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Abstract

Background: Treatment with opioid agonists is effective for opioid use disorder, but early 

discontinuation of treatment is a major obstacle to success. Intensive longitudinal methods — 

which take many repeated measurements over time, usually in the field— have provided unique 

insight into the effects of stress, mood and craving on drug use while people are being treated; 

these methods might also be useful for studying the processes that lead people to drop out of 

treatment.

Methods: Ecological momentary assessment (EMA) was conducted for up to 17 weeks by 

obtaining multiple electronic diary entries per day from 238 participants being treated with 

methadone or buprenorphine-naloxone. Survival analysis was used to study two outcomes: 

dropping out of treatment and noncompliance with EMA self-report requirements. Self-reports of 

stress, craving, and mood were used as time-varying predictors. Demographic and psychosocial 

variables measured with the Addiction Severity Index at the start of treatment were used as time-

invariant predictors.
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Results: Dropping out of treatment was more likely in participants with more reported hassles (a 

measure of stress), higher levels of cocaine craving, lower levels of positive mood, a recent history 

of emotional abuse, a recent history of being bothered frequently by psychological problems, and 

with buprenorphine rather than methadone as their medication. In contrast, study noncompliance 

was not significantly associated with any of the variables analyzed.

Conclusions: Assessment of stress, craving and mood during treatment might identify people 

who are at greater risk of dropping out, and therapeutic interventions targeting these processes 

might increase retention.
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Ecological Momentary Assessment; Opioid Use Disorder; Dropout; Noncompliance; 
Buprenorphine; Methadone

1. Introduction

Opioid use, addiction, and overdose are epidemic in the United States, and science-based 

treatments for addiction offer essential tools for combatting this crisis (Epstein et al., 2018). 

Available treatments for opioid use disorder include counseling, intensive treatment in a 

residential setting, twelve-step programs, contingency management, opioid agonist or 

antagonist medication, and combinations of these treatments (Ainscough et al., 2017; 

Galanter, 2018; Mumba et al., 2018). Among these, the opioid agonist medications 

methadone and buprenorphine are considered to be the best available treatments (Mattick et 

al., 2014; Volkow et al., 2014); they can decrease mortality, drug use, drug craving, and 

criminal activity (Bart, 2012; Salsitz and Wiegand, 2016) and increase quality of life 

(Mitchell et al., 2015). However, early dropout from treatment is a major obstacle to 

obtaining such benefits (Hser et al., 2014). We know that stress, mood and craving are 

influential factors that determine whether people will use drugs such as opioids and cocaine 

while they are in methadone or buprenorphine treatment (Furnari et al., 2015; Marhe et al., 

2013; Preston et al., 2018a), but it is unclear whether these same factors are important in 

determining who will drop out of treatment.

Dropout from treatment has sometimes been found to be more prevalent for buprenorphine 

than methadone (Hser et al., 2014; Mattick et al., 2014), especially early in treatment. For 

example, previous studies have found lower retention for buprenorphine than methadone 

over the first 4 weeks (but not 12 weeks) (Gerra et al., 2004), or the first 24 weeks (Hser et 

al., 2014) when treatments were randomly assigned, or over the first 50 days when compared 

across cohorts without random assignment (Gryczynski et al., 2013).

Basic demographic variables such as race and sex have been studied extensively but do not 

reliably predict dropout from addiction treatment (Brorson et al., 2013; Damian et al., 2017), 

with the possible exception that younger people tend to be at higher risk of dropping out. 

However, there is evidence that dropping out is affected by psychosocial variables such as 

mental distress (Andersson et al., 2018; Dobkin et al., 2002), anxiety sensitivity (Lejuez et 

al., 2008), and co-occurring psychiatric diagnoses (Amodeo et al., 2008; Brorson et al., 

2013). For example, Daughters et al. (2009) found that people who were more reactive to a 
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standardized stressor prior to starting treatment for substance use disorder were more likely 

to drop out of treatment early. If craving and stress increase the risk of dropping out, it could 

be beneficial to identify and target these symptoms early and throughout treatment to 

increase retention.

The relationship between psychosocial variables and behavior can be studied effectively 

using ecological momentary assessment (EMA), in which people make electronic diary 

entries over an extended length of time (Bolger and Laurenceau, 2013; Lukasiewicz et al., 

2007; Shiffman et al., 2008). In our research, EMA has been critical for establishing the 

effects of mental states on drug use during treatment with opioid agonist medications 

(Epstein et al., 2009; Furnari et al., 2015; Kowalczyk et al., 2018; Preston et al., 2018a, b). 

