Original Paper

Psychopharm
Alcohol stress response dampening: selective
reduction of anxiety in the face of uncertain
threat

Journal of Psychopharmacology

26(2) 232-244

© The Author(s) 2012

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0269881111416691
jop.sagepub.com

®SAGE

Kathryn R Hefner and John J Curtin

Abstract

Problematic alcohol use and stress response dampening (SRD) are intimately interconnected. Recent evidence suggests that alcohol produces selective
SRD during uncertain but not certain threat. We systematically varied shock probability in a novel task assessing alcohol SRD during low probable/
uncertain threat, while holding temporal precision of threat constant. Intoxicated (0.08% target blood alcohol concentration) and placebo partic-
ipants completed a cued shock threat task in which probability of shock administration at the offset of brief visual cues varied parametrically. High
probability (100%) shock cues represented certain threat as used in earlier research, while lower probability (20% and 60%) shock cues provided novel
uncertain threat conditions. Startle potentiation during cues and inter-trial intervals (ITIs) served as the measure of affective response. General linear
model analysis indicated that alcohol SRD magnitude increased monotonically as threat uncertainty increased. Alcohol SRD was significantly greater
during 20% and 60% shock threat relative to 100% shock threat. Alcohol also significantly reduced startle potentiation during distal threat in shock-
free ITIs. Alcohol SRD magnitude during distal/uncertain threat was meaningfully moderated by individual differences in negative affectivity and
weekly alcohol consumption. This work advances understanding of which properties of uncertainty are relevant to anxiety and anxiolytic effects of

alcohol.

Keywords

Alcohol, anxiety, fear, startle potentiation, stress-response dampening, uncertainty

Introduction

Stress response dampening (SRD), or the notion that alcohol
consumption reduces one’s emotional and physiological
response to stressors, is intimately interconnected to alcohol
use and alcoholism (Sher, 1987). Individuals hold an expecta-
tion that consuming alcohol reduces stress, which in turn moti-
vates alcohol use (Cooper et al., 1995; Goldman et al., 1987).
Drinkers reporting SRD as their dominant motive for use dis-
play increased risk for problematic alcohol use (Cooper et al.,
1995; Schroder and Perrine, 2007). Furthermore, patients with
anxiety disorders exhibit high rates of alcohol use, abuse, and
dependence (Grant et al., 2004; Kessler et al, 1995).
Additionally, stress instigates relapse among abstinent alco-
holics (Brown et al., 1990; 1995), and stress-induced reinstate-
ment of use has been confirmed in animal models (L¢ et al.,
1998; Overstreet et al., 2007). Alcohol- and other drug-induced
stress neuroadaptations figure prominently in addiction etiol-
ogy (Breese et al., 2011; Koob and Volkow, 2010; Weiss et al.,
2001). Consequently, research on alcohol-stress connections
can identify pre-morbid risk factors, clarify etiologic mecha-
nisms, and aid behavioral and pharmacological treatment
development for alcoholism. However, alcohol’s impact on
affective response to stressors, and the processes and neurobi-
ological mechanisms mediating alcohol SRD, are still not well
understood (Curtin and Lang, 2007).

Progress clarifying alcohol SRD in humans has been
slowed by the use of complicated tasks that do not allow
sufficient precision and control to isolate specific mechanisms.
Furthermore, substantial research has invoked affective mea-
sures that are too indirect to implicate neurobiological mech-
anisms (e.g. self-report) and/or those influenced by numerous
non-affective processes, complicating interpretation (e.g.
heart rate). In contrast, affective neuroscientists have made
considerable progress explicating psychological and neurobi-
ological mechanisms involved in affective response to stres-
sors using cued threat of electric shock (Davis et al., 2010;
Delgado et al, 2006; LeDoux, 1998; Phelps, 2000).
Specifically, programmatic research that measures startle
reflex potentiation during cues that were contingently paired
with shock (100% cue-contingent shock) has provided clear
evidence that the central nucleus of the amygdala (CeA) medi-
ates defensive system activity during unambiguous, high
probable, imminent threat (Davis, 2006). Systematic
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measurement of startle potentiation during 100% cue-
contingent shock in rodents, non-human primates, and
humans has provided an important animal-human transla-
tional bridge to study fear responding (Davis et al., 2008).

Additional manipulations that potentiate startle have been
identified. Bright light, temporally uncertain shock, and infu-
sions of the anxiogenic peptide corticotropin-releasing factor
(CRF) potentiate startle response in rats (Liang et al., 1992;
Swerdlow et al., 1986; Walker and Davis, 1997). In humans,
darkness and unpredictable/non-contingent shock have been
shown to potentiate startle response (Grillon et al., 1997,
2004). These threats are more ambiguous or otherwise uncer-
tain relative to 100% cue-contingent shock; such uncertain
threats produce more sustained rather than phasic startle
potentiation in both humans and animals. Basic neuroscience
research in animals indicates that CRF and norepinephrine
(NE)-sensitive pathways through the lateral division of the
bed nucleus of the stria terminalis (BNST) appear to be
responsible for observed increases in startle potentiation to
uncertain threats (Walker and Davis, 2008; Davis et al.,
2010). Indeed, affective neuroscientists suggest that para-
digms assessing startle response to uncertain threat provide
valuable laboratory models in which to study anxiety (Davis
et al., 2010; Grillon, 2008; Walker et al., 2003).

Previous work in our lab indicates that alcohol does not
appear to reduce startle potentiation during well-defined,
unambiguous, attentionally focal cues predicting shock
(Curtin et al., 1998, 2001; Moberg and Curtin, 2009).
However, we have manipulated threat uncertainty to demon-
strate that alcohol selectively reduced startle potentiation
during uncertain threat (Moberg and Curtin, 2009).
Specifically, alcohol did not reduce startle potentiation
when shocks were administered predictably (100% cue-
shock pairing contingency) during brief visual cues. In con-
trast, alcohol robustly reduced startle potentiation when
shocks were administered unpredictably (non-cue-contingent
shocks during cues and intervals between cues).

