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Abstract

To more fully understand recovery from alcohol use disorder, we must consider several ways in 

which reductions in drinking and improvements in psychosocial functioning may occur. Previous 

research has demonstrated various patterns of drinking and functioning during and after behavioral 

treatment for alcohol use disorder, including groups of individuals who consume alcohol at low-

risk levels and those that report occasional heavy drinking yet good psychosocial functioning. This 

study aimed to identify whether trait self-control, which has previously been associated with 

alcohol treatment outcomes, was a predictor of drinking patterns during treatment as well as three 

years following treatment. Latent variable mixture modeling was used to identify seven classes of 

drinking patterns during treatment and four profiles of drinking and psychosocial function after 

treatment. We found that membership in the low-risk drinking class was predicted by greater trait 

self-control than several of the other classes, including the consistent abstinence class. 

Furthermore, we found that greater trait self-control predicted membership in two high-

functioning recovery profiles at three years following treatment, including a high functioning 

occasional heavy drinking profile. These findings suggest that self-control is an important 

predictor of recovery, particularly for a non-abstinent recovery.
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1. Introduction

Approximately 13% of adults in the United States meet criteria for a current alcohol use 

disorder (AUD) (Grant et al., 2015). Among individuals with AUD, symptoms and severity 

vary substantially (Lane & Sher, 2015). With myriad ways an AUD can manifest, it may also 

be true that AUD recovery takes various forms.
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1.1 Definitions of Recovery

Historically, recovery from AUD has been narrowly defined by sobriety (i.e., abstinence 

from alcohol; Betty Ford Institute Consensus Panel, 2007), yet recent contributions to the 

recovery literature argue for an expanded definition that includes reductions in use, 

psychosocial functioning, and quality of life (Kelly, Greene, & Bergman, 2018; Witkiewitz, 

2013, 2018). Indeed, even among those who return to any heavy drinking in the year 

following treatment (defined as 4+/5+ drinks per occasion for women/men; Federal Drug 

Administation, 2015), some report improved psychosocial functioning, and at times even 

better functioning than abstainers or low-risk drinkers (Wilson, Bravo, Pearson, & 

Witkiewitz, 2016). Furthermore, Witkiewitz and colleagues identified that individuals who 

engaged in some heavy drinking were similar to abstainers with respect to psychosocial 

functioning and life satisfaction at three years post-treatment (Witkiewitz et al., 2018).

1.2. Trait Self-Control as a Predictor of Drinking Patterns and Recovery

Given the breadth of outcomes following alcohol treatment, it is important to identify factors 

that predict short and long-term recovery (Kelly, Abry, Milligan, Bergman, & Hoeppner, 

2018; Moos & Moos, 2007; Witkiewitz et al., 2018). Previous work has found that those 

with greatest AUD severity and comorbid drug or psychiatric diagnoses were more likely to 

be successful with abstinent recovery than moderated drinking recovery (Dawson et al., 

2005). Further, individuals with an approach coping style, greater health, and social support 

resources were more likely to achieve long-term recovery (Moos & Moos, 2007). In terms of 

demographics, individuals who are Black, Asian, or Hispanic (Dawson, Goldstein, Ruan, & 

Grant, 2012), or older and female (Dawson et al., 2005) were more likely to have an 

abstinent recovery.

Although previous literature has identified important demographic and clinical indicators 

related to recovery outcomes, other behavioral traits such as self-control have received less 

attention as long-term recovery predictors. Prior research has demonstrated that certain 

behavioral characteristics are associated with different aspects of alcohol use outcomes. 

Impulsivity and related constructs such as impaired self-control have been associated with 

associated alcohol initiation (Blonigen et al., 2015), and difficulty maintaining alcohol use 

change following treatment (Coskunpinar, Dir, & Cyders, 2013; Heather, Booth, & Luce, 

1998; Stevens et al., 2014). Self-control has been hypothesized to moderate the relationship 

between impulsivity and subsequent problematic alcohol use (Friese & Hofmann, 2009; 

Lindgren, Neighbors, Westgate, & Salemink, 2014). Self-control, defined as “the ability to 

override or change one’s inner responses, as well as to interrupt undesired behavioral 

tendencies (such as impulses)” is associated with a broad range of health and psychosocial 

outcomes (Tangney, Baumeister, & Boone, 2004, p. 274). Thus, self-control may also 

predict drinking patterns and problems during treatment and longer-term.

