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Abstract

Background—Depressive and anxiety symptoms tend to co-occur with heavy drinking.
Specifically, their presence may exacerbate the severity and intractability of heavy drinking.
Similarly, heavy drinking may increase the risk for and experience of depressive and anxiety
symptoms. Although depressive and anxiety symptoms have been significantly correlated with
alcohol craving in cue-exposure paradigms, physiological responses have not always mapped onto
emotional responses. Therefore, this study sought to examine the role of depressive and anxiety
symptoms using a more basic science approach, through examining functional brain changes.

Methods—Seventy nontreatment seeking, heavy drinking adults were recruited through a college
campus (n = 45 men; mean age = 22.8). They completed measures of drinking, smoking,
depressive symptoms, anxiety symptoms, and a functional magnetic resonance imaging (fMRI)
cue-exposure paradigm.

Results—As hypothesized, depressive symptoms were positively correlated with activation
during the alcohol (vs. appetitive control) cue in the insula, cingulate, ventral tegmentum, striatum,
and thalamus (cluster-corrected p < 0.05, z = 2.3). Similarly, anxiety symptoms were positively
correlated with activation during the alcohol (vs. appetitive control) cue in the striatum, thalamus,
insula, and inferior frontal, mid-frontal, and cingulate gyri (cluster-corrected p < 0.05, z = 2.3).

Conclusions—Significant correlations were found between depressive symptoms, anxiety
symptoms, and differential brain activation in response to an alcohol versus an appetitive control
cue in an fMRI paradigm. Moreover, the pattern of activation mapped onto expected regions. This
study strongly supports the posited relationships between depressive symptoms, anxiety
symptoms, and differential brain activation in an alcohol cue-exposure paradigm with a sample of
heavy drinking adults.

Keywords
Heavy Drinking; Depressive Symptoms; Anxiety Symptoms; Neuroimaging; Craving

Recent studies have supported an association between heavy drinking and depressive and
anxiety symptoms (odds ratios of 1.2 to 2.2 and 1.2 to 3.0, respectively; Hasin et al., 2007).
Heavy drinkers with co-occurring depressive and anxiety symptoms evidence heavier
alcohol use (dependence vs. abuse), greater quantity of alcohol use, and an increased risk of
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relapse (e.g., Buckner et al., 2008; Grotheus et al., 2008; Kushner et al., 2005). These
disorders have not only been found to be highly co-occurring, but the presence of depressive
and anxiety symptoms may be associated with greater severity and intractability of heavy
drinking. Similarly, heavy drinking may also increase the risk for and experience of
depressive and anxiety symptoms.

Depressive and anxiety symptoms have also been examined in laboratory studies of cue-
elicited craving. Cue-exposure paradigms are used to evaluate the relationship between
alcohol cues, behavioral responses (e.g., subjective craving ratings), and physiological
responses (e.g., heart rate, cortisol level). Previous studies have suggested that greater cue
reactivity is associated with the risk of relapse (e.g., Cooney et al., 1997; Litt et al., 2000),
although there has been debate about the strength of this relationship (Sayette et al., 2000;
Tiffany, 1995). Regarding the association with alcohol cue reactivity, most studies have
found a strong relationship between craving, depressive symptoms, and anxiety symptoms
among heavy drinkers (Breese et al., 2005; Chiang et al., 2005; Cooney et al., 1997; Fox et
al., 2007; Litt et al., 2000; Sinha, 2007; Sinha et al., 2008), although others have not (Jansma
et al., 2000; Mason et al., 2008).