This previous research has provided intriguing prelimi-
nary evidence that alcohol may selectively dampen anxiety
during uncertain threat but not fear during certain, immi-
nent threat (Moberg and Curtin, 2009). However, improved
understanding of the precise nature and boundaries of this
effect, along with its underlying neurobiological mechanisms,
is warranted. In particular, our previous manipulation of
shock threat uncertainty confounded the probability of
shock with threat imminence by varying both the probability
and the temporal presentation of shock threat, leaving cru-
cial questions as to which stimulus characteristics are central
to both the elicitation of anxiety and the anxiolytic effects of
alcohol unanswered (Moberg and Curtin, 2009). Shock was
highly probable (100%) and imminent (4.5s after cue onset)
during cues in predictable blocks. In contrast, in unpredict-
able blocks, the probability of shock at any moment was
low (and unknown). Furthermore, substantial temporal
uncertainty regarding shock administration existed during
these unpredictable blocks. To further disentangle the two
characteristics of probability and temporal presentation of
shock, we developed a novel paradigm to parametrically
vary shock probability, while holding the temporal presen-
tation of shock constant.

In this paper, we describe a novel task that parametrically
manipulated shock probability (20% vs. 60% vs. 100%)
during brief visual threat cues. Threat imminence was held
constant during cues by administering all shocks at cue offset.
We predicted that alcohol’s SRD effect as measured by startle
potentiation would increase with rising threat uncertainty (i.e.
decreasing shock probability). We also examined alcohol’s
effect on startle potentiation during the variable duration,
shock-free intervals between cues to test for SRD during per-
iods of temporally distal (non-imminent) threat. Finally, we
tested SRD-relevant individual difference moderators in trait
affectivity, alcohol use, and alcohol problems.

Materials and methods
Participants

A total of 120 (59 women) participants were recruited from
the University of Wisconsin — Madison community via
campus flyers and online advertisements. Preliminary study
eligibility was assessed during a phone screening session.
Participants were required to be at least 21years of age and
to report recent experience (within the last year) with the dose
of alcohol to be administered in the study (three drinks in one
episode for males, two for females). Potential participants
were excluded if they reported a history of alcohol-related
problems or a medical condition for which alcohol use was
contraindicated. Participants who met these criteria were
scheduled for an experimental session and told to abstain
from alcohol and other drug use for 24 h, and all food and
beverages other than water for 4 h, prior to their experimental
session. All participants were compensated $15/h for their
time.

General procedure

Consent and screening. On arrival at the lab, participants
provided proof of age and signed a consent form approved by
the University of Wisconsin — Madison IRB. All participants
completed a medical screening questionnaire to verify their
health status. Female participants were administered an in-
stream urine pregnancy test (Northwest Andrology and
Cryobank, Inc., Spokane, WA, USA), with a negative result
required for participation. A pre-experiment blood alcohol
concentration (BAC) of 0.00% was verified via breathalyzer
(Alcosensor 1V; Intoximeters Inc., St. Louis, MO, USA).
Participants were first informed about the electric shock
administration during the consent procedure and were offered
an opportunity to ask questions about it at this time. One
participant elected to discontinue the experiment after
description of the shock procedure, but prior to being
assigned to a beverage group. A second participant who
was assigned to the placebo group discontinued the experi-
ment due to the acoustic probes used to measure startle
response. Both participants were replaced.

Baseline startle response assessment. Prior to beverage
group assignment, participants completed a brief procedure
to assess their startle response magnitude during a neutral
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baseline procedure. Participants viewed a series of eight col-
ored squares presented on a CRT monitor. Each square was
presented for 5s with a variable duration inter-trial interval
(ITI; range =15-20s). Mean Baseline Startle Response was
calculated to 10 startle-eliciting acoustic probes presented
during cue and ITI periods in this baseline procedure (see
Startle potentiation measurement section below). Mean
Baseline Startle Response was used as a covariate in all anal-
yses of startle potentiation from the main task to increase
statistical power.

Beverage group manipulation. Approximately equal
numbers of male and female participants were randomly
assigned to the alcohol and placebo beverage groups. All par-
ticipants, regardless of beverage group assignment, were
informed that they had been assigned to the alcohol group
and would receive a moderately intoxicating dose of alcohol
equivalent to 2-3 drinks in l1h for a 160-lb person.
Participants assigned to the alcohol group received beverages
consisting of fruit juice mixed with 100 proof vodka (Smirnoff
Blue Label) in a 3:1 juice to vodka ratio. The alcohol dose was
calculated based on each participant’s height, weight, age,
and gender, to produce a peak BAC of 0.08% approximately
30 min after completion of beverage consumption (see Curtin
and Fairchild, 2003 for details regarding the dosing formula).
Participants assigned to the placebo group received volume-
matched beverages consisting of fruit juice mixed with water
poured from a vodka bottle in their presence. Outside of their
view, the drinks were misted with alcohol and 2 mL of alcohol
were floated on top of the beverages to provide sensory stim-
uli to support the placebo manipulation. The total beverage
was evenly divided into two drinks, each consumed in 15 min,
for a total drinking period of 30 min. The main procedure
began after a 15-min post-drinking absorption period.
Participants’ BACs were measured at two points during the
experiment: just prior to the start of the main procedure, and
immediately following the completion of the main procedure.

Shock tolerance threshold assessment. Following the
beverage group manipulation, participants reported their sub-
jective response to a series of ordinally increasing intensity
electric shocks of 200 ms duration ranging from just percep-
tible to 7mA, of 200 ms duration, to assess their maximum
tolerance threshold per standardized procedures in our labo-
ratory (e.g. Curtin et al., 2001; Hogle and Curtin, 2006; Hogle
et al., 2010; Moberg and Curtin, 2009). Shocks were admin-
istered across the distal phalanges of the index and ring fin-
gers of left hand. Shock intensity during the main procedure
was set to each participant’s subjective maximum tolerance
threshold to minimize individual differences in sensitivity and
possible analgesic effects associated with alcohol intoxication.

Main procedure. Participants viewed a series of colored
square cues presented for 5s each, separated by a variable
duration ITI (range=15-20s) on a 2l-inch CRT monitor
positioned approximately 1.5m in front of the participant.
Cues were blocked into three threat probability conditions.

