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Abstract

Introduction: Substance use disorders (SUDs) remain challenging maladies to treat in the United 

States and impose significant societal costs. Despite these challenges, a significant number of 

individuals endorse being in recovery from SUD. The scientific understanding of SUD recovery 

has evolved to include not only improvements in substance use but also improvements in personal 

wellness and psychosocial functioning. The devaluation of future rewards (delay discounting; DD) 

is broadly associated with SUD inception and outcomes. We sought to investigate the relationship 

between DD, time in recovery, and recovery progress.

Methods: We conducted an online assessment of 127 individuals in recovery from SUD who 

the study recruited via the International Quit and Recovery Registry (IQRR). The research team 

obtained measures of recovery progress via the Addiction Recovery Questionnaire (ARQ) and 

the Treatment Effectiveness Assessment (TEA). Additionally, the study collected measures of 

DD, time in recovery, and endorsement of abstinence in recovery (i.e., requiring abstinence vs. 

not). We utilized linear regression to test for associations among these variables and performed a 
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mediation analysis to test the role of DD in mediating the relationship between time in recovery 

and measures of recovery progress.

Results: Time in recovery was positively associated with the ARQ (p<.001) and TEA (p<.001). 

Furthermore, an individual’s delay discounting rate mediated the relationship between time in 

recovery and ARQ/TEA. Of the participants, 66% endorsed recovery requiring total abstinence 

from alcohol and drugs. Last, through an exhaustive model selection, the study did not find an 

individual’s endorsement of abstinence in recovery to be a primary predictor of recovery progress.

Conclusions: This study presents evidence that, for individuals in recovery, the temporal 

view (i.e., focus on immediate vs. future rewards) is a significant influence on recovery 

progress. Additionally, an individual’s endorsement of abstinence in recovery was not significantly 

associated with recovery progress, suggesting the importance of a holistic view of SUD recovery. 

These findings contribute to the understanding of recovery as a multidimensional process and 

provide further support for DD as a behavioral marker of addiction.
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1. Introduction

Substance use disorders (SUDs) continue to pose significant challenges to public health in 

the United States. SUDs’ direct and indirect costs to the U.S. economy are staggering, 

estimated at more than $740 billion per year when accounting for crime, lost work 

productivity, and health care (NIDA, 2017). The costs of grief for individuals and families 

are difficult to calculate, with deaths from tobacco, alcohol, and opioids approaching 

650,000 per year (Griswold et al., 2018; Hall & Doran, 2016; Hedegaard et al., 2017). 

Despite these grim figures, recovery from addiction is possible. Millions of individuals 

report being in recovery for extended periods (Substance Abuse and Mental Health Services 

Administration (US) & Office of the Surgeon General (US), 2016), many without formal 

treatment. Even with treatment, results from previous studies suggest relapse prevalence 

rates between 40% and 90% for individuals in recovery from SUD (Alan Marlatt & 

Donovan, 2005; Alterman et al., 2000; Gossop et al., 2002; Hunt et al., 1971; Lowman 

et al., 1996; Maisto et al., 2006).

As a multidimensional process, recovery from substance misuse involves not only 

abstinence but also improvement in physical and mental health, social relationships, 

wellness, and quality of life (Betty Ford Institute Consensus Panel, 2007; Kelly & Hoeppner, 

2015; Laudet, 2007; Pettersen et al., 2018; White, 2007). In fact, recent findings have 

shown that abstinence may not be necessary for successful recovery (Rosenburg et al., 2020, 

Witkiewitz & Tucker, 2020). Furthermore, with multiple profiles and pathways, recovery is 

a process of growth that extends along a continuum (Elms et al., 2018; Witkiewitz et al., 

2019). Hence, understanding an individual’s progress, needs, status, and view on abstinence 

in recovery is essential to better identify those at higher risk of relapse and provide person-

centered treatment for addiction.
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Consistent with the interest in and research on the multiple pathways in recovery (Corrigan 

et al., 2004; Gagne et al., 2007; O’Connell et al., 2005; Piat et al., 2009), researchers 

developed patient-centered and recovery-oriented instruments that measure progress in 

recovery, such as the Addiction Recovery Questionnaire (ARQ; Iveson-Brown & Raistrick, 

