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ABSTRACT. Objective: Despite the commonly observed comorbidity 
of alcohol and tobacco use disorders and years of research, the mecha-
nism underlying concurrent use of alcohol and tobacco is not yet clear. 
In this study, we used functional magnetic resonance imaging (fMRI) 
to investigate the relationship between brain responses to alcohol and 
smoking cues in 45 subjects with episodic drinking and regular smok-
ing. Method: fMRI data were collected from two studies performing 
an alcohol-craving task and a smoking-craving task. First, we identi-
fi ed brain voxels signifi cantly activated for both substance cues and 
then associated the activation of these voxels with various alcohol- and 
nicotine-dependence measures. Signifi cant clusters (cluster-wise p < 
.05) correlated with behavioral assessments were extracted, and clusters 

identifi ed from both cues were compared. Results: The association 
tests with various dependence scores showed that the loss of behavioral 
control subcategory in the Alcohol Dependence Scale was signifi cantly 
correlated with brain activation of the posterior cingulate cortex (PCC) 
and right posterior insula regardless of cue types. Conclusions: Our fi nd-
ings suggest that the PCC and right posterior insula, each playing a role 
in the salience network, are affected signifi cantly by impaired control for 
alcohol and in turn infl uence brain responses to not only alcohol but also 
smoking cues, providing insight to neuronal mechanisms for concurrent 
use or comorbidity of alcohol and nicotine dependence. (J. Stud. Alcohol 
Drugs, 75, 808–816, 2014)
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ARECENT NATIONAL SURVEY ON DRUG USE 
and health taken in 2011 showed that 54.9% of heavy 

alcohol users ages 12 years or older also smoked cigarettes, 
whereas only 18.1% of non–heavy episodic drinkers and 
15.3% of non–alcohol users were current smokers (Sub-
stance Abuse and Mental Health Services Administration, 
2012). Concurrent use or misuse of both substances has 
been of great interest to clinicians and scientists. There are 
potentially many reasons for this comorbidity, including 
similar genetic factors that may increase the vulnerability 
to abuse and dependence of both substances (Davis and de 
Fiebre, 2006; Grucza and Bierut, 2006). Studies of brain 
function have suggested that both substances may involve 
similar neuronal mechanisms underlying psychological 
dysfunctions associated with reward, emotion, and cognitive 
control processes common to many drugs of misuse (Funk 
et al., 2006; Pierce and Kumaresan, 2006). More specifi cally, 
several theories have been put forth attempting to explain 
the concurrent heavy use of cigarettes and alcohol (Durazzo 
et al., 2007), including conditioned cue reactivity leading to 
cravings for both substances (Drobes, 2002). Several studies 
have examined this notion by testing self-reported cravings 

