum, 2017; Meyerbroker & Emmelkamp, 2010),
post-traumatic stress disorder (Rothbaum et al., 2014) and fear of flying
(Maples-Keller et al., 2017), as well as in eating disorders (Ferrer Garcia
& Gutiérrez Maldonado, 2012), pain management (Malloy & Milling,
2010), and drug addiction (Hone-Blanchet, Wensing, & Fecteau, 2014).
In AUDs, VR has been used as: a) an assessment tool (to elicit craving);
and b) a VR (exposure) therapy tool (to reduce craving), variously
termed VR exposure [VRE], VR therapy [VRT], or VR exposure therapy
[VRET]. VRETs have achieved good results for long-term effectiveness
in other disorders: for example, a 12-month follow-up study of VRET in
patients with fear of flying showed long-lasting benefits (Rothbaum,
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Hodges, Anderson, Price, & Smith, 2002). Another study indicated that
the beneficial effects of VRET on fear of flying persisted over a 3-year
follow-up period (Wiederhold & Wiederhold, 2003).

The aim of this review is to provide an insightful synthesis of pub-
lished studies on the applications of VR as an assessment or treatment
tool in individuals with alcohol misuse. Particular emphasis is placed on
the value of VR in alcohol craving.

2. Method

We conducted an exhaustive literature search of the Web of Science,
Scopus, Embase, Google Scholar, and PsycInfo databases. The following
terms were entered to find the most relevant studies: “virtual reality”,

» o« ” o«

“alcohol”, “drink”, “alcohol use”, “alcohol use disorder”, “alcoholism”,
“alcohol dependence”, “alcohol addiction”, and “alcohol abuse”.

The inclusion criteria were: (a) studies containing empirical data on
the application of VR in individuals with unhealthy alcohol use, (b)
studies published since 1990 (when VR was first used in psychology),
and (c) studies reported in English. The initial search yielded 107 ar-
ticles. After a careful review of their abstracts and titles, 92 articles
were excluded because they concerned different psychopathologies
(e.g., fetal alcohol syndrome), drugs other than alcohol (e.g., tobacco,
cocaine, heroin), or had aims that were incompatible with the purpose
of the current review (e.g., alcohol-induced effects on driving).
Therefore, 15 relevant studies were selected for further assessment. Of
these, two were written in Korean, and were therefore excluded from
this review.

3. Results

A total of 13 studies met the inclusion criteria. These studies are
reported in Table 1. All studies implemented VR as an assessment or
treatment tool.

3.1. Objectives of the studies

The very first study to explore the effectiveness of VRET in in-
dividuals with AUD was conducted by Kwon et al. (2006). This study
aimed to demonstrate that VRET for AUDs could decrease alcohol
craving. Six studies were centered on VR as an assessment tool in ex-
ploring alcohol cravings (Bordnick et al., 2008; Cho et al., 2008; Choi &
Lee, 2015; Kim & Lee, 2015; Lee et al., 2008; Ryan et al., 2010). Two
studies (Gatti et al., 2008; Spagnoli et al., 2014) used a similar research
protocol to demonstrate the effectiveness of VR as a clinical assessment
tool exploring social, personality, and behavioral features of patients
with AUD. Five studies used VR as a VRET instrument in the treatment
of AUD (Hyun et al., 2013; Kwon et al., 2006; Lee et al., 2007; Lee et al.,
2009; Son et al., 2015).

3.2. Samples

A total number of 361 individuals participated in the 13 studies,
with an age range of between 18 and 50 years old. Of these, 180 par-
ticipants were diagnosed with AUD, 16 participants were members of
Alcoholics Anonymous, 15 were college students with binge drinking
habits, 38 were heavy social drinkers, another 38 participants were
light drinkers, and 74 were healthy individuals with no history of AUD.

