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Abstract

Background—Stress-response biological systems are altered in alcohol-dependent individuals

and are reported to predict future relapse. This study was designed to assess neural disruptions in

alcohol-dependent participants when exposed to a conditioned stimulus (CS) warning of the

impending onset of a universal, nonpersonalized stressor.

Methods—Fifteen alcohol-dependent men abstinent for 3 to 5 weeks and 15 age- and race-

similar healthy controls were studied. Anticipatory anxiety was induced by a CS paired with an

uncertain, physically painful unconditioned stressor. Neural response was assessed using

functional magnetic resonance imaging.

Results—Both groups experienced significant, similar levels of anticipatory anxiety in response

to the high-threat relative to the low-threat CS. Whereas control participants markedly increased

the blood oxygen level-dependent (BOLD) amplitude in cortical–limbic–striatal regions during the

high-threat, relative to low-threat, stimulus, alcohol-dependent participants decreased BOLD

amplitude in the pregenual anterior cingulate cortex (pgACC), medial prefrontal cortex (mPFC),

medial orbitofrontal cortex, posterior cingulate cortex (PCC), bilateral parietal/occipital cortex,

and right hippocampus. Alcohol-dependent participants significantly deactivated pgACC/mPFC

and PCC clusters, relative to controls, during the high- versus low-threat stimulus. This difference

was due to a decrease in %BOLD amplitude during the high-threat stimulus in the alcohol-

dependent, but not the control, participants.

Conclusions—Alcohol-dependent men show cortical–limbic–striatal deactivation during

anticipatory anxiety, particularly in regions associated with emotional regulation. These findings

suggest a lack of engagement of affective regulatory mechanisms during high-stress situations in

alcohol-dependent men.
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Disrupted functioning of biological stress-response systems is thought to underlie stress-

induced drinking. Peripherally, both basal reactivity (Sinha et al., 2011) and provoked

pituitary–adrenal reactivity to pharmacologic and behavioral stressors (Adinoff et al.,

2005b,c) are altered in alcohol-dependent individuals. Centrally, multiple neurotransmitters

and neuropeptides are mutually involved in stress reactivity and drinking behaviors,

including serotonin, norepinephrine, opioids, corticotropin-releasing factor, neuropeptide Y,

and GABA (Brady and Sinha, 2005). Persistent and excessive alcohol use, repeated

withdrawal episodes, and recurrent environmental stressors (Heilig et al., 2010), overlaid

upon genetic predisposing factors and early life trauma (Schepis et al., 2011), all appear

relevant to the induction of stress sensitivity and resultant alcohol intake. Clinically,

disruptions in peripheral stress-response systems have been associated with poorer treatment

retention (Daughters et al., 2009) and increased relapse rates (Adinoff et al., 2005a; Sinha et

al., 2011).

The experience and response to stress requires an organism to simultaneously assess,

regulate, predict, and respond to anxiety- and/or fear-inducing stimuli. The dorsal–caudal

regions of the anterior cingulate cortex (ACC) and medial prefrontal cortex (mPFC) appear

integral to the appraisal and expression of emotions generated during stress, whereas the

ventral–rostral regions regulate these emotions (Etkin et al., 2011). The expression of fear,

including conditioned fear, induces amygdalar activation (Sehlmeyer et al., 2009), and both

the amygdala and striatum track fearpredictive stimuli (Schiller et al., 2008). Both

hippocampal reactivity and amygdalar reactivity are highly correlated with the

hypothalamic–pituitary–adrenal (HPA) stress response (Pruessner et al., 2010). Connectivity

within the default mode network (DMN), which surveys and assesses internal and external

environments (Gusnard et al., 2001), shows decreased coupling in post-traumatic stress

disorder (PTSD), a disorder notable for abnormal stress responses (Sripada et al., 2012).

Disruptions in these various brain regions have been identified in alcohol-dependent

individuals, although whether these alterations are related to stress-response disruptions is

uncertain.

