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Abstract
Environmental contexts that are reliably associated with the use of pharmacologically active substances are hypothesized to
contribute to substance use disorders. In this review, we provide an updated summary of parallel preclinical and human studies
that support this hypothesis. Research conducted in rats shows that environmental contexts that are reliably paired with drug use
can renew extinguished drug-seeking behavior and amplify responding elicited by discrete, drug-predictive cues. Akin to drug-
associated contexts, interoceptive drug stimuli produced by the psychopharmacological effects of drugs can also influence
learning and memory processes that play a role in substance use disorders. Findings from human laboratory studies show that
drug-associated contexts, including social stimuli, can have profound effects on cue reactivity, drug use, and drug-related
cognitive expectancies. This translationally relevant research supports the idea that treatments for substance use disorders could
be improved by considering drug-associated contexts as a factor in treatment interventions. We conclude this review with ideas
for how to integrate drug-associated contexts into treatment-oriented research based on 4 approaches: pharmacology, brain
stimulation, mindfulness-based relapse prevention, and cognitive behavioral group therapy. Throughout, we focus on alcohol-
and tobacco-related research, which are two of the most prevalent and commonly misused drugs worldwide for which there are
known treatments.
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Overview

A unifying theory in research on substance use disorders is
that environmental stimuli that are associated with drug use
influence motivational processes that contribute to ongoing
drug use and facilitate relapse [1–3]. These environmental
stimuli include cues that reliably occur in close temporal prox-
imity with drug use, called “proximal drug cues” in human
studies and “discrete drug cues” in animal models. They also

include the contexts that are routinely associated with drug
use, where a context could be a physical space, social setting,
or drug-induced, interoceptive state.

The notion that drug-associated contexts play a role in
substance use disorders has imbued the scientific literature
for decades. For example, in a study from 1986, participants
were asked to identify “bells which trigger a craving for
alcohol” [4]. Responses varied, but included being at bars
or in social situations. Pioneering studies on the role of
context in substance use disorders focused on 2
paradigms—conditioned tolerance [5–7] and conditioned
place preference/aversion [8–10]. Conditioned tolerance is
the observation of tolerance to a drug’s pharmacological
effects following repeated administration in a specific con-
text, coupled with the attenuation of tolerance when the
same drug dose is administered in a different context [5,
11, 12]. Place conditioning refers to the development of a
conditioned preference for or aversion of physical contexts
associated with drugs [8–10]. Both paradigms have yielded
important insights about processes that regulate context
conditioning with experimenter-administered drugs.

* Nadia Chaudhri
nadia.chaudhri@concordia.ca

1 Department of Psychology, Center for Studies in Behavioural
Neurobiology, Concordia University, 7141 Sherbrooke Street West,
Room SP 244, Montreal, Quebec H4B-1R6, Canada

2 Department of Anesthesiology and Perioperative Medicine, Penn
State College of Medicine, Hershey, Pennsylvania, USA

3 Department of Psychiatry, Bowles Center for Alcohol Studies,
School of Medicine, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, USA

https://doi.org/10.1007/s13311-019-00824-2
Neurotherapeutics (2020) 17:43–54

Published online: 2 January 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s13311-019-00824-2&domain=pdf
http://orcid.org/0000-0003-4217-4044
mailto:nadia.chaudhri@concordia.ca


Drug-associated contexts can also have a marked effect on
instrumental and Pavlovian-conditioned responding associat-
ed with voluntary drug intake, as well as on learning and
memory processes that contribute to substance use disorders.
Specifically, studies in rats show that physical contexts asso-
ciated with prior drug use can renew extinguished instrumen-
tal and Pavlovian-conditioned responses associated with prior
drug availability. Drug-associated contexts can also amplify
non- or partially extinguished responses elicited by Pavlovian,
drug-predictive cues. Furthermore, drug interoceptive stimuli
produced by the psychopharmacological effects of drugs can
serve as discriminative stimuli for reward-seeking behavior
and can set the occasion for learning cue–reward associations.
In people, drug-associated contexts can evoke conditioned
reactivity, amplify reactivity to proximal drug cues, increase
actual drug intake, and affect drug-related cognitive expectan-
cies. Here, we review this research in an effort to highlight
recent translationally relevant findings that have been obtain-
ed across species.

