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Abstract This paper reviews the role of the insula in drug
craving. Evidence is presented that drug craving may be a
particular instance of the anterior insula’s broader role in
interoception and subjective feeling states similar, for
example, to thirst and hunger. An important role for the
insula in craving is supported by evidence of insular
activity changing with satiety and with the top—down
cognitive modulation of cravings. Cognitive processes
involving the insula’s role in awareness of one’s own
behaviour may also contribute to craving insofar as the
avoidance of craving might require subjective awareness of
the endogenous and exogenous cues that initiate it. Finally,
some consideration is given to sex differences and devel-
opmental processes in craving.

Keywords Insula - Craving - fMRI - Cognition

Insula and subjective experiences

To understand compulsive addictive behaviour, it may be
essential to understand the very strong urges that compel
addicts towards use, often against their own better judgement
and their stated intentions to remain drug free. As is amply
demonstrated elsewhere in this special issue, the insula has a
key role in producing subjective, interoceptive experiences.
Thus, it is a worthy neurobiological focus for research into
the powerful urges and cravings of the drug addict. The
anterior insula has been implicated in a range of emotional
processes including representing visceral states, particularly
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those that give rise to emotional experiences, in detecting
discrepancies between one’s expected and actual bodily
arousal levels, in empathy, in processing decision-making-
related uncertainty, and in conscious awareness of one’s
bodily states with implications for one’s performance on
cognitive tasks (Craig 2009; Hester et al. 2005; Singer et al.
2009; Paulus and Stein 2006). Though broad, this range of
functions points to an important role for the insula in feeling
states. These feeling states may be central to the conscious
experience of motivational states that an individual has and,
in the case of addiction, may be a key neurobiological ele-
ment underlying drug use urges and cravings.

Dysfunction of the insula or its connectivity to other brain
structures may underlie psychopathologies characterised by
aberrant processing of feelings and emotions. For example,
patients with damage to the insula report a loss of suffering,
despite intact perception of pain (Berthier et al. 1988). Similar
effects may arise from more subtle deficits. For example,
using aresting-state fMRI paradigm that is thought to identify
patterns of inter-cortical communication, elevated levels of
autistic traits in a normal population have been shown to be
associated with negative connectivity between the anterior
mid-insula and the pregenual anterior cingulate cortex (ACC)
(Di Martino et al. 2009). In contrast, the especially powerful
feeling state embodied within the cravings of drug users may
suggest an opposite pattern. Ma and colleagues (Ma et al.
2010) recently reported increased resting-state connectivity
between the left lateral orbitofrontal cortex and the left insula
in heroin users relative to controls.

Neurobiology of drug craving

Given the important role that cravings are thought to play
in motivating addictive behaviour (Niaura et al. 1988),
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minimally, in the aversive discomfort experienced by users
attempting abstinence, understanding the neurobiology of
this subjective experience is of clinical importance. This
may be especially true given the evidence reviewed else-
where in this issue that damage to the insula can produce an
immediate loss of cravings and immediate smoking ces-
sation (Naqvi et al. 2007). Neuroimaging studies of drug
cravings are experimentally difficult given the challenges
in inducing, assessing and exercising experimental control
over an emotional state. This is often compounded by the
alexithymia of drug users that can diminish the validity of
their subjective reports. The craving experience does not
easily lend itself to the “ON-OFF” activation contrast that
is typically required in fMRI studies leading some inves-
tigators to employ quantitative measures such as PET or
blood perfusion (Bonson et al. 2002; Brody et al. 2002;
Franklin et al. 2007; Volkow et al. 2010). An important
factor, when considering the literature on the neurobiology
of craving, is whether an experimental manipulation suc-
ceeded in inducing an emotional craving experience. Some
studies that present drug-related stimuli may have validity
as tests of drug cue reactivity while not necessarily creating
a drug craving response. Consequently, a drug cue might
elicit, for example, a ventral striatal response reflecting the
learned salience of that cue but might not induce a sub-
jectively experienced craving response and might therefore
not activate key brain areas that underlie craving. Perhaps
related to the distinction between cue reactivity and crav-
ing, some studies have observed that brain responses to the
initial period of exposure to drug stimuli (e.g., the first 30 s
of a cocaine video) is more sensitive at discriminating users
and controls (Kosten et al. 2006). One final consideration
in interpreting the empirical literature is that drug avail-
ability or expectancy to consume very soon after testing
can impact on drug cravings. These expectations can
modulate the effects of abstinence on cravings and affect
activation levels including those in the insula (Gloria et al.
2009; McBride et al. 2006; Wilson et al. 2004).