To further clarify and isolate the neurobiological alterations triggering stress-related

drinking, the central processes occurring during stress require real-time assessment. A

number of paradigms have been developed to evoke stress while simultaneously monitoring

the central nervous system activity in humans. These paradigms include computerized

mental arithmetic tasks coupled with negative social comments (Pruessner et al., 2010),

verbal serial subtraction with increasing time speed demands (Wang et al., 2005), negative

pictures from the International Affective Pictures System (Sarinopoulos et al., 2010), and

script-guided imagery (Sinha and Li, 2007). These paradigms utilize a block design, in

which stressors are administered for several minutes and compared to a nonstressed

condition administered for the same amount of time. Despite the relevance of stress to
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alcohol use, only Seo and colleagues (2013) have assessed stress reactivity using functional

magnetic resonance imaging (fMRI) in alcohol-dependent patients. In that study, stress-

induced script-guided imagery paradigm evoked a hyperactive response during neutral-

relaxing trials in the patients relative to healthy controls.

In order to further clarify the central processes involved in stress reactivity in alcohol

dependence, we assessed the blood oxygen level-dependent (BOLD) response with fMRI

during anticipatory anxiety in a group of abstinent, alcohol-dependent men and age- and

race-matched healthy controls. In an attempt to remove, at least in part, the personalized

interpretation and demands of a particular stressor, anxiety was induced by a conditioned

stimulus (CS) paired with a painful unconditioned stimulus (US). This approach, adapted

from Ploghaus and colleagues (1999), has the advantage of (i) eliciting anxiety in

association with an otherwise neutral stimulus, thus disassociating the stimulus from any

intrinsic, personalized interpretation; (ii) eliciting anxiety in response to the threat of a

universal noxious stimulus (pain); (iii) using a US that can be adjusted for individual

differences in pain response; (iv) using a mixed event-related/block design, providing the

relatively rapid alteration of a high-anxiety and a low-anxiety CS; and (v) providing real-

time, participant anxiety ratings during the presentation of each CS. We have previously

reported that this paradigm induces marked striatal–limbic–cortical activation in healthy

controls during the high-threat CS relative to a low-threat CS (Yang et al., 2012). In

addition, the amplitude of BOLD signal change generally paralleled the subjective rating of

anticipatory anxiety (Yang et al., 2012). To avoid the fluctuation in stress-response systems

during early withdrawal (Adinoff et al., 1991), alcohol-dependent subjects were studied

during 3 to 5 weeks of abstinence.

Materials and Methods

Participants

Fifteen alcohol-dependent men were recruited from patients requesting treatment for alcohol

dependence at the VA North Texas Health Care System (VANTHCS) and Homeward

Bound, Inc., in Dallas, TX. Alcohol-dependent subjects reported heavy drinking for at least

30 days prior to admission and at least a 4-year history of problematic drinking. Patients

with active DSM-IV (American Psychiatric Association, 1994) Axis I non-substance-abuse

psychiatric disorders, significant medical disorders, or a history of major head trauma were

excluded. Exclusion criteria also included active use of medications that interfered with

stress-response functioning (e.g., psychotropics, antihypertensives other than thiazides,

hypoglycemic agents). Fifteen healthy male controls did not meet criteria for lifetime

diagnosis of a substance use disorder (except nicotine) or any other active Axis I disorder.

Controls had no more than 1 first or 2 second-degree relatives with substance dependence

disorders. Other psychiatric/medical inclusion/exclusion criteria were the same as for

alcohol-dependent participants. All subjects were screened for exclusion criteria for fMRI.

As significant gender differences are apparent in the subjective and neural responses to

stress (Wang et al., 2007), the interaction between stress and alcohol use (Chaplin et al.,

2008), the heritability of alcohol use disorders (Hardie et al., 2008), and the rates and

patterns of alcohol use, comorbid psychiatric disorders, and physiological stress responses in
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those with alcohol dependence (Adinoff et al., 2010; Greenfield et al., 2003), this relatively

small exploratory study was limited to male subjects.

Clinical Assessments

Informed consents for both the University of Texas Southwestern Medical Center (UTSW)

and VANTHCS were obtained after the study was fully explained. Subjects were financially

compensated for their participation. Psychiatric and substance use disorders were assessed

using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID)-Lifetime (First

et al., 1996). Alcohol-dependent patients were detoxified from alcohol and housed in a

residential treatment unit until studied at 3 to 5 weeks of abstinence. The Drinker Inventory

of Consequences-Lifetime Version (DrInC) (Miller et al., 1995) was used to assess lifetime

severity of alcohol-related problems. A timeline follow-back interview (Sobell and Sobell,

1978) was used to assess 3-month and lifetime drinking history (i.e., days drinking).

