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Subjective Response to Alcohol and Associated Craving in
Heavy Drinkers vs. Alcohol Dependents: An Examination of
Koob's Allostatic Model in Humans*

Spencer Bujarskil and Lara A. Rayl:2
1Department of Psychology, University of California Los Angeles

2Department of Psychiatry and Biobehavioral Sciences, University of California, Los Angeles,
United States

Abstract

Background—Koob's allostatic model of addiction emphasizes the transition from positive
reinforcement to negative reinforcement as dependence develops. This study seeks to extend this
well-established neurobiological model to humans by examining subjective response to alcohol
(SR) as a biobehavioral marker of alcohol reinforcement. Specifically, this study examines (a)
differential SR in heavy drinkers (HDs) vs. alcohol dependent individuals (ADs) and (b) whether
HDs and ADs differ in terms of the association between SR and craving.

Methods—Data was culled from two alcohol challenge studies, totaling 91 participants
(oversampled on OPRM1 Asp40 carriers). Alcohol was administered intravenously and
participants completed standard measures of SR and craving at BrAC's of 0.02, 0.04, and 0.06
g/dl. SR was modeled as a multidimensional construct consisting of stimulation, sedation, and
tension relief.

Results—ADs reported significantly higher sedation and craving initially and exhibited a blunted
response to alcohol along escalating BrACs. ADs exhibited greater initial tension but did not differ
from HDs in tension reduction across rising BrACs. Further, alcohol-induced stimulation was
associated with alcohol craving to a significantly greater degree in HDs, as compared to ADs.

Conclusions—This study provides initial evidence that HDs and ADs differ in their subjective
experience of alcohol and in the association between dimensions of SR and craving for alcohol.

*Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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Hypotheses derived from the allostatic model were partially supported, such that, while ADs and
HDs did not differ on stimulation response, there was a relative dissociation between positive
reinforcement and craving in ADs as compared to HDs.

Keywords
Alcoholism; Subjective Response to Alcohol; Latent Growth Modeling; Alcohol Challenge

1. Introduction

Researchers and clinicians alike have long recognized alcohol dependence as a chronic and
relapsing condition (Ray, 2012) with both animal and human theoretical models of
alcoholism focusing on the biobehavioral response to alcohol, albeit from different
perspectives. No studies to date have directly translated preclinical models of alcoholism to
human clinical populations.

A prominent feature of several neurobiological models of alcoholism etiology is the
conceptualization of the disorder in terms of a transition from positive reinforcement (i.e.,
alcohol use resulting in a pleasurable state, or “drinking to feel good”) to negative
reinforcement (i.e., alcohol use resulting in alleviation of a negative state, or “drinking not to
feel bad,” or “drinking to feel normal”). Koob and Le Moal's allostatic model (1997)
conceptualizes addiction as a multifaceted construct incorporating (a) compulsions to seek
and take the drug, (b) loss of control over intake limitation, and (c) emergence of negative/
withdrawal state when the drug is not present. This model proposes a cycle of progressive
neurobiological dysregulation, beginning with preoccupation and anticipation (reflecting
positive reinforcement) and ending with withdrawal-driven alcohol use (reflecting negative
reinforcement; Koob and Kreek, 2007; Koob and Le Moal, 1997; Koob and Volkow, 2010).

