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Abstract

Background: Higher problem severity contraindicates moderation drinking in treatment 

samples, but has not been well investigated in natural recovery samples with more prevalent 

moderation outcomes, nor have single studies assessed multiple severity indicators. Therefore, we 

integrated five prospective studies of recent natural recovery attempts to identify multi-indicator 

profiles that distinguished moderation from abstinence or unstable resolution involving relapse. 

The study evaluated whether moderation was distinguished by a generalized lower severity profile, 

or whether more complex profiles better differentiated outcomes.

Methods: Community-dwelling problem drinkers in the Southeastern U.S. (N = 616, 67% male, 

65% white, mean age = 46.5 years) enrolled soon after stopping alcohol misuse without treatment 

were followed prospectively for a year. Outcome predictors assessed at enrollment included pre-

resolution drinking practices, alcohol-related problems, alcohol dependence, and a behavioral 

economic measure of the reward value of drinking based on pre-resolution spending on alcohol vs. 

saving for the future.

Results: Latent profile analysis of severity indicators supported a four-profile solution: (1) global 

low risk on all indicators, (2) global high risk on all indicators, (3) high risk limited to drinking 

practices only, and (4) high risk limited to alcohol dependence and alcohol-related problems only. 

Outcomes differed by profile membership (p < .01). Multinomial logistic regression analyses 

showed that the global low risk and heavy drinking risk only profiles were associated with stable 

moderation during the one-year follow-up. The high dependence-alcohol problems risk profile was 

associated with both abstinence and relapse during the follow-up (ps < .05).

Conclusions: Consistent with prior research, moderation was associated with lower alcohol 

dependence, problems, and reward value. Participants who simply drank heavily and did not have 

elevated risk on other indicators also had a higher probability of moderation. Results support using 

multi-dimensional severity indicators that encompass functional variables in addition to drinking 

practices to predict outcomes.
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Fifty years of research has firmly established that alcohol use disorders (AUD) range from 

mild to severe, recoveries occur with and without alcohol-focused interventions, and 

abstinence and low-risk (moderation) drinking are both favorable outcomes, with the latter 

being more common among “natural” than treatment-assisted recovery (Fan et al., 2019; 

Institute of Medicine, 1990; Miller and Munoz, 2013; Sobell et al., 1996). In response, 

abstinence-oriented treatments for alcohol dependent drinkers have been supplemented with 

less intensive brief interventions and population-based public health interventions for the 

majority with less severe problems who do not seek or require specialty treatment and for 

whom moderation often is an appealing and more attainable goal (Kazemi et al., 2017; 

Miller and Rollnick, 2012; Sobell and Sobell, 2005; Tucker and Simpson, 2011; United 

Nations Office on Drugs and Crime, 2017).

Accommodating this heterogeneity in problem severity and recovery options requires sound 

empirical bases to predict which persons with AUD should pursue abstinence or are likely to 

maintain moderation. Although somewhat mixed, alcohol treatment outcome studies found 

moderation to be associated with lower problem severity assessed in different ways in 

different studies, including lower alcohol dependence, fewer alcohol-related life-health 

problems, and shorter problem duration or younger age, which tend to be confounded 

(Heather et al., 2009; Miller and Munoz, 2013; Rosenberg, 2004). Associations with 

quantity-frequency measures of drinking practices before a recovery attempt and with 

demographic variables other than age were less consistent (e.g., Witkiewitz et al., 2017).

These relationships have not been well investigated among persons with AUD who 

attempted natural recovery, even though moderation is a relatively more common outcome in 

untreated samples, in part because treatment-seeking is associated with higher problem 

severity (Fan et al., 2019; Tucker et al., 2004a), and most treatment programs emphasize 

abstinence. Therefore, in five prospective studies of natural recovery attempts guided by 

behavioral economics (Tucker et al., 2002, 2006, 2008, 2012, 2016), we investigated 

moderation predictors and replicated the support found in treatment studies for lower alcohol 

dependence and alcohol-related problems. We also developed and assessed a novel 

temporally sensitive behavioral economic measure of the reward value of drinking in 

relation to non-drinking commodities, the “Alcohol-Savings Discretionary Expenditure” 