In 100% threat probability blocks, participants were
instructed that electric shocks would be administered during
every cue presentation. In 60% threat probability blocks, par-
ticipants were instructed that shocks would be administered
on approximately three out of every five cue presentations. In
20% threat probability blocks, participants were instructed
that shocks would be administered on approximately one
out of every five cue presentations. These instructions accu-
rately represented the probabilities of threat presentation in
each block, and 200 ms duration shocks were administered at
4.5s post cue onset. Participants completed two blocks (15
cues total) at each threat probability. Two neutral blocks of
no-shock cues (15 cues total) were also completed to facilitate
calculation of startle potentiation associated with shock
threat (see Startle potentiation measurement section below).
Participants were instructed that shocks would never be
administered during no-shock blocks, and were informed
(via text on monitor) of the upcoming block type. Block
type was labeled throughout the block in the upper left
corner of the monitor and different color cues were used for
each block type to reinforce salience of threat probability
condition. Participants were briefly questioned following pro-
cedure instructions to confirm that they understood shock
contingencies for each block type. The block presentation
order was fully counterbalanced across six between-subject
orders. This procedure required approximately 22.5min to
complete (See Figure 1 for experimental design schematic).

Individual difference measures, debriefing, and
release. After completing the main procedure, participants
answered three questions to evaluate the success of our pla-
cebo manipulation. Specifically, (1) they estimated the alcohol
content they had consumed, quantified as standard alcoholic
drinks; (2) they reported their perceived level of intoxication
on a five-point scale (scale range of 0—4 with anchors of ‘not
at all intoxicated’ and ‘extremely intoxicated’), and (3) they
estimated their peak BAC during the main procedure.
Following this, participants provided information on their
drinking history (current weekly frequency and quantity of
alcohol use), history of problems related to alcohol use
(Young Adult Alcohol Problems Screening Test, Hurlbut
and Sher, 1992; Short Michigan Alcohol Screening Test,
Selzer et al., 1975), and filled out a personality assessment
measuring  trait  affectivity  (Brief = Multidimensional
Personality Questionnaire, Patrick et al., 2002). Scores for
all measures were calculated according to published
guidelines.

After completing questionnaire measures, placebo partici-
pants were debriefed, paid and dismissed. Participants who
had received alcohol remained at the study site until their
BAC reached 0.02%, at which point they were debriefed,
paid and dismissed.

Startle potentiation measurement

The eyeblink startle response was elicited by acoustic probes
(50 ms, 102 dB white noise with near instantaneous rise time)
and measured by recording electromyographic activity in the
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Figure 1. Task design schematic. The task involved presentation of blocks of colored square cues presented for 5 s each, separated by a variable

duration inter-trial interval (ITI; range = 15-20 s). Cues were blocked into three Threat Probability conditions (100% vs. 60% vs. 20%) that indicated
the probability of shock administration (at 4.5 s post-cue onset) during any discrete cue in that block. Blocks of no-shock cues were also presented to
calculate startle potentiation associated with shock threat. Unique colors (indicated by grayscale in figure) were associated with each cue type. The
startle response was elicited by white noise probes presented during cues (at 4 s post-cue onset) and ITI periods between cues (at 13 or 15 s post-cue

offset).

orbicularis oculi muscle using Ag—AgCl sensors placed
according to published guidelines (Blumenthal et al., 2005).
Eight acoustic probes were presented during both cues (4s
post-cue onset) and ITI periods between cues (at 13 or 15s
post-cue offset) in each block type (64 acoustic probes total).
Serial position of the probes was counterbalanced within sub-
jects and a minimum of 13 s separated each probe from any
previous startle eliciting event (e.g., another probe, electric
shock). Startle eyeblink electromyographic activity was sam-
pled (2000 Hz) and filtered (30-500 Hz). Offline processing
included signal rectification and smoothing (30Hz low-
pass). Peak eyeblink response between 20-120ms post-
probe onset was scored relative to mean 50ms pre-probe
baseline. Startle potentiation was calculated separately for
cue and ITI periods in each of the three threat probability
blocks relative to the matched period in the no-shock block.

Data analytical strategy

Data analysis and figure preparation were accomplished
within R (R Development Core Team, 2009; Tinn-R
Development Team, 2004). All analyses were accomplished
within the General Linear Models. Primary analysis of startle
potentiation included repeated measures for Threat
Probability (100% vs. 60% vs. 20%) and between subject
regressors for Beverage Group, Block Order, and Baseline
Startle. Moderation analyses added quantitative regressors
for relevant individual difference measures.

Results
Sample characteristics

The sample included 59 women and 61 men. The mean
age of the sample was 22.2years (SD=2.3years, range:
21-35years). Participants self-reported an average of 2.0
drinking  episodes per week (SD=1.5 episodes,
range =0.25-10.5 episodes) and typically consumed 4.4
standard alcoholic drinks per episode (SD=2.3 drinks;
range = 1-13 drinks). Participants reported a mean of 0.7
lifetime problems (SD=1.0; range=0-4) on the [3-item
Short Michigan Alcohol Screening Test. They reported
experiencing a mean of 5.4 alcohol-related consequences
in the past year (SD=3.0, range=0-14) on the Young
Adult Alcohol Problems scale, which measures conse-
quences of varying severity (e.g. late to or missed class/
work, fight with boyfriend/girlfriend) associated with their
alcohol wuse. Sample descriptive statistics for Positive
Emotionality (M =76.9; SD=14.1; range= 36-100),
Negative Emotionality (M =33.9; SD=13.7, range= 13-
93), and Constraint (M =72.5; SD=12.2; range =45-98)
from the Brief Multidimensional Personality
Questionnaire were comparable with published norms
(Patrick et al., 2002). Table 1 provides descriptive infor-
mation of relevant individual difference variables separated
by Beverage Group. No significant Beverage Group differ-
ences were observed for any of the alcohol use, problems
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Table 1. Demographics, personality, and alcohol use; individual differences by beverage group

Measure Placebo Alcohol p-value
N 59 61
N Female 29 30
Age (years) 22.3 (2.4) 22.2 (2.2) 0.798
Alcohol Use
Frequency (occasions/week) 1.8 (1.3) 2.2 (1.7) 0.136
Quantity (drinks/occasion) 4.1 (1.9) 4.7 (2.7) 0.114
Alcohol Problems
SMAST 0.6 (0.9) 0.7 (1.1) 0.608
YAAPS (past year) 5.5 (3.2) 5.3 (2.8) 0.656
Multidimensional Personality Questionnaire
Positive Emotionality 77.2 (14.3) 76.6 (13.9) 0.812
Negative Emotionality 33.0 (15.4) 34.7 (12.0) 0.503
Constraint 73.1 (12.5) 71.8 (12.0) 0.558
Shock Tolerance Threshold 12.8 (5.5) 15.4 (6.2) 0.014*

