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Abstract

Although epidemiological research has shown an increase in drinking following stressors and
trauma, limited paradigms have been validated to study the relationship between stress and
drinking in the human laboratory. The current study developed a progressive ratio operant
procedure to examine the effects of psychosocial stress on alcohol craving and several alcohol-
motivated behaviors in persons with alcohol use disorder (AUD). Current heavy, nontreatment-
seeking drinkers (N = 30) were media-recruited and completed a comprehensive assessment of
recent drinking, mood and health. Participants were admitted to the clinical research unit and
underwent 4-day, physician-monitored alcohol abstinence. On days 4 and 5, participants
underwent the Trier Social Stress Test (TSST) or a neutral session in random order followed by the
alcohol motivated response (AMR) procedure in which subjects worked for money or alcohol
under a progressive ratio (PR) operant procedure. Subjects received earned money vouchers or
alcohol at the conclusion of the session. The TSST increased alcohol craving and rate of
responding and decreased the number of changeovers between alcohol versus money reinforcers
on the PR schedule. There was a positive relationship between alcohol craving and drinks earned
during the stress session. This novel paradigm provides an experimental platform to examine
motivation to drink without confounding by actual alcohol ingestion during the work session,
thereby setting the stage for future studies of alcohol interventions.
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Introduction

There is increasing interest in the development and refinement of experimental paradigms to
study the effects of alcohol on humans using well-controlled laboratory protocols (Litten et
al., 2016). To date these experimental procedures have been somewhat limited and relied
predominantly on characterizing participants’ responses to alcohol cues or consumption in
the laboratory. For example, many investigators have used alcohol challenge paradigms in
which fixed doses of alcohol are administered to research participants and effects are
measured on subjective, physiological, psychomotor and cognitive effects (e.g., Roche et al.,
2014; Ray et al., 2016; O’Connor et al., 1998; McCaul et al., 2000). Other research has
focused on alcohol cue procedures in which the taste, smell and sight of alcohol are used to
elicit subjective and physiological responses (e.g., Ramirez et al., 2015; McCaul et al.,
1989). It has proven more challenging to develop validated, reliable procedures in which
heavy drinkers self-administer alcohol in the laboratory. To date, most of these models have
presented subjects with a choice between alcohol and an alternative reinforcer, and subjects
have simply selected their preferred reinforcer without a “work” component in the paradigm
(e.g., O'Malley et al., 2002; Drobes et al., 2004; Davidson et al., 1999). Recently, Oberlin
and colleagues ((2015) employed a pseudo self-administration task in which subjects were
told that button presses earned delivery of either beer or Gatorade flavor sprays plus alcohol
infusion; however, in actuality, only flavor sprays were contingent on presses and ethanol
was delivered as a fixed-dose infusion.

While this earlier research has yielded interesting and important findings, the alcohol field
could benefit from the development of human laboratory paradigms in which the motivation
to work for alcohol and actual drinking behaviors can be analyzed independently and in
tandem. A paradigm that isolates alcohol seeking from alcohol consumption could be of
high utility in a variety of areas of alcohol research, including stress. Although the
association of stress and heavy, hazardous alcohol use has been supported by large
epidemiological studies (Keyes et al., 2011) as well as investigations of relapse following
alcohol treatment (Brown et al., 1990; Noone et al., 1999), limited experimental paradigms
have been validated to study the relationship between stress and drinking in humans. Current
strategies range from diaries and interactive voice response (IVR) reporting in the natural
environment (Ayer et al., 2011; Kwako et al., 2015; Sinha et al., 2011; Cooney et al., 1997;
Higley et al., 2011) to behavioral economic models using alcohol purchase tasks (Owens et
al., 2015), and mock alcohol taste tests (Thomas et al, 2011) in the human laboratory.