Given the vast and global socioeconomic and health impli-
cations of substance use disorders, there has been a tremen-
dous effort aimed at treatment development, and researchers
have proposed that knowledge about how contexts can influ-
ence learned behavior could be harnessed to improve treat-
ment efficacy [13–15]. Since then, pharmacological research
has yielded effective medicines to treat alcohol use disorders
and tobacco use; fundamental neuroscience research has
prompted the revolutionary exploration of brain stimulation
techniques to promote abstinence; and decades of
psychobehavioral research has matured into approaches that
empower treatment-seekers with cognitive and behavioral
skills to combat relapse. In this review, we conclude by pre-
senting ideas for how these specific treatment approaches
might be enhanced by considering drug-associated contexts
in treatment development.

Definitions and Scope

In accordance with human studies, we operationally define
sensory stimuli that reliably accompany drug use (e.g., the
taste or smell of alcohol, the sight of a lit cigarette in an
ashtray) as proximal drug cues in human studies [16, 17].
Animal models mimic proximal drug cues by pairing drug
delivery with a brief, nondrug stimulus like the onset of a
light, tone, or both stimuli combined [18–20]. We define these
stimuli as discrete drug cues.

The word “context” can encompass a vast array of external
and internal stimuli. In this review, we focus on studies that
examined the effects of drug-associated contexts on instru-
mental drug-seeking behavior, reactivity to discrete/
proximal drug cues, drug use, and drug-related cogni-
tions. A drug-associated context is defined as a stable

configuration of multimodal stimuli that is consistently
present in the background during drug use, and is thus
likely to have gained associative value through repeated
pairings with drug use [21].

Drug use in humans is often a social process, and it can be
challenging to disentangle drug-associated contexts from so-
cial stimuli (i.e., other people) that are reliably present in those
contexts. Therefore, we also briefly describe research on the
effects of social stimuli on drug use and drug-related
cognitions.

The psychopharmacological effects of drugs can produce
drug interoceptive stimuli (i.e., internal drug states) that serve
as discriminative cues that signal when a behavior might result
in drug delivery [22, 23]. Because this function of drug inter-
oceptive stimuli can parallel some effects of drug-associated
contexts, we briefly review studies that examined the contri-
bution of drug interoceptive stimuli to learning processes that
are implicated in substance use disorders.

Given the extensive evidence that drug-associated contexts
can influence multiple facets of behavior related to drug use,
we support the position raised by others [13–15] that drug-
associated contexts should be integrated into treatment-
oriented research. We conclude with new ideas for how to
do this in four promising areas of treatment research, namely
pharmacology, brain stimulation, mindfulness-based relapse
prevention, and cognitive behavioral group therapy. The
scope of this review is restricted to studies conducted using
alcohol and tobacco/nicotine, as these are globally the most
frequently used drugs [24], for which known treatments exist
[25–27].

Context-Induced Renewal of Drug-Seeking
Behavior

Animal Models

The renewal paradigm [28] is one of the primary behavioral
animal models used to investigate the influence of drug-
associated contexts in relapse. In the first published report,
rats were trained to press an “active” lever for intravenous
infusions of a heroin–cocaine (“speedball”) mixture in a dis-
tinctive environmental context called “context A” [29]. Each
drug infusion was paired with a brief, white cue-light to signal
drug delivery, and presses on a second “inactive” lever were
recorded but not reinforced. Following stable self-administra-
tion, extinction was conducted in a second, different context
(“context B”), in which active lever-pressing decreased as a
result of being reinforced by the cue-light alone (i.e., speedball
was withheld). At test, a return to context A stimulated a
renewal of active lever-pressing (ABA renewal), relative to
controls that received self-administration training, extinction,
and test in the same context (AAA control), or self-
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administration training in one context and extinction and test
in a second, different context (ABB control). At test, active
lever presses resulted in presentations of the cue-light but no
speedball, and the renewal effect was specific to the active
lever. This finding of ABA renewal of instrumental, drug-
seeking behavior supports the hypothesis that contexts asso-
ciated with prior drug use can precipitate a “relapse-like” re-
turn of extinguished, drug-seeking behavior.

