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Abstract

Researchers have sought to distinguish between individuals whose alcohol use disorder (AUD) is
maintained by drinking to relieve negative affect (“relief drinkers”) and those whose AUD is
maintained by the rewarding effects of alcohol (“reward drinkers™). As an opioid receptor
antagonist, naltrexone may be particularly effective for reward drinkers. Acamprosate, which has
been shown to down-regulate the glutamatergic system, may be particularly effective for relief
drinkers. This study sought to replicate and extend prior work (PREDICT study; Gldckner-Rist et
al. 2013) by examining dimensions of reward and relief temptation to drink and subtypes of
individuals with distinct patterns of reward/relief temptation. We utilized data from two
randomized clinical trials for AUD (Project MATCH, n=1726 and COMBINE study, n=1383). We
also tested whether classes of reward/relief temptation would predict differential response to
naltrexone and acamprosate in COMBINE. Results replicated prior work by identifying reward
and relief temptation factors, which had excellent reliability and construct validity. Using factor
mixture modeling, we identified 5 distinct classes of reward/relief temptation that replicated across
studies. In COMBINE, we found a significant class-by-acamprosate interaction effect. Among
those most likely classified in the high relief/moderate reward temptation class, individuals had
better drinking outcomes if assigned to acamprosate versus placebo. We did not find a significant
class-by-naltrexone interaction effect. Our study questions the orthogonal classification of drinkers
into only two types (reward or relief drinkers) and adds to the body of research on moderators of
acamprosate, which may inform clinical decision making in the treatment of AUD.
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Introduction

Across various models of alcohol use disorder (AUD), different processes are implicated in
the development and progression of AUD (Skinner & Aubin 2010). The allostatic model of
addiction (Koob 2003; Koob & Volkow 2010), which builds on the opponent process theory
(Solomon & Corbit 1974), posits that early stages of addiction are primarily driven by
positive reinforcement and later and more severe stages of addiction are driven by negative
reinforcement. The incentive-sensitization theory (Robinson & Berridge 1993) highlights
that repeated alcohol use leads to hypersensitization (progressively increasing responses) of
the dopamine neural system, which enhances the incentive salience of alcohol, thereby
increasing subjective “wanting” for alcohol. Relatedly, Fields and Cox (2008) proposed that
sensitization of the dopamine system drives alcohol attentional biases for alcohol-related
cues, which increases alcohol-seeking behavior. Finally, the motivational model of AUD
(Cox & Klinger 1988) claims that individuals make conscious choices to consume alcohol
when they are motivated by a desire to improve their affective state through alcohol
consumption.

There may be distinct types of individuals with AUD whose alcohol use is differentially
driven by these processes. In fact, research has focused on how different AUD treatments
may differentially impact AUD outcomes depending on what underlying processes are
maintaining drinking behaviors (Heilig, Goldman, Berrettini, & O’Brien 2011; Mann et a/.
2009; Ray 2012). Verheul et al. (1999) proposed that “reward cravers,” individuals whose
drinking is maintained through the rewarding effects of alcohol, may respond better to
naltrexone and “relief cravers,” individuals whose drinking is maintained through
consuming alcohol to relieve negative affective states, may respond better to acamprosate.
Researchers have elaborated on hypotheses regarding reward and relief craving as potential
moderators of naltrexone and acamprosate, respectively, for AUD (Addolorato, Abenavoli,
Leggio, & Gasbarrini 2005; Heilig et a/. 2011; Mann, Kiefer, Spanagel, & Littleton 2008;
Mann et al. 2009; Ooteman 2005). Specifically, because naltrexone is an opioid receptor
antagonist that may reduce the positive rewarding effects of alcohol (Myrick et a/. 2008), it
may be particularly effective for reward cravers who primarily crave alcohol in contexts
associated with rewarding effects of alcohol (Worley et al. 2015). Because acamprosate has
been shown to down-regulate the glutamatergic system (Spanagel & Zieglgénsberger 1997;
Spanagel & Kiefer 2008), it may be particularly effective for relief cravers who primarily
crave alcohol in contexts associated with relieving effects of alcohol.