after exposure to alcohol and smoking cues (Epstein et al., 
2007; Erblich et al., 2009; King et al., 2009; Sayette et al., 
2005), and it was found that moderate oral doses of alcohol 
increase nicotine craving in tobacco “chippers” or light 
smokers. To our knowledge, only one study used a functional 
magnetic resonance imaging (fMRI) approach to examine 
brain responses to an alcohol-induced smoking urge in 
heavy drinking nondaily smokers, where the ventral striatum 
demonstrated increased activation after alcohol intake (King 
et al., 2010).
 Neuroimaging techniques in conjunction with paradigms 
designed to engage specifi c brain regions have been es-
sential to investigate various dysfunctions associated with 
substance use disorders. In particular, craving responses have 
been widely studied via fMRI with alcohol or smoking cue 
reactivity tasks. Repeated fi ndings have shown signifi cant 
activation in the striatum, medial frontal, insula, and anterior 
cingulate regions (Filbey et al., 2008; George et al., 2001; 
Tapert et al., 2004; Wrase et al., 2002) during exposure to 
alcohol cues. These types of cue exposure studies have also 
characterized the alcohol-craving responses in connection 
with alcohol-dependence severity (Claus et al., 2011a; Filbey 
et al., 2008). Similarly, there have been many investigations 
of brain responses to smoking cues, showing increased 
activation in the orbitofrontal cortex, anterior cingulate, 
striatum, nucleus accumbens, and ventral tegmental area 
(David et al., 2005; Franklin et al., 2011; Lee et al., 2005; 
Lim et al., 2005), in which responses were also analyzed 
for associations with various clinical assessments. Although 
such studies have provided crucial information about brain 
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circuits underlying cravings for each type of substance, in-
cluding many common regions, combined studies may reveal 
additional information about the relation, such as an overlap 
in brain activation elicited by both types of cues or common 
modulation of brain responses. Given existing reports, it is 
reasonable to hypothesize that not only are signifi cant brain 
regions elicited during both alcohol and smoking cues, but 
also certain brain regions may be partially responsible for the 
concurrent use of substances in such a way that craving for 
(or dependence on) one substance may introduce a craving 
for the other.
 In this study, we combined two separate cue reactivity 
studies, one designed for brain responses to alcohol cues 
(Claus et al., 2011a) and the other for brain responses to 
smoking cues (Claus et al., 2013). The goal was to directly 
characterize the relation between brain responses to alcohol 
and smoking cues and their association with various aspects 
of dependence on each substance. We hypothesized that 
brain regions within the reward and salience networks are 
recruited by both cues and also are part of the cognitive 
control network. The reward network, which is involved in 
anticipation of reward and regulation of related emotions, 
typically includes the ventral tegmental area, nucleus ac-
cumbens, caudate, putamen, and anterior cingulate as a part 
of the dopamine projection pathway. The salience network 
as defi ned in Sutherland et al. (2012) is composed of insula 
and anterior and posterior cingulate and plays a crucial role 
in the initiation, maintenance, and adjustment of attentional 
control. The cognitive control network consists of mainly 
prefrontally distributed areas such as the orbital frontal cor-
tex, dorsolateral prefrontal cortex, inferior frontal, medial 
prefrontal, and parietal areas, and its function includes moni-
toring, cognitive reasoning, and decision making. The activi-
ties within these regions, or some key regions, are affected 
by the level of dependence on either one or both substances. 
We expected that the overall dependence on alcohol or nico-
tine would specifi cally affect brain response to the substance 
in certain regions (e.g., caudate for alcohol, orbitofrontal for 
nicotine), but some aspects of dependence may affect brain 
response to both substances. The cross effect of substance 
dependence (i.e., the dependence on alcohol affects brain 
responses to not only alcohol cues but also smoking cues) 
will provide insight into the neural mechanism underlying 
concurrent use of substances.

Method

Subjects and tasks

 Subjects studied here are from two studies. One inves-
tigates brain response to alcohol stimuli. Treatment-naive 
subjects with a minimum of fi ve heavy drinking episodes in 
the past month were recruited through advertisements (Claus 
et al., 2011a). Heavy episodic drinking was defi ned as fi ve 

or more drinks per episode for men and four or more drinks 
for women. The second study investigates brain response to 
cigarette smoking stimuli. Similarly, subjects who reported 
regularly smoking cigarettes in the past 90 days were re-
cruited through advertisements (Claus et al., 2013). Both 
studies were approved by the Institutional Review Board of 
the University of New Mexico. Potential participants were 
excluded if they reported receiving treatment for or diagnosis 
of a psychiatric illness; prior head injury; use of medications 
that affect the central nervous system; regular use of drugs 
including methamphetamine, cocaine, Ecstasy, prescription 
pain medication, prescription sedatives, or stimulants; or any 
contraindications for participating in an MRI study (e.g., 
pregnancy, nonremovable metallic implants). Marijuana use 
information was also collected, but subjects were not ex-
cluded based on marijuana use. All subjects provided written 
informed consent and were given a breath alcohol analysis 
before scanning to avoid intoxication. There were 45 subjects 
enrolled in both studies, and we focused on the investigation 
of these 45 subjects hereafter.
 The age and gender of the participants are summarized 
in Table 1, with signifi cantly more men than women and 
no age difference between men and women. Multiple as-
sessments were administered to gauge overall alcohol and 
nicotine use for all participants, including the Alcohol De-
pendence Scale (ADS; Skinner and Allen, 1982), Alcohol 
Use Disorders Identifi cation Test (AUDIT; Saunders et al., 
1993), Fagerström Test of Nicotine Dependence (FTND; 
Heatherton et al., 1991), the Impaired Control Scale (ICS) 
for alcohol (Heather et al., 1993), and the average number 
of drinking or smoking days in the 90-day period preceding 
the interview. AUDIT and FTND scores are listed in Table 
1. For these 45 subjects, the mean AUDIT scores are 17.3 
for men and 15.1 for women. Based on suggested criteria 
(AUDIT  15 for men or 13 for women) (Johnson et al., 
2013), 62% of these subjects are likely to be alcohol depen-
dent. Similarly, the mean FTND score was 7.2 for men and 
6.6 for women. Sixty percent of these subjects are likely to 
be nicotine dependent (FTND  6) (de Leon et al., 2003). 
These 45 subjects had an average of 6.8 drinks per day (SD
= 3.15) and drank an average of 16.4 times per month. They 
also smoked an average of 14.0 cigarettes per day. A total of 
33% of the subjects would likely exhibit dependence on both 
substances. This makes it more relevant to study their brain 
activation in response to both alcohol and smoking cues.

