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Abstract

Rationale Clarification of alcohol’s effect on stress response
during threat is critical to understand motivation for alcohol
use and related alcohol-use disorders. Evaluation of stress
response dampening (SRD) effects of alcohol has been limited
by nonsystematic use of varied experimental methods and
measures.

Objectives This experiment parametrically varied alcohol
dose and shock threat intensity among social drinkers to
examine their effects on startle potentiation, a physiological
measure of the affective component of the stress response.
Methods Ninety-six participants were assigned to one of
four beverage groups: placebo and target blood alcohol
concentration (BAC) groups of 0.04%, 0.075%, and 0.11%.
Participants viewed colored cues presented in shock and
no-shock blocks. Distinct colored cues predicted imminent
low, moderate, or high intensity electric shock administra-
tion. Startle potentiation during shock threat relative to no-
shock cues indexed affective response.

Results High threat increased startle potentiation relative to
moderate/low intensity threat. Startle potentiation decreased
as BAC increased. Threat intensity moderated this BAC
effect with the strongest BAC effect observed during high
threat. Analysis of individual difference moderators
revealed reduced effect of BAC among heavier, more
problematic drinkers.

Conclusions Clear alcohol SRD effects were observed.
These SRD effects were greatest at higher BACs and
during more potent threat. Failure to account for these
factors may partially explain inconsistent findings in past
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laboratory SRD research. Furthermore, they suggest greater
reinforcement from alcohol at higher doses and among
individuals with greater stress. Moderation of SRD effects
by alcohol consumption and problems point to possible
important risk factors.
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The alcohol use—alcohol dependence—stress nexus has been
a long-standing focus of research. Empirical work in this
area indicates that individuals expect alcohol use to reduce
their stress and that this serves as a motive for use among
many drinkers (Christiansen et al. 1982; Cooper et al. 1995;
Goldman et al. 1987). Drinkers who report stress reduction
as a dominant motive for their use are at increased risk for
the development of alcohol use disorders (Cooper et al.
1995; Schroder and Perrine 2007). Furthermore, high rates
of alcohol use, abuse, and dependence are observed in
patients with anxiety disorders (Grant et al. 2004; Kessler et
al. 1995). Stress is a potent instigator of relapse among
abstinent alcoholics (Brown et al. 1995, 1990), and stress-
induced reinstatement of alcohol use has been confirmed in
animal models (L& et al. 1998; Overstreet et al. 2007).
Evidence is also rapidly accruing to implicate adaptations
in stress neurocircuitry in response to chronic exposure to
the acute effects of alcohol and other drugs in the etiology
of addiction (Breese et al. 2005; Koob and Volkow 2010;
Weiss et al. 2001). Clearly, research on alcohol-stress
connections is needed to identify pre-morbid risk factors,
understand etiological mechanisms, and aid development of
behavioral and pharmacological treatments for alcoholism.
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Despite its importance to risk and etiological factors in key
theories of drinking and alcoholism, the impact of alcohol on
affective response to stressors, and the processes and
biological mechanisms that mediate this impact, are not well
understood (see Curtin and Lang 2007 for a review). Decades
of research have established that multiple mechanisms may
exist and important moderating individual difference and
contextual factors cannot be ignored (e.g., Curtin et al. 1998,
2001; Donohue et al. 2007; Moberg and Curtin 2009;
Sayette 1993; Steele and Josephs 1990; Sher 1987).
Substantial evidence exists that alcohol may influence stress
response indirectly through its detrimental impact on
attention and appraisal processes (Curtin et al. 1998, 2001;
Sayette 1993; Sher et al. 2007; Steele and Josephs 1990).
However, recent evidence suggests that the stress response
dampening model thesis (SRD; Levenson 1980; Sher 1987)
regarding direct effects of alcohol on stress system neuro-
circuitry remains viable (Donohue et al. 2007; Moberg and
Curtin 2009; Hefner et al. 2010; Hachiya et al. 2010).

Donohue et al. (2007) demonstrated selective reduction
in affective response to unpleasant but not pleasant
photographic images among intoxicated participants. How-
ever, this SRD effect of alcohol was most apparent at higher
blood alcohol concentrations, suggesting that alcohol dose
may be critical (see also Sher and Walitzer 1986; Stewart et
al. 1992). Stressor characteristics may also be important. In
a series of experiments, our laboratory has demonstrated
direct, selective reduction of affective response to uncertain
(e.g., unpredictable, low probability, temporally ill-defined)
but not certain (high probable, imminent) threats during
intoxication (Moberg and Curtin 2009; Hefner et al. 2010;
Hachiya et al. 2010). These findings suggest that alcohol
may diminish anxiety, which results from activation of
corticotropin releasing factor (CRF) and norepinephrine
(NE) sensitive pathways in the extended amygdala in
response to unpredictable or otherwise uncertain threats
(see Davis et al. 2010 for a review on phasic vs. sustained
fear and the extended amygdala). In fact, in an early
formulation of the SRD model, Sher (1987) speculated that
factors such as alcohol dose, characteristics of the stressor,
the nature of the affective response to the stressor (e.g., fear,
anxiety, disgust), and individual differences would all prove
to be important to understand SRD effects.