Mann and the PREDICT study team (2014) examined whether naltrexone was most
efficacious among individuals with elevated pre-treatment cue-induced ventral striatum (VS)
activation, an indication of elevated sensitivity to the rewarding effects of alcohol. As
hypothesized, they found that naltrexone, but not acamprosate, predicted better alcohol
treatment outcomes among individuals with elevated cue-induced VS activation.
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Measuring Reward and Relief Types of AUD Clients

Neuroimaging may be a powerful method to identify functional client factors (Mann et al.
2014), yet neuroimaging is not a practical approach for treatment matching in clinical
practice. To move closer to precision medicine in AUD treatment, we must also develop
valid, reliable, and practical tools (e.g., self-report measures) for measuring functional client
treatment matching factors, such as reward and relief drinking tendencies. Researchers are
beginning to examine these types of tools. There are preliminary studies on the Amsterdam
Motives for Drinking Scale (Ooteman, Koeter, Verheul, Schippers, & van Den Brink 2006),
the Craving Typology Questionnaire (Martinotti et a/. 2013), the Reasons for Heavy
Drinking Questionnaire (Adams, Schacht, Randall, & Anton, 2016), the Alcohol Abstinence
Self-Efficacy Scale (AASE; Gldckner-Rist ef al. 2013), and the Reward-Relief Drinking
Scale (RRDS; Mann & Nakovics under review) as self-report methods for identifying
reward/relief drinking tendencies. More research is needed to replicate these initial findings
and clarify which methods are most effective for identifying reward and relief tendencies.

Current Study

We focused on replicating and extending findings from analyses of PREDICT data
(Glockner-Rist et al. 2013), which examined the Temptation scale of the Alcohol Abstinence
Self Efficacy Scale (AASE; DiClemente et al. 1994) to assess relief and reward temptation.
Reward temptation is the degree to which one feels compelled to drink in contexts (i.e.,
positive affect and social situations) associated with rewarding effects of alcohol. Relief
temptation is the degree to which one feels compelled to drink in contexts (i.e., negative
affect) associated with relieving effects of alcohol. Glockner-Rist et a/. (2013) found initial
support for using 10 items from the AASE to assess continuous dimensions of relief and
reward temptation. Glockner-Rist et al. (2013) also examined subgroups based on these
dimensions and found four subgroups: a subgroup with high relief tendencies, a subgroup
with high reward tendencies, a subgroup that was high on both dimensions, and a subgroup
that was low on both dimensions.

In this study we utilized data from two alcohol treatment studies: COMBINE (Anton et al.
2006) and Project MATCH (Project MATCH Research Group 1997). Our first aim was to
provide further support for using 10 items from the Temptation Scale of the AASE as a valid
and reliable assessment of relief and reward temptation. We examined the same factor model
presented by PREDICT (Gléckner-Rist ef al. 2013) and examined the construct validity of
these constructs by evaluating their associations with age, dependence severity, depressive
symptoms, and percentage of drinkers in one’s social network. Furthermore, we conducted
analyses to identify distinct subgroups of individuals characterized by varying patterns of
reward and relief temptation.

We then evaluated whether reward/relief subgroups would predict differential response to
naltrexone and acamprosate in the COMBINE study. Primary analyses from COMBINE
found that naltrexone produced improved outcomes relative to placebo, but acamprosate did
not produce improved outcomes relative to placebo (Anton et al. 2006). Based on theoretical
work (Mann et al. 2008; Verheul et al. 1999), we hypothesized that individuals characterized
by higher relief temptation, relative to reward temptation, would have better drinking
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outcomes if randomly assigned to active acamprosate and individuals with higher reward
temptation, relative to relief temptation, would have a better treatment response if randomly
assigned to active naltrexone.