ABA renewal of drug-seeking behavior is a ubiquitous
effect. Contexts associated with various intravenously self-
administered substances, including heroin [30, 31], cocaine
[29, 32–35], oxycodone [36], and nicotine [37–39], prompt
renewal after extinction in a different context. There is also
ample evidence of ABA renewal of instrumental responding
associated with prior receipt of orally consumed reinforcers,
like alcohol [40–44], sucrose [41, 45, 46], or food pellets [47,
48]. Studies in the latter domain found that entries into the
magazine where reinforcer delivery occurred during self-
administration also underwent ABA renewal [44, 49].
Through an innovative twist of the model, ABA renewal
was also observed when in place of extinction, instrumental
responding was reduced by sporadically pairing active lever
presses with a mild foot shock in context B [50, 51]. Thus, the
ABA renewal model can capture the influence of drug-
associated contexts on drug-seeking behavior that was re-
duced either through the omission of drug delivery
(extinction) or the introduction of a response-contingent, neg-
ative consequence (punishment).

ABA renewal is produced by a return to the conditioning
context following extinction in a different context. However,
renewal can also be triggered by removal from a context with a
mixed history of reinforcement and extinction (AAB renewal)
and by removal from a context associated with extinction and
placement into a new context (ABC renewal). Although ABA
renewal of instrumental drug-seeking behavior is robust and
reliable, AAB and ABC renewal are less frequently tested and
produce more nuanced effects. For example, one study showed
that AAB and ABC renewal of instrumental responding on a
food-associated lever were numerically weaker effects than
ABA renewal [47]. Another study reported ABC renewal of
instrumental responding associated with prior sucrose delivery,
but did not observe ABC renewal of instrumental responding
associated with prior alcohol delivery [41]. Finally, the first
study to report ABA renewal of instrumental, speedball-
seeking did not find evidence of AAB renewal [29]. Thus,
although a return to the self-administration context is a strong
trigger for renewal, removal from the extinction context and
placement into a new context (ABC renewal) and removal
from a context with a mixed history of self-administration
and extinction (AAB renewal) are not as effective.

Renewal has also been investigated using appetitive
Pavlovian conditioning procedures. Although it takes longer
in the absence of food or fluid restriction [52], animals can

learn to associate a conditioned stimulus (CS) with an appeti-
tive unconditioned stimulus (US). Unsurprisingly, ABA re-
newal is a robust phenomenon in appetitive Pavlovian condi-
tioning tasks in which a CS predicts food pellets [53], sucrose
[44], or alcohol [44, 54, 55]. However, results from studies
using other renewal designs are, once again, equivocal. One
study reported AAB renewal of responding to a CS associated
with food pellets [56], but unpublished data from our labora-
tory failed to observe AAB orABC renewal of responding to a
CS associated with either sucrose or alcohol, despite robust
ABA renewal (Khoo, Sciascia, Brown, and Chaudhri, unpub-
lished). Thus, in both instrumental and Pavlovian models, a
return to the drug-associated conditioning context appears to
be the most prominent trigger for renewal.

Human Studies

Effects akin to renewal have been reported in human partici-
pants. In one study [57], daily cigarette smokers were present-
ed with an ashtray and given the opportunity to smoke in a
room with specific decor. Participants then underwent extinc-
tion in a different room where the ashtray was present, but
smoking was not permitted. Subsequently, participants who
were returned to the original room (ABA renewal) reported
a greater urge to smoke in the presence of the ashtray, com-
pared with participants who were tested in the extinction-
associated room (ABB control). In another study conducted
in casual alcohol drinkers, conditioned responding elicited by
the smell of beer was measured in a specific room. Participants
were then either returned to this room or brought into a sec-
ond, different room, where they repeatedly sniffed the beer
until their self-reported urge to drink ratings returned to base-
line (i.e., extinction). All participants were then instructed to
smell the beer in the initial room. Those participants who had
received extinction in the second room (ABA renewal) report-
ed greater urge to drink and had increased salivation, com-
pared with participants who had received extinction and test
in the same room (AAA control) [58]. Thus, contexts have the
capacity to renew conditioned cue reactivity in people.