Several studies have successfully migrated the study of alcohol cue response to a
neuroimaging (functional magnetic resonance imaging, fMRI) environment with gustatory
(Filbey et al., 2008; Myrick et al., 2004), as well as visual alcohol cues (de Greck et al.,
2008; Gilman and Hommer, 2008; Heinz et al., 2004). With a sample of heavy drinking
adults, Filbey and colleagues (2008) found significant activation in mesocorticolimbic
pathways (e.g., prefrontal cortex, striatum, ventral tegmental area [V TA]/substantia nigra)
upon presentation of alcohol versus control appetitive gustatory cues. Moreover, this
activation was significantly correlated with measures of alcohol dependence. Similarly,
upon presentation of visual cues, de Greck and colleagues (2008) found that heavy drinking
participants showed reduced signal changes in areas proximal to the VTA, as well as
ventromedial prefrontal cortex during a reward task. Furthermore, Gilman and Hommer's
(2008) research incorporated the role of depressive and anxiety symptoms with visual cues.
Their work provides preliminary evidence for the role of emotional processing of alcohol
cues for alcohol dependent, but not nondrinking, samples.

This study sought to extend these findings by evaluating the role of depressive and anxiety
symptoms as potential comorbid risk factors (vs. trait emotionality or current stress) in
functional brain changes that underlie the motivation to drink. It was hypothesized that in a
sample of heavy drinking adults, individuals with greater co-occurring depressive symptoms
would show greater differences in brain activation between alcohol and control cues.
Similarly, it was hypothesized that individuals with greater co-occurring anxiety symptoms
would also show greater differences in brain activation between alcohol and control cues.

Materials and Methods

Participants

As part of a larger study (Filbey et al., 2008), with institutional review board approval, 74
nontreatment seeking volunteers were recruited through college campus flyers and email
listservs, and provided informed written consent to participate in a study evaluating response
to taste cues in a neuroimaging paradigm (see Filbey et al., 2008). To participate, interested
adults had to report heavy drinking, defined as drinking between 2 and 5 times per week,
with a minimum of 2 (women) or 3 (men) drinks per drinking occasion, during 4
consecutive weeks prior to participation in the study. In addition, to participate, interested
adults had to be between ages 21 and 40, demonstrate a breath alcohol level of 0.000, and be
absent the following exclusion criteria: history of head injury with loss of consciousness
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greater than 30 minutes, current or prior history of central nervous system disease (e.g.,
stroke, epilepsy, seizure) or brain lesion, current or prior history of psychotic disorder in self
or first degree relative (or use of antipsychotic medication), current or prior history of
alcohol-induced seizures, current hypertension or diabetes, current pregnancy, current
mental retardation, left handedness, current interest or receipt of psychotherapy, current use
or abuse of cocaine, methamphetamine, or heroin, current suicidal ideation with significant
plans/intent requiring hospitalization, and self-reported HIV+/AIDS.

Of the 74 subjects collected, 4 were excluded due to problems with the imaging data (e.g.,
motion >2 mm, incomplete scan), leaving a total sample size of 70. Participants included 45
men, 25 women, with an average age of 22.8 (SD = 2.42; range = 21 to 33). This sample
self-identified as Caucasian (87.0%), Asian-American (2.9%), Latino (5.8%), and
multiracial (4.3%). Most of the sample earned less than $20,000/y (<$9,999 = 55%,
$10,000-$19,999 = 27.5%). All participants were right handed. Additional demographic
characteristics are presented in Table 1.

Participants completed several questionnaires, including a demographic questionnaire, an
estimation of right-handedness (The Edinburgh Handness Inventory; Oldfield, 1971), a brief
measure of verbal intelligence (North American Adult Reading Test, NAART; Uttl, 2002),
an evaluation of the quantity and frequency of drinking (Alcohol History Questionnaire as
employed in Filbey et al., 2008; example items included, “In the past month, what is the
average number of drinks you've had each time you've drank?”; “In the past month, on how
many days did you have at least one alcoholic beverage?”; “In the past month, on how many
days did you have 5 or more drinks?”), alcohol dependence symptoms (Alcohol Use
Disorders Identification Test, AUDIT; Babor et al., 2006; Alcohol Dependence Scale, ADS;
Skinner and Horn, 1984), current tobacco use (Smoking History Questionnaire; items
included, “During the past week, on average, how many cigarettes have you had per day?”),
tobacco dependence symptoms (Fagerstrom Test for Nicotine Dependence, FTND;
Fagerstrom, 1978), depressive symptoms (Beck Depression Inventory-I1, BDI-II; Beck et
al., 1996), and anxiety symptoms (Beck Anxiety Inventory, BAI; Beck et al., 1988).