1.3. Exploring Drinking Patterns and Recovery using Latent Mixture Models

Latent variable mixture modeling is a data driven method that identifies subpopulations 

based on responses to indicators (e.g., weekly drinking variables) (Muthén, 2001). Latent 

class analysis (LCA) is a type of latent variable mixture model that is used for categorical 

indicators and latent profile analysis (LPA) is a type of latent mixture model that can be 
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applied when indicators are continuous (Berlin, Parra, & Williams, 2014). These analytic 

approaches are well suited to examine subgroups of individuals with similar alcohol use and 

other functioning outcomes. For example, Witkiewitz and colleagues (2017) used a 

longitudinal extension of LCA, repeated measures latent class analysis (RMLCA; McCarthy, 

Ebssa, Witkiewitz, & Shiffman, 2015), to identify seven latent classes of drinking patterns 

among participants in three large clinical trials of alcohol treatment: (1) consistent heavy 

drinking throughout treatment, (2) initial abstinence then return to heavy drinking, (3) 

moderate probability of low-risk or heavy drinking, (4) initial heavy drinking transitioning to 

abstinence, (5) low-risk drinking throughout treatment, (6) initial abstinence transitioning to 

low-risk drinking, and (7) abstinence. Previous work by Witkiewitz and colleagues also 

identified four latent profiles of three-year alcohol and psychosocial functioning outcomes in 

a large alcohol treatment clinical trial: (1) low functioning, frequent heavy drinking, (2) low 

functioning, occasional heavy drinking, (3) high functioning, occasional heavy drinking, and 

(4) high functioning, infrequent non-heavy drinking (Witkiewitz et al., 2018).

1.4 Current Study and Proposed Hypotheses

There were two aims of this study. The first aim was to extend previous work by Witkiewitz 

et al. (2017) by confirming seven drinking classes of during treatment alcohol use, and then 

predicting class membership from a baseline measure of trait self-control. We hypothesized 

that lower self-control would predict membership in the heavy drinking classes and greater 

self-control would predict membership in the low-risk drinking and abstaining classes. The 

second aim of this study was to extend previous work by Witkiewitz et al. (2018) by 

examining four profiles of three-year outcomes following alcohol treatment, and then 

predicting class membership from a baseline measure of trait self-control. We hypothesized 

that greater self-control would predict membership in the two high functioning classes.

2. Method

2.1 Participants and Procedures

This study was a secondary analysis of data from Project MATCH (Matching Alcoholism 

Treatments to Client Heterogeneity; Project MATCH Research Group, 1997). Participants 

from two study arms (outpatient (n= 952) and aftercare (n= 774)) were randomized to 

receive 12 weeks of one of three types of treatment for alcohol use disorder: Cognitive 

Behavioral Therapy, Motivational Enhancement Therapy, or Twelve Step Facilitation. This 

study only included participants from the outpatient arm (n= 952) because these participants 

had three-year follow-up data. During the treatment phase, n= 55 had missing data on 

covariates and n= 21 had missing data on all indicator variables and thus were excluded, so 

the final sample used in first aim analyses was n= 876. At three-year follow up, n= 806 

patients (84.7%) had drinking data available and n=107 had missing data on covariates, so 

the final sample used in the second aim analyses was n= 769.

2.2 Measures

2.2.1 Demographics—A brief demographics questionnaire assessed age and gender, 

which were included as covariates in the model.
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2.2.2 Alcohol use and consequences—Quantity and frequency of drinking during 

treatment and through the three-year follow-up time period was assessed using the Timeline 

Follow-Back (TLFB; Sobell & Sobell, 1996). A weekly drinking indicator variable was 

created for each of the twelve weeks of treatment. Categorical values for each indicator 

variable were: abstinent (no drinking during a given week), low-risk drinking (1 or more 

days with less than 4/5 drinks for women/men and no heavy drinking days during a given 

week), and heavy drinking (at least 1 day with greater than 4/5 drinks for women/men 

during a given week). For the three-year follow-up, summary alcohol use variables were 

used, including percentage of drinking days (PDD), percentage of heavy drinking days 

(PHDD, i.e. 4+/5+ drinks in a day for women/men) and drinks per drinking day (DDD). 