Materials and Method

Participants and Procedure

Measures

We utilized data from two randomized clinical trials on treatments for AUD: the COMBINE
study (Anton ef al. 2006) and Project MATCH (Project MATCH Research Group 1997).
COMBINE was a multi-site randomized clinical trial evaluating combinations of
medications and outpatient-based psychosocial interventions for AUD. Individuals in eight
of the treatment groups were randomly assigned to receive 1) either active naltrexone
(100mg/day) or placebo naltrexone, 2) either active acamprosate (3mg/day) or placebo
acamprosate, and 3) either medication management with a combined behavioral intervention
(CBI) or medication management alone. A ninth group received only CBI. For more
information on the CBI see Miller et al. (2004). All medication and psychosocial
interventions were delivered over the course of 16 weeks and participants were followed up
with for up to a year after treatment. Demographic data among the full COMBINE sample
(n=1,383) were: male (68.8%), mean age = 44.43 (SD = 10.19), non-Hispanic white
(76.7%), Black/African American (7.9%), Asian (0.3%), Hispanic (11.2%), American-
Indian/Alaskan Native (1.3%), multi-racial (1.3%), other race (1.2%). For further details on
the design of COMBINE see COMBINE Study Research Group (2003).

Project MATCH was a multi-site randomized clinical trial comparing three psychosocial
treatments for AUD: Cognitive Behavioral Therapy, Motivational Enhancement Therapy, or
Twelve-Step Facilitation. Project MATCH involved an outpatient arm (7= 952) and an
aftercare arm (n=774). Treatment was delivered over the course of 12 weeks and
participants were followed up with for up to a year after treatment. Demographic data
among the full sample (7= 1,726) were: male (75.7 %), mean age = 40.23 (SD = 10.99),
non-Hispanic white (80.0 %), Black/African American (9.8%), Asian (0.1%), Hispanic
(8.2%), American-Indian/Alaskan Native (1.4%), other race (0.5%). For further details on
the design of Project MATCH see Project MATCH Research Group (1993).

Reward and relief temptation—In COMBINE and MATCH, 10 items from the
Temptation subscale of the Alcohol Abstinence Self-Efficacy Scale (AASE; DiClemente et
al. 1994) were used to assess reward and relief temptation at baseline. The original
Temptation subscale of the AASE includes 20 items and asks participants to indicate the
degree to which they are tempted to drink in various situations on a scale ranging from 1
(not at all tempting) to 5 (extremely tempting). The 10 items were selected based on work by
PREDICT (Glockner-Rist et al. 2013). The internal consistency reliability for both factors
was high: relief temptation (COMBINE: a =.88; MATCH: a = .88) and reward temptation
(COMBINE: a =.92; MATCH: a =.90).
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Baseline covariates—The number of alcohol dependence criteria endorsed on the
Structured Clinical Interview for DSM (version IV in COMBINE and version I11- R in
MATCH; Spitzer et al. 1992; First et al. 1997) was used to assess dependence severity, and
the Important People and Activities instrument (IPA; Clifford & Longabaugh 1991) was
used to assess percentage of drinkers in one’s social network. In MATCH, the Beck
Depression Inventory (BDI; Beck, Steer, & Garbin 1988) was used to assess depressive
symptoms. Reliability of the BDI was high (a = .89). In COMBINE, the depression subscale
of the Brief Symptom Inventory (BSI; Derogatis 1993) was used to assess depressive
symptoms. Reliability of the depression subscale of the BSI was high (a =.87). In
COMBINE, data from the physical exam was used to assess body mass index (BMI).

Alcohol use outcomes—In COMBINE, alcohol consumption was measured using
calendar-based methods: the Form-90 (Miller 1996) and the Timeline Follow-back Interview
(TLFB; Sobell & Sobell 1992). We examined two indices of alcohol consumption: percent
drinking days (PDD) and percent heavy drinking days (PHD; with heavy drinking defined as
4+/5+ drinks for women/men). We examined PDD and PHD during the 30 days prior to the
baseline assessment, the end-of-treatment assessment (week 16), and the first post-treatment
follow-up assessment (week 26).

