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RELIEF AND REWARD DRINKING ACROSS TIME IN COMMUNITY AND 

TREATMENT-SEEKING SAMPLES  

by 

Julia E. Swan 

B.A., University of Michigan, 2017 

M.S., University of New Mexico  

 

ABSTRACT  

 

Classifying people with alcohol use disorder into homogenous groups based on 

observed characteristics (i.e., phenotypes) could match individuals to specific treatments. The 

reward-relief phenotype classifies individuals based on whether they drink to enhance 

rewarding experiences and/or to relieve negative states. The current study is a secondary data 

analysis of a community sample of non-treatment seeking heavy drinkers (n = 189) and two 

randomized clinical trial samples of individuals with alcohol use disorder (n = 1726, 1383) 

that aimed to determine if the reward-relief phenotype is identified across samples, is stable 

over time, and predicts long-term alcohol consumption and consequences. We found the 

four-profile reward-relief phenotype replicated, and the baseline phenotype predicted 

drinking outcomes in all samples. However, only in the non-treatment-seeking sample was 

the phenotype stable over time. Though further research is warranted, there is evidence that 

group membership by the reward-relief drinking phenotype could predict drinking outcomes 

over time.  
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Introduction 

In the United States, almost fifteen million adults meet criteria for alcohol use 

disorder every year, and more than thirty million adults binge drink every month (Centers for 

Disease Control and Prevention, 2018; Substance Abuse and Mental Health Services 

Administration (SAMHSA), 2018). Consequences of these patterns of alcohol use include 

loss of human life through sudden causes such as acute alcohol intoxication, driving 

fatalities, and fall injuries, and chronic causes such as alcohol-related liver disease, certain 

cancers, and hypertension (Centers for Disease Control and Prevention, 2013). In 2010, the 

estimated economic consequences of these patterns of alcohol use to the government and 

taxpayers include $249 billion a year for health care, lost productivity, and legal system 

expenses (Sacks et al., 2015).  

 Despite these consequences, treatments are underutilized. Only 25% of people with 

alcohol use disorder seek treatment (Dawson et al., 2005), including empirically supported 

psychosocial therapies and pharmacological treatments (e.g., Akbar, Egli, Cho, Song, & 

Noronha, 2018; Kelly, 2017; Ray et al., 2019). Even when these treatments are implemented 

(Young et al., 2018), they are not always as efficacious as expected when compared to 

control or placebo conditions with small to moderate effect sizes for the best empirically 

supported psychosocial and pharmacological treatments (Maisel et al., 2013; Ray et al., 

2019).  

 A possible reason for this limited efficacy may be because alcohol use disorder is 

heterogeneous in its neurobiological development, symptomology, and presentation. For 

example, using  the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-

5) (American Psychiatric Association, 2013; Lane & Sher, 2015; Litten et al., 2015; Tawa et 
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al., 2016) there are 2,048 combinations of symptoms that could lead to an alcohol use 

disorder diagnosis. By classifying (i.e., subtyping) people with alcohol use disorder, more 

homogenous groups may have better outcomes by targeting a specific mechanism of action, 

observable characteristic (i.e., phenotype), or genotype that reinforces alcohol use. Through 

classification, these treatments could be applied to a specific set of individuals who are most 

likely to benefit from a specific treatment (Litten et al., 2015; Mann et al., 2018). 

Classification Models of Alcohol Use Disorder  

 Classification efforts for those with alcohol use disorder formally began in the 1960s 

with Jellinek’s “species” of alcohol use disorder as determined from a survey of people who 

attended Alcoholics Anonymous (Jellinek, 1960). While Jellinek delineated five subtypes, 

only two of those would fall within our current definition of alcohol use disorder (Jellinek, 

1960). Gamma, the most common subtype, emphasized a person’s loss of control once they 

began to drink alcohol but the ability to abstain otherwise. The delta subtype had similar 

characteristics to gamma, but the loss of control facet was instead replaced by an inability to 

abstain from drinking. Jellinek did not hypothesize the stability of these subtypes or possible 

treatment implications (Jellinek, 1960; Kelly, 2019). While this was a step in the right 

direction, these subtypes have only been implemented in a limited fashion or in conjunction 

with later phenotypes (Epstein et al., 1995; Leggio et al., 2009).  

Two other classification systems that have previously been used in clinical trials are 

Cloninger and colleagues’ Type I and Type II (Cloninger et al., 1981) and Babor and 

colleagues’ Type A and Type B (Babor et al., 1992). Those who fall under Cloninger’s Type 

I subtype develop alcohol use disorder later in life and use alcohol for self-medicating 

purposes. Those under Type II develop alcohol use disorder earlier in life and use alcohol for 
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rewarding reasons. Cloninger’s subtypes have received mixed empirical support with some 

studies fully replicating the subtypes (Sigvardsson et al., 1996), partially replicating (Glenn 

& Nixon, 1996; Yoshino et al., 1994), and others failing to replicate or finding that age of 

onset eclipses all other features of the subtypes (Irwin et al., 1990; Sannibale & Hall, 1998; 

Von Knorring et al., 1985).  

Cloninger developed his subtypes based on personality theory, but he later 

hypothesized that people in Type I would have dopaminergic dysfunction and those in Type 

II would have serotonergic dysfunction (Cloninger, 1987, 1995; Cloninger et al., 1981). In 

more recent years, these theoretical dysfunctions have been upheld in several imaging studies 

with Type I having differences in dopaminergic firing in the striatum compared to controls 

and Type II showing differences in the density of serotonin transporters in the hypothalamus 

(Storvik et al., 2008; Tiihonen et al., 1995; Tupala et al., 2003).   

Babor and colleagues created a similar binary model to Cloninger’s defined as Type 

A and B (Babor et al., 1992). Type A was characterized by alcohol problems later in life, 

fewer developmental risk factors, less severe symptoms and consequences, and less 

psychopathology generally. Type B was characterized by the opposing characteristics, 

alcohol problems earlier, more developmental risk factors, more severe symptoms and 

consequences, and comorbid disorders and substance use. Babor and Cloninger’s types only 

overlap in probable age of onset, but the types are often combined as Cloninger I/Babor A 

and Cloninger 2/Babor B (Leggio et al., 2009). However, unlike Cloninger’s, Babor’s 

subtypes have been replicated and supported in multiple studies beyond age of onset (Epstein 

et al., 2002; Litt et al., 1992; Ribeiro et al., 2015; Schuckit et al., 1995). This support may be 

the result of Babor’s subtype development from a broad range of domains through cluster 
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analysis of treatment-seeking patients with alcohol dependence whereas the Cloninger’s 

subtypes were based only on personality theory with adopted sons of parents with alcohol use 

disorder (Babor et al., 1992; Cloninger et al., 1981; Leggio et al., 2009). A limited number of 

clinical trials have examined drinking outcomes based on Babor’s subtypes (Bogenschutz et 

al., 2009; Pettinati et al., 2004), and they have found that those with Type A had better 

outcomes on naltrexone and sertraline, but those defined as Type B had no significant 

differences in drinking outcomes regardless of medication treatment assignment. While these 

models have some support, there is also concern with both of these models for the clinical 

utility of any binary model in such a complex disorder (Epstein et al., 2002).  

Additional subtypes have been created in more recent years like Lesch and Walter’s 

four subtypes (Type I-IV; Lesch & Walter, 1996). The characteristics of these subtypes 

consist of reasons for drinking, family history, childhood risk factors, interpersonal changes, 

and somatic concerns. Lesch’s subtypes have had mixed support from genetic evidence 

(Hillemacher & Bleich, 2008; Samochowiec et al., 2008) and have failed to replicate in other 

datasets (Walter et al., 2006). Treatments based on Lesch’s types have been proposed (Lesch 

& Walter, 1996; Schlaff et al., 2011), but they have not been tested prospectively in any 

clinical trials (Hesselbrock & Hesselbrock, 2006; Schlaff et al., 2011). However, two studies 

have examined post-hoc drinking and treatment outcomes based on Lesch’s subtypes. One 

outpatient study found that patients classified as Lesch’s Type IV had lower levels of 

abstinence and utilized clinical resources less than other patients over a three-month follow-

up (Pombo et al., 2015). Another study found that female patients enrolled in inpatient 

treatment centers classified as Type I were more likely to be readmitted to the hospital for 

treatment in the 24 months following treatment, and those classified as Type II were less 
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likely to be readmitted to the hospital than all other Lesch’s subtypes (Weinland et al., 2017). 

Both studies found support for only portions of the phenotype, and more research is needed. 

However, these subtypes appear to be a step in the right direction with the phenotype having 

possible implications in clinical settings, being characterized by more than two groups, and 

being characterized by some historical factors (e.g., family history) and dynamic or changing 

factors (e.g., somatic concerns). 

Finally, Moss and colleagues found five clusters of people with alcohol dependence 

using latent class analysis, including the young adult subtype, functional subtype, 

intermediate familial subtype, young antisocial subtype, and chronic severe subtype (Moss et 

al., 2007). Moss’s clusters were recently proposed, and the only additional articles supporting 

the clusters utilize the original dataset and were written by the original authors (Moss et al., 

2008, 2010).  

Overall, these subtypes have not found ample support or been well-utilized in clinical 

trials or settings. Jellinek and Cloninger’s models both brought to the forefront important 

aspects of alcohol use disorder including loss of control, reasons for alcohol use, 

environmental influence, and genetic factors. However, as phenotypes, they were not well-

replicated or utilized in treatment settings. Babor’s model has more empirical support, 

including replication of the phenotypes in independent samples and validation of the 

phenotypes by examining medication outcomes by subtype. Lesch’s model has also found 

some support when examining treatment and drinking outcomes by subtype; however, it has 

not been replicated and has only found partial support for the phenotype in any individual 

study. Moss’s model has not been studied enough to draw any conclusions.  
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There are a few additional strengths and limitations of each of the proposed 

phenotypes. Strengths included the small number of subtypes allowing for practical use of 

the phenotype, and all the models consider multiple aspects of the disorder as well, although 

Cloninger’s model can be reduced to age of onset. However, there are also several limitations 

of these models. First, most of the models were developed with historical or behavioral 

human factors in mind and have not considered biological substrates of alcohol use disorder. 

Additionally, the models have only been tested in limited clinical samples with a narrow 

range of alcohol use disorder severity, and most of these subtypes have not been utilized to 

determine treatment efficacy by subtype.   

Classification Models based on Neurotransmitter Dysfunction 

Changes in dopamine and opioids. Previous research based on animal models, 

molecular findings, and human neuroimaging has elucidated possible avenues for the 

classification of people with alcohol use disorder beyond historical and psychological factors. 

Specific molecular dysfunctions prior to substance use or neuroadaptations after substance 

use have been identified, including dysfunctions in neurotransmitters such as dopamine, 

opioids, GABA, glutamate, and serotonin (Banerjee, 2014; Spanagel & Weiss, 1999; 

Spanagel & Zieglglnsberger, 1997; Verheul et al., 1999). One of the primary pathways that is 

discussed in substance use disorder acquisition is the mesolimbic pathway of dopamine 

neurons, which is thought to play a major role in reinforcement and reward processes 

(Spanagel & Weiss, 1999). One theory based on the dopamine system in animal models is 

the incentive-sensitization theory (Robinson & Berridge, 1993). This theory posits that 

repeated drug use creates neuroadaptations in the brain that hypersensitize the dopamine 

system producing compulsive drug use. The “liking” of the drug, or the euphoric effects, 
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dominate the initial exposures to the drug, while repeated drug use over time increases the 

conditioned craving of the drug, called “wanting”. The incentive-sensitization theory may 

explain why cues for substances may not be extinguished for years because of previous 

neuroadaptations. Neuroimaging studies in humans have found that during exposure to 

alcohol cues those with alcohol use disorder had greater activation in the insula, ventral 

striatum, posterior cingulate cortex, precuneus, and superior temporal gyrus compared to 

controls (Ihssen et al., 2011; Schacht et al., 2013). Several of these areas, like the ventral 

striatum and insula, are hypothesized to be part of the reward pathways that may reinforce 

drug use (Koob & Volkow, 2016). This theory also posits that chronic alcohol and substance 

use can lead to reduced dopamine transmission and a decrease in the release of endogenous 

opioids (Koob & Volkow, 2016). Further, dysfunction in the reward system can lead to 

greater negative affect, including irritability and dysphoria (Koob & Volkow, 2010, 2016).  

This theory also emphasizes that pharmacological therapies can be used to treat the 

effects of sensitization to addictive substances. Research in animal models has found that 

blocking opioid receptors reduced voluntary alcohol consumption, which supported the 

development of naltrexone as a treatment for alcohol use disorder (Herz, 1997; Mann et al., 

2013). Naltrexone is an opioid receptor antagonist and FDA-approved pharmacological 

treatment for alcohol use disorder. It is thought to function by blocking µ-opioid receptors on 

GABA interneurons in the ventral tegmental area and allowing these neurons to release 

GABA to GABAB receptors on dopamine neurons, ultimately inhibiting dopamine firing 

(Ray et al., 2012; Verheul et al., 1999). Another medication, nalmefene, was approved in the 

European Union for the reduction of alcohol use (Mann et al., 2016). Like naltrexone, it 

functions as an opioid receptor antagonist for µ-opioid receptors and δ-opioid receptors, yet it 
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is also a partial agonist at κ-opioid receptors (Bart et al., 2005; Mann et al., 2016). While 

these medications still require more research in relation to theoretical models, they provide 

evidence and support for the influence of endogenous opioids and dopamine in the treatment 

of alcohol use disorders.  