We believe that progress clarifying alcohol-stress rela-
tions has been slowed by the use of complicated tasks that
do not provide the necessary precision and control to isolate
specific mechanisms (e.g., staged social interactions with
confederates, self-disclosing speeches; see Sayette 1993 for
review of the diversity of stressors in SRD research). In
contrast, research in affective neuroscience has relied
extensively on cued threat of electric shock tasks to
explicate psychological and neurobiological mechanisms
involved in the affective response to stressors in animals
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and humans (Davis et al. 2010; Delgado et al. 2006;
LeDoux 1998; Phelps 2006). In these tasks, visual or
auditory cues are repeatedly paired with electric shock
administration. Mechanisms involved in affective learning
can be investigated via “fear conditioning” procedures in
these tasks (LeDoux 1995). In humans, the cue—shock
relationship can be established via instruction to examine
differences in the expression of affective response among
psychiatric groups or during drug intoxication or depriva-
tion (Moberg and Curtin 2009; Hogle et al. 2006, 2010;
Baas et al. 2002). These flexible cued threat tasks allow for
careful, parametric manipulation of cue characteristics, cue—
shock contingencies, and participant response requirements to
examine important influences on affective response such as
attention to threats (e.g., Curtin et al. 2001; Newman et al.
2010) and the role of threat uncertainty (e.g., Moberg and
Curtin 2009; Grillon et al. 2006; Davis et al. 2010) and threat
intensity (e.g., the experiment in this report). Comparable
tasks can be used with animals and humans to facilitate
identification of neurobiological mechanisms and encourage
translation of findings from animal models to humans. As
such, cued threat of shock tasks are an attractive paradigm
within which to systematically evaluate the SRD properties
of alcohol.

Much of the affective neuroscience research with cued threat
of shock tasks has relied on startle potentiation as the primary
measure of defensive system activation in response to threat
(Grillon 2008; Davis et al. 2010). The use of startle
potentiation to index affective response to threat among
rodents, non-human primates, and humans has provided an
important animal-human translational bridge in this research
(Davis 2006; Davis et al. 2008). The use of startle potentiation
to examine SRD effects of alcohol offers the promise of
similar benefit. However, unfortunately, much SRD research
to date has relied primarily on measures of affective response
that are too indirect to implicate neurobiological mechanisms
(e.g., self-report) and/or are influenced by numerous non-
affective processes that complicate interpretation (e.g., heart
rate; but see Curtin et al. 1998; Moberg and Curtin 2009;
Sripada et al. 2011).

This report describes an experiment designed to examine
putative SRD effects of alcohol on startle potentiation to
cued threat of shock. This experiment is situated within a
larger program of research in our laboratory that is
systematically examining drug administration and depriva-
tion effects on startle potentiation in this cued threat of
shock paradigm (alcohol, Curtin et al. 2001; Moberg and
Curtin 2009; Hefner et al. 2010; Hachiya et al. 2010;
tobacco, Hogle and Curtin 2006; Hogle et al. 2010;
marijuana, Gloria et al. 2009). In this report, we explicitly
examine alcohol dose-response and expect to observe
(linear) decreases in startle potentiation with increasing
blood alcohol concentration produced by higher alcohol
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doses. We introduce a novel manipulation of threat intensity
to vary affective response magnitude systematically. Affective
response magnitude has been identified as an important
parameter of affective style that may be governed by distinct
neurocircuitry and display important individual differences
(Davidson et al. 2000). Croissant et al. (2006) have provided
recent indirect evidence to implicate affective response
magnitude in alcohol SRD effects as well. Finally, we test
the possible moderating role of SRD-relevant individual
differences in trait affectivity (positive emotionality, negative
emotionality, and constraint/disinhibition), alcohol use, and
alcohol problems.