Context Impacts Cue Reactivity, Drug Use,
and Drug-Outcome Expectancies

Animal Models

In the renewal model, drug-related responding is systematical-
ly extinguished before the test. However, this type of rigorous
extinction in people with substance use disorders is infre-
quent. Interestingly, contexts associated with prior drug intake
can also elevate responding elicited by non- or partially
extinguished discrete, drug-predictive cues. One model to de-
scribe this finding used rats that were trained in a specific

Considering Drug-Associated Contexts in Substance Use Disorders and Treatment Development 45



context to associate a brief, auditory CS with alcohol that was
delivered into a fluid port for oral intake. On alternating days,
rats were exposed to the same chambers that were set up as a
different context, where alcohol was never delivered. After an
equal number of sessions in both contexts, CS-elicited fluid
port entries were tested in both contexts using a
counterbalanced, within-subject design. At test, the CS was
presented as during Pavlovian conditioning, but no alcohol
was delivered. Results showed that CS-elicited port entries
were significantly higher at test in the context associated with
prior receipt of alcohol, compared to the second context that
was equally familiar, but motivationally neutral [18, 59, 60].
Importantly, CS-elicited port entries in the familiar, neutral
context did not differ from CS-elicited port entries in a novel
context, supporting the idea that the familiar context was neu-
tral and not inhibitory [59, 61]. In a similar task, context was
also found to signal the temporal relation between CS onset
and US delivery (Valyear and Chaudhri, unpublished). Thus,
context can control the magnitude of responding to a
nonextinguished CS, as well as provide more nuanced infor-
mation about the temporal relation between cues and alcohol
delivery.

Human Studies

Ecological momentary analysis is being used to describe how
drug use occurs in real-world, drug contexts. This technique
uses self-report, geolocation, photographs, and videos to sam-
ple behaviors in their natural environments [62, 63]. It pro-
duces real-time measures of physical locations, social settings,
and amounts of drug consumed, while minimizing recall
biases. Studies using ecological momentary analysis suggest
that drinking and smoking behaviors are influenced by drug-
associated contexts, which are often imbued with social stim-
uli. For example, most drinking episodes occur in bars, in an
individual’s home, or at other people’s homes [64, 65].
Drinking episodes are also more likely to occur when other
people are drinking [65]; one study reported that other people
were drinking in 56% of drinking episodes [64]. Smoking is
more likely to occur in a car, at work, at home, and at a bar
[66–68]. Interestingly, smoking is reported more frequently
while in the company of friends, other smokers, and while
consuming coffee or alcohol [66–68]. These data provide
valuable qualitative information about the relation between
context and drug use.

In research that seeks to empirically manipulate context,
one approach is to present participants with pictures of drug-
associated contexts. In one series of studies that used this
approach, exposure to pictures of smoking contexts that were
devoid of proximal smoking cues evoked higher levels of
craving to smoke than pictures of neutral stimuli [17].
Interestingly, pictures of personalized smoking contexts
evoked stronger reactivity than generic smoking contexts

[69]. Exposure to pictures of proximal smoking cues that were
juxtaposed against projected images of smoking contexts also
produced more craving than either cue type alone and led to
the most rapid onset of cigarette smoking [70]. Finally, expo-
sure to smoking-related contexts decreased the ability of par-
ticipants to resist smoking, and greater craving was correlated
with faster initiation of smoking [71]. Thus, pictures of
smoking-associated contexts evoke reactivity, augment reac-
tivity to nonextinguished, proximal smoking cues, and accel-
erate smoking behavior.

Simulated or imagined drug-associated contexts also im-
pact drug intake. For example, casual drinkers consumed sig-
nificantly more alcohol in an alcohol taste test task that was
conducted in a simulated bar, compared to a laboratory envi-
ronment [72]. An increase in alcohol intake also occurred
when scripts and guided imagery were used to evoke cogni-
tive representations of recent situations that included alcohol-
related stimuli and alcohol consumption [73]. The impact of
context on drinking can therefore generalize to cognitive rep-
resentations of drug-associated contexts.

Drug-associated contexts can also alter alcohol-outcome
expectancies—a cognitive measure describing beliefs about
the consequences of drinking alcohol [74, 75]. For example,
participants reported greater positive outcomes, such as stim-
ulation, perceived self-dominance, and pleasurable disinhibi-
tion when queried in a campus bar, compared to a laboratory
[76]. The inverse occurred for negative outcomes, such that
expectations of cognitive and behavioral impairments and
negative self-perception were reported less when participants
were in the bar environment [77]. Other alcohol-outcome ex-
pectancies, such as positive social interactions, fun, and ten-
sion reduction, were also reported as being higher in a bar
environment, relative to a context that was not explicitly as-
sociated with alcohol [78].