Negative alcohol related consequences were measured using the Drinker Inventory of 

Consequences (DrInC; Miller, Tonigan, & Longabaugh, 1995). Internal consistency of 

DrInC in this sample was high, α =0.97 (Taber, 2016).

2.2.3 Psychosocial Functioning—Three year psychosocial functioning was assessed 

with the Psychosocial Functioning Inventory (PFI) social behavior subscale, comprised of 10 

items assessing the frequency of problematic social behavior and social interactions, as well 

as four items that reflected general life satisfaction across several life domains. The internal 

consistency of the social behavior subscale in this sample was α=0.83, and for the four life 

satisfaction items it was α=0.79, both in the acceptable range of internal consistency 

reliability (Taber, 2016). Additionally, four binary indicators from the Addiction Severity 

Index (ASI; McLellan et al., 1992) were included to measure employment, depression, 

cognitive difficulty, and anxiety. The internal consistency of these four ASI items was 

α=0.63, generally considered sufficient (Taber, 2016).

2.2.4 Trait Self-Control—The Control Scale is a primary trait scale from the 

Multidimensional Personality Questionnaire, comprised of 24 true/false items (Tellegen & 

Waller, 2008). This measure assesses a range of behavioral and personality traits that 

describe general self-control (e.g., not an alcohol specific measure of self-control). Higher 

scores represent greater self-control, or a tendency towards being careful, reflective, or 

planful (e.g., “I am a cautious person”). Internal consistency reliability of the Control Scale 

was acceptable (α=0.78).

2.3 Statistical Analyses

To address hypothesis 1, repeated measures latent class analysis (RMLCA) was used to 

confirm latent classes based on twelve categorical weekly drinking indicators (no drinking, 

low-risk drinking, heavy drinking) for the twelve weeks of treatment that were previously 

found by Witkiewitz and colleagues (2017). Age and gender were included as covariates 

given their established association with both impulsivity and alcohol use (Cyders, 2013; 

Greenfield, Pettinati, O’Malley, Randall, & Randall, 2010; Witkiewitz et al., 2018). To 

examine the association of trait self-control with the probability of latent class membership, 

we also included baseline self-control as a covariate. Of note, re-testing of the RMLCA was 

necessary because adding the trait self-control covariate to the model could have changed 

the class solution.
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To address hypothesis 2, we conducted a latent profile analysis (LPA) to confirm prior work 

by Witkiewitz and colleagues (2018). This LPA identified latent profiles based on 

individuals’ drinking and psychosocial functioning at three years following treatment as 

represented by categorical indicators: employment, depression, cognitive difficulty, anxiety, 

social behavior, and general life satisfaction, as well as continuous alcohol indicators: 

percent drinking days, percent heavy drinking days, and drinks per drinking day at three 

years. Sex, age, and baseline self-control were covariates.

Model fit for the RMLCA and LPA was evaluated using the Lo Mendell Rubin Likelihood 

Ratio test (LRT), Bayesian Information Criterion (BIC), and sample-size adjusted BIC 

(aBIC). For each class solution, significant LRT indicates significantly better fit for a k 

profile model (e.g., 3 profiles) versus a k-1 profile model (e.g., 2 profiles), and a 

nonsignificant LRT indicates that adding an additional profile does not significantly improve 

model fit (Nylund, Asparouhov, & Muthén, 2007). Better model fit is also indicated by 

lower BIC and aBIC (Nylund et al., 2007). Further, the smallest class of any class-solution 

should not contain less than 5% of the sample. Classification precision was examined using 

model entropy, where values of 0.80 and higher were considered acceptable (Nylund et al., 

2007). We also considered theoretical interpretability of the model.

SPSS version 25 was used for data preparation and descriptive statistics. RMLCA and LPA 

were conducted in Mplus version 8 (Muthén & Muthén, 2017) using maximum likelihood 

estimation with robust standard errors (MLR estimator in Mplus). Participants with missing 

data on covariates or those missing data on all of the indicator variables were excluded from 

analyses. Missing data on treatment drinking indicators was not associated with age 

(p=0.96), gender (p=0.99), baseline self-control (p=0.11), or any other measures included in 

the analyses and it was assumed that data were missing at random. Missing data on three 

year drinking and psychosocial functioning indicators was not associated with baseline 

control (p=.09), but it was associated with age (p < .01) and sex (p < .01). We covaried age 

and sex in the LPA and assumed data are missing at random with these covariates included 

in the model.