While clinical research to date has not directly translated this neurobiological model of
addiction to humans, controlled alcohol administration in the human laboratory may allow
for such translation by leveraging subjective responses to alcohol as biobehavioral markers
of positive and negative reinforcement (Ray et al., 2010a). To that end, human research has
demonstrated that individuals vary dramatically in their subjective response to alcohol (SR)
and that these differences are in turn predictive of one's liability for alcoholism (King et al.,
2011; King et al., 2013; Ray et al., 2010b; Schuckit, 1984; Schuckit and Smith, 1996). In
partial agreement with the differentiator model (Newlin and Thomson, 1990), recent studies
have found that lower sedative response and greater stimulant response to alcohol in the lab
are associated with escalate drinking and AUD symptomatology at 2 (King et al., 2011) and
even 6 years post assessment (King et al., 2013). Behavioral pharmacology studies have also
established SR to be highly a reliable (Roche et al., 2013) and multi-dimensional phenotype
consisting of stimulation, sedation and tension relief dimensions (Ray et al., 2009). In light
of the multidimensionality of SR, the present study aims to simultaneously characterize
these three key dimensions of SR (Ray et al., 2009). Thus SR, which is often in the human
literature thought of as a marker of risk for future alcohol dependence, (e.g., King et al.,
2011; Schuckit, 1994) will serve as a biobehavioral marker of disease progression used to
test neurobiologically informed predictions regarding the association between SR and
motivation for alcohol during the transition from heavy drinking to alcohol dependence.
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As with subjective responses to alcohol, craving represents a clinically significant
phenotype, which has been associated with loss of control over alcohol consumption. In the
laboratory, a priming dose of alcohol has been associated with both increased alcohol
craving (de Wit, 1996) and alcohol consumption (de Wit, 2000). Reinstatement to alcohol
use from a priming dose has been demonstrated in animal studies and craving in response to
priming doses of alcohol have been used for screening pharmacotherapies for alcoholism
(Hutchison et al., 2001; Ray et al., 2010a, 2007) consistent with the notion that alcohol
induced craving may contribute to the maintenance of alcohol dependence. As noted by
Drummond et al. (2000) craving in response to priming doses versus cues may have
different prognostic value, yet due to ethical limitations regarding alcohol challenge research
with treatment seekers, little is known about the prognostic utility of craving in response to
priming doses. In brief, human laboratory paradigms are well-suited to capture alcohol
craving (Ray, 2012), including alcohol (i.e., priming) induced craving; hence this study
examines SR and alcohol craving concurrently.

In sum, the present study seeks to test Koob and Le Moal's (1997) well-established
neurobiological model of addiction in human samples, through the application of an alcohol
challenge paradigm. Specifically, this study (1) examines SR and alcohol induced craving as
a function of drinking status [i.e., heavy drinkers (HDs) or alcohol dependent (ADs)], and
(2) tests whether drinking status moderates the relationship between SR and alcohol craving.
Taken together, this study provides an initial test of neuroscience-driven hypotheses about
how chronic alcohol use may alter the subjective experience of alcohol in humans. If, as
proposed by Koob and Le Moal (1997), alcohol use is maintained in HDs by positive
reinforcement and in ADs by negative reinforcement, the following should be observed:
(1.1) ADs should exhibit greater reductions in tension (capturing greater alleviation of
negative affect or negative reinforcement). (1.2) ADs should exhibit blunted alcohol induced
stimulation (capturing blunted subjective positive reinforcement from alcohol). (2.1) The
association between stimulation and craving should be positive and greater in magnitude in
HDs. (2.2) The association between tension and craving should be negative and greater in
magnitude in ADs.

2. Methods

2.1 Participants

The present study utilized data culled from two completed alcohol challenge studies (Ray et
al., 2013, 2006). Heavy drinking participants (n=49) were recruited from the Boulder
Colorado community to participate in a study of subjective response to intravenous alcohol
(Ray and Hutchison, 2004; Ray et al., 2006). Inclusion criteria were: (1) age 21-29, (2) score
> 8 on the Alcohol Use Disorders Identification Test (Allen et al., 1997) indicating heavy
alcohol use, and (3) self-reported drinking frequency of at least 3 drinks (2 for women), 2 or
more times a week, and (4) no self-reported history of problems with alcohol or prior
attempts to quit drinking.

Alcohol dependent participants were recruited from the Los Angeles California community
for a study of alcohol administration and alcohol cue reactivity (Ray et al., 2013). Inclusion
criteria for the alcohol dependent group were: (1) age 21-65, (2) self-identification of
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alcohol related problems, (3) =48 drinks per month, (4) non-treatment seeking, and (5)
meeting current DSM-IV criteria for alcohol dependence as determined through a structured
clinical interview. Descriptive statistics of demographic and alcohol use variables are
presented in Table 1.