Depression and anxiety were assessed using the Beck Depression Inventory (BDI) (Beck et

al., 1979) and State Trait Anxiety Inventory (STAI) (Speilberger, 1971), respectively.

Smoking was assessed with cigarettes per day.

fMRI Task

This task has previously been described in Yang and colleagues (2012). Sensory threshold

calibration and fMRI studies were performed at the Meadows Diagnostic Imaging Center at

UTSW. A computerized thermal stimulator (Pathway Pain & Sensory Evaluation System;

Medoc Ltd., Haifa, Israel) administered stimuli through a nonmagnetic contact heat-evoked

potential stimulator thermode secured to participants' left ventral inner forearm. Thermode

temperature was increased from 32°C by 1.5°C/s (Heldestad et al., 2010), and participants

clicked a mouse button when they felt that if the thermode got any hotter, it would burn

them. The mean threshold temperature of 4 measurements was calculated.

The anticipatory anxiety paradigm was designed to induce anticipatory anxiety using a

combination of pain (the CS warned of an impending painful US) and unpredictability (the

participant did not know either whether a painful US would occur following any given CS or

how long following the CS onset the US would occur). Two CSs were therefore presented: a

high-threat CS (square) denoting duration uncertainty and the possibility of a painful US and

a low-threat CS (triangle) denoting a predictable, nonpainful US. Visual stimuli were

generated using Presentation software (version 10.0; Neurobehavioral Systems, Albany,

CA) and projected with an LCD projector (NEC LT260, Tokyo, Japan) via a back projection

system. For each trial, a triangle or square was presented as a CS and followed by an US:

low heat (5°C below threshold) or high heat (1°C above threshold). A triangle (low-threat

CS) signaled the impending and certain application of a low-heat US; a square (high-threat

CS) signaled the impending uncertain application of either a low- or high-heat US. The CS

remained on screen throughout the trial. The trial was separated into 2 periods: anticipatory

anxiety (10 to 18 seconds) and heat pulse (8 seconds). During the first 4 seconds of the

anticipatory anxiety period, the CS was accompanied by the question “How anxious are you

now?” and a rating scale (1 through 4) (see Fig. 1). Participants were instructed to rate their

anxiety regarding the impending heat stimulus during this 4-second period. The CS (without

the rating question) then remained on the screen for an additional 6 to 14 seconds
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(pseudorandomized 6, 8, 10, 12, and 14 seconds) for the duration of the anticipatory anxiety

period. During the subsequent (and final) 8 seconds of each trial (heat pulse period), the heat

stimulus increased from a baseline temperature of 32°C by 10°C/s to the low or high

temperature (using a ramp-and-hold program), remained at the peak for 3 seconds, and then

returned to baseline temperature. Forty trials, 20 squares (10 low heat and 10 high heat) and

20 triangles (all low heat), were presented over 23 minutes. Trial order was

pseudorandomized with the stipulation that neither triangles nor squares were presented

more than twice consecutively. A pseudorandomized interstimulus interval consisted of a

circle shown between each trial for 9, 10, or 11 seconds. A 90-second rest period separated

the paradigm into halves during which “break” was presented on the screen. Nicotine-

dependent subjects were allowed a cigarette 1 hour before study session and abstained until

after completing the session.

To familiarize subjects with the paradigm and the MR scanner environment, a mock scan

was performed on the same day as threshold testing. Participants were instructed that the

triangle signaled the onset of a (predictable) warm stimulus and a square signaled the onset

of either a warm or a hot (unpredictable) stimulus. The high-heat stimulus was set 2°C lower

than threshold for the mock scan. The task was presented for 10 minutes. To avoid demand

characteristics, there was no attempt to encourage or advise subjects to rate the square (high-

threat) CS differently than triangle (low-threat) CS.

Scans were obtained on a Siemens 3T TIM Trio scanner (Siemens AG, Munich & Berlin,

Germany), equipped with 12-channel receiver array head coil. fMRI scans were obtained

using gradient echo planar imaging: TR = 2,000 ms, TE = 20 ms, flip angle = 90 degrees,

base resolution = 64 × 64, voxel size = 3.3 × 3.3 × 3.0 mm, field of view (FOV) = 210 mm,

A-P-phase encode, bandwidth = 2,442 Hz/pixel. After 3 discarded acquisitions to establish

magnetization equilibrium, 690 image volumes of 40 interleaved sagittal slices with 3-mm

slice thickness were obtained (whole brain). Anatomical scans using a T1-weighted

multiplanar reformatted MPRAGE sequence (TR = 2,250 ms, TI = 900 ms, TE = 2.9 ms,

flip angle = 9 degrees, base resolution = 256 × 256, FOV = 230 ms, voxel size = 0.9 × 0.9 ×

1.1 mm) facilitated localization and coregistration of fMRI data.