(ASDE) index. Behavioral economics views substance misuse as a “reinforcement 

pathology” or pattern of intertemporal choice that involves persistent preference for short-

term rewards that lead to longer term costs and a devaluation of larger, delayed rewards that 

support adaptive functioning (Bickel et al., 2014; Vuchinich and Tucker, 1998). Accordingly, 

the ASDE index assessed relative monetary allocation to purchasing alcohol vs. saving for 

the future prior to a natural recovery attempt. Even when drinking heavily, problem drinkers 

with more balanced ASDE indices – indicative of greater proportional savings and thus 

greater sensitivity to longer-term contingencies – were more successful in maintaining 

moderation than those with less balanced indices (Tucker et al., 2009, 2016).

Despite these advances in predicting moderation, multiple problem severity indicators have 

not been systematically investigated together to identify drinker profiles that may 

differentiate recovery outcomes, with emphasis on moderation. Such multi-indicator profiles 
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may aid outcome prediction and ascertain the relative utility of different measures in 

supporting prognostic judgments and setting drinking goals. Recent treatment studies by 

Witkiewtiz and colleagues (Wilson et al., 2016; Witkiewitz, Wilson et al., 2019) found latent 

profile analysis (LPA) useful for modeling heterogeneity in AUD severity and outcomes 

based on multiple indicators of alcohol problems, life-health functioning, and drinking 

practices. Their LPA results questioned the field’s normative reliance on drinking practices 

to establish problem severity and treatment success or failure (Falk et al., 2019), and some 

outcome profiles indicated improved functioning and reduced alcohol-related problems 

without substantial reductions in consumption.

The present study evaluated whether multiple problem severity indicators formed distinctive 

latent profiles that predicted moderation versus other outcomes among community-dwelling 

problem drinkers (N = 616) attempting natural recovery. We integrated our five natural 

recovery studies to obtain sufficiently large groups of drinkers who achieved stable 

moderation and other outcomes to address the research questions. LPA was used to identify 

profiles with distinct patterns based on pre-resolution drinking practices, alcohol 

dependence, alcohol-related problems, and the reward value of drinking. Latent profile 

membership was used to predict drinking outcomes a year after initial cessation of alcohol 

misuse. The study evaluated whether moderation was distinguished by a generalized lower 

severity profile, wherein each indicator added linearly to relapse risk, or whether more 

complex profiles better differentiated outcomes. Such information would advance empirical 

bases for setting drinking goals beyond the conventional wisdom that higher problem 

severity, generally defined, is a contraindication for moderation.

MATERIALS AND METHODS

Sample Selection and Characteristics

Media advertisements in cities in Alabama, Florida, Georgia, Mississippi, and Tennessee 

sought research volunteers who had recently overcome a drinking problem on their own for 

five prospective studies of recovery attempts conducted from 1993 to 2015 (Tucker et al., 

2002, 2006, 2008, 2012, 2016). One of these five studies (Tucker et al., 2006) also recruited 

a subsample who had received treatment or AA; resolution stability did not differ as a 

function of help-seeking status. Respondents were screened using the Michigan Alcoholism 

Screening Test (MAST; Selzer, 1971), Alcohol Dependence Scale (ADS; Skinner and Horn, 

1984), and Drinking Problems Scale (DPS; Cahalan, 1970). Study procedures were 

consistent with STROBE guidelines for observational studies (von Elm et al., 2007), and 

each received university Institutional Review Board approval and a U.S. federal Certificate 

of Confidentiality.

Eligibility criteria in all studies included: (a) legal drinking age (≥ 21 years); (b) problem 

drinking history ≥ 2 years based on participant screening reports of the year when drinking 

first became a problem (e.g., marriage, family, job, legal, or health problems) (M = 16.6 

years, SD = 11.1), followed by detailed assessment at enrollment of alcohol-related 

problems, alcohol dependence levels, and pre-resolution drinking practices; (c) no current 

other drug misuse (except nicotine), assessed during screening by asking if participants had 

“used non-prescribed or prescribed drugs except for reasons related to health problems or 
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health maintenance as directed by a physician” and, if yes, the drug(s), dates of use, usual 

amount and pattern of use, and current use status (yes/no); and (d) recent cessation of high-

risk drinking while residing in the community (M = 14.5 weeks resolved, SD = 8.91). 