2.2 Screening Procedures

Complete descriptions of screening procedures are provided in Ray and Hutchison (2006)
and Ray et al. (2013). Initial assessment of inclusion criteria was conducted through
telephone interviews. Eligible participants then completed an in-person assessment session
providing saliva samples for genotyping and completing a series of self-report measures. In
both samples, participants were prospectively genotyped to over-sample for the G-allele of
the A118G SNP of the p-opioid receptor (OPRM1) gene (Ray et al., 2013; Ray and
Hutchison, 2004). Participants in the alcohol dependent group also met with a trained
clinician who conducted a structured clinical interview for DSM-1V (SCID; First et al.,
1995) to determine current (i.e., past month) alcohol dependence. Subjects were assessed for
alcohol withdrawal symptoms and those subjects experiencing serious alcohol withdrawal,
as indicated by a score of 10 or higher on the Clinical Institute Withdrawal Assessment for
Alcohol-Revised (CIWA-R; Puz and Stokes, 2005), were excluded from participation in the
study for safety considerations. Participants deemed eligible after in-person screening and
genotyping completed a physical examination to ensure medically eligibility. All
participants were required to have a Breath Alcohol Concentration (BrAC) equal to 0.000
g/dl prior to each session, and participants were instructed to refrain from drinking alcohol
the night before their visit.

2.3 Alcohol Administration Paradigm

The two studies share identical alcohol administration methods. Alcohol was administered
intravenously in order to assess participants' biobehavioral response to alcohol as distinct
from learned responses to alcohol cues, and to allow for precise experimental control over
BrAC (Li et al., 2001; Plawecki et al., 2008). Participants were seated in a recliner chair
with an 1V placed in their non-dominant arm. Alcohol was administered using a 5% alcohol
solution. Participants were infused at a rate of 0.166 ml/min x body weight in kilograms
(0.126 ml/min x body weight for females). The alcohol infusion started at half target rate
which was escalated to the full rate after 5 minutes of monitoring. BrAC was measured via
breathalyzer every three to five minutes. Target BrACs were 0.02, 0.04, and 0.06 g/dl. Upon
reaching each target BrAC, infusion rates were reduced by half to maintain BrAC during
testing. Participants took an average of 19.9 minutes to reach a BrAC of 0.02 (and complete
the assessments), 26.1 minutes to go from a BrAC of 0.02 to 0.04, and, 33.2 minutes to
reach the last target BrAC of 0.06. Participants were maintained at each target BrACs for
approximately 5-7 minutes while they completed self-reports of SR and craving. Timing of
the alcohol administration paradigm did not differ between HDs and ADs (ps > 0.10).

2.4 Measures

2.4.1 Baseline Measures—Demaographic data was collected for all participants
including, age, years of education, ethnicity, and sex during the in-person screening visit.
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Drinking frequency in the past year was assessed through drinks per drinking day and an 11-
point Likert scale of drinking frequency ranging from “I didn't drink any alcohol” to “daily
drinking” adapted from the Alcohol Consumption Questionnaire (Giovannucci et al., 1991).

2.4.2 Subjective Response Measures—~Participants completed the Biphasic Alcohol
Effects Scale the Profile of Mood States and the Alcohol Urge Questionnaire at baseline and
at each target BrAC. These measures were selected based upon previous research which has
validated the use of these measures in alcohol administration studies and provided empirical
support for a three-factor model of SR (Ray et al., 2009).

2.4.2.1 Biphasic Alcohol Effects Scale (BAES): The BAES was used to capture self-
reported feelings of stimulation and sedation in response to alcohol. Each subscale
(stimulation and sedation) on the BAES has seven items (e.g., Down, Elated, Energized)
rated on a 0 to 10 Likert scale. The BAES has been shown to be a reliable and valid measure
of SR (Erblich and Earleywine, 1995; Martin et al., 1993; Roche et al., 2013).