Statistics

Descriptive statistics quantified drinking characteristics of the alcohol-dependent group,

including years of problem drinking and drinks per day in the past 90 days and lifetime.

Groups were compared using 2-sample t- or χ2 tests. Anticipatory anxiety ratings for high-

and low-anxiety CSs were averaged across the 20 ratings. Between-group temperature

threshold and anxiety ratings were compared by 2-sample unpaired t-tests.

The fMRI data were analyzed using FMRI Expert Analysis Tool, version 5.98, a tool of

FMRIB's Software Library (FSL, www.fmrib.ox.ac.uk/fsl). Preprocessing included motion

correction, slice-timing correction, spatial smoothing with a 5-mm full-width, half-

maximum Gaussian filter, intensity normalization using a grand mean scaling factor, and

high-pass temporal filtering (sigma = 30.0 seconds) to remove low-frequency drift. Brain

extraction and registration to high-resolution and template (Montreal Neurological Institute

[MNI] 152) images were carried out by Brain Extraction Tool (Smith, 2002) and FMRIB's
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Linear Image Registration Tool (Jenkinson and Smith, 2001; Jenkinson et al., 2002),

respectively.

Time-series statistical analysis was performed by FMRIB's improved linear model, in which

a general linear model framework of the stimulus-onset types as explanatory variables,

convolved with a hemodynamic response function with time derivatives, was used to fit the

time-series data of each voxel. Two regressors were defined and analyzed: low and high

anticipatory anxiety (triangle CS and square CS). Individual contrast images were computed

for the anticipatory anxiety contrast (square CS vs. triangle CS), and the group-by-condition

interaction was assessed by group-level t-test of condition differences. Group-level inference

was at the cluster level, prethresholded, and constrained by a gray matter mask of 40%

probability based on the avg152T1 (average of the T1W anatomical images spatially

normalized to the MNI1532 template), using a cluster-defining threshold of Z = 2.3 and an

extent threshold corresponding to a p-value <0.05 based on Gaussian random field theory to

correct for multiple comparisons (Worsley, 2001). Threshold temperature, smoking, BDI,

education, and STAI were used as covariates in the group analysis to remove the effects of

unmatched variables in alcohol-dependent and healthy control participants.

Relevant functionally derived cluster-level results were summarized by averaging %BOLD

amplitudes over the voxels within the identified cluster using the Featquery tool of FSL.

%BOLD amplitudes of a functionally derived cluster within specific anatomically identified

regions of interest were summarized based on the FSL atlas (http://

www.cma.mgh.harvard.edu/fsl_atlas.html for posterior cingulate cortex [PCC] and

hippocampus) and an in-house template (for ACC, Bush et al., 2000; for striatum, Gopinath

et al., 2011). Regression analyses were also conducted to explore whether abstinent days,

past 90 days drinking, or lifetime drinks were correlated with the BOLD response in

alcohol-dependent subjects.

Results

Participant Characteristics

Control and alcohol-dependent subjects did not significantly differ in race or age (Table 1).

The alcohol-dependent subjects were more likely to smoke cigarettes and had higher BDI

and STAI scores relative to controls and had lower education than control subjects. One

patient met DSM-IV criteria for PTSD.

Temperature Threshold and Anxiety Ratings

Threshold temperatures were slightly higher in alcohol-dependent relative to control

subjects (mean ± SD: 46.8 ± 2.3 vs. 45.4 ± 1.4°C, respectively; t = 2.10, df = 28, p = 0.05).

High-threat ratings were significantly higher in both the control and alcohol-dependent

participants relative to the low-threat ratings (controls: 2.7 ± 0.79 vs. 1.1 ± 0.20, alcohol-

dependent participants: 2.8 ± 0.85 vs. 1.3 ± 0.41; t = 7.7, p < 0.001). Using repeated-

measures ANOVA, there were not significant group differences across anxiety ratings

during either the low- (p = 0.284) or high-threat stimulus (p = 0.492) (Fig. 2, left and middle
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panels). Anxiety ratings for both high and low heat remained stable in both groups

throughout the task (Fig. 2, right panel).