Given the emphasis being placed here on subjective
experiences, it is important to comment on the relevance of
subjective cravings to actual behaviour. The processes by
which certain stimuli attain an approach, incentivised
value, the distinction between wanting and (subjectively)
liking an item such as a food or a drug and the distinction
between those items being reinforcing as opposed to being
rewarding all call into question the central relevance that
subjective experience may have. Coupled with this is the
evidence that limbic reactivity to drug stimuli can be
induced by drug-related stimuli that are not consciously
perceived (Childress et al. 2008) and theories of drug-
dependence that suggest that habitual or automatic
behavioural repertoires might suffice to maintain depen-
dence (Tiffany 1990; Everitt and Robbins 2005).

@ Springer

Moreover, brain activity measures at the onset of treatment
may prove to be better predictors of relapse than subjective
craving reports (Kosten et al. 2006). Naqvi and Bechara
(2009) have suggested that the (subjective, conscious)
motivations experienced by smokers may serve as a gate-
keeper that amplifies the incentive salience of drugs and
drug-related cues thereby accommodating how subjective
and unconscious processes may combine to yield com-
pulsive urges. Consistent with this, tracer studies in
macaque monkeys have revealed strong afferent projec-
tions from the insula to the ventral striatum, which are
thought to integrate consummatory behaviours with
rewards and memory (Fudge et al. 2005). Finally, although
the relationship between craving and relapse is unclear (see
Table 1 in Heinz et al. 2009), in assessing the importance
of the subjective experience to addictive behaviour, it is
notable that current non-pharmacological therapies for
addiction place emphasis on the detection of one’s (sub-
jectively available) drug urges and conscious cognitive/
behavioural methods to arrest and control them (Penberthy
et al. 2010).

The extant neuroimaging literature on craving reveals
widespread cortical and subcortical activation (see reviews
in Heinz et al. 2009; Naqvi and Bechara 2009; Wilson et al.
2004). No doubt this reflects the numerous cognitive and
emotional processes involved. These are likely to include
the heightened and potentially multi-modal perceptual
processing of drug cues, long-term memory recollections
of previous drug experiences, working memory rumina-
tions, arousal and so on. In addition to the insula, craving-
related activations are often observed in dorsolateral
prefrontal, medial prefrontal and orbitofrontal cortex,
anterior and posterior cingulate cortex, ventral striatum and
the amygdala. The contribution of the insula to this network
may be the somatic, interoceptive processes experienced
subjectively as a drug craving (Craig 2009). Consistent
with this central a role in craving, insula activation in
craving paradigms is a reliable observation. For example,
Table 1 in Naqvi and Bechara (2009) lists 16 studies
reporting insula activation during drug urges in cigarette,
cocaine, alcohol and heroin users. More recently, mari-
juana craving has also been observed to produce insula
activity (Filbey et al. 2009). Individual differences in
smoking cue reactivity have also recently been linked to
genetic variability (Franklin et al. 2009). Smokers with the
dopamine transporter 9-repeat allele (thought to lower
DAT expression and therefore prolong synaptic dopamine
function) showed greater subcortical and orbitofrontal
response to smoking cues. However, only those with the
10-repeat allele showed increased activity in bilateral
anterior insula and a correlation between reported craving
and insular activity. While the psychological interpretation
of this insular activity is unclear (e.g., the authors suggest
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that the 10-repeat subjects, who had recently smoked and
were therefore satiated, may have had a negative reaction
to the smoking cues) this study, nonetheless, points towards
genetic predispositions impacting on subjective and brain
responses to drug cues.

Insula and non-drug cravings

The insula response when craving drugs may reflect a more
general response that would also be observed for other
appetitive stimuli. Insular activity has been reported in
response to erotic stimuli (Gizewski et al. 2006; Safron
et al. 2007) and in response to itching and scratching
(Vierow et al. 2009). In a direct test of the specificity of
insular activity for cocaine craving, Garavan et al. (2000)
showed that insular activity of cocaine addicts when
viewing a video of cocaine use was also present when those
users viewed a video containing erotic content and was also
present when cocaine-naive controls viewed the erotic
video. That said, the magnitude of responses to drug and
non-drug stimuli in a common circuitry may be important.
Heinz et al. (2009) report that although a larger ventral
striatal response to alcohol-related stimuli predicted higher
relapse rate in alcoholics, a larger response to non-drug,
affectively positive stimuli predicted lower relapse.