There is a large preclinical literature using operant behavior models to study stress effects on
reward motivation for a variety of reinforcers including sweetened beverages and highly
palatable foods, as well as alcohol and other drugs. Interestingly, in rodents, chronic social
defeat stress has been shown to decrease responding for sweet-tasting solutions (Bergamini
et al., 2016), but increase responding for alcohol (Caldwell and Riccio, 2010; Riga et al.,
2014) and cocaine (Wang et al., 2016). One of the more commonly employed operant
paradigms for assessing reward motivated behavior has been the progressive ratio schedule
in which various measures of response speed and perseverance as well as reinforcer choice
are available to characterize stressor effects. In human laboratory studies, progressive ratio
schedules have been successfully employed to assess the relative reinforcing effects of
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stimulants (Griffiths et al., 1989; Stoops et al., 2010) and other commonly abused drugs
(Comer et al., 1997; Haney et al., 1997). This paradigm has been less frequently used to
study alcohol reward (Barrett et al., 2006; Setiawan et al., 2011), and, to our knowledge, has
not been used to examine stress effects on alcohol-motivated behaviors.

The current study developed a progressive ratio operant procedure to study motivation to
drink in persons with alcohol use disorder (AUD) in the human laboratory; this procedure
was used to examine the effects of psychosocial stress on alcohol craving and several
alcohol-motivated behaviors.

Materials and methods

Recruitment and Assessment

Participants were media-recruited and completed screening for study eligibility by telephone
with a research assistant. Eligible participants attended an in-person assessment session and
provided informed consent. Assessment included alcohol and other drug history, nicotine
history, psychiatric status, medical history and physical examination, routine laboratory
tests, breath alcohol level test, urine toxicology test, and pregnancy testing for females of
childbearing potential. A negative pregnancy test was required for all women of childbearing
potential. In addition to participants’ self-reports of recent drinking obtained using the 90-
day Timeline Followback method (Sobell and Sobell, 1992), levels of phosphatidylethanol
(PEth; United States Drug Testing Laboratories (USDTL)) in blood were used as a
biomarker of recent heavy drinking at assessment (Viel et al., 2012). We used the USDTL
threshold of 8ng/mL to verify recent heavy alcohol drinking.

All participants (21-60 years old) were non-treatment seeking, had a current DSM 5 alcohol
use disorder, were actively drinking at least 50% above NIAAA recommended weekly
guidelines (women >10 drinks/week and men >20 drinks/week), and had at least 5 binge
drinking episodes in the past 30 days. Based on the MINI International Neuropsychiatric
Interview (Sheehan, 2014), participants were excluded for a current DSM 5 mood, anxiety
or psychosis diagnosis or current treatment with a psychiatric medication. Additional study
exclusions included serious medical conditions; current substance use disorder except
alcohol or tobacco; current illicit drug use other than marijuana; current hormonal birth
control for women; history of any seizure disorders; history of serious alcohol withdrawal
symptoms (e.g., seizures, hallucinations) or history of inpatient, medicated alcohol
withdrawal management; Clinical Inventory of Withdrawal Assessment — Alcohol Revised
(CIWA-Ar, Sullivan et al., 1989) score = 12 at assessment; and elevation of aspartate
aminotransferase or alanine aminotransferase exceeding five times the upper limit of normal.
The protocol was approved by The Johns Hopkins University School of Medicine Internal
Review Board. All participants participated in a brief alcohol intervention prior to discharge.

Medically Supervised Alcohol Withdrawal and Monitored Abstinence

On admission day 1, participants were admitted to the Johns Hopkins Bayview Clinical
Research Unit (CRU) to ensure alcohol abstinence and monitor for alcohol withdrawal
symptoms using the CIWA-Ar and medical staff observation. For the first 24 hours, all
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participants received an intravenous line with D5W NS 1000ml with MVI adult Inj 10ml,
thiamine Inj 100mg, Folic acid Inj 1mg, Magnesium sulfate Inj 2g and infused at 84 mi/hour.
Participants had access on request to over-the-counter products for mild aches and pains and
diarrhea. If systolic blood pressure was greater than 180 and/or diastolic blood pressure
greater than 105, atenolol 25 mg was available; however, no participants required treatment.
Also, none of the participants in this study developed a CIWA score > 12, and thus no
participant received benzodiazepines or other medications to treat symptoms of alcohol
withdrawal. Twice daily at 8 am and 8 pm, participants completed mood (i.e., Beck
Depression Inventory 11 (Beck et al., 1996), Beck Anxiety Inventory (Beck et al., 1988)) and
cravings scales (Alcohol Urge Questionnaire (Bohn et al., 1995), Obsessive-Compulsive
Drinking Scale (OCDS, Anton et al., 1995), Visual Analog Scale — Alcohol (VAS-A), Visual
Analog Scale — nicotine (VAS-Nic)).

