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Background: This study tested the appraisal disruption hypothesis of alcohol stress response
dampening (SRD) in male and female high or low anxiety sensitive (AS) undergraduates. The
hypothesis predicts that alcohol SRD will be greater when drinking occurs before versus after stress
exposure. High AS males’ predominant social-evaluative concerns further implied that alcohol SRD
to a social stressor (i.e., a speech) would be relatively stronger in high AS males than in high AS
females.

Methods: Male and female (n5 90/gender) high and low AS participants (�70th;�30th percent-
ile on Anxiety Sensitivity Index-Revised) were matched on drinking habits and randomly assigned to
1 of 9 experimental cells. Drink type—alcohol (0.7 g/kg males; 0.63 g/kg females), placebo, soda—
was fully crossed with stress condition—drink before stress (DBS), drink after stress (DAS), and no
stress control (NSC). Stress was induced by telling participants they would be required to make a self-
revealing speech. Stress response dampening was assessed for state anxiety on the Spielberger scale
and Stroop interference to threat-related words. Subjective desire for alcohol was also assessed.

Results: Relative to placebo, alcohol (peak blood alcohol concentration, 0.064%) reliably
reduced state anxiety in high AS but not in low AS participants. Alcohol decreased STAI scores and
Stroop interference to social threat words significantly more in the DBS than the DAS condition in
high AS males; high AS females displayed the exact opposite pattern of effects. In contrast to other
participants, high AS males also reported relatively strong desire scores under alcohol.

Conclusions: Overall, the results do not support the appraisal disruption hypothesis as a general
mechanism of alcohol SRD in undergraduate drinkers. The findings for high ASmales do support the
hypothesis, while the opposing profile for high AS females implies that the nature of the stressor (i.e.,
social challenge) may contribute to gender differences in alcohol SRD in high AS individuals.
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ALCOHOL IS WIDELY believed to alleviate stress.
However, experimental research has yielded incon-

sistent results, both in the magnitude and direction of
alcohol’s effects (Pohorecky, 1991). Several trait and state
factors have been investigated in an effort to explain this
variability, and the findings indicate that both types of
factors moderate alcohol’s effect on stress, i.e., ‘‘stress
response dampening’’ (SRD; e.g., Kushner et al., 1996;
Sayette andWilson, 1991; Sher and Levenson, 1982; Steele
and Josephs, 1990).
Alcohol SRD is important, in part, because it may con-

tribute to the development of alcoholism. Accordingly,
traits associated with problem drinking are also associated
with heightened alcohol SRD. Two such traits are a family
history of alcoholism and anxiety sensitivity (AS; Pihl and
Peterson, 1995). Studies with children of alcoholic individ-
uals have found that, compared with individuals with no
family history of alcoholism, family history-positive indi-
viduals experience greater alcohol SRD as measured by
cardiovascular and endocrine responses and self-reported
anxiety when faced with physical threat (e.g., electric
shock) or social threat (e.g., speech; Croissant and
Olbrich, 2004; Sinha et al., 1998; Stewart et al., 1992;
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Zimmermann et al., 2004). No such differences are evident
under placebo, indicating that the differential SRD effects
were due to pharmacological factors rather than learned
expectancies.
Other research has found a similar pattern of

increased alcohol SRD in participants with high AS
relative to their low AS peers. High AS is characterized
by catastrophic responses to subtle or ambiguous symp-
toms of anxiety (e.g., trembling), and has been aptly
described as ‘‘fear of fear’’ (Arrindell, 1993). High AS is
also strongly linked with the development of disorders
that frequently co-occur with alcoholism, like panic
disorder and social phobia (Ball et al., 1995; McNally,
2002). The experimental evidence shows that high AS
individuals display greater alcohol SRD during anticipa-
tion of shock or aversive noise as well as in response to
stressors that induce panic states, such as hyperventila-
tion (Conrod et al., 1998; Macdonald et al., 2000; Stewart
and Pihl, 1994).
Of the various state moderators of alcohol SRD, 2 are

central to theoretical models: distraction and drink-stress
sequence. Steele and Josephs’ (1990) attention allocation
model asserts that alcohol restricts attention to the most
salient cues, leading to alcohol SRD when immediate cues
are benign but increasing stress responses in the absence
of such distraction. A number of studies, using a variety of
stressors and methodologies, support this model (e.g.,
Curtin et al., 1998, 2001; Josephs and Steele, 1990; Steele
and Josephs, 1988).
Whereas Steele and Josephs emphasized the importance

of distraction, Sayette’s appraisal disruption model
(Sayette, 1993) focuses on the timing of alcohol consump-
tion with respect to stress. The model asserts that alcohol
impairs the ability of a stimulus to activate its associates in
memory, thereby reducing its emotional import. When
alcohol consumption precedes exposure to a stressor, this
will lead to an impoverished mental representation of the
stressor and a corresponding decrease in stress responses.
However, when drinking follows a stressor, alcohol is
predicted to increase stress responses, relative to sober
conditions, by impeding access to associates that are
incompatible with stress.
An early study on appraisal disruption found that heart

rate reactivity was greater when alcohol was consumed
before versus after a stressor (advisory of a self-revealing
speech) in a heterogeneous sample of social drinkers
(Sayette and Wilson, 1991). More recently, Sayette and
colleagues (2001) examined appraisal disruption using a
modified Stroop task containing words related to the topic
of the speech (aspects of physical appearance). These
investigators found a complex interaction, in which Stroop
interference to Appearance words declined under alcohol
when drinking preceded stress, but only in males with a
family history of alcoholism. These findings underscore
the complex effects of state and trait factors on alcohol
SRD.