Curiously, gambling craving paradigms tested in those
with pathological gambling tend not to show activity in the
insula. This is true despite showing robust activity in other
areas typically observed during craving and cue-reactivity
paradigms (Crockford et al. 2005; Ko et al. 2009; Potenza
et al. 2003). Potenza (2008) directly compared the cue-
reactivity of gamblers to gambling stimuli and cocaine
users to cocaine stimuli and although both contrasts did
reveal activation changes in the left insula, these effects
appeared to be driven primarily by activation increases in
the controls.

In contrast to studies on gambling, both hunger and
thirst have been shown to activate the insula (Del Parigi
et al. 2002; Egan et al. 2003; Tataranni et al. 1999). Using
the combination of a monotonous dietary manipulation and
a cue-induction technique, robust caudate, hippocampal
and insular activity was observed as subjects imagined
their favourite foods (Pelchat et al. 2004). Using a 5-h
fasting manipulation, pictures of foods activated orbito-
frontal cortex and bilateral insula with the insula activity
correlating with subjective ratings of appetite (Porubska
et al. 2006). The insula may also contribute to eating
pathologies. Rothemund and colleagues (2007) studied the
neural response of obese women to images of high- and
low-calorie foods observing greater left anterior insula
activity for the high-calorie foods in the obese women
relative to a control group. In addition, significant

correlations were observed between body mass index and
right anterior insula activity. Supporting evidence comes
from a brain volumetric study: In a sample of frontotem-
poral lobal degeneration patients, Whitwell et al. (2007)
detected reduced grey matter volumes in orbitofrontal
cortex and right anterior insula in those with pathological
cravings for sweet foods.

This brief review suggests that the insula contributes to a
broad range of urges. Although the empirical literature is
small, rendering premature any speculation on why gam-
bling urges may be an exception, the absence of insular
activity in gambling craving paradigms may nonetheless
suggest a difference regarding the role of insula-mediated
interoception between this “behavioural addiction” and the
other drug and non-drug craving phenomena. Naqvi and
colleagues (this issue) place importance on the role of the
insula in interoception for specifically survival-related
functions such as sex, hunger and thirst. These authors also
stress the importance of peripheral physiological aspects of
consummatory experiences for insula activation. Either
alternative could explain the absence of insula activity for
gambling craving.

Converging evidence implicating the insula in craving

The challenge for a correlational method such as neuro-
imaging is assigning functional roles to observed activa-
tions and, given the present topic, in attributing a specific
role in subjective craving to insular activations. Converg-
ing evidence from lesion studies is immensely valuable
(Naqvi et al. 2007) but a number of experimental methods
using neuroimaging techniques (albeit still correlational)
can help in refining the insula’s role.

One such approach helps isolate the neurobiology of
craving by assessing what brain regions are sensitive to the
top—down modulation of craving. One of the first studies to
investigate this required smokers to suppress their urge to
smoke when viewing videotaped smoking cues (Brody
et al. 2007). Although cigarette craving did correlate with
left anterior insula activity the insula was not significantly
active in response to the smoking cues nor did it show a
significant decrease in activity in the suppression condition.
In contrast, Volkow et al. (2010) reported that cognitive
inhibition of a video-induced craving response in cocaine
abusers was associated with reduced metabolism in the
right posterior insula. In addition, Wang et al. (2009)
reported that men, but not women, who inhibited their
desire for food showed a corresponding reduction in the
insula. Although the interaction between sex and hunger
suppression was not significant for insula activity (it was in
other pertinent areas such as the orbitofrontal cortex,
amygdala, parahippocampus and putamen) these results do
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draw attention to potentially important differences between
males and females related to cognitive control over food
urges. Sex differences are relatively under-studied in drug
abuse and yet there is strong human and preclinical evi-
dence to suggest that females fare worse on very many
relevant physiological, behavioural and neurobiological
dimensions of addiction (Lynch et al. 2002).