3.3. Instruments

As shown in Table 1, all studies involved some form of ques-
tionnaire assessment (e.g. Alcohol Urge Questionnaire, Obsessive-
Compulsive Drinking Scale, Alcohol Use Disorder Identification Test, or
Beck Depression Inventory). Several studies (Bordnick et al., 2008; Cho
et al., 2008; Hyun et al., 2013; Lee et al., 2008, 2009; Ryan et al., 2010;
Son et al., 2015) also reported using a visual analog scale (VAS) to assess
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alcohol craving before and after VRE. In addition, behavioral insights
were provided by Choi and Lee (2015) using a virtual covert sensiti-
zation technique to weaken alcohol biases and decrease reaction time to
alcohol-related cues. Likewise, Kim and Lee (2015) administered a
virtual approach-avoidance task to explore reaction or latency re-
sponses to an alcohol stimulus (i.e., to measure approach/avoidance
tendencies) in individuals with heavy drinking. Besides self-report in-
struments and behavioral measurements, several studies also attempted
to obtain physiological indicators. For example, Lee et al. (2009) ex-
plored craving using pre-post VRET electroencephalography (EEG) to
observe changes in brain activity. In addition, Son et al. (2015) and
Hyun et al. (2013) used positron emission tomography-computed to-
mography (PET-CT) to evaluate brain metabolism pre-post 10 VRET
sessions.

3.4. VR environments

VR environments were created according to relevant contexts and
alcoholic beverages in different societies. For example, Lee et al. (2007)
and Kwon et al. (2006) used Japanese-style pubs as representative
contexts in their research protocols. By contrast, Ryan et al. (2010) and
Bordnick et al. (2008) used hotel bars or party environments as re-
presentative of Western cultures. Some studies (Kwon et al., 2006) have
reported the creation of settings designed to simulate real-life situations
after exhaustive interviews with relevant populations, a procedure
commonly used to develop ecologically valid and relevant VR en-
vironments (Reger, Gahm, Rizzo, Swanson, & Duma, 2009). Likewise,
VR environments were also based on relevant stimuli; for example,
using alcohol cues such as soju, which is a popular alcoholic drink in
South Korea (Son et al., 2015).

Increased EEG alpha power after 10 VRT sessions
VRT led to a decrease in brain metabolism after 10 VRT sessions
A decrease in brain metabolism was interpreted as a result of VRT

Neurophysiological correlates of treatment outcomes’

N/A
N/A

3.5. Research results

In studies of VR as an assessment tool, Ryan et al. (2010), Lee et al.
(2008), Bordnick et al. (2008), and Cho et al. (2008) obtained inter-
esting results on social pressure related to drinking behaviors. Peer
pressure (using a VR avatar) in a social context could induce greater
craving than an alcohol cue itself (Cho et al., 2008) in healthy in-
dividuals with no history of AUD. Likewise, a virtual approach-avoid-
ance task confirmed that heavy social drinkers had difficulties in
moving away from alcoholic stimuli and had approach tendencies to-
ward them (Kim & Lee, 2015). These studies explain why individuals
tend to consume larger amounts of alcohol when they are accompanied

VRT led to a decrease in alcohol craving after 8 sessions
High reduction in alcohol craving after 10 VRT sessions

Subjective craving treatment outcomes
Alcohol craving diminished after 8 sessions
VRT led to a decrease in craving