BOLD Response to High Versus Low Anticipatory Anxiety

Healthy Control Participants—The high- relative to low-threat CS elicited large

differences in BOLD signal in bilateral insula, caudate, putamen, pallidum, thalamus, lateral

orbital frontal vortex, and superior frontal cortex (SFC) as well as in the dorsal ACC

(dACC), brainstem, occipital cortex, and cerebellum. Left precuneus and left lateral occipital

cortex showed a decreased BOLD signal in controls (Table 2, Fig. 3A).

Alcohol-Dependent Participants—Only bilateral SFC showed an increased BOLD

activity during the high- relative to low-threat CS (Table 2, Fig. 3B). However, decreased

BOLD responses in bilateral medial OFC (Brodmann areas [BA] 11 and 12), precuneus,

PCC, right and left lateral occipital/parietal cortex, mPFC, and pregenual ACC (pgACC),

and right hippocampus were observed (Table 2, Fig. 3B).

Control Versus Alcohol-Dependent Participants—Compared with controls, alcohol-

dependent participants showed a decreased BOLD response in clusters containing the

bilateral pgACC and right mPFC, bilateral PCC, and left lateral occipital cortex in the high-

versus low-threat anxiety CS contrast (Table 2 and Fig. 3C). %BOLD amplitude in each

cluster (Fig. 4) showed that the pgACC/mPFC cluster (mean ± SD, controls: 0.039 ± 0.055,

alcohol-dependent participants: −0.074 ± 0.115; t = 3.42, df = 28, p = 0.002) and the PCC

cluster (controls: 0.014 ± 0.047, alcohol-dependent participants: −0.102 ± 0.094; t = 4.25, df

= 28, p = 0.0004) group differences were primarily driven by decreased responses in

alcohol-dependent participants during high- versus low-threat CS. The %BOLD change was

significantly correlated between the 2 regions (r = 0.66, df = 28, p < 0.001). %BOLD

amplitude in these 2 regions did not significantly correlate with past 90 days drinking or

lifetime drinking measures.

While the decreased pgACC/mPFC and PCC BOLD amplitude in the alcohol-dependent

participants during high-relative to low-threat was presumed to be the result of a decreased

BOLD response to the high-threat stimulus, it may have been due to an increased activation

in the patient group during the low-threat condition. To assist in determining the origin of

this finding, the %BOLD amplitude in these 2 regions during both low- and high-threat was

assessed in both groups relative to the baseline (circle) condition. During the low-threat CS,

controls showed robust decreases in pgACC/mPFC and PCC regions relative to baseline

(Fig. 4). In contrast, the alcohol-dependent subjects showed either a small increase (in the

pgACC/mPFC) or small decrease (in the PCC) during the low-threat stimulus. During the

high-threat CS, controls showed either no change (pgACC/mPFC) or small decrease (PCC),

whereas the patient group experienced a dramatic decrease in both regions. Thus, group

differences in the high- versus low-threat CS were primarily a result of a decrease in

%BOLD amplitude in the control group during the low-threat stimulus and a decrease in %

BOLD amplitude in the alcohol-dependent group during the high-threat stimulus.

Although subjective measures of anxiety were similar between groups and the temperature

threshold was higher in alcohol-dependent subjects relative to controls, we nevertheless
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considered that the patient group may experience the high-threat US as less painful (and

subsequently less threatening) than the control group. A contrast was therefore performed

between the high-heat and low-heat US following high-threat stimulus. The only group

difference was an increased BOLD activation in alcohol-dependent relative to the control

participants in a cluster comprising the left posterior insula (x = −34, y = −10, z = 16,

maximum Z = 3.22) and Heschl's gyrus (x = −54, y = −18, z = 8, maximum Z = 4.11) and a

cluster in the postcentral gyrus (x = −52, y = −18, z = 38, maximum Z = 3.54) (Fig. 5).