All procedures followed those of Filbey and colleagues (2008). Before scanning,
participants abstained from alcohol for 24 hours, from caffeine and cigarettes for the
preceding 2 hours, and had a confirmed breath alcohol level of 0.000 at the start of their
session. Participants received $120 in compensation for their participation.

Taste-Cue Paradigm

The taste-cue paradigm is similar to that described in Filbey and colleagues (2008). Briefly,
participants received pseudorandom presentations of either an alcohol taste cue (their
preferred alcoholic beverage) or an appetitive control taste cue that was selected to control
for the appetitive and novel features of alcohol (litchi juice). Each of the 2 echo-planar
imaging (EPI) runs consisted of 6 alcohol and 6 control cue trials. Each trial consisted of a
24-second taste delivery period of 1 ml of taste, followed by a washout period to allow the
liquid taste to dissipate before the next trial. Notably, this small dose of alcohol (< 1
teaspoon per run) has been found to yield a valid, subject-specific cue that elicits craving
during this paradigm (see Filbey et al., 2008). The washout period consisted of a 16-second
rest period during which the word “REST” appeared on the screen; nothing was delivered
during the rest period. The washout was followed by a 2-second urge question and a 2-
second prompt screen. During the urge question, the subjects rated their urge to drink using
a 4-point Likert scale.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 July 28.
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fMRI Data Acquisition

A volume selective z-shim EPI technique was used to acquire the functional images (Du et
al., 2007). We acquired whole-brain fMRI scans with 29 slice locations using a repetition
time (TR) of 2 s. Z-shim compensation was applied in 5 of the 29 slice locations, at the
region including and immediately above the orbitofrontal cortex (OFC). Other parameters of
the EPI data acquisition were: echo time = 26 ms, flip angle = 771, field of view (FOV) = 22
cm, matrix size = 64_64, slice thickness = 4 mm without inter-slice gap. As the effective TR
was 1 s in the z-shim slices, a lower flip angle of 621 was used to maximize the image signal
intensity in these slices. For a 2-stage registration of the EPI images, high-resolution T1-
weighted FLAIR part-head images (29 axial slices of part head, matrix = 56 x 192) were
acquired using the same slice angles, thickness, and gap as the EPI images. Another high-
resolution full-head 3D structural image was collected in coronal plane using an inversion-
recovery spoiled gradient echo (SPGR) sequence (T1 = 500 ms, flip angle = 101, slice
thickness = 1.4 mm, 256 x 256 matrix, 220 x 220 mm FOV, bandwidth = 15.6 kHz, 124
slices).

fMRI Data Preprocessing

Before statistical analysis, the first 7 volumes of each EPI run were discarded to allow the
MR signal to reach steady state. The remaining volumes in each participant's time series
were motion corrected using FSL's (FMRIB's Software Library,
http://www.fmrib.ox.ac.uk/fsl) McFLIRT Version 5.0 (Motion Correction using FMRIB's
Linear Image Registration Tool; Jenkinson et al., 2002). All participants had minimal head
movement (<2 mm within a run).