Depending on the study, participants had abstained or drank in a non-problem manner for a 

minimum of 3 weeks and a maximum of 6 months, defined as (a) abstinence or low-risk 

drinking (< 4 standard drinks/day for men, < 3 drinks/day for women; National Institute on 

Alcohol and Alcoholism [NIAAA], 2005), (b) no alcohol-related negative consequences 

(DPS), and (c) no dependence symptoms (ADS). Given our focus on predicting natural 

recovery success, we required an outcome distribution at follow-up with many stable 

abstinent or moderation recoveries; thus, participants were deliberately recruited who had 

had some initial success in abstaining or drinking moderately because, if enrolled soon after 

resolution onset, relapse rates would have been too high for our research purposes. The first 

day participants stopped alcohol misuse was their resolution date, either resolved abstinent 

(RA) or resolved non-abstinent (RNA) (Sobell et al., 1996). Most participants were 

intervention naïve (69.0%); 17.6% had attended Alcoholics Anonymous (AA) only, and 

13.5% had attended alcohol treatment plus AA at some point before their recent quit 

attempt. All studies had at least a 1-year follow-up assessment, the basis for establishing 

drinking outcomes. Although not required, almost everyone (99.4%) fulfilled alcohol 

dependence criteria (American Psychiatric Association, 1994, 2000).

Table 1 presents characteristics of the integrated “Alcohol Recovery in Community” (ARC) 

sample comprising all five studies as a function of 1-year outcomes (N = 616). Like most 

natural recovery samples (Klingemann and Sobell, 2007), participants were on average 

middle-aged, middle-income, and educated beyond high school. Gender composition 

approximated the U.S. problem drinker population (67% male), and race/ethnicity 

composition approximated the southeast U.S. region where the research occurred (65% 

White; 32% African American; < 1.2% each Hispanic, Asian/Pacific Islander, Native 

American, or other race/ethnicity).

Procedures

In-person 1.5- to 3.0-hour assessments were conducted at enrollment and 12 months later, 

and participants were compensated from $30 to $75 for each assessment, with the amounts 

increasing over the 22-year data collection period spanned by the five studies. Sobriety was 

verified by breathalyzer (Studies 1-3: Alco-Sensor III, Intoximeters, Inc., St. Louis, MO; 

Studies 4-5: Lifeloc FC20, Wheat Ridge, CO). With participants’ consent, at least one 

collateral (e.g., spouse) was interviewed by phone for 69.7% of participants to verify 

eligibility and/or post-resolution drinking reports. Internal reliability checks were conducted 

when collaterals were unavailable; i.e., participant screening reports collected by phone or 

questionnaire were compared with more detailed initial interview reports regarding study 

eligibility criteria, and multiple follow-up reports of drinking status that pertained to the 

same time periods were compared for consistency. Cases with unreliable reports were 

excluded (< 1%). An expanded Timeline Followback (TLFB) interview (Sobell and Sobell, 

1992; Vuchinich et al., 1988) conducted at both data collection points assessed drinking 

practices, income, and expenditures covering the preceding year, which generated detailed 

behavioral records covering the two years surrounding sobriety onset. Select studies also 
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included Interactive Voice Response data collection (Tucker et al., 2008, 2012, 2016) and 

had longer (Tucker et al., 2002, 2006) or more frequent (e.g., quarterly) follow-ups (2008, 

2012, 2016). Measures are described next and in earlier publications.

Pre-resolution Drinking Problem Severity Measures

Drinking practices.—Participants reported daily drinking as ounces of beer, wine, and 

liquor intake using standard TLFB procedures (Sobell and Sobell, 1992). Reports were 

converted to ml of 190-proof ethanol for analysis. Number of pre-resolution heavy drinking 

days during the pre-resolution year that exceeded NIAAA (2015) binge drinking thresholds 

(4+/5+ drinks for women/men) were used for analysis. The TLFB interview yields reliable 

and accurate drinking reports (Tucker et al., 2002, 2007; Witkiewitz et al., 2015).