Image collection and processing

 Before the scanning session, participants in the alcohol 
study were asked to refrain from drinking for 24 hours. 
The alcohol study used an alcohol-taste-cue paradigm. Par-
ticipants were given 1 ml of either their preferred alcoholic 
beverage or a control (lychee juice) stimuli via Tefl on tub-
ing using a computer-controlled system (Frank et al., 2003). 
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Twelve pseudo-randomized trials, six alcohol and six control, 
were presented to participants. Each trial delivered liquid for 
24 seconds and allowed 16 seconds of rest time for the liquid 
taste to dissipate. However, because early piloting of the task 
suggested that participants could not differentiate the two 
beverages before swallowing, our model of the task treated 
the fi rst 10 seconds as baseline and the next 30 seconds as 
active taste. Details of the alcohol-taste-cue design can be 
found in a previous study (Filbey et al., 2008).
 Participants in the nicotine study refrained from smoking 
for 3 hours. The nicotine study used a visual smoking cue 
paradigm. Participants were presented with a pseudo-random 
series of 14 smoking-related or food-related videos, 7 of 
each type. Smoking videos included scenes of cigarettes be-
ing lit, inhaled, and exhaled; food videos depicted the prepa-
ration and consumption of food. Each video ranged in length 
from 7 to 14 seconds. Between the videos, participants 
viewed a fi xation cross for variable times. More details of 
the smoking cue task can be found in a recent study (Claus 
et al., 2013).
 FMRI data were collected on a 3-tesla Siemens Trio scan-
ner (Siemens AG, Munich, Germany) using an echo planar 
gradient–echo pulse sequence (TR = 2,000 ms, TE = 29 ms, 
fl ip angle = 75°). Each volume consisted of 33 axial slices 
(64 × 64 matrix, 3.75 × 3.75 mm2, 3.5 mm thickness, 1 mm 
gap). In addition, a high-resolution T1-weighted MP-RAGE 
image was acquired (TR = 2,530 ms, TE = 1.64 ms, fl ip 
angle = 7°, slice thickness = 1 mm, fi eld of view = 256 mm, 
resolution = 256 × 256) for each participant. Initial image 
processing for both studies was conducted using the FMRIB 
software library (FSL; FMRIB Analysis Group, Oxford, Eng-
land). The fi rst seven volumes from each functional run were 
discarded to allow the magnet to reach steady state. Motion 
correction and realignment to the fi rst volume in each run 
was done with FSL’s linear image realignment tool (Jen-
kinson et al., 2002), followed by skull stripping and spatial 
smoothing with an 8-mm full-width half-maximum Gauss-
ian kernel. A general linear model with multiple regressors 
was implemented. Regressors for the alcohol study included 

conditions of alcohol taste cue, alcohol pre-swallow baseline, 
juice taste cue, and juice pre-swallow baseline. Similarly, the 
regressors for the nicotine study represented conditions of 
smoking cue, food cue, and fi xation baseline.
 The contrasts of interest reported here used the alcohol 
taste cue versus alcohol pre-swallow baseline and the smok-
ing cue versus fi xation baseline. We tested the contrasts of 
the alcohol taste cue versus the juice taste cue and the smok-
ing cue versus the food cue. Although similar brain regions 
with activation correlated with substance-dependence scores, 
strong brain activation elicited by food complicates the inter-
pretation of contrasts, whether to smoking or food. Thus, we 
report here the analyses using contrasts of the alcohol taste 
cue versus baseline and the smoking cue versus baseline.