However, to our knowledge, intensive longitudinal methods such as EMA have not been 

used to study retention in treatment for substance use disorder. Based on the rationale that 

the richly-detailed information obtained with EMA can provide unique insight into the 

effects of fluctuating psychological variables, our aim was to determine whether stress, 

craving, and mood contribute to early dropout from methadone and buprenorphine 

treatment. We also consider the characteristics of another group of participants who did not 

choose to drop out of treatment but whose study participation was terminated because they 

were unable to comply with the demands of our EMA protocol.

2. Methods

2.1 Participants

The participants (N=238) were part of an intensive longitudinal study (Bolger and 

Laurenceau, 2013; Ginexi et al., 2014) of stress, drug craving, and environment-related 

influences on drug use during treatment for opioid use disorder in Baltimore, Maryland 

(NTC-00787423). The study used a natural-history design and had a primary objective of 

using smartphones as electronic diaries to obtain measures of stress and drug use in an 

outpatient treatment population. The present paper describes a secondary analysis; other 

analyses have been published previously (Epstein et al., 2009; Furnari et al., 2015; Moran et 

al., 2018; Preston et al., 2017, 2018a, b; Preston et al., 2018c); the present analysis includes 

all participants who were included in these previous reports. The study had two arms 

(“Office-Based Opioid Treatment (OBOT)” and “Methadone-Buprenorphine”) that used 

similar procedures; the substantive difference between the arms was the number of days 

participants were expected to visit the clinic (2 days/week vs. 5-7 days/week, respectively; 

this change was driven by budgetary/staffing concerns). Data from both arms were combined 

for analysis, with 81.5% of participants in the methadone-buprenorphine arm. All 

participants received either methadone (47%) or buprenorphine-naloxone (53%) at our 

research/treatment clinic. Buprenorphine-naloxone has been the standard of care for 

buprenorphine treatment for over a decade; the naloxone component is intended to deter 

misuse of the medicine by intravenous injection, but the naloxone dose has no appreciable 

effect when the medicine is used as directed (i.e., orally). For brevity, we simply refer to 

“buprenorphine” treatment when discussing our study or other studies that involved 

buprenorphine-naloxone or buprenorphine without naloxone. Participants in the Methadone-

Buprenorphine arm visited the clinic to receive medication 5-7 days per week and provided 
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urine samples for drug screening three times per week (Moran et al., 2018; Preston et al., 

2017, 2018b). Participants in the OBOT arm visited the clinic twice a week to receive 

medication and provide urine samples. In both arms, administration of medication was 

observed when the participant was at the clinic, and take-home doses were provided for non-

clinic days. Enrollment ran from July 2009 through September 2017. Individual participants 

received only methadone or only buprenorphine throughout the study, but which one they 

received was determined by 1) what we were offering at the time they were recruited; 2) 

their personal preference; and 3) the clinical judgement of the study physician. Due mostly 

to changes in budget and staffing, we offered different treatments during the years of the 

study: daily methadone when the study started, daily methadone and buprenorphine between 

August 2011 and August 2015, and only buprenorphine (in a twice-weekly OBOT model 

with take-home doses) after September 2015. Individuals who requested a medication that 

was not available at the time of recruitment were offered referral to a community treatment 

program. Medication doses were optimized for each participant to minimize withdrawal 

symptoms and prevent illicit opioid use without causing intolerable side effects. Data were 

analyzed from the maintenance phase of treatment (i.e., the period after the induction phase 

and before the optional the taper phase), which lasted 16-18 weeks depending on the 

duration of their induction and the arm of the study. At the end of the study, participants 

were assisted in transitioning to a community program or given an 8-week taper. During the 

study, some participants also participated in brief substudies that involved automated sensing 

devices, but these substudies did not disrupt treatment or the ongoing collection of EMA 

data.

The general demographics were: 66% African American and 78% male, with a mean (± 

SEM; i.e., standard error of the mean) of 43 (± 0.7) years of age, 14.3 (± 0.7) years of heroin 

use, and 6.4 (± 0.6) years of polydrug use (i.e., using more than one substance per day, 

including alcohol). Data from all participants who did not self-identify as African American 

were combined for analysis of race, with two self-identifying as Asian American and the rest 

as white. The study was reviewed and approved by the Addictions Institutional Review 

Board of the National Institutes of Health. Participants gave written informed consent before 

the study and were paid for completing the research components of the study. Small 

incentives were used to encourage compliance with EMA and discourage the use of opioids 

and cocaine. Specifically, participants received $10 per visit if their urine samples were 

negative and consistent with their EMA-reported drug use or $6 per visit if their samples 

were positive and consistent with their EMA-reported drug use. They could earn an 

additional $10 per week (methadone-buprenorphine arm) or $30 per week (OBOT arm) for 

completing at least 82% of randomly prompted EMA entries.