Method
Participants

Ninety-six participants were recruited from the university
community via campus flyers and online advertisements.
Two participants were removed due to excessive artifact on
the primary dependent measure. Two participants were
removed as GLM outliers for the primary dependent
measure (i.e., Studentized residual with Bonferroni cor-
rected p<0.05). Thus, all analyses are reported for N=92
(46 women). Preliminary study eligibility was assessed
during a phone screening session. Participants were
required to be at least 21 years of age and to report recent
experience (within the last year) with the dose of alcohol to
be administered in the study (i.e., four drinks in one episode
for men, three for women). Potential participants were
excluded if they reported a history of alcohol-related
problems [(i.e., score of 5 or higher on the SMAST (Selzer
et al. 1975)], use of a psychiatric medication in the past
year, 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. Participants were compensated $10/
h, or, for those in an introductory psychology course, two
extra credit points/hour.

General procedure

Consent and screening On arrival at the laboratory,
participants provided proof of age and signed a consent
form approved by the University of Wisconsin Institutional
Review Board. All participants completed a medical screen-
ing questionnaire to verify their health status. Female
participants were administered an in-stream urine pregnancy
test (Northwest Andrology & 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 I'V; 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. They were also informed that they could discontinue
participation at any time. One participant discontinued
participation due to discomfort with the electric shock.

Baseline startle response assessment Prior to beverage
group assignment, participants completed a brief procedure
to assess their startle response magnitude during a neutral
baseline procedure. Participants viewed a series of 12
colored squares presented on a 21-in. CRT monitor. Each
square was presented for 5 s with a variable duration inter-
trial interval (ITI, range=10-20 s). Mean baseline startle
response was calculated to eight startle-eliciting acoustic
probes presented during these cues in this baseline
procedure (see “Startle potentiation” under “Measures”
below). As per standard analytic procedures in our
laboratory (Donohue et al. 2007; Moberg and Curtin
2009; Hogle et al. 2010; see also Miller and Chapman
2001), baseline startle response is used as a covariate to
control for individual differences in resting startle response
to increase power for analyses of startle potentiation
(described below).

Beverage group manipulation An equal number of male
and female participants were randomly assigned to each
of four beverage groups (placebo and target BACs of
0.04%, 0.075%, and 0.11%). All participants, regardless
of beverage group assignment, were informed that they
had been assigned to the “alcohol group” and would
receive a moderately impairing dose of alcohol, equiva-
lent to three drinks in a 160-Ib man in an hour, which
should produce a BAC of approximately 0.08%. The
beverage was comprised of 100 proof vodka (Smirnoff
Blue Label) and a juice mixer in a 3:1 ratio of mixer to
alcohol. The alcohol dose was calculated based on each
participant’s height, weight, age, and gender to produce
the specified target BAC 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
beverages consisting of fruit juice mixed with water
poured from a vodka bottle in their presence. The total
volume of these placebo beverages was matched to the
.075% BAC group beverage with water replacing the
equivalent volume of alcohol. Outside of their view, the
drinks were misted with alcohol, and 2 ml of alcohol was
floated on top of the beverages to provide sensory stimuli
to support the placebo manipulation. The total beverage
was divided into four drinks, each consumed in 10 min,
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for a total drinking period of 40 min. The experimental
session began 15 min after the end of the drinking period.
Participants’ BACs were measured at two points during
the experiment: just prior to the start of the main task and
immediately following the completion of the main task.
Each participant’s mean BAC across these two measure-
ment times was included in the general linear model
analyses reported below to assess the effects of alcohol on
startle potentiation.

Shock tolerance assessment Following the drinking period
and immediately prior to the start of the cued threat task,
participants reported their subjective response to a series of
increasing intensity, 200 ms duration, electric shocks to assess
their maximum tolerance threshold as per standardized
procedures in our laboratory (e.g., Curtin et al. 2001; Hogle
and Curtin 2006; Hogle et al. 2010; Moberg and Curtin
2009). Shocks were administered across the distal phalanges
of the index and ring fingers of left hand. The three shock
intensities used in the main experiment (described below)
were set to 33%, 66%, and 100% of each participant’s
maximum reported shock tolerance. Calibration of shock
intensities to each participant’s subjective maximum tolerance
threshold was designed to minimize individual differences in
sensitivity and any possible analgesic effects associated with
alcohol. The cued threat task began immediately after
assessment of shock tolerance.

Cued threat task Participants were instructed that they
would complete five blocks of trials and that the duration of
the task was approximately 13 min. In each block,
participants viewed a series of eight colored square cues
presented on a 21-in. CRT monitor for 5 s each and
separated by a variable inter-trial interval (10-20 s, mean=
15 s). There were two block types: shock and no shock.
Participants completed three shock threat blocks separated
by two no-shock threat blocks. A message was presented
on the monitor to indicate the onset of each block type.
During the shock threat blocks, participants viewed a series
of pseudo-randomly intermixed colored square cues with
the text “low,” “moderate,” or “high” in the center of each
square, to indicate the intensity of the shock that they were
to receive on each trial. Square color also served as an
indicator of shock intensity (i.e., distinct colors were used
for the three different shock intensity cues and the no-shock
cue). Participants were instructed that electric shocks would
be administered only during the shock threat cues and that
no shocks would ever be administered during the inter-trial
interval. Shocks were administered at 4.5 s post-cue onset
during all shock cues (i.e., 24 shocks total). During no-
shock blocks, participants were instructed that no shocks
would be administered either during the cues or the inter-
trial intervals.
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Measures