The appraisal disruption model seems to be partic-
ularly relevant to high AS individuals, whose response to
stress involves a heightened or distorted appraisal of their
own reaction to threat. In addition, high AS individuals
have been found to have a well-developed network of
threat-relevant associations, as evidenced by Stroop
interference to Social Threat words (e.g., ashamed;
Stewart et al., 1998). If alcohol disturbs stress-induced
activation of this network, intoxicated high AS individu-
als may resemble sober low AS individuals in interference
to social threat words. Based on the literature, high AS
participants may also display greater alcohol SRD in self-
reported anxiety. If these effects conform to the appraisal
disruption model, high AS participants should display
greater alcohol SRD (relative to a placebo drink) when
drinking comes before rather than after stress. If apprais-
al disruption contributes to the enhanced alcohol SRD
effects of high AS drinkers, the effects of drink-stress
sequence should be stronger in high AS than in low AS
participants.
Previous research on alcohol SRD in high versus low AS

drinkers has used physical stressors (e.g., anticipated
shock, aversive noise). In contrast, research on appraisal
disruption has used advisory of a self-revealing speech, a
stressor that engages more social-evaluative concerns. This
is an important distinction because social-evaluative con-
cerns and drinking to manage these concerns have been
found to characterize high AS males, whereas physical
(i.e., hypochondriacal) concerns have been found to pre-
dominate in high AS females (Stewart et al., 1997, 2001).
These findings suggest that gender may moderate the
effects of the speech stressor in the present study. To the
extent that alcohol dampens speech-induced social-
evaluative concerns, alcohol SRD may be especially
pronounced in high AS males.
In sum, the specific hypotheses were as follows: relative

to placebo, (a) alcohol will reduce responses to stress; (b)
alcohol SRD will be greater when drinking comes before
versus after the stressor; (c) the effects of drink-stress
sequence on alcohol SRD will be greater in high AS ver-
sus low AS participants; and (d) high AS males should
exhibit more robust alcohol SRD than high AS females.
The literature indicates that placebo effects do not account
for alcohol SRD effects. Therefore, the placebo drink is
not expected to lead to SRD, regardless of AS group or
drink-stress sequence.
These hypotheses were tested in high AS and low AS

male and female university undergraduates who received
alcohol, a placebo drink, or soda before or after stress
(advisory of a self-revealing speech). A no stress control
(NSC) condition assessed reactivity to the experimental set-
ting per se. In line with previous research, alcohol SRD was
assessed for self-reported state anxiety and Stroop inter-
ference to Appearance and Social Threat words. The
incentive-motivational effects of alcohol and drink-stress
sequence were explored for self-reported desire for alcohol.
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MATERIALS AND METHODS

Study Design

The study used a 2 (gender: male, female) �2 (AS group: low AS,
high AS) �3 (drink type: alcohol, placebo, soda) �3 [stress
condition: NSC, drink before stress (DBS), drink after stress
(DAS)] factorial design. There were 20 participants (5 low AS males;
5 low AS females; 5 high AS males; 5 high AS females) in each of
the 9 experimental cells. Drink type was fully crossed with stress
condition. Participants were matched on weekly alcohol use and
randomly assigned to the 9 cells.

Participants

One hundred and eighty (90/gender) undergraduates were recruit-
ed from psychology classes (total N5 1,464) at Ryerson University
in Toronto. The entire cohort completed the Anxiety Sensitivity
Index-Revised (ASI; Peterson and Reiss, 1992) at the start of the
semester, along with the drinking habits questionnaire (DHQ;
Vogel-Sprott, 1992), a measure of typical alcohol use validated for
undergraduate students. The DHQ assesses the mean frequency
(occasions/week) dose (mL ethanol/kg), duration (hours), and rate
(mL/kg/h) of alcohol consumption.

The cut-off for high AS was defined as the 70th percentile for each
gender in the full sample; low AS was defined as the 30th percentile.
These criteria conform to previous studies with this population
(Zack et al., 2003, 2006), and are designed to maximize the group
difference while permitting inclusion of enough participants to detect
experimental effects reliably. The ASI cut-off values for the high
and low AS groups were 27 and 19, respectively, for males, and
31 and 19 for females. Detailed participant characteristics are pro-
vided in ‘‘Results.’’

To qualify, participants must have had at least 1 alcoholic drink in
the week preceding screening, and at least 3 drinks in one sitting in
the preceding 90 days. All participants had normal or corrected-
to-normal vision and were not color blind. Participants were advised
that neither the screening nor test session were related to their aca-
demic standing and that they would receive $60 if they were invited
to take part in the test session.

Apparatus

Stroop Task. The Stroop task was administered on a PC equipped
with MicroExperimental Laboratories (v. 2.01; Psychology Software
Tools, Pittsburgh, PA) and run entirely within MS-DOS. Partici-
pants faced the screen at a distance of�60 cm and responded vocally
to the stimuli. A microphone attached to the computer by a cable
and positioned �3 cm from the participant’s mouth registered vocal
response time (RT) to each stimulus with millisecond (ms) accuracy.
Participants were instructed not to read the word stimuli but instead
to name their color as quickly and accurately as possible. During the
task, the experimenter coded response accuracy (correct response;
error: incorrect color name or reading the word) after each trial using
a button box (Psychology Software Tools, Pittsburgh, PA), also
attached to the computer by cable. There were 2 procedurally iden-
tical versions of the task: a practice version that used neutral words
only and familiarized participants with the task before the experi-
mental manipulations, and a test version containing words from 4
motivationally relevant categories and 1 neutral control category.
The categories in the test version were as follows: Physical Threat
(e.g., dizzy), Social Threat (e.g., ashamed), Appearance related (e.g.,
ugly), Alcohol (e.g., vodka), and Neutral (e.g., river). Physical and
Social Threat items were taken from Stewart et al. (1998). Appear-
ance-related items were taken from Sayette et al. (2001). Alcohol and
Neutral items were taken from a prior Stroop study with social
drinkers (Sharma et al., 2001). There were no significant differences
across the 5 categories in the mean length or frequency of occurrence

in print, ensuring that these nonsemantic features did not account for
any differences in RT.

The test version of the task included 20 warm-up trials with Neu-
tral items only. Participants had an opportunity to ask questions
before proceeding to the experimental trials. The sequence of events
on every trial was the same: the stimulus (1 cm in height) appeared in
1 of 4 colors (red, yellow, blue, or green) in the center of the screen
and remained visible until a vocal response was made. Following
the response, the screen remained blank for 1,000 ms before
another stimulus appeared in the same location. The experimenter
coded response accuracy after each vocal response. There were 20
items per category, with items and categories distributed randomly
over trials.

A J4-X ALERT (Alcohol Countermeasures Inc., Mississauga,
ON, Canada) handheld breathalyzer measured blood alcohol
concentration (BAC; %) at the start of the test session for all partic-
ipants, and at key intervals throughout the session for participants
who received alcohol. A mock breathalyzer, designed to closely
resemble the ALERT, was used to strengthen the belief that one
had consumed alcohol in participants who received placebo. In line
with Sayette et al. (2001), the device registered a false BAC of
0.041% and was administered once, 10 minutes after drinking end-
ed. This is the highest credible value for placebo manipulations of
this kind (Martin and Sayette, 1993).