2.2 Data Collection

During a screening session, each participant completed the Addiction Severity Index (ASI) 

(McLellan et al., 1985), a semi-structured interview covering a wide range of psychosocial 

variables. We focus here on ASI items that pertain to the person’s history of drug use or to 

psychological/emotional problems such as depression and anxiety (see Table 1).
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One week after beginning methadone or buprenorphine, each participant was issued a 

smartphone or personal digital assistant and trained to use it as an electronic diary for 

collection of EMA. There were four kinds of EMA reports: 1) randomly-prompted reports 

on current mood, environment, activities, and levels of drug craving and stress; 2) 

participant-initiated, event-contingent reports of occasions involving more-than-usual stress 

(Preston et al., 2017); 3) participant-initiated, event-contingent reports of drug use (Furnari 

et al., 2015), which are not a focus of the analyses presented here; and 4) scheduled end-of-

day reports (Preston et al., 2018c). During randomly prompted reports, self-ratings of 24 

mood adjectives were taken and used to produce two composite scores (positive mood and 

negative mood) that were previously shown to be orthogonal (Epstein et al., 2014). 

Randomly-prompted reports also included Likert-scale ratings of heroin craving, cocaine 

craving, and how much stress the participant was feeling at the time of the prompt. In end-

of-day reports, stress on that day was measured with five items from the Perceived Stress 

Scale (Cohen et al., 1983; Preston et al., 2018c); each item was measured on a Likert scale 

from 0-4, and the five scores were summed within each report to produce a composite 

measure. Participants also indicated whether they had experienced each of 32 potential 

hassles (e.g., money, housing, transportation, family, work) during the day (Preston et al., 

2018c).

2.3 Outcomes

Participants were classified as reaching one of four outcomes: Completed, Dropped Out (of 

treatment), Noncompliant (with study requirements), or Other. Participants were considered 

to have Completed the study if they remained in the study for the designated length of their 

participation (16-18 weeks). The criteria for being classed as Dropped Out or Noncompliant 

were specified a priori in the study protocol and made known to the participants through the 

consent form they signed and the consent quiz they passed before joining the study. 

According to these criteria, participants were considered Dropped Out if they stopped 

coming to the clinic without arranging a taper or transferring to another agonist-treatment 

program; specifically, these participants missed 3 consecutive visits or any 12 visits at which 

urine samples or other data-collection procedures were scheduled (Methadone-

Buprenorphine arm), or missed 4 visits to pick up their medication (OBOT arm). We have 

no further information about these participants after they left the study. Although the specific 

criteria (i.e., number of missed visits) for becoming Dropped Out differed between the two 

arms, in practice they were functionally equivalent because participants were repeatedly 

notified when they came close to meeting the criteria. Participants were deemed 

Noncompliant and removed from the study if they did not comply with EMA requirements; 

specifically, if they failed to make at least 82% of scheduled EMA reports (i.e., randomly-

prompted and end-of-day reports) within a week for two weeks (not necessarily consecutive) 

or damaged or lost two of the electronic diaries that we provided. Participants who became 

Noncompliant were offered options of continuing to receive their medication (with the dose 

tapered over 21 days) or being transferred with our assistance to a community treatment 

program. Participants who Dropped Out are the main focus of this analysis, since they chose 

to discontinue treatment. Participants who were Noncompliant are also relevant to EMA 

research in general because they could shed light on why certain people have difficulty 

meeting the demands of an intensive longitudinal study. All participants who left the study 
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early but could not be considered Dropped Out or Noncompliant made up the Other 

category; this included those who voluntarily transferred to a different treatment program or 

who reported specific life events that precluded their participation in the study, such as 

extended hospitalization, incarceration, or moving out of the Baltimore area. Since 

participants in the Other category left the study for a variety of reasons, they cannot be 

considered as a coherent group. However, they were still at risk for becoming Dropped Out 

up until the time that they left. Thus, as described below, data from participants in the Other 

category provide a necessary context for the survival analyses used to identify differences 

between participants who Dropped Out or became Noncompliant versus those who did not.

