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Abstract

Background: Maintenance treatments with medications for opioid use disorder (MOUD) are 

highly effective at reducing overdose risk while patients remain in care. However, few patients 

initiate medication and retention remains a critical challenge across settings. Much remains to be 

learned about individual and structural factors that influence successful retention, especially 

among populations dispensed MOUD in outpatient settings.

Methods: We examined individual and structural characteristics associated with MOUD 

treatment retention among a national sample of adults seeking MOUD treatment in outpatient 

substance use treatment settings using the 2017 Treatment Episode Dataset-Discharges (TEDS-D). 

The study assessed predictors of retention in MOUD using multivariate logistic regression and 

accelerated time failure models.

Results: Of 130,300 episodes of MOUD treatment in outpatient settings, 36% involved a 

duration of care greater than six months. The strongest risk factors for treatment discontinuation 

by six months included being of younger age, ages 18–29 ((OR):0.52 [95%CI:0.50–0.54]) or 30–

39 (OR:0.57 [95%CI:0.55–0.59); being homeless (OR: 0.70 [95%CI:0.66–0.73]); co-using 

methamphetamine (OR:0.48 [95%CI:0.45–0.51]); and being referred to treatment by a criminal 

justice source (OR:0.55 [95%CI:0.52–0.59) or by a school, employer, or community source 

(OR:0.71 [95%CI:0.66–0.76).

Conclusions: Improving retention in treatment is a pivotal stage in the OUD cascade of care and 

is critical to reducing overdose deaths. Efforts should prioritize interventions to improve retention 

among patients who are both prescribed and dispended MOUD, especially youth, people 
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experiencing homelessness, polysubstance users, and people referred to care by the justice system 

who have especially short stays in care.
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1. Introduction

Opioid use continues to be a leading cause of morbidity and mortality across the United 

States (Scholl et al., 2019). Increasing access to treatment involving medications for opioid 

use disorder (MOUD)—methadone, buprenorphine, and extended-release naltrexone—is a 

critical component to addressing the ongoing opioid crisis. The opioid use disorder (OUD) 

cascade of care, a framework preferred by federal health agencies, emphasizes two stages 

along the cascade: MOUD initiation and MOUD retention (Blanco & Volkow, 2019; Arthur 

Robin Williams, Nunes, et al., 2019).

Maintenance with MOUD is the gold standard treatment for OUD, and results in better 

outcomes than short-term regimens or tapers (Calsyn et al., 2006; Fiellin et al., 2014; H. E. 

Jones et al., 2008; Magura & Rosenblum, 2001; Martin et al., 2018; SAMHSA, 2019a). The 

protective effect of MOUD is greatly diminished upon discontinuation: multiple studies have 

found maintaining abstinence to be rare (Kornør & Waal, 2005), while risk of overdose and 

other adverse events increases substantially, especially in the first 2–4 weeks following 

cessation (Clausen et al., 2008; Cousins et al., 2011; Krawczyk et al., 2020; Arthur Robin 

Williams, Samples, et al., 2019). As a result, the national quality forum (NQF) endorsed a 

minimum of 180 days of MOUD as a quality measure for OUD treatment continuity 

(National Quality Forum, 2017).

Despite these recommendations, barriers to access and retention in evidence-based treatment 

with MOUD remain an ongoing and critical challenge. First, only a minority of patients 

receive any treatment with MOUD (Andrilla et al., 2019; Mojtabai et al., 2019; Stein et al., 

2018). Second, among those who do begin MOUD, sufficient retention to confer long-term 

protection is rare: Most patients who begin buprenorphine discontinue care within the first 

few weeks or months (Meinhofer et al., 2019; Morgan et al., 2019; Saloner et al., 2017). 

Studies of extended-release naltrexone indicate even greater odds of discontinuation (Jarvis 

et al., 2018; Lincoln et al., 2018; Morgan et al., 2018). While methadone has consistently 

yielded superior retention rates (Hser et al., 2014; Timko et al., 2016), early methadone 

discontinuation remains a commonly reported problem (Deck & Carlson, 2005; Reisinger et 

al., 2009).