Statistical Analyses

Missing data—In COMBINE, only 7 participants out of the full sample (7= 1383) had no
available AASE data. In MATCH, only 38 participants out of the full sample (7= 1726) had
no available AASE data. For all models we used all available data and parameters were
estimated with full information maximum likelihood (Witkiewitz et al. 2014).

Confirmatory factor analyses—Mplus Version 7.2 (Muthén & Muthén 2012) was used
to conduct all latent variable models. In COMBINE and MATCH, we used confirmatory
factor analysis (CFA) to test a latent variable model in which a reward temptation latent
factor predicted scores on five items of the AASE (items 4, 8, 15, 17, 20), and a relief
temptation latent factor predicted scores on five items of the AASE (items 3, 6, 12, 16, 18).
Model fit was evaluated by X2 values, the Root Mean Square Error of Approximation
(RMSEA), and the Comparative Fit Index (CFI). Models with RMSEA < 0.05, and CFI >
0.95 were considered a good fit to the observed data (Hu & Bentler 1999). Models with
RMSEA < 0.08 and CFI > 0.90 were considered a reasonable fit.

Construct validity analyses—\We assessed the construct validity of the temptation
factors by conducting structural regression models in which the temptation factors were
examined as associated with age, dependence severity, depressive symptoms, and percentage
of drinkers in one’s social network.

Factor Mixture Models—We utilized factor mixture modeling (FMM) to identify
subgroups of individuals with varying patterns of reward and relief temptation. FMM
combines factor analysis and latent class analysis (Clark ef a/. 2013). In this study, the FMM
included the continuous reward and relief factors, as well as a single categorical latent class
variable, which in turn allowed for the classification of individuals into distinct subgroups.
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Consistent with recommendations (Collins & Lanza 2010), we considered a variety of
factors to determine the optimal class solution: 1) the Lo-Mendell-Rubin Adjusted
Likelihood Ratio Test (Lo ef a/. 2001), which compares whether a & class solution fits better
than a k- 1 class solution, 2) Akaike’s Information Criterion (AIC), Bayesian Information
Criterion (BIC), and sample size adjusted BIC (aBIC), with lower values indicating better
fit, 3) entropy values, with higher value indicating better classification precision, and, 4) the
parsimony and theoretical utility of the class solution. Parameters of interest were: latent
class prevalences and the probability of each response for the reward and relief items given
expected classification in a particular latent class. We conducted a series of FMMs in
COMBINE and determined the optimal class solution. Then we conducted FMMs in
MATCH to determine whether the class solution could be replicated in a separate sample.

Moderation analyses in COMBINE—We examined whether latent class interacted with
medication assignment in the prediction of drinking outcomes, utilizing the inclusive
classify-analyze approach, as described by Bray, Lanza, and Tan (2015). In line with this
approach, we included the outcome variable of interest as a covariate in the FMM, which in
turn was used to derive posterior probabilities of class membership. Individuals were then
assigned class membership based on these posterior probabilities. A series of dummy-coded
variables (e.g., 1 = classified to class x, 0 = not classified to class x) were created to be used
in the subsequent moderation analyses.

We conducted a series of moderated regression analyses (Aiken & West 1991) to examine
the interaction of latent class and medication assignment in the prediction of drinking
outcomes. We created dummy variables for naltrexone (0 = placebo naltrexone, 1 = active
naltrexone) and acamprosate (0 = placebo acamprosate, 1 = active acamprosate). Then we
created interaction terms by multiplying the latent classes with the dummy treatment
variables. For each model, we included the interaction terms, the latent class dummy
variables, the medication assignment dummy variables, as well as a number of covariates as
predictors of each of the four drinking outcomes (PDD and PHD at week 16 and 26).
Covariates included: baseline alcohol use, age, gender, marital status (married vs. not
married), race (white vs. non-white), alcohol dependence severity, body mass index (BMI),
and a dummy variable to control for whether one received the combined behavioral
intervention (CBI). We chose the abovementioned covariates based on variables that have
been shown to be related to drinking outcomes in prior studies utilizing COMBINE data
(Anton et al. 2006; Gueorguieva et al. 2015; Witkiewitz 2011). Because we were examining
the moderators of medication, we excluded participants in the CBI only (no pills) condition
(n=157) from moderation analyses. Only significant omnibus interaction effects (p < .05)
were probed in subsequent analyses, which entailed using #tests to examine differences in
medication effects by latent class.