As suggested by ecological momentary analysis, drug-
associated contexts are often imbued with social stimuli (i.e.,
other people), making it relevant to ask if social stimuli impact
cue reactivity and drug use. Interestingly, people can function
as smoking-associated cues that elicit conditioned responses
[79–81]. Daily smokers smoked more cigarettes, and at a
quicker rate, in the presence of a confederate who was actively
smoking, versus a nonsmoking confederate or social isolation
[82–84]. Conversely, the presence of a nonsmoking confeder-
ate reduced the number of cigarettes smoked [79, 85], sug-
gesting that people who are not associated with smoking may
be a protective factor for abstinence.

Social setting can also alter alcohol-drinking patterns in the
laboratory, often without participant awareness. For example,
casual alcohol drinkers were more likely to choose an alco-
holic beverage over a placebo beverage, despite being un-
aware of the contents of either beverage, when tested in a
social setting compared to social isolation [86]. This effect
was replicated in heavy social drinkers, who drank more

LeCocq et al.46



alcohol and at a faster rate in the presence of an alcohol-
drinking partner, compared to social isolation [87]. Despite
not knowing the contents of a confederate’s beverage, partic-
ipants drank significantly more alcohol when a confederate
drank alcohol, compared to when a confederate drank soda
[88]. When in the presence of other people, participants also
consumed more of what they believed was alcohol, but was
actually a placebo, while in a pub environment compared to a
library [89].

Finally, social settings can alter psychological responses to
alcohol. When in a social setting that included other people
also consuming alcohol, participants reported elevated mood,
enjoying alcohol more, feeling more intoxicated, and feeling
more stimulated [86, 90]. As well, participants rated risky
choices as significantly more attractive after consuming alco-
hol when isolated, but not when in a group setting [91].
Together, these results indicate that social stimuli can serve
as cues that prompt and perpetuate drug-seeking and use.

Drug Interoceptive Stimuli and Learning
Processes Related to Substance Use Disorders

Animal Models

Consider the interoceptive stimuli (i.e., internal drug states)
associated with drinking alcohol in which people report feel-
ing “buzzed,” “high,” or “relaxed.” These drug interoceptive
stimuli may co-occur with reinforcing events, such as drinking
with friends, being in a social setting, or drinking while taking
other drugs. Associations formed between drug interoceptive
stimuli and these reinforcing events may contribute to ongo-
ing drug use and relapse [92, 93]. Namely, drug interoceptive
stimuli can function as cues for drug-seeking and drug-taking
[93]. They can also serve as discriminative cues for behavioral
responses that may perpetuate drug use [94, 95].

Supporting the latter idea, animal models such as the “dis-
criminated goal-tracking task” show that drug interoceptive
stimuli can readily guide reward-seeking behavior [22,
96–99]. In these studies, the experimenter administers either
a drug (e.g., nicotine) or vehicle (e.g., saline) prior to daily
conditioning sessions. During conditioning sessions, sucrose
is intermittently presented into a fluid receptacle for oral in-
take only in the drug sessions. As such, with training, the drug
interoceptive stimuli come to control anticipatory reward-
seeking (goal-tracking) behavior. This effect is evidenced by
increased entries into the fluid receptacle in drug sessions,
relative to vehicle sessions. Importantly, rats also learn to
withhold reward-seeking behavior in nonreinforced, vehicle
sessions. If the experimental parameters are arranged in such
a manner that sucrose delivery only occurs on vehicle ses-
sions, then the opposite association can also be trained, such
that rats learn to make receptacle entries on vehicle sessions

and withhold receptacle entries on drug sessions [22].
Furthermore, rats previously conditioned to an interoceptive
stimulus that undergo extinction sessions in which there are
nonreinforced presentations of the drug interoceptive stimuli
show decreases in reward-seeking behavior [97–100]. As
such, understanding these learning processes may be impor-
tant to consider for behavioral interventions to maintain drug
abstinence.