fMRI data analyses employed FMRI Expert Analysis Tool (FEAT) Version 5.63, part of
FSL (FMRIB's Software Library, http://www.fmrib.ox.ac, Oxford, UK) used the following
prestatistics processing: nonbrain tissue/skull removal using Brain Extraction Tool (BET,;
Smith, 2002); spatial smoothing using a Gaussian kernel of FWHM 8 mm; mean-based
intensity normalization of all volumes by the same factor; highpass temporal filtering
(Gaussian-weighted least-squares straight line fitting, with sigma = 50.0 s). Time-series
statistical analysis employed FMRIB's Improved Linear Model (FILM) with local
autocorrelation correction (Woolrich et al., 2001). The analyses modeled the activation of
the mesocorticolimbic structures after the initial swallow prompt until the end of the
washout period (see Filbey et al., 2008). Explanatory variables (e.g., taste and baseline
periods for alcohol and control trials, separately) were created by convolving the stimulus
timing files with a double gamma hemodynamic response function in FEAT. A multiple
linear regression analysis was performed to estimate the hemodynamic parameters for the
different explanatory variables and a corresponding t-statistic indicated the significance of
the activation of the stimulus. Contrast maps were created by contrasting alcohol taste
versus control taste, alcohol taste versus baseline, and control taste versus baseline
conditions. Statistical maps were then registered to the Montreal Neurological Institute
(MNI) template with a 2-step process. First, EPI images were registered to the part-head
high-resolution T1-weighted image acquired in the same plane as the EPI images. The part-
head anatomical image was then registered to the high-resolution full-head image, which
was subsequently registered to the 152 brain average MNI template. Registration was
performed using FMRIB's Linear Image Registration Tool (FLIRT; Jenkinson et al., 2002;
Jenkinson and Smith, 2001).

Group analyses were carried out using a mixed effects analysis with FLAME (Beckmann et
al., 2003; Woolrich et al., 2004). In 2 separate analyses, the additional effect of depressive
and anxiety symptoms on the blood oxygen level dependent (BOLD) response to alcohol
taste cues was carried out by entering the orthogonalized total BDI and BALI scores as
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regressors. To control for multiple comparisons, we used a cluster-threshold of p < 0.05, z =
2.3. Specifically, a Z-statistic threshold was first used to define contiguous clusters (e.g., z >
2.3). Then, each cluster's estimated significance level (from Gaussian random field-theory)
was compared with the cluster probability threshold (e.g., p < 0.05; see Smith, 2004).
Notably, a height threshold of z = 2.3 (or 1-tailed p < 0.01) was applied simply to determine
contiguous clusters (e.g., clusters also had to be compared with the cluster probability
threshold). For visualization and display of significant activation, the z-maps were overlaid
on the T1 canonical MNI template using MRIcro visualization software (Rorden and Brett,
2000).

Psychosocial Variables: Drinking, Smoking, Depressive Symptoms, and Anxiety

Symptoms

Drinking and Smoking—Consistent with study aims, all participants were heavy drinkers
(see Table 1). Their designation as a heavy drinker was supported by several measures,
including their average quantity of use per drinking occasion, their scores on the ADS (mean
=9.74, SD = 4.35; note: total score >9 is predictive of alcohol dependence; n = 39 met or
surpassed this cutscore), and the AUDIT (mean = 11.66, SD = 4.91; note: total score >8 is
indicative of harmful or hazardous alcohol use). This sample had a past month average of
11.93 drinking days (SD = 5.08), with an average of 5.00 (SD = 2.58) drinks per drinking
day and 6.67 (SD = 5.14) binge drinking days. Relevant for the cue-exposure paradigm,
most (79.7%) participants' preferred beverage was beer, followed by mixed drinks (10.1%),
wine (8.7%), and 1 preferred hard alcohol without a mixer (1.5%). In addition, the 57
current smokers in this sample had relatively low levels of tobacco use, with all reporting
smoking less than 5 cigarettes per day in the pervious week (mean = 0.48/day; SD = 1.20),
with an average FTND score of 2.18 (SD = 2.13; see Table 1). Comparing alcohol and
tobacco use variables by gender revealed no significant differences by ADS, drinks per
drinking day, number of drinking days, frequency of binge drinking, or either of the
smoking variables. However, a significant difference emerged for the AUDIT, with men
having significantly higher AUDIT scores t(68)=2.05, p = 0.044 (see Table 1).

Depressive and Anxiety Symptoms—In terms of symptoms, the majority of this
sample showed mild through moderate depressive and anxiety symptoms, with an average
score of 6.74 (SD = 6.30) on the BDI (note: range for mild to moderate depression = 10 to
18; moderate to severe depression = 19 to 29; severe >30) and an average score of 7.99 (SD
=7.61) on the BAI (note: range for mild to moderate anxiety = 8 to 15; moderate anxiety =
16 to 25; severe >26), see Table 1.