2.4.2.2 Profile of Mood States (POMS): The POMS has four dimensions; positive mood,
vigor, depression and tension. Sample items in the tension subscale include “Nervous,” and
“Uneasy.” The POMS has been shown to be valid in the context of alcohol administration at
the doses examined in this study (Ray et al., 2009) with the tension subscale representing the
principle component of a tension-relieving dimension of SR.

2.4.2.3 Alcohol Urge Questionnaire (AUQ): The AUQ is comprised of eight items rated
on a 7 point Likert scale with items related to subjective feelings of alcohol craving. The
AUQ has demonstrated high reliability in experimental studies of state alcohol craving
(Bohn et al., 1995; MacK:illop, 2006).

2.5 Data Analytic Strategy

In order to simultaneously characterize SR and alcohol-induced craving along rising BrACs,
latent growth curve (LGC) modeling was employed using EQS version 6.2 for Windows
(Hu and Bentler, 1995). Robust estimation procedures were utilized in light of the sample
size and significant multivariate kurtosis. Model fit was assessed via Yuan-Bentler scaled y2
(Yuan and Bentler, 1997), Comparative Fit Index (CFI; Bentler, 1990) and root means
square error of approximation (RMSEA; Browne et al., 1993). CFI values greater than 0.90
indicate reasonable fit (Bentler, 1990), and a stringent RMSEA upper limit of 0.07 was used
to represent adequate fit (Steiger, 2007). Significant covariances as assessed through
multivariate Lagrange Multiplier (LM) tests were also included in order to improve model
fit. No specific error covariances were hypothesized a priori.

To test the impact of drinking status on SR (aim 1) LGC models were constructed wherein
SR was modeled as a multidimensional construct consisting of stimulant, sedative, and
tension-relieving domains, as measured by the BAES stimulation, BAES sedation, and
POMS tension scales respectively. Alcohol craving, as captured by the AUQ, was also
characterized in this model. Estimates of intercept (value of the construct when the slope
parameter path is set to 0; i.e., BrAC = 0.02) and slope (change parameter over rising
BrACs) were generated for each domain and a binary drinking status variable was allowed
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to predict latent growth parameters (HDs = 0, ADs = 1). Models were conducted including
baseline scores, however due to the categorical difference between the one pre-alcohol
assessment and the three post-alcohol assessments, a linear progression across time-points
was not found to adequately fit the data (CFI = 0.743; RMSEA = 0.092; Yuan-Bentler y2
(118) = 209, p < 0.0001), thus limiting the interpretability of this ill-fitting model. Hence,
the pre-alcohol time point was removed from subsequent models.

In order to assess for moderation of the relationship between dimensions of SR and alcohol
craving by drinking status (aim 2), parallel models were constructed for each drinking status
group in which SR intercepts were allowed to predict alcohol craving intercept, and SR
slopes and the craving intercept were allowed to predict craving slope. Group analyses were
then conducted wherein path coefficients for the parallel models were constrained to be
equal for HDs and ADs and Lagrange Multiplier Test for Releasing Constraints were run to
determine which paths differ significantly between the two groups. Incremental LM test x2
values were calculated for each constrained path and used for hypothesis testing. In sum,
two separate modeling procedures were implemented in order to address the two unique yet
inter-related hypotheses concerning (1) groups differences in SR and (2) group differences
in the association between SR and alcohol craving (i.e., alcohol-induced craving).

3.1 Baseline Comparisons

The AD group was significantly older, had a greater percentage of males, and was more
ethnically diverse than the HD group (Table 1). In light of these baseline differences, age,
sex, and ethnicity, were initially entered as covariates in all hypotheses testing models.
Groups were not found to differ from each other with respect to OPRM1 A118G SNP
genotype status (p > 0.10). As expected, ADs consumed more drinks per drinking day (p <
0.0001) and drank more frequently (p < 0.0001) than HDs, supporting the a-priori
distinction between the two groups on the basis of alcohol exposure.