Data analyses

 First, from the contrast maps of each study, brain voxels 
signifi cantly activated to the alcohol or smoking cues were 
extracted separately using a voxel-wise one-sample t test 
across subjects, controlling for a false discovery rate of 
0.01 (Benjamini and Hochberg, 1995). The activated voxels 
derived from each study were then intersected to fi nd com-
mon areas for both substance cues, following the conjunc-
tion inference principle recently described (Nichols et al., 
2005). Within the common activated voxels, we conducted 
voxel-wise association tests with substance-dependence as-
sessment scores. Given the possibility that brain activation 
elicited by one type of substance cue might be affected by 
the dependence on other substances, we associated brain 
function during both cues with dependence measures on 
both substances. A linear model was applied with contrast of 
either alcohol versus baseline or smoking versus baseline as 
a dependent variable, and the independent variables included 
age, gender, and one behavioral assessment score from AU-
DIT, FTND, ADS, or ICS (or subcategories). Because the 
assessments were not independent of each other, we tested 
them separately rather than putting them into one model. 
Specifi cally, we fi rst tested the total scores from the ADS, 
AUDIT, ICS, and FTND. When the total scores showed an 
association with brain activation, we further dissected them 
into subcategories, including ADS–loss of behavioral con-
trol (ADS-lbc), ADS–obsessive-compulsive drinking style, 
ADS–psychoperceptual withdrawal, ADS–psychophysical 
withdrawal, AUDIT–alcohol consumption, AUDIT–alcohol 
dependence, AUDIT–alcohol problems, ICS–failed control, 
ICS–attempted control, and ICS–perceived control. We also 
tested cigarette consumption using FTND Question 4 (how 
many cigarettes per day do you smoke currently?).
 In our sample, age was highly correlated with years of 
drinking and smoking (r = .90 and .73, respectively). When 
regressing out the age effect, we most likely also removed 
the effects of years of drinking and smoking. Thus, we do 
not discuss the years of drinking/smoking effect. We also 

TABLE 1. Demographic information about participants

Subjects participating in both studies

Variable Male Female

n 34 11
Age, M (SD) 26.1 (4.39) 23.4 (1.96)
AUDIT, M (SD) 17.3 (7.18) 15.1 (5.75)
FTND, M (SD) 7.2 (3.92) 6.6 (3.04)
ADS, M (SD) 11.6 (6.03) 10.1 (5.47)
Parents drinking history (yes/no)a 11/23 6/5
Parents smoking history (yes/no)a 24/10 9/3

Notes: AUDIT = Alcohol Use Disorders Identifi cation Test; FTND = 
Fagerström Test of Nicotine Dependence; ADS = Alcohol Dependence 
Scale. aReported by participants as either parent had problematic drinking 
or regular cigarette smoking, and participants were excluded if the mother 
had drinking problems to rule out possible fetal alcohol spectrum disorder.
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screened the potential outliers in assessment scores. Al-
though there were two subjects with FTND scores of zero, 
they were not outliers in the FTND distribution, and we 
kept them in the analyses. From the voxel-wise correlation 
values after we regressed out age and gender, we identifi ed 
clusters (brain regions with activation) signifi cantly cor-
related with behavioral assessments using FSL cluster tools 
with a cluster-wise p < .05 and input voxels thresholded by 
absolute correlation > .29 (corresponding to an uncorrected 
p < .01). The spatially overlapping clusters identifi ed dur-
ing alcohol and smoking cues, which related to the same 
behavioral assessment, were further investigated using 
the scatter plots between voxel’s activation and behavioral 
scores.

Results

 Using the 45 individuals who participated in both studies, 
we identifi ed signifi cantly activated voxels for the contrast 
of alcohol versus baseline and smoking versus baseline 
separately, which corresponds to the brain response to alco-
hol stimuli (Figure 1a) and the brain response to smoking 
stimuli (Figure 1b). In Figures 1a and 1b, the colors yellow 
to red show regions with positive activations, and the color 
blue shows regions with negative activations. Figure 1c plots 
the distinct regions activated by either the alcohol or smok-
ing cue, with yellow showing alcohol-activated regions and 
red showing smoking-activated regions. Figure 1d plots the 
common regions activated by both alcohol and smoking cues 