Changes in GABA and glutamate. The GABA and glutamate systems have been 

implicated in the neuroadaptations created by alcohol use (Spanagel & Zieglglnsberger, 

1997). However, this mechanism has been less clear cut. Glutamate is an excitatory 

neurotransmitter similarly implicated in incentive salience and reinforcement, while GABA 

operates as an inhibitory neurotransmitter (Banerjee, 2014). Alcohol is a N-methyl-D-

aspartate (NMDA) antagonist, meaning it prevents glutamate from binding to NMDA 

receptors (Banerjee, 2014). While chronic alcohol use will bring about an increase in the 

number or density of NMDA receptors, the absence of alcohol (i.e., an NMDA antagonist) 

among those with chronic alcohol use or an alcohol use disorder may cause glutamate-

induced NMDA activation and hyperactivity and can result in deleterious effects such as 

tremors, agitation, and seizures (Airagnes et al., 2019). 

 Animal studies have also shown that alcohol will bind to GABAA receptors in the 

ventral tegmental area inhibiting GABA firing (Davies, 2003). In turn, this allows dopamine 

neurons to fire, producing increasing the levels of dopamine released in the mesolimbic 

pathway (Chau et al., 2010; Steffensen et al., 2009). Also through animal models, researchers 

were able to study molecular changes that can occur during extended (forced) abstinence 

(Grimm et al., 2001; Spanagel, 2017; Venniro et al., 2016). These studies have particularly 

elucidated changes in the glutamate system, specifically increases in glutamate receptors in 

the nucleus accumbens that cause the nucleus accumbens to be more reactive or sensitive to 
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cues or reward (Conrad et al., 2008). Animal models have also shown a decrease in 

dopamine and serotonin release during withdrawal, which may contribute to increased 

negative affect that is also seen in humans in withdrawal (Clapp et al., 2008; Diana et al., 

2003; Heinz et al., 1998; Koob & Volkow, 2016; Weiss et al., 1996).  

From these findings, the medication, acamprosate, was developed to reduce the return 

to alcohol use in people who are treatment-seeking and has been approved by the FDA 

(Littleton, 1995). Acamprosate is believed to reduce hyperexcitability during withdrawal by 

acting as an ionotropic, glutamate receptor antagonist (NMDA) in the nucleus accumbens 

and presynaptically increasing affinity for binding on GABAA receptors (Banerjee, 2014; 

Leggio et al., 2008). Baclofen is another medication that has been approved in European 

countries and Australia for alcohol use disorder that is a GABAB receptor agonist (Agabio et 

al., 2018; Liu & Wang, 2017). It has been found to suppress common physical withdrawal 

symptoms from chronic alcohol use in rats (Colombo et al., 2006; Colombo & Gessa, 2018). 

Though other molecular changes occur during alcohol use, these systems involving 

dopamine, endogenous opioids, glutamate, and GABA have been most often utilized in 

pharmacological treatments and are supported by animal models.   

Motivational Models  

Several motivational models of addiction pull from animal and human literature 

research with one of the earliest being Solomon & Corbit’s opponent-process theory of 

motivation (Solomon & Corbit, 1974). An opponent-process in the context of addiction is a 

biological response to a change in the system to return the system to homeostasis (Solomon 

& Corbit, 1974). In the opponent-process theory of motivation, the system utilizing the 

opponent-process is the emotional system. Using a substance greatly increases positive 
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affect, so the opponent-process would be to induce negative affect to rebalance the system. 

This opponent-process is reinforced automatically with frequent substance use, and over 

time, motivation for the substance is acquired through the normal functioning of the system.  

Koob and Volkow’s allostatic model of addiction built on this theory (Koob & Le 

Moal, 2001, 2008; Koob & Volkow, 2010, 2016). They proposed that three processes or 

stages are part of an “addiction cycle”, including the binge/intoxication stage, 

withdrawal/negative affect stage, and preoccupation/anticipation stage (Koob & Volkow, 

2010). These stages map on to neuroadaptations that occur in unique and shared systems in 

the brain. The binge/intoxication stage is primarily related to reward and incentive salience, 

which is associated with activity in the basal ganglia, ventral tegmental area, and ventral 

striatum during the initial “impulsive use” of alcohol and shifts to activity in the dorsal 

striatum during later during “compulsive use” and increased dopamine and opioid activity 

(Koob & Volkow, 2016). The withdrawal/negative affect stage pulls on the opponent-process 

theory and is primarily concerned with negative emotional states and stress. In the opponent-

process theory, as explained above, substance use increases positive affect and activates the 

brain’s reward system; however, an opponent process introduces negative affect to return the 

body to homeostasis and after repeated uses of a substance, the opponent process will lower 

the hedonic set point (Koob & Le Moal, 2008). These areas of activity are generally in the 

habenula and the extended amygdala. Finally, the preoccupation/anticipation phase 

consisting of heighted craving and impulsivity, and executive function deficits, that are 

associated with reduced activity in the prefrontal cortex, insula, and allocortex. These 

systems are proposed to mediate risk, maintenance, and relapse in substance use disorders. 



RELIEF AND REWARD DRINKING 
 

 11 

Finally, Cox and Klinger’s motivational model of alcohol use posits that people 

consciously decide whether or not to consume alcohol based on prior expectations of changes 

in affective states that will occur when using alcohol (Cox & Klinger, 1988). Distal or 

proximal factors are influential, but only to the extent in which they change the person’s 

expectations. Unlike many of the previous models, this motivational model emphasizes the 

conscious decision-making that occurs rather than automatic or adaptive responses. The last 

portion of the model breaks down expectations of how alcohol will change the individual’s 

current affective state, concluding that the expectation of an increase in positive affect (i.e., 

enhancement motives) or relief from negative affect (i.e., coping motives) are two reasons for 

people to drink.  

Reward and Relief Model 

In the three-pathway psychobiological model of craving for alcohol, Verheul, Van 

Den Brink, and Geerlings integrated the psychological, neurobiological, and pharmacological 

literature on craving and motivation with utility for the diagnosis and treatment of alcohol 

use disorder (Verheul et al., 1999). In this model, they posit three pathways based on craving 

type, which are reward, relief, and obsessive craving. Each pathway has a specific set of 

neurobiological and psychological components and associated symptoms and motives for 

drinking. Reward craving is typified by dopaminergic and opioidergic dysfunction, 

sensitivity to positive reinforcement, and social reward as a motive for drinking. Relief 

craving is defined by GABAergic dysfunction, sensitivity to negative reinforcement, and 

stress reductions and withdrawal relief as reasons for drinking. Finally, obsessive craving is 

determined by serotonergic dysfunction, impulsivity, and a lack of control. In more recent 

animal research, changes in the corticotropin releasing factor (CRF) system may have a 
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greater influence on stress and withdrawal relief (Koob, 2010; Simpson et al., 2020), and an 

updated three-pathway model would potentially include CRF and elevated norepinephrine in 

addition to GABA in association with relief craving.  

Verheul and colleagues originally hypothesized obsessive craving as one of the three 

pathways in their model, but it is often not included in later analyses on the subject (Mann et 

al., 2009; Ooteman et al., 2006). Additionally, less support has been found for obsessive 

craving, and when it is examined, it is often combined with relief craving (Heinz et al., 

2003). Indeed, more recent research, described below, focuses exclusively on reward and 

relief craving defined as the reward-relief phenotype.  

Application in Precision Medicine	
 Ultimately, creating a phenotype should assist in treating people with alcohol use 

disorder through precision medicine (Litten et al., 2012, 2015). Precision medicine, also 

called personalized medicine, aims to match clients with an optimal treatment based on 

individual characteristics (Carrasco-Ramiro et al., 2017). Medical specialties, such as 

oncology and gastroenterology, have already begun to implement this approach in clinical 

settings (Jackson & Chester, 2015; Štimac & Franjić, 2016), but research has just begun in 

the mental health field with the development of the Research Domain Criteria by the 

National Institute on Mental Health (Cuthbert, 2014; Cuthbert & Insel, 2013; Insel et al., 

2010) and the Alcohol Addiction Research Domain Criteria by the National Institute of 

Alcohol Abuse and Alcoholism (AARDoC) (Litten et al., 2015). The AARDoC aims to 

create a classification system for research by which to examine broad criteria of alcohol use 

disorder on different levels of analysis from social processes to changes in neurotransmission 

(Litten et al., 2015). While these domains have been primarily developed for research 
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purposes, by determining the exact mechanisms of action within these constructs, individual 

dysfunctions can be identified and resolved with specific treatments as well.  

Based on the reward-relief phenotype as proposed by Verheul and colleagues (1999), 

some studies have already begun to test this phenotype with a precision medicine approach. 

Karl Mann and others (2009) developed the PREDICT study with an aim to determine if 

naltrexone and acamprosate would delay the return of a treatment-seeking sample to heavy 

drinking based on the reward-relief phenotype. It was proposed that those primarily drinking 

for the rewarding benefits of alcohol would have significant benefits when taking naltrexone 

based on the hypothesized opioidergic dysfunction among reward drinkers, and those 

drinking primarily for alcohol’s relieving properties would have significant benefits when 

taking acamprosate based on the hypothesized glutamatergic dysfunction among relief 

drinkers (Mann et al., 2009; Verheul et al., 1999).  

Using the PREDICT data and factor mixture modeling, Mann and colleagues (2018) 

identified four classes of reward/relief drinking: high reward/high relief, low reward/high 

relief, high reward/low relief, and low reward/low relief. They found a significant interaction 

between the high reward/low relief subgroup and treatment with naltrexone with an 83% 

decreased likelihood of heavy drinking throughout the 12-week treatment versus placebo. 

However, they did not find significant main effects or interactions between any other 

subgroups, naltrexone or acamprosate, and drinking outcomes during treatment. 

Additionally, they found that the high reward group displayed higher novelty seeking and 

lower depression and anxiety scores. The high relief group displayed lower novelty seeking 

and higher depression and anxiety scores.  
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Using a large, treatment-seeking sample, a study by Roos and others (Roos et al., 

2017) similarly examined the effect of naltrexone and acamprosate by reward-relief 

phenotype. They found a slightly different set of subgroups using confirmatory factor 

analysis and factor mixture modeling with five classes defined as low reward/low relief, 

moderate reward/moderate relief, high reward/moderate relief, high relief/moderate reward, 

and high reward/high relief. They found a main effect of naltrexone assignment predicting 

percent of heavy drinking days at the week 16 assessment compared to placebo. Also, the 

high relief/moderate reward subgroup had significant interaction effects with acamprosate 

predicting percent of drinking days at the week 16 assessment and percent drinking days and 

percent heavy drinking days at the week 26 assessment. Notably, the interaction between the 

high reward/moderate relief subgroup and acamprosate was also significant in predicting 

percent of drinking days at the week 26 assessment. They did not find significant effects 

between any other subgroups, naltrexone, and drinking outcomes during treatment. Broadly, 

relief temptation was also found to be positively associated with depressive symptoms.  

 Another recent study examining the effect of naltrexone by reward-relief phenotype 

(Witkiewitz et al., 2019) found the same two-factor, four-class solution that Mann and 

previous studies have found (Glöckner-Rist et al., 2013; Mann et al., 2018). In addition, they 

found a significant interaction between the high reward/low relief subgroup and naltrexone in 

drinks per drinking day and percent of heavy drinking days during the 12-week treatment 

(Witkiewitz et al., 2019). Those treated with naltrexone in the high reward/low relief 

subgroup also reported less desire to drink over time, which supported the notion that 

naltrexone may reduce the rewarding effects of alcohol and preferentially improve treatment 

outcomes among reward drinkers.  
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 Finally, a study specifically designed to examine reward-relief drinking categorized 

participants as reward, relief, or habit drinkers through a novel questionnaire (Burnette et al., 

2021). They found that combined relief and habit drinkers scored lower on items reflecting 

reward drinking and higher on items reflecting relief drinking in a questionnaire examining 

reasons for drinking. Relief and habit drinkers also had greater alcohol use disorder severity 

and higher cue-elicited bilateral dorsal striatum activation compared to reward drinkers. They 

also found that relief and habit drinkers had higher depressive and trait anxiety scores than 

reward drinkers. 

These studies conducted by Mann, Roos, Witkiewitz, and Burnette (Burnette et al., 

2021; Mann et al., 2018; Roos et al., 2017; Witkiewitz et al., 2019) support portions of the 

reward-relief phenotype and its utility in precision medicine, but this phenotype needs to be 

explored further. The Mann and Witkiewitz studies examined drinking outcomes only 

through 12-week treatment but did not examine follow-up assessments. The Roos study 

examined drinking outcomes at one year but only to determine the efficacy of medications 

within subgroups. The reward-relief phenotype itself has been replicated and supported in 

numerous studies (Mann et al., 2018; Roos et al., 2017; Witkiewitz et al., 2019), but the 

stability of the phenotype across time has not been examined. Based on previous models like 

the allostatic model of addiction (Koob & Volkow, 2010, 2016) or incentive-sensitization 

theory (Robinson & Berridge, 1993), it is expected that an individual’s reason or motivation 

for drinking would change across time. The rewarding benefits of alcohol may be reduced as 

the desire to relieve negative states increases. If a phenotype were stable across time, some 

treatments would always work best for a specific individual. However, if the phenotype 

changes over time, it may be necessary to determine where the individual currently lies 
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within the phenotype with a brief questionnaire or assessment for the correct treatment to be 

applied.  