As an additional validity check, a covariates only model was run, in which sex was
significantly associated with tension intercept, craving intercept, and craving slope (ps <
0.05), and age was associated with tension and craving intercepts (ps < 0.05). However,
when drinking status was entered into the model these effects were no longer significant.
Furthermore, addition of these covariates to drinking status models did not improve model
fit or substantially impact the magnitude or significance of the results presented below, thus
demographic covariates were not retained in the final models. The addition of OPRM1as a
covariate did not improve model fit or alter the significance of the results presented. OPMR1
genotype was associated with only stimulation slope (p = 0.319, p < 0.05), a robust effect
that has previously been reported for these data (Ray et al., 2013; Ray and Hutchison, 2004).

Mean, standard deviation, and Pearson bivariate correlations for all variables in the
structural equation models are presented for all subjects in Table 2 and separately for HDs
and ADs in Supplementary Table S11.
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3.2 Measurement Reliability

The BAES, POMS tension subscale and AUQ were found to be reliable in this sample.
Cronbach's alpha was computed for the first time point for all measures in both the full
sample and separately in each drinking status group and all scales had high reliability
estimates (full sample: a's = 0.91, separately: a's = 0.70).

3.3 Drinking Status and Subjective Response to Alcohol

The LGC model simultaneously assessing domains of SR and alcohol induced craving was
found to fit the data well (CFI = 0.966; RMSEA = 0.048; Yuan-Bentler ¥2(57) = 72.56, p =
0.13). Covariances between stimulation intercept and slope errors and between stimulation
and craving intercept errors were estimated in the final model (ps < 0.05). In this model,
drinking status was significantly related to both sedation intercept ( = 0.385, p < 0.05) and
sedation slope ( = -0.298, p < 0.05). Furthermore, drinking status was associated with
tension intercept (B = 0.728, p < 0.05), but not tension slope (B = 0.281, p > 0.05). Lastly,
drinking status was significantly associated with both craving intercept (3 = 0.417, p < 0.05)
and slope (p = -0.268, p < 0.05). Drinking status was not associated with stimulation
intercept or slope (Bs = -0.111 and -0.008 respectively, ps > 0.05). The final model with
standardized path coefficients is presented in Figure 1. These effects were such that ADs
experienced greater sedation, craving and tension than HDs at the start of the infusion, yet
the increases in sedation and craving over the course of the alcohol infusion were attenuated
in ADs (i.e., flatter positive slope) as compared to HDs.

3.4 Associations between Dimensions of Subjective Response and Alcohol Craving

The model testing the relationship between dimensions of SR and alcohol craving in HDs
demonstrated good fit (CFI = 0.976; RMSEA = 0.064; Yuan-Bentler y2(50) = 59.71, p =
0.16); see Figure 2. A significant covariance between tension intercept and slope was
included in this model (p < 0.05). Only stimulation intercept was significantly related to
alcohol craving intercept in HDs (B = 0.479, p < 0.05; sedation and tension p's > 0.05).
Furthermore, only stimulation slope was significantly associated with craving slope (f =
0.718, p < 0.05; sedation and tension p's > 0.05).

A parallel model was simultaneously generated for ADs, which demonstrated good fit (CFI
= 0.965, RMSEA = 0.068; Yuan-Bentler 2(50) = 59.60, p = 0.17); see Figure 2. Significant
covariance was observed between stimulation and tension intercepts (p < 0.05). In this
model, only tension intercept was significantly associated with craving intercept (p = 0.386,
p < 0.05), such that higher tension at the start of the infusion was associated with greater
craving concurrently. Contrary to the findings in HDs, among ADs no dimension of SR
slope was significantly related to craving slope.

To test group invariance, path coefficients for the parallel models above were constrained to
be equal between groups. Model fit of the constrained paths models was good (CFI = 0.966,

1Supplementary Table S1 provides means, standard deviations and correlations for all subjective response and craving variables at
each time point in HDs and ADs separately and can be found by accessing the online version of this paper at http://dx.doi.org and by
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RMSEA = 0.069; Yuan-Bentler y(50) = 129.7, p = 0.07). Incremental univariate
comparisons of path discrepancies revealed a single significant path discrepancy, namely the
association between stimulation slope and craving slope (x2 = 3.919, p < 0.05). This effect
was such that compared to HDs, ADs displayed a significantly weaker association between
stimulation slope and craving slope (Figure 2).