Female participants, assigned to receive alcohol or placebo, were
required to perform a pregnancy self-test before the start of the test
session. They were advised of this requirement during the initial tele-
phone contact before agreeing to participate.

Participants completed state self-report scales at preexperimental
baseline and after drink/stress exposure during the test phase (right
after the Stroop task; see Table 1). In line with Sayette et al. (2001),
the state portion of the State-Trait Anxiety Inventory (STAI;
Spielberger et al., 1970) assessed subjective anxiety. A modified
visual analog scale (VAS; 0–10 not at all-extremely) measured desire
for alcohol in all participants. To assess the perceived intoxicating
effects of the alcohol dose and confirm the credibility of the placebo,
participants in the alcohol and placebo conditions rated the strength
of their drinks in terms of standard (5%) bottles of beer (cf. Vogel-
Sprott, 1992) upon completion of all other measures.

Trait scales were administered following the test phase. For par-
ticipants who received alcohol, this occurred when BAC declined
below 0.03%. The scales included the Alcohol Use Disorders Iden-
tification Test (AUDIT; Saunders et al., 1993), the trait portion
of the STAI (Spielberger et al., 1970), and the Beck Depression
Inventory-Short Form (BDI-SF; Beck and Beck, 1972). A family
history of alcoholism was assessed with a checklist that participants
used to indicate biological relatives who, they believed, had an
alcohol problem.

Procedure

The procedure conformed closely with that of Sayette et al. (2001).
Eligible participants were contacted by telephone and invited to par-
ticipate in a study on the behavioral effects of alcohol. In compliance
with institutional ethics requirements, they were told that they may
receive a low dose of alcohol (less than 2 standard drinks), a moder-
ate dose of alcohol (2–4 standard drinks), or a soft drink, and that
their drink condition would be determined randomly. Also, they
were advised that some participants may be asked to make a brief
speech, and that this would also be determined randomly. This was
couched in terms of an assessment of alcohol’s effect on verbal
behavior. Participants did not know the topic of the speech before-
hand. Advisory of the speech topic—‘‘what I like and dislike about
my body and physical appearance’’—served as the stressor. During
the initial telephone contact, participants were instructed to avoid
alcohol for 24 hours, caffeine for 4 hours, and food for 3.5 hours
before the start of the test session.
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Table 1 shows the sequence of events during the test session, and
highlights the time when the main dependent measures were taken,
which corresponded to peak BAC. The session began at noon. Par-
ticipants read the consent form, which reiterated the points made on
the phone, assured confidentiality, and confirmed that the study had
been approved by the Research Ethics Boards of the Centre for
Addiction andMental Health and Ryerson University. After signing
the consent form, participants received their baseline breathalyzer
assessment. Females in the alcohol or placebo conditions then
received their pregnancy test. Baseline ratings of state anxiety and
desire for alcohol were also taken. To ensure that the Stroop task
was well learned before drink administration, participants per-
formed a set of 80 practice trials with Neutral words only (e.g.,
names of birds). The Neutral categories and items in the practice task
were different from those used in the test version. Participants were
advised that they would perform the color-naming task again after
their drinks and that the task requirements would remain the same.

Immediately after the baseline measures, participants in the DAS
and NSC conditions received their respective experimental challeng-
es. In line with Sayette et al. (2001), DAS participants were told that,
in a short time, they would be required to make a 3-minute speech
about their physical appearance (as described above). They were
advised that the speech would be recorded on videotape and ana-
lyzed by graduate students in clinical psychology for openness,
defensiveness, and other psychological variables. They were then
escorted to a nearby room containing a video-camera mounted on a
tripod and attached by cable to a VCR. The experimenter provided
them with a piece of paper and pen to write down any points they
wished to include in their speech. After a 2-minute interval, partici-
pants were escorted back to the waiting room where they received
their drinks. At the same time that DAS participants were advised of
the speech topic, participants in the NSC condition were advised that
they had been assigned to a control condition and would not be
required to make a speech. Instead, they were provided with a gen-
eral interest article from National Geographic (November 2002, pp
124–126), which they were instructed to read in the waiting room
adjacent to the laboratory. Participants in the DBS condition rested
in the waiting room during this brief interval, and read magazines or
watched television at their discretion.

All participants then received their assigned drinks, served in 3
equal-sized portions. In line with Sayette et al. (2001), participants
first received a dry bagel plus 8-oz water to help standardize drink
absorption. Participants in the alcohol group then received 0.7 g/kg
(males) or 0.63 g/kg (females) of vodka, mixed in a ratio of 1:3.5 with
noncaffeinated, carbonated soft drink (Mello Yello, The Coca Cola
Co., Atlanta, GA). This dose conformed to the original appraisal
disruption study (Sayette and Wilson, 1991).1 Placebo participants
received three 8-oz. cups of chilled nonalcoholic beer (Molson Exel,
Molson Coors Brewing Co., Toronto, Ontario, Canada). The rim of
each cup was misted with 50% alcohol solution to enhance olfactory
cues for alcohol. Participants in the soda group received three 8-oz.
cups of Mello Yello.

Drinks were served at 10-minute intervals, and participants were
instructed to consume them steadily rather than all at once. Blood
alcohol concentration readings were taken before and after drinking
and at 20-minute intervals thereafter. Ten minutes after completion
of the third drink, placebo participants received their false BAC
reading of 0.041%. Participants in the DBS condition received the
stressor 48 minutes after drinking commenced (28 minutes after
receiving the third drink). At this point in the procedure, Sayette
et al. (2001) administered the STAI. In the present study, the STAI
was administered after participants completed the Stroop task (�10
minutes later), as some words in the STAI could prime certain cat-
egories (e.g., Social Threat) in the task. Thus, the main dependent
measures were taken from 50 to 65 minutes after the initiation of
drinking, which was designed to coincide with peak BAC.

Following assessment of the main dependent measures, DAS and
DBS participants were escorted back to the video-camera room. For
ethical reasons (lack of full disclosure about speech topic), partici-
pants were provided with a second consent form, which gave them
the opportunity to opt out of the speech. Therefore, only measures
taken before the speech are relevant.