3. Results

3.1 Descriptive Data

Demographic data and covariates for the participants included in analyses are provided in 

Table 1. Participants were approximately 27% female and had an average age of 39 years 

old. About 81% of this sample identified as White, 12% as Hispanic or Latino, 2% as 

American Indian/Alaska Native, and 5% as Black or African American.

3.2 Repeated Measures Latent Class Analysis

RMLCA confirmed the 7-class model previously identified by Witkiewitz and colleagues 

(2017) with excellent classification precision (entropy=0.92), lower BIC than the 8 class 

solution, and no classes comprising less than 5% of the full sample. Adding the self-control 

covariate changed the class solution slightly, such that the 6-class model also fit the data 

well, marginally better than the 7-class model, with excellent classification precision 
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(entropy=0.91) and the lowest BIC and aBIC. However, because the 6-class model was 

composed of substantively similar classes and produced substantively similar results to the 

7-class model (details provided in Supplemental Materials), we chose the 7-class model for 

this study in order to provide consistency with prior publications with these data (Witkiewitz 

et al., 2017). The fit of the two through nine class solutions is provided in Supplementary 

Table 1. For this study, the reference class was set to the high probability of low-risk 

drinking class. We found two heavier drinking classes: Class 1 (17.8%), characterized by 

consistently high probability of heavy drinking, and Class 2 (12.9%), which had high 

probability of abstinence initially, but then increasing probability of heavy drinking over 

time. Class 3 (5.4%) was mixed low-risk and heavy-drinking class. Class 4 (9.8%) was 

characterized by low probability of abstinence and high probability of heavy drinking 

initially, but this pattern was reversed by the end of treatment. Class 5 (11.3%) was 

characterized by moderate probability of low-risk drinking and higher probability of 

abstinence. Class 6 (37.4%) had high probability of abstinence throughout treatment. 

Finally, Class 7 (5.4%) was a low-risk drinking class with consistently high probability of 

low-risk drinking through treatment.

Latent class membership was predicted by baseline self-control, where higher scores 

represent greater self-control. Means of self-control scores by class are presented in Figure 

1. The low-risk drinking class, Class 7, had significantly higher self-control scores compared 

to Class 1, the high probability heavy drinking class (B (SE)=−0.074 (0.032), p=.02; 

OR=0.928, 95% CI (−0.127, −0.022)), and Class 4, the heavy drinking to abstinence class (B 

(SE)=−0.087 (0.039), p=.026; OR=0.916, 95% CI (−0.152, −0.023)). Furthermore, we found 

that the low-risk drinking class, Class 7, also had significantly higher self-control compared 

to Class 6, the mostly abstinent class (B (SE)=−0.069 (0.031), p=.025; OR=0.933, 95% CI 

(−0.120, −0.018)), which is contrary to our hypothesis that higher self-control would predict 

membership in both the low-risk drinking and abstinent classes. Although not statistically 

significant, Class 7 also had higher selfcontrol scores than the remaining classes.

3.3 Latent Profile Analysis

LPA confirmed the four profile model previously identified by Witkiewitz and colleagues 

(2018) with good classification precision (entropy=0.88) and significant LRT. The fit of the 

two through five profile solutions is provided in Supplementary Table 2. The four profiles 

were consistent with prior findings: Profile 1 (low functioning frequent heavy drinking, 

16.1%), profile 2 (low functioning infrequent heavy drinking, 15.2%), profile 3 (high 

functioning occasional heavy drinking. 16.7%), and profile 4 (high functioning infrequent 

non-heavy drinking, 52.0%) (Witkiewitz et al., 2018).

Latent profile membership at three years following treatment was predicted by baseline self-

control. Means of self-control score by profile are presented in Figure 2. The high 

functioning, occasional heavy drinking profile, Profile 3, had significantly higher self-

control scores compared to Profile 1, the low functioning, frequent heavy drinking profile (B 

(SE)=0.049 (0.023), p=0.034; OR=0.928, 95% CI (0.011, 0.087)). The high functioning, 

infrequent non-heavy drinking profile, Profile 4, also had significantly higher self-control 
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scores compared to the low functioning, frequent heavy drinking profile (Profile 1; B 

(SE)=0.050 (0.018), p=0.007; OR=1.051, 95% CI (0.020, 0.080)).