2016) and the Treatment Effectiveness Assessment (TEA; Ling et al., 2012). The ARQ, 

a measure of recovery indicators that are quite generic and suitable for routine practice, 

is helpful in navigating the treatment journey and assessing personal progress in recovery 

during the past month. The ARQ provides a framework for long-term goals, focusing on 

three subscales: Abstinence (e.g., disengagement from drinking and drug taking cultures), 

Normality (e.g., adopting a lifestyle that is incompatible with substance misuse), and 

Positivity (e.g., change in thinking and in responding to circumstances) (Iveson-Brown & 

Raistrick, 2016). The TEA assesses progress in recovery from substance use and acquires 

information from individuals about changes that are especially significant to them, such as 

employment, living situations, and social relationships, and is suitable for assessing progress 

at short- or long-term intervals. In addition, the TEA examines one’s personal evaluation on 

substance use, personal health, lifestyle, and responsibility to the community (Ling et al., 

2012, 2020).

To understand human behavior and its association with substance misuse, the field of 

behavioral economics incorporated insights from psychology and economics to study the 

decision-making process among individuals with SUD (Bickel et al., 2014; Bickel et al., 

2016; Vuchinich & Heather, 2003). Delay discounting (DD), one of the most studied 

decision processes within behavioral economics, refers to the rate at which the subjective 

value of a reward declines as a function of the delay to its receipt (Bickel et al., 2014). 

Previous studies have suggested DD as a candidate behavioral marker of SUD (Bickel et 

al., 2014; Bickel et al., 2019). Furthermore, DD is associated with the status of substance 

use, with nonusers discounting delayed rewards less often than current users (Amlung et al., 

2017; Bickel et al., 2014; Bickel et al., 2019; MacKillop et al., 2011; Mitchell et al., 2005). 

This finding is consistent among most substances, including opiates (Madden et al., 1999), 

cocaine (Coffey et al., 2003), nicotine (Baker et al., 2003), and alcohol (Mitchell et al., 

2005). In addition, DD predicts initiation of substance use (Audrain-McGovern et al., 2009), 

the severity of use (Albein-Urios et al., 2012; Johnson et al., 2007; Vuchinich & Simpson, 

1998), and post-treatment outcomes (Athamneh et al., 2020; Bickel et al., 2017; De Wilde et 

al., 2013; Domínguez-Salas et al., 2016; Krishnan-Sarin et al., 2007; MacKillop & Kahler, 

2009; Sheffer et al., 2012; Sheffer et al., 2014; Stanger et al., 2012; Stevens et al., 2014, 

2015; Washio et al., 2011; Yoon et al., 2007). Moreover, previous studies have reported 

significant negative associations between time in recovery and DD, with those self-reporting 

longer time in recovery showing lower discounting rates (Athamneh et al., 2019; Tomlinson 

et al., 2020).

Recovery outcomes and treatment success are associated with time in recovery (Foster et 

al., 2000a; Jin et al., 1998; Laudet, 2011; Rather & Sherman, 1989), progress in recovery 

(Foster et al., 2000b; Kraemer et al., 2002; Moos & Moos, 2006; Villeneuve et al., 2006), 

and DD (Athamneh et al., 2020; Bickel et al., 2017; De Wilde et al., 2013; Domínguez-Salas 

et al., 2016; Krishnan-Sarin et al., 2007; MacKillop & Kahler, 2009; Sheffer et al., 2012, 

2014; Stanger et al., 2012; Stevens et al., 2014, 2015; Washio et al., 2011; Yoon et al., 
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2007). However, to our knowledge, studies have not examined the association between 

time in recovery and progress in recovery and how it may be affected by DD rates among 

individuals in recovery from SUD.