Correlations Between Drinking, Smoking, Depressive Symptoms, Anxiety
Symptoms, and Demographic Variables—As anticipated, several significant
correlations emerged when evaluating the relationships between psychosocial variables.
First, as could be expected, BDI and BAI were significantly correlated (r = 0.616, p <
0.001). In addition, BDI and BAI were both significantly positively correlated with number
of cigarettes smoked per day (BDI: r =0.320, p = 0.015; BAI: r = 0.567, p < 0.001). And,
supporting the literature (e.g., Chaplin et al., 2008; Nesic and Duka, 2006), BAI was
significantly correlated with gender (r = 0.238, p = 0.049). Notably, no significant
correlations emerged between depressive, anxiety, and alcohol or tobacco dependence
symptoms (ADS, AUDIT, FTND).

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 July 28.
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Main Effects of Alcohol Cues—We replicated the previously reported effects of alcohol
taste cues on BOLD response in mesocorticolimbic areas (Filbey et al., 2008). Specifically,
the alcohol versus control (litchi) contrast showed greater activation in structures within the
reward-craving pathway such as the striatum, OFC, ventromedial, prefrontal cortex (PFC),
inferior frontal gyrus (IFG), insula, and anterior cingulate gyrus (ACG) (cluster-corrected p
<0.05,z=2.3).

Depressive Symptoms (BDI) With Alcohol Versus Control—There were
widespread areas of significantly positive correlations between BDI scores and BOLD
response to alcohol cues, such that the higher the BDI score, the greater the activation during
the alcohol (vs. litchi control) cue in the insula, cingulate, striatum (caudate and lentiform
nucleus), thalamus, and VTA (cluster-corrected p < 0.05, z = 2.3, Table 2; see Fig. 1A).

Anxiety Symptoms (BAI) With Alcohol Versus Control—Similarly, there were
significantly positive correlations between BAI scores and BOLD response to alcohol cues
such that the higher the BAI score, the greater the activation during the alcohol (vs. litchi
control) cue in the striatum (caudate and lentiform nucleus), thalamus, insula, cingulate,
mid-frontal gyrus, and IFG (cluster-corrected p < 0.05, z = 2.3, Table 3; see Fig. 1B).

Individual Differences in Drinking and Smoking Variables With Alcohol Versus
Control—To rule out the potentially confounding effects of individual differences on the
observed brain changes, we analyzed the alcohol variables, smoking variables, and gender.
In these analyses, 4 significant findings emerged (cluster-corrected p < 0.05, z = 2.3). In the
female sample only, average number of drinks per drinking day and number of binge
drinking days showed significant activation in the precuneus. In the male sample only, the
total score on the ADS was associated with activation in the striatum, ACG, and OFC.
Finally, across both genders, number of cigarettes per day was associated with significant
activation in the VTA, hippocampus, and inferior temporal gyrus.

In addition, as gender and BAI were correlated (r = 0.238, p = 0.049), we evaluated the
potential influence of gender in the correlation analyses between BAI and BOLD response
by including it as a covariate in the BAI analyses. No significant activation emerged
suggesting that gender did not influence the correlations between BAI and BOLD response
to alcohol taste cues. We also evaluated the role of gender in brain response to alcohol
versus control cues. No significant differences emerged indicating that men and women in
this sample responded similarly to the alcohol compared with the control cues.

Manipulation Check—To evaluate whether craving was successfully induced, subjective
craving for the alcohol and control (litchi) beverages were measured at 5 time points; prior
to the administration of alcohol, prior to the administration of litchi, following the
administration of alcohol, following the administration of litchi, and after removal from the
scanner. Comparing the mean subjective craving following presentation of each beverage
yielded a significant difference [t(48) = 2.27, p = 0.028] highlighting comparatively greater
craving for alcohol. Comparison of the final urge rating (after removal from the scanner)
yielded an even more impressive effect in favor of craving for alcohol: t(48) = 7.31, p <
0.000. Together, these data support successful induction of craving for alcohol, which
substantially surpassed the craving for the appetitive control cue.