Table contains group means with standard deviations in parentheses unless otherwise indicated. YAAPS, Young Adult Alcohol Problems Scale past

year problems; SMAST, Short Michigan Alcohol Screening Test *p < 0.05.

and/or trait individual difference variables, as expected
given random assignment to Beverage Group. As expected,
participants in the alcohol group tolerated significantly
more shocks (M =12.7, SD=5.5) than did participants
in the placebo group (M=15.6, SD=6.3) during the
post-drinking shock tolerance assessment procedure,
1(118)=2.51, p=0.014. As noted earlier, shock intensity
in the main experimental task was set to each participant’s
maximum tolerance threshold determined from this assess-
ment to control for alcohol’s analgesic effect and individ-
ual differences in shock sensitivity.

Beverage group manipulation checks

For participants in the alcohol group, mean peak BAC was
0.081% (SD=0.014%; range=0.046-0.115%). Their mean
BAC was 0.076% (SD=0.016%; range=0.039-0.115%)
immediately prior to the start of the main procedure and
0.077% (SD=0.012%; range =0.044-0.105%) immediately
post-procedure.

To verify the success of our placebo manipulation, we
compared the alcohol and placebo groups on the three pla-
cebo manipulation check questions that were completed at
the conclusion of the experiment. Participants in the alcohol
group reported that their beverages contained significantly
more alcohol (M =3.8 drinks, SD =1.2 drinks, range=1.5—
8.0 drinks) than placebo participants (M =2.6 drinks,
SD=1.2 drinks, range=0-7 drinks), #(117)=5.28,
p<0.001. However, perceived alcohol content was signifi-
cantly above 0 in both beverage groups (p <0.001 for one-
sample z-tests in each beverage group). Participants in the
alcohol group reported that they were significantly more
intoxicated (M =2.8, SD=0.7, range =0.5-4.0), than pla-
cebo participants, (M =2.1, SD=0.7, range=0.0-3.0),
t(118)=5.01, p<0.001. Nonetheless, perceived level of

intoxication was significantly elevated above 0 in both bever-
age groups (p < 0.001 for one-sample -tests in each beverage
group). Participants in the alcohol group estimated their peak
BAC as significantly higher (M =0.079%, SD=0.018%,
range =0.04-0.12%) than did placebo participants
(M =0.048%, SD=0.019%, range = 0.00-0.09%),
1(118)=9.21, p<0.001. As with other manipulation checks,
estimated BAC was significantly elevated above 0 in both
beverage groups (p < 0.001 for one-sample #-tests in each bev-
erage group). Thus, an expectation of alcohol consumption
and intoxication was successfully established among partici-
pants in both the alcohol and placebo groups. However, as is
typical with these manipulations, we were not entirely suc-
cessful in matching level of expectations regarding consump-
tion and intoxication across the beverage groups.

Startle potentiation during threat cues

Startle potentiation during threat cues was analyzed in
General Linear Models (GLM) with repeated measures on
Threat Probability (100% vs. 60% vs. 20% shock threat).
Centered, orthogonal between-subject regressors for
Beverage Group (Placebo vs. Alcohol), Block Order (six
orders) and Baseline Startle Response (mean-centered) and
two-way interactions for all between subject regressors were
included to increase power to detect Beverage Group and
Threat Probability effects (Miller and Chapman, 2001). Sex
was included in preliminary models to examine potential
effects of Sex on these effects. However, no significant effects
of Sex were observed. Therefore, Sex was removed from the
final models reported herein. Consistent with random assign-
ment, there were no significant relationships among Beverage
Group, Block Order, and Baseline Startle Response. All
Beverage Group and Threat Probability effects are reported
unweighted across Block Orders at mean Baseline Startle
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Response. Huynh—Feldt-corrected p-values are reported for
all multi-degree of freedom (df) effects involving Threat
Probability. Raw GLM coefficients are reported to document
effect sizes as appropriate.

Significant (non-zero), robust startle potentiation was
observed during shock cues across threat probabilities,
B=523wV, #«(101)=13.70, p < 0.001. A significant effect of
Threat Probability was observed, F(2,202) =25.61, p <0.001.
Startle potentiation was increased during 60% threat cues
(M =60.4V, SE=4.2) and 20% threat cues (M =56.4 pnV,
SE=4.3) relative to 100% threat cues (M =40.0 pV,
SE=4.1), B=20.4pV and 164V, 7(101)=8.14 and 4.92,
p<0.001, respectively.

The effect of Beverage Group on mean startle potentiation
across threat probabilities was not significant. However, the
Beverage Group X Threat Probability effect was significant,
as predicted, F(2,202)=4.03, p=0.022 (see Figure 2, left
panel). The magnitude of the Beverage Group effect on
startle potentiation increased monotonically as a function of
Threat Probability (see Figure 2 right panel). The simple
Beverage Group effect on startle potentiation was not signif-
icant during 100% threat cues, B=3.0nV, #(101)=0.36,
p=0.719. The simple Beverage Group effect was marginal

during 20% threat cues, B=19.8 pV, #(101) =2.31, p=0.023.
Single df interaction contrasts confirmed that the magnitude
of the Beverage Group effect was significantly greater during
60% threat cues and 20% threat cues relative to the Beverage
Group effect during 100% threat cues, B=11.0nV and
169wV, #101)=2.20 and 2.54, p=0.030 and <0.013,
respectively.