FIGURE 1. Voxels signifi cantly activated during the (a) alcohol versus baseline cue, (b) smok-
ing versus baseline cue, (c) distinctly activated by either alcohol or smoking cue, with yellow 
showing alcohol-activated voxels and red showing smoking-activated voxels, and (d) both 
alcohol and smoking cues. In Figures 1a and 1b, color indicates the contrast values: yellow to 
red shows voxels with the positive activations, and blue shows voxels with negative activations. 
Laterality convention is neurological convention, indicated in the fi gure.
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FIGURE 2. Clusters with brain activation associated with behavioral as-
sessments. Top panel: Clusters during the alcohol cues. Red regions are 
correlated with the Alcohol Use Disorders Identifi cation Test (AUDIT) total 
score, including the posterior cingulate cortex (PCC), precuneus, and right 
posterior insula (rp-insula). Yellow regions are correlated with the AUDIT–
alcohol consumption, including the right precuneus and middle occipital 
gyrus. Blue regions are correlated with the Alcohol Dependence Scale–loss 
of behavioral control (ADS-lbc) score, including the right fusiform gyrus, 
middle/posterior cingulate, precuneus, rp-insula, and superior/middle oc-
cipital gyrus. Green regions are correlated with the ICS score, including 
the PCC and precuneus. Bottom panel: Clusters during the smoking cues. 
Red regions are correlated with the Fagerström Test of Nicotine Dependence 
(FTND) score, including the anterior cingulate and medial frontal gyrus. 
Blue regions are correlated with the ADS-lbc score, including the left and 
right posterior insula, PCC, and left superior frontal gyrus. Green regions 
are correlated with the Impaired Control Scale (ICS) score, including the 
anterior cingulate, medial frontal gyrus, and rp-insula. When the regions 
overlap, only the top color is shown.

regardless of the sign. Regions activated in both contrasts 
mainly include the precuneus, cuneus, medial frontal gyrus, 
anterior cingulate, cingulate gyrus (middle and posterior 
cingulate), superior frontal gyrus, precentral gyrus, caudate, 
insula, thalamus, parahippocampal gyrus, superior/middle 
temporal gyri, middle/inferior occipital gyri, lingual gyrus, 
and fusiform gyrus.
 Association tests of brain activation with ADS, AUDIT, 
ICS, and FTND scores revealed several clusters of brain 
regions signifi cantly related to behavioral assessments. From 
alcohol cue reactivity, the AUDIT, ADS, and ICS scores, 
but not FTND scores, all showed an association with brain 
activation, and the associations were positive. As plotted in 
the top panel of Figure 2, regions (in red) of the posterior 
cingulate cortex (PCC), precuneus (cluster-wise p = .0003), 
and right posterior insula (rp-insula, cluster-wise p = .04) 
were signifi cantly correlated with the AUDIT total score. 
Although the AUDIT subscore of drinking problems showed 
similar results, the AUDIT–alcohol consumption score was 
correlated with the right precuneus and middle occipital 
gyrus (in yellow, cluster-wise p = .01). Both the ADS total 
score and the subscore of ADS-lbc related to alcohol cue 
activation in a very similar pattern. We plotted the regions 
(in blue) associated with ADS-lbc because it showed broader 
regions and more signifi cance. The largest cluster was in the 
right fusiform gyrus (cluster-wise p = 1.86 × 10-6), then the 
middle/posterior cingulate and precuneus (cluster-wise p 
= 1.02 × 10-5), followed by the rp-insula (cluster-wise p = 
.02) and the superior/middle occipital gyrus (cluster-wise p
= .03). In green we plotted the regions associated with ICS 
score, including the PCC and precuneus (cluster-wise p = 
.0001). The subscore ICS–failed control related to alcohol 
cue reactivation in a similar pattern to ICS total score.
 Smoking cue reactivity in clusters of brain regions sig-
nifi cantly, positively correlated with FTND, ADS, and ICS 
total scores but not AUDIT. In the bottom panel of Figure 2, 
we plotted the regions associated with FTND in red, regions 
associated with ADS-lbc in blue (although ADS total score 
was associated with similar regions, regions associated with 
ADS-lbc were broader and more signifi cant), and regions 
associated with ICS in green. The anterior cingulate and 
medial frontal gyrus were associated with the FTND score 
(cluster-wise p = 9.77 × 10-5) and ICS total score (cluster-
wise p = .007). The ICS total score also related to the rp-
insula (cluster-wise p = .04). The ICS subscores of attempted 
control and perceived control were associated with similar 
brain regions as the ICS total score. Both the left and right 
posterior insula were associated with the ADS-lbc (cluster-
wise p = .001 [left], .0001 [right]), followed by the PCC 
(cluster-wise p = .0004) and the left superior frontal gyrus 
(cluster-wise p = .05).
 Among the clusters, only the PCC (Figure 3, top panel) 
and rp-insula (Figure 3, bottom panel) were associated with 
behavioral assessments while responding to both alcohol and 