Alcohol-related problems and alcohol dependence.—An expanded 40-item 

Drinking Practices Scale (DPS; Vuchinich and Tucker, 1996) assessed problems in eight 

life-health areas often disrupted by heavy drinking (social, family, and intimate relations; 

financial status; vocational functioning; legal; residence; physical health). Scores ranged 

from 0 to 5 for each area and from 0 to 40 total, with higher scores indicating greater 

problems. The DPS has good predictive validity for treatment (Vuchinich and Tucker, 1996) 

and natural recovery (Tucker et al., 2006) outcomes. The 25-item Alcohol Dependence Scale 

(ADS; Skinner and Horn, 1984) assessed alcohol dependence indicators (e.g., tolerance, 

withdrawal symptoms); scores ranged from 0 to 47, reflecting mild to severe dependence. 

The ADS has high internal consistency and concurrent, convergent, and discriminant validity 

(Doyle and Donovan, 2009). ARC sample Cronbach’s alpha coefficients for the DPS and 

ADS were 0.93 and 0.89, respectively, indicating excellent scale reliability.

ASDE index.—The relative amount of resource (money in this case) allocated to obtain a 

given commodity compared to allocations to other available commodities reflects its reward 

value (Rachlin et al., 1981). Using an expanded TLFB format (Vuchinich et al., 1988), 

participants reported their spending in dollars on alcohol and other commodities for each 

day a purchase occurred during the preceding year. TLFB spending reports have been 

verified through comparisons with financial records (Tucker et al., 2002, 2006; Vuchinich 

and Tucker, 1996). Reports in each spending category were summed for the pre-resolution 

year to obtain totals for analysis. Spending on essential, ongoing, and largely fixed costs of 

living (e.g., housing, food, medical care, transportation, insurance) were classified as 

obligatory expenditures. Less essential commodities typically purchased intermittently 

(entertainment, recreation, alcohol, tobacco, other consumable goods, gifts, money saved 

voluntarily) were classified as discretionary expenditures (DE). Because DE are where shifts 

in strength of preference for alcohol over time should be more readily apparent, the ASDE 

index was calculated as the proportion of DE spent on drinking minus the proportion of DE 

put into savings. Values could range from −1.0 to + 1.0; higher scores indicate 

proportionally more spending on alcohol and less on savings.

Drinking Status at 1 Year

Participants with 1-year follow-up data were conservatively classified into mutually 

exclusive outcome status groups based on their drinking practices and problems during the 
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entire preceding year: (1) Resolved Abstinent (RA—continuous abstinence, n = 273), (2) 

Resolved Non-abstinent (RNA—lower risk drinking only, no relapses or alcohol-related 

problems; n = 80), and (3) Unstable Resolution (UR—1 or more relapses defined as daily 

drinking in excess of NIAAA heavy drinking thresholds [4+/5+ drinks for women/men], n = 

140). The 1-year drinking status of 123 initially enrolled participants was unknown because 

they either withdrew early (n = 20), died (5), or did not keep follow-up appointments (98). 

Participants lost to follow-up (20% of the enrolled sample of 616) generally had similar 

characteristics to the UR and RA groups on problem severity indicators and help-seeking 

history. The RNA and UR groups showed good separation in post-resolution drinking within 

or above low-risk drinking guidelines (NIAAA, 2005), respectively. Men and women in the 

RNA group consumed on average about 2.25 (39.84 ml) and 1.98 (35.15 ml) standard drinks 

per drinking day, respectively, whereas men and women in the UR group consumed on 

average about 6.66 (118.15 ml) and 5.91 (104.87 ml) drinks per drinking day, respectively.

Data Analyses

Sample checks were performed prior to analysis. First, we examined demographic and 

drinking history characteristics to identify sources of heterogeneity across studies and 

control for their potential influence as nuisance factors in the integrated dataset (Curran and 

Hussong, 2009). Measurement harmonization was unnecessary because the same research 

team conducted all studies using identical measures, selection criteria, and follow-up 

procedures in the same geographic region.