2.4 Statistical Analysis

Two kinds of analysis were performed. First, EMA, demographic and ASI variables were 

used to describe the general characteristics of participants in the Completed, Dropped Out 

and Noncompliant outcome classes. For this purpose, EMA variables were averaged for each 

participant, collapsed across the participant’s whole time in the study. Numeric variables 

were compared between outcome classes using ANOVA followed by paired comparisons, 

with familywise error controlled using the Holm procedure. Contingency tables of non-

numeric variables were analyzed with χ2.

Second, survival analysis with Cox proportional hazards regression was used to identify 

characteristics that were associated with Dropping Out or becoming Noncompliant, focusing 

specifically on the time period just before they left the study. At each time point, survival 

analysis compares the participants who left the study at that point to all participants who 

were still in the study (i.e., still at risk of leaving). Dropping Out and becoming 

Noncompliant were treated as competing events (Noordzij et al., 2013), which involves 

performing the analysis once with the Dropped Out participants compared to all other 

participants and once with the Noncompliant participants compared to all others.

Demographic and ASI variables were treated as time-invariant predictors, and EMA 

variables were treated as time-dependent predictors (Therneau et al., 2014). Although EMA 

data were collected daily, the criteria for becoming Dropped Out or Noncompliant were 

based on failures that occurred over several days, so survival analysis was based on each 

participant’s EMA data averaged by week. Survival analysis was applied to a 17-week 

period. Participants who were enlisted for 16 weeks and completed the study were right-

censored at that point in the survival analysis. No participants dropped out or became 

noncompliant after week 17.

All of the variables that we analyzed were selected because they are relevant to opioid use 

disorder and its treatment and because we judged them to be potentially relevant to dropout. 

Some of these variables overlap conceptually with each other (e.g., measuring related 

aspects of stress, craving or mood), which could be problematic if they were combined in a 

single model of survival. Therefore, we used a two-stage process to select a parsimonious set 

of predictors that work well together. In the first stage, four sets of plausible variables (see 

Table 1) were each processed with stepwise survival analysis (Heinze et al., 2018) to select a 

small set of candidate variables. In the second stage, all variables retained from the first 

stage were combined and processed with stepwise analysis to select the final model. 
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Forward-backward stepwise analysis was performed using the MASS package (Modern 

Applied Statistics with S; R Core Team, 2018; Venables and Ripley, 2002) based on 

Akaike’s information criterion, which rewards goodness of fit (sensitivity) and penalizes 

model complexity (overfitting) (Dziak et al., 2012). Some variables retained in the final 

model are not individually significant, but controlling for their effects improves the precision 

of the estimates for the other predictors and contributes to interpretation of the model. The 

global statistical significance of the final model was tested with a likelihood ratio test. 

Validity of the proportional hazards assumption was confirmed by assessing the slopes of 

Schoenfeld residuals over time. Lack of multicollinearity was confirmed by assessing 

variance inflation factors. The discriminative validity of the model when applied to 

individual cases was measured as concordance (Harrell et al., 1996); considering all possible 

pairs of individuals, concordance is the proportion of pairs where the individual with the 

longer survival time is correctly identified by the model, with 0.5 indicating chance level and 

1.0 indicating perfect discrimination. Results are reported as hazard ratios with 95% 

confidence intervals. Because hazard ratios are affected by the measurement units of the 

predictor, we also report standardized effect-size values (reffect) (Rosnow et al., 2000); this 

measure is useful for comparing effects within our results but has not been formally tested in 

the context of intensive longitudinal data and should be interpreted with caution in terms of 

cross-study comparisons.

3. Results

3.1 Overview of Outcomes

Most participants Completed the entire study (n=148; 62%), but substantial numbers 

Dropped Out (n=46; 19%) or left the study for reasons that placed them into the Other 

category (n=33; 14%). Fewer participants became Noncompliant with the study’s EMA 

requirements (n=11; 5%). Dropping Out occurred throughout the study (Figure 1a) but was 

slightly higher during the first six weeks and the last two weeks (Figure 1b). The percentage 

of participants who Dropped Out was higher within the buprenorphine group than within the 

methadone group (Figure 1c); this difference was observed not only during the earliest part 

of treatment but also during the last two weeks (Figure 1d).