In addition to serving as discriminative stimuli, drug inter-
oceptive stimuli can also function as occasion setters
[101–106], a property of drug-associated contexts that is
thought to be important for renewal. In this case, the drug
interoceptive stimuli set the occasion for when the offset of a
light cue will be followed by sucrose. For example, Randall
and colleagues [104, 107] used such a procedure to determine
whether the interoceptive stimuli of two co-abused substances
(alcohol and nicotine) experienced together differed in some
qualitative fashion from the interoceptive effects of either drug
alone. Rats were administered a nicotine+alcohol cocktail or
water by an experimenter prior to daily training sessions. On
sessions in which rats were treated with nicotine+alcohol,
light offset was followed by sucrose presentation. On sessions
in which rats were treated with vehicle (i.e., water), light offset
was not followed by sucrose presentation. In separate experi-
ments, the inverse was conditioned, such that light offset was
followed by sucrose in vehicle, but not nicotine+alcohol ses-
sions. In these experiments, interoceptive drug stimuli could
be conditioned to specific training conditions. That is, the
interoceptive drug state set the occasion for whether or not
offset of the stimulus light was followed by sucrose reinforce-
ment. Moreover, these experiments showed that it was the
specific dose combination of the drug cocktail that proved to
be the most effective occasion setter (i.e., greatest level of
goal-tracking behavior) when assessed in a dose–response
curve, demonstrating a great deal of strength imbued to the
specific training parameters.

Human Studies

There has been interest in the role of interoception in a variety
of psychiatric conditions including anxiety, major depression,
and substance use disorder, as individuals with these condi-
tions have been described as having disruptions in interocep-
tive awareness [108–113]. Specifically, these disruptions are
described as a disconnection between an individual’s expec-
tations, what they perceive, and the actual interoceptive state.
For example, an individual with alcohol use disorder may
have a particular expectation of the effects from a single drink,
and the mismatch between the expectation and perception of
their own interoceptive state may drive increased drinking to
achieve the desired interoceptive state. In support of this idea,
in a recent neuroimaging study focusing on the relation be-
tween insula activity and interoceptive state, individuals with
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stimulant use disorder (cocaine and amphetamine) showed
exaggerated perception of heartbeat sensations compared with
controls. Interestingly, this effect was associated with de-
creased dorsal dysgranular insula activation compared with
controls [114]. The authors postulated that this data pattern
may suggest that with repeated stimulant use the individual’s
perception of heartbeat changes leads to a suppression of at-
tention of the insula to these sensations, which in turn may
result in the individual needing to engage in escalated drug-
taking to maintain the desired interoceptive state. Therefore, it
is likely important to consider how attention to interoceptive
signals may impact cravings and prime relapse, and this idea
may be especially relevant to interoceptive signals associated
with drug withdrawal.

Interoceptive stimuli associated with drug use can be
viewed as an “internal context” and continued drug use can
affect interoceptive processing. Within this framework, it is
important to consider that this internal context may play a
key role when one considers factors that promote continued
drug use, relapse, and abstinence. Previous work has found
that even immune responses can be conditioned by drug cues,
reinforcing the hypothesis that contextual cues have power
over behavior and physiology [115]. Moreover, interoceptive
states that are related to, but not directly caused by the phar-
macological effects of drugs, such as anxiety or malaise for
example, are also important to consider as they can maintain
ongoing drug use.

Integrating Context into Treatment
Development

Animal Models

Pharmacology

Several pharmacological agents that are already approved for
use in people (e.g., naltrexone, rimonabant, varenicline,
cannabidiol) reduce the ability of drug-associated contexts to
promote drug-seeking behavior in animal models, specifically
renewal [36, 38, 40, 116–118]. As well, preclinical studies
show that dopamine [42, 43, 54, 119–121], glutamate [18,
120, 122, 123], and opioid [36, 118] systems are important
in mediating the impact of drug-associated contexts on drug-
seeking behavior. These and related studies on the neural and
psychological processes that regulate the influence of context
in substance use disorders [15, 50, 124] provide a rich vein of
data that can be used to inform treatment development.

Given the evidence supporting context as a factor to con-
sider drug use and substance use disorders, future treatment-
oriented research would benefit from conducting assessments
in context-dependent tasks (e.g., renewal, cue reactivity). As
substance use disorders do not discriminate by gender [125,

126], including male and female subjects in preclinical re-
search and gender as a factor in human studies would be
essential to ensure a comprehensive evaluation of treatment
effectiveness.