4. Discussion

This study tested hypotheses derived from the allostatic model of alcoholism in human
samples ascertained for heavy drinking or alcohol dependence. The allostatic model
emphasizes the progression from positive reinforcement-driven drinking to negatively
reinforced drinking (Koob and Le Moal, 1997; Koob and Volkow, 2010). To examine this
transition, HDs and ADs underwent an intravenous alcohol administration to assess their
SR, alcohol-induced craving, and the association between SR and craving across escalating
BrACs.

In terms of SR, alcohol dependent individuals reported significantly higher sedation at the
start of the alcohol administration but exhibited a blunted response along escalating BrACs
(i.e., flatter positive slope). Additionally, ADs exhibited greater tension at the start of the
infusion but did not differ in tension reduction from HDs. These intercept level differences
in sedation and tension may reflect allostatic differences in affective set points as a result of
chronic alcohol use; these are often described in the literature as protracted withdrawal
symptoms (Martinotti et al., 2008). Furthermore, ADs reported greater alcohol craving
initially but their craving did not increase as rapidly as HDs' along rising BrACs. This
blunted craving response may indicate a ceiling effect, or it may be that craving in ADs is
not dependent upon acute response to alcohol to the extent that it is in HDs. This latter
possibility was supported by our second set of analyses. In addition, ADs and HDs were not
found to differ on alcohol-induced stimulation (either initially or over time).

Hypotheses regarding group differences in tension response were partially supported such
that there was a significant effect of drinking status on initial tension, yet we did not observe
group-level differences in terms of tension reduction across rising BrACs. Likewise, the
hypothesis that AD participants would have a blunted stimulation response to alcohol as
compared to HDs was not supported. Together these results suggest that drinking status is
selectively associated with sedation and craving response to alcohol while not impacting
stimulation or tension reduction slopes. This pattern is distinct from what would be
predicted by generalized tolerance syndrome, in which SR slopes are expected to be blunted
across all domains (Morean and Corbin, 2008).

The second study aim was to test whether drinking status moderated the associations
between SR and craving for alcohol during alcohol administration (i.e., priming induced
craving). It was hypothesized that ADs would have a stronger association between tension
reduction and craving and a weaker association between stimulation and craving as
compared to HDs. The results partially supported these hypotheses. Specifically, stimulation
slope was strongly associated with craving slope in HDs, but not in ADs suggesting greater
functional significance of stimulant response to alcohol in motivating drinking, indexed by
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self-reported craving, in HDs as compared to ADs. Thus while ADs and HDs experienced
comparable self-reported stimulation from alcohol (i.e., non-significant group differences on
stimulation), these stimulant effects were relatively de-coupled from craving in ADs,
consistent with the hypothesized transition away from positive reinforcement in alcohol
dependence.

We also observed that tension at the start of the alcohol challenge was associated with
greater craving in ADs, but not in HDs, although no effect of tension reduction from alcohol
was observed. Relatedly, stimulation intercept was associated with craving at the start of the
infusion in HDs, but not in ADs. These findings wherein level of initial positive hedonic
response is predictive of craving in HDs only and negative affect initially is predictive of
craving in ADs only are consistent with the hypothesized transition from positively to
negatively reinforced alcohol use; however, caution is warranted in interpreting these results
as path discrepancy analysis did not reveal significant differences between groups, which in
turn may be a function of limited statistical power for higher-order interactions.