Startle potentiation Electromyographic activity in the orbi-
cularis oculi muscle was sampled at 2,000 Hz with a
bandpass filter (30-500 Hz) from electrodes placed under
the right eye according to published guidelines (Blumenthal
et al. 2005; van Boxtel et al. 1998). Eyeblink startle
response was measured in response to startle-eliciting noise
probes (50 ms of 102 dB white noise with near instanta-
neous rise time). Twenty-four noise probes were presented
during a subset of low, moderate, and high shock threat and
no-threat cues at 4 s post cue onset (six noise probes per
cue type). Eight additional noise probes were presented
during the inter-trial interval to decrease predictability of
the noise probes. Serial position of the probes was
counterbalanced within subjects and a minimum of 13 s
separated each probe from any previous startle eliciting
event (e.g., another probe, electric shock). Data reduction
and processing methods followed published guidelines
(Blumenthal et al. 2005). Specifically, offline processing
included signal epoching (—50-250 ms period surrounding
noise probe), rectification, and smoothing (30 Hz low pass).
Trials with greater than 40 1V deflections in the 50 ms pre-
probe baseline were rejected as artifact (i.e., unstable
baseline). As described earlier, two participants were
removed from the sample because more than 20% of their
probe trials contained excessive artifact. Peak eyeblink
response between 20 and 120 ms post-probe onset was
scored relative to mean 50 ms pre-probe baseline. Startle
potentiation (i.e., increase in startle response during threat
cue relative to no-threat cue) was scored separated for each
shock threat intensity and served as the primary dependent
measure of fear response.

Post-experimental questionnaire Immediately following
completion of the cued threat task, participants responded
to three questions to assess the integrity of the placebo
manipulation. Specifically, participants (1) evaluated the
alcohol content of their experimental beverages in terms of
standard (12 oz beer, 5 oz glass of wine, or 1.5 oz shot of
liquor) alcoholic drinks, (2) rated their peak intoxication on
a 0-4 point scale with “Not at all intoxicated” and
“Extremely intoxicated” as anchors, and (3) estimated their
peak blood alcohol concentration (they were prompted to
consider that 0.08% was the legal driving limit and 0.05%
is considered mildly intoxicated by most drinkers).

Self-report individual difference measures Participants
responded to the self-report measures after completion of
the cued threat task prior to dismissal. The measures were
administered via computer. Broadband personality scales
(Positive Emotionality, Negative Emotionality, and Con-
straint) were derived from the MPQ-Brief Form (Patrick et
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al. 2002). Participants’ alcohol consumption was measured
as drinks/week, calculated by multiplying their reported
frequency of drinking occasions per week by their average
number of drinks per occasion. Number of alcohol
problems in the past year was based on participants’
responses to the Young Adult Alcohol Problems Screening
Test (YAAPST, Hurlbut and Sher 1992).

Results
Beverage group and placebo manipulation checks

To verify the success of our placebo manipulation, we
compared the placebo and three alcohol beverage groups on
the three placebo manipulation check questions that were
completed at the conclusion of the experiment. Participants’
evaluation of their beverage content in terms of standard
alcoholic drinks (e.g., a 12 oz beer) varied significantly by
the beverage group, F(3,88)=3.36, p=0.022, such that
placebo participants estimated their beverages to contain
2.7 standard alcoholic drinks, low-dose participants
reported 3.5 drinks, moderate-dose participants reported
3.9 drinks, and high-dose participants reported 4.0 drinks.
Pairwise contrasts with placebo were significant for
moderate (p=0.008) and high (p=0.006) but not low
alcohol groups (p=0.094). Participants’ perceived level of
intoxication (measured on 0—4 Likert scale) varied signif-
icantly by Beverage Group, F(3,88)=12.08, p<0.001, with
mean intoxication levels of 1.0, 1.8, 1.9, and 2.2 for
placebo, low-, moderate-, and high-dose groups, respec-
tively. Pairwise contrasts with placebo were significant for
all alcohol groups (p’s<0.001). Participants’ estimated
BACs were not significantly different across the beverage
groups, F(3,88)=0.37, p=0.775, with mean estimated BAC
levels of 0.077%, 0.073%, 0.094%, and 0.090% for
placebo, low-, moderate-, and high-dose groups, respec-
tively. Thus, we were successful in establishing an
expectation of alcohol consumption and intoxication among
participants in all beverage groups. However, as is typical
with these manipulations, we were not entirely successful in
matching level of expectations about consumption and
intoxication across groups.