Aims and Hypotheses 

In the current study, we first aimed to determine whether the reward-relief phenotype, 

as established from the Alcohol Abstinence Self-Efficacy questionnaire (Roos et al., 2017), 

can be replicated in a community, non-treatment-seeking sample and is stable from baseline 

to three months. For individuals within the phenotypic groups, we hypothesized that those 

with the least reward and relief drinking and those with greater relief drinking, regardless of 

reward drinking, would remain classified in those phenotypic groups. Those with the lowest 

reward and relief drinking were likely already drinking at low amounts, and we would not 

expect them to increase their motivation for the rewarding or relieving effects of alcohol. We 

expected that those primarily drinking to relieve negative states would continue to do so 

without treatment and were not likely to drink for more rewarding purposes if they were not 

already doing so. We also expected that those people drinking for primarily rewarding 

reasons would either shift to drinking to relieve negative states or to drinking less for either 

rewarding or relieving purpose. This was expected based on the information presented above, 

where individuals may start consuming alcohol to experience rewarding effects but tend to 

shift toward relieving effects later, potentially to receive the same feeling of reward as the 

hedonic set point continues to lower.  

We also aimed to find if the reward-relief phenotype that has previously been found 

in two larger, treatment-seeking samples is stable from baseline to post-treatment (three to 

four months post-baseline) to extend the findings from Mann et al. and Roos et al. (Mann et 

al., 2018; Roos et al., 2017). For the individuals classified in the phenotype, we hypothesized 
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that those with the lowest reward and relief drinking and those higher in relief drinking, 

regardless of reward drinking, would not change groups from baseline to post-treatment. As 

stated before, though treatment is effective, it is thought that those drinking to relieve 

negative states will have the greatest consumption and consequences, and it may be the most 

difficult for them to recover. Treatment for alcohol use disorder can entail difficult 

withdrawal symptoms and heightened stress and negative affect. If an individual’s previous 

coping mechanism for difficult states was using alcohol, reducing these negative states may 

continue to be a reason for using alcohol, even if they have reduced their alcohol use and 

consequences. We expected those drinking for rewarding reasons would shift toward lower 

reward and relief drinking, as they began to consume less and potentially reduce situations in 

which they would use alcohol for rewarding reasons. 

Additionally, in our community sample, we aimed to explore if the reward-relief 

phenotype predicted alcohol consumption and consequences 18 months after the baseline 

assessment. We hypothesized that those with higher relief drinking, regardless of reward 

drinking, at baseline would have the highest consumption and consequences at 18 months. 

Previous models such as the incentive-sensitization model and the allostatic model of 

addiction posit that individuals using a substance like alcohol would shift from positive 

reinforcement to more compulsive use of alcohol that is negatively reinforced (Koob & 

Volkow, 2010, 2016; Robinson & Berridge, 1993). Based on these theories, we assumed that 

those who drink to relieve negative states, including any withdrawal symptoms, may result in 

heavier consumption and more consequences. We also hypothesized that overall 

consumption would decrease across time. Previous work in alcohol recovery has shown that 

people meeting criteria for alcohol dependence outside of treatment settings still exhibit self-
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initiated change by reducing alcohol consumption (Dawson et al., 2005; Dearing et al., 

2013).  

For the two treatment samples, we hypothesized the reward-relief phenotype at 

baseline would predict alcohol consumption and consequences one year after treatment 

(fifteen to sixteen months post-baseline). For consumption and consequences, we 

hypothesized that those with higher relief drinking, regardless of reward drinking, at baseline 

would have the highest alcohol consumption and consequences at one year. We also 

hypothesized that alcohol consumption and consequences would decrease across time since 

all participants received treatment (i.e., medication, psychotherapy, or both) and were 

actively trying to reduce their alcohol consumption.  
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Method 

Data Sources and Participants 

 This study consisted of secondary data analyses of three samples of individuals 

including: (1) participants recruited to study mechanisms of behavior change in a heavy 

drinking, non-treatment-seeking sample (i.e., the community sample), (2) participants with 

alcohol use disorder seeking treatment in Project Matching Alcoholism Treatment to Client 

Heterogeneity (MATCH; Project MATCH Research Group, 1993, 1997) and (3) participants 

with alcohol use disorder seeking treatment in the Combined Pharmacotherapies and 

Behavioral Interventions (COMBINE) Study (Anton et al., 2006; COMBINE Research 

Group, 2003).  

Community sample. The community sample was recruited from the community in 

Albuquerque, New Mexico as part of the ABQ DrinQ study (Al-Khalil et al., 2021). 

Inclusion criteria comprised being 22 to 55 years old, reporting an Alcohol Use Disorders 

Identification Test (AUDIT) score of greater than 7 for females and greater than 8 for males 

having a breath alcohol level of 0.000 at screening, and being right-handed (due to 

neuroimaging components of the study). Exclusion criteria for this study included seeking 

treatment for alcohol use including mutual support groups like Alcoholics Anonymous, a 

history of brain injury or neurological diagnoses, meeting criteria for lifetime schizophrenia 

or bipolar disorder, a current substance use disorder diagnosis other than cannabis, any 

evidence of illicit drug use on urine drug screen other than cannabis, contraindications for 

magnetic resonance imaging (MRI) at any time throughout the study, a positive pregnancy 

test at any time throughout the study, an estimated IQ below 80, an inability to read or speak 



RELIEF AND REWARD DRINKING 
 

 20 

English fluently, a history of severe alcohol withdrawal including seizures and tremors, and 

any belief by the study team that the participant was providing false information.  

 The study examined longitudinal mechanisms of change that underlie those who 

change or maintain their heavy drinking without psychosocial, behavioral, and neural 

intervention. Neural, behavioral, and self-report measures were collected at baseline, 3 

months, 9 months, and 18 months. For this study, we utilized the self-report data from 

baseline, 3-month, and 18-month assessments to approximate the timepoints utilized in the 

treatment-seeking samples (e.g., baseline, 3- or 4-months post-baseline, and 15- or 16-

months post-baseline).  

 Project MATCH. Project MATCH was a large scale, multisite, randomized clinical 

trial developed to determine if certain types of people with alcohol use disorder would 

respond differently to behavioral treatments for alcohol use including Twelve-Step 

Facilitation, Motivational Enhancement Therapy, and Cognitive-Behavioral Coping Skills 

Therapy (Project MATCH Research Group, 1993). Participants were recruited from 

outpatient or inpatient centers and from the community in Albuquerque, NM; Buffalo, NY; 

Farmington, CT; Milwaukee, WI; West Haven, CT; Charleston, SC; Houston, TX; 

Providence, RI; and Seattle, WA (Project MATCH Research Group, 1997). In total, there 

were 1,726 participants (n = 952 outpatient participants and n = 774 aftercare participants) 

who all received one of the three behavioral treatments (Project MATCH Research Group, 

1997). Inclusion criteria for the study comprised of a current diagnosis of alcohol abuse or 

dependence based on the DSM-III-R (American Psychiatric Association, 1987), alcohol as 

the primary substance of concern, alcohol consumption 3 months before screening for the 

study, aged 18 years or older, a 6th grade reading level or higher, acceptance of treatment 
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randomization, ability to commute to treatment sessions, and prior detoxification when 

medically appropriate. Exclusion criteria included a current diagnosis of other substance 

dependence, intravenous drug use in the previous six months, current suicidal or homicidal 

ideation, probation or parole proceedings that would interfere with the study, residential 

instability, social instability, current severe psychosis, severe physical impairments leading to 

mental impairments, or participation in other treatment for alcohol-related problems not 

including mutual support groups like Alcoholics Anonymous. Greater detail on the 

methodology of Project MATCH has been previously reported (Project MATCH Research 

Group, 1993, 1997). In the current analyses, we used data from the baseline, post-treatment 

(i.e., three months post-baseline), and one-year post-treatment (i.e., 15 months post-baseline) 

assessments.  

 COMBINE. COMBINE was a large, multi-site, randomized clinical trial developed 

to determine if alcohol outcomes could be improved by combining behavioral and 

pharmacological treatments (COMBINE Research Group, 2003). These pharmacotherapies 

included naltrexone and acamprosate, and behavioral therapies included Medical 

Management and Combined Behavioral Intervention. Participants were seeking treatment for 

alcohol use disorder and were recruited from the community and by referral at 11 sites 

including in Providence, RI; Chapel Hill, NC; Boston, MA; Miami, FL; Charleston, SC; 

Albuquerque, NM; Philadelphia, PA; San Antonio, TX; Seattle, WA; Milwaukee, WI; and 

New Haven, CT. In total, there were 1,383 participants from all 11 sites. Inclusion criteria 

included was comprised of being 18 years of age or older; a current DSM-IV diagnosis of 

alcohol dependence (American Psychiatric Association, 1994); signing informed consent for 

the study; having alcohol consumption greater than 14 or 21 drinks (female or male 
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respectively) per week on average and 2 or more heavy drinking episodes (4 drinks for 

females or 5 drinks for males) in the 90 days prior to abstinence; minimum of 4 consecutive 

days of abstinence; a Clinical Institute Withdrawal Assessment for Alcohol score below 8; 

maximum of 21 days of abstinence prior to randomization; no more than 21 consecutive days 

of planned absence during the treatment period; identifying at least 1 “locator” person; and 

the ability to speak and understand English. Exclusion criteria included the current diagnosis 

of any psychological disorders requiring medication; current diagnosis of bulimia, anorexia, 

or dementia; current diagnosis of substance use dependence with the exception of nicotine, 

cannabis, or habitual caffeine use; taking any medications that would interact with study 

medications; significant medical disorders or sensitivity to study medications that cause 

safety concerns; elevated AST, ALT, or bilirubin; pregnant or nursing women or women not 

using adequate contraceptive methods; receiving treatment outside of the study; more than 7 

days of inpatient treatment for substance use disorders in the previous 30 days; and 

participants who have prior use to study medications in the past 30 days. Greater detail on the 

methodology of COMBINE has been previously reported (Anton et al., 2006; COMBINE 

Research Group, 2003). In the current analyses, we used data from the baseline, post-

treatment (i.e., 4 months post-baseline), and 1-year post-treatment (i.e., 16 months post-

baseline) assessments.  

Measures  

 Community sample. 

Demographics. Demographic information, including gender, age, and race and 

ethnicity was collected at baseline and utilized in the current analyses.  
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Alcohol use. To measure alcohol consumption, the Form 90, a retrospective calendar-

based assessment employing the Timeline Follow-Back method, was used to determine daily 

drinking patterns in the past 90 days (Sobell & Sobell, 1992). This method is the gold 

standard for retrospective self-report of alcohol use and has been shown to be reliable and 

accurate in many studies, even for heavy drinkers (Chow et al., 2017; Maisto et al., 2008; 

Miller & Del Boca, 1994; Pedersen et al., 2012; Sobell et al., 1996, 2003). At baseline and at 

the 18-month assessment, participants retrospectively reported daily drinking in the past 90 

days. From those points, we calculated several alcohol use indicators including percent of 

drinking days (PDD), percent of heavy drinking days (PHD; defined as four or more drinks 

for women or five or more drinks for men), and the average number of drinks per drinking 

day (DDD). There were 2 missing responses at baseline (n = 187) and 41 missing responses 

at 18 months post-baseline (n = 148).  

 Reward-relief phenotype. To determine the phenotype of each participant, we utilized 

a portion of the Temptation scale of the Alcohol Abstinence Self-Efficacy questionnaire 

(DiClemente et al., 1994; Glöckner-Rist et al., 2013). The Alcohol Abstinence Self-Efficacy 

questionnaire is a 40-item questionnaire assessing feelings of confidence and temptation to 

drink alcohol in various situations including during social situations, physical discomfort, 

negative affect, and withdrawal symptoms. Each question has a range from zero to five with 

zero being not tempted or not confident at all and five being extremely tempted or extremely 

confident. We employed methods as laid out in previous articles (Glöckner-Rist et al., 2013) 

and used only 10 items total (5 for relief, 5 for reward) from the Temptation scale to 

determine each participant’s reward-relief subtype with data from the baseline and 3-month 

assessments. In the community sample, there were zero missing data at baseline and 41 
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responses missing at three months post-baseline (n = 148). Cronbach’s ! for the relief and 

reward questions at baseline were ! = 0.875 and 0.869, respectively, and at three months 

were ! = 0.881 and 0.882. 

Alcohol consequences. To measure alcohol consequences, we utilized the Short 

Inventory of Problems-Recent questionnaire (Blanchard et al., 2003). The Short Inventory of 

Problems-Recent is a 15-item questionnaire compiled from the original 50-item Drinker 

Inventory of Consequences-Recent to assess adverse consequences from drinking in the past 

3 months in physical, intrapersonal, social responsibility, interpersonal, and impulse control 

domains (Miller et al., 1995). Each question has a Likert response scale from 0 to 3 based on 

frequency (0 = “Never” to 3 = “Daily or almost daily”) with total scores ranging from 0 to 

45. Higher scores indicate more consequences and/or higher frequency of consequences. For 

our current analyses, we utilized total scores from baseline and 18-month assessments. In the 

community sample, there were no missing responses at baseline and 41 responses missing at 

18 months post-baseline (n = 148). Cronbach’s ! for the Short Inventory of Problems-Recent 

at baseline was ! = 0.910 and at 18 months was ! = 0.974. 