In sum, this study provides a preliminary test of translational hypotheses based on Koob's
allostatic model of addiction pathophysiology (Koob and Le Moal, 1997). These results
supported some of the key predictions from this model, in that a positive hedonic response
to alcohol (i.e., stimulation) was more weakly associated with craving among alcohol
dependent participants as compared to sub-clinical heavy drinkers. Some predictions based
on the allostatic model (Koob and Le Moal, 1997) were not supported in the present
analyses. First, ADs did not differ from HDs in their positive response to alcohol (i.e.,
stimulation). This null result may be partially explained by the fact that both studies were
balanced on OPRM1 genotype, which has been linked with greater stimulation response to
alcohol (Barr et al., 2007; Ray and Hutchison, 2004; Ray et al., 2010c). While, statistically
controlling for OPRML1 did not alter the significance of the results presented, prospective
genotyping may have biased our findings away from detecting group level differences on
stimulation response. Nevertheless, while the AD group may have been genetically selected
to be high stimulation responders, they still exhibited a reduced association between alcohol-
induced stimulation and alcohol craving, consistent with the initial hypothesis that positive
reinforcement would be less salient to ADs.

Secondly, drinking status was not predictive of tension relief, nor did it moderate the
relationship between tension reduction and alcohol craving as was hypothesized. Visual
inspection of the tension means across BrAC revealed that the alcohol administration did not
influence the tension dimension to the same extent as other dimensions of SR in either
group. This result may be a function of the artificial nature of the experimental session,
limiting the generalizability to naturalistic alcohol use where tension relief is thought to be
more salient (Ray et al., 2010c). The moderate dose of alcohol, coupled with the possibility
of acquired tolerance in both groups might have limited our ability to detect significant
group differences in tension reduction and tension-mediated craving. It is also possible that
tension reduction mechanisms depend upon a host of factors beyond the pharmacological
effects of alcohol (e.g., response to alcohol cues, social context), which were suppressed in
the intravenous alcohol administration paradigm. Furthermore, drinkers, even alcohol
dependent drinkers are known to differ in terms of relief drinking (Verheul et al., 1999).
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In order for neurobiologically precise research utilizing animal models to contribute optimal
insights into human psychopathology, such theories must be validated in clinical samples.
Validation in clinical samples then permits theory driven-inferences both in terms of
etiology and treatment development. For example, our results are consistent with the
hypothesis that interventions targeting stimulation (such as opioid antagonism) may be
better tailored for early stage alcoholism, while CRF antagonists may be better tailored
interventions in later stages of addiction (Koob and Zorrilla, 2010). In this way translational
studies aimed at validating preclinical models of alcoholism have the potential to inform a
more complete understanding of addiction etiological and lead to more efficient treatment
development and optimization.

The present findings must be interpreted in light of the study's strengths and limitations.
Strengths of the study include its translational nature and multi-dimensional approach to
testing SR. Additionally, the highly controlled and standardized alcohol administration
paradigm represents a significant strength. Furthermore, the analytical techniques employed
represent a strength in that they allow for simultaneous examination of several hypothesized
associations thereby reducing multiple comparisons and providing a parsimonious and
theory-driven set of tests. The primary study limitation is that we cannot definitively assert
that the HDs did not meet criteria for alcohol dependence as diagnostic interviews were not
conducted in the HD sample. That being said, an inclusion criteria of no self-reported
history of alcohol problems or attempts to quit markedly reduces the possibility that HD
subjects were alcohol dependent. Moreover, the AD group did drink significantly more than
the HD group, thus establishing a meaningful difference between groups. Additionally,
while analyses were conducted exploring the influence of potential demographic factors
(e.g., age, ethnicity, education), it is possible that unmeasured effects explains some of the
observed differences. Though statistically controlling for age did not substantively impact
our results, the difference in age range between HDs and ADs represents a potential
confounding factor. Additional analyses (data not shown) were conducted to compare the
HD group with a subset of the AD group with identical age restrictions and the primary
findings were maintained in this younger subsample. Additional study limitations include
the moderate dose of alcohol and the assessment along the ascending limb only. While
previous comparisons have shown the target dose of 0.06 g/dl to be adequate for modeling
SR (Ray et al., 2007), additional studies using higher alcohol doses and the full BrAC curve
are warranted.