Analysis of mean achieved BACs confirmed that our
dosing procedure was successful at producing a wide range of
BACs (0.000-0.139%). Mean BAC (mean of assessments at
start and end of task) differed significantly by the beverage
group, F(2,66)=103.7, p<0.001. As expected, there was also
considerable variability in BACs within each beverage group
as displayed in Fig. 1. Specifically, the low-dose group had a
mean BAC of 0.050% (SD=0.010; range=0.024-0.066%).
The moderate-dose group had a mean BAC of 0.074% (SD=

0.009; range=0.051-0.093%). The high-dose group had a
mean BAC of 0.103% (SD=0.018; range=0.058-0.139%)).
Given this substantial variability in BACs within beverage
groups, all subsequent analyses use each individual’s
quantitatively measured mean BAC rather than categorical
beverage group as the focal independent variable to increase
power and precision.'

Main analyses

Startle potentiation during threat cues was analyzed in a
general linear model (GLM) with repeated measures for
threat intensity (low vs. moderate vs. high). Additive
between-subjects regressors for mean BAC and baseline
startle response were included in the GLM,** Huynh—Feldt
corrected p values are reported for all multi-df effects
involving threat intensity. Significant threat intensity effects
were decomposed with two planned orthogonal contrasts
[(1) moderate vs. low intensity and (2) high vs. the average
of moderate and low intensity]. Raw GLM coefficients (Bs)
are reported to document effect sizes as appropriate.
Significant (non-zero) startle potentiation was observed
across threat intensity levels at BAC=0.00%, B=47.7 uV, ¢

! Prior research in our laboratory has attempted similar control via
defining beverage groups based on actual observed rather than target
BACs (Donohue et al. 2007). However, that strategy does not fully
account for variation in BACs within each beverage group. Use of
quantitative BAC in general linear model analyses is superior for this
reason. Regardless, results from analysis of categorical beverage
group (significant beverage group and beverage group x threat
intensity effects) are comparable to results reported below for
quantitative Mean BAC.

% Between-subject regressors were modeled additively because signif-
icant interactions involving mean BAC and baseline startle response
were not observed in preliminary models. No significant additive or
interactive effects of sex were observed in preliminary models.
Therefore, sex was removed from the final reported GLM. BAC was
linearly transformed (BAC x100) for descriptive purposes such that a
1-unit change in our BAC regressor was equivalent to 0.01% change
in mean BAC. Of course, linear transformations do not affect model
fit or significant tests.

3 To examine possible additive and/or interactive effects of BAC limb
(i.e., whether participants BAC was ascending vs. descending during
the task), we quantified BAC change as post-task BAC minus pre-task
BAC. As such, positive scores code for participants on the ascending
limb and negative scores code for participants on the descending limb.
We added this additional regressor to our GLM in a preliminary
analysis. No significant overall effect of BAC change on startle
potentiation was observed, F(1,87)=0.001, p=0.972. BAC change did
not significantly moderate either the overall mean BAC effect or the
BAC x threat intensity effect, ' (1,87)=0.02, p=0.887 and F(2,174)=
1.42, p=0.245, respectively, indicating that the BAC effects reported
in the main analysis were consistent regardless of whether participants
were ascending or descending. Finally, when partial effects of BAC
and BAC x threat intensity are examined in this model that controls
for BAC change, their effects remain significant, F(1, 87)=10.30, p=
0.002 and F(2, 174)=3.21, p=0.049, respectively.
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Fig. 1 Histogram of participants’ mean achieved blood alcohol
concentration (BAC) by beverage group. BAC was averaged over
measurements obtained immediately pre- and post-task

(89)=8.44, p<0.001. However, a significant effect of threat
intensity was also observed, which confirms our manipu-
lation of shock intensity altered the magnitude of startle
potentiation as intended, F(2, 178)=19.27, p<0.001.
Follow-up contrasts indicated that startle potentiation was
non-significantly increased during moderate (M=42.3 uV,
SE=5.3) vs. low intensity shock threat (M=37.4 uV, SE=
5.5), B=4.9 uV, #(89)=1.35, p=0.181. Startle potentiation
was significantly increased during high (M=63.3 uV, SE=
7.5) vs. moderate/low intensity shock threat, B=23.4 1V, ¢
(89)=5.29, p<0.001. Despite this threat intensity effect,
significant (non-zero) startle potentiation was observed at
all three threat intensities (p’s<0.001).