smoking cues. These two regions were signifi cantly associ-
ated with the ADS score, in particular the ADS-lbc subscore. 
All voxels in these two regions were positively correlated 
with the ADS-lbc while responding to both substance cues. 
To illustrate clearly, we selected one peak voxel from each 
region and plotted their activation (after regressing out age 
and gender effects) against the ADS-lbc score. In Figure 3, 
blue markers and lines present activation in alcohol cues and 
the slopes associated with the ADS-lbc, whereas red markers 
and lines are for smoking cues. In details, the activation of 
the peak voxel in the PCC was signifi cantly correlated with 
the ADS-lbc, with r = .48 (p = .0009 uncorrected for voxel-
wise tests) in alcohol cues and r = .44 (p = .002 uncorrected) 
in smoking cues, but the correlation between them was not 
signifi cant, with r = .18. Similarly, activation of the rp-insula 
was signifi cantly correlated with the ADS-lbc, with r = .48 
(p = .0009 uncorrected) in alcohol cues and r = .51 (p = 
.0004 uncorrected) in smoking cues, but not signifi cantly 
cross-correlated between them (r = .26).
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Discussion

 Both alcohol and smoking cues elicited activation from 
large numbers of brain regions in these 45 subjects. Fig-
ure 1a presents the alcohol cue–induced signifi cant, most 
positive, activations compared with the baseline, mainly 
from the medial, superior, and middle frontal gyri; anterior, 
posterior, and middle cingulate; precuneus, cuneus, and 
superior parietal gyrus; insula; thalamus; parahippocampal 
gyrus; superior and middle temporal gyri; and middle and 
inferior occipital gyri. Smoking cues elicited both positive 
and negative activations as shown in Figure 1b. Positive 
activation was mainly located in the superior, middle, and 
inferior occipital gyri; fusiform and lingual gyri; inferior 
and middle frontal gyri; superior and middle temporal gyri; 
precuneus, cuneus, and superior parietal gyrus; and para-
hippocampal gyrus. The negative activation regions mainly 
include the anterior, posterior and middle cingulate; medi-
al, superior, and middle frontal gyri; insula; caudate; thala-

mus; claustrum; and precuneus and inferior parietal lobule. 
Clearly, there are differences between brain responses to 
alcohol and smoking cues. Part of the differences may 
come from the different presentation of cues, such as large 
positive activation in the occipital lobe because of the vi-
sual presentation of smoking videos. The large negative 
activation to the smoking cues partially refl ects the large 
default mode network responses. The reason we did not 
observe such large default mode network responses in the 
alcohol cues may be because the baseline for the alcohol 
cue is the liquid delivery phase (vs. the swallow and taste 
phase) instead of fi xation in the smoking cues. Other dif-
ferences, for instance, distinct active regions to alcohol or 
smoking cues in Figure 1c, may result from the specifi c 
brain response to smoking or alcohol. Further investigation 
is necessary to confi rm this. Here, we focus on the regions 
responding to both cues as plotted in Figure 1d, aiming at 
a better understanding of the neural mechanism underlying 
concurrent use of substances.