Treatment-seeking samples.  

Demographics. Demographic information, including gender, age, race and ethnicity, 

and treatment assignment, were collected at baseline and utilized in the current analyses. For 

Project MATCH, the treatment assignment variables included two, mutually exclusive binary 

variables for those receiving Cognitive-Behavioral Coping Skills Therapy or Motivational 

Enhancement Therapy. For COMBINE, the treatment assignment included three binary 

variables for those receiving acamprosate, naltrexone, and/or Combined Behavioral 

Intervention. In COMBINE, age was missing six responses (n = 1377). 
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Alcohol use. To measure alcohol use, the Form 90 was also used to assess daily 

drinking patterns in the past 90 days at baseline and at 1-year post-treatment (i.e., 15 months 

post-baseline for Project MATCH and 16 months post-baseline for COMBINE). We 

calculated PDD, PHD, and DDD from these timepoints. For Project MATCH, 744 responses 

were missing at baseline (n = 982) and 855 responses at follow-up (n = 871), and for 

COMBINE, 1 response was missing at baseline (n = 1382) and 497 responses were missing 

at follow-up (n = 885). 

Reward-relief phenotype. To determine the phenotype of each participant, we utilized 

10 items from the Temptation scale of the Alcohol Abstinence Self-Efficacy questionnaire 

(DiClemente et al., 1994; Glöckner-Rist et al., 2013) as described above at baseline and post-

treatment (i.e., 3 months post-baseline for Project MATCH and 4 months post-baseline for 

COMBINE). In the Project MATCH sample, 42 responses were missing at baseline (n = 

1684) and 184 at three months post-baseline (n = 1542). In COMBINE, 26 were missing at 

baseline (n = 1357), and 295 were missing at four months post-baseline (n = 1088). For 

Project MATCH, Cronbach’s ! for the relief and reward questions at baseline were ! = 

0.883 and 0.904, respectively, and at three months were ! = 0.897 and 0.903. For 

COMBINE, Cronbach’s ! for the relief and reward questions at baseline were ! = 0.875 and 

0.916, respectively, and at four months were ! = 0.912 and 0.944. 

Alcohol consequences. To determine alcohol consequences, we utilized the Drinker 

Inventory of Consequences-Recent, a 45-item questionnaire that assesses adverse 

consequences from alcohol consumption in the past three months in physical, intrapersonal, 

social responsibility, interpersonal, and impulse control domains (Miller et al., 1995). Like 

the Short Inventory of Problems-Recent, each question has a Likert response scale from 0 to 
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3 based on frequency (0 = “Never” to 3 = “Daily or almost daily”) with total scores ranging 

from 0 to 135. Higher scores indicate more consequences and/or higher frequency of 

consequences. For our current analyses, we utilized the total scores from baseline and 1-year 

post-treatment assessments (i.e., 15 months post-baseline for Project MATCH and 16 months 

post-baseline for COMBINE). At baseline for Project MATCH, 360 responses were missing 

(n = 1366), and at 15 months post-baseline, 818 responses were missing (n = 908). At 

baseline for COMBINE, 2 responses were missing (n = 1381), and at 16 months post-

baseline, 418 responses were missing (n = 908). For Project MATCH, Cronbach’s ! for the 

Drinker Inventory of Consequences-Recent at baseline was ! = 0.931 and at 15 months was 

! = 0.960. For COMBINE, Cronbach’s ! for the Drinker Inventory of Consequences-Recent 

at baseline was ! = 0.926 and at 16 months was ! = 0.969. 

Analytic Approach 

 Descriptive statistics.  

To better understand the data, we examined the means and standard deviations or 

number of responses and percentages of the covariates, follow-up data, and responses to the 

Alcohol Abstinence Self-Efficacy questionnaire. The covariates included age, gender, 

race/ethnicity (dichotomized as non-white vs. white and non-Hispanic), baseline drinking 

variables (PDD, PHD, and DDD), baseline recent drinking consequences, and treatment 

assignment for the two treatment samples. We also examined measures of central tendency 

and response rates of the follow-up data for the drinking variables and drinking 

consequences.  

Latent profile analyses.  
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The first step to analyze the data was to use latent profile analysis at each time point 

to identify groups of individuals, called profiles, based on responses to specific indicators 

(Goodman, 1974; Lazarsfeld & Henry, 1968). This method is very similar to latent class 

analysis, although latent profile analysis typically includes continuous indicators. In latent 

profile analysis, categorical latent variables are identified based on the relationships between 

observed continuous or categorical indicators with an assumption of local independence 

between latent variables. Latent profile analysis estimates two types of parameters: item 

probability parameters and class probability parameters. Item probability parameters are the 

probabilities of responding to indicators given profile membership, and class probability 

parameters estimate the prevalence of individuals within each profile (Nylund et al., 2007). 

In each of our three samples, we determined the number of profiles based on responding 

patterns to the ten items on the Temptation subscale of the Alcohol Abstinence Self-Efficacy 

questionnaire at each time point, and the latent profiles represented the reward-relief 

phenotype for our study.  

Model fit was determined using the Bayesian Information Criterion, adjusted 

Bayesian Information Criterion, and the Lo-Mendell-Rubin adjusted likelihood ratio test. The 

Bayesian Information Criterion is a fit index based on the log likelihood value of a model 

with penalties for a larger number of parameters and larger sample sizes. A lower Bayesian 

Information Criterion value indicates a model with better fit. The adjusted Bayesian 

Information Criterion is similar to the Bayesian Information Criterion except that it does not 

penalize additional parameters as harshly and does not have as much research. Parsimony 

and goodness of fit should be balanced by examining both criteria. The Lo-Mendell-Rubin 

adjusted likelihood ratio test provides a test of significant differences between a model with k 
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classes and k-1 classes, and if the test is statistically significant, the model with k classes 

would provide a better fit. At each time point for each sample, models were identified and 

compared for best fit. The number of classes were determined by a balance of theory and fit 

criteria. For the fit criteria, the best fitting model was indicated with the lowest Bayesian 

Information Criterion, lowest adjusted Bayesian Information Criterion, and significant Lo-

Mendell-Rubin adjusted likelihood ratio test.  

After determining the best fitting model based on theory and fit criteria, we confirmed 

adequate fit with posterior probabilities, entropy, and profile sizes. Posterior probabilities 

indicate the probability of most likely profile membership by the latent profile, and these 

values should approach one. Similarly, entropy is a measure of certainty, where values that 

approach one indicate greater certainty of correct classification. Finally, while there is not a 

cutoff for profile or class sizes in the literature, an often-used rule of thumb is classes 

comprised of less than 1% of the sample or with less than 25 individuals should be well-

justified (Lubke & Neale, 2006). From there, we ran conditional latent profile analyses to 

determine the effect of covariates on the models. Covariates for the samples included age, 

gender, race/ethnicity, baseline drinking variables, baseline recent drinking consequences, 

and treatment assignment for the two treatment samples. 

Latent transition analyses and covariates. 

To determine the stability of classification within the reward-relief phenotype over 

time, we used a longitudinal, autoregressive model called latent transition analysis. Latent 

transition analysis allowed us to test the probability of transitioning between the phenotypic 

groups (i.e., latent profiles) identified at baseline and the follow-up time points (Collins & 

Wugalter, 1992). In other words, do individuals have the same expected classification in each 
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phenotype across time, or do they transition to a different phenotype across time? We 

determined the probability of transitioning between profiles with the transition probability 

matrix. 

In order to interpret transitions in profiles over time it is important to first examine 

whether the latent profiles at each time point (baseline and follow-up) are measurement 

invariant (i.e., equivalent) across time with respect to the number of profiles and types of 

profiles (i.e., the means of the indicators). Thus, we first tested measurement invariance of 

the latent profiles across time by testing a fully invariant model in which the number of 

profiles and means of the indicators were constrained to be equal over time. We then 

compared the loglikelihood of the model that was constrained to the loglikelihood of a latent 

transition model in which the means of the indicators were allowed to vary. We compared the 

nested models using a corrected chi-square difference test to assess the invariance of the 

model longitudinally (Satorra & Bentler, 2010). If the models were invariant, we also ran 

latent transition models without covariates (i.e., unconditional model) and subsequently, with 

covariate predictors (i.e., conditional model) of latent profiles. In the models were not 

invariant then the transition probabilities are not interpretable (i.e., the latent profiles are not 

equivalent and thus transitions between them cannot be interpreted), and no additional 

models were tested.  

Distal outcomes.  

Finally, we determined differences in long-term outcomes based on the baseline latent 

profiles using distal outcome analysis through the manual Bolck–Croon–Hagenaars (BCH) 

three-step approach (Bakk et al., 2013; Bolck et al., 2004; Nylund-Gibson et al., 2019). 

Distal outcome analysis provided an assessment of mean differences in outcomes such as 
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alcohol consumption and consequences between profiles using Wald X2 tests. Additionally, 

the manual BCH three-step approach allows for errors in the classification of individuals at 

baseline, and by manually advancing through the steps, greater flexibility is given in model 

specification (Nylund-Gibson et al., 2019).  

Power Analyses  

For the latent profile analyses, statistical power was estimated using an a priori Monte 

Carlo simulation study (Nylund et al., 2007). In each of the samples, we had power > 0.80 to 

detect four latent profiles using the Lo-Mendell-Rubin Adjusted likelihood ratio test and 

bootstrapped likelihood ratio test. For distal outcome analyses, we conducted power analyses 

in G*Power 3.1 (Faul et al., 2007, 2009). For all samples, we had power > 0.80 to detect 

medium effect sizes of distal outcome differences.   
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Results 

Descriptive Statistics 

Demographic information for the community sample and two treatment samples are 

presented in Table 1. Participants in all samples were primarily non-Hispanic, white (59.8% 

community sample to 80.0% treatment samples) and male (56.6% community sample to 

75.7% treatment samples). Ages ranged from a mean age of 34.15 years old in the 

community sample to 44.55 years old in the COMBINE sample. As expected, the treatment-

seeking samples reported greater frequency and quantity of alcohol use at baseline compared 

to the community sample. Additionally, from baseline to one-year post-treatment, the 

treatment samples had significantly lower PDD, PHD, DDD, and recent drinking 

consequences. The community sample had significantly lower PDD and recent drinking 

consequences.  

The means and standard deviations for the 10 questions from the Alcohol Abstinence 

Self-Efficacy scale is shown in Table 2 for baseline and 3- or 4-months post-baseline (3 

months post-baseline in the community sample and Project MATCH and 4 months post-

baseline in the COMBINE study).  

Latent Profile Analyses 

 Latent profile analyses were conducted for each of the three studies using the ten 

questions from the Alcohol Abstinence Self-Efficacy scale at baseline and at three months 

post-baseline for the community sample and Project MATCH and at four months post-

baseline for COMBINE. The model fit statistics are presented in Table 3. For the community 

sample, the lowest values of the Bayesian Information Criterion and adjusted Bayesian 

Information Criterion indicated that the five-profile model would be the best fit, but the Lo- 
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Table 1.  Sample demographic characteristics and covariates for all studies at all timepoints.  
 Community 

Sample  
(N = 189) 

Project 
MATCH  

(N = 1726) 

COMBINE  
(N = 1383) 

Baseline N (%)  N (%) N (%) 
Gender    
    Female 82 (43.4%) 419 (24.3%) 428 (30.9%) 
    Male 107 (56.6%) 1307 (75.7%) 955 (69.1%) 
Race/Ethnicity    
    White 113 (59.8%) 1381 (80.0%) 1062 (76.8%) 
    Black/African American 9 (4.8%) 169 (9.8%) 109 (7.9%) 
    Asian/Native Hawaiian/Pacific 

Islander 9 (4.8%) 2 (0.1%) 4 (0.3%) 

    American Indian or Alaska Native 39 (20.6%) 25 (1.4%) 18 (1.3%) 
    Latino/Hispanic  92 (48.7%) 141 (8.2%) 155 (11.2%) 
    Bi-Racial, Multi-Racial, or “Other” -- 8 (0.5%) 35 (2.5%) 
Treatment Assignment    
    Cognitive-Behavioral Coping Skills 

Therapy -- 567 (32.9%) -- 

    Motivational Enhancement Therapy -- 577 (33.4%) -- 
    Twelve-Step Facilitation -- 582 (33.7%) -- 
    Acamprosate -- -- 608 (44.0%) 
    Naltrexone -- -- 614 (44.4%) 
    Combined Behavioral Intervention -- -- 619 (44.8%) 
 Mean (SD) Mean (SD) Mean (SD) 
Age 34.15 (9.99) 40.23 (11.00) 44.55 (10.18) 
Consequences from Drinking 
   Short Inventory of Problems 10.03 (7.70)* -- -- 
   Drinker Inventory of Consequences -- 51.76 (23.31)* 47.61 (20.42)* 
Drinking Variables 
   Percent of Drinking Days  50.74 (26.57)* 65.77 (29.83)* 74.96 (25.06)* 
   Percent of Heavy Drinking Days  28.71 (26.90) 55.63 (31.29)* 65.54 (28.57)* 
   Drinks per Drinking Day  6.03 (3.79) 11.51 (7.41)* 12.47 (7.94)* 
Long-term Follow-up 

Consequences from Drinking     
   Short Inventory of Problems 7.42 (7.34)* -- -- 
   Drinker Inventory of Consequences -- 32.01 (25.50)* 19.89 (21.81)* 
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Drinking Variables     
   Percent of Drinking Days  43.34 (30.74)* 27.58 (34.86)* 37.79 (37.69)* 
   Percent of Heavy Drinking Days  27.19 (29.95) 16.71 (28.30)* 26.15 (34.24)* 
   Drinks per Drinking Day  5.56 (3.37) 4.31 (5.27)* 4.67 (5.98)* 
Note. * = significantly different from baseline to long-term follow-up at p < 0.05. For the 
community sample, participants were able to select multiple races and ethnicities for the 
community sample, so the total does not equal 100%. Additionally, treatments in 
COMBINE were combined so participants could be received both acamprosate and 
Combined Behavioral Intervention, for example. Follow-up for the community sample (n = 
148) was completed at 18 months post-baseline, for Project MATCH (n = 871) at 15 months 
post-baseline, and for COMBINE (n = 886) at 16 months post-baseline.  