A significant effect of mean BAC was observed across
threat intensity levels such that startle potentiation
decreased 2.76 uV on average for every 0.01% increase
in BAC, B=-2.76 uV, #(89)=3.36, p=0.001. However,
the effect of mean BAC was significantly moderated by
threat intensity, F(2,178)=3.85, p=0.028 (see Fig. 2).
Follow-up contrasts indicated that the magnitude of the
mean BAC effect was comparable across moderate
(—2.35 uV per 0.01%) vs. low intensity shock threat
(—2.15 pV per 0.01%), B=—-0.20 pV, #89)=0.37, p=
0.713. However, the magnitude of the mean BAC effect
was significantly increased during high (=3.79 uV per
0.01%) vs. moderate/low shock intensity, B=—1.54 uV, ¢
(89)=2.39, p=0.019. Despite these differences in the
magnitude of the mean BAC effect across threat intensi-
ties, the simple effects of mean BAC were significant at
each threat intensity level (p’s<0.009).
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Individual difference moderators

Supplemental analyses were conducted to determine if the
mean BAC effects were moderated by relevant individual
differences in personality (Positive Emotionality, Negative
Emotionality, and Constraint), alcohol use (drinks/week), self-
reported recent (past year) alcohol problems,”® or shock
tolerance levels. Descriptive statistics about the study sample
and correlations among the individual difference variables are
provided in Table 1. Additive and interactive effects of each
quantitative individual difference measure were evaluated in
separate GLMs. A significant drinks/week x mean BAC effect
was observed, B=18.88 wuV, #85)=2.20, p=0.031, indicating
that the magnitude of the BAC effect decreased with increasing
alcohol consumption (see Fig. 3, left panel). Similarly, a
significant alcohol problems x mean BAC effect was observed,
B=56.15 nV, #85)=2.92, p=0.005, indicating that the
magnitude of the BAC effect decreased with increasing self-
report of alcohol problems in this past year (see Fig. 3, right
panel). Not surprisingly, these measures of alcohol use and
alcohol problems were significantly correlated, 7=0.60,
#88)=7.05, p<0.001. Furthermore, when both alcohol use
and alcohol problems are included in the same GLM, neither
effect remained significant. Thus, these two effects involved
shared variance across alcohol use and problems. No other
significant individual difference x mean BAC or individual
difference x mean BAC Xx threat intensity effects were
observed. Furthermore, shock tolerance levels were unrelated
to startle potentiation, which confirms the success of our
procedure to titrate shock intensities based on individual’s
subjective response to the shock stimulus.

Discussion

This report describes an experiment designed to examine
SRD effects to threats of varying intensity across a range of
blood alcohol concentrations. We confirmed the primary
SRD thesis that alcohol dampens stress response as
measured by startle potentiation to cued threat of electric
shock. Furthermore, this SRD effect was clearly dose
dependent such that greater reduction in startle potentiation
was observed with increasing BAC. This experiment
included a novel manipulation of threat intensity to vary
affective response magnitude. This threat characteristic
proved to be an important moderator of the BAC effect
on stress response such that the most robust alcohol SRD
effect was displayed to the most potent shock threat
stressor. Finally, we identified two clinically relevant

4 Two participants were missing data on all self-reported individual
difference measures and are therefore excluded from these analyses
(N=90).
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Fig. 2 Startle potentiation by BAC and threat intensity. Startle
potentiation was calculated as startle magnitude during shock threat
cues vs. no-shock cues. Dark lines display the relationship between
BAC and startle potentiation separately for each level of threat
intensity (low vs. moderate vs. high). Light gray lines represent +1
standard error bands for point estimates of mean startle potentiation at
each threat intensity from the general linear model for this analysis. A
rug plot of observed BACs for participants in the sample is included
along the x-axis

individual difference moderators of the alcohol SRD effect:
drinks per week and past year alcohol problems. We
address the implications of each of these findings in more
detail below, along with their limitations and important
future directions.

This study’s demonstration that the magnitude of
alcohol’s SRD effects vary with BAC joins a surprisingly
small set of SRD experiments that have explicitly examined
alcohol dose response in humans (e.g., Donohue et al.
2007; Sher and Walitzer 1986; Stewart et al. 1992). This
routine failure to consider alcohol dose—response and/or
higher alcohol doses, combined with sample sizes that are
adequately powered to detect only medium effect sizes at
best (Cohen 1992), may account for much of the inconsis-

tency observed in laboratory tests of alcohol SRD effects.
Clear empirical support has been provided for mediation of
alcohol effects on stress response indirectly via attention
and threat appraisal processes (Curtin et al. 1998, 2001;
Sayette 1993; Sher et al. 2007). However, this experiment
demonstrates that alcohol can reduce stress response to a
visually simple, easily appraised, focal threat that was
described to participants prior to alcohol administration. We
believe this finding provides strong evidence that more
direct SRD mechanisms exist and must continue to be
explored.