Discussion

During experimentally induced anticipatory anxiety, healthy control participants

demonstrated a significant positive BOLD activation in cortical–striatal–limbic areas,

whereas alcohol-dependent participants did not. Relative to controls, alcohol-dependent

participants showed a significantly decreased activation in the pgACC/mPFC and PCC, in

particular, during a high-threat compared to a low-threat stimulus. These differences were a

result of significantly greater deactivation in the patient group than in controls during the

high-threat stimulus, as well as more positive (less negative) BOLD amplitude in the patient

group than in controls during the low-threat stimulus, indicating inappropriate

disengagement during a stressful event and overengagement at rest or in low-stress

conditions.

pgACC BOLD response is increased during emotional conflict resolution (Etkin et al.,

2011), threat-related distractors (Bishop et al., 2004), and the anticipation of electrical

shocks (Straube et al., 2009). Similar deficits in the pgACC response to emotional stimuli

and/or conflict observed in the present study also have been reported in patients with PTSD

(Kim et al., 2008; Shin et al., 2001) and generalized anxiety disorder (Etkin et al., 2011).

Seo and colleagues (2013) have recently reported that a similar prefrontal region shows an

increased activation in alcohol-dependent participants, relative to controls, during a relaxing

task and a decreased activation during a stressful task. Hyper- and hypoactivation,

respectively, were predictive of subsequent relapse severity. This region, coupled with other

dorsal–caudal regions of the ACC and mPFC, has been posited to contribute to the appraisal

and expression of negative emotion (Etkin et al., 2011). pgACC/mPFC deactivation in

response to high-threat stimuli, as observed in our alcohol-dependent group, might therefore

portend difficulty in regulating—and inhibiting— stimulus-induced anxiety and/or craving.

Our findings showing that pgACC/mPFC is deactivated during low-threat in controls but

deactivated during high-threat in alcohol-dependent participants, coupled with the work of

Seo and colleagues (2013) noted above, suggest that the pgACC/mPFC may be overengaged

at rest in alcohol-dependent individuals and then inappropriately disengaged during a

stressful event. These findings are consistent with those observed in HPA axis responsivity,

where heightened basal cortisol concentrations (Sinha et al., 2011) and suppressed stress-

induced ACTH or cortisol concentrations are associated with increased relapse following the

treatment (Adinoff et al., 2005a).

During a psychosocial stressor, Pruessner and colleagues (2008) observed a decrease in

pgACC amplitude in nonstress responders (assessed by cortisol reactivity) relative to

responders. In our 2 groups (controls and alcohol-dependent participants), however,
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subjective (anxiety ratings) and other neural responses of stress reactivity did not differ. For

example, the SFC response was evident in both the alcohol-dependent and controls

participants and did not significantly differ between the 2 groups. The SFC has been posited

as important for the appraisal and expression of negative emotions, in contrast to the

relevance of the dACC/mPFC for affect regulation (Etkin et al., 2011). Thus, alcohol-

dependent subjects show decreased pgACC/mPFC activation during the high-versus low-

threat CS despite a preservation of subjective anxiety and neural SFC responses to threat.

Whereas appropriate SFC activation may have enabled subjective anxiety to be

appropriately experienced, the mismatch between pgACC/mPFC activation and subjective

anxiety ratings may reflect a maladaptive mechanism, either as a pre-existing vulnerability

or in response to chronic alcohol use, for regulating or reducing anxiety. This dysregulation

may, at least in part, portend difficulties in alcohol-dependent patients responding to high-

stress situations, often resulting in relapse (Schepis et al., 2011; Sinha et al., 2011).

In contrast to the muted pgACC/mPFC response to high-relative to low-threat CS in the

alcohol-dependent group, left posterior insular activity was increased in the alcohol-

dependent group during the high-heat US. Posterior insula activation reflects the neural

response to physical pain (Craig, 2003). This finding suggests that the neural experience of

pain was heightened in the patient population, possibly due to decreased neural affect

regulation (mediated through the pgACC/mPFC), or simply due to the higher temperature

administered to this group as a result of the higher threshold for pain that they endorsed.