In our sample of heavy drinkers, 73% were current smokers. Participants who smoked
cigarettes were allowed to smoke ad lib in the designated smoking room in the CRU facility,
including smoking prior to and upon return from study procedures. The participants had the
option to receive a transdermal patch (21 mg) on session days.

Alcohol-motivated responding sessions (AMR)

Participants received a brief practice session with the AMR computer procedure during the
initial CRU days; no reinforcers were available. On study days 4 and 5, participants were
randomized to undergo an active or neutral stress procedure followed by the AMR session.
Based on IRB-required information in the informed consent document, participants were
aware that one of the two sessions would be a stress procedure. Female participants of
childbearing potential were tested for pregnancy prior to each session.

When participants arrived in the session room, they were given details of the Trier Social
Stress Test (TSST) (Kirschbaum et al., 1993; Stephens et al., 2016). Each participant
completed two tasks, 1) a 5-minute speech for a job interview for the position of a hospital
administrator and 2) a 5-minute mental arithmetic task in which they were asked to repeat a
four-digit number after the tester, repeatedly subtract 13 from it, and call out each answer.
During the session, two confederates in lab coats were seated across from the participant;
one of the confederates pretended to be filming the participant with a video camera. The
neutral session (no stress) was similar to above except participants did not undergo the
stressor but merely rested or read magazines for the period of time corresponding to the
stress period in the active session. In a mixed effects model adjusted for session order, we
observed a significant increase in mean log cortisol in the stress compared with the neutral
session (p = 0.001); cortisol effects did not differ as a function of session order (p = 0.476).

Immediately following conclusion of the TSST or neutral period, subjects received a sample
of the alcohol beverage (0.5 standard drink) and then began the AMR procedure.
Participants were seated in front of a computer screen on which session parameters were
displayed graphically, including number of responses and type of reinforcer for current PR,
number of drinks earned (shown as shot glasses), number of money reinforcers earned
(shown as dollar signs), and amount of time remaining in the session (in digital format).
Under the PR schedule, the response requirement (i.e., number of mouse clicks) increased
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with each completed, earned reinforcer; the initial response required 400 mouse clicks and
the requirement increased by 120% for each new requirement. Participants could earn half of
a standard drink of their preferred alcoholic beverage for each completed reinforcer in which
they selected to work for alcohol. A monetary reinforcer ($1.00) was included in the
procedure to permit examination of relative rates and distribution of responses between the
two reinforcers. Subjects could earn a maximum of 10 reinforcers during each session.
Participants were able to switch back and forth between reinforcer type but the response
requirement reset to the current value and a 2 second delay was imposed at each switch.
AMR sessions lasted for 60 min or until no response was made for 10 min, whichever came
first. If the session was terminated, subjects did not gain access to alcohol until the end of
the 60-min session.

At baseline prior to the start of the session and at 10 min intervals during the AMR session,
subjects completed the Tiffany Brief Craving Scale (Tiffany et al., 2000). Items included:
“How badly would you like an alcoholic drink right now?” and “Rate your current desire to
drink alcohol.” Using a visual analog scale (VAS), subjects rated each item from 0 (not at
all) to 10 (extremely or very strong).

After 60 min, participants self-administered earned drinks and received a voucher for earned
money. The maximum amount of alcohol that could be earned in one session was 5 standard
drinks (SD). Since subjects drank their preferred alcohol, actual alcohol content was
standardized to ensure equivalency across subjects for the amount of absolute alcohol that
could be earned. For participant safety, drinking was paced to ensure that individuals could
not exceed 0.5 SD every 5 minutes or the total consumption of all 5 SDs in a 50-minute
period. Subjects also were provided their preferred mixer and snacks.