After the speech (or decision to opt out), participants returned to
the waiting room, where they received lunch and watched television

Table 1. Test Session Timeline

Consent
Baseline measures

Breathalyzer (BAC-0)
Pregnancy screen
Self-report measures (STAI-0, VAS-0)
Practice STROOP (Neutral words only)

STRESSOR—(advisory of speech topic) ! DAS participants
CONTROL—(advisory—NO speech required) ! NSC participants
Drink administration (3 drinks)

Breathalyzer (BAC-1)
STRESSOR—(advisory of speech topic) ! DBS participants

Breathalyzer (BAC-2)
Test STROOP (motivationally relevant Neutral words)
Self-report measures (STAI-1, VAS-1)
Breathalyzer (BAC-3)

Main Dependent Measures

Supplemental consent ! DAS and DBS participants
Self-report measures (STAI-2, VAS-2, Drink Strength Rating)
Breathalyzer (BAC-4)

Videotaped speech ! DAS and DBS participants
Participants rest

Breathalyzer (BAC 4)
Trait Self-Report Scales (AUDIT, BDI-SF, STAI-Trait; BACo.03%)
Debriefing
Payment/dismissal

1The gender-corrected dose for females was based on the male:female dose

ratio used by Sayette et al. (2001).
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or read magazines. After lunch, participants completed their trait
scales. After the trait scales, they were debriefed, paid, and dismissed.
Participants who received alcohol completed their trait scales after
their BAC had declined to 0.03%. Before departure, all participants
received a pamphlet on safe use of alcohol and the contact number of
the principal investigator in case of future questions about the study.

Data Analytic Plan

Chi-square tests of independence were conducted to ensure that a
family history of alcoholism was not confounded with any of the
experimental factors. A series of 2 (gender: male, female)�2 (AS
group: high AS, low AS)�3 (drink type: alcohol, placebo, soda)�3
(stress condition: NSC, DBS, DAS) variance analyses assessed par-
ticipant background characteristics. The Bonferroni procedure
controlled for inflation of family-wise a with 4 variables: age, AU-
DIT, BDI-SF, and STAI-Trait. A multivariate analysis of variance
(MANOVA) assessed the 4 measures of drinking habits on the PDQ:
frequency (occasions/week), dose (mL alcohol/kg), duration (hours/
occasion), and rate (mL/kg/h). A series of 2�2�3�3 variance anal-
yses assessed the 3 main outcome measures: STAI-State, Stroop
interference, and desire for alcohol. In each analysis, experimental
effects were assessed using the score taken at peak BAC (50–65
minutes after initiation of drinking; see Table 1). Word type served
as a within-subjects variable in the analysis of Stroop scores. Time of
test served as a within-subjects variable in the analysis of BAC. For
the STAI and desire measures, preexperimental baseline scores were
included as covariates in analyses of covariance (ANCOVAs) to con-
trol for intrinsic variation and isolate treatment effects (cf. Sayette

et al., 2001). Simple effects analyses, using the MS-error term from
the corresponding variance analysis (Winer, 1971), decomposed sig-
nificant interactions. Post hoc analyses, using Dunn’s protected t test,
compared scores as a function of drink type in the NSC condition.

Results

Participants

Background Characteristics. A family history of alcohol-
ism was not significantly associated with any of the
experimental factors, p’s40.058 (Bonferroni p’s40.46).
The total number of participants reporting a family history
of alcoholism was 21/180 (12%). Table 2 reports the mean
(SD) scores for age and the trait measures in the
different groups and conditions. The table shows that
participants were uniformly young, with fairly high levels of
alcohol misuse as reflected by scores above 8 on the AUDIT;
they reported relatively few depressive symptoms (BDI-SF
cut-off for depression58) apart from high AS females, and
moderate levels of trait anxiety (scale range5 20–60).
A series of 2�2�3�3 ANOVAs yielded the following

results. There were no significant effects for age, Bonfer-
roni p’s40.056. On the AUDIT, a main effect emerged
for gender, F(1, 145)5 12.34, Bonferroni’s p5 0.004,

Table 2. Mean (SD) Characteristics of Low and High Anxiety-Sensitive (AS) Participants (N 5 180)

Stress Condition

DAS DBS NSC

Low AS High AS Low AS High AS Low AS High AS

M F M F M F M F M F M F

Soft drink
Age 21.4 20.5 20.8 22.7 21.3 22.0 23.0 21.4 20.4 22.8 23.0 24.1

(2.3) (1.7) (2.7) (3.9) (2.4) (4.8) (1.9) (2.6) (1.7) (2.9) (3.8) (3.3)
AUDIT 11.0 6.7 8.6 7.2 5.8 5.0 12.8 5.8 9.4 5.0 11.8 4.4

(3.5) (3.6) (3.7) (2.6) (1.9) (2.9) (6.7) (4.3) (4.6) (2.8) (6.4) (1.5)
BDI-SF 2.4 0.8 2.2 6.3 2.2 1.0 7.0 5.0 1.2 1.0 7.8 3.4

(2.6) (1.0) (2.0) (5.4) (1.3) (1.4) (4.6) (1.9) (0.8) (1.7) (4.3) (5.6)
STAI-T 39.0 38.0 43.8 48.0 41.0 34.5 52.2 46.6 35.6 35.8 48.2 42.6

(10.3) (4.2) (7.2) (10.9) (4.6) (7.8) (3.5) (6.7) (5.8) (4.9) (7.6) (3.9)
Placebo

Age 22.0 20.6 22.3 20.4 22.4 20.6 24.0 21.6 23.2 20.5 23.8 21.0
(2.2) (1.5) (2.9) (1.9) (1.5) (1.8) (4.0) (1.8) (2.6) (1.9) (2.2) (2.3)

AUDIT 10.3 10.4 10.7 8.8 8.5 7.4 6.3 8.2 8.0 5.5 8.6 7.5
(2.8) (7.0) (5.8) (2.9) (6.6) (3.4) (3.0) (7.2) (4.4) (3.1) (4.5) (2.5)

BDI-SF 1.5 3.6 5.3 6.2 0.6 4.6 5.0 5.2 3.6 2.3 1.6 3.3
(2.4) (4.4) (4.4) (7.5) (1.3) (2.9) (3.6) (5.8) (3.9) (3.2) (1.5) (3.4)

STAI-T 31.0 41.8 41.3 52.0 36.0 40.8 45.5 45.0 38.6 42.3 36.4 43.5
(4.5) (8.0) (6.2) (9.4) (5.9) (9.6) (9.9) (3.6) (3.6) (10.7) (1.5) (7.3)