The current study examined the association between time in recovery (self-report), progress 

in recovery (as measured by ARQ and TEA scales), and rates of DD in a sample of 

individuals in recovery from SUD. The study collected data from the International Quit & 

Recovery Registry (IQRR), an ongoing online registry that aims to understand recovery and 

its phenotypes (Athamneh et al., 2019, 2020; Tomlinson et al., 2020). In addition, given that 

participants may define recovery differently (e.g., recovery being inclusive of continued 

substance use), the current study investigated the association between an individual's 

endorsement of abstinence in recovery (i.e., recovery requiring total abstinence vs. not) and 

progress in recovery. As progress in recovery is positively associated with treatment success, 

we hypothesized that one’s time in recovery would be positively associated with both ARQ 

and TEA scores. Additionally, we hypothesized that one’s DD rate would be inversely 

associated with both ARQ and TEA scores (i.e., lower DD, higher scores). Moreover, 

given that time in recovery is associated with lower rates of DD, which may then lead to 

improvement and progress in recovery, we hypothesized that rates of DD may mediate the 

association between time in recovery and ARQ/TEA scores.

2. Materials and methods

2.1 Participants

The study recruited participants (n=131) from the International Quit and Recovery Registry 

(IQRR; www.quitandrecovery.org), an online recovery community and registry created in 

2011 with more than 5,000 registrants. The IQRR is discoverable through search engines 

or social media and is available to all adults who self-report being in recovery from 

substance use and seek to facilitate a deeper understanding of factors that support successful 

recovery from addiction. Interested individuals can become members, known as “Recovery 

Heroes”, by registering on the website, which includes providing demographic and contact 

information, as well as a personal history of substance use. After registration, members gain 

access to the IQRR’s social media platform where they can seek or provide support to other 

members and are encouraged to complete any available research assessments in which they 

are interested. Note that while the precise demographics of individuals in recovery from 

SUD are unknown, the overall demographics of the IQRR, as well as this sample, are similar 

to prior reports of individuals in recovery from SUD (Kaskutas et al., 2014).

Participation in this study was voluntary and consent was implied through the completion 

and submission of the survey. The Institutional Review Board at Virginia Polytechnic 

and State University approved this study. Inclusion criteria for this study required that 

participants be 18 years or older and self-report recovery from one or more SUDs. The study 

excluded from analysis individuals reporting a non-substance use addiction (e.g., gambling, 

overeating, excessive shopping; n = 4). The final sample included 127 participants.
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2.2 Study measures

The study collected demographic characteristics including age, gender, race, ethnicity, 

education level, and annual income. The research team determined a participant’s primary 

addiction with the question “What is/was your primary addiction?” with the following 

response options: nicotine, alcohol, cannabis, opioids, cocaine, stimulants, prescription 

pain relievers, hallucinogens, dissociative anesthetics, tranquilizers/depressants, inhalants, 

caffeine, gambling, overeating, binge eating or other eating disorder, excessive shopping, 

excessive sexual activity, excessive video gaming, excessive viewing of pornography, 

and excessive preoccupation with activities on the internet. Additionally, the study asked 

participants, “How long have you been in recovery from your primary addiction?” and then 

they endorsed the number of days, months, and years they had been in recovery. The study 

converted days and months to years to compute the total number of years in recovery. 

The study asked participants for their endorsement of abstinence from substance use in the 

context of addiction recovery, specifically, we asked participants, “In your opinion, does 

recovery require total abstinence from all drugs and alcohol?” with the response options 

“Yes” and “No” (The study refers to this question as “abstinence endorsement” in analyses).

2.2.1 Delay Discounting.—The study measured delay discounting using an adjusting 

delay task (Koffarnus & Bickel, 2014). In this five-trial task, participants chose between a 

smaller, immediately available reward ($500), and a larger reward available after a delay 

($1,000). Across each trial, the monetary amounts remain constant while the delay changed. 

This task identifies the delay at which the larger reward loses half its subjective value 

and efficiently estimates the discounting rate, k. All discounting rates were natural-log 

transformed to normalize the data and stabilize the variance.