Challenges to retention are multifaceted. Such challenges include the chronic, relapsing 

nature of addiction; patient ambivalence; medication stigma; and programmatic, regulatory, 

and logistical hurdles (Andraka-Christou, 2016; Bentzley et al., 2015; Gryczynski et al., 

2014; Reisinger et al., 2009; Rosenblum et al., 2011; Truong et al., 2019). Still, there is 

much to be learned about individual and structural factors that influence successful retention 

to guide interventions to improve duration of care as the opioid epidemic evolves. In 

particular, more research is needed to understand risk factors for discontinuation in programs 
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that dispense MOUD. Currently, most MOUD retention studies examine trends in persons 

who receive prescribed MOUD, using prescription claims or pharmacy data of patients 

treated in office-based settings (Saloner et al., 2017; Samples et al., 2018). Such studies miss 

a critical group of patients who access MOUD through specialty substance treatment 

programs that dispense medications, rather than prescribe. Such patients, often the most 

complex clinical cases, differ substantially from those prescribed buprenorphine in office-

based settings (Fingerhood et al., 2014). To date, however, studies of retention in populations 

dispensed MOUD have largely focused on fairly limited clinical samples (Cox et al., 2013; 

Kelly et al., 2011; Proctor et al., 2015), In this study, we aimed to expand this literature by 

examining sociodemographic and clinical characteristics associated with MOUD treatment 

retention among a national sample of patients seeking OUD treatment in outpatient 

substance use treatment settings.

2. Material and methods

2.1. Data sources

We utilized data from the 2017 Treatment Episode Dataset-Discharges (TEDS-D), a 

Substance Abuse and Mental Health Services Administration–administered database 

compiling information on discharges from publicly licensed or funded specialty (i.e. 

nonprivate physician office) substance use treatment facilities (Batts et al., 2014). TEDS-D 

captures the majority of admissions to specialty substance use treatment in the United States 

from all 50 states,a the District of Columbia, and Puerto Rico (SAMHSA, 2019b).

We restricted data to discharges of adults 18+ treated in outpatient settings with MOUD. 

Outpatient settings include opioid treatment programs licensed by the Drug Enforcement 

Agency to dispense all medications including methadone, or other outpatient programs 

(intensive and nonintensive) that may deliver buprenorphine or naltrexone as part of care. 

We excluded episodes that took place in detoxification, inpatient, or residential treatment 

settings, which generally do not offer MOUD maintenance (Huhn et al., 2020). The study 

defined retention in treatment using the TEDS “length of stay in treatment (days)” variable. 

Number of days in treatment is computed using the date of admission and the date of last 

contact. One day is added to all outpatient discharges, so that the first day and last day of 

outpatient treatment are counted. Length of treatment is reported using a continuous measure 

of up to 30 days, and thereafter in categories of 31–45, 46–60, 61–90, 91–120, 120–180, 

181–365, and 366+ days. For consistency, we recoded the first 30 days of treatment into 

categories of 1–15 and 16–30 days. The dataset reported discharge reason as either treatment 

completed, dropped out of treatment, terminated by facility, transferred to another program 

or facility, incarcerated, death, or other reason.

2.2. Modeling treatment retention

Our primary outcome of interest was retention beyond six months, based on NQF treatment 

cascade metrics for MOUD continuity (National Quality Forum, 2017; Arthur Robin 

Williams et al., 2018). We analyzed predictors of treatment retention using two approaches: 

aIn 2017, Georgia, Oregon, and West Virginia did not report data to TEDS
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First, we used multivariate logistic regression to assess predictors of attending in MOUD 

treatment longer than six months (181+ days). The study included all treatment episodes, 

regardless of discharge reason. We complemented this with a sensitivity analysis in which 

the discharge reason “transferred to another program or facility” was equivalent to remaining 

in MOUD.

Given that there is no gold standard for ideal length of treatment in MOUD, we also tested a 

second approach using multivariate accelerated time failure (ATF) models to assess 

treatment retention in a time-to-event framework (Wei, 1992). This approach allowed us to 

assess risk factors for shorter treatment retention without restricting the model to a preset 

standard of six months. Unlike the more commonly known Cox regression model, the ATF 

model does not depend on the major assumption of proportional hazards over time. In 

addition, ATFs provide a more intuitive interpretation for studying length of care by 

generating a time ratio of the relative time to failure (treatment discontinuation), with ratios 

lower than one indicating a shorter time to discontinuation associated with that 

characteristic. We used a loglogistic distribution for the ATF model as it resulted in the 

lowest Akaike information criterion (Akaike, 1974). The study censored treatment episodes 

if a patient’s reason for discharge was “transferred to another program or facility” or at a 

maximum of six months follow-up.