Data analyses were performed in two steps. First, LPA was conducted using the 3-step 

approach in Mplus version 8 (Muthén and Muthén, 1998-2017) to identify profiles showing 

distinctive patterns based on the four severity indicators (heavy drinking days, DPS, ADS, 

ASDE) and to examine if these profiles predicted 1-year drinking outcomes. In identifying 

latent profile classes, we included all the participants who provided data on profile indicators 

regardless of whether they had a missing value on their post-resolution drinking status in 

order to capture the pre-resolution patterns of severity indicators in the entire sample 

attempting natural recovery. Steps 1 and 2 of the 3-step approach were conducted using the 

automatic approach by specifying the AUXILIARY statement with R3STEP. Step 3 included 

1-year drinking status as the distal outcome, and we confirmed that class membership did 

not change from previous steps. Variables that differed significantly across studies (age, 

gender, race [white/non-white], and help-seeking status [any/none]), were used as covariates 

in the LPA. Due to varying measurement units and ranges, problem indicators were 

standardized to make the standard deviation for each variable the scale unit. All LPA models 

used MLR in Mplus, a robust maximum likelihood estimator, for parameter estimates and a 

sandwich estimator for standard errors to handle potential impact of clustering of 

participants within studies. When needed, missing data adjustment was also handled in MLR 

estimator. The number of profiles was determined based on model fit statistics, classification 

precision (entropy), and interpretability (see Table 2).

Latent profile membership was then used to predict 1-year drinking outcomes for the subset 

of participants with follow-up data (RA, RNA, or UR) in multinomial logistic regressions. 

The RNA group was the referent in comparisons with the RA or UR group. In this step, 
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participants with a missing value on drinking status were excluded to eliminate potential 

prediction inaccuracy, as they had insufficient data on drinking patterns to assign their 

outcome status. Finally, the most likely latent profile membership saved from the LPA was 

used to examine indicator differences across profiles using one-way ANOVAs.

RESULTS

Latent Profile Analysis

Models with 2, 3, 4, 5, and 6 profiles were estimated, and the 4-profile solution was chosen. 

Table 2 presents the model fit statistics for each profile. Based on these statistics, as well as 

interpretability and class size, we selected the 4-class (profile) solution. The 4-profile 

solution showed lower AIC (6238.08) and sample-size adjusted BIC (6266.79) than the 3-

profile solution, and the significant likelihood ratio tests (p < .05) suggested a better fit for 

the 4-profile model. Entropy for the 4-profile model was 0.82, indicating good classification 

precision (Curran and Hussong, 2009). Fit statistics were slightly better for the 5-profile 

solution, but values were not drastically different from the 4-profile solution, and the fifth 

profile in the 5-profile solution was similar to Profile 4 in the 4-profile solution and included 

only 8.8% of the sample, resulting in two similar classes with reduced sizes. The 6-profile 

solution did not differ from the 5-profile solution.

Figure 1 depicts the four estimated latent profiles using the means of standardized severity 

indicators. The final proportions, based on the most likely latent profile membership, were 

28.1, 23.7, 34.1, and 14.1% for Profiles 1-4, respectively. Profiles 1 and 2 showed global 

lower or higher risk, respectively, across all severity indicators. Profiles 3 and 4 were mixed 

risk profiles; i.e., Profile 3 showed low dependence and alcohol problems with frequent 

heavy drinking, whereas Profile 4 showed high dependence and alcohol problems with 

infrequent heavy drinking. Both mixed risk profiles also showed lower risk close to zero on 

the standardized ASDE values (i.e., the mean level of the entire sample) used in the LPA. 

Thus, Profiles 1-4 were labeled as Global Low Risk, Global High Risk, Drinking Risk Only, 

and ADS-DPS Risk profiles.

Severity indicator comparisons across latent profiles supported the distinctiveness of the four 

profiles. Indicator means were all significantly different (ps < .001) except for five pairwise 

contrasts: Profiles 2 (Global High Risk) and 4 (ADS-DPS Risk) had similar high ADS and 

DPS means, Profiles 1 (Global Low Risk) and 3 (Drinking Risk Only) had similar low DPS 

means, Profiles 3 and 4 had similar ASDE means close to zero, and Profiles 2 and 3 had 

similar high heavy drinking day means. Note that the ASDE pairwise contrasts indicated that 

Profile 3 (Drinking Risk Only) was significantly lower than Profile 2 (Global High Risk), 

and Profile 4 (ADS-DPS Risk) was significantly higher than Profile 1 (Global Low Risk). 