In addition, to determine the strength of the above correlations, we also evaluated the
correlations between BDI and alcohol > baseline, BDI and litchi > baseline, BAI and alcohol
> baseline, and BAI and litchi > baseline. The results revealed no areas of significantly
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positive correlations, indicating that the alcohol versus control (litchi) correlations in the
observed areas were specific to alcohol, and above and beyond the response to an appetitive
cue.

Discussion

Building upon the work of previous studies (e.g., Breese et al., 2005; Chiang et al., 2005;
Cooney et al., 1997; Fox et al., 2007; Litt et al., 2000; Sinha, 2007; Sinha et al., 2008)
examining the relationship between depressive and anxiety symptoms with alcohol cue
response, as well as neuroimaging investigations of alcohol cue reactivity (e.g., de Greck et
al., 2008; Filbey et al., 2008; Gilman and Hommer, 2008; Heinz et al., 2004; Myrick et al.,
2004), the findings from this study highlighted significant correlations between depressive
symptoms, anxiety symptoms, and significant differential BOLD activation in response to a
gustatory alcohol versus an appetitive control cue. Similar to the observed relationship
between cue-exposure, depressive symptoms, and anxiety by Gilman and Hommer (2008),
the pattern of activation found within this study mapped onto the expected regions (e.g., de
Greck et al., 2008; Filbey et al., 2008). Integrating facets of previous work, this study
supported the posited relationships (e.g., Sinha et al., 2008) between depressive symptoms,
anxiety symptoms, and differential brain activity in response to an alcohol versus control
cue in a sample of heavy drinking adults.

The first finding that emerged was the relationship between depressive symptoms and
differential BOLD activation. Participants with higher depressive symptoms (BDI scores)
evidenced greater activation in the insula, cingulate, VTA, striatum, and thalamus following
presentation of the alcohol versus control appetitive cue. These findings build upon previous
literature, which have identified several key neural substrates, but have not yet explicitly
addressed the potential role of depressive symptoms in the activation of these substrates.
The activation of the insula and cingulate highlight the involvement of the limbic system,
responsible for sensory and emotional information integration, during this task. Moreover,
the activation of the VTA, which has strong dopaminergic function, is likely to play a strong
role in emotion, reward perception, and motivation. The striatum has been implicated in
planned and executed behavior, both in terms of movement, as well as in executive control.
Finally, the thalamus is believed to be involved in the processing and communication of
sensory information throughout the cerebral cortex. Together, these findings highlight that
the observed relationship between depressive symptoms and differential BOLD activation in
these areas indicate the role of perception, processing, and evaluation of emotionally laden
and potentially rewarding information, as well as potential decision-making around the
perception of that information. This is important, as these data highlight the utility of
investigating the role of co-occurring depressive affect and anxiety in understanding the risk
that heavy drinking adults may face when presented with alcohol cues. Notably, this sample
had minimal levels of depressive symptoms; the majority was under the cutpoint for
moderate depression. Thus, a critical next step will be to evaluate these results with a sample
that meets clinical (DSM-1V-TR) criteria for depressive disorders.

Our second finding was that participants with greater levels of anxiety symptoms evidenced
greater activation in the striatum, thalamus, insula, and unique to this analysis, IFG. These
findings build upon previously observed relationships between anxiety symptoms and
differential BOLD activation in mesocorticolimbic circuits after alcohol cue exposure (e.g.,
Chiang et al., 2005). In addition, the consistency of the activation between the depressive
and the anxiety symptoms suggest that experiencing depressive and anxiety symptoms may
engage similar neurocircuitry in terms of response to alcohol cues, reward perception, and
decisions to drink. In terms the findings with the IFG, this is consonant with the work of
Karch and colleagues (2008), who found greater activation of the IFG with alcohol
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dependent participants who had greater levels of co-occurring anxiety symptoms. In
addition, despite our significant findings, this sample's level of anxiety symptoms was
mostly below clinical cutpoints; it will be highly beneficial for future studies to evaluate this
relationship with a sample that meets clinical (DSM-1V-TR) criteria for anxiety disorders.