Startle potentiation during ITIs

Comparable GLMs were fit and tested to examine Beverage
Group and Threat Probability effects on startle potentiation
during the ITI period between threat cues. As with Threat
Cue analyses, Sex was included in preliminary analytic
models for the ITI period. However, no significant Sex effects
were observed, and it was removed from final models.
Significant (non-zero), robust startle potentiation was
observed during the ITIs across threat probabilities,
B=15.7nV, 1(101)=7.59, p<0.001. A significant effect of
Threat Probability was observed, F(2,202)=12.66,
p<0.001. Startle potentiation was increased during ITIs in
60% threat (M =228V, SE=29) and 20% threat

during 60% threat cues, B=14.0nV, #101)=1.68, (M=16.1 pV, SE=2.5) relative to ITIs in 100% threat
p=0.097. The simple Beverage Group effect was significant (M =8.5pnV, SE=2.5), B=143pV and 7.7pV,
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Figure 2. Beverage group and threat probability effects on startle potentiation during cues. Left Panel: Startle potentiation scores during threat cues
are displayed by Threat Probability. The Beverage Group X Threat Probability interaction was significant (p =0.022). Follow-up tests revealed a
significant Beverage Group simple effect during 20% threat (p =0.023) and a marginal Beverage Group simple effect during 60% threat (p =0.097).
The Beverage Group simple effect was not significant during 100% threat (p =0.719). Error bars represent the standard errors for the startle
potentiation point estimates from the General Linear Model. Significant and marginal simple Beverage Group effects are indicated (+ p < .10, *p <
.05). Right Panel: General linear model (GLM) Beverage Group Coefficients are displayed by Threat Probability. The Beverage Group GLM coefficients
indicate the magnitude by which startle potentiation during threat cues was reduced in the alcohol group relative to the placebo group. The magnitude
of this Beverage Group effect monotonically increased with decreasing threat probability. Single degree of freedom coefficient contrasts indicated that
the Beverage Group effects during 20% threat and 60% threat were both significantly greater than the Beverage group effect during 100% threat (p <
0.013 and p <0.030, respectively). Error bars represent the standard errors for the Beverage Group coefficients. Significant and marginal Beverage
Group coefficient contrasts are indicated (*p <0.05).



238

Journal of Psychopharmacology 26(2)

1(101)=5.03 and 2.64, p<0.001 and p <0.010, respectively
(see Figure 3, left and right panels).

In contrast to Threat Cue analyses, a significant overall
effect of Beverage Group on mean startle potentiation across
threat probabilities was observed during the ITIs,
B=13.4uV, 1101)=3.24, p=0.002. Furthermore, the
Beverage Group X Threat Probability effect was not signifi-
cant, F(2,202)=1.61, p=0.202, suggesting comparable mag-
nitude Beverage Group effects across all three threat
probabilities. Consistent with this, the simple Beverage
Group effects were significant or marginal for all three
threat probabilities, B=12.3 wV, #(101)=2.48, p=0.015 for
ITI during 100% threat, B=19.0 pV, #(101)=3.27, p=0.001
for ITI during 60% threat, B=9.0nV, #101)=1.78,
p=0.078 for ITI during 20% threat. Single df interaction
contrasts confirmed that the magnitude of the Beverage
Group effect was not significantly different during ITI in
60% threat and 20% threat relative to the Beverage Group
effect during ITI in 100% threat, B=-6.7wV and 3.3V,
#(101)=1.18 and 0.57, p=0.239 and 0.570, respectively.

Individual differences moderators

Exploratory analyses examined potential moderating effects
of individual differences in alcohol use (Drinks/Week), alco-
hol problems, and personality. Separate analyses were con-
ducted to examine the moderating effect of each individual

difference measure on the significant Beverage Group effects
reported earlier from the cue and ITI periods (i.e. startle
potentiation during 20% threat for cue period; overall mean
startle potentiation for ITI period). Each GLM included
regressors for Beverage Group, the individual difference mea-
sure (mean-centered) and their interaction. As in earlier
GLMs, Baseline Startle Response, Block order and their
two-way interactions with other regressors in the model
were included as control variables to increase power. The
critical test for each model was the Beverage Group X
Individual difference moderator effect.

No significant Beverage Group X Individual difference
moderating effects were observed in the cue period for any
of the individual difference measures. However, two signifi-
cant moderators of the Beverage Group effect on startle
potentiation during the ITI period were observed. Drinks/
Week significantly moderated the Beverage Group effect,
B=-1.6V, 1(93)=2.39, p=0.019, indicating that the
Beverage Group effect on startle potentiation in the ITI
period decreased as participants reported consuming increas-
ing number of drinks per week (see Figure 4, left panel).
Negative Emotionality also significantly moderated the
Beverage Group effect, B=0.7uV, #(93)=2.11, p=0.037.
This indicates that the Beverage Group effect on startle
potentiation in the ITI period increased as participants
reported increasing Negative Emotionality (see Figure 4,
right panel).
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Figure 3. Beverage group and threat probability effects on startle potentiation during shock-free inter-trial-intervals. Left Panel: Startle potentiation
scores during the inter-trial intervals (ITIs) between threat cues are displayed by Threat Probability. No shocks were administered during the ITIs. The
Beverage Group effect was significant (p = 0.002) indicating that alcohol reduced startle potentiation across all threat probability blocks. In addition,
significant or marginal Beverage Group simple effects were observed for all threat probability blocks (p =0.015, p <0.001, and p <0.078 for 100%,
60% and 20%, respectively). Error bars represent the standard errors for the startle potentiation point estimates from the general linear model (GLM).
Significant and marginal simple Beverage Group effects are indicated (+ p < 0.10, *p < 0.05, ***p < 0.001). Right Panel: GLM Beverage Group
Coefficients are displayed by Threat Probability. The Beverage Group GLM coefficients indicate the magnitude by which startle potentiation during the
ITIs was reduced in the alcohol group relative to the placebo group. None of the single degree of freedom coefficient contrasts across threat
probabilities were significant, indicating that Beverage Group effects were comparable across threat probabilities. Error bars represent the standard
errors for the Beverage Group coefficients.
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Figure 4. Individual difference moderators of beverage group effects on inter-trial interval startle potentiation. Left Panel: Mean inter-trial interval
(ITI) startle potentiation scores are displayed by Beverage Group and typical weekly alcohol consumption (drinks per week). The Beverage

Group X Drinks/week interaction was significant (p =0.019), with Beverage Group effects decreasing with increasing weekly alcohol consumption.

Standard error confidence bands for ITI startle potentiation point estimates are displayed in gray. Right Panel: Mean ITI startle potentiation scores are
displayed by Beverage Group and Negative Emotionality. The Beverage Group X Negative Emotionality interaction was significant (p =0.037), with
Beverage Group effects increasing with increasing Negative Emotionality. Standard error confidence bands for ITI startle potentiation point estimates

are displayed in gray.