3.2 Stress, Craving and Mood in EMA Reports

Averaged over time, levels of stress and craving were higher in participants who Dropped 

Out than in participants who Completed the study (Figure 2). The following F-tests refer to 

ANOVA results for each panel of Figure 2 or 3, and unless otherwise indicated, effect sizes 

refer to comparisons between Dropped Out and Completed participants; Holm-adjusted p-

values for these comparisons are indicated in the figure. Dropped Out participants reported 

higher levels of heroin craving (Figure 2a; F2,202 = 4.2, p = .016; reffect = .25), cocaine 

craving (Figure 2b; F2,202 =4.0, p = .02; reffect = .17) and stress (Figure 2d; F2,200 = 6.59, p 

= .0017; reffect = .25) in randomly-prompted EMA entries. Dropped Out participants also 

initiated event-contingent stress reports more frequently (Figure 2c; F2.202 = 6.45, p = .002; 

reffect = .08) and reported more perceived stress (Figure 2e; F2,197 = 5.85, p = .0034; reffect 

= .25) and hassles (Figure 2f; F2,97 = 5.48, p = .001; reffect = .25) in end-of-day EMA entries. 

Positive mood did not differ significantly across outcome classes (Figure 2g), but negative 
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mood was higher in Dropped Out participants compared to Completed participants (Figure 

2h; F2,200 = 5.92, p = .0033; reffect = .22). In contrast to these differences between Dropped 

Out and Completed participants, differences between Noncompliant and Completed 

participants only approached significance for one EMA variable: heroin craving (Figure 2A; 

reffect = .16 for Noncompliant vs. Completed).

3.3 Non-EMA Subject Variables

Participants’ histories of heroin use (Figure 3a) and poly drug use (Figure 3b) did not differ 

significantly across outcome classes, although Dropped Out participants tended to have 

fewer years of polydrug use. Unlike the other outcome classes, the Dropped Out participants 

had a preponderance of participants who were receiving buprenorphine rather than 

methadone (Figure 3c; χ2
2 = 7.0, p = .031). About 13% of Dropped Out participants 

reported being emotionally abused by someone during the 30 days before starting treatment, 

and this was 10-fold more prevalent than in Completed participants (Figure 3d; χ2
2 = 13.3, p 

= .0014). Dropped Out participants had a higher frequency of experiencing serious 

psychological problems during the 30 days before starting treatment (Figure 3e; F2,202 = 

7.16, p = .001; reffect = .26). They were also more bothered by these problems (Figure 3f; 

F2,202 = 5.26, p = .006; reffect = .22), expressed a stronger desire to receive treatment for 

them (Figure 3g; F2.202 = 5.48, p = .005; reffect = .22), and were rated by interviewers as 

having a higher need for such treatment (Figure 3h; F2,202 = 4.51, p = .012; reffect = .2).

3.4 Survival Analysis: Variables Affecting Dropping Out

The first stage of model building was used to identify variables that distinguished between 

participants with different outcomes within each of the four sets of predictors. The first-stage 

variables that were retained as being relevant to Dropping Out were four demographic 

variables (medication type, race, years of heroin use, and number of children), two ASI 

psychological variables (being abused emotionally during the 30 days before treatment and 

frequency of being bothered by non-drug-related psychological problems during the 30 days 

before treatment), two EMA stress variables (number of hassles and level of perceived 

stress), and two mood and craving EMA variables (cocaine craving and positive mood). It 

should be noted that unlike the results depicted in Figures 2 and 3, where for example 

negative mood but not positive mood was found to differ between outcomes when averaged 

over timepoints, the survival analysis is based only on comparisons between those who left 

the study at a given timepoint and those who were at risk of leaving at that same timepoint.

The second stage of model building was used to develop a coherent and parsimonious 

picture of how variables from the four sets influence the outcome. The final model for 

Dropping Out included seven variables (Figure 4) and was statistically significant 

(likelihood ratio test χ2
7 =32.27, p<.0001) with a concordance of 0.72 (within a range 

typically seen in published survival studies). Four of these variables increased the hazard of 

Dropping Out: more hassles reported in end-of-day EMA, more cocaine craving in 

randomly-prompted EMA, experience of emotional abuse during the 30 days prior to 

starting treatment, and being bothered frequently by personal psychological problems during 

the 30 days prior to starting treatment. The other three variables had protective effects, 

decreasing the likelihood of Dropping Out: treatment with methadone as opposed to 
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buprenorphine, higher self-ratings of positive mood in random prompts, and more years of 

polydrug use. Hassles and medication type had the largest effect sizes. A lower level of 

positive mood (Figure 4) distinguished people who Dropped Out in a given week from those 

who remained (including participants who would later Drop Out, become Noncompliant, or 

leave the study for Other reasons), consistent with the trend in the same direction when 

positive mood was averaged over time (Figure 2g). It should be noted that, although 14.7% 

of participants endorsed “0 years” of polydrug use (defined as using more than one drug per 

day), this does not imply that they did not have experience with cocaine; in fact, all 

participants endorsed craving cocaine in at least one EMA report. The estimated effect sizes 

and 95% confidence intervals for the variables in the final model were: methadone (−0.14; 

−0.27 to −0.02), positive mood (−0.11; −0.24 to 0.01), years of polydrug use (−0.09; −0.22 

to 0.04), abused emotionally in past 30 days (0.12; −0.01 to 0.25), cocaine craving (0.13; 

0.00 to .25), bothered by psychological problems (0.13; 0.00 to 0.25) and hassles (0.17; 0.04 

to 0.30).