2.2.2 Addiction Recovery Questionnaire (ARQ).—The ARQ is a 12-item measure 

developed and validated by Iveson-Brown and Raistrick (2016). The ARQ measures 

progress in recovery across three components: Normality (e.g., “had enough money to live 

reasonably well?”), Abstinence (e.g., been mixing with people who are problem drinkers/

drug users?), and Positivity (e.g., felt generally good about yourself?). All Items were scored 

on a 0–3 scale (0 = “not at all”, 1 = “rarely”, 2 = “often”, 3 = “all the time”), except for 3 

items that we reverse scored. The study summed the score of all items to yield a total score.

2.2.3 Treatment Effectiveness Assessment (TEA).—The 4-item TEA, developed 

and validated by Ling and colleagues (2012), is a brief, patient-centered instrument 

used to measure progress in treatment and recovery. The TEA asks patients to indicate 

improvements in four areas relevant to recovery; (1) substance use (the frequency and 

amount of use; money spent on drugs and alcohol; amount of drug craving; time 

spent being high/drunk, being sick, in trouble, and in other drug-using activities, etc); 

(2) health (physical and mental health, eating and sleeping, exercising, taking care of 

health problems or dental problems, etc.); (3) lifestyle (living conditions, family situation, 

employment, relationships, paying bills, and following through with personal or professional 

commitments); and (4) community (obeying laws and meeting your responsibilities to 

society). The study asked participants to assign a value between 1 (“none or not much 

better”) and 10 (“very much better”) for the four recovery-oriented domains. We obtained 
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a total score by summing the responses for the four domains, which ranged from 4 (no 

measurable improvement) to 40 (significantly improved).

2.3 Statistical analysis

The study summarized sample characteristics using means (standard deviations) and 

frequencies (percentages). In addition, the study stratified these characteristics based on 

abstinence endorsement and compared them using a t-test or chi-squared test as appropriate. 

We conducted separate univariate linear regressions with progress in recovery variables 

(i.e., ARQ and TEA scores) as the outcome measure with each of the other recovery-

related variable (i.e., DD, years in recovery, abstinence endorsement) and demographic 

characteristics (i.e., age, gender, race ethnicity, education, annual income) as the explanatory 

variable. To further assess the association among these variables, the team performed 

multivariate regression with model selection. A comprehensive and exhaustive search of the 

model space explored all combinations of DD, years in recovery, abstinence endorsement, 

and demographics, as independent variables and ARQ and TEA scores as dependent 

variables. The team selected the model with the lowest Bayesian Information Criterion 

(BIC) as the optimal model. The study team performed a post hoc power analysis using 

the smallest effect size observed from the univariate analysis (f2=0.15), alpha of 0.05, our 

sample of 127 participants achieved 99% power. The study team analyzed all data in R 

version 3.5.3 (R Core Team, 2019) with a significance level of 0.05.

2.3.1 Mediation Analysis.—The research team performed mediation analyses using 

Hayes’ method (Hayes, 2017). In this study, we performed mediation analyses to test the 

mediating effect of delay discounting rate (M) on the relationship between time in recovery 

(X) and ARQ/TEA scores (Y). The study used a bootstrapping approach to estimate 

the indirect effect of DD using 10,000 bootstrap random samples to determine the 95% 

confidence intervals (CI). A 95% CI for the indirect effect coefficient provides evidence for 

a significant mediating effect if the CI does not include zero. The study reported all results 

as standardized estimates.