 

Mendell-Rubin adjusted likelihood ratio indicated a two-profile model at baseline and either 

a two-profile or four-profile model at three months would fit the best.  

 In Project MATCH, the lowest values of the Bayesian Information Criterion and 

adjusted Bayesian Information Criterion indicated that the five-profile model would be the 

best fit. With the Lo-Mendell-Rubin adjusted likelihood ratio test, all models were significant 

except for the five-profile model at baseline. In COMBINE, the Bayesian Information 

Criterion and adjusted Bayesian Information Criterion also indicated the five-profile model 

as the best fit and the Lo-Mendell-Rubin adjusted likelihood ratio test showed all models 

were significant.  

 Given two through five profile models provided acceptable fit and considering prior 

research and concerns about overextraction of too many classes in latent variable mixture 

modeling (Bauer & Curran, 2003), we determined that a four-profile model would provide 

the best balance of parsimony and fit within all samples. This decision was further supported 

by the posterior probabilities, entropy, and class sizes for each of these models that indicated 

adequate fit. These four profiles include Low Relief-Low Reward, High Relief-Low Reward,  
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Table 2. Means and standard deviations of Alcohol Abstinence Self-Efficacy questions for all studies at all timepoints. 

How tempted do you feel to drink in 
these situations? 

Community Sample Project MATCH COMBINE 

Baseline Three Months Baseline Three Months Baseline Four Months 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

1. When I am feeling depressed. 2.86 (1.20) 2.59 (1.20) 3.24 (1.25) 2.58 (1.26) 3.24 (1.13) 2.33 (1.11) 

2. When I am on vacation and want 
to relax. 3.93 (0.89) 3.81 (0.96) 3.31 (1.27) 2.61 (1.28) 2.54 (1.19) 2.73 (1.19) 

3. When I am very worried. 2.57 (1.16) 2.41 (1.17) 3.16 (1.27) 2.45 (1.25) 3.08 (1.10) 2.18 (1.05) 

4. When I am being offered a drink in 
a social situation. 3.97 (0.91) 3.83 (1.04) 3.20 (1.31) 2.45 (1.25) 3.48 (1.20) 2.57 (1.18) 

5. When I am physically tired. 2.21 (1.08) 2.07 (1.05) 2.45 (1.23) 2.02 (1.16) 2.69 (1.14) 1.97 (1.00) 

6. When I see others drinking at a bar 
or at a party. 3.74 (1.01) 3.49 (1.06) 3.23 (1.33) 2.54 (1.29) 3.47 (1.20) 2.57 (1.20) 

7. When I sense everything is going 
wrong for me. 2.85 (1.29) 2.60 (1.33) 3.37 (1.31) 2.63 (1.34) 3.43 (1.18) 2.45 (1.17) 

8. When people I used to drink with 
encourage me to drink. 3.55 (1.10) 3.41 (1.11) 2.91 (1.38) 2.27 (1.28) 3.35 (1.24) 2.47 (1.22) 

9. When I am feeling angry inside. 2.69 (1.29) 2.51 (1.31) 3.29 (1.31) 2.62 (1.33) 3.31 (1.18) 2.31 (1.13) 

10. When I am excited or celebrating 
with others. 4.16 (0.84) 4.06 (0.88) 3.45 (1.29) 2.71 (1.33) 3.61 (1.15) 2.68 (1.22) 

Note. Alcohol Abstinence Self-Efficacy Scale has a range from zero to five for each question with zero being not tempted at all 
and five being extremely tempted. 
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Table 3. Fit statistics for the latent profile analyses for all studies at all timepoints.  

Timepoint BIC aBIC Entropy LMR Adjusted LRT BLRT Smallest n (%) 
Community Sample 
Baseline 
2 Profiles 5288.02 5189.83 0.859 458.36 (p = 0.036) 466.31 (p < 0.001) 85 (45%) 
3 Profiles 5170.55 5037.51 0.858 172.15 (p = 0.083) 175.13 (p < 0.001) 39 (21%) 
4 Profiles 5092.20 4924.32 0.872 133.69 (p = 0.198) 136.01 (p < 0.001) 33 (17%) 
5 Profiles 5066.61 4863.88 0.888 81.84 (p = 0.463) 83.26 (p < 0.001) 17 (9%) 
Three Months 
2 Profiles 4196.30 4098.19 0.906 427.96 (p = 0.007) 435.75 (p < 0.001) 64 (43%) 
3 Profiles 4075.86 3942.95 0.885 172.27 (p = 0.095) 175.40 (p < 0.001) 43 (29%) 
4 Profiles 4008.47 3840.75 0.913 120.17 (p = 0.040) 122.36 (p < 0.001) 21 (14%) 
5 Profiles 3999.72 3797.19 0.921 62.58 (p = 0.222) 63.72 (p < 0.001) 7 (5%) 
Project MATCH 
Baseline 
2 Profiles 50572.67 50474.19 0.914 6113.34 (p < 0.001) 6188.12 (p < 0.001) 591 (35%) 
3 Profiles 48799.51 48666.08 0.875 1832.49 (p < 0.001) 1854.91 (p < 0.001) 327 (19%) 
4 Profiles 47692.26 47523.88 0.866 1174.63 (p = 0.002) 1189.00 (p < 0.001) 307 (18%) 
5 Profiles 47162.53 46959.21 0.858 604.09 (p = 0.106) 611.48 (p < 0.001) 263 (16%) 
Three Months 
2 Profiles 45348.23 45249.74 0.907 6078.93 (p < 0.001) 6154.19 (p < 0.001) 743 (48%) 
3 Profiles 43827.72 43694.30 0.883 1581.69 (p < 0.001) 1601.27 (p < 0.001) 368 (24%) 
4 Profiles 42755.91 42587.54 0.879 1138.50 (p < 0.001) 1152.60 (p < 0.001) 322 (21%) 
5 Profiles 42280.70 42077.39 0.867 549.18 (p = 0.002) 555.98 (p < 0.001) 272 (18%) 
COMBINE 
Baseline 
2 Profiles 39169.76 39071.28 0.886 4161.19 (p < 0.001) 4213.53 (p < 0.001) 514 (37%) 
3 Profiles 37625.68 37492.26 0.877 1603.41 (p < 0.001) 1623.58 (p < 0.001) 243 (18%) 
4 Profiles 36785.79 36617.43 0.858 907.97 (p = 0.007) 919.39 (p < 0.001) 204 (15%) 
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Note. BIC = Bayesian Information Criterion. aBIC = sample size adjusted Bayesian Information Criterion. LMR Adjusted LRT = 
Lo-Mendell-Rubin Adjusted Likelihood Ratio Test. BLRT= Bootstrapped Likelihood Ratio Test. 
 

5 Profiles 36273.68 36070.38 0.855 584.26 (p = 0.028) 591.61 (p < 0.001) 123 (9%) 
Four Months 
2 Profiles 28944.08 28845.61 0.922 5093.20 (p < 0.001) 5159.36 (p < 0.001) 515 (47%) 
3 Profiles 27359.25 27225.84 0.907 1640.50 (p = 0.001) 1661.81 (p < 0.001) 258 (24%) 
4 Profiles 26704.85 26536.51 0.900 722.01 (p = 0.018) 731.38 (p < 0.001) 179 (16%) 
5 Profiles 26043.28 25840.01 0.904 729.08 (p = 0.002) 738.55 (p < 0.001) 130 (12%) 
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Low Relief-High Reward, and High Relief-High Reward groups. The final profile counts and 

proportions are shown in Table 4. Next, we ran conditional latent profile analyses (i.e., with 

covariates) to determine if profile membership was significantly altered by the inclusion of 

covariates. The final profile counts and proportions for the conditional latent profile analyses are 

also presented in Table 4 and did not appear to remarkably alter profile membership for any of 

the samples.  

Latent Transition Analyses and Covariates 

 Latent transition analyses were conducted for each of the three studies with the four-

profile solutions at each time point. First, we tested measurement invariance, then we examined 

transition probabilities (unconditional models) and effects of covariates (conditional models) for 

those latent transition models that were invariant. 

 For the community sample, we found the latent transition model was invariant across 

time (X2 (40) = 23.019, p = 0.986). Within the model, the Low Relief-Low Reward group 

appeared to be the most stable over time with the probability of being in that same profile from 

baseline to three months post-baseline at 0.926 and 0.712 for the unconditional and conditional 

models. The High Relief-Low Reward and Low Relief-High Reward groups were most likely to 

stay in their profiles for both models, and if they did switch groups, they were most likely to 

move to the Low Relief-Low Reward group over time. Additionally, the High Relief-High 

Reward group was most likely to stay in their profile, or if they did switch groups, to move to the 

Low Relief-High Reward or High Relief-Low Reward groups over time. These results were 

consistent when covariates were included. The final counts and proportions of the unconditional 

and conditional latent transition analyses are shown in Table 4. The means and standard errors of 

the indicators of the latent transition analyses (i.e., the Alcohol Abstinence Self-Efficacy
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Table 4. Final profile counts and proportions based on the most likely latent profile membership for all models in the current 
study. 

Sample and Model 

Baseline 

N (%) 

Three to Four Months Post-Baseline 

N (%) 

Community Sample 

Low Relief 

- Low 

Reward 

High Relief 

- Low 

Reward 

Low Relief 

- High 

Reward 

High Relief 

- High 

Reward 

Low Relief 

- Low 

Reward 

High Relief 

- Low 

Reward 

Low Relief 

- High 

Reward 

High Relief 

- High 

Reward 

   Unconditional LPA 33 (17%) 41 (22%) 70 (37%) 45 (24%) 48 (32%) 21 (14%) 43 (29%) 36 (24%) 

   Conditional LPA 33 (18%) 43 (23%) 65 (35%) 46 (24%) 46 (31%) 20 (14%) 49 (33%) 32 (22%) 

   Unconditional LTA 35 (19%) 36 (19%) 74 (39%) 44 (23%) 54 (29%) 31 (16%) 61 (32%) 43 (23%) 

   Conditional LTA 34 (18%) 39 (21%) 68 (36%) 46 (25%) 59 (32%) 30 (16%) 56 (30%) 42 (22%) 

   Outcome Analysis 33 (17%) 41 (22%) 70 (37%) 45 (24%) --  -- -- -- 

Project MATCH 

   Unconditional LPA 307 (18%) 365 (22%) 394 (23%) 622 (37%) 512 (33%) 355 (23%) 322 (21%) 357 (23%) 

   Conditional LPA 71 (9%) 136 (18%) 221 (29%) 334 (44%) 200 (29%) 160 (22%) 179 (25%) 172 (24%) 

   Unconditional LTA 275 (16%) 381 (22%) 305 (18%) 756 (44%) 622 (36%) 391 (23%) 347 (20%) 357 (21%) 

   Conditional LTA 58 (8%) 138 (18%) 181 (23%) 392 (51%) 250 (33%) 145 (19%) 210 (27%) 164 (21%) 

   Outcome Analysis 307 (18%) 365 (22%) 394 (23%) 622 (37%) -- -- -- -- 

COMBINE 

   Unconditional LPA 204 (15%) 317 (23%) 424 (31%) 431 (31%) 385 (35%) 339 (31%) 179 (16%) 192 (18%) 

   Conditional LPA 207 (15%) 283 (21%) 451 (33%) 427 (31%) 380 (35%) 332 (30%) 185 (17%) 192 (18%) 

   Unconditional LTA 121 (9%) 377 (27%) 283 (20%) 600 (43%) 632 (46%) 379 (27%) 244 (18%) 126 (9%) 

   Conditional LTA 126 (9%) 374 (27%) 290 (21%) 582 (43%) 581 (42%) 393 (29%) 246 (18%) 152 (11%) 