4. Discussion

This study confirmed seven latent classes of drinking during outpatient alcohol treatment 

and four latent profiles of drinking and functioning three years later (Witkiewitz et al., 2017; 

2018). Lower behavioral control has previously been shown to be associated with poorer 

alcohol treatment outcomes and difficulty maintaining behavior change (Heather & Dawe, 

2005; Stevens et al., 2014). Therefore, we examined trait self-control as a predictor of 

drinking class membership during treatment and recovery profiles at three years following 

treatment, hypothesizing that greater self-control would predict membership in both low-risk 

drinking and abstinent classes during treatment, as well as high-functioning recovery three 

years following treatment. Our hypothesis regarding during treatment drinking was partially 

supported. We found the consistent low-risk drinking class (Class 7) was associated with 

higher self-control, statistically significantly higher self-control than three classes: the 

consistent abstinent class (Class 6), the persistent heavy drinking class (Class 1), and the 

heavy drinking to abstinence class (Class 4). This finding has important clinical 

implications, suggesting that achieving low-risk drinking throughout treatment may require 

even more self-control than achieving abstinence. For those who have greater difficulty with 

self-control, abstinence may be a more achievable goal during treatment. Following 

treatment, we found that higher self-control predicted greater psychosocial functioning, 

including for individuals who engaged in occasional heavy drinking (Profile 3) and 

infrequent non-heavy drinking (Profile 4).

There are several possible reasons why self-control may be associated with low-risk drinking 

outcomes during treatment and later recovery outcomes. Impaired control over drinking has 

been shown to be predictive in both abstinence-oriented (Heather et al., 1998) and 

moderation-oriented alcohol treatment (Heather & Dawe, 2005). Indeed, a cut-point has 

been suggested on a measure of impaired control over drinking, over which clients are less 

likely to achieve alcohol moderation and should instead be recommended abstinence 

(Heather & Dawe, 2005).

Prior findings combined with this study may be understood within a strength model which 

posits that self-control is an effortful resource that can be depleted with repeated exertion 

(Baumeister, Vohs, & Tice, 2007). The strength model has been supported in several 

laboratory studies showing that participants with high temptation to drink consumed more 

alcohol following a self-control task than a neutral task (Muraven, Collins, & Nienhaus, 

2002). Considering low-risk drinking versus abstinence, individuals who moderate their 

drinking face repeated opportunities to exert self-control over their drinking such as deciding 

to drink or abstain on a particular day, as well as negotiating finer-grain choices such as type 

of alcohol to consume or whether to consume an additional drink. Additionally, people high 

in self-control practice more alcohol protective behavioral strategies, behaviors to reduce 

quantity of alcohol consumed or potential harm caused by drinking, which may mediate the 

relationship between self-control and alcohol consumption (Pearson, Kite, & Henson, 2013). 

Although abstinence is certainly aided by greater self-control, it may require relatively less 
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self-control resources to carry out what is essentially one decision (i.e., to not drink) rather 

than the iterative and cumulative demands on self-control that comprise successful low-risk 

drinking.

The construct of trait self-control may also represent cognitive and behavioral processes that 

are related to, but distinct from classic impulsive traits. Self-control involves self-monitoring 

of behavior, evaluating how behavior relates to longer term goals, and subsequent 

modification of behavior. Impulsivity, on the other hand, is comprised of several distinct 

constructs such as response inhibition, lack of planning, sensation-seeking, and emotion-

driven urgency (Evenden, 1999; Lynam, Smith, Cyders, Fisher, & Whiteside, 2007) that may 

predict different aspects of alcohol outcomes (Coskunpinar et al., 2013; McCarty, Morris, 

Hatz, & McCarthy, 2017). However, one limitation of this body of research is the 

inconsistency of how self-control is measured. Several prior studies have advocated for 

careful measurement of self-control and impulsivity using specific behavioral tasks or 

measures with good psychometric properties (Dick et al., 2010; Jentsch et al., 2014). A 

limitation of this study is the measure we used, the Control Scale of the Multidimensional 

Personality Questionnaire, which assesses such a broad range of aspects of self-control that 

it likely obscures relevant distinctions. An additional limitation is the sample selection for 