Discussion

In this paper, we described results from a novel task that
manipulated shock probability parametrically during brief
visual cues. Threat imminence was held constant by adminis-
tering all shocks at cue offset. This provided an opportunity
for careful assessment of how threat probability moderated
alcohol’s SRD effect on startle potentiation during threat of
electric shock. As predicted given its putative role in anxiety,
threat probability proved to be a strong moderator on the
effects of alcohol. The variable duration shock-free intervals
between cues provided an opportunity to detect an alcohol
SRD effect on startle potentiation in an anxious context char-
acterized by temporally distal (non-imminent) threat. Alcohol
robustly reduced startle potentiation in these intervals
between cues, as predicted. Finally, the magnitude of alcohol
SRD during distal/uncertain threat varied meaningfully by
individual differences in negative affectivity and typical
weekly alcohol consumption. In the following sections, we
unpack these central results, connect the results to other rel-
evant experiments in humans and animal models, and identify
clinical implications, important limitations, and near-term
future directions.

Alcohol SRD and threat probability during cues

As reviewed earlier, a growing body of evidence has sug-
gested that fear and anxiety are distinct, dissociable pro-
cesses both phenomenologically and neurobiologically

(Davis et al., 2010). In particular, threat uncertainty (versus
certainty) appears to be intimately related to the elicitation of
anxiety (versus fear) (Davis et al., 2010; Grillon, 2008). In this
experiment, we manipulated threat uncertainty by parametri-
cally varying the probability of shock administration (100%,
60%, and 20%), and examined alcohol SRD at these three
probabilities. The magnitude of alcohol SRD, measured by
startle potentiation during threat cues, varied significantly
based on shock probability (Figure 2, left panel). As pre-
dicted, alcohol did not reduce startle potentiation during cer-
tain (100%) shock cues. However, the magnitude of alcohol
SRD increased monotonically as threat uncertainty increased
(i.e. shock probability decreased). Alcohol produced a mar-
ginal 14V reduction in startle potentiation during 60%
shock threat and a robust, significant 20 WV reduction in star-
tle potentiation during 20% shock threat. Formal statistical
contrasts confirmed that alcohol SRD was greater during
20% and 60% shock threat than during 100% shock threat
(Figure 2, right panel).

These results provide clear evidence that the magnitude of
alcohol SRD appears tightly coupled with shock probability/
threat uncertainty during the cues. Such results corroborate
our earlier report that alcohol SRD was observed during
unpredictable but not predictable shock administration
(Moberg and Curtin, 2009). Of note, the predictable shock
condition in that experiment was comparable with the 100%
shock threat probability condition in the current report; how-
ever, the unpredictable shock condition used in our earlier
work involved administration of shock at any point during
those blocks (i.e., during cues or intervals between cues).
In addition, temporal uncertainty regarding shock
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administration also varied between predictable blocks (no
temporal uncertainty) and unpredictable blocks (high tempo-
ral uncertainty). The current report more precisely identifies
shock probability as sufficient to explain the variation in the
magnitude of alcohol SRD.

Alcohol SRD during distal threat

The shock-free intervals between cues afforded us a second
opportunity to examine alcohol SRD in an anxiety-relevant
context. These intervals are characterized by the anticipation
of distal threat; they are of variable duration (15-20s), and
participants know that no shock can be administered during
this time. As such, these intervals provide respite from shock
threat, though anticipation of the next threat cue looms in the
distance. The observed significant alcohol SRD during these
intervals provides further support that alcohol reduces
anxiety.

Threat imminence has been identified as an important
moderator of anxiety versus fear during defensive reactions
to threat (Rau and Fanselow, 2007). Human neuroimaging
methods have detected distinct patterns of neural processing
when threats are distal versus imminent (Mobbs et al., 2007,
2009). Walker and Davis (2008) confirm selective involvement
of the lateral division of the BNST during temporally uncer-
tain, distal shock threat. Although threat imminence was not
formally manipulated in our report, the consistent suppres-
sion of startle potentiation in the ITI period of all threat
probability blocks by alcohol provides preliminary evidence
that this period of distal threat is sensitive to alcohol’s anxi-
olytic properties. Across block types, the ITI represents a time
when threats are on the horizon but distal, and therefore
uncertain. Increased confidence in this interpretation awaits
further research that explicitly manipulates threat imminence.

SRD models and mechanisms

The selective anxiolytic effect of alcohol observed in this and
other recent experiments (Moberg and Curtin, 2009; Hachiya
et al., 2010) may provide an explanation for the inconsistency
of alcohol SRD effects observed in earlier research (for
reviews, see Curtin and Lang, 2007; Greeley and Oei, 1999).
To the degree that fear and anxiety involve distinct neurobi-
ological mechanisms, it should not be too surprising that
alcohol has different effects on fear versus anxiety.
Unfortunately, researchers have often aggregated alcohol
SRD results across experiments with varied procedures in
attempt to reach broad conclusions about SRD effects.
Consideration of this distinction between fear versus anx-
iety may also clarify the mechanism proposed by influential
cognitive models of the alcohol-emotion nexus (Sayette, 1993;
Steele and Josephs, 1990). Some theorists have proposed that
alcohol’s effect on emotional response is mediated via impair-
ment in attention when intoxicated, such that intoxicated
individuals display reduced response to threats that are pre-
sented in the periphery of salient distracters (Steele and
Josephs, 1990; see Curtin et al., 1998, 2001 for empirical sup-
port using startle potentiation). Similarly, Sayette (1993) sug-
gested that alcohol reduces negative emotional response in
contexts where threats would not be adequately appraised

due to the nature and timing of these threats. It may be
that salient distracters and other manipulations that degrade
threat cue appraisal generally increase uncertainty regarding
the nature of the threat. These threats should recruit the
neural circuits involved in anxiety, which appear to be
much more sensitive to alcohol. In contrast, when explicit
threats are presented in the focus of attention, the onset
and nature of the threat may be substantially more certain,
with phasic fear response more tightly coupled to threat
onset. Our research suggests that moderate doses of alcohol
may selectively impact anxiety and related neural substrates,
although we cannot draw firm conclusions about the neuro-
circuitry of fear versus anxiety based on these data alone.