Yet another research approach to identifying brain
regions subserving craving is provided by tracking brain
changes that accompany satiety. Food-specific satiety,
wherein consumption of an item reduces its appeal, pro-
vides a means to reveal the reduction in the hedonic value
of an item and consequently, the craving for it. Small
et al. (2001) reported reduced blood flow in the insula
that paralleled a reduction in the reward value of repeated
consumption of chocolate and Del Parigi et al. (2002)
showed insular activity to decrease once hungry partici-
pants were fed. Later, Smeets et al. (2006) studied the
effects of consuming chocolate to satiety on the brain’s
response to chocolate milk. Contrary to the previous
studies, they found increased activity in bilateral anterior
insula in response to the chocolate milk when satiated
relative to when fasted; this effect may indicate an
aversive response to the repeated consumption of the
chocolate milk. This effect was present in males only;
however, although females showed no insular effects, the
difference in insular activation between the sexes was not
significant. These results provide a useful reminder to be
cautious in interpreting an insula response to an otherwise
appetitive stimulus as necessarily reflecting a craving for
it. The insula shows robust activation for aversive stimuli
such as disgusting images and pain (Craig 2009) and
whether the interoceptive feelings represented by insular
activity are positive or negative in valence requires
additional information from self-reports or other behav-
ioural measures.

Further insight into the neurobiology of drug craving
might be gained by exploiting variations in the magnitude
of cravings. This could be done experimentally by, for
example, manipulating levels of cue or drug exposure or by
exploiting variation in craving over time. For example,
Risinger et al. (2005) employed a self-administration pro-
cedure wherein cocaine addicts were able to self-adminis-
ter up to six i.v. injections of cocaine within a 1-h fMRI
imaging session. The addicts were also able to provide
frequent subjective reports of their feelings using Likert
scales throughout the imaging session. Utilising the sub-
jective ratings of the drug addict enables researchers to
track the brain regions that correspond to the powerful
experiences induced by the drug self-administrations. It
was found that the time-course of subjective high ratings
correlated positively with right insular activity. As the
time-course of subjective high across the study was
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inversely correlated with the time-course of subjective
craving, the significant positive correlation between the
insula and high might also reflect a negative relationship
between insula activity and subjective craving. That said,
the positive correlation between the insula and high might
suggest that the interoception associated with the drug high
might overwhelm any relationship between insula activity
and craving. Notwithstanding the ambiguities that can arise
from cravings and highs being closely associated, this
strategy for tracking dynamic changes in subjective drug
experience affords potential for merging subjective expe-
rience and brain function. This allows one, for example, to
explore the brain state that immediately precedes the
decision to self-administer.

Yet another approach that helps to identify key brain
structures underlying craving is to determine what areas
predict relapse. Although subjective reports of craving
often prove to be poor predictors of subsequent abstinence,
cognitive and neuroimaging measures have proven effica-
cious in predicting relapse (Griisser et al. 2004; Kosten
et al. 2006). Note that the literature is small and the tasks
that produce activation are not necessarily designed to
induce a craving response. For example, using a two-button
prediction task, Paulus and colleagues (Paulus et al. 2005)
observed right insula activity early in abstinence to be a
predictor of subsequent relapse for methamphetamine
users. A regression analysis, however, revealed that other
prefrontal, temporal and posterior cingulate regions proved
to be better predictors of outcome. Curiously, in a task that
did show drug-related stimuli, Griisser et al. (2004) found
that activity in response to alcohol-related stimuli in the
putamen, anterior cingulate and medial prefrontal cortex,
but not the insula, predicted relapse. Here, subjective
craving was also a poor predictor which may suggest that
an insula-mediated craving response is not the most sen-
sitive in predicting relapse. Kosten et al. (2006) used
cocaine video clips, finding the initial responses to them to
be most sensitive for discriminating cocaine users from
controls. Here, no insula activity was observed so insula
function was not assessed for predicting relapse. Given the
important role that cognitive processes may play in
avoiding relapse in drug users and gamblers (Cox et al.
2002; Waters et al. 2003 Goudriaan et al. 2008; Passetti
et al. 2008), it may be the case that the best predictors of
treatment outcome are those that reflect cognitive control
over drug urges rather than the drug urges themselves. This
is supported by a study by Brewer et al. (2008) who
identified cognitive control prefrontal regions in addition to
other subcortical and posterior cingulate regions as being
the best predictors of treatment outcome in a treatment-
receiving sample of cocaine users. Although the task, a
colour-word STROOP task did produce insular activity,
this activity did not predict outcome.
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Differentiating between (typically, prefrontal) cognitive
control regions and the insula might imply that the insula
does not have an important role in cognitive processes.
Contrary to this, this review addresses next the role that the
insula has been shown to play in important cognitive
control functions that may, in fact, also contribute to drug
cravings.