The VRT program reduced craving

Number of sessions/session spacing®
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= e than when they are alone. In the VR literature, context and cues are
5 ~=~T%% 8 vital elements in eliciting arousal and Ryan et al. (2010) suggested that
o § § ]3d é; binge drinking college students experienced greatest craving only in
z oo 2 alcohol-related environments. In contrast with preceding reports, Lee
g g et al. (2008) found that social pressure was not significant in clinical
= o 8 opulations, stating that alcohol cues induced greater craving. Simi-
£ g e pop! g g 8
3 = b larly, Bordnick et al. (2008) indicated that individuals with AUD re-
8 g y
L
E —g 3 g ported greater craving with alcohol-related cues than with neutral cues.
E g E g In addition, two studies (Gatti et al., 2008; Spagnoli et al., 2014) con-
a « . .
S| & © g 2 cluded that VR-based assessment of patients with AUD was more ex-
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g E =N=ReRhs E = haustive than classical clinical interviews based on the Structured
el 22gEE | 2% 3§ Clinical Interview for the Diagnostic and Statistical Manual, Fourth
k3] ' o ape . . . . . 11s
3:3 e E 5 £ Edition, Axis 1 Disorders, (SCID), (First, Spitzer, Gibbon, & Williams,
E ) g s 3 1996). Hence, VR-based assessment yielded greater insights into patient
s “é v g § o self-efficacy and motivation for change.
.. = . . . .
g B | OCmmm | &g 5@ Studies on VR as a treatment tool have revealed useful insights into
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& E é £ _%é the effectiveness of VRET, both at self-report and physiological levels.
s e __» |2 % é Self-reported questionnaires in studies by Lee et al. (2007) and Kwon
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ERE 888 §§ FE =& et al. (2006) obtained lower craving scores, indicating that alcohol
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s | &| 222 g & E 2 craving decreased as a result of eight VRET sessions. These results were
w52 | %55« further supported by the results obtained by Choi and Lee (2015), who
vE |5 Sygis | OFER b. d a high reduction in alcohol bi for h ial dri
SE|2| 28828 |2FF; observed a high reduction in alcohol bias scores for heavy social drin-
S kers in the implicit association test, Stroop test, and eye-tracking test
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after virtual exposure, which can be interpreted to indicate decreased
alcohol craving. Studies by Son et al. (2015), Hyun et al. (2013), and
Lee et al. (2009) showed changes in brain metabolism and alpha waves
after VRET using PET-CT and EEG. After 10 VRET sessions, imaging
techniques revealed decreased brain activity related to alcohol cues,
which was interpreted as reduced craving for alcohol.

In a comparison of VRET and cognitive-behavioral therapy (CBT)
based on alpha brain activity in EEGs, Lee et al. (2009) found that VRET
was more effective in reducing alcohol craving than CBT. These authors
showed that alcohol cue reactivity was associated with diminished
frontal alpha activity after VRET in dependent patients. They also
mentioned that the activation of subcortical-limbic area at baseline was
replaced by the activation of superior temporal gyrus after VRET. Later
studies (Hyun et al., 2013; Son et al., 2015) reported a decreased me-
tabolism in basal ganglia in AUD patients after VRET compared to
baseline, which the authors attribute to its possible effect on limbic-
regulated responses to reward. These studies reported a decrease in
alcohol craving after VRET. The outcome effects of these studies are
summarized in Table 2.

4. General discussion

The studies presented in this review provide significant preliminary
evidence in support of VR as an assessment and treatment tool in in-
dividuals with alcohol misuse. Interestingly, studies that used an avatar
to exert social pressure showed that greater craving was triggered by
social pressure than by alcohol stimuli in healthy individuals.
Conversely, regardless of social pressure, individuals with AUD ex-
perienced greater craving when exposed to alcohol-related virtual si-
tuations than when exposed to neutral situations. This supports the cue
and context dependency assumption regarding alcohol craving.

The studies reviewed have used devices that offer differing levels of
immersion, ranging from low immersion systems such as 2D projectors
or stereoscopic monitors, through intermediate systems like stereo-
scopic projectors to systems based on HMDs (Head Mounted Displays)
which achieve the highest levels of immersion. However, the studies
that have incorporated HMDs have not made use of advanced models,
and so the levels of immersion applied are much lower than those that
can be achieved today thanks to the reduction in costs and the increase
in the quality of the instruments in recent years. It is worth noting,
however, that several of the studies reviewed incorporated devices that
also affect the level of immersion through senses other than vision: for
example, through hearing (using multi-channel sound systems) or
through smell. In any case, the relationship between the level of im-
mersion of VR systems and their effectiveness as instruments for eval-
uating or treating patients with alcohol abuse has not been studied
directly. In general one might expect there to be a positive linear re-
lationship between the two variables, but this may not be the case
under certain conditions (Gutiérrez-Maldonado, Pla-Sanjuanelo, &
Ferrer-Garcia, 2016). The most immersive devices, such as HMDs, cause
discomfort after prolonged use and are also associated with adverse
effects such as simulation sickness (dizziness, nausea, dry eyes, etc.)
which can impair their effectiveness. A particularly interesting line of
research in the future would be the systematic study of the levels of
immersion required to achieve different assessment and treatment aims,
taking into account the observations made above regarding the suit-
ability of the various devices.