Alcohol
Age 21.4 22.0 21.0 22.0 22.2 20.2 22.2 21.0 23.2 21.0 23.4 19.8

(1.8) (1.9) (2.0) (2.5) (2.8) (1.8) (2.2) (1.9) (4.6) (2.6) (2.1) (1.1)
AUDIT 12.4 4.6 11.0 9.4 7.4 5.4 11.0 10.2 11.0 7.2 11.3 13.6

(7.2) (1.9) (2.6) (4.6) (4.7) (2.9) (3.7) (6.1) (4.3) (3.1) (4.3) (6.1)
BDI-SF 1.6 1.0 4.0 6.6 5.4 4.2 7.1 8.0 2.6 2.4 3.0 4.8

(2.3) (1.4) (5.2) (7.4) (3.4) (2.8) (5.5) (10.8) (2.5) (1.5) (4.7) (3.8)
STAI-T 34.3 36.2 46.3 49.2 44.0 35.6 51.4 45.8 32.0 31.2 40.8 47.6

(3.3) (6.8) (11.9) (6.2) (4.3) (7.5) (9.3) (12.9) (5.8) (5.6) (8.7) (7.8)

DAS, drink-after-stress; DBS, drink-before-stress; NSC, no-stress control; AUDIT, Alcohol Use Disorders Identification Test; BDI-SF, Beck
Depression Inventory-Short Form; STAI-T, State-Trait Anxiety Inventory–Trait subscale.
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reflecting higher problem drinking scores for males. On
the BDI-SF, a main effect of AS group, F(1, 145)5 19.05,
po0.001, reflected higher overall depressive symptoms in
high AS participants. On the STAI-Trait, a main effect of
AS group, F(1, 145)5 61.39, po0.0001, reflected higher
trait anxiety scores in high AS participants. The STAI-
Trait analysis also yielded a significant gender�drink
type interaction, F(2, 145)5 5.24, Bonferroni’s p5 0.024,
reflecting higher scores for females versus males in the
placebo condition, and a significant gender�stress condi-
tion interaction, F(2, 145)5 4.97, Bonferroni’s p5 0.032,
reflecting higher scores for females versus males in the
DBS condition. Follow-up analyses were conducted to
rule out the possible influence of these background dif-
ferences on experimental variables (see end of ‘‘Results’’).
Drinking Habits. A 2�2�3�3 MANOVA assessing the

mean drinking frequency, dose, duration, and rate of
consumption scores on the PDQ yielded no significant multi-
variate effects, p’s40.06. The results conform very closely to
norms for undergraduate drinkers on the PDQ (Vogel-Sprott,
1992): 4.1 standard drinks per occasion, consumed over 3.75
hours, at a rate of 1.1 drinks per hour, 1.5 times per week.

Experimental Effects

Drink Strength Ratings. A 2�2�3�2 (drink type)
ANOVA assessed drink strength ratings at the end of the
test phase in participants who received alcohol or placebo.
The analysis yielded a main effect of drink type, F(1, 65)5

31.07, po0.0001, and no other significant effects,
p’s40.30. The mean (SD) drink strength ratings in terms
of bottles of 5% beer were 3.7 (1.4) for alcohol participants
and 2.1 (1.3) for placebo participants. The placebo rating
significantly (po0.001) exceeded 0, supporting the cred-
ibility of the manipulation.
Blood Alcohol Concentration. A 2�2�3�7 (time of test)

ANOVA of BACs in participants who received alcohol
yielded a main effect of time of test, F(6, 114)5 203.91,
po0.0001, and no other significant effects, p’s40.07. The
dose resulted in a mean (SD) peak BAC of 0.064 (0.009)%
at 70 minutes after drinking commenced, which coincided
with the assessment of the main dependent measures
(BAC-3, Table 1). The mean (SD) BAC immediately
before the Stroop task, when DBS participants received
the stressor, was 0.063 (0.001)%.
State Anxiety (STAI). A preliminary 2�2�3�3

ANOVA of baseline STAI-State anxiety scores yielded a
main effect of AS group, F(1, 142)5 61.63, po0.0001, and
no other significant effects, p’s40.09. Preexperimental
state anxiety was greater in high AS (M5 40.3) than low
AS (M5 30.2) participants. The range in possible scores
on the STAI is 20 to 60. These baseline results confirm that
floor or ceiling effects did not restrict response to the
treatments.
Figure 1A–1D presents the state anxiety scores for

all experimental cells. The bars depict means adjusted for

pretest baseline; the lines show unadjusted means. The
4 panels show that the pattern of baseline-adjusted and
unadjusted means was very similar across groups and con-
ditions, indicating that extraexperimental variance did not
account for treatment effects. Figures 1A and 1B reveal a
generally similar pattern of scores for low AS males and
females. Figures 1C and 1D indicate that, in contrast to
low AS participants, alcohol consistently decreased anxi-
ety relative to placebo in high AS participants, and that
the effect of drink-stress sequence on alcohol anxiolysis
appeared to differ for males versus females.
A 2�2�3�3 ANCOVA of STAI scores, with baseline

scores as the covariate, yielded significant main effects of
drink type, F(2, 134)5 5.13, p5 0.007, and stress condi-
tion, F(2, 134)5 6.20, p5 0.003, an AS group�drink type
interaction, F(2, 134)5 5.49, p5 0.005, and no other sig-
nificant effects, p’s40.17.
The AS group�drink type interaction in the ANCOVA

confirmed the consistent dampening effect on STAI scores
for alcohol (M531.5) versus placebo (M539.7) in high AS
participants (po0.001), with no consistent difference for

Fig. 1. Mean (SEM) state anxiety on the State-Trait Anxiety Inventory
(Spielberger et al., 1970) in low and high anxiety sensitive (AS) undergraduate
drinkers administered soda, a placebo drink, or alcohol in no stress control
(NSC), drink before stress (DBS), and drink after stress (DAS) conditions. (A)
Low AS males; (B) low AS females; (C) high AS males; (D) high AS females
(n 5 45 for each level of AS group�gender). �Significant (po0.05) difference
from placebo; wsignificant difference from soda; and ��significant difference in
alcohol stress response dampening (SRD; alcohol minus placebo) between
DBS and DAS conditions.