   Outcome Analysis 204 (15%) 317 (23%) 424 (31%) 431 (31%) -- -- -- -- 

Note. LPA = Latent profile analysis. LTA = Latent transition analysis. Unconditional = without covariates. Conditional = with 

covariates. For the community sample and Project MATCH, the second timepoint was at three months post-baseline. For 
COMBINE, the second timepoint was at four months post-baseline.  
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Table 5. Latent transition probabilities from the unconditional model for all samples in the current study. 
Baseline Profile Three to Four Month Post-Baseline Profile 

Community Sample 

Low Relief –  

Low Reward  

(N = 54; 29%) 

High Relief –  

Low Reward  

(N = 31; 16%) 

Low Relief –  

High Reward  

(N = 61; 32%) 

High Relief –  

High Reward  

(N = 43; 23%) 

Low Relief – Low Reward 

(N = 35; 19%) 0.926 0.037 0.000 0.037 

High Relief – Low Reward 

(N = 36; 19%) 
0.211 0.547 0.150 0.092 

Low Relief – High Reward 

(N =74; 39%) 
0.228 0.020 0.649 0.103 

High Relief – High Reward 

(N = 44; 23%) 
0.043 0.167 0.126 0.663 

Project MATCH 

Low Relief –  

Low Reward  

(N = 622; 36%) 

High Relief –  

Low Reward  

(N = 391; 23%) 

Low Relief –  

High Reward  

(N = 347; 20%) 

High Relief –  

High Reward  

(N = 357; 21%) 

Low Relief – Low Reward 

(N = 275; 16%) 
0.767 0.111 0.074 0.048 

High Relief – Low Reward 

(N = 381; 22%) 
0.375 0.483 0.044 0.099 

Low Relief – High Reward 

(N = 305; 18%) 
0.366 0.073 0.510 0.050 

High Relief – High Reward 

(N = 756; 44%) 
0.246 0.213 0.219 0.322 

COMBINE 

Low Relief –  

Low Reward  

(N = 632; 46%) 

High Relief –  

Low Reward  

(N = 379; 27%) 

Low Relief –  

High Reward  

(N = 244; 18%) 

High Relief –  

High Reward  

(N = 126; 9%) 

Low Relief – Low Reward 

(N = 121; 9%) 
0.625 0.248 0.063 0.064 
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High Relief – Low Reward 

(N = 377; 27%) 
0.456 0.480 0.016 0.049 

Low Relief – High Reward 

(N = 283; 20%) 
0.433 0.079 0.453 0.035 

High Relief – High Reward 

(N = 600, 43%) 
0.294 0.269 0.221 0.216 

Note. Entropy was 0.872, 0.866, and 0.875 for the community sample, Project MATCH, and COMBINE, respectively. Final 
profile counts and proportions are based on the most likely latent profile membership. The community sample and Project 

MATCH were both analyzed at three months post-baseline and COMBINE was at four months post-baseline.   
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Table 6.  Latent transition probabilities from the conditional model for all samples in the current study. 
Baseline Profile Three to Four Month Post-Baseline Profile 

Community Sample 

Low Relief –  

Low Reward  

(N = 59; 32%) 

High Relief –  

Low Reward  

(N = 30; 16%) 

Low Relief –  

High Reward  

(N = 56; 30%) 

High Relief –  

High Reward  

(N = 42; 22%) 

Low Relief – Low Reward 

(N = 34; 18%) 0.712 0.087 0.000 0.201 

High Relief – Low Reward 

(N = 39; 21%) 
0.335 0.483 0.108 0.074 

Low Relief – High Reward 

(N = 68; 36%) 
0.197 0.000 0.623 0.179 

High Relief – High Reward 

(N = 46; 25%) 
0.127 0.157 0.217 0.499 

Project MATCH 

Low Relief –  

Low Reward  

(N = 250; 33%) 

High Relief –  

Low Reward  

(N = 145; 19%) 

Low Relief –  

High Reward  

(N = 210; 27%) 

High Relief –  

High Reward  

(N = 164; 21%) 

Low Relief – Low Reward 

(N = 58; 8%) 
0.723 0.075 0.134 0.067 

High Relief – Low Reward 

(N = 138; 18%) 
0.440 0.370 0.083 0.106 

Low Relief – High Reward 

(N = 181; 23%) 
0.400 0.064 0.502 0.034 

High Relief – High Reward 

(N = 392; 51%) 
0.207 0.208 0.262 0.323 

COMBINE 

Low Relief –  

Low Reward  

(N = 581; 42%) 

High Relief –  

Low Reward  

(N = 393; 29%) 

Low Relief –  

High Reward  

(N = 246; 18%) 

High Relief –  

High Reward  

(N = 152;11%) 

Low Relief – Low Reward 

(N = 126; 9%) 
0.599 0.262 0.068 0.071 
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High Relief – Low Reward 

(N = 374; 27%) 
0.446 0.480 0.017 0.057 

Low Relief – High Reward 

(N = 290; 21%) 
0.434 0.097 0.430 0.039 

High Relief – High Reward 

(N = 582, 43%) 
0.313 0.264 0.221 0.202 

Note. Entropy was 0.905, 0.879, and 0.875 for the community sample, Project MATCH, and COMBINE, respectively. Final 
profile counts and proportions are based on the most likely latent profile membership. The community sample and Project 

MATCH were both analyzed at three months post-baseline and COMBINE was at four months post-baseline. 
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questions) are shown in Figure 1. The latent transition probabilities for the unconditional models 

and conditional models are shown in Tables 5 and 6, respectively. We also looked at the odds 

ratios for the covariates predicting profile membership as shown in Table 7 with the Low Relief-

Low Reward group as the reference group. There were no significant covariates effects in the 

community sample (i.e., the 95% confidence interval for the odds ratios include 1.0). 

 For Project MATCH and COMBINE, we did not find invariance over time for the latent 

transition analyses (X2 (40) = 266.003, p < 0.001; X2 (40) = 640.912, p < 0.001). However, when 

examining the differences in the means and standard errors between the non-invariant (i.e., 

unconstrained) and invariant (i.e., constrained) models for both samples, as shown in Table 8, 

there were few discrepancies. On average, the means for each profile was slightly higher for the 

non-invariant models at baseline compared to the invariant models and slightly lower at three or 

four months later for the non-invariant models compared to the invariant models. The proportion 

of individuals in each profile was also slightly variable from the non-invariant to the invariant 

models as is displayed in Table 8. For Project MATCH, this included more individuals likely 

classified in the Low Relief-Low Reward and Low Relief-High Reward groups in the non-

invariant model at baseline compared to the invariant model. Additionally, individuals were 

more likely to be classified in the High Relief-High Reward group in the non-invariant model at 

three months compared to the invariant model.  

 For COMBINE, we found similar results. More individuals were likely classified in the 

Low Relief-Low Reward and Low Relief-High Reward groups in the non-invariant model at 

baseline compared to the invariant model. Additionally, individuals were more likely to be 

classified in the High Relief-Low Reward and High Relief-High Reward groups in the non-

invariant model at three months compared to the invariant model. While traditionally non-
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Figure 1. Mean indicator responses and standard errors for the unconditional latent transition analyses in the community sample.  
 

 
Note: SEs = Standard errors. AASE = Alcohol Abstinence Self-Efficacy questionnaire. Rel = Relief and Rew = Reward. In the 
community sample (N = 189), Low Relief – Low Reward = 33 (17%), High Relief – Low Reward = 41 (22%), Low Relief – High 
Reward = 70 (37%), and High Relief – High Reward = 45 (24%).   
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Table 7. Odds ratios for demographic covariates for all samples by profile.  
 High Relief-Low Reward vs. 

Low Relief-Low Reward 
Low Relief-High Reward vs. 

Low Relief-Low Reward 
High Relief-High Reward vs. 

Low Relief-Low Reward 
Community Sample OR [CI] OR [CI] OR [CI] 
Baseline 
Gender  1.739 [0.369, 8.186] 1.241 [0.390, 3.945] 2.470 [0.537, 11.365] 
Age 0.994 [0.917, 1.077] 0.962 [0.897, 1.032] 0.933 [0.856, 1.017] 
Non-Hispanic White 2.128 [0.531, 8.530] 1.516 [0.495, 4.638] 2.558 [0.446, 14.676] 
3 Months 
Gender  3.799 [0.508, 28.407] 1.391 [0.325, 5.948] 1.204 [0.189, 7.692] 
Age 0.997 [0.920, 1.081] 1.055 [0.979, 1.138] 0.966 [0.887, 1.052] 
Non-Hispanic White 0.687 [0.130, 3.638] 2.008 [0.459, 8.792] 3.431 [0.734, 16.050] 
Project MATCH 
Baseline 
Gender 0.493 [0.206, 1.182] 1.082 [0.457, 2.560] 0.556 [0.266, 1.161] 
Non-Hispanic White 3.019 [0.980, 9.301] 1.332 [0.556, 3.192] 1.616 [0.735, 3.553] 
Age  0.990 [0.959, 1.022] 0.956 [0.922, 0.992]* 0.951 [0.924, 0.979]* 
CBT 1.630 [0.691, 3.846] 1.463 [0.635, 3.371] 1.533 [0.731, 3.216] 
MET 1.312 [0.596, 2.888] 0.958 [0.420, 2.186] 0.912 [0.461, 1.804] 
3 Months 
Gender 0.792 [0.432, 1.451] 1.038 [0.595, 1.813] 0.922 [0.497, 1.711] 
Non-Hispanic White 2.658 [0.998, 7.080] 1.563 [0.799, 3.059] 1.331 [0.645, 2.750] 
Age  1.009 [0.984, 1.036] 0.976 [0.951, 1.002] 0.978 [0.953, 1.003] 
CBT 0.956 [0.454, 2.014] 1.742 [0.986, 3.075] 0.831 [0.448, 1.541] 
MET 1.766 [0.935, 3.336] 1.858 [0.940, 3.673] 1.220 [0.657, 2.266] 
COMBINE 
Baseline 
Gender 1.238 [0.711, 2.156] 0.654 [0.356, 1.201] 1.848 [1.101, 3.102] 
Non-Hispanic White 2.009 [1.184, 3.408]* 1.853 [1.085, 3.165]* 1.709 [1.062, 2.751]* 
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Age  0.999 [0.976, 1.022] 0.965 [0.941, 0.989]* 0.967 [0.946, 0.989]* 
Acamprosate 1.238 [0.776, 1.974] 0.969 [0.579, 1.620] 1.099 [0.705, 1.712] 
Naltrexone 1.027 [0.654, 1.612] 0.715 [0.428, 1.196] 0.958 [0.626, 1.466] 
CBI 0.924 [0.582, 1.466] 1.128 [0.698, 1.822] 0.879 [0.571, 1.352] 
4 Months 
Gender 1.343 [0.831, 2.168] 1.204 [0.690, 2.100] 1.225 [0.731, 2.053] 
Non-Hispanic White 1.016 [0.676, 1.529] 2.075 [1.136, 3.789]* 1.193 [0.687, 2.072] 
Age  0.990 [0.972, 1.008] 0.969 [0.947, 0.991]* 0.962 [0.937, 0.987] 
Acamprosate 0.906 [0.644, 1.276] 1.234 [0.807, 1.888] 0.654 [0.409, 1.048] 
Naltrexone 0.929 [0.658, 1.310] 0.995 [0.597, 1.659] 0.765 [0.484, 1.208] 
CBI 0.967 [0.684, 1.368] 0.901 [0.607, 1.338] 0.633 [0.397, 1.009] 

Note. CBT = Cognitive Behavioral Coping Skills Therapy. MET = Motivational Enhancement Therapy. CBI = Combined 
Behavioral Intervention. * = does not include 1 in the confidence interval. OR = odds ratio. CI = 95% confidence interval.  
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Table 8. Means, standard errors, and proportions of AASE questions by class in invariant and noninvariant models for Project 
MATCH and COMBINE samples. 
 Invariant Noninvariant 
 Low Relief 

-Low 
Reward 

Low Relief 
-High 

Reward 

High Relief 
-Low 

Reward 

High Relief 
-High 

Reward 

Low Relief 
-Low 

Reward 

Low Relief 
-High 

Reward 

High Relief 
-Low 

Reward 

High Relief 
-High 

Reward 
Project MATCH 
Baseline 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

 266 
(15.51%) 

319 
(18.60%) 

378 
(22.04%) 

753 
(43.84%) 

313 
(18.26%) 

397 
(23.14%) 

383 
(22.29%) 