3.5 Survival Analysis: Variables Affecting Noncompliance

The first-stage models for the Noncompliant outcome retained four demographic variables 

(race, years of heroin use, years of polydrug use, and number of children), three ASI 

psychological variables (being abused emotionally during the 30 days prior to starting 

treatment, number of days experiencing psychological problems during the 30 days prior to 

starting treatment, and interviewer determination that the participant needed treatment for 

these psychological problems), two EMA stress variables (number of hassles and level of 

perceived stress), and two EMA mood variables (positive mood and negative mood).

The final model for the Noncompliant outcome retained only one variable (the number of 

hassles reported in end-of-day EMA reports) and was not significant (likelihood ratio test 

χ2
1 =2.61, p = .11), with a concordance (0.551) near chance level. The hassles variable in 

the Noncompliant participants had a hazard ratio of 1.12 (95% confidence interval: 0.99 to 

1.25) and an effect size of 0.12 (95% confidence interval: −0.04 to 1.84).

4. Discussion

Electronic diary entries related to stress and mood during the previous week distinguished 

participants who dropped out of treatment. Specifically, survival analysis indicated that these 

participants reported more hassles (an indicator of stress), less experience of positive mood, 

and more cocaine craving than participants who did not drop out. In contrast, survival 

analysis did not identify any significant predictors that distinguished participants who were 

unable to comply with the demands of intensive longitudinal research, although the number 

of hassles had a marginal effect.

These results suggest that greater attention to stress and craving (either through counseling 

or adjunct medications) might improve treatment retention, particularly for people receiving 

buprenorphine. Alpha-2 adrenergic agonists such as clonidine and lofexidine represent one 

type of medication that has been used to treat stress-related disorders and that should be 

considered for use as an adjunct medication in treating opioid use disorder. Lofexidine has 

been found to increase retention or increase time to dropout in studies of opioid taper 
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(Gorodetzky et al., 2017; Yu et al., 2008). We have shown that clonidine, given during 

opioid maintenance rather than taper, decreased stress-induced craving and delayed relapse 

to drug use, but it did not reduce the level of dropout (Kowalczyk et al., 2015; see also 

Weinstein et al., 2017). However, since the clonidine/placebo intervention in that study was 

being tested for relapse prevention, it was not initiated until after at least six weeks of 

treatment and two weeks of abstinence, possibly missing the most vulnerable period for 

dropout. Thus, there is a clear need for research specifically designed to test the effects of 

clonidine and other medications on stress-induced dropout starting from the outset of opioid 

agonist therapy.

In agreement with a meta-analysis of studies that examined dropout from treatment for 

addiction (Brorson et al., 2013), basic demographic variables such as race and sex did not 

have reliable effects in the present study. One exception might be years of polydrug use, 

which had a mild protective effect against dropping out and might be a partial proxy for age. 

Our final model for dropping out of treatment did include two person-level variables related 

to problems that existed prior to starting treatment. One of these, recent experience of 

emotional abuse, has previously been associated with suicide attempts (Hakansson et al., 

2010) and was identified by White et al. (1998) as a predictor of dropout from an intensive 

outpatient program for addiction treatment. The other person-level variable— a history of 

emotional, physical or sexual abuse— has previously been associated with dual diagnosis of 

substance use and other psychiatric conditions (Palacios et al., 1999). Notably, the 

emotional-abuse item on the ASI is part of the family/social relations section of the 

inventory and is distinct from the other ASI item that predicted dropping out (i.e., being 

bothered by depression, anxiety and other psychological problems; see Table 1), which is 

part of the psychiatric status section. The fact that recent emotional abuse and recent 

psychological problems are both retained in the final model also suggests that each 

contributes independently to the risk of dropout.

As in many earlier studies (Gerra et al., 2004; Gryczynski et al., 2013; Hser et al., 2014; 

Mattick et al., 2014), the dropout rate was higher for participants treated with buprenorphine 

(a partial μ-opioid agonist) than for those treated with methadone (a full μ-opioid agonist). 