FIGURE 3. Brain activation of the peak voxels in the posterior cingulate cortex (PCC) and right posterior insula during both alcohol and smoking cues. Top 
panel presents the location of the PCC and its activation. Bottom panel presents the location of the right posterior insula and its activation. The x-axis shows the 
Alcohol Dependence Scale–loss of behavioral control (ADS-lbc) scores. The y-axes are contrast values of either alcohol versus baseline or smoking versus base-
line. Blue markers and lines present activation with alcohol cues and slopes associated with the ADS-lbc, whereas red markers and lines are for smoking cues.
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 Our results confi rmed that a signifi cant number of brain 
regions respond to both alcohol and smoking cues. All the 
regions have been reported in previous studies on alcohol 
(Drobes, 2002; Filbey et al., 2008; George et al., 2001; Park 
et al., 2007; Tapert et al., 2004) and smoking cue reactivity 
(David et al., 2005; Lee et al., 2005; Lim et al., 2005; Zhao 
et al., 2012). Not surprisingly, the most reliable cue-reactiv-
ity regions as stated in recent meta-analyses (Engelmann et 
al., 2012; Schacht et al., 2013) were identifi ed, including the 
striatum, medial prefrontal cortex, and anterior cingulate, 
with each playing a major role in the dopaminergic reward 
network. The dopamine mesocorticolimbic pathway has 
been widely recognized as contributing to the motivation 
and reinforcing processes, thus leading to the development 
of dependence common to many substances (Franken et 
al., 2005; Volkow et al., 2011; Wise, 2009). In addition, the 
cognitive control network is another major player in sub-
stance dependence (Hutchison, 2010; Volkow et al., 2011) 
and infl uences the choice to drink/smoke or not to drink/
smoke. Regions in the frontal lobe participate in the cogni-
tive control network, including those most commonly ob-
served, the medial prefrontal, orbitofrontal, and dorsal lateral 
prefrontal. The precuneus and cuneus are involved in many 
functions and are also part of the default mode network that 
anti-correlates with active tasks. In particular, the precuneus 
increases activation when individuals with alcohol use prob-
lems make impulsive decisions (Claus et al., 2011b). A third 
network recently hypothesized to be involved in substance 
dependence is the “salience network.” This network regu-
lates attention allocation and strikes a balance between the 
incentive reward network and control network (Seeley et al., 
2007; Sutherland et al., 2012; Vollstädt-Klein et al., 2012). 
Key areas in this network include, but are not limited to, the 
anterior and posterior cingulate, insula, and thalamus (Filbey 
et al., 2008; George et al., 2001; Park et al., 2007; Seeley 
et al., 2007; Sutherland et al., 2012; Vollstädt-Klein et al., 
2012). These three networks are interconnected and appear 
to respond together to both substance cues in our data.
 The association tests further narrow activated voxels to 
the clusters with activation specifi cally related to certain 
behavioral assessments. Results indicate the specifi city of the 
AUDIT score to alcohol cue reactivity and the FTND score 
to smoking cue reactivity, as the AUDIT score only relates 
to brain responses to alcohol cues, not smoking cues, and 
the FTND score only relates to brain responses to smoking 
cues, not alcohol cues. In contrast, some behavior scores 
more likely affect brain responses to both substance cues. 
For instance, the ICS score is related to brain activation of 
the PCC responding to alcohol cues and activation of the 
anterior cingulate and rp-insula responding to smoking cues. 
The ADS-lbc score is related to brain activation of much 
broader areas to both cues. The broader area and stronger 
correlation of the ADS-lbc versus the ADS total score with 
brain activation suggest that the subscore of the ADS-lbc 