3. Results

We show means (SD) and frequencies (%) of demographic variables for the total sample 

in Table 1; and we present frequencies for substance use, discounting rates, and ARQ/TEA 

scores in Table 2. Briefly, participants were 46.8 years old on average, 59.8% female, 

88.3% White, and 92.1% non-Hispanic. Participants reported being in recovery from 

substance use for 10.48 years on average (range: .003–45.6 years) and 44.9% reported that 

alcohol was their primary addiction. A majority of participants (66%) endorsed recovery 

requiring total abstinence from alcohol and drugs. When examining sample characteristics 

stratified by abstinence endorsement, the study observed several significant differences 

(Table S1; see supplement). Individuals who endorsed recovery requiring total abstinence 

were significantly older (p=.005), reported greater time in recovery (p<.001), had lower rates 

of delay discounting (p=.007), and higher ARQ (p<.001) and TEA (p=.009) scores. Note 

of those participants who reported prior treatment (n=104), a significant association existed 
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with recovery requiring abstinence and participating in a 12-step treatment program (OR: 

8.75, 95% CI: 3.05-31.85).

To understand the relationship between ARQ/TEA scores and other recovery-related 

variables (e.g., discounting rate, years in recovery, abstinence endorsement) and 

demographic characteristics, the research team performed univariate linear regression 

(Table 3). For ARQ score, the study identified time in recovery (F(1,125)=60.14;p<.001), 

discounting rate (F(1,125)=46.73; p<.001), abstinence endorsement (F(1,125)=13.43; 

p<.001), age (F(1,125)=72.09; p <.001), education (F(4,122)=8.236; p<.001), and income 

(F(22,104)=3.197; p<.001) as significant predictors, but not gender (F(1,126)=0.442; 

p=.508), race (F(5,122)=1.182; p =.322), or ethnicity (F(1,126)=0.032; p=.859). For TEA 

score, the study identified time in recovery (F(1,125) = 42.78; p<.001), discounting 

rate (F(1,125)=18.38; p<.001), abstinence endorsement (F(1,125)=7.517; p=.007), age 

(F(1,125)=26.86; p<.001), and education (F(4,122)=2.835; p=.027) as significant predictors, 

but not gender (F(1,125)=0.075; p=.784), race (F(5,121)=2.119; p=.067), ethnicity 

(F(1,125)=0.594; p=.442), or income (F(22,104) = 1.511; p=.086).

The study team performed multivariate regression with model selection to further understand 

the relationship between ARQ/TEA scores, discounting rate, years in recovery, abstinence 

endorsement, and demographic variables (Table 4). For ARQ, the final model with lowest 

BIC included age (p<.001), discounting rate (p<.001), and years in recovery (p=.002) as 

significant predictors. For TEA, the final model with lowest BIC included discounting rate 

(p=.023) and years in recovery (p<.001). Of note, abstinence endorsement did not persist as 

a significant predictor for ARQ score or TEA score. Within both of these models, years in 

recovery and discounting rate were significantly associated with one another (p<.001)

To understand the relationship between time in recovery, ARQ/TEA scores, and discounting 

rate, we performed mediation analyses. Mediation analyses indicated that DD mediated 

the relationship between years in recovery and ARQ score (β = 0.138; 95% CI = 0.049 - 

0.247; Figure 1), accounting for 24%, of the observed effect. In addition, DD mediated the 

relationship between years in recovery and TEA score (β = 0.075; 95% CI = 0.008 - 0.164 ; 

Figure 1), accounting for 15% of the observed effect.

4. Discussion

The current study investigated associations among time in recovery, recovery progress, and 

delay discounting, in a sample of individuals in recovery from SUD from the International 

Quit and Recovery Registry (IQRR). Additionally, we investigated if an individual’s 

endorsement of abstinence in recovery (i.e., recovery requiring total abstinence from drugs/

alcohol or not) was associated with progress in recovery. Our results indicated a significant 

association between DD, age, time in recovery, and ARQ score. In addition, our results 

indicated a significant association between DD, time in recovery, and TEA score. Moreover, 

DD mediated the relationship between time in recovery and ARQ/TEA scores. Notably, 

while the study observed group differences in ARQ/TEA scores as a function of abstinence 

endorsement at the univariate level, these differences did not persist at the multivariate level 
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and were better accounted for by discounting rate, time in recovery, and age. Next we 

discuss these results in further detail.