Furthermore, because indicator levels lower than zero (i.e., the sample mean) reflect 

relatively lower risk, on three of four indicators (ADS, DPS, ASDE), two profiles (2 and 4: 

Global High and ADS-DPS Risks) were relatively higher risk (37.8% of final proportions 

combined) and two profiles (1 and 3: Global Low and Drinking Risk Only) were relatively 

lower risk (62.2% combined) compared to one another.
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Relations between Latent Profiles and 1-year Drinking Status Outcomes

A χ2 test suggested the three outcome groups differed by profile membership (χ2 (6) = 

15.99, p < .05). Multinomial logistic regressions examined this overall association by 

predicting drinking outcomes using RNA as the referent. Table 3 presents the odds ratios 

(OR) and 95% confidence intervals (CI) of the RA and UR drinking outcome group 

belonging to each comparison profile compared to the RNA reference profile. Lower risk 

profiles were more likely to include participants with moderation outcomes (RNA) 

compared to abstinent (RA) or unstable resolution (UR). Specifically, compared to RNA 

participants, RA participants were more likely to belong to the Global High Risk profile (P2) 

than the Global Low Risk profile (P1) and were less likely to belong to the Drinking Risk 

Only profile (P3) than the Global High Risk profile (P2). Compared to RNA participants, 

RA participants were more likely to belong to the ADS-DPS Risk profile (P4) than the 

Global Low Risk profile (P1), and UR participants also were more likely to belong to the 

ADS-DPS Risk profile (P4) than the Drinking Risk Only profile (P3).

DISCUSSION

Two latent profiles were distinctively associated with moderation outcomes compared to 

other outcome groups. Consistent with earlier research, moderation was associated with 

membership in the Global Low Risk profile (P1). But participants who simply drank heavily 

and did not have elevated risk on the other indicators assessed also had a higher probability 

of successful moderation. Indeed, the Drinking Risk Only profile (P3) captured more RNA 

participants than any other outcome status group, followed by the Global Low Risk profile 

(P1). These results suggest that lower drinking practices in isolation should not be used to 

predict moderation and, conversely, high drinking practices in isolation should not be used to 

predict poor outcomes or inability to moderate. Successful moderation during the post-

resolution year was better ascertained based on lower alcohol dependence, fewer functional 

problems related to drinking, and favorable financial allocation patterns per the ASDE index.

Differences in relation to moderation outcomes were most apparent in profile comparisons 

with participants who were abstinent at follow-up. Compared to participants who maintained 

moderation, abstinent participants were more likely to belong to the Global High Risk (P2) 

than Global Low Risk (P1) profile and were less likely to belong to the Drinking Risk Only 

(P3) than Global High Risk profile. The two mixed risk profiles (P3 and P4) further 

distinguished resolved non-abstinent participants from those who abstained or had unstable 

resolutions involving relapse. Compared to participants who maintained moderation, those 

who remained abstinent were more likely to belong to the high ADS-DPS Risk than Global 

Low Risk profile, and those who relapsed were more likely to belong to the high ADS-DPS 

Risk than Drinking Risk Only profile. Participants lost to follow-up had similar higher risk 

levels on problem severity indicators, which is in line with clinical research suggesting that 

treatment drop-outs fare relatively poorly (e.g., Haug and Schaub, 2016). The present 

attrition rate was not markedly different from treatment outcome studies with similar follow-

up periods.