On a more general level, the results address the posited relationship between depressive
symptoms, anxiety symptoms, and risk for relapse (e.g., Yoon et al., 2006; Zywiak et al.,
2006). Over the past 2 decades, many psychosocial alcohol interventions have explicitly
included content addressing management of depressive and/or anxiety symptoms (e.qg.,
Kavanagh et al., 2006; Marlatt, 1996). Our findings suggest that there may indeed be a
neural basis for these observed behavioral relationships. This is critical in considering how
best to target prevention and intervention efforts to reduce hazardous drinking; this study
suggests that helping heavy drinkers understand that they might be more sensitive to
alcohol, neurologically, as well as potentially emotionally and physically, when feeling even
modestly depressed or anxious, may help guide their decision-making around whether or not
to consume alcohol in the context of feeling even mildly depressed or anxious.

While we can only speculate regarding the reason for the relationship between greater
activation in these regions with depressive and anxiety symptoms, we have several ideas.
First, we believe that this relationship may stem from differences in the incentive/reward
value of alcohol. It is possible that alcohol may be employed to mitigate the experience of
depressive and anxiety symptoms. With time, a person may come to rely upon alcohol more
to ameliorate these symptoms. As a person has greater reliance upon alcohol, they may
subsequently experience greater anticipation of reward, as well as greater positive
expectancies of the power of alcohol to reduce depressive and anxiety symptoms. Across the
2 symptom groups (BDI and BAI), the areas of activation that emerged in this study
supports this hypothesis. Specifically, the involvement of the striatum, thalamus, and VTA
(depressive symptoms only), indicates the sensitivity to and/or anticipation of reward.
Moreover, the involvement of the anterior insula and dorsal anterior cingulate indicates the
potential involvement of cognitive processes, such as subjective feeling of motivation,
maintaining goals (Craig, 2009), and conflict detection (Matthews et al., 2004). Finally, the
involvement of the mid-frontal gyrus and the IFG (with the anxiety symptoms only)
indicates more focused attention.

To exclude the obvious hypothesis that the association between depressive and anxiety
symptoms and the alcohol versus control contrast was driven by the appetitive control
condition (rather than the alcohol condition), we explicitly evaluated the strength of the
aforementioned contrasts by comparing the activation with the cues against baseline (alcohol
> baseline; litchi > baseline). These analyses support that the observed results with
depressive and anxiety symptoms were unique to alcohol. This indicates that participants
with higher BDI and BAI scores were not simply showing an overall reduced activation to
the control cue, but instead showed differentially greater activation to the alcohol versus the
control cue.

In addition, we evaluated gender as a correlate in the imaging analyses. We found no
significant gender differences in overall response to alcohol versus control cues, indicating
that men and women, in general, responded to the alcohol cue task similarly. However,
despite a lack of group mean differences across drinking and smoking variables (with the
exception of the AUDIT), several significant gender differences in activation emerged when
examining the drinking and smoking variables. Specifically, among the women only, those
with greater quantity/frequency of drinking (e.g., number of drinks per drinking day and
number of binge drinking days) evidenced significantly greater activation in the precuneus.
In contrast, with the men only, a significant relationship emerged between those with greater
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scores on the ADS and activation in the striatum, ACG, and OFC. Finally, across both
genders, only one smoking variable was associated with significant activation; those who
had greater number of cigarettes per day, evidenced activation in the VTA, hippocampus,
and inferior temporal gyrus. The pattern that emerged from the male sample directly maps
onto recent research, with greater alcohol dependence symptoms corresponding to greater
mesocorticolimbic activation (e.g., Filbey et al., 2008). In contrast, for women, the
compelling outcome was not for alcohol dependence symptoms, but for actual alcohol use,
highlighting the importance of looking at quantity of frequency of use with female
participants. Together, these findings provide preliminary evidence for the importance of
examining neural outcomes by gender in alcohol and tobacco research.