Statistical Analyses

We first summarized baseline characteristics, including demographics and drinking
measures collected at assessment. The arithmetic mean and standard deviation of continuous
variables were calculated. We also tabulated the frequency and percentage of the gender and
race distribution. We did not observe any differences as a function of sex in any of our
measures and, therefore, sex was not included as a covariate in our analyses.

To test stress effects on alcohol craving, we compared the visual analog scale scores (VAS)
of the Tiffany Brief Craving Scale between the stress and neutral AMR sessions. To account
for the repeated measures during the sessions, we constructed mixed effect models with
random intercept. The VAS score was the dependent variable, and the independent variables
were session type and categorical time points. The contrast test between the sessions was
performed after the model was solved. We also calculated the peak VAS score for each
subject and each session, and then performed paired t-tests to compare the VAS peak scores
between the stress and neutral sessions.

We tested the stress effect on alcohol-motivated responding. The outcomes of interest were:
total number of alcohol drinks earned; total amount of money earned; total number of
responses during the 60-minute session; distribution of responses for alcohol versus money;
response rate (rate is calculated as total session time / # of clicks; the unit is millisecond/
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click) and the number of changeovers between alcohol and money. We constructed mixed
effect models to test within-subject differences between sessions on these measures, which
were dependent variables in the models. The independent variables include session type and
session randomization order. To further remove the order effect, we also stratified the
subjects by session order and tested on each sub-set of data. We also tested the number of
changeovers during the first reinforcer of the session using Fisher’s exact test.

Lastly, we tested the correlation between craving measure and AMR measures. We ran
simple correlations between VAS score peak or area under the curve (AUC) and number of
alcohol drinks earned, response rate, and number of changeovers. Pearson’s coefficients and
p values were calculated for each correlation.

Participant characteristics

As summarized in Table 1, mean age of the participants was mid-30’s, 70% were male and
57% were black. On average subjects drank 8.2 standard drinks on a drinking day. Subjects
drank on approximately two-thirds of available days and drank at binge levels (more than 3
drinks for women, more than 4 drinks for men) on approximately half of all available days
during the 90 days preceding the assessment visit. Mean AUDIT scores indicated a high
severity of alcohol-related problems, and almost half of the participants were diagnosed with
severe alcohol use disorder. Because we excluded participants with mood or anxiety
disorders, mean Beck Depression Inventory Scores and Beck Anxiety Inventory scores were
low.

Stress effects on alcohol craving

As shown in Figure 1, although alcohol craving increased during both stress and neutral
sessions, there was a more rapid and elevated increase in participants’ ratings of alcohol
craving during the stress compared with neutral session. Overall, in the mixed effect model,
mean VAS ratings of alcohol cravings were significantly higher in the stress compared with
the neutral session (p = 0.032). Additionally, peak craving scores were significantly greater
in the stress session (p = 0.043). When stratified by session order, the increase in alcohol
craving following stress was significant only among those subjects who received the neutral
session prior to the stress session (p = 0.016).

Stress effects on alcohol-motivated responding

Differences between the stress and neutral sessions were examined on four measures of
alcohol-motivated responding: number of drinks earned, rate of responding, total number of
alcohol-directed responses (mouse clicks), and the number of changeovers between alcohol
and money reinforcers. Figure 2 shows the distribution of number of drinks (panel A) and
number of changeovers between reinforcers (panel B) for the stress and neutral sessions.

Number of drinks earned

From the mixed-effects model, no significant difference was observed between the number
of alcohol drinks earned during the stress compared with the neutral session (p = 0.183).
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However, among participants who received the neutral session followed by the active TSST
session, there was a trend for subjects to earn more drinks following the TSST (M = 4.18)
than following the neutral session (M = 3.29) (p = 0.083). No difference in the number of
drinks earned was observed when participants received the active TSST session followed by
the neutral session. Additionally, there was no interaction of stress condition and session
order.