Confirmatory Factor Analyses in COMBINE and MATCH

Results from the CFA models indicated that the model of the reward and relief temptation
factors provided an adequate fit to the observed data (COMBINE: 2 (34) = 245.105, p<
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0.001; RMSEA = 0.067 (90% CI [0.059, 0.075]; CFI = 0.993; MATCH: 2 (34) = 399.435,
£<0.001; RMSEA = 0.08 (90% CI [0.073, 0.087]; CFI = 0.989). Figure 1 shows the
standardized factor loadings for the CFA, which were nearly all above 0.7.

Construct Validity Analyses in COMBINE and MATCH

A structural regression model with the latent factors of reward and relief temptation
associated with the observed covariates of depressive symptoms, age, dependence severity,
and percentage of drinkers in one’s social network provided a reasonable fit to the data
(COMBINE: x2 (78) = 515.609, p< 0.001; RMSEA = 0.064 (90% CI [0.059, 0.069]; CFI =
0.988; MATCH: x2 (78) = 1146.443, p< 0.001; RMSEA = 0.089 (90% CI [0.085, 0.094];
CFI =0.975). Table 1 presents a summary of the associations found in these models. In both
samples, reward temptation was positively associated with percentage of drinker’s in one’s
social network and negatively associated with depressive symptoms, age, and dependence
severity. Relief temptation was positively associated with depressive symptoms, age, and
dependence severity in both samples, and negatively associated with percentage of drinker’s
in one’s social network in MATCH, but not significantly associated with percentage of
drinker’s in one’s social network in COMBINE.

Factor Mixture Models in COMBINE and MATCH

First, we conducted a series of factor mixture models (FMMs) in COMBINE. Based on the
AIC, BIC, aBIC, the LRT test, the entropy (each shown in Table 2), and the substantively
interpretable pattern of item response probabilities (shown in Table 3), we chose a 5-class
solution in COMBINE. Entropy of 0.865 indicated excellent classification precision. Next,
we sought to replicate these results in MATCH. Based on the FMMs in MATCH, a 5-class
solution provided an adequate fit to the observed data, had excellent classification precision,
and there was a highly similar pattern of item response probabilities for each class (see Table
3). Based on the pattern of item response probabilities shown in Table 2, we labeled class 1
as “low reward/low relief”, class 2 as the “moderate reward/moderate relief,” class 3 as
“high reward/moderate relief,” class 4 as “high relief/moderate reward,” and class 5 as “high
reward/high relief.”

The latent class prevalences (proportions of individuals expected to be classified within each
class) were: low reward/low relief (COMBINE = 0.07; MATCH = 0.11), moderate reward/
moderate relief (COMBINE = 0.27; MATCH = 0.23), high reward/moderate relief
(COMBINE = 0.19; MATCH = 0.33), high relief/moderate reward (COMBINE = 0.28;
MATCH = 0.16), high reward/high relief (COMBINE =0.17; MATCH = 0.16). Overall, the
discrete patterns identified by the FMMs indicated that many individuals (those most likely
classified in classes 1, 2, and 5; approximately 51% of the COMBINE sample and 50% of
the MATCH sample) had similar temptation scores for the reward and relief factors (either
low, moderate, or high, which corresponded to classes 1, 2, and 5, respectively). A smaller
number of individuals (those most likely classified in class 3, approximately 19% of the
COMBINE sample and 33% of the MATCH sample) were higher in reward temptation than
relief temptation. Finally, there was a group of individuals (those most likely classified in
class 4, approximately 28% of the COMBINE sample and 16% of the MATCH sample) who
were higher in relief temptation than reward temptation.
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Interaction Effects of Latent Class and Medication Predicting Outcomes in COMBINE