Increased neural response to pain could also have been a consequence of subclinical alcohol-

induced peripheral neuropathy (Chopra and Tiwari, 2012), although this explanation is

inconsistent with the attenuated pain reactivity observed in our patient population during

threshold testing. An alternate explanation, accounting for both the higher temperature

threshold and higher posterior insular response, is informed by a study assessing pain

sensitivity following fear (induced by 3 brief shocks) and anxiety (induced by the threat of

shock) (Rhudy and Meagher, 2000). The fear condition used in Rhudy and Meagher (2000)

shares similarities with our threshold testing, where threshold was assessed in 4 consecutive

trials, and the anxiety condition was similar to our high-threat condition. Due to putative

dysregulation between the insular cortex and mPFC (Verdejo-Garcia et al., 2012), both fear

and anxiety responses may have been exaggerated in our patient population: fear resulting in

a greater decrease in peripheral pain responsiveness (consistent with our findings of

increased temperature threshold in the alcohol-dependent group) and anxiety (high-threat)

producing an increase in the neural response to pain (consistent with our findings of

accentuated posterior insular activation during the high-heat stimulus in the alcohol-

dependent group).

The decrease in PCC BOLD response in the alcohol-dependent group, relative to the

controls, was unexpected. The PCC (as well as the mPFC) is a key region of the DMN. The

DMN is active when an individual is at rest and alert (Raichle et al., 2001). The PCC BOLD

decrease during high-, relative to low-, threat indicates that alcohol-dependent patients

markedly suppress DMN activity in the presence of affectively powerful (e.g., high-threat)

stimuli compared to controls. As noted earlier, this finding may also suggest that the DMN

is hypervigilant during rest in the patient group and inappropriately lessens vigilance when

threatened.
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Although amygdalar activation is often observed during high-threat stimuli, this is not

always the case. A review by Sehlmeyer and colleagues (2009) reported that amygdalar

activation was not evident in 19 of 44 studies utilizing a “delay conditioning” of fear (where

the CS overlaps or is immediately followed by the US, as was utilized in our paradigm). As

habituation of amygdalar activation often occurs, amygdala activation may not be detected

in a paradigm such as ours, where the CS is repeatedly administered. Thus, a condition-by-

time interaction may be required to determine amygdala involvement. In delay conditioning

paradigms, for example, Morris and colleagues (2001) found that amygdalar activity

lessened across session in parallel with skin conductance and LaBar and colleagues (1998)

observed amygdalar activation during early, but not late, stimulus presentation. Although

signal loss from magnetic susceptibility gradients can cause signal loss in amygdala and

compromise ability to detect the activation of amygdala with BOLD fMRI, we have detected

robust amygdalar activation in other paradigms with the same or very similar MR

parameters (Gopinath et al., 2012).

Strengths of this study included the elimination of potential confounds of comorbid

nonsubstance use disorders and psychotropic medications and the assessment of alcohol-

dependent subjects followed at least 3 weeks of abstinence. The task was successful in

inducing a strong (and similar magnitude) anticipatory anxiety response in both groups.

Among the weaknesses, groups were not matched for threshold temperature, smoking, BDI,

and STAI. However, activation maps of intra- and intergroup differences did not differ when

these covariates were considered. The lack of women in the study limits the interpretation of

our findings to men.

With respect to the fMRI paradigm, we utilized an uncertain onset as a key attribute of our

high-threat CS. Thus, our paradigm was unable to assign possible contributions of distal

versus proximal threats upon brain activity (Mobbs et al., 2007). Second, only subjective

anxiety was recorded during the anticipatory anxiety period. Objective indicators of anxiety

previously used to model anxiety and fMRI response, such as heart rate or galvanic skin

conductance (Somerville et al., 2010), were not obtained. Third, a combined epoch, the

rating and anticipatory anxiety period, was used to assess the neural response during

anticipatory anxiety. As the anticipatory anxiety period always immediately followed the

rating period and subjects were considered to be anticipating the upcoming stimulus during

the entire epoch, these events were combined into a single epoch variable to avoid the

problem of colinearity and improve the paradigm's design. Although the rating period also

included a brief cognitive appraisal of anxiety accompanied by motor movement, these

neural signals would be expected to be similar on every trial and would thereby be excluded

from the contrasts. The shapes (triangle, square) were not counterbalanced between the

high- and low-stress CS. Although previous research suggests that a triangle might be

interpreted as more threatening than a square (Larson et al., 2009), this was not found to be

the case in our study. Finally, although subjects were trained in the paradigm prior to the

fMRI session, the endorsement of variable levels of anxiety during the high-threat CS

supports the absence of training-induced demand characteristics (i.e., subjects did not

recognize or learn that they were expected to endorse high subjective ratings for the high-