624 
(36.32%) 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
AASE 1 1.62 (0.05) 2.32 (0.12) 3.52 (0.08) 3.97 (0.06) 1.72 (0.07) 2.64 (0.12) 3.68 (0.09) 4.11 (0.07) 
AASE 3 1.52 (0.04) 2.22 (0.13) 3.37 (0.08) 3.88 (0.06) 1.63 (0.07) 2.58 (0.11) 3.54 (0.09) 4.06 (0.08) 
AASE 5 1.31 (0.03) 1.99 (0.09) 2.41 (0.07) 3.07 (0.05) 1.35 (0.04) 2.19 (0.09) 2.48 (0.08) 3.16 (0.06) 
AASE 7 1.58 (0.04) 2.28 (0.15) 3.62 (0.09) 4.25 (0.06) 1.63 (0.06) 2.67 (0.15) 3.79 (0.09) 4.42 (0.07) 
AASE 9 1.57 (0.04) 2.30 (0.15) 3.53 (0.08) 4.16 (0.05) 1.64 (0.06) 2.64 (0.13) 3.68 (0.10) 4.30 (0.07) 
AASE 2 1.69 (0.05) 3.33 (0.10) 2.80 (0.08) 3.96 (0.04) 1.88 (0.09) 3.57 (0.11) 2.94 (0.09) 4.09 (0.05) 
AASE 4 1.42 (0.04) 3.26 (0.11) 2.35 (0.10) 4.10 (0.05) 1.55 (0.08) 3.53 (0.14) 2.50 (0.12) 4.23 (0.05) 
AASE 6 1.45 (0.05) 3.33 (0.10) 2.37 (0.09) 4.21 (0.05) 1.56 (0.08) 3.57 (0.14) 2.45 (0.12) 4.33 (0.05) 
AASE 8 1.29 (0.03) 2.78 (0.13) 2.12 (0.09) 3.93 (0.05) 1.39 (0.06) 3.05 (0.17) 2.20 (0.12) 4.01 (0.06) 
AASE 10 1.55 (0.06) 3.64 (0.10) 2.71 (0.10) 4.32 (0.04) 1.73 (0.10) 3.86 (0.12) 2.80 (0.13) 4.43 (0.04) 
Three Months 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

 648 
(37.73%) 

364 
(21.21%) 

396 
(23.07%) 

309 
(17.98%) 

574 
(33.45%) 

351 
(20.46%) 

399 
(23.26%) 

392 
(22.83%) 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
AASE 1 1.62 (0.05) 2.32 (0.12) 3.52 (0.08) 3.97 (0.06) 1.52 (0.05) 2.13 (0.09) 3.29 (0.11) 3.84 (0.07) 
AASE 3 1.52 (0.04) 2.22 (0.13) 3.37 (0.08) 3.88 (0.06) 1.44 (0.05) 1.97 (0.09) 3.15 (0.12) 3.67 (0.07) 
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AASE 5 1.31 (0.03) 1.99 (0.09) 2.41 (0.07) 3.07 (0.05) 1.27 (0.03) 1.87 (0.07) 2.28 (0.10) 3.01 (0.08) 
AASE 7 1.58 (0.04) 2.28 (0.15) 3.62 (0.09) 4.25 (0.06) 1.49 (0.05) 2.04 (0.10) 3.40 (0.12) 4.08 (0.07) 
AASE 9 1.57 (0.04) 2.30 (0.15) 3.53 (0.08) 4.16 (0.05) 1.49 (0.06) 2.08 (0.11) 3.35 (0.11) 4.02 (0.07) 
AASE 2 1.69 (0.05) 3.33 (0.10) 2.80 (0.08) 3.96 (0.04) 1.58 (0.05) 3.14 (0.12) 2.58 (0.10) 3.68 (0.07) 
AASE 4 1.42 (0.04) 3.26 (0.11) 2.35 (0.10) 4.10 (0.05) 1.35 (0.04) 3.07 (0.11) 2.16 (0.10) 3.83 (0.08) 
AASE 6 1.45 (0.05) 3.33 (0.10) 2.37 (0.09) 4.21 (0.05) 1.38 (0.04) 3.15 (0.12) 2.22 (0.12) 4.02 (0.08) 
AASE 8 1.29 (0.03) 2.78 (0.13) 2.12 (0.09) 3.93 (0.05) 1.24 (0.03) 2.60 0.13) 1.95 (0.10) 3.82 (0.09) 
AASE 10 1.55 (0.06) 3.64 (0.10) 2.71 (0.10) 4.32 (0.04) 1.45 (0.04) 3.48 (0.12) 2.55 (0.12) 4.06 (0.07) 
COMBINE 
Baseline 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

 121  
(8.77%) 

289 
(20.89%) 

379 
(27.47%) 

592 
(42.87%) 

211 
(15.29%) 

390 
(28.24%) 

350 
(25.36%) 

430 
(31.11%) 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
AASE 1 1.49 (0.05) 2.37 (0.15) 3.07 (0.12) 3.95 (0.09) 2.01 (0.11) 2.69 (0.08) 3.47 (0.10) 4.16 (0.06) 
AASE 3 1.41 (0.04) 2.22 (0.15) 2.84 (0.12) 3.80 (0.09) 1.84 (0.11) 2.54 (0.08) 3.27 (0.09) 4.01 (0.06) 
AASE 5 1.34 (0.03) 2.21 (0.16) 2.40 (0.08) 3.19 (0.06) 1.72 (0.10) 2.45 (0.07) 2.75 (0.08) 3.33 (0.07) 
AASE 7 1.52 (0.04) 2.43 (0.15) 3.29 (0.13) 4.23 (0.09) 2.02 (0.10) 2.83 (0.11) 3.72 (0.09) 4.44 (0.06) 
AASE 9 1.44 (0.04) 2.28 (0.12) 3.14 (0.12) 4.06 (0.11) 1.97 (0.12) 2.65 (0.10) 3.57 (0.09) 4.34 (0.06) 
AASE 2 1.76 (0.06) 3.66 (0.22) 2.95 (0.05) 4.16 (0.04) 2.12 (0.11) 3.83 (0.10) 3.18 (0.09) 4.29 (0.05) 
AASE 4 1.55 (0.07) 3.66 (0.22) 2.63 (0.07) 4.26 (0.04) 1.83 (0.09) 3.91 (0.10) 2.83 (0.15) 4.42 (0.06) 
AASE 6 1.55 (0.06) 3.67 (0.22) 2.57 (0.07) 4.31 (0.04) 1.84 (0.08) 3.88 (0.10) 2.77 (0.16) 4.48 (0.05) 
AASE 8 1.41 (0.06) 3.53 (0.24) 2.51 (0.06) 4.17 (0.05) 1.64 (0.08) 3.71 (0.10) 2.70 (0.16) 4.36 (0.06) 
AASE 10 1.65 (0.07) 3.82 (0.21) 2.79 (0.07) 4.33 (0.04) 1.98 (0.09) 4.03 (0.10) 3.02 (0.13) 4.50 (0.05) 
Four Months 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

 548 
(39.67%) 

275 
(19.92%) 

394 
(28.52%) 

164 
(11.89%) 

470 
(34.02%) 

229 
(16.60%) 

436 
(31.58%) 

246 
(17.79%) 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
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AASE 1 1.49 (0.05) 2.37 (0.15) 3.07 (0.12) 3.95 (0.09) 1.37 (0.05) 2.03 (0.11) 2.82 (0.10) 3.66 (0.08) 
AASE 3 1.41 (0.04) 2.22 (0.15) 2.84 (0.12) 3.80 (0.09) 1.32 (0.04) 1.88 (0.09) 2.55 (0.09) 3.50 (0.09) 
AASE 5 1.34 (0.03) 2.21 (0.16) 2.40 (0.08) 3.19 (0.06) 1.25 (0.04) 1.94 (0.08) 2.20 (0.06) 3.01 (0.10) 
AASE 7 1.52 (0.04) 2.43 (0.15) 3.29 (0.13) 4.23 (0.09) 1.41 (0.05) 2.10 (0.10) 2.96 (0.11) 3.92 (0.08) 
AASE 9 1.44 (0.04) 2.28 (0.12) 3.14 (0.12) 4.06 (0.11) 1.35 (0.04) 1.91 (0.10) 2.83 (0.11) 3.67 (0.09) 
AASE 2 1.76 (0.06) 3.66 (0.22) 2.95 (0.05) 4.16 (0.04) 1.68 (0.05) 3.47 (0.13) 2.78 (0.08) 3.99 (0.08) 
AASE 4 1.55 (0.07) 3.66 (0.22) 2.63 (0.07) 4.26 (0.04) 1.42 (0.05) 3.43 (0.11) 2.54 (0.07) 4.06 (0.08) 
AASE 6 1.55 (0.06) 3.67 (0.22) 2.57 (0.07) 4.31 (0.04) 1.42 (0.05) 3.48 (0.13) 2.49 (0.07) 4.08 (0.08) 
AASE 8 1.41 (0.06) 3.53 (0.24) 2.51 (0.06) 4.17 (0.05) 1.29 (0.04) 3.37 (0.14) 2.43 (0.08) 3.94 (0.09) 
AASE 10 1.65 (0.07) 3.82 (0.21) 2.79 (0.07) 4.33 (0.04) 1.53 (0.05) 3.57 (0.12) 2.70 (0.08) 4.01 (0.08) 

Note. AASE = Alcohol Abstinence Self-Efficacy questionnaire. SE = standard error. 
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invariant latent transition models would not be examined any further, given the similarities of 

results in the non-invariant and invariant models, we still present the latent transition analyses for 

the Project MATCH and COMBINE samples, which should be interpreted with caution.  

 In the Project MATCH sample, we found the Low Relief-Low Reward group also 

appeared to be the most stable over time with the probability of staying in that profile from 

baseline to three months post-baseline at 0.767 and 0.723 for the unconditional and conditional 

models (see Figure 2). Similarly, the High Relief-Low Reward and Low Relief-High Reward 

groups are most likely to stay in their profiles or move to the Low Relief-Low Reward groups. 

However, for the High Relief-High Reward group, they are most likely to stay in their group, but 

if they move, they are most likely to move to the Low Relief-Low Reward group for the 

unconditional model. In the conditional model, we found that each profile was most likely to stay 

in that profile from baseline to three months, except for the High Relief-Low Reward group, 

which was most likely to shift to the Low Relief-Low Reward group. The latent transition 

probabilities for the unconditional models and conditional models are shown in Tables 5 and 6, 

respectively. We also looked at the odds ratios for the covariates predicting profile membership 

as shown in Table 7 with the Low Relief-Low Reward group as the reference group. We found at 

baseline individuals who were younger were more likely to be classified in the Low Relief-High 

Reward and High Relief-High Reward group, than those in the Low Relief-Low Reward group. 

 In the COMBINE sample, the Low Relief-Low Reward group continued to be the most 

stable over time with the probability of staying in that profile from baseline to four months post-

baseline at 0.625 and 0.599 for the unconditional and conditional models (see Figure 3). 

Similarly, the High Relief-Low Reward and Low Relief-High Reward groups are most likely to 

stay in their profiles or move to the Low Relief-Low Reward groups. However, for the High 
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Figure 2. Mean indicator responses and standard errors for the unconditional latent transition analyses in Project MATCH. 
 

 
Note: SEs = Standard errors. AASE = Alcohol Abstinence Self-Efficacy questionnaire. Rel = Relief and Rew = Reward. In Project 
MATCH (N = 1688), Low Relief – Low Reward = 307 (18%), High Relief – Low Reward = 365 (22%), Low Relief – High 
Reward = 394 (23%), and High Relief – High Reward = 622 (37%).  
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Figure 3. Mean indicator responses and standard errors for the unconditional latent transition analyses in COMBINE. 
 

 
Note: SEs = Standard errors. AASE = Alcohol Abstinence Self-Efficacy questionnaire. Rel = Relief and Rew = Reward. In 
COMBINE (N = 1376), Low Relief – Low Reward = 204 (15%), High Relief – Low Reward = 317 (23%), Low Relief – High 
Reward = 424 (31%), and High Relief – High Reward = 431 (31%).  
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Relief-High Reward group, they are most likely to move to the Low Relief-Low Reward group 

for both the unconditional and conditional models. For both models, those in the baseline High 

Relief-High Reward group were not likely to stay in the High Relief-High Reward group at four 

months post-baseline. In the conditional model, only those in the Low Relief-Low Reward and 

High Relief-Low Reward groups were most likely to stay in the same group. Those in the Low 

Reward-High Reward and High Relief-High Reward groups were most likely to be classified 

into the Low Relief-Low Reward group four months later. The latent transition probabilities for 

the unconditional models and conditional models are shown in Tables 5 and 6, respectively. We 

also looked at the odds ratios for the covariates predicting profile membership as shown in Table 

7 with the Low Relief-Low Reward group as the reference group. Those who were non-Hispanic 

white were more likely to be classified in the High Relief-Low Reward, Low Relief-High 

Reward, High Relief-High Reward groups compared to the Low Relief-Low Reward group. At 

baseline, we also found individuals who were younger were more likely classified in the Low 

Relief-High Reward and High Relief-High Reward group than those in the Low Relief-Low 

Reward group. At four months post-baseline, we found those who were non-Hispanic white and 

younger were more likely to be classified in the Low Relief-High Reward group than the Low 

Relief-Low Reward group.  

Distal Outcomes 

 Finally, we examined the differences in distal outcomes between profiles based on the 

baseline latent profile model using the manual BCH three-step approach. The results of these 

analyses are shown in Table 9. In the community sample, there were significant differences 

between profiles in drinking consequences, frequency of alcohol use (PDD), frequency of heavy 

alcohol use (PHD), and intensity of alcohol use (DDD). Those in the High Relief-High Reward 
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group had the highest consequences and alcohol consumption scores and the High Relief-Low 

Reward group had the second highest consequences and frequency of alcohol consumption 

(PDD). Surprisingly, those in the Low Relief-Low Reward group had the second highest PHDD 

and DDD. We also found that alcohol consequences and PDD reduced over time in the 

community sample, as shown in Table 1. 