Results of primary interest were the interaction of latent class and medication assignment in
predicting drinking outcomes (PDD and PHD at weeks 16 and 26). For all models, the low
reward/low relief class (class 1) was the reference class. As seen in Table 4, the interaction
of high relief/moderate reward class by acamprosate assignment significantly predicted
week 16 PDD, week 26 PDD, and week 26 PHD (all p’s <.05). Additionally, the interaction
of high reward/moderate relief (as compared to the low reward/low relief reference class) by
acamprosate assignment significantly predicted week 26 PDD. Significant interaction effects
were probed with £tests to determine the robustness of the effects for making clinical
inferences regarding potential treatment assignments. Among only individuals with expected
classification to the high relief/moderate reward class, those who received active
acamprosate versus placebo acamprosate reported significantly lower week 16 PDD (active
M (SD) = 22.28 (31.60) vs. placebo M (SD) = 30.14 (34.51); Cohen’s d=0.24, p=0.034)
and significantly lower week 26 PHD (active M (SD) = 15.40 (26.74) vs. placebo M (SD) =
22.37 (31.44); Cohen’s d=0.24, p=0.032), and non-significantly lower week 26 PDD
(active M (SD) = 27.80 (33.53) vs. placebo M (SD) = 34.00 (35.85), Cohen’s d=0.17; p=
0.110). Figure 2 displays the mean differences in week 16 PDD and week 26 PHD by
acamprosate condition, first among the group of individuals with expected classification to
high relief/moderate reward class, and then among the group of individuals with expected
classification to the other 4 classes. Among only individuals with expected classification to
the high reward/moderate relief class, those who received active acamprosate versus placebo
acamprosate were not significantly different on week 26 PDD (active M (SD) = 36.39
(35.44) vs. placebo M (SD) = 37.95 (36.48), Cohen’s d =0.04; p=0.743). There were no
other signification interaction effects between latent class and medication assignment.
Notably, there were no significant interaction effects between naltrexone assignment and
latent class in the prediction of drinking outcomes.

Discussion

The first aim of this study was to replicate findings from the PREDICT study (Glockner-Rist
et al. 2013) to provide further support for using 10 items from the AASE to measure reward
and relief temptation among individuals with AUD. We replicated the substantive findings
from PREDICT (Gléckner-Rist et al. 2013) using data drawn from two large clinical trials of
treatments for AUD: the COMBINE study and Project MATCH. In both samples,
confirmatory factor analyses supported the two factor structure model found by Gléckner-
Rist et al. (2013). Construct validity testing across both samples indicated that the
temptation factors were associated with covariates in the expected directions. Reward
temptation was positively related to percentage of drinkers in one’s network and relief
temptation was positively related to depressive symptoms, age, and dependence severity.

We also examined whether there were distinct classes of individuals characterized by
particular patterns of reward and relief temptation. Using factor mixture modeling, we
identified 5 reward/relief classes at baseline in both COMBINE and MATCH: a low
reward/low relief class characterized by low temptation overall, a moderate reward/moderate
relief class characterized by moderate temptation overall, a high reward/high relief class
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characterized by high temptation overall, a high reward/moderate relief class characterized
by high reward temptation and moderate relief temptation, and a high relief/moderate reward
class characterized by high relief temptation and moderate reward temptation. These
findings are very similar to findings from Glockner-Rist et al. (2013) regarding subtypes of
reward/relief temptation, with the exception that this prior study did not identify a moderate/
moderate class. The identification of classes of individuals who reported similar levels of
reward and relief temptation in the current study and Gléckner-Rist ef a/. (2013) calls into
question the orthogonal classification of individuals as either reward drinkers or relief
drinkers. Rather, the current study seems to indicate that many individuals have temptation
on both the reward and relief dimensions, which supports the notion that for many
individuals drinking behavior is likely maintained by histories of both positive and negative
reinforcement for drinking (Koob, 2013).