Insula, cognition and craving

There is accumulating evidence that there are differences in
insular structure and function in addicts. This might be
anticipated given the high concentration within the insula
of neurotransmitters such as dopamine and opioids that are
highly relevant to the reinforcing and subjective effects of
drugs of abuse (Baumgartner 2006; Gaspar 1989; Hurd
2001). Structural changes within the insula are consistent
with drug use impacting on this area. Former alcoholics
show reduced right anterior insula volumes which, notably,
tend to increase with length of abstinence (Makris et al.
2008b). Similar reductions in insular volume and in cortical
thickness have been reported for cocaine users (Franklin
et al. 2002; Makris et al. 2008a).

Cognitive neuroscience approaches to investigating
addiction have sought to determine the profile of cognitive
deficits that might contribute to drug dependence (Garavan
and Hester 2007). Given the loss of control that is char-
acteristic of dependence (indeed, is required for a diagnosis
of dependence), much of this research has focussed on the
cognitive processes involved in the risky and impulsive
decision-making of users. Evidence implicates the insula in
risk-taking behaviour and this is plausibly linked to deficits
in subjective, bodily states that serve as somatic markers
that typically guide people towards risk-averse decisions
(Paulus 2007). The insula has also been implicated in
monitoring behavioural performance which, again, is
plausibly linked to somatic states that register when
behaviour is sub-optimal. For example, while most of the
research on performance monitoring (e.g., detecting errors
in a cognitive task) has focussed on the role of the ACC,
robust co-activation in the anterior insula is a very reliable
phenomenon (Hester et al. 2004). Indeed, evidence exists
that the anterior insula may have a more specific role in
error processing than the ACC (Magno et al. 2006, 2009;
Modirrousta et al. 2008). In the fMRI studies by Magno
and colleagues, activity in the ACC was found to be
maximal when participants interrupted ongoing behaviour
either to avoid a loss or to obtain a bigger reward on a
visual search task. Notably, the ACC activity levels in
these tasks did not differ between error trials and correct
trials. In contrast, error-specific activity was observed in
bilateral anterior insula.

Consistent with an error-specific role for the insula,
there is also evidence that this structure may play a critical
role in the conscious awareness of errors (Hester et al.
2005; Klein et al. 2007; see article in this issue by
Ullsperger and colleagues). For example, Hester and
colleagues showed equivalent levels of ACC activity on
error trials of which participants were or were not aware
(awareness was indicated by participants making a differ-
ent response on trials that immediately followed errors); in
contrast, the insula was more active for aware errors. The
conscious awareness of errors that these findings suggest
are related to insula function may underlie the post-error
corrective behaviour that has also been linked to this region
(Ramautara et al. 2006; Paulus et al. 2008; Li et al. 2008).
While evidence points to similar and dissimilar functions
served by the ACC and insula (see papers by Allman and
Medford in this issue), these studies suggest that distinct
monitoring processes might be attributed to these two
structures. The ACC process may be more general (e.g.,
activated on correct and error trials; Roger et al. 2010) and
may not necessitate, or generate, awareness. In contrast, the
pattern of results for the insula, in keeping with the studies
reviewed throughout this paper, suggest a role in the sub-
jective, conscious, feelings that might arise from making an
error and that might therefore guide deliberative, conscious
behavioural control.

Returning to addiction, given the evidence of insular
dysfunction in addicts, compromise on the cognitive pro-
cesses described above might be predicted. And indeed,
drug dependent individuals do show a hypoactive brain
response to their errors in both the ACC and the insula
(Forman et al. 2004; Kaufman et al. 2003). Cocaine can
directly impact on insular function as demonstrated by
increased insular activity for performance errors in cocaine
users when the task was preceded by an i.v. cocaine
administration (Garavan et al. 2008). Deficits in this rudi-
mentary cognitive function (i.e., detecting when one makes
a mistake) may contribute to the cognitive deficits in users
on risk-taking and learning tasks (Garavan and Stout 2005).
Indeed, stimulant users are less likely to make strategic
shifts in performance (e.g., win-stay, lose-shift) and this is
related to activation differences in dorsolateral prefrontal
cortex and left insula (Paulus et al. 2008).