Three studies (Hyun et al., 2013; Lee et al., 2009; Son et al., 2015)
used virtual exposure based on aversive therapy (individuals vomiting
as a consequence of drinking alcohol) to disrupt drinking habits. Al-
though the main objective was accomplished in all three studies—that
is, a reduction in alcohol cravings—the aversive therapy caused drop-
outs. For example, three participants dropped out of the study by Son
et al. (2015) because treatment induced negative memories associated
with the aversive environment.

Nevertheless, all studies implementing subjective, physiological, or
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both types of assessment indicated that VRET effectively reduces al-
cohol craving. Brain imaging techniques revealed important clinical
outcomes, adding vital information concerning the effectiveness of
VRET. In addition, evidence of decreased brain metabolism and in-
creased EEG alpha power after VRET can be taken to indicate its ca-
pacity to reduce alcohol craving.

However, this review shows that research performed to date has
some limitations. First, comparisons of VRT with other treatments have
been conducted, but we recommend the design of studies which in-
corporate larger clinical samples and comply with the CONSORT
guidelines. Second, the study samples varied from healthy individuals
to binge drinking college students, light and heavy social drinkers,
Alcoholic Anonymous members, and participants diagnosed with AUD,
so extrapolations for AUD patients must be made with caution. The
clinical samples were small, but the results were generally consistent
with each other. The social pressure variable, which was emphasized in
the work by Cho et al. (2008) and Lee et al. (2008), is of great interest
in the study of the triggers of alcohol craving. Questions such as how
many avatars should be included in a VR setting and what type (i.e.,
interactive or drinking) should be addressed in future studies in clinical
samples; also, a distinction should be made between light and heavy
drinking individuals. Finally, none of the studies conducted a follow-up
examination of the long-term effects of VRT. Given the growing interest
in applying VR technology to treat substance use disorder (SUD), more
studies are required to fully determine its effectiveness. Future research
should implement VR in larger clinical samples and conduct clinical
trials and follow-up studies. Although there is an urgent need for more
research applying VR in AUD, the 13 studies included in this review
provide promising results. This is particularly important because many
patients experience at least one relapse in the first year following
treatment (Charney, Zikos, & Gill, 2010), and VR technology may be
able to complement existing methods.

Thanks to its ecological validity VR is arousing increasing interest
among clinicians and researchers (Ferrer Garcia & Gutiérrez
Maldonado, 2012). VR permits the presentation and strict control of
stimuli of a real-life situation (Valmaggia, Latif, Kempton, & Rus-
Calafell, 2016), and represents a significant advance in individualized
assessment and treatment options in AUD (Hone-Blanchet et al., 2014).
Prolonged exposure leads to a habituation process, which implies less
arousal toward alcohol-related stimuli and less craving. In addition,
exposure enables patients to build coping strategies for future real-life
situations. VR techniques are based on the same principles as tradi-
tional cognitive-behavioral treatments, but they also increase the pos-
sibility of transferring the learning results achieved during treatment
sessions to the patient's real everyday environment. This is possible
thanks to the high degree of control of the parameters of exposure that
virtual simulations can achieve and, at the same time, the high degree
of similarity between the learning context and the real situation in
which the patient must deal with the stimuli that provoke alcohol
consumption. In these two areas — the increase in the degree of control
over the parameters of exposure, and the simulation of real contexts in
which alcohol consumption occurs — VR techniques can help to improve
the procedures for assessment and treatment available at present.

5. Conclusions

The studies presented in this review suggest that VR offers benefits
in the assessment and treatment of alcohol craving and achieves high
levels of ecological validity. The results were generally consistent,
showing positive effects in the context of several assessment indicators
and underlining the usefulness of VRET. These results indicate the need
for clinical trials following the CONSORT guidelines, follow-up studies
and testing variables such as level of immersion and social pressure in
triggering craving in order to determine the long-term effects of VRET.
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