In accordance with our hypothesis, DD rate (ln(k)) had a mediating role in the relationship 

time in recovery and past 30-day recovery outcomes, as measured by the ARQ, with 

significant indirect effects that accounted for 24% of the total effect. As previously 

mentioned, the ARQ recognizes the gradual and multifaceted nature of the recovery process 

by including three different domains: Abstinence, Normality and Positivity. Although 

only few published studies have used the ARQ, many studies in the recovery field have 

investigated similar domains (Johannessen et al., 2019; Kelly et al., 2018; Martinelli et 

al., 2020; Muller et al., 2017). ARQ’s abstinence subscale assesses disengagement from 

drug culture, including not only abstinence from use but also stepping-stones to recovery, 

such as the use of substitute prescriptions and the existence of a positive social network. 

ARQ’s normality subscale assesses quality of life indicators of the recovery process that are 

likely incompatible with substance misuse, such as financial, social and living conditions, 

daily and criminal activities. ARQ’s positivity subscale assesses psychological constructs 

that indicate the state of changed responses to situations, such as optimism, self-esteem 

and confidence. Importantly, the ARQ is the result of multiple iterations with service 

users, concerned others and health professionals, such as addiction specialists, generic 

health professionals and commissioners, suggesting strong community support for its items 

(Iveson-Brown & Raistrick, 2016).

The results of the mediation analysis are consistent with previous findings assessing the 

three relationships involved. First, studies have shown significant positive associations 

between recovery length and specific aspects of recovery progress, as measured by the 

ARQ subscales, such as abstinence from drug use (Jin et al., 1998; Rather & Sherman, 

1989; Subbaraman & Witbrodt, 2014), normality indicators, such as quality of life (Hibbert 

& Best, 2011; John F. Kelly et al., 2018), housing and criminal activities (Martinelli et 

al., 2020), and positivity indicators, such as self-esteem (Hibbert & Best, 2011). Second, 

as mentioned, previous literature has demonstrated a negative association between recovery 

length and DD rates. Third, other studies have indicated a negative association between DD 

rates and constructs related to ARQ subscale components among individuals in recovery 

from substance use, such as physical health, psychological health, social relationships and 

environment (Lemos, et al., 2020; Bickel et al., 2017; De Wilde et al., 2013; Domínguez-

Salas et al., 2016; Krishnan-Sarin et al., 2007; MacKillop & Kahler, 2009; Sheffer et al., 

2012, 2014; Stanger et al., 2012; Stevens et al., 2014, 2015; Washio et al., 2011; Yoon et 

al., 2007), and abstinence self-efficacy (i.e., confidence to resist substance use) (Athamneh 

et al., 2019).

In accordance with our second hypothesis, the mediation analyses we presented here 

explored the relationship between DD rate on time in recovery and the TEA scores 

(Figure 1). As mentioned previously, the TEA assesses longer-term recovery progress across 

four domains (substance use, health, lifestyle, and community). An individual’s DD rate 

(ln(k)) had a mediating role between time in recovery and the TEA score with significant 

indirect effects that accounted for 15% of the total effect. These results are consistent 

with existing literature indicating significant associations between positive recovery progress 
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(i.e., improvement in recovery outcomes) and DD rates (Athamneh et al., 2020; Sheffer et 

al., 2012, 2014). These results were consistent with our hypothesis that length of time in 

recovery was positively associated with TEA scores and consistent with previous findings 

of significant associations between length of time in recovery and delay discounting rates 

(Athamneh et al., 2019; Tomlinson et al., 2020). Moreover, this is the first study to report 

a significant relationship between delay discounting and the TEA. Consistent with our 

hypothesis, we report a significant negative association between DD rate and TEA scores. 

Results of the exhaustive model selection indicated that TEA scores were best predicted by 

discounting rate and time in recovery, which provides evidence that time in recovery and DD 

rate both contribute to longer-term recovery progress.