In summary, this investigation sought to evaluate the relationship between depressive
symptoms, anxiety symptoms, and neural response after alcohol cue exposure. The results
indicate that co-occurring depressive symptoms and anxiety symptoms are associated with
significant differential activation in key neurobiological regions in response to alcohol
versus appetitive control cues with heavy drinking adults. This study has important
implications for both research and clinical applications. Specifically, this study indicates that
depressive or anxiety symptoms may increase the salience of alcohol cues, increase the
perception of the positive aspects of alcohol consumption, and reduce attention to the
negative consequences of alcohol use (e.g., Monti et al., 2000). Similarly, it is equally
possible that heavy drinking may increase the risk for and experience of depressive and
anxiety symptoms.

Results of this study should be considered in light of the following limitations. First, this
was a preliminary study evaluating the role of depressive and anxiety symptoms upon cue-
elicited craving in a neuroimaging paradigm. This sample was a heavy drinking, young adult
sample, with a relatively mild level of depressive and anxiety symptoms. Subsequently,
these results should only be generalized to a similar population. And, replication with more
severe samples (in terms of anxiety, depressive, and alcohol dependence symptoms) is
necessary before results can be generalized to clinical populations. In addition, this sample
did not include a comparison group of nondrinking adults with depressive and anxiety
symptoms. Replication with a control nondrinking clinical sample would also yield
beneficial comparison data. As heavy drinking is likely to influence the development of
depressive and anxiety symptoms, future studies would benefit from specifically
investigating the role of alcohol abuse and dependence on increased depressive and anxiety
symptoms, and subsequent cue-elicited brain response. In addition, while this study
examined current depressive and anxiety symptoms in relationship to differential activation,
future studies examining depressive and anxiety manipulations will help illuminate the
nature of the observed relationship. Finally, this study takes a step toward evaluating the
underlying biological substrates behind the relationship between depressive and anxiety
symptoms, however, evaluation of the results in terms of potential underlying genetic risk
factors (e.g., Hutchison et al., 2008) will be important in future work. Together, we believe
that these steps will help improve the formulation of targeted efficacious treatments for
heavy drinking, and ultimately, alcohol dependent adults.
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(A) (B)
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Fig. 1.

Avreas of significantly positive correlations between (A) total BDI (B) and total BAI scores
and BOLD response to alcohol taste cues (vs. control cues) (cluster-corrected p < 0.05, z =
2.3). Right side represents right hemisphere activations.
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Table 1

Demographic Characteristics of Participating Sample (n = 70)

Mean (SD) Male,

Mean (SD) Female,

n=45 n=25 Range
Age (years) 22.84 (2.49) 22.76 (2.35)  21-33
Education (years completed) 15.49 (1.26) 16.30 (1.28) 12-20
Estimated verbal 1Q (NAART) 13.35 (6.08) 15.18 (5.96) 4-31
Alcohol dependence (ADS) 9.87 (4.05) 9.52 (4.93) 1-21
Hazardous drinking (AUDIT) 1253 (4.99)" 10.08 (4.41)  4-24
Average drinks per drinking day (past month) 5.30 (2.31) 4.52 (3.00) 2-13
Number of drinking days (past month) 12.08 (4.65) 11.68 (5.85) 3-25
Number of binge drinking days (past month) 7.05 (4.32) 6.02 (6.38) 0-20
Tobacco dependence (FTND) 2.03 (2.16) 2.40 (2.11) 0-6
Number of cigarettes smoked per day (past week) 0.35 (0.95) 0.71 (1.56) 0-5
Depressive symptoms (BDI) 6.03 (4.82) 8.00 (8.30) 0-32
Anxiety symptoms (BAI) 6.64 (5.71) 10.40 (9.86) 0-38

Page 14

*
Significant difference by gender, p < 0.05. NAART, North American Adult Reading Test; ADS, Alcohol Dependence Scale; AUDIT, Alcohol

Use Disorders Identification Test; FTND, Fagerstrom Test for Nicotine Dependence; BDI, Beck Depression Inventory; BAI, Beck Anxiety

Inventory.
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