Thus, participants who abstained or relapsed had similar higher risk levels based on alcohol 

dependence and alcohol-related problems compared to those who maintained stable 
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moderation. Greater problem severity is an established clinical basis for an abstinent 

drinking goal, and the present untreated participants with higher problem severity either 

naturally self-selected and succeeded with abstinence, or they relapsed. Abstinence status in 

the context of AUD natural recovery thus may be a potential indicator of longer-term relapse 

risk, and successful abstinent recovery may be preceded by earlier failed attempts at low risk 

drinking. We explored this possibility using reports of participants’ longest duration of 

abstinence or low risk drinking prior to their current quit attempt, which we assessed in the 

two most recent ARC studies comprising about half of the total sample. Prior to their current 

quit attempt, participants as a whole had maintained low risk drinking (M = 814.83 days) 

longer than abstinence (M = 411.28 days), and this pattern favoring low risk drinking was 

much more pronounced for the current RA than UR or RNA outcome groups, which did not 

differ (Ms = 1244.85, 571.20, and 628.36 days, respectively; ps < .05). Duration of longest 

prior abstinence did not differentiate current outcomes. Very preliminarily, this raises the 

possibility that a sustained but ultimately failed low risk drinking attempt may precede 

abstinence at a subsequent quit attempt.

Taken together, these profile-outcome associations showed that participants with high global 

risks or risks limited to dependence and alcohol problems without relatively heavy drinking 

can achieve stable abstinence. However, high ADS-DPS risk also was associated with 

unstable resolution involving relapse. The shared similarities between abstinent and relapsed 

participants distinct from resolved non-abstinent participants is consistent with early 

theorizing (Marlatt, 1985) about the self-regulation processes involved in different drinking 

outcomes. Abstinence and relapse were considered opposite ends of the same dynamic 

behavioral regulation process, reflecting over- and under-control of the daily act of drinking, 

respectively, whereas moderation was considered a qualitatively different process involving 

lifestyle balance and repetitive choices to drink well within the boundaries of extreme 

restraint or loss-of-control drinking.

Several study qualifications merit future research: First, the relatively small number of 

studies (5) limited the applicability of more sophisticated techniques for data integration, 

such as multilevel modeling to model study level covariates separately (e.g., data collection 

year). Nevertheless, pre-analysis checks on study differences and statistical control for them 

in the LPA considerably reduced concerns about study heterogeneity. Second, LPA is an 

exploratory, data-driven approach that does not specify hypotheses about the number of 

profiles, and profile membership was determined probabilistically and is subject to 

misclassification. Even so, the four profiles appeared representative of the study sample, 

profile plots of all solutions showed four profiles with slight variations, and fit statistics 

supported visual inspection. Third, a single quantity-frequency measure of drinking 

practices was examined (heavy drinking days). Future research should investigate whether 

different temporal patterns of pre-resolution drinking frequency, quantity, and variability aid 

outcome prediction. Fourth, all participants had initiated a serious quit attempt, the majority 

were classified in lower risk Profiles 1 and 3, and, among those who relapsed, many later 

resumed abstinence or moderation. Whether results generalize to samples with more 

heterogeneous problem severity and motives for change (e.g., those in AUD treatment for 

different voluntary and non-voluntary reasons) remains to be determined. Fifth, the 

expanded TLFB assessment of drinking practices and monetary expenditures likely has 
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limited utility in clinical settings in its present form. Brief measures of monetary allocation 

to alcohol or drugs have been developed and found to predict treatment outcomes (Murphy 

et al., 2015; Worley et al., 2015). Collectively, these findings support adding assessment of 

real spending on substances to established assessment procedures to predict outcomes of 

recovery attempts. Finally, the subset of participants who drank after initial resolution were 

conservatively classified in line with views about recovery and relapse when this research 

program was started. The unstable resolution group is therefore likely heterogeneous in 

ways that merit investigation in light of newer findings showing that some heavy drinkers 

previously considered treatment failures are improved and functioning well (e.g., Witkiewitz 

et al., 2019).