Overall, the results of these mediation analyses support DD as a potential intervention to 

improve the recovery process. Previous studies have shown that interventions can change 

discounting rates in individuals with substance use disorders. For example, Episodic Future 

Thinking, an intervention that consists of engaging participants in vivid simulation of 

realistic future events (Atance & O’Neill, 2001), has significantly decreased DD in smokers 

(Athamneh et al., 2020; Stein et al., 2016, 2018) and alcohol users (Mellis et al., 2019). 

Moreover, in an alcohol use disorder cohort, EFT interventions reduced both discounting 

and demand intensity for alcohol (Snider et al., 2016). In this sense, changing one’s 

valuation of the future may help to positively augment the recovery process. In addition, 

higher DD rates were associated with lower recovery progress in this study. Perhaps by 

identifying and targeting individuals with higher DD rates in recovery with unique and 

additional resources would aid in their recovery progress. We note that variables outside 

this study could also serve as intervention targets. The current study is clinically relevant 

and provides evidence for effective interventions that modify patients’ future valuation into 

treatment approaches.

Finally, we investigated whether a participant’s endorsement of abstinence in recovery (i.e., 

whether recovery requires total abstinence from alcohol and drugs) was associated with self-

reported progress in recovery (as measured by ARQ/TEA). At the univariate level, several 

characteristics were significantly different between those endorsing recovery requiring total 

abstinence versus not. Participants endorsing abstinence had significantly higher ARQ/TEA 

scores, were older, reported being in recovery longer, and had lower DD rates compared to 

those endorsing nonabstinent recovery. However, after performing a multivariate regression 

with model selection, group differences in ARQ/TEA scores were best accounted for by age, 

time in recovery, and DD rate. In addition and interestingly, 53% of the participants who did 

not indicate participation in a 12-step treatment program felt recovery required abstinence 

compared to 91% of those who participated in a 12-step treatment program. In total, our 

results are consistent with other studies that have reported that younger age (Dawson et 

al., 2007; Sobell et al., 1996; Subbaraman & Witbrodt, 2014) and shorter length of time in 

recovery (Subbaraman & Witbrodt, 2014) are associated with nonabstinent recovery.

We acknowledge several potential limitations in this study. First, the majority of the sample 

(88.3%) was White, and therefore the results may not generalize to other populations. 

Second, the observational nature of the study potentially limits the ability to understand the 

temporal relationship between outcome variables; future longitudinal studies will be helpful 
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to better understand these relationships. Moreover, we acknowledge that differences exist 

in the time frames that several measures assessed (i.e., ARQ/TEA assess retrospectively, 

DD assesses momentarily), but the study collected all of these measures in the same 

session and they likely reflect present circumstances. Third, while this study investigated 

the relationships among time in recovery, recovery progress, and DD, the study did not 

collect several variables that could influence these outcomes. Variables such as perceived 

stress, psychiatric comorbidities, and social support could affect these measures and future 

studies in this line of research would benefit from their inclusion. Additionally, given that 

the study did not define recovery for participants, the endorsement of abstinence likely 

depended on an individual’s personal definition and therefore we may not be measuring the 

same construct in all participants. Last, while the IQRR is a powerful tool to investigate 

the phenotype of recovery, our participant pool is limited to individuals with access to an 

Internet connection and those who self-select to join the IQRR, potentially introducing bias 

into our sample.

5. Conclusion

This study examined associations between time in recovery from a substance use disorder, 

measures of progress in recovery, and DD in a sample of individuals in recovery from 

SUDs. We report that time in recovery was positively associated with scores on measures of 

short-term and long-term recovery progress. Furthermore this relationship was mediated by 

an individual’s DD rate, whereby individuals with lower discounting rates reported greater 

progress in recovery from SUD. Additionally, we investigated if an individual’s endorsement 

of abstinence in recovery (i.e., recovery requiring total abstinence or not) was associated 

with recovery progress. We report that an individual’s endorsement of abstinence in recovery 

was not the best predictor of progress in recovery, which was best accounted for by time in 

recovery, age, and DD rate. These findings contribute to the understanding of recovery as 

a multidimensional process and provide further support for DD as a behavioral marker of 

addiction.
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Highlights

• Recovery from substances use disorders (SUD) is a multidimensional process

• Delay discounting (DD) is broadly associated with SUD outcomes

• DD mediates relationship between time in recovery and recovery progress
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Figure 1. 
Mediation analyses for the relationship between time in recovery and recovery progress 

scores as mediated by delay discounting rate (ln(k)). Panel (a) depicts mediation analysis 

with ARQ score as the dependent variable (Y1). Panel (b) depicts mediation analysis with 