416 ZACK ET AL.



alcohol (M537.2) versus placebo (M537.0) in low AS
participants, p40.50. Relative to placebo, scores for the soda
condition did not differ significantly in high AS participants
(M538.8) or low AS participants (M537.1), p’s40.40.
Thus, in high AS participants, alcohol reliably dampened
state anxiety relative to a placebo beverage, whereas placebo
had no reliable effects relative to a soft drink.
The main effect of stress condition reflected significantly

greater anxiety in both the DBS (M5 38.9) and DAS
(M5 37.5) conditions relative to the NSC (M5 34.2) con-
dition (p’so0.001), and no overall difference in anxiety
between the DBS versus DAS conditions, p40.20.

Simple Effects2

In high AS males, the difference in STAI for alcohol
versus placebo in the DBS condition (M5 9.42) was sig-
nificantly greater than in the DAS condition (M5 4.61),
t(134)5 3.67, po0.001 (Fig. 1C). By contrast, in high AS
females, the difference in STAI for alcohol versus placebo
in the DBS condition (M5 3.55) was significantly smaller
than in the DAS condition (M5 18.23), t(134)5� 11.28,
po0.0001 (Fig. 1D). Thus, consistent with the appraisal
disruption hypothesis, alcohol SRD as measured by state
anxiety was greater when drinking came before rather than
after stress in high AS males. In high AS females, the
results were inconsistent with those predicted based on
appraisal disruption.
Figures 1A and 1B shows that, for both male and female

low AS participants, STAI values for placebo and alcohol
were virtually identical in 3 of the 4 active stress condi-
tions, t’so1, p’s40.50. The sole exception was the DBS
condition in low AS males, where STAI was significantly
greater under alcohol, t(134)5� 5.45, po0.001, than pla-
cebo or soda, which did not differ from one another. Thus,
in direct contrast to high AS participants, alcohol had no
overall anxiolytic effects when stress was present in low AS
participants, and led to increased anxiety in low AS males
who drank before stress.
Stroop Interference. A preliminary 2�2�3�3 ANOVA

of RT to neutral words yielded no significant effects,
p’s40.14. Therefore, any differences in interference (RT
difference fromNeutral for motivationally relevant words)
are not due to differences in overall mental fluency to
motivationally neutral stimuli. A preliminary 2�2�3�3�5
(Word Type) ANOVA of errors (reading the word, mis-
naming the color) yielded a marginal AS group�drink
type interaction (p5 0.052), and no other significant or
marginal effects, p’s40.11. The marginal result reflected a
slightly higher mean error rate under alcohol (0.48/20)
versus placebo (0.20/20) or soda (0.23/20) in low AS
participants as against a slightly lower error rate under
alcohol (0.24/20) versus placebo (0.26/20) or soda (0.36/

20) in high AS participants. The low absolute error rate
(o2.5% of trials) ensures that the mean RT scores for the
Stroop task were reliable.
A 2�2�3�3�5 ANOVA of RT scores to Physical

Threat, Social Threat, Appearance, Alcohol, and Neutral
words yielded a 5-way interaction, F(16, 564)5 1.70,
p5 0.044, and no significant between-subjects effects
(i.e., no overall effects collapsed across word type),
p’s40.13. Within-subjects contrasts, comparing the 4
motivationally relevant word types with Neutral words,
found that the interaction was due solely to differences in
relative RT to Social Threat versus Neutral words across
the experimental cells. A follow-up 2�2�3�3 ANOVA of
RT difference scores to Social Threat (minus Neutral)
words alone yielded a 4-way interaction, F(4, 145)5

2.88, p5 0.025, and no other significant effects involving
drink type, p’s40.09.
The RT difference needed for significant within-cell

interference (Social Threat slower than Neutral) or facili-
tation (Social Threat faster than Neutral) was � 9 ms,
where 05Neutral RT. The difference needed for a signif-
icant between-cell effect (e.g., alcohol vs placebo) in the
size of the RT difference score was � 21 ms.
Figures 2A–2D shows the Stroop RT difference scores

(Social Threat minus Neutral words). Dashed lines mark
the boundaries for significant within-cell effects, relative to
Neutral. Positive scores denote interference and negative
scores denote facilitation to Social Threat.
Figure 2A shows that, in low AS males, significant

interference to Social Threat words emerged only when
drinking came after stress and only when the drink was
soda or placebo. Alcohol negated interference to Social
Threat relative to both of these drink conditions and
induced a level of facilitation similar to that seen in the
other stress conditions.
Figure 2B shows that, in low AS females, significant

interference occurred in the absence of stress under soda
and placebo and alcohol negated these effects. The most
prominent effect in these participants was the marked
interference in those who drank placebo after stress.
Relative to placebo, alcohol negated this interference
but also negated the facilitation observed in the soda
condition.
Figures 2C and 2D show that high AS participants dis-

played interference in 5 of 6 cells in the NSC condition,
consistent with their expected response to Social Threat
words in the absence of stress. Figure 2C shows that in
high AS males, placebo reversed the interference seen
under soda in the NSC condition. Alcohol in turn
reversed the facilitation seen under placebo, leading to
significant but more modest interference than soda. In
the 2 active stress conditions, the effects of drink type
were essentially opposite depending on the drink-stress
sequence. In high AS males who drank before stress,
facilitation emerged under soda whereas interference
emerged under placebo. Facilitation also emerged under

2When an a priori hypothesis exists, it is permissible to test simple effects in

the absence of a significant F statistic in the ANCOVA (Howell, 1992).
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alcohol, and the magnitude of this effect was greater than
under soda but only marginally so, po0.10. In high AS
males who drank after stress, neither interference nor
facilitation emerged under soda. Significant facilitation
(relative to neutral baseline) emerged under placebo but
the size of this effect did not differ from soda, p40.10.
Under alcohol, participants displayed interference, which
differed significantly from placebo but only marginally
from soda, po0.10.
Figure 2D shows the scores for high AS females, and

reveals a pattern of effects very different from that of high
AS males. In the absence of stress, high AS females dis-
played significant and comparable interference in all 3

drink conditions. In the presence of stress, the effects of
drink-stress sequence were marked, but opposite to the
pattern seen in high AS males. Specifically, in high AS
females who drank before stress, placebo led to facilita-
tion, which differed significantly from soda. Alcohol in
turn, led to interference that differed significantly from
the placebo but not the soda condition. In high AS
females who drank after stress, significant interference
emerged under soda and under placebo, but there was no
difference between these conditions. Alcohol induced a
dramatic facilitation effect, which differed significantly
from the other 2 drink conditions.
In sum, Stroop interference to Social Threat words was

less common in low AS than high AS participants. Inter-
ference did emerge in low AS males who drank soda or
placebo after stress and in low AS females who drank
placebo after stress. In high AS participants, gender sig-
nificantly moderated the effects of drink-stress sequence
and drink type, with high AS males displaying facilitation
(i.e., SRD) when they drank alcohol before stress and high
AS females displaying marked facilitation when they
drank alcohol after stress. The reversal in the pattern of
effects of alcohol as a function of drink-stress sequence in
high AS males versus females on the Stroop task parallels
the gender-related reversal in the pattern of alcohol’s
effects on state anxiety.
Desire for Alcohol. Figures 3A–3D show the desire

scores for the different groups and conditions. As with
the other indices, baseline-adjusted and unadjusted scores
were similar so that extraexperimental variation did not
appear to account for treatment effects.
A 2�2�3�3 ANCOVA of postdrink/stress desire

scores, controlling for baseline, yielded several significant
effects. The highest order effect was an AS group�
gender�drink type interaction, F(2, 145)5 4.66, p5