 In the Project MATCH sample, significant differences were found between profiles in 

drinking consequences, frequency of heavy alcohol use (PHD), and intensity of alcohol use 

(DDD), but not the frequency of alcohol use (PDD). The High Relief-Low Reward and High 

Relief-High Reward groups in Project MATCH had the most consequences and greatest alcohol 

consumption. We also found that consequences and alcohol consumption variables were 

significantly reduced over time in the Project MATCH sample, as shown in Table 1. 

 In the COMBINE sample, significant differences were found between profiles in drinking 

consequences and frequency of alcohol use (PDD), but not in frequency of heavy alcohol use 

(PHD) or intensity of drinking (DDD). In COMBINE, the High Relief-High Reward group had 

the highest consequences, PHDD, and DDD, and the Low Relief-High Reward group had the 

highest PDD. We also found that consequences and alcohol consumption variables were 

significantly reduced over time in COMBINE sample, as shown in Table 1. 
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Table 9. Distal outcomes for all samples by profile.  
 Short Inventory  

of Problems 
Percent of  

Drinking Days 
Percent of Heavy 

Drinking Days 
Drinks per  

Drinking Day 
 Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
Community Sample 
Low Relief – Low Reward (17%) 2.46 (0.75)abc 34.60 (5.80)c 24.70 (6.10)c 6.43 (0.70) 
High Relief – Low Reward (22%) 8.14 (1.06)ade 42.50 (5.50) 21.10 (5.00)e 4.72 (0.61)e 

Low Relief – High Reward (37%) 4.99 (0.93)bdf 39.30 (4.50)f 21.49 (4.10)f 4.83 (0.45)f 

High Relief – High Reward (24%) 13.10 (1.48)cef  55.20 (5.70)cf 42.30 (5.70)cef 6.80 (0.63)ef 

 Drinker Inventory  
of Consequences 

Percent of  
Drinking Days 

Percent of Heavy 
Drinking Days 

Drinks per  
Drinking Day 

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) 
Project MATCH 
Low Relief – Low Reward (18%) 19.23 (3.80)a 23.45 (4.67) 12.81 (3.57)a 3.34 (0.66)c 

High Relief – Low Reward (22%) 39.32 (3.19)ade 31.70 (3.87) 24.19 (3.46)ad 4.04 (0.47) 
Low Relief – High Reward (23%) 19.98 (1.60)df 24.50 (2.40) 11.01 (1.67)df 3.76 (0.34)f 

High Relief – High Reward (37%) 26.90 (1.88)ef 30.35 (2.27) 19.66 (1.91)f 4.92 (0.37)cf 

COMBINE 
Low Relief – Low Reward (15%) 15.19 (1.84)ac 33.40 (3.00)b 24.67 (2.77) 6.15 (0.58) 
High Relief – Low Reward (23%) 20.98 (1.74)a 37.53 (2.71) 25.25 (2.39) 6.12 (0.48) 
Low Relief – High Reward (31%) 17.34 (1.19)f 41.55 (2.21)b 26.74 (2.03) 5.97 (0.32) 
High Relief – High Reward (31%) 23.94 (1.48)cf 36.69 (2.05) 27.13 (1.89) 6.51 (0.37) 

Note: Superscripts indicate significant differences (p < 0.05) between profiles based on Wald X2 test. a = Low-Low versus High-
Low. b = Low-Low versus Low-High. c = Low-Low versus High-High. d = High-Low versus Low-High. e = High-Low versus 
High-High. f = Low-High versus High-High. Distal outcomes were measured at 18 months post-baseline for the community 
sample, 15 months post-baseline for Project MATCH, and 16 months for COMBINE and do not account for change from baseline.  
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Discussion 

  In this study, we found support for most of the hypotheses put forward. First, we found 

that the reward-relief phenotype characterized by four latent profiles replicated in a community 

sample, as it had been found in the treatment samples in this study and prior research (Mann et 

al., 2018; Roos et al., 2017). This included four groups varying by relief and reward drinking: 

Low Relief-Low Reward, High Relief-Low Reward, Low Relief-High Reward, and High Relief-

High Reward. We found this phenotype could be identified and was stable across time in the 

community sample. Interestingly, invariance was not found for the latent transition models for 

the Project MATCH and COMBINE samples, suggesting that treatment might alter the 

phenotype with lower mean levels of temptation across all phenotype groups following 

treatment. Yet, the overall structure of the phenotype was consistent, even if the means and class 

proportions varied across time in the treatment-seeking samples. We also found that there were 

some transitions in phenotypic group assignments from baseline to three- or four-months post-

baseline in the community and treatment samples. While individuals primarily stayed in the same 

phenotypic group from baseline to three- or four-months post-baseline, those in the High Relief-

High Reward group in the treatment-seeking sample were most likely to transition to the Low 

Relief-Low Reward group following treatment.  

 Drinking consequences decreased significantly over time across all three samples. 

Alcohol consumption also significantly decreased over time in both treatment samples, and 

frequency of drinking (PDD) decreased significantly over time for the community sample, which 

is consistent with prior literature (Anton et al., 2006; Project MATCH Research Group, 1997; 

Tucker et al., 2020). Baseline profiles were also significantly related to differences in long-term 

consequences and alcohol consumption with those in the High Relief-High Reward and High 
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Relief-Low Reward groups having the greatest consequences and alcohol consumption across 

the long-term follow-ups over a year after baseline in all samples. 

Clinical Implications 

 These findings are important for multiple reasons. First, in finding that the phenotype 

replicates in treatment-seeking and non-treatment-seeking samples, it could be applied to 

recommend certain treatments. For example, recent work has shown that Low Relief-High 

Reward drinkers may benefit most from naltrexone (Mann et al., 2018; Roos et al., 2017; 

Witkiewitz et al., 2019). Identifying this phenotype could also be used to identify those at higher 

risk for consequences due to alcohol use. In the non-treatment seeking community sample, we 

found that those in the High Relief-High Reward group at baseline had the highest alcohol 

consumption and consequences 18 months later. Personalized feedback interventions that are 

tailored to an individual’s phenotype and that provide information about risk for greater alcohol 

use and consequences could be used to help resolve ambivalence about changing alcohol use 

(Miller & Rollnick, 2012). 

 Second, we found the four-profile phenotype model fit well and was stable over time for 

the community sample, but not for the treatment-seeking samples. Even though the baseline 

models for all samples had predictive validity, the non-invariant model across time fit better for 

Project MATCH and COMBINE. While this was an unexpected result, we did see that these 

distinctions were relatively minor overall and may speak to the change that occurs in alcohol 

treatment compared to the drinking reductions in the community. As shown in Table 2, while the 

Project MATCH and COMBINE samples did not necessarily have higher scores for the Alcohol 

Abstinence Self-Efficacy questions than the community sample at baseline, they did report 

greater reductions in Alcohol Abstinence Self-Efficacy scores over time. Additionally, with the 
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exception of three questions, the Project MATCH and COMBINE samples had lower scores on 

the Alcohol Abstinence Self-Efficacy questions at three or four months compared to the 

community sample at three months. Thus, individuals who completed a treatment for alcohol use 

disorder found relieving or rewarding situations less tempting over time, whereas individuals 

who did not undergo treatment did not report a change in temptation to drink over time. While 

statistically this makes the latent transition analysis more difficult to interpret, clinically this is 

what we would hope to see in clinical trials. Even with these changes, the broad structure of the 

phenotype appears to be consistent over time, even if the means of the indicators and class 

proportions are not equivalent over time.  

 Third, our results showed that this phenotype has predictive validity regarding alcohol 

consumption and consequences. Our results did not entirely support the theory that those with 

more chronic drinking would drink for relieving reasons and have higher consequences and 

consumption (Koob & Volkow, 2016). However, those with higher relieving or rewarding 

drinking tended to have higher consumption and consequences.  

Implications for Neurobiological Theories of Addiction 

 It was somewhat surprising to find that in almost every group in every sample, people in 

those groups were most likely to stay in those groups over three or four months, regardless of 

their resulting consumption or consequences. We had assumed that given their likely reduction in 

drinking, it would be less tempting to drink in rewarding or relieving situations overall. 

However, it is possible that given the neuroadaptations that have already occurred (Breese et al., 

2011; Koob & Volkow, 2010), even a year after treatment, individuals could have continued to 

find it tempting to drink during rewarding or relieving situations and chose not to. While 

neurobiological changes occur constantly, significant alterations that occur in addiction, such as 
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increases in glutamate receptors in the nucleus accumbens or reduced tonic dopamine firing in 

the prefrontal cortex, have been reinforced over years (Koob & Volkow, 2016). New learning 

patterns can be developed over time that may reduce that desire to use alcohol whether through 

medications or behavioral changes (Helstrom et al., 2016); however, the neural changes that 

occurred throughout addiction may continue to persist, such as hypersensitivity in dopamine 

systems to substances and decreased sensitivity to natural rewards (Robinson & Berridge, 1993; 

Stewart & Vezina, 1988). Yet, with the lack of reinforcement through alcohol use, the strength of 

those pathways and conditioned responses should continue to fade over time (Leung & Corbit, 

2017), causing continued reduced desire to drink in rewarding or relieving situations. 

Strengths and Limitations 

 There were several strengths in this paper. We analyzed community and treatment-

seeking samples and participants from a variety of cities across the United States, providing for a 

broader generalization of findings. We also utilized large samples of treatment-seeking 

participants, which gave us enough power to find small to medium effect sizes. This is the first 

study to include a non-treatment-seeking sample when investigating this phenotype and to 

examine the stability of the phenotype over time for non-treatment-seeking and treatment-

seeking samples. Additionally, we were able to examine how these reasons for drinking at 

baseline could influence consequences and alcohol consumption a year after treatment to 

examine longer-term functioning and predictive utility of the phenotype.  

There were also several limitations that should be taken into account. First, our sample 

was comprised primarily of non-Hispanic, white men. Future research should focus on 

examining this phenotype for stability and consistency in a more diverse sample, especially 

racially and ethnically diverse samples, to justify its use in clinical settings. Second, there is no 
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definite solution with model fit indices, so model selection was based off prior research and the 

best judgement of the authors. Additionally, these models are probabilistic, and misclassification 

is always a possibility. Third, it is possible that the results have been impacted by attrition and 

missing data in each of these datasets, and we cannot fully describe how this may have changed 

the study results.  

Future Directions  

 In the future, we would recommend developing a questionnaire specifically examining 

this reward-relief phenotype. While the Alcohol Abstinence Self-Efficacy questionnaire and 

others have been used before to determine the reward-relief phenotype of various samples 

(Glöckner-Rist et al., 2013; Mann et al., 2018; Roos et al., 2017), a questionnaire explicitly 

designed to examine the phenotype would be preferable from a statistical and clinical standpoint. 

Additionally, it will be vital to have explicit cutoff scores to replicate this phenotype easily in 

clinical settings. One questionnaire that has already been developed with the reward-relief 

phenotype in mind is the UCLA Reward, Relief, Habit Drinking Scale (RRHDS) (Burnette et al., 

2021). While this appears to be a short, easy to score questionnaire, it does limit participants by 

categorizing them as reward, relief, or habit drinkers without allowing for a mix of reward and 

relief drinking. It will be important to continue to investigate the RRHDS questionnaire and 

potentially other questionnaires that allow for a mixture of reward and relief drinking.  

 Ultimately, this phenotype will need more research in relation to precision medicine. 

Some efforts have already examined if certain pharmacological treatments apply more 

effectively to individuals in certain groups (Mann et al., 2018; Roos et al., 2017; Witkiewitz et 

al., 2019). So far, studies have found significant interactions with Low Relief-High Reward 

groups and naltrexone predicting drinking outcomes (Mann et al., 2018; Witkiewitz et al., 2019). 
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Additionally, in Roos et al. (2017) which found slightly different reward and relief groups, the 

high relief/moderate reward and high reward/moderate relief groups had significant interaction 

effects with acamprosate predicting drinking outcomes. In the future, a study that randomizes 

individuals by phenotype into pharmacological treatments will greatly assist in understanding 

how this phenotype can best be used in precision medicine. More research will especially be 

needed with other treatments, since there have not been any studies that have investigated how 

the phenotype aligns with psychological or behavioral therapies without pharmacological 

intervention. Behavioral treatments for alcohol use disorder often focus on changing behavior 

(i.e., reducing alcohol use and consequences) in a variety of methods. Individuals who drink for 

rewarding reasons may benefit more from treatments like Community Reinforcement Approach 

or Cognitive-Behavioral Treatment, which both have specific focuses on social networks and 

social activities that do not include drinking (Epstein & McCrady, 2009; Hunt & Azrin, 1973). 

For individuals who drink for relieving reasons, they may improve more from a treatment like 

Mindfulness-Based Relapse Prevention, which focuses on non-judgmental awareness of body 

sensations, emotions, and thoughts that may be uncomfortable (Bowen et al., 2009).  

Overall, we found the four-profile reward-relief phenotype replicated in treatment-

seeking individuals with alcohol use disorder recruited for alcohol use disorder clinical trials and 

non-treatment seeking heavy drinkers recruited from the community. The four-profile reward-

relief phenotype was stable over time for the community sample and predictive of drinking 

outcomes for all samples. This phenotype, which is founded on basic behavioral science, appears 

to have support for its clinical utility. Though further research is warranted to continue to 

develop measures that could be used in clinical practice, there is evidence that this phenotype 
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could be implemented when it comes to identifying specific treatments that may be most 

effective for people with alcohol use disorder.   
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