Affective neuroscientists have used manipulations of threat
uncertainty in animals and humans to parse anxiety and fear and
their putatively distinct underlying neurocircuitry. In particular,
these scientists have implicated CRF- and NE-sensitive
pathways in the extended amygdala, including the bed nucleus
of the stria terminalis, in anxiety during uncertain threats (Davis
et al. 2010; Grillon 2008). In another recent research (Moberg
and Curtin 2009; Hefner et al. 2010; Hachiya et al. 2010), we
have documented a selective SRD effect to uncertain (e.g.,
unpredictable, low probability, temporally ill-defined, or
otherwise ambiguous) but not certain (high probability,
imminent) threats at moderate alcohol doses. Unfortunately,
the current experiment remains silent on this distinction. Shock
intensity for each cue was unambiguously indicated by distinct
colors and text labels. However, the use of use of random,
intermixed, low-, moderate-, and high-intensity cues within
blocks of trials may have engaged anxiety rather than fear
neurocircuitry due to the trial-by-trial uncertainty regarding the
next scheduled threat cue. Future research with this task could
present cues in separate blocks of different intensities to
remove this uncertainty. In addition, event-related neuroimag-
ing methods can be collected in this cued threat of shock
paradigm (Wager et al. 2004; LaBar et al. 1998) to more
directly examine neural mechanisms underlying these alcohol
SRD effects. Of course, alcohol dose effects should continue to
be examined in these future experiments.

Table 1 Descriptive statistics

and correlations among BAC YAP DrkWk Nem Pem Con Age
individual difference variables
BAC -
YAP —0.044 —
DrkWk 0.135 0.601 -
Nem -0.012 0.118 —0.085 -
Pem 0.080 0.158 0.118 —-0.180 -
Con 0.094 0.067 —0.082 —-0.165 —0.052 -
Age —0.041 -0.07 —-0.023 —-0.131 —-0.031 0.045 -
Mean 0.056 5.0 9.4 33.8 77.7 71.9 22
SD 0.039 32 9.0 13.7 14.5 14.9 1.5
Min 0 0 0.25 10 29 34 21
Max 0.139 16 60.5 94 101 103 29
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Fig. 3 Individual different moderators of BAC effect. Left panel Startle
potentiation by BAC for participants with low and high weekly alcohol
consumption. Point estimates for low and high alcohol consumption
were obtained at £1 standard deviation relative to the sample mean
consumption (i.e., 0.5 vs. 18.4 drinks/week). Light gray lines represent
standard error bands for point estimates from the general linear model for
this analysis. A rug plot of observed BACs for participants in the sample
is included along the x-axis. Right panel Startle potentiation by BAC for

The confirmation that alcohol SRD increased with
increasing BAC in the current experiment has important
potential etiological relevance as well. Many drinkers use
alcohol to cope with stress at least occasionally (Cooper et
al. 1995). Drinkers that more strongly endorse stress-coping
motives for their use are at increased risk for alcohol-related
problems (Cooper et al. 1995; Schroder and Perrine 2007).
The BAC effect observed in this experiment suggests that
greater SRD reinforcement will be offered to these drinkers
by increasing their quantity of alcohol use on any
individual drinking occasion. This increased reinforcement
at higher doses is significant because consumption aimed at
achieving higher BACs is associated with an array of varied
health hazards. Furthermore, stronger or more persistent
neuroadapations in alcoholism-relevant etiological mecha-
nisms also may be expected to occur with larger alcohol
doses that result in higher BACs (Robinson and Berridge
2003; Koob and Volkow 2010).

This experiment included a novel manipulation of threat
intensity that produced statistically robust variation in
affective response magnitude across within-subject intensity
levels. Affective response magnitude has been identified as an
important parameter of affective style that represents a
principal ingredient to fundamental dimensions of personality
and vulnerability factors that govern risk for psychopathology
generally Davidson et al. 2000; see also Davidson et al. 1999;
Patrick et al. 2002). In this experiment, the magnitude of the
BAC effect varied systematically with threat intensity such
that the largest alcohol SRD effect was observed to the most
potent threat that elicited the strongest affective response.
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participants with low and high past year alcohol problems. Alcohol
problems were measured with the Young Adult Alcohol Problems
Screening Test (Hurlbut and Sher 1992). Point estimates for low and
high alcohol problems were obtained at +1 standard deviation relative to
the sample mean problems (i.e., 1.7 vs. 8.2 past year problems). Light
gray lines represent standard error bands for point estimates from the
general linear model for this analysis. A rug plot of observed BACs for
participants in the sample is included along the x-axis