SRD-relevant individual different moderators

Two significant individual difference moderators of the alco-
hol SRD effect during the intervals between threat cues were
observed: weekly alcohol consumption and trait negative
emotionality (NEM) (see Figure 4). Given the large range
of typical weekly alcohol consumption reported by our
sample, we were able to investigate this individual difference
as a potential moderator of our primary findings on startle
potentiation. In fact, weekly alcohol consumption signifi-
cantly moderated the magnitude of the alcohol SRD effect
during the intervals between threat cues. Reduced alcohol
SRD was observed among individuals who displayed higher
levels of weekly use, and we have recently observed similar
moderation of the alcohol SRD effect by typical weekly alco-
hol use in another experiment in our laboratory (Moberg
et al., 2011). This diminished SRD effect among heavy users
of alcohol could be interpreted as a risk factor for alcoholism
within Schuckit’s Low Response (LR) to Alcohol model
(Schuckit and Smith, 2006; Schuckit et al., 2009), which
posits that drinkers who experience reduced alcohol SRD
may consume more alcohol to obtain the desired SRD effects,
resulting in increasing alcohol use and concomitant problems
associated with resultant heavy, hazardous drinking.

Trait NEM as assessed by the Multidimensional
Personality Questionnaire also significantly moderated the
magnitude of the alcohol SRD effect. Those reporting
higher levels of NEM displayed the greatest reduction in star-
tle potentiation during distal threat when intoxicated. Higher
scores on NEM mark the disposition to experience negative
emotions and are linked conceptually to the brain motivation
system underlying defensive-withdrawal behaviors (Lang,
1995; Sutton and Davidson, 1997; Tellegen, 1985; Watson
et al., 1999). Individual differences in NEM are correlated
with negative affective response and physiological reactions
to motivationally relevant threat stimuli (Cacioppo and
Berntson, 1994; Lang, 1995; Witvliet and Vrana, 1995). The
observed moderation of alcohol SRD by NEM in this exper-
iment suggests that individuals characterized by high trait
NEM may receive increased negative reinforcement from
their alcohol use. This association between individual differ-
ence in NEM and alcohol SRD could contribute to the higher
rates of alcohol use among individuals who drink to cope
with stress, and their concomitant increased risk for alcohol
use disorders (Cooper et al., 1995; Schroder and Perrine,
2007), and may also contribute to the increased comorbidity
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between alcohol use disorders and anxiety disorders (Grant
et al., 2004; Kessler et al., 1995).

Of course, speculation about causal connections among
non-manipulated variables (i.e. trait NEM, alcohol use, and
individual differences in the alcohol SRD effect) must be
advanced very cautiously until replicated in designs that can
rule out alternative explanations. For example, the reduced
alcohol SRD among heavy drinkers may simply reflect
acquired tolerance associated with increased frequency and
quantity of alcohol use. Furthermore, it must be highlighted
that these individual difference moderators were observed
only during distal threat associated with the intervals
between cues. Similar moderation was not observed during the
low-probability threat cues. Explication of these nuanced dif-
ferences awaits repeated testing with varied manipulations
of threat uncertainty. However further investigation is war-
ranted; initial alcohol SRD effects prior to substantial alco-
hol use (and the development of tolerance) should be
examined as a correlate of NEM and a potential prospective
marker of risk for subsequent heavy alcohol use and alcohol
problems.

Important questions remain regarding the relationships
between startle potentiation and the neuroendocrine stress
response, the effect of threat uncertainty on neuroendocrine
stress response, and whether the stress neuroendocrine
response mediates the effect of alcohol on startle potentiation.
In other research with both animals and humans, alcohol
administration results in release of stress hormones such as
adrenocorticotropic hormone (ACTH) and glucocorticoids.
However, chronic heavy alcohol use also appears to suppress
hypothalamic—pituitary—adrenal (HPA) axis response to
stressors (e.g., Adinoff et al., 2005; Richardson et al., 2008).
We did not measure neuroendocrine stress response in the
current study. However, other research from our laboratory
has observed consistent increases across both startle potenti-
ation and salivary cortisol measures among nicotine-deprived
smokers (Hogle and Curtin, 2006). Future research should
examine acute alcohol administration’s simultaneous effect
on startle potentiation and relevant stress hormones during
uncertain threat to future clarify the neurobiological mecha-
nism of these effects.

Implications for psychiatric disorder etiology and
comorbidity

The results from this experiment fit within a program of
research to identify etiologic processes in addiction.
Contemporary neuroscience theories and empirical evidence
implicate neuroadaptation in the stress response as a critical
mechanism in addiction etiology across addictive drugs
including alcohol, benzodiazepines, opiates, cocaine, nicotine,
and marijuana (Breese et al., 2011; Koob and LeMoal, 2008;
Shaham and Hope, 2005; Sinha, 2008; Weiss et al., 2001).
Repeated homeostatic adjustments in the brain’s stress sys-
tems during periods of drug use eventually lead to chronic
compensatory adaptations in the structures involved in emo-
tional response and its regulation. These adaptations persist
beyond periods of acute use and result in dysregulated nega-
tive affect (e.g., increased anxiety) and strong craving on

cessation of use (Koob and LeMoal, 2001, 2008).
Programmatic laboratory drug administration and drug dep-
rivation studies with varied drugs in humans and animal
models have begun to explicate and test for these stress neu-
roadaptation mechanisms.

Results from this report corroborate other recent research
to suggest that alcohol administration selectively reduces star-
tle potentiation during unpredictable, low-probability, distal,
or otherwise uncertain threats in humans (Hachiya et al.,
2010; Moberg and Curtin, 2009). Similarly, others have dem-
onstrated that benzodiazepine administration (diazepam,
alprazolam) selectively reduces startle potentiation during
uncertain threat (e.g., unpredictable shock, darkness), but
not during cues that predict imminent, high probable shock
(Baas et al., 2002; Grillon et al., 2006a, 2006b). These acute
SRD effects of alcohol and other anxiolytic drugs may engen-
der the homeostatic, compensatory stress neuroadaptations
that result in exaggerated stress response following chronic
drug use. In fact, we have recently confirmed increased startle
potentiation selectively during unpredictable but not predict-
able shock administration among 24-h nicotine-deprived
smokers (Hogle et al., 2010), and have observed selective
increases in startle potentiation during cues that predict low
probable (20%) but not high probable (100%) shock after
3days of marijuana deprivation among heavy daily mari-
juana users (Gloria et al., 2009).