threat CS).
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In summary, the deactivation of pgACC/mPFC in response to anticipatory anxiety in

alcohol-dependent participants may indicate a disruption of affect regulation. Further

research should explore whether these disturbances reflect hypervigilance of the DMN

during rest and disengagement during stressful events, whether these findings are specific to

alcohol dependence or are evident in other psychiatric disorders (e.g., other substance use

disorders, depression, PTSD), and the long-term implications upon disease severity and

relapse.
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Fig. 1.
Anticipatory anxiety paradigm. Presentation of the triangle conditioned stimulus (CS)

predicted a warm unconditioned stimulus (US), whereas presentation of a square CS

predicted either a hot or a warm US. A circle was presented for each intertrial interval. From

Yang and colleagues (2012).
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Fig. 2.
Distribution of anxiety ratings to low (left panel)- and high (middle panel)-threat

conditioned stimulus in healthy control and alcohol-dependent participants. The right panel

shows group mean high- and low-threat ratings over the 20 trials for control (dashed line)

and alcohol-dependent (solid line) participants.
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Fig. 3.
(A) Increased striatal–limbic–cortical BOLD activation (red clusters) induced by high-

versus low-threat conditioned stimulus (CS) in healthy control participants (from Yang et

al., 2012). (B) Increased BOLD activation induced by high- versus low-threat CS in alcohol-

dependent participants was limited to the SFC. In contrast, widespread decreased BOLD

amplitude (blue clusters) was observed. (C) BOLD amplitude was lower in the alcohol-

dependent participants relative to the control participants during the high- versus low-threat

CS. BOLD, blood oxygen level-dependent; R, right; L, left; pgACC, pregenual anterior

cingulate cortex; dACC, dorsal anterior cingulate cortex; mPFC, medial prefrontal cortex;

hp, hippocampus; SFC, superior frontal cortex; PCC, posterior cingulate cortex; lOFC,

lateral orbitofrontal cortex; mOFC, medial orbitofrontal cortex.
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Fig. 4.
Left column:%BOLD amplitude in individual subjects during high-threat (square) minus

low-threat (triangle) conditioned stimulus (CS) in the pregenual anterior cingulate cortex

(pgACC)/medial prefrontal cortex (mPFC) and posterior cingulate cortex (PCC). Circles =

controls. Triangles = alcohol-dependent group. Right column: %BOLD amplitude (mean ±

SEM), relative to baseline (circle), during low-threat CS and high-threat CS. White bar =

controls. Dark gray bar = alcohol-dependent group. BOLD, blood oxygen level-dependent.
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Fig. 5.
Increased blood oxygen level-dependent (BOLD) amplitude in alcohol-dependent compared

to control participants during high- versus low-heat unconditioned stimulus (US) during the

high-threat conditioned stimulus (square). Regions with increased BOLD amplitude for

high- versus low-heat US in alcohol-dependent relative to control participants included the

left posterior insula/Heschl's gyrus and postcentral gyrus. Montreal Neurological Institute

coordinate (z-axis) is noted at the bottom of each image. L, left.
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Table 1
Demographic Characteristics of Alcohol-Dependent Participants and Healthy Controls

Controls (n = 15) Alcohol dependent (n = 15) t or χ2 df

Age (years) 45.5 ± 8.5 42.3 ± 7.1 1.12 28

Race 0.97 2

White 12 12

Black 3 3

Hispanic 0 1

Handedness 1.97 2

 Right 12 12

 Left 1 0

 Ambidextrous 1 3

Education (years) 15.2 ±1.5 11.4 ± 1.2 7.64 28

Cigarettes/d 1.2 ± 4.6 14.1 ± 11.9 4.25 20

BDI 2.3 ± 2.9 7.3 ± 4.3 3.77 28

STAI 26.9 ± 7.7 34.7 ± 8.3 2.67 28

DrInC 8.6 ± 8.0 38.5 ± 4.7 12.34 28

Years of problem drinking 20.3 ± 7.2

Drinks in 90 days 1,312.9 ± 670.7

Lifetime drinking 102,410.5 ± 84,673.6

Days abstinent 25.3 ± 5.2

BDI, Beck Depression Inventory; STAI, State Trait Anxiety Inventory; DrInC, Drinker Inventory of Consequences-Lifetime Version.

Data are mean ± SD. Comparisons between groups were by t-test or χ2.
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