0.011. Simple effects analyses found that, in low AS
males, overall desire scores did not differ in the soda
versus placebo conditions, p40.10, each of which was
significantly greater than the alcohol condition, t’s
(145)42.08, p’so0.05 (Fig. 3A). In low AS females,
desire scores were higher in the alcohol condition than in
the soda or placebo conditions, t(145)5 2.50, po0.02,
which did not differ from one another, p40.90 (Fig. 3B).
In high AS males, overall desire scores were higher in the
soda than in the placebo condition, t(145)5 2.92,
po0.01, and higher in the alcohol than in the soda con-
dition, t(145)5 2.62, po0.01 (Fig. 3C). In high AS
females, there were no significant pair-wise differences in
desire among the soda, placebo, or alcohol conditions,
p’s40.40 (Fig. 3D).
In sum, alcohol primed desire more than the other 2

types of drink in high ASmales, whereas drink type had no
appreciable effect on desire in high AS females. Low AS
participants showed the opposite pattern across gender,
with stronger alcohol priming effects observed in females.
Compared with soda, placebo selectively reduced (i.e.,

Fig. 2. Mean difference in color-naming response time (ms; Social Threat
minus Neutral) on a modified Stroop task in low and high anxiety sensitive
(AS) undergraduate drinkers administered soda, a placebo drink, or alcohol in
no stress control (NSC), drink before stress (DBS), and drink after stress
(DAS) conditions. (A) Low AS males; (B) low AS females; (C) high AS males;
(D) high AS females (n 5 45 for each level of AS group�gender). Dashed lines
indicate a significant (po0.05) within-cell difference from neutral. Positive
scores reflect interference; negative scores reflect facilitation to Social Threat
versus Neutral words. �Significant (po0.05) between-cell difference from
placebo; wsignificant between-cell difference from soda; and ��significant
difference in alcohol stress response dampening (SRD; alcohol minus
placebo) between DBS and DAS conditions.
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inhibited) desire for alcohol in high AS males alone,
although Fig. 3C suggests that this was due primarily to
the marked decrease in desire under placebo in the DAS
condition. Overall, stress reduced the priming effect of
alcohol.3

DISCUSSION

This study tested the appraisal disruption hypothesis of
alcohol SRD in male and female undergraduates with
high or low levels of AS. The hypothesis predicted that
alcohol SRD would be greater when drinking came
before rather than after exposure to a stressor. The pos-
sible disruption of appraisal by alcohol seemed especially
relevant for high AS participants, who tend to overinter-
pret their involuntary responses to threat and use alcohol
to cope under these circumstances. Gender differences in
the importance of social-evaluative concerns in high AS
participants further implied that alcohol SRD to the
social stressor of a self-revealing speech would be greater
in high AS males than in high AS females. Scores on the
STAI were significantly increased by the stressor relative
to NSC. The alcohol dose yielded a peak BAC of
0.064% at the time alcohol SRD was assessed, compar-
able to previous research with the same dose (Sayette and
Wilson, 1991). The drink strength ratings for alcohol par-
ticipants further indicated that they accurately registered
the size of the dose. Also, the drink-strength ratings for
placebo participants significantly exceeded 0, indicating
that the placebo was credible. These results confirm the
effectiveness of the stress, alcohol, and placebo mani-
pulations and thus indirectly support the validity of the
other findings.
As in previous studies, alcohol significantly reduced

state anxiety in high AS participants. In low AS partici-
pants, alcohol had no significant overall effect on state
anxiety. In low AS males who drank before stress, alcohol
resulted in increased anxiety relative to placebo or soda.
This effect was absent in low AS males who drank alcohol
after stress, a pattern that does not conform to the
appraisal disruption hypothesis. Interestingly, the findings
for low AS males in the DBS condition do conform to the
attention allocation hypothesis (Steele and Josephs, 1990),
which predicts increased anxiety under alcohol when
drinking precedes stress and there is no distraction. Of the
various subgroups in the present study, only high AS
males displayed a pattern of state anxiety scores con-
sistent with the appraisal disruption hypothesis. In these
participants, alcohol led to a significantly greater decline
in anxiety relative to placebo in the DBS versus DAS
condition.
The results from the modified Stroop task indicated

that, of the 4 motivationally relevant types of words (Phys-
ical Threat, Social Threat, Appearance related, Alcohol),
only Social Threat words engendered significant interfer-
ence effects that differed as a function of the experimental
factors. Consistent with previous research with no exper-
imental stressor, significant interference to Social Threat
words emerged in the NSC condition in high AS males and
high AS females (Stewart et al., 1998). Also in line with the
literature, male and female low AS participants displayed
either very modest interference or facilitation of RT to

Fig. 3. Mean (SEM) ratings of desire for alcohol on a modified Visual Ana-
log Scale (VAS; 0–10) in low and high anxiety-sensitive (AS) undergraduate
drinkers administered soda, a placebo drink, or alcohol in no stress control
(NSC), drink before stress (DBS), and drink after stress (DAS) conditions. (A)
Low AS males; (B) low AS females; (C) high AS males; (D) high AS females
(n 5 45 for each level of AS group�gender). �Significant overall difference
from placebo, aggregated across drink-stress sequence and wdenote a
significant overall difference from soda, aggregated across drink-stress
sequence.