Total number of alcohol-directed responses

There was a significant interaction between session type (stress vs neutral) and session order
(N/S vs S/N) (p = 0.035) on the total number of alcohol-directed responses. Specifically, the
number of alcohol-directed responses was significantly higher in the stress compared with
neutral session (p = 0.045) for subjects who received the neutral session first and the stress
session second. There was no significant difference in the number of alcohol-directed
responses during the stress versus neutral session for subjects who received the stress session
first and the neutral session second.

Number of changeovers

From the mixed-effects model, participants made significantly fewer changeovers during the
stress compared with the neutral session (Difference in adjusted mean number of
changeovers = 1.8, p = 0.012). Much of this effect was accounted for by changeovers while
subjects were responding for their first reinforcer. During the neutral session, 11 of the 30
subjects switched back and forth between reinforcer type (alcohol versus money), whereas
only 3 subjects switched during the stress session. Using Fisher’s Exact Test, the number of
changeovers during the first reinforcer was significantly lower following the stress compared
with the neutral session (p = 0.030)

In line with these overall findings, when participants were stratified by session order,
subjects who received the neutral session before the stress session had fewer changeovers
following the TSST as compared to the neutral session (p = 0.004). There was no difference
in the number of changeovers in the neutral and stress sessions for those participants who
received the TSST before the neutral session. Additionally, there was no interaction of stress
condition and session order.

Response rate

Figure 3 shows the mean response rate across all reinforcer opportunities for the stress and
neutral sessions. Participants responded significantly faster throughout the stress compared
with the neutral session. The adjusted means from the mixed-effect model of the stress
session (4.82) and neutral session (4.55) are significantly different (p<0.001). Response rate
did not differ as a function of session order or the type of reinforcer (alcohol versus money)
in either the stress or neutral session (all p > 0.10).

Relationships between alcohol craving and number of drinks earned during the stress

session

There was a significant relationship between the magnitude of alcohol craving following
stress and the number of drinks earned during that session. Specifically, VAS area-under-the-
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curve (r = 0.366; p = 0.047) and peak score (Figure 4; r = 0.447; p = 0.013) were positively
related to drinks earned. The higher the craving the greater the number of alcohol drinks
earned during the session.

Discussion

We have demonstrated the utility of an alcohol-motivated progressive ratio response
procedure to study stress effects on alcohol-related behaviors in heavy drinkers with alcohol
use disorder. Using the Trier Social Stress Test as the provocateur, we observed stress effects
on alcohol craving and motivated responding under controlled human laboratory conditions.
Specifically, alcohol craving was increased in the stress compared with neutral session.
Subjects responded faster for alcohol and were less likely to switch between reinforcer types
(alcohol vs money) following stress. Although we did not observe an overall difference in
the number of earned drinks between the two session types, the magnitude of alcohol
craving following stress was related to the number of alcohol drinks earned during the stress
session.

Interestingly, there was a strong order effect on stress responsivity. We anticipated that this
might be an important factor and randomized session order to counterbalance potential
effects. Since the stress and neutral sessions were conducted on separate days, the observed
order effect may result from the rapidly changing neurochemical milieu during early alcohol
abstinence in persons with AUD. It also may highlight the role of stressor predictability
which induces anticipatory anxiety as a motivator to drink. Subjects have no way to predict
the condition (stress vs neutral) of the first session. However, once the first session is
completed, the condition for the second session is known, potentially increasing anticipatory
anxiety and thereby enhancing the impact of the active stress condition. These types of order
effects when not adequately taken into account may contribute to the challenge of
reproducibility in human studies of stress and alcohol, and definitely warrant consideration
in the design of future research.

In the current experimental paradigm, participants responded faster for the reinforcer and
made fewer switches between reinforcers following stress. The hyper-focused and ultra-
repetitive behaviors of rapid mouse clicking with limited or no change-overs following the
stress condition are consistent with the emergence of habitual behaviors and the activation of
habit forming neurocircuitry reported in preclinical and clinical studies (Schwabe and Wolf,
2011; Corbit and Janak, 2016). These alcohol-induced behavioral changes, which most
likely result from alterations in neural circuitry, may contribute to a weakening of volitional
control and a failure to abstain from alcohol. It has also been proposed that this switch is
involved in the transition from casual to heavy, hazardous drinking (Barker and Taylor,
2014; McKim et al., 2016).