Since dosage is an important consideration, and doses that are too low will be ineffective at 

decreasing craving and opioid use, it is notable that dosage was individually tailored in this 

study, limited only by adverse effects rather than an arbitrary maximum; thus, methadone 

and buprenorphine were each given at an optimal level. Noncompliance with EMA was not 

affected by medication type. Unlike some earlier studies (Gerra et al., 2004; Gryczynski et 

al., 2013), the higher dropout rate we observed in buprenorphine-treated participants was not 

restricted to the earliest part of treatment. However, it might be reasonable to consider our 

entire 17-week study as representing an early stage of treatment, since it is recommended 

that agonist treatment be continued for years (National Institute on Drug Abuse, 2018). The 

effects of medication type on dropout in studies of treatment might be influenced by whether 

participants are randomly assigned to a medication or allowed to choose between methadone 

and buprenorphine. In the present study, the medication for each individual was determined 

in a naturalistic way based on what our clinic was offering at the time of recruitment, 

whether the participant expressed a preference, and a safety assessment that considered 
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comorbidities, concurrent medications, and the participant’s past experience with medication 

side effects and tolerability.

In a recent review of behavioral interventions that have been tested in combination with 

buprenorphine treatment, contingency management emerged as the one type of intervention 

that was effective at improving outcome (Carroll and Weiss, 2017). Our study employed 

contingency management in two ways, to enhance compliance with study procedures and to 

reward abstinence from opioids and cocaine (as described in section 2.1). Thus, one way to 

look at the present findings is that stress, mood, and psychological problems predicted a 

poorer outcome with buprenorphine treatment, even in the presence of a generally effective 

behavioral intervention. This suggests that future research should examine contingency 

management (promoting decreased drug use) in combination with interventions that target 

stress and other psychological problems.

Several studies have examined antidepressant medications for treatment of depression 

among patients maintained on methadone (for a review see Nunes et al., 2004). Studies with 

low rates of placebo response showed beneficial effects of antidepressant treatment (Nunes 

et al., 1998; Titievsky et al., 1982; Woody et al., 1975). Many other studies showed high 

rates of placebo response, which might stem from improvements in stress and mood upon 

entering an effective treatment for addiction (Nunes et al., 2004). Obtaining EMA data from 

patients starting buprenorphine or methadone treatment could be a way to track and identify 

those patients whose stress and mood are not improving and who may benefit most from 

interventions such as antidepressant medication or behavioral therapy for psychological 

problems.

In addition to monetary incentives given for complying with study requirements, the 

constant presence of a study-provided electronic device and frequent encounters with 

recovery-related EMA questions might have increased retention and medication adherence 

for some participants, similar to the effects of text-message reminders (Bauer et al., 2010; 

Krishna et al., 2009; Milward et al., 2014) or interventions that provide feedback based on 

EMA (Aharonovich et al., 2017a; Aharonovich et al., 2017b). Although maintaining a 

device and complying with EMA can be burdensome to some, the fact that few participants 

became noncompliant suggests that this burden was not a major factor contributing to 

nonretention. Future research should examine technology-based interventions as adjuncts to 

medication-based treatment for opioid use disorder.

There are several limitations of the present study. The distinction between participants who 

dropped out of treatment and those who were unwilling or unable to comply with the 

demands of EMA is not perfect, since the reasons that led some people to miss clinic visits 

(i.e., to meet the criteria for being considered Dropped Out) might overlap with the reasons 

that led other people to miss EMA reports (i.e., to meet the criteria for being Noncompliant). 

The fact that the Other category was heterogeneous— comprising people who switched to a 

different treatment program and/or left our study for reasons beyond their control— means 

that we cannot draw conclusions about them; we can only use their data to provide part of 

the context for identifying salient characteristics of people in the other categories. EMA 

responses from participants who had difficulty complying with EMA requirements might 
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have been distorted in some unknown way. The fact that noncompliance was rare in our 

study limited our statistical power for detecting its predictors. People can drop out of 

treatment for a variety of reasons (Nordheim et al., 2018), sometimes with the intention of 

returning later or trying a different kind of treatment; identifying such cases would require 

measures that are not available in our data. Finally, remaining in treatment is only a step 

toward recovery and does not guarantee success (Walker, 2009). Nonetheless, it is known 

that dropping out of opioid treatment puts people at increased risk of early death by 

overdose and other causes (Bauer et al., 2008; Pierce et al., 2016), and our findings 

regarding mood, stress and psychiatric problems suggest that those who dropped out were 

not merely people who were doing so well that they could afford to leave.
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Highlights

• Electronic diary data effectively identified mental states that predict dropout.