Another primary aim was to evaluate whether the latent reward/relief temptation classes
moderated response to acamprosate and naltrexone in COMBINE. As hypothesized, we
found a significant interaction effect between the high relief/moderate reward class and
acamprosate in the prediction of PDD at the end-of-treatment (week 16) and PHD 10 weeks
post-treatment (week 26). Among individuals with expected classification to the high relief/
moderate reward class, those who received active acamprosate had significantly lower PDD
at week 16 and lower PHD at week 26 compared to those who received placebo
acamprosate. This finding is consistent with hypotheses regarding the mechanism of action
of acamprosate in the treatment of AUD (Mann et a/. 2009; Mason 2005; Spanagel & Kiefer
2008; Witkiewitz et al. 2012). Of note, we found two other significant omnibus interactions
between latent class and acamprosate (high relief/moderate reward class x acamprosate and
high reward/moderate relief class x acamprosate in the prediction of PDD week 26).
However, follow-up analyses revealed that the differential effects of acamprosate within
each class were not statistically significant and that the interaction effects were not
substantively meaningful. Overall, the key results from the moderation analyses are that
acamprosate seems particularly effective in reducing drinking frequency during active
medication treatment and drinking intensity following active medication treatment among
individuals who exhibit high relief temptation and moderate reward temptation prior to
treatment.

Interestingly, the high relief/moderate reward class was not characterized by the highest
absolute level of relief temptation among the classes. Rather, the high relief/high reward
temptation class was characterized by the highest relief temptation scores. These findings
suggest that acamprosate may be most effective for individuals who have higher relief
temptation relative to reward temptation, rather than individuals with the highest levels of
relief temptation and equally high levels of reward temptation. To our knowledge, our study
is the first study to use latent class moderation to identify a moderator of acamprosate
response. Our findings suggest that latent class moderation may be a promising analytic
approach for identifying subgroups of individuals who exhibit unique patterns of reward and
relief tendencies and may respond differentially to AUD treatments.

Counter to hypotheses, we did not find a significant interaction effect between the high
reward/moderate relief class and naltrexone in predicting any drinking outcomes. One
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explanation for this null finding is that naltrexone was generally more effective for most
patients in COMBINE with a significant main effect of medication (Anton et al. 2006). It is
also possible that items from the AASE are more useful for identifying relief drinkers rather
than reward drinkers. For example, Glockner-Rist et a/. (2013) note that several reward items
from the AASE ask about temptation in general social situations and it is not clear that
positive reinforcement mechanisms are driving reward temptation to drink, as assessed by
the AASE (e.g., item 8: When | am being offered a drink in a social situation, item 15: When
| see others drinking at a bar or party, and item 17: When people | used to drink with
encourage me to drink). Other self-report measures may be better suited to measure reward
drinking tendencies. For example, in PREDICT, Mann and Nakovics (under review)
measured reward drinking tendencies using an adapted version of the Inventory of Drinking
Situations (Annis, Davis, Graham, & Ontario 1987) called the Reward-Relief Drinking Scale
(RRDS). They found that reward drinkers, as assessed by the RRDS, were more likely to
respond to naltrexone than relief drinkers.

One limitation of the current study was the use of self-report measures of alcohol use and
temptation. Biochemical verification and collateral reports were used to verify self-reported
drinking in COMBINE and MATCH, respectively, however, self-reported temptation could
have been influenced by recall biases. The current analyses did not examine genetic and
neurobiological factors, which may also play a role in affecting reward and relief drinking
tendencies and why some individuals may respond better to acamprosate and naltrexone. A
major limitation of the AASE is that it relies on patient’s being subjectively aware of their
own reward and relief temptation tendencies. However, certain processes related to the
rewarding effects of alcohol, such as incentive sensitization and alcohol attentional biases
(Fields & Cox 2008; Robinson & Berridge 1993), may operate outside of patients’
awareness. The lack of a significant reward x naltrexone effect in this study indicates that the
AASE may not be well-suited to identify naltrexone responders. We focused on the AASE
because it was available in both COMBINE and MATCH, but there are other measures that
could identify reward and relief drinkers. There is evidence to support identification of
reward and relief drinkers among AUD patients using the Amsterdam Motives for Drinking
Scale (Ooteman et al. 2006), the Craving Typology Questionnaire (Martinotti ef a/. 2013),
the Reasons for Heavy Drinking Questionnaire (Adams et a/. 2016), and the Reward-Relief
Drinking Scale (RRDS; Mann & Nakovics under review).