As outlined in the introduction, a number of paradigms have been developed in an effort to
explore these behaviors in the human laboratory. Most recently, behavioral economics has
provided new insights and approaches to these investigations across a variety of addictive
substances (Amlung et al, 2016). Recently, Amlung and MacKillop (2014) have used these
approaches to examine the effects of stress and alcohol cues on alcohol-motivated behaviors
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in heavy drinkers. Using the TSST to induce stress, they observed increases in the incentive
value of alcohol in an alcohol purchase task (i.e., the amount of money participants are
willing to spend to acquire alcohol) and an alcohol multiple choice procedure (i.e., the
choice between immediate alcohol and different values of delayed money). These paradigms
rely on subjects’ choices of drink versus money as a metric of their incentive to drink
following stress.

Our experimental paradigm complements other approaches in several notable ways. First,
our protocol separately measures alcohol craving, alcohol motivated behaviors and alcohol
consumption. Using the AMR procedure we can study these behaviors independently and in
interaction. Similar to the behavioral economic models, the current procedure quantifies
choice of alcohol versus money but also provides a behavioral work component that may
further quantify the strength of motivation driving the choice. Alcohol craving, motivation to
drink and the number of drinks actually consumed are overlapping but distinct behavioral
concepts. This distinction is most frequently observed in the context of alcohol treatment.
During the stress of alcohol withdrawal and following other external stressors, patients may
have very high alcohol urges and motivation to drink but they successfully resist drinking
during their treatment and recovery (DiClemente, 2016). Human experimental paradigms are
needed that better quantify the interactions of urge, choice and consumption to more
accurately capture the human experience of problematic drinking, treatment and recovery.

A second strength of the AMR procedure is the dissociation of choice and work from
consumption. Our AMR prevents acute alcohol intoxication from altering the abstinence-
based measures that are under investigation. In many of the other human-alcohol
administration models, participants drink alcohol throughout the session, thus outcome
measures reflect both participants’ initial alcohol motivation at abstinence and their
motivation in the presence of increasing levels of intoxication, thereby confounding these
two measurement types. Third, the AMR procedure prevents alcohol ingestion from
confounding measurement of potential risk biomarkers (e.g., CRF, cortisol, BDNF) that may
be correlated with motivation to drink in the absence but not the presence of a blood alcohol
level. Fourth, this model also provides a translational opportunity between preclinical and
human research (Kaminski et al, 2008); there are parallels with preclinical appetitive models
as well as models using second order and chained schedules of reinforcement. For instance,
in the current AMR procedure, participants were rewarded following completion of each
response requirement with a symbol on the computer screen of which reinforcer had just
been earned (either a shot glass or dollar sign).

Finally, this design provides a platform to study a range of both provocateurs of and
interventions for alcohol-related behaviors. While we focused this study on social stress,
other widely studied provocateurs could include sexual stimuli, alcohol cues (olfactory,
visual, tastes), drinking context (solo vs group; bar vs lab setting), as well as other types of
stressors (e.g. imagery, virtual reality). The platform also offers the ability to determine how
various behavioral and pharmacologic interventions can differentially decrease alcohol
craving, motivated responding and consumption. This broader scope of information provided
by the paradigm may be helpful in making decisions about which pharmacological agents
should advance to clinical trials (Litten et al., 2016). The design could become even more
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powerful if incorporated into a functional imaging platform where the strength of
connectivity between the prefrontal cortex and mesolimbic systems could be simultaneously
assessed with the AMR measures. Such research has the potential to identify new
pharmacotherapy targets for alcohol treatments. Finally, the AMR measures may serve as
potent predictors of clinical outcomes for persons undergoing treatment. For example, it is
plausible that rate of responding and strength of habitual alcohol seeking as measured by
changeover patterns would be powerful predictors of relapse following care.