Project MATCH, which was conducted from 1991 to 1993 and excluded individuals with 

other substance use disorders (besides nicotine) or psychiatric comorbidity. Therefore 

generalizability is limited and these findings should be replicated in a new sample among 

those with comorbid disorders. Additionally, this sample includes a high proportion of men 

and an underrepresentation of diverse racial/ethnic groups. Given that prevalence rates for 

lifetime AUD are highest among those who are male, non-Hispanic White, Native 

American, or Hispanic or Latina/o (Grant et al., 2015), our current study may not generalize 

to all racial/ethnic groups or genders. Future directions of this work should include more 

diverse and representative samples, as well as examination of elements of recovery that may 

be unique to specific racial/ethnic groups and gender identities, particularly in light of 

epidemiologic trends showing that problematic alcohol use is increasing among women 

(Slade, Chapman, Swift, Keyes, & Tonks, 2016). Finally, another limitation of this study is 

the small number of predictors we included in our statistical models. Although we 

demonstrated the association between higher self-control and low-risk drinking and high-

functioning recovery, there may be other relevant variables.

5. Conclusion

In this study, we demonstrated that those who achieved consistent low-risk drinking during 

treatment had higher levels of self-control than those who were abstinent, those who had 

persistent heavy drinking, and those who transitioned from heavy drinking to abstinence. 

Furthermore, we found that those with higher functioning at follow-up, regardless of amount 

of alcohol consumption, reported higher levels of self-control at baseline. These findings 

suggest that trait self-control is a distinguishing factor between those who achieve 

moderated drinking versus abstinence during treatment, as well as those who report 

improved psychosocial functioning at follow-up.
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Highlights

• Identified patterns of drinking and functioning during and after alcohol 

treatment

• Low-risk drinking during treatment is predicted by trait self-control

• Low-risk drinkers had higher self-control than those achieving abstinence

• Better psychosocial functioning at follow-up is predicted by higher self-

control

• Definitions of recovery should include several patterns of drinking and 

functioning
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Figure 1. 
Means of self-control by latent classes (class prevalence based on estimated posterior 

probabilities) during treatment with significant differences (* p<0.05) between latent classes 

connected by brackets.
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Figure 2. 
Means of self-control by latent profiles (profile prevalence based on estimated posterior 

probabilities) at three years post-treatment with significant differences (* p<0.05) between 

latent classes connected by brackets.
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Table 1

Demographics and Covariates

During Treatment Sample (n=876) Three-Year Follow-up Sample (n=769)

N(%) / M(SD) N(%) / M(SD)

Gender

 Female 239 (27.28%) 209 (27.18%)

 Male 637 (72.72%) 560 (72.82%)

Age 38.80 (10.66) 38.57 (10.73)

Race/Ethnicity

 Hispanic or Latina/Latino 101 (11.53%) 89 (11.57%)

 Black or African American 47 (5.37%) 43 (5.69%)

 Non-Hispanic White 705 (80.48%) 617 (80.23%)

 Asian or Pacific Islander 2 (0.23%) 1 (0.13%)

 American Indian/Alaska Native 16 (1.83%) 14 (1.82%)

 “Other” 5 (0.57%) 5 (0.65%)

Control Scale 14.72 (6.24) 14.63 (6.21)

Drinking Indicators

 Treatment week 1 heavy drinking 261 (29.79%) -

 Treatment week 2 heavy drinking 287 (32.76%) -

 Treatment week 3 heavy drinking 271 (30.93%) -

 Treatment week 4 heavy drinking 267 (30.48%) -

 Treatment week 5 heavy drinking 269 (30.71%) -

 Treatment week 6 heavy drinking 267 (30.48%) -

 Treatment week 7 heavy drinking 270 (30.82%) -

 Treatment week 8 heavy drinking 250 (28.53%) -

 Treatment week 9 heavy drinking 258 (29.45%) -

 Treatment week 10 heavy drinking 248 (28.31%) -

 Treatment week 11 heavy drinking 241 (27.20%) -

 Treatment week 12 heavy drinking 260 (29.68%) -

 3 year percentage drinking days - 31.09% (35.66%)

 3 year percentage heavy drinking days - 20.39% (30.25%)

 3 year drinks per drinking day - 4.72 (5.46)

 3 year DrInC total score - 33.97 (25.44)
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