may be the true contributing (underlying) factor instead of 
the ADS total score. Therefore, we focused on the ADS-lbc. 
In particular, the PCC and rp-insula while responding to both 
cues are related to the ADS-lbc. In other words, the ADS-lbc 
is associated with brain response in the PCC and rp-insula 
regardless of alcohol or smoking cues.
 We have to note that the PCC is associated with not 
only the ADS-lbc but also the AUDIT and ICS in alcohol 
cue reactivity. Similarly, the rp-insula is correlated with the 
AUDIT in alcohol cue reactivity and ICS in smoking cue 
reactivity, in addition to the ADS-lbc. But the connection 
with the ADS-lbc for both the PCC and rp-insula is most 
signifi cant while responding to both cues. Given that the 
ADS-lbc, ICS, and AUDIT scores are all highly correlated 
in our sample, the relative strength of the ADS-lbc for the 
PCC and rp-insula indicates that the ADS-lbc is most likely 
a more accurate factor associated with brain responses in 
the PCC and rp-insula. The ADS-lbc score refl ects impaired 
control over drinking, specifi cally impaired physical control, 
including pass out, black out, stumble, stagger, and weave. 
Our fi ndings suggest that the level of impaired physical con-
trol infl uences or is refl ected in brain activation of the PCC 
and rp-insula regardless of substance cues.
 This implication is further confi rmed by checking the 
relation of individual voxel activation with ADS-lbc scores. 
Figure 3 shows that the ADS-lbc is signifi cantly associated 
with the PCC and rp-insula when responding to both smok-
ing and alcohol cues. More interestingly, activation in the 
PCC or rp-insula is not directly cross-correlated between the 
alcohol and smoking cues, even though they all relate to the 
ADS-lbc score. It suggests that a loss of behavioral control 
may act as a common modulator to these regions (i.e., the re-
sponses to both alcohol and smoking cues are affected by the 
level of impaired control) while at the same time they exhibit 
substance-specifi c properties. Previous studies have reported 
that alcohol can cause a craving for nicotine (Epstein et al., 
2007; Erblich et al., 2009; Sayette et al., 2005), in line with 
our fi ndings about the impaired control effect on the brain, 
in particular on brain responses to smoking cues.
 When we articulate the function of the PCC and in-
sula within the context of the dependence model, we found 
evidences suggesting PCC and insula participating in the 
salience network. These two regions, despite consistent fi nd-
ings showing their activation in the cue reactivity studies 
(Filbey et al., 2008; George et al., 2001; Park et al., 2007), 
have been historically overlooked within the drug-depen-
dence literature, largely because they are not known to be a 
direct target of the dopamine system. This bias has begun to 
change given the increasing evidence of the control network 
and salience network in addition to the dopamine reward 
network. Also, the PCC is a major node in the default mode 
network of the brain interacting with awareness, emotion, 
and memory (Kang et al., 2012; Leech et al., 2012; Mad-
dock et al., 2003). As Kang et al. (2012) reported in their 
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smoking cue fMRI study, the PCC and other regions are 
associated with the attentional bias to smoking-related cues 
rather than cue-induced craving and smoking urges. A recent 
impulsivity study indicates that the PCC is related to the 
ability to resist cigarette craving, and this highlights a need 
for more emphasis on the PCC in drug-dependence research. 
The insula, a key region for emotion, homeostasis, and self-
awareness (Craig, 2003, 2009; Pollatos et al., 2007; Stein et 
al., 2007), has been hypothesized to have a signifi cant role 
in interoceptive awareness. In particular, the posterior insula 
together with the middle-posterior cingulate gyrus is likely 
a part of the general salience and action network involving 
environmental monitoring, response selection, and skeleto-
motor body orientation (Craig, 2003; Taylor et al., 2009). 
The functional impact of the insula on dependence has been 
clearly demonstrated in studies of individuals with lesions to 
the insula, who show much higher rates of successful smok-
ing cessation relative to individuals with lesions in other 
regions (Naqvi et al., 2007). Thus, the insula may have a 
casual role in maintaining dependence through its represen-
tation of bodily experiences associated with withdrawal and 
craving (Naqvi and Bechara, 2009). Furthermore, a rodent 
study showed that the anterior and posterior regions of the 
insula play a crucial role in the long-term memory associated 
with drug use and confi rmed the previously found role of the 
posterior insula in the perception of drug craving (Contreras 
et al., 2012). Together, the PCC and posterior insula may 
infl uence attention and salience functions and regulation of 
incentive reward and cognitive control, which in turn may 
infl uence the concurrent use and comorbidity of alcohol and 
nicotine dependence.
 Several limitations must be considered when interpreting 
the results presented here. Clearly, design differences between 
our alcohol and smoking cue paradigms have an impact on 
the data, as one involves the taste of alcohol and the other 
involves watching a smoking video. Such differences may 
trigger different brain responses, such as a large visual region 
activated in the smoking cue. Even with such a limitation, 
the common regions between both contrasts unquestionably 
carry the potential to be related to the addictive mechanism 
for both substances, in particular given that the association 
between brain activation and the ADS-lbc exists independent 
of designs. A future study using similar task designs for both 
substances will be able to verify and refi ne our results. In 
addition, the small sample size and no control samples also 
limit our ability to identify the associated brain regions. Yet, 
a direct comparison of the ADS, AUDIT, FTND, and ICS 
scores still provides information about the relative strength 
and spatial location of the impact of impaired control on brain 
function. In summary, our results confi rmed a signifi cant 
amount of regional intersection of the fMRI responses to 
alcohol and smoking cues. This large intersection suggests 
that the craving responses for both alcohol and smoking are 
coupled. In particular, impaired control for alcohol may have 

a substantial effect on the craving for both substances by 
modulating brain responses to cues in the PCC and posterior 
insula, likely affecting the function of salience networks.
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