Brain Stimulation

Preclinical studies have found that deep brain stimulation
[127] or activation of select neural circuits [128] impacts
drug-seeking behavior. Brain stimulation techniques have also
been used to study ABA renewal. Specifically, optogenetic
activation of neurons in the infralimbic subregion of the me-
dial prefrontal cortex during CS presentations reduced ABA
renewal of responding to a sucrose-predictive CS [129]. The
infralimbic prefrontal cortex is important for the consolidation
of extinction learning [130, 131], and activating neurons in
this area may suppress renewal by accessing the inhibitory
learning acquired during extinction. These results corroborate
additional studies showing that activation of the infralimbic
prefrontal cortex and its efferent projections to the nucleus
accumbens shell reduced drug-seeking in various relapse
models [132, 133]. Modern neuroscience approaches used to
understand the causal role of neural circuits in behavior have
also revealed that medial prefrontal cortex and anterior insular
projections to the nucleus accumbens core are important for
mediating drug interoceptive stimulus effects [107]. As well,
mesolimbic dopamine inputs from the ventral tegmental areas
to the nucleus accumbens shell have been found to be partic-
ularly important for the elevation in responding to an alcohol-
predictive CS by an alcohol context [60].

These preclinical studies can inform translational research
aimed at investigating the use of transcranial magnetic stimu-
lation and transcranial direct current stimulation (tDCS) in the
treatment for substance use disorders [134]. tDCS in particular
is a burgeoning noninvasive technique that delivers low-
intensity electrical current to a targeted brain area through 2
electrodes placed on the scalp. The low-intensity current can
change resting membrane potential in the targeted area by
hyperpolarizing or depolarizing neurons and, thus, has the
capacity of modulating neuronal activity. tDCS has been test-
ed in people with alcohol use disorders, as well as tobacco
dependence, with a primary focus on activating the dorsolat-
eral prefrontal cortex. Overall, studies reported significant re-
ductions in craving for alcohol [135, 136], cue-evoked craving
[137], probability of relapse [138], or both [139]. Similarly, in
individuals with tobacco dependence, tDCS reduced cigarette
use [140, 141] and cue-evoked craving [137, 142].

These findings suggest that stimulating brain regions in-
volved in inhibitory control (i.e., the prefrontal cortex) can
reduce cue-elicited craving for alcohol and cigarettes, which
supports the continued exploration of brain stimulation as a
method to improve substance use disorder treatment out-
comes. Future research using tDCS should be extended to
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examine the effects of this manipulation in context-dependent
drug-seeking, cue reactivity, and drug expectancy tasks.

Human Studies

Mindfulness-Based Relapse Prevention

Cognitive behavioral therapy is a popular, heterogeneous
treatment strategy for substance use disorders that can incor-
porate different behavioral interventions [143]. Relapse pre-
vention therapy is one type of cognitive behavioral therapy in
which treatment-seekers are first taught to identify high-risk
triggers for relapse, and then taught cognitive and behavioral
skills to promote abstinence. Such skills focus on avoidance-
based goals, such as how to avoid high-risk situations and
control cravings and negative affect by diverting attention
from urges and by finding alternative lifestyle practices to
engage in [144]. Although relapse prevention therapy can help
people abstain from tobacco and alcohol use [145], high-risk
triggers for relapse are pervasive and unpredictable, making
complete avoidance unfeasible. Relapse prevention therapy
also does not teach treatment-seekers to learn to tolerate and
live with the causes of craving and negative affect that can
result from being abstinent from drugs [146]. These factors
may contribute to relapse remaining an issue even after relapse
prevention therapy [145, 147]. Providing treatment-seekers
with skills to cope with experiencing (rather than avoiding)
high-risk triggers might improve treatment effectiveness.

Mindfulness is a promising treatment option for substance
use disorders that uses exposure-based approaches to develop
skills for becoming open-minded and accepting of life expe-
riences [148]. This approach allows people in recovery from
substance use disorders to become cognizant of stimuli (e.g.,
interoception, affect, physical sensations, environments) that
might contribute to their individual propensity to relapse.
Interestingly, mindfulness training has been used in conjunc-
tion with relapse prevention therapy (known as mindfulness-
based relapse prevention) to treat substance use disorders
[146, 149–153]. In this approach, treatment-seekers are
trained to recognize high-risk triggers for relapse; however,
rather than avoiding them, treatment-seekers receive cogni-
tive, behavioral, and mindfulness training to help tolerate
and cope with the discomfort induced by those triggers.
Importantly, treatment-seekers are trained to promote contin-
ued abstinence through mindfulness practice if they enter
drug-associated contexts [153]. An added benefit of
mindfulness-based relapse prevention is that experiencing
current thoughts and emotions without avoiding them can
serve as a form of exposure therapy, which over time, may
facilitate the extinction of conditioned responses that elicit
triggering states, such as craving and negative affect [154].