• Dropouts reported more hassles, cocaine craving than those who stayed in 

treatment.

• People who dropped out had lower levels of positive mood at the time of 

dropout.

• Recent emotional abuse, psychiatric problems increased the likelihood of 

dropout.

• Dropout rates were higher with buprenorphine than with methadone.
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Figure 1. 
a: Cumulative loss of participants for each of the three outcome classes, expressed as a 

percentage of all participants who started the study.

b: Loss per week for each outcome class, expressed as a percentage of all participants who 

started the study.

c: Cumulative dropout within the buprenorphine group and within the methadone group, 

expressed as a percentage of participants who started the study in each medication group.

d. Dropout per week within the buprenorphine group and within the methadone group, 

expressed as a percentage of participants who started the study in each medication group.
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Figure 2. 
Mean (+ SEM, i.e., standard error of the mean) values of ecological momentary assessment 

(EMA) variables within each outcome class, collapsed across weeks.

a: Level of heroin craving reported in randomly-prompted EMA.

b: Level of cocaine craving reported in randomly-prompted EMA.

c: Within-participant proportion of days that included a participant-initiated report of 

greater-than-usual stress.
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d: Level of stress reported in randomly-prompted (“rp”) EMA, responding to the question, 

“How much stress are you feeling right now?”

e: Level of perceived stress reported in end-of-day (“eod”) EMA.

f. Number of hassles endorsed in end-of-day EMA, from a list of 32 items.

g: Level of positive mood reported in randomly-prompted EMA.

h: Level of negative mood reported in randomly-prompted EMA. Numeric values over bars 

represent Holm-adjusted p values for Noncompliant or Dropped Out compared to 

Completed.
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Figure 3. 
Mean (± SEM) values of drug-history and psychosocial variables within each outcome class, 

as assessed at the beginning of the study.

a: Years of heroin use.

b: Years of polydrug use.

c: Proportion of participants who received methadone as opposed to buprenorphine.

d: Proportion of participants who responded “yes” to having been abused emotionally in the 

past 30 days.

Panlilio et al. Page 20

Drug Alcohol Depend. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



e: Frequency of experiencing serious, non-drug-related psychological (“Psych.”) problems 

in the past 30 days.

f: Self-rating of how bothered the participant was by these psychological problems.

g: Self-rating of desire to be treated for these psychological problems.

h: Interviewer rating of the participant’s need to be treated for these psychological problems. 

Numeric values over bars represent Holm-adjusted p values for Noncompliant or Dropped 

Out compared to Completed.
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Figure 4. 
Hazard ratios and effect sizes from the final model describing how dropping out of treatment 

is affected by demographics and recent psychological problems and by stress, craving and 

mood assessed through ecological momentary assessment (EMA) reports. Left panel shows 

the hazard ratio (with 95% confidence interval) for each variable in the final model. Right 

panel shows the effect size (reffect with 95% confidence interval) for each variable in the 

final model. Values to the left of the dashed vertical lines represent decreased hazard of 

dropping out (i.e., a protective influence), and values to the right represent increased hazard 

of dropping out.
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Table 1.

Variables used in modeling process.

Demographics and Drug History Units or Levels

Medication buprenorphine, methadone

Race African American, other

Sex female, male

Age years

Children number

History of heroin use years

History of >1 substance per day (including alcohol) years

ASI Psychiatric Status and Family/ Social Relationships Units or Levels

Abused by anyone emotionally in the past 30 days yes, no

Days (in the past 30) experiencing psychological or emotional problems* days

Participant rating of how troubled or bothered by psychological or emotional problems* rating (1-5)

Participant rating of importance of treatment now for psychological problems* rating (1-5)

Interviewer rating of need for treatment for these problems* rating (0-6)

Stress EMA Units

How much stress (random prompt) rating (1-5)

Perceived Stress (end of day) rating (0-20)

Hassles (end of day) items endorsed (0-32)

Craving and Mood EMA Units

Cocaine craving rating (1-5)

Heroin craving rating (1-5)

Positive mood composite rating (1-5)

Negative mood composite rating (1-5)

*
refers to specific serious problems not directly resulting from drug use: depression, anxiety, hallucinations, trouble understanding, concentrating 

or remembering, trouble controlling violent behavior, thoughts of suicide, attempted suicide

ASI = Addiction Severity Index; EMA = ecological momentary assessment
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