Conclusions and Future Directions

Results provide further support for the utility of 10 items from AASE in measuring
continuous reward and relief dimensions of temptation to drink. Moreover, results suggest
that the reward and relief temptation scales of the 10-item AASE can be used to identify
subtypes of individuals with distinct pre-treatment patterns of reward/relief temptation. In
particular, the 10-item AASE may be useful in identifying AUD clients who respond best to
acamprosate. In accordance with theory, we found that acamprosate was particularly
effective among individuals with high relief and moderate reward temptation (Mann et a/.
2009; Verheul et al. 1999). Pending replication of this finding, clinicians could administer
the brief 10-item AASE to clients before treatment in order to identify those clients in which
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acamprosate may be a suitable pharmacotherapy option. Although retrospective self-report
measures, such as the AASE, have limitations (e.g., recall bias), brief self-report measures
are also highly practical tools to implement in clinical practice for identifying subgroups of
patients who respond best to particular treatments. Our results indicate that further research
on the 10-item AASE is warranted in order to better understand whether this measure is a
valid, reliable and effective tool for identifying acamprosate responders. Future research
could examine how the 10-item AASE relates to other self-report measure of reward and
relief tendencies, as well as physiological, neurological, and genetic measures of relevant
constructs (e.g., alcohol cue reactivity).

In this study, we focused on examining a self-report measure of two particular theory-
derived functional constructs, reward and relief temptation tendencies. Undoubtedly, further
research is needed that examines different tools and different constructs that may be useful
for identifying subgroups of treatment responders. Ideally, future research on various self-
report, physiological, neurobiological, and genetic measures of key client matching factors
could ultimately be integrated to identify an optimal battery of pre-treatment measures and
methods to identify subgroups of AUD patients who respond best to particular treatments.
The current study also points to the possibility, which we have observed clinically, that many
individuals are tempted by both reward and relief reasons. There are also some individuals
who are differentially driven by reward temptation and those who are differentially driven by
relief temptation. Future work could consider the potential for non-orthogonal reinforcement
histories for drinking behavior (i.e., relief and reward) and, similar to the current study,
perform analyses that can handle these overlapping continua regarding reasons for drinking.

Importantly, the current study findings contribute to the very limited body of research on
moderators of acamprosate and shed light on potential promising future research directions
in this area of research. In order to move closer to precision medicine in AUD treatment,
more work is needed to identify consistent moderators of both naltrexone and acamprosate
(Garbutt et al. 2014; Gueorguieva et al. 2015; Maisel et al. 2014).
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Q4 When I am on vacation and want to relax.

Q8 When I am being offered a drink in a social situation.

Q15 When I see others drinking at a bar or party.

Q17 When people I used to drink with encourage me to drink.
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Q20 When I am excited and celebrating with others.

Q3 When I am feeling depressed.

Q6 When I am worried.

Q12 When I am physically tired.

Q16 When I sense everything is going wrong with me.
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Q18 When I am angry inside.
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Standardized factor loadings for confirmatory factor analysis models of AASE temptation

items. AASE = Alcohol Abstinence Self-Efficacy Scale. Arrows on far left of figure

represent the residual errors. Unbolded parameters are for the COMBINE study sample.

Bolded parameters are for MATCH study sample.
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Figure 2.

Interaction of acamprosate and latent class in predicting drinking outcomes. * = mean
difference is significant at p < .05. Error bars are 95% confidence intervals.
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