Notably, cocaine addicts and heavy cannabis users have
been shown to have a poorer subjective awareness of
performing errors on the task designed specifically to
assess error awareness (Hester et al. 2007, 2009). This task
requires subjects to indicate, by button press, when they
make an error-of-commission on a Go/NoGo task that
contains two rules that dictate when to inhibit responding.
The awareness of errors is distinct from overall perfor-
mance on the task (i.e., the proportion of errors of which
one is aware is not correlated with how many errors one
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makes) suggesting a deficit that is separate from the
poor inhibitory control already associated with drug use
(Verdejo-Garcia et al. 2008). Neuroimaging data, currently
only available on the cannabis users, links this awareness
deficit to the functioning of the ACC and the insula (Fig. 1;
Hester et al. 2009). These deficits in subjective awareness
of behaviour are notable given (1) the evidence of volu-
metric differences in the insula in drug users and (2) evi-
dence that greater anterior insular volumes are linked
to better subjective awareness of inner bodily states
(Critchley et al. 2004).

These cognitive deficits in monitoring and being con-
sciously aware of one’s behaviour may have direct rele-
vance to drug cravings. Compromised monitoring may
result in drug users being poor to realise when they are
exposing themselves to exogenous and endogenous craving
triggers. For example, deficient monitoring might lead the
user to high-risk situations containing drug availability or
drug cues that might initiate craving. With regard to
endogenous triggers, compromised monitoring may also
affect the user’s insight into their own drug urges or stress-
levels. A recent study has linked an electrophysiological

ed gve giad giac
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Repeat NoGo

pur? ged '|ch

STROOF NoGo

% Error Awareness

Fig. 1 a The Error Awareness Task (Hester et al. 2005) is a
Go/NoGo task in which participants must inhibit responses when
either a stimulus is repeated (Repeat NoGo) or when the stimulus
contains an incongruity between the word name and its font colour
(Stroop NoGo). Maintaining two NoGo rules leads to commission
errors, some of which go unnoticed by participants who indicate their
awareness of an error by making their Go response on a different
button on trials that follow errors. b Heavy cannabis users did not
differ in inhibitory performance but they had poorer awareness of
their errors. ¢ For controls, unawareness of errors was associated with
reduced activity in the insula while for the cannabis users, it was
associated with reduced activity in both insula and ACC
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marker of error processing (the error-related negativity) to
success over 2 weeks in monitoring and regulating one’s
stress levels (Compton et al. 2008). Not until the user can
detect that the craving response (or its antecedents) has
begun can he or she attempt to control it.

Conclusion

The focus of this review has been on the role of the insula
in drug craving. It is essential to note that no study has
shown isolated insular activity and there is considerable
evidence that other regions (e.g., ventral striatum, posterior
cingulate cortex, dorsolateral prefrontal, orbitofrontal and
occipital cortex) are also consistently activated in cue-
reactivity and drug-craving paradigms. There is, for
example, substantial evidence linking the posterior cingu-
late to cue reactivity and craving and the orbitofrontal
cortex to the motivation to consume. The challenge
remains to determine the specific functions of these struc-
tures in drug-taking behaviour: one working hypothesis is
that regions such as the ventral striatum, orbitofrontal
cortex and anterior insula may all contribute to the moti-
vation to consume drugs with the insula providing the
conscious awareness of the aversive bodily feeling states
that constitute the craving response.

As the understanding of the neurobiology of craving
improves, one can then start to address questions con-
cerning individual differences in craving. The evidence of
craving being modulated by genes (Franklin et al. 2009)
indicates a role for genetic predispositions. A number of
studies, primarily those addressing food cravings, have
shown interesting sex differences but little is known about
how sex differences mediate the neurobiology of craving.
Women are more likely to experience specific food crav-
ings (Pelchat 1997; Weingarten and Elston 1991) and it is
possible that sex differences in cravings may be related to
obesity and eating disorders. Similarly, little is known
about developmental processes. Tapert et al. (2003) studied
cue-reactivity in adolescents with alcohol use disorders
observing that drug cue responses were observed in frontal
and limbic areas but not in the insula. However, bilateral
insula responses to alcohol words were observed in heavy
drinking young (18-25 years) adult females (Tapert et al.
2004). There is evidence of neurodevelopmental interac-
tions between sex and drug use with larger prefrontal
volumes in males with alcohol use disorder relative to male
controls and smaller prefrontal volumes in females with
alcohol use disorder relative to female controls (Medina
et al. 2008). It will be important to understand if differ-
ences in drug cravings contribute to these sex and devel-
opmental differences. Finally, research efforts on
understanding the mechanisms by which craving can be
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controlled, including how important modulation of the
insula is to this control, is of significant clinical relevance.
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