With these qualifications, the study contributed new knowledge about problem severity 

indicators that formed latent risk profiles and predicted moderation outcomes of natural 

recovery attempts. Successful moderation was associated with lower pre-resolution problem 

severity on all indicators as well as with pre-resolution risk limited to elevated heavy 

drinking only. Heterogeneity was observed in pre-resolution drinking practices, and drinking 

practices showed inconsistencies with other risk indicators and had limited utility in 

predicting outcomes. Functional indicators of alcohol problems, dependence, and reward 

value showed more consistent associations with different drinking outcomes, which is in line 

with treatment research indicating that functioning and wellbeing are important for 

establishing problem severity and designating outcomes as successful or unsuccessful (e.g., 

Pearson et al., 2016; Wilson et al., 2016; Witkiewitz et al., 2019). Together, this work 

suggests that investigation of multiple severity indicators, in addition to drinking practices, 

will improve prediction of moderation and other outcomes across the drinking problem 

severity spectrum.
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Figure 1. 
Standardized Mean Scores on Pre-resolution Alcohol Problem Severity Indicators by Latent 

Profiles. ADS = Alcohol Dependence Scale, with higher scores indicating greater level of 

alcohol dependence; DPS= Drinking Problems Scale, with higher scores indicting more 

severe problems across 8 life domains (i.e., intimate relations, family relations, social 

relations, vocational functioning, financial status, physical health, living arrangements, and 

legal status); ASDE = Alcohol-Savings Discretionary Expenditure, with higher scores 

representing proportionally more spending on alcohol and less on savings; Heavy drinking 

days = Gender-adjusted heavy drinking days during pre-resolution year (> 4 drinks/day for 

women; > 5 drinks/day for men).
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Figure 2. 
Composition of Pre-resolution Year Problem Severity Profiles across Drinking Status 

Outcomes at 1-year Post-resolution. RA = Resolved Abstinent; UR = Unstable Resolution; 

RNA = Resolved Non-Abstinent; Missing at 1-year follow-up.
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Table 2.

Model fit statistics for latent profile analysis (LPA)

LPA Solutions
Fit Statistics

AIC Sample Adjusted BIC Entropy VLMR LRT BLRT

2 profiles 6562.063 6578.293 .732 p < .001 p < .001

3 profiles 6391.450 6413.922 .804 p < .001 p < .001

4 profiles 6238.075 6266.789 .820 p < .01 p < .001

5 profiles 6159.996 6194.952 .837 p < .01 p < .001

6 profiles 6095.662 6136.860 .868 p = .5646 p = .5666

Note. AIC: Akaike Information Criteria. Sample Adjusted BIC (Bayesian Information Criteria); Lower values indicate better model fit. Entropy: 
Indication of good separation of classes; .8+ is considered good. VLMR LRT: Vuong-Lo-Mendell-Rubin Likelihood Ratio Test; H0: k-1 vs. k 
classes, significant results indicate that k class-solution fit the data better than k-1 class solution. BLRT: Bootstrapped Likelihood Ratio Test; H0: 
k-1 vs. k classes, significant results indicate that k class-solution fit the data better than k-1 class solution.
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Table 3.

Odds ratios to belong to comparison profile vs. reference profile across drinking status groups

Comparison Profile Drinking Status Contrast
Reference Profile Odds Ratio (95% CI)

P1: Global Low Risks P2: Global High Risks P3: Drinking Risk Only

P2: Global High Risks RA vs. RNA 3.14 (1.33, 7.39)*

UR vs. RNA 1.52 (.61, 3.82)

P3: Drinking Risk Only RA vs. RNA 1.11 (.58, 2.13) .35 (.15, .83)*

UR vs. RNA .72 (.36, 1.44) .47 (.18, 1.25)

P4: ADS-DPS Risks RA vs. RNA 4.45 (1.03, 19.34)* 1.42 (.29, 6.89) 4.01 (.93, 17.31)

UR vs. RNA 3.32 (.71, 15.63) 2.18 (.41, 11.57) 4.62 (1.003, 21.26)*

Note: P = Profile. P1 and P3 are relatively lower risk profiles and P2 and P4 are relatively higher risk profiles in latent profile analysis (see Figure 
1). RA = resolved abstinent; RNA = resolved non-abstinent; UR = unstable resolutions. RNA used as the referent. OR = odds ratio, CI = 95% 
confidence intervals.

*
p < .05.

If OR > 1.0, the RA or UR group was more likely to belong to the comparison profile than to the reference profile, compared to the RNA group; if 
OR < 1.0, the RNA group was more likely to belong to the comparison profile than the reference profile, compared to RA or UR.
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