Participants were also aware they were receiving alcohol and thus alcohol expectancies may
have factored into the results obtained. Of note, participants were not told how much alcohol
they received (e.g., BrAC), and intravenous alcohol represents a novel stimuli, thus
reducing, although not eliminating, the potential influence of learned expectancies. Lastly,
additional analyses were conducted on pre-alcohol levels of SR and craving in order to
examine the role of alcohol expectancies. Identical to the intercept-level results presented,
HDs and ADs significantly differed in terms of craving, sedation and tension (p's < 0.05),
but not stimulation (p = 0.77), thus providing confidence that the interpretation of intercept-
level group differences as differences in allostatic set point are likely valid, and not simply a
result of differential alcohol expectancies. Lastly, this study only examined craving in
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response to a priming dose of alcohol, which, while representing an important factor in
alcoholism etiology, may only represent a subset of craving responses maintaining alcohol
misuse (e.g., cue and stress induced craving Drummond et al., 2000). Given the complexity
of the study hypotheses and resulting analytical techniques, sample size was modest thereby
increasing the likelihood of false negatives (type Il error).

Limitations notwithstanding, this study extends the literature on SR by demonstrating that
drinking status alters the subjective experience of alcohol as well as the association between
SR and craving. Critical for the translation of the allostatic model, this initial study
demonstrates that positive hedonic response to alcohol is more predictive of alcohol craving
in HDs as compared to ADs even though absolute response did not differ significantly.
Future studies are warranted to extend this translational approach and further validate,
disconfirm, or refine the behavioral hypotheses derived from Koob's allostatic model in
larger, more representative samples, and using measures of motivation towards alcohol use
(e.g., alcohol self-administration).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Drginking Status (0 = Heavy Drinking [n=49]; 1 = Alcohol Dependent [n=42]) predicting
domains of subjective response to alcohol, as assessed by the BAES Stimulation and
Sedation subscales (Stim and Sed respectively), the Tension subscale of the POMS (Tens),
and alcohol craving as assessed by the AUQ. For ease of presentation, factor loadings for
latent growth parameters, covariances between independent variables, and error terms are
not depicted.
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Figure 2.
Dimensions of subjective response predicting alcohol craving intercept and slope in Heavy

Drinkers vs. Alcohol Dependent Individuals. The path from stimulation slope to craving
slope was found to differ significantly between alcohol groups (2 = 3.919, p < 0.05) such
that increases in stimulation along rising BrAC were more strongly associated with
increased craving for alcohol in heavy drinkers as compared to alcohol dependent
individuals. Stim= BAES stimulation subscale, Sed = BAES sedation subscale, Tens =
POMS tension subscale, Crave = alcohol craving assessed by the AUQ, Int = latent intercept
parameter, Slope = latent slope parameter. For ease of presentation only latent constructs are
depicted.
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Table 1

Baseline differences between heavy drinking and alcohol dependent groups.

Variable Heavy Drinkers (n =49)  Alcohol Dependent Individuals (n =42) Difference Test

Age (SD) 21.98 (1.7) 29.14 (9.5) t(43.3) = -4.83; p< 0.001
Education (SD) 15.16 (1.01) 14.62 (3.39) 1(47.3) = 1.004; ns

Sex (% male) 53.06 73.81 x3(1) = 4.16; p < 0.05
Ethnicity (% Caucasian)” 89.80 59.52 x2(4) = 23.28; p< 0.001
OPRML1 (% G carriers) 39.47 45.24 ¥3(1) =.271; ns

Drinks per Drinking Day 4.26 (1.71) 7.11(2.94) t(89) = -5.756; p < 0.0001
Drinking Frequency (ACQ3)**  6:20 (1.54) 9.00 (1.82) £(89) =-7.93; p < 0.0001

*
Note: Ethnicity differences between groups were tested as a 5 level categorical variable and overall distribution of ethnicity was not found to
differ between groups; however, for simplicity of presentation, only percent Caucasian is reported.

* %
Note: Range of the ACQ3 is 0-11 where 6 = twice weekly and 9 = five times a week, thus average drinks per week was approximately 9 in heavy
drinkers and 35 in alcohol dependent participants.

ACQ = Alcohol Consumption Questionnaire.
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