This moderating effect of threat intensity may point to
another factor to account for the inconsistent observations of
alcohol SRD effects in the laboratory. Many of the stressors
that are used in laboratory experiments with humans are
relatively weak. For example, startle potentiation during
unpleasant pictures is substantially smaller than during threat
of shock (e.g. see Donohue et al. 2007; Stritzke et al. 1995).
In addition, other common stressors (e.g., social interactions,
cognitive dissonance, self-disclosing speeches; Wilson and
Abrams 1977; Steele et al. 1981; Sayette et al. 1992) are
difficult to quantify with respect to intensity and likely
subject to large individual differences. As such, these
experiments may have artificially reduced or otherwise
underestimated the magnitude of alcohol SRD effects
observed to more robust and/or well-controlled stressors.
More importantly, this threat intensity moderation of the
alcohol SRD effect may point to an important mechanism
responsible for the escalating feedback loop between alcohol
use and stress in individuals with alcohol use disorders.
Specifically, as problems associated with alcohol use
intensify, the drinker may find that alcohol provides greater
SRD reinforcement, particularly at higher BACs. Of course,
increasing alcohol use to cope with stress may result in still
further intensification of alcohol related problems, resulting
in still greater immediate alcohol SRD reinforcement.

Two significant individual difference moderators of the
alcohol SRD effect were identified in this experiment: drinks
per week and past year alcohol problems. As expected, these
two individual differences were significantly correlated, and
their moderating effect was produced by their shared variance.
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Heavy alcohol users who reported higher numbers of recent
alcohol-related problems generally displayed reduced affective
response to shock threat, regardless of their level of intoxica-
tion. However, these same individuals also experienced
substantially diminished alcohol SRD effects. This diminished
SRD effect could be interpreted as a risk factor for alcoholism
within Schuckit’s low response (LR) to alcohol model
(Schuckit et al. 2009; Schuckit and Smith 2006). These
relationships between reduced alcohol SRD, high levels of
alcohol use, and increased alcohol problems are intriguingly
consistent with this LR model. Drinkers who experience
reduced alcohol SRD may consume more alcohol to obtain
the desired SRD effects, resulting in concomitant problems
associated with the heavy hazardous drinking referenced
earlier. Of course, speculation about causal ordering among
these correlated variables must be advanced very cautiously
until replicated in designs that can rule out alternative
explanations. For example, reduced alcohol SRD among
heavy drinkers may simply reflect acquired tolerance, with a
spurious connection to alcohol problems via increased
alcohol use. Alternatively, reduced alcohol SRD among
heavy, problem users may reflect a floor effect that would
not be observed in the real world with more potent stressors.
Regardless, these connections warrant further investigation.
In particular, initial alcohol SRD effects prior to substantial
alcohol use should be tested as a prospective marker for
subsequent alcohol problems.

The temporal ordering of alcohol consumption and
stressor appraisal remains an important, understudied issue
with potential implications for both mechanism and clinical
significance of observed SRD effects. Sayette (1993)
reported that larger SRD effects are typically observed in
the laboratory when stressors are appraised following
alcohol consumption. In contrast, many real world exam-
ples of stress-motivated drinking involve alcohol use for
“relief” subsequent to stressor exposure. The temporal
ordering of alcohol consumption and stressor appraisal is
difficult to define definitively in the current experiment.
Participants received detailed description of the shock
threat during the consent procedure immediately after
arriving at the laboratory. However, all shocks were
administered following beverage consumption. Future
research should examine this issue more carefully.

Substantial advances in ecological momentary assess-
ment of real world stressors, affective response, and
alcohol and other drug use have occurred in the past
decade (Bopp et al. 2010; McCarthy et al. 2006; Piper et
al. 2008). Preliminary coarse assessments have docu-
mented that stress-drinking covariation is greater among
individuals who develop alcohol problems (Schroder and
Perrine 2007). These advances set the stage for an
important next step for laboratory alcohol SRD research.
The cued threat of shock paradigm has proved sensitive to

detect alcohol SRD effects in controlled laboratory
settings. We must now demonstrate that individual differ-
ences in these SRD effects measured in the laboratory are
motivationally relevant for drinkers in their day-to-day
lives. Questions about whether laboratory SRD individual
differences predict alcohol use, development of alcohol
problems, risk for relapse among alcoholics, and/or stress-
alcohol covariation in the real world remain. Furthermore,
it remains to be demonstrated whether chronic heavy
alcohol use alters the nature of the drinker’s stress
response itself as emerging models in animals and humans
suggest (Sinha 2008; Breese et al. 2010; Koob and
Volkow 2010; Weiss et al. 2001).
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