3The analyses of participant background characteristics revealed that, des-

pite matching and random assignment, some experimental cells differed

significantly in mean weekly alcohol dose (based on follow-up univariate

ANOVA), BDI-SF, and trait anxiety. Supplemental ANCOVAs were

conducted for the 3 experimental measures including each of these 3

background measures as covariates. The pattern of significant effects was

identical to that of the original analyses. These results confirm that the

effects reported in the original analyses were due to the experimental

factors and were not mediated (accounted for) by differences in back-

ground characteristics.
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Social Threat versus Neutral words in the NSC, a pattern
that typifies nonanxious individuals (e.g., Li et al., 2005).
In the active stress conditions, alcohol significantly
reduced interference to Social Threat words relative to
placebo in the DAS condition in low AS males, low AS
females, and high AS females. No such alcohol SRD
effects were evident in the DBS condition in these 3 sub-
groups. These findings are inconsistent with the appraisal
disruption hypothesis, and instead indicate that, in a
majority of young drinkers, alcohol reliably reduces atten-
tion to threat cues (i.e., increases SRD) when drinking
comes after a social stressor.
In contrast to the prevailing pattern for the sample on

the Stroop task, high AS males again displayed distinct
effects that were consistent with the appraisal disruption
hypothesis: a greater dampening effect of alcohol, relative
to placebo, in the DBS versus DAS condition. In the latter
condition, alcohol actually increased interference relative
to placebo in high AS males. Simple effects analyses
confirmed that the effects of drink-stress sequence were
statistically significant. In sum, although alcohol effects on
Stroop interference to Social Threat words generally did
not support the appraisal disruption hypothesis, the Stroop
findings for high AS males, as in the case of state anxiety,
did support the hypothesis. The lack of anxiolysis on the
STAI or facilitation to threat words on the Stroop under
placebo, coupled with the presence of these effects under
alcohol, indicates that when drinking precedes a stressor,
the pharmacological effect of alcohol rather than expect-
ancy effects account for alcohol SRD in high AS males.
Desire for alcohol on the modified VAS reflected the

priming or incentive-motivational effects of the dose.
Relative to placebo, the priming effects of alcohol varied
markedly across the experimental cells. Modest priming
effects emerged in low AS but not high AS females. In low
AS males, alcohol was associated with decreased desire
scores relative to placebo or soda. In contrast to the other
3 subgroups, high AS males displayed robust and con-
sistent priming effects of alcohol, although these were
somewhat attenuated by stress. The consistency and mag-
nitude of alcohol priming relative to placebo in high AS
males, together with the reliable anxiolytic effect of alco-
hol versus placebo in these participants, imply that high
AS males may derive a different pharmacological effect
from alcohol than either high AS females or low AS indi-
viduals of either gender.
Overall, the results of this study do not lend support to

the appraisal disruption hypothesis as a general mecha-
nism accounting for alcohol SRD in undergraduate
drinkers. However, the findings for high AS males do
support the hypothesis, both in subjective stress dampen-
ing and decreased activation of the social threat memory
network. High AS males also differed from the other 3
subgroups in the priming effects of alcohol, suggesting that
high AS males may experience relatively greater positive
reinforcement (i.e., incentive motivation) as well as greater

negative reinforcement (i.e., SRD) from alcohol compared
with other young drinkers.
The findings for high AS females were directly opposite

to those for high AS males. High AS females displayed
greater alcohol SRD in the DAS than the DBS condition
on the state anxiety scale and on the Stroop task. Also in
contrast to high AS males, high AS females exhibited no
significant alcohol priming effects. These gender differen-
ces on the 3 experimental indices demonstrate that gender
reliably moderates alcohol SRD to a social stressor and
imply that alcohol may recruit different processes in high
AS males versus females. Based on the pattern of effects,
one possibility is that alcohol encourages approach
motivation and concomitant willingness to engage a social
challenge to a relatively greater degree in high AS males
than in high AS females.
As noted in the introduction, high AS females report

predominantly physical or hypochondriacal concerns and
drink alcohol to manage these (Stewart et al., 1997, 2001).
This suggests a possible explanation for the present results:
in high AS females, the proximal cause of distress may
have been the physiological arousal evoked by advisory of
the speech. The interoceptive effects of alcohol in high AS
females could have obscured this arousal, providing a
sharp contrast to their predrink state in the DAS condi-
tion, but not in the DBS condition, where they had not yet
encountered the stressor. Thus, differential arousal imme-
diately before drink administration may have translated
into greater perceived alcohol SRD (i.e., greater decline in
arousal relative to predrink state) in the DAS than the
DBS condition in high AS females.
In contrast to their female counterparts, in high AS

males, the primary cause of anxiety may have been the
perceived need to perform well in the speech. Alcohol
may have reduced these concerns about good perform-
ance. Specifically, alcohol has been found to reduce
emotional concern for the adverse consequences of one’s
actions (Zeichner et al., 1982). High AS males in the DBS
condition would have received the full benefit of this
effect. In contrast, high AS males in the DAS condition
would have initially considered the potential consequen-
ces of their actions (e.g., embarrassment) while sober,
permitting full activation of their social threat network.
In this condition, alcohol’s dampening effect on con-
cern for consequences may have been less effective
because the social threat network was already activated.
This explanation is consistent with the appraisal disrup-
tion hypothesis.
Differential responses to the speech stressor may also

have been influenced by physiological factors. The effects
of speech stress, unlike those of physical stressors, are
strongly influenced by serotonin—and particularly the
5-HT-2 receptors (Graeff et al., 2003). Notably, agents
that reduce serotonin transmission at 2A/C receptors (e.g.,
nefazodone) also decrease the dopaminergic effects of
alcohol and alcohol self-administration in animal models
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(Olausson et al., 1998). Taken together, this evidence sug-
gests that decreased activation of 5-HT2A/C receptors
(particularly 5-HT2A; Pehek et al., 2006), with concomi-
tant effects on dopamine, may have contributed to the
effects of the speech stressor in the present study and that
alcohol SRD involved modulation of this process. Seroto-
nin and dopamine have both been shown to influence
stress-induced and alcohol-induced critically priming in
animals (Le and Shaham, 2002). Thus, the preservation of
alcohol-priming effects in the stress conditions in high AS
males raises the possibility that these individuals differ in
5-HT2A/C receptor sensitivity or, more directly, in their
dopaminergic response to alcohol. Given the consistent
link between alcohol SRD and problem drinking (e.g.,
Croissant and Olbrich, 2004; Pihl and Peterson, 1995;
Sinha et al., 1998; Zimmermann et al., 2004), direct assess-
ment of the neurochemical basis of alcohol SRD in high
AS males and females would appear to be an important
avenue for future investigation.
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