Accordingly, the literature suggests that mindfulness-based
relapse prevention produces enduring periods of sobriety. In

one study, a sample of nicotine-dependent participants
showed a greater reduction in cigarette use and a greater num-
ber of individuals remaining abstinent at a 17-week follow-up,
compared to a control treatment [146]. Similarly, in a sample
of participants with an alcohol use disorder, mindfulness-
based relapse prevention and traditional relapse prevention
therapy produced a higher probability of abstinence compared
with nontreatment controls at a 6-month follow-up. However,
at 12 months, people who had received mindfulness-based
relapse prevention treatment had a higher probability of not
engaging in heavy drinking compared to traditional relapse
prevention therapy [150].

Mindfulness-based relapse prevention could be a highly
effective approach for extinguishing the motivational proper-
ties of drug-associated contexts in a naturalistic manner. This
approach contrasts with cue exposure therapy, which involves
systematic exposure to nonreinforced proximal drug cues with
a therapist in treatment seeking but nonetheless leaves
treatment-seekers susceptible to renewal effects [155–157].
Virtual reality could be used to allow treatment-seekers to
practice and establish mindfulness-based relapse prevention
skills in simulated drug-associated contexts, which could also
facilitate the generalization of those skills to real-world, drug-
use environments.

Cognitive Behavioral Group Therapy

Because social setting plays a vital role in drug use, incorpo-
rating a social element into treatment interventions might help
boost their efficacy. Indeed, preclinical studies have found that
voluntary access to a conspecific has protective effects against
drug self-administration and craving in both female and male
animals [158, 159].

Implementing group-based exposure treatments in multi-
ple, drug-related environments could be one approach, and
in this regard, cognitive behavioral group therapy is a prom-
ising option. For example, in patients with social phobias,
traditional cognitive behavioral therapy treatment was
intermixed with “behavioral experiments,” during which pa-
tients worked in groups to learn how to overcome symptoms
of social phobia [160–162]. They conducted various group
tasks (e.g., doing a conga line down a busy street) and then
compared predicted versus actual outcomes (e.g., the cost of
attracting attention to themselves). A similar therapy for sub-
stance use disorders could be developed in which treatment-
seekers could meet as a group and undergo live exposure to
proximal drug cues, ideally juxtaposed against relevant drug-
associated contexts. Behavioral experiments could be tailored
to the group and might include tasks like practicing ordering a
nonalcoholic drink at a bar, or refusing the offer of a cigarette.
These experiments would serve as rehearsals for future times
when treatment-seekers might be in social contexts where they
are invited to participate in drug use. They would provide a
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supervised, social context in which treatment-seekers could
practice long-lasting coping strategies to facilitate enduring
recovery.

It is critical to stress that introducing people who are
attempting abstinence to drug contexts can be hazardous.
Live exposure to drug-associated contexts creates a high-risk
situation for treatment-seekers, making them vulnerable to
relapse. Virtual reality could be used to help overcome this
caveat, providing the advantages of initially exposing
treatment-seekers to a range of drug-associated contexts in a
regulated environment where there is reduced risk of engaging
in drug use. Subsequent sessions could incrementally extend
to real-world drug environments and social stimuli for maxi-
mum generalizability to natural scenarios. The unique and
invaluable aspect of this cognitive behavioral group therapy
is that it can potentially extinguish multiple drug-associated
stimuli, including drug-associated contexts, internal states,
and social stimuli.

Conclusions

Drug-associated contexts are an influential factor to contend
with in drug use and substance use disorders, and research
reviewed herein supports this hypothesis. Parallel findings in
preclinical studies and human participants show robust and
reliable effects of drug-associated contexts on multiple pro-
cesses that can accelerate drug use and promote relapse. Based
on these results, translational research on pharmacological and
neural interventions could be greatly improved by the inclu-
sion of context-based experimental manipulations. As well,
treatment practices that equip treatment-seekers with the skills
to cope with being in drug-associated contexts and that offer
opportunities to practice and establish those skills under safe
conditions might ultimately facilitate long-term abstinence.
Ultimately, considering drug-associated contexts as a factor
in the development and implementation of treatment strategies
is likely to improve outcomes for people with substance use
disorders.
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