Animal models have implicated uncertain threat and more
precisely identified CRF and NE pathways in the BNST in
drug administration, withdrawal, and reinstatement. NE and
CRF pathways in the BNST are critically involved in stress-
induced reinstatement to cocaine and heroin use in rats (for
review, see Shaham et al., 2000a); the injection of a CRF
antagonist (D-PheCRF;,.4;) into the BNST prevents stress-
induced reinstatement for cocaine (Erb and Stewart, 1999). In
addition, neurochemical lesions of the BNST-projecting ven-
tral noradrenergic bundle block stress-induced reinstatement
for heroin (Shaham et al., 2000b). Unpredictable footshock
reinstates nicotine-seeking behavior in nicotine-dependent
mice (Plaza-Zabala et al., 2010). Nicotine deprivation selec-
tively increases light-enhanced startle in nicotine-dependent
rats (Jonkman et al., 2008).

As evidenced above, this growing body of evidence speci-
fically implicates the BNST (and more generally, NE and
CRF pathways in the extended amygdala) in anxiety.
Neuroadaptations in this system are increasingly highlighted
in addiction etiology. Startle potentiation during uncertain
threat may thus be a valuable cross-species biomarker of
the neuroadaptive changes in anxiety that result from chronic
drug administration and increase risk for relapse.

The alcohol SRD effect observed selectively in conditions
characterized by anxiety during uncertain threat and the
moderation of this effect by NEM may partially explain the
pattern of psychiatric comorbidity between alcohol use dis-
orders and various anxiety disorders. Both generalized anxi-
ety disorder (GAD) and post-traumatic stress disorder
(PTSD) are highly comorbid with alcohol use disorders
(Grant et al., 2004; Kessler et al., 1995). In contrast, the prev-
alence of alcohol use disorders is not elevated among individ-
uals with simple phobias (Kushner et al., 1990). Unlike simple
phobias, both GAD and PTSD appear to involve sustained
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negative affective response in complex multimodal contexts
without simple, distinct cues to identify the explicit nature
and timing of the potential threat. In fact, manipulations
involving unpredictable threat have been used as laboratory
analogs of these disorders (Grillon, 2002). Our results suggest
that alcohol may be particularly effective at reducing the
intensity of negative affective response for patients with
these disorders, providing a strong motive for frequent and/
or heavy use in order to ‘self-medicate’. In addition, the stress
neuroadaptation hypothesis described above suggests that
chronic alcohol (or other drug use) may ultimately exacerbate
anxious symptoms in patients with PTSD and GAD during
periods of deprivation, which could provide strong motiva-
tion for alcohol and/or drug use among these patients. In
contrast, patients with simple phobias may be less susceptible
to drinking to obtain reinforcing SRD effects of alcohol if
alcohol does not affect fear response to distinct cues that pre-
dict imminent threat.

Limitations and future directions

The experiment described in this paper focused on a manip-
ulation of shock probability to induce threat uncertainty and
associated anxiety. Unambiguous interpretation of the role of
‘threat uncertainty’ as a moderator of alcohol SRD awaits
considerable conceptual replication. To date, we have pub-
lished one other paper demonstrating alcohol SRD during
uncertain threat (Moberg and Curtin, 2009), using a previ-
ously validated paradigm involving unpredictable shock
administration (Grillon et al., 2004). We have also recently
observed selective alcohol SRD during temporally uncertain
threat (Hachiya et al., 2010), and are currently examining
alcohol SRD during threat uncertainty involving manipula-
tions of uncertain intensity threat and uncertain spatial
threat. In addition, other researchers examining basic anxiety
processes in humans have developed threat uncertainty para-
digms involving darkness (Grillon et al., 2007a) and CO,
challenge (Zvolensky et al., 1999). Alcohol SRD effects in
these paradigms should be explored as well. The use of
varied manipulations of threat uncertainty will allow better
precision in our understanding of these effects and clear
demarcation of their boundary conditions.

The effects of alcohol dose during threat uncertainty
remain to be investigated. Both our previous work (Moberg
and Curtin, 2009) and the current experiment examined
only one moderate dose of alcohol (target BAC of 0.08%).
Dose has been identified as a potentially important moderator
of alcohol SRD generally (Sher, 1987). It will clearly be
important to explicitly examine alcohol dose response on
SRD during threat uncertainty to explicate its pharmacoki-
netics. In other research, we have demonstrated alcohol
SRD effects during well-defined, unambiguously threatening
stimuli at higher BACs (Donohue et al., 2007; Moberg
et al., 2011). Empirical confirmation of dose-response
effects on alcohol SRD have been demonstrated by others
well (Sher and Walitzer, 1986; Stewart et al., 1992).
However, dose-response alcohol SRD during uwuncertain
threat has not been examined and remains as an important
future direction.

It is now possible to assess alcohol and other drug use in
response to real-world stressors in participants’ day-to-day
lives using ecological momentary assessment methods (Bopp
et al., 2010; McCarthy et al., 2006; Piper et al., 2008).
Stressor—drinking covariation is greater among individuals
who develop alcohol problems (Schroder and Perrine,
2007). Future work investigating whether individual differ-
ences in alcohol SRD effects measured in the laboratory pre-
dict real-world drinking, and SRD-motivated drinking in
particular, would increase the clinical relevance of these
laboratory-based approaches.

Summary

In this paper, we reviewed recent evidence that fear and anx-
iety can be dissociated, both phenomenologically and neuro-
biologically. We manipulated threat uncertainty via shock
threat probability and examined alcohol SRD effects across
this shock threat probability continuum. We demonstrated
selective alcohol SRD during low probability, uncertain
threat, and provided preliminary evidence of alcohol SRD
during distal threat. Both trait NEM and typical weekly alco-
hol consumption moderated this latter effect. These selective
effects may explain previous inconsistency in the literature on
alcohol SRD. Moreover, these results provide clear direction
for future research on the cognitive and neural mechanisms of
alcohol’s actions in humans. Clinically, these results provide
insight into patterns of alcohol use disorder comorbidity with
anxiety disorders. More broadly, this program of research
incrementally advances our understanding of the motivation
to use alcohol and the contribution of stress neuroadaptations
to the etiology of human addiction.
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