TEA score as the dependent variable (Y2). Standardized β estimates of the linear regression 

between each set of variables are depicted along the arrows. Note panels (a) and (b) 

represent two separate mediation analyses, not one analysis with multiple mediators.
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Table 1.

Sample Demographics (N = 127).

Demographics Frequency (%) / Mean (SD)

Age
b 46.8 (16.7)

Gender
a

 Female 76 (59.8)

 Male 51 (40.2)

Race
a

 Asian 4 (3.1)

 Black or African American 7 (5.5)

 White 112 (88.3)

 Other 4 (3.1)

Ethnicity
a

 Hispanic 10 (7.9)

 Non-Hispanic 117 (92.1)

Education level
a

 High school diploma/GED or less 23 (18.1)

 Some college with no degree 37 (29.1)

 Completed a 2-year college degree or higher 67 (52.8)

Income
a

 Less than $9,999 27 (21.3)

 $10,000-$29,999 30 (23.6)

 $30,000-$49,999 19 (15.0)

 $50,000-$79,999 19 (15.0)

 $80,000+ 27 (21.2)

 Refuse to answer 5 (3.9)

a
Frequency (%)

b
Mean (SD)
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Table 2.

Recovery Characteristics

Characteristics Frequency (%) / Mean (SD)

Primary Addiction
a

 Alcohol 57 (44.9)

 Opioids 25 (19.7)

 Other 45 (35.4)

Time in recovery – years
b 10.48 (11.86)

Delay discounting rate – In(k)
b −4.90 (2.36)

ARQ Score
b 27.08 (6.24)

TEA Score
b 31.86 (7.08)

Does Recovery Require Total Abstinence?
a

 Yes 84 (66.1)

 No 43 (33.9)

a
Frequency (%)

b
Mean (SD)
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Table 3.

Univariate linear regression associations of ARQ/TEA scores and recovery variables.

Variable ARQ Score P-value TEA Score P-Value

Time in recovery F(1,125) = 60.14 <.001 F(1,125) = 42.78 <.001

Discounting rate F(1,125) = 46.73 <.001 F(1,125) = 18.38 <.001

Abstinence group F(1,125) = 13.43 <.001 F(1,125) = 7.517 .007

Age F(1,125) = 72.09 <.001 F(1,125) = 26.86 <.001

Gender F(1,125) = 0.524 .470 F(1,125) = 0.075 .784

Race F(5,121) = 1.195 .316 F(5,121) = 2.119 .067

Ethnicity F(1,125) = 0.039 .842 F(1,125) = 0.594 .442

Education F(4,122) = 8.236 <.001 F(4,122) = 2.835 .027

Income F(22,104) = 3.197 <.001 F(22,104) = 1.511 .086
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Table 4.

Linear regression associations of ARQ/TEA scores and recovery characteristics after model selection.

ARQ Scores TEA Scores

Adjusted coef. (95% CI)
a p-value

Adjusted coef. (95% CI) 
a p-value

Time in recovery 0.7275 (0.2743 1.1805) .002 1.3657 (0.8480 1.8833) <.001

Discounting rate −0.7450 (−1.1206 −0.3701) <.001 −0.5673 (−1.0562 −0.0785) .023

Age 0.1234 (0.0621 0.1846) <.001 ---- ---

Note: CI = confidence interval

a
Model selection was performed to investigate the inclusion of age, gender, years of education, race, ethnicity, and income. Note after model 

selection, only time in recovery, discounting rate, and age remained in the model for ARQ score, and only time in recovery and discounting 
remained in the model for TEA score.
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