There also are several limitations of the current study that should be noted. First, the study
had a relatively small sample, but despite this limitation, significant stress relationships were
observed. Second, it is important to note that this is not a relapse model of human drinking
since participants were not treatment seekers, and therefore had no motivation to limit or
stop drinking. If subjects had been motivated to refrain from or limit drinking, we would
expect to see more pronounced behavioral differences between the neutral and stress
sessions. Third, for subject safety, we capped the number of drinks that subjects could earn
within the session and the speed of actual drinking following the AMR session. Thus, we
created a ceiling in drink opportunities that may have further limited the differences between
neutral and stress sessions. Although the TSST is the most widely validated and widely used
social stress procedure in the human literature, 15 — 20% of participants do not respond.
Using a more potent stressor (e.g., virtual reality combat or physical assault videos) may
produce more pronounced session differences but raises ethical concerns in human research.
It also should be noted that Human Subjects Protection required disclosure of the use of
stress procedures, thus possibly introducing anticipatory anxiety into the paradigm. Despite
these procedural restrictions necessitated by participant safety, it is striking that we were
able to detect stress effects in this model. Finally, this study was conducted only in persons
with AUD, thus we do not know whether the observed relationships would generalize to
social drinkers. Clarification of the specificity of stress effects on alcohol use in hazardous
versus social drinkers will be an important direction for future research. A recent naturalistic
study has provided evidence of differential stress effects as a function of drinking status
prior to stressor onset. Specifically, in a study of directly-exposed survivors across 10
disasters, North and colleagues (2011) found an overall AUD prevalence of 19%; however,
only 0.3% of the survivors developed new-onset AUD. Almost all AUDs in the sample were
a continuation of or relapse to pre-disaster alcohol misuse.

In summary, we have translated a traditional preclinical operant paradigm to study humans
with alcohol use disorder in the laboratory. Our work points out both procedural strengths
and some pitfalls (e.g., order effects, drinking limits). In this study, we employed social
stress as our provocateur and demonstrated some important relationships that have been
challenging to demonstrate in humans using other paradigms. Going forward, the AMR
model should provide a useful new platform on which a variety of provocateurs and
interventions can be studied.
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Figurel.
Alcohol craving at baseline and during the alcohol-motivated responding sessions.

Participants rated current craving on a visual analog scale from 0 (not at all) to 10
(extremely or very strong). Scores during the neutral session are shown in blue and scores
during the stress session are shown in red. Completion of the Trier Social Stress Test during
the stress session is shown by the arrow on the x-axis. Time points are mean and standard
error.
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Figure2.

Alcohol-motivated behaviors as a function of session type. Panel A shows the number of
drinks earned and Panel B shows the number of changeovers between the alcohol and money
reinforcers. Stars are means across all subjects, the upper and lower limits of the boxes are
the 25 and 75 percentile. The vertical lines end at the most extreme data values.
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Figure 3.

Session
—&—— Neutral
—&—— Stress

Response rate (clicks/second) across reinforcement opportunities as a function of session
type. Rates during the neutral session are shown in blue and rates during the stress session

are shown in red. Points show mean and standard error.
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Figure 4.
Relationship between alcohol craving and number of drinks earned during the stress session

(r=0.447; P = 0.013). Data points represent individual subjects. Alcohol craving was
measured as peak visual analog score during the stress alcohol-motivated response session.
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Table 1

Demographic and psychosocial characteristics of study participants (N=30)

Variable # %
Sex
Female 9 (30)
Male 21 (70)
Race
African American or Black 17  (56.7)
White 10 (33.3)
Other 3 (10)

Alcohol Use Disorder Severity

Mild 6 (20)
Moderate 11  (36.7)
Severe 13 (43.3)

Mean  Std Dev

Age 351 (11)

Alcohol Consumption

Drinks/Drinking day 82 (37
Drinking days/90 days 64.8 (18.8)
Binge days/90 days 46.4 (24.3)

Psychological Assessment Scores
BAI Score 71 (6.6)
BDI Score 9.2 (7.3)
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