To assess whether predictors of retention changed if we used a different length of treatment 

cutoff, we repeated regression analyses using retention past twelve months as the binary 

outcome and accelerated time failure analyses using twelve months as the censoring follow-

up cut-off. Due to a large proportion of episodes with missing covariates (28%), we repeated 

multivariable analyses using multiple imputation using chained equations (I. R. White et al., 

2011) as a sensitivity analysis. Research staff conducted all analyses in Stata 15 (StataCorp, 

2017).

2.3. Predictors of MOUD treatment retention

We first examined sociodemographic predictors of MOUD retention, including age, race/

ethnicity, education, employment, housing, and veteran status (Table 1), which research has 

shown play a role in substance use treatment access and outcomes (N. Krawczyk, Feder, et 

al., 2017; Proctor et al., 2015; Saloner & Cook, 2013). We also included an indicator for 

prior month arrest, as justice involvement often influences conditions of treatment (Fox et 

al., 2014). Given geographic variation in access to MOUD and MOUD practices (Rosenblatt 

et al., 2015; Rosenblum et al., 2011; Sigmon, 2014), we included a dummy variable for each 

U.S. state in our database, along with Puerto Rico and the District of Columbia.

We then examined clinical and treatment predictors of MOUD retention, including substance 

use behaviors prior to admission, age of first use, frequency of use, primary use of heroin vs. 

other opioids, and psychiatric comorbidity (Noa Krawczyk et al., 2017; Nielsen et al., 2015). 

We also examined the role of reporting a secondary or tertiary substance problem involving 

alcohol, cannabis, benzodiazepine, cocaine, or methamphetamine (Proctor et al., 2015; 

Samples et al., 2018). We examined two additional variables that we hypothesized may 

impact treatment retention: having had prior substance use treatment and referral source, 

which has been shown to heavily influence treatment regimen and outcomes (N. Krawczyk, 
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Picher, et al., 2017; Sahker et al., 2015). Last, we examined the role of insurance, as certain 

types of insurance limit care duration (Polsky et al., 2019; Reif et al., 2017). As only certain 

states report insurance status to TEDS, we conducted a subanalysis of this risk factor 

excluding sixteen statesb for which this variable was missing in most records.

2.4. Reasons for discharge among high risk groups

To explore potential drivers of MOUD discontinuation, we plotted the distribution of 

discharge reasons across MOUD episodes discharged prior to six months. We then explored 

such distribution across specific groups with predictors strongly associated with lower 

retention, defined as an odds ratio of six-month retention <0.75.

3. Results

3.1. Sample characteristics

A total of 301,080 treatment discharges were recorded in the TEDS-D 2017 for adults 

seeking OUD treatment in outpatient programs. Of these, 43.3% (130,300) of episodes 

included MOUD. A survival curve of the distribution of length of treatment across all 

MOUD episodes is displayed in Figure 1. Only 36% of episodes involved durations of care 

greater than six months. Across the entire sample (regardless of length of treatment), the 

most common reason for discharge was dropout (38.1%), followed by transfer (31.8%), 

treatment completion (12.1%), termination by facility (8.6%), other (4.5%), incarcerated 

(3.8%), and death (1.1%).

Table 1 contains sociodemographic and clinical characteristics of MOUD patients. Patients 

were primarily male (59%), ages 18–39 (63%), and non-Hispanic White (66%). The 

majority had 12+ years of education (72%) and were unemployed (75%). Nearly 77% 

indicated living in independent housing. Few were veterans (2%) or had prior month arrests 

(4%).

Most patients started using opioids after age 18 (75%) and 54% reported daily use of 

opioids. Seventy-nine percent reported primary use of heroin, and 36% reported a comorbid 

psychiatric problem. The most commonly reported secondary substance used was cocaine 

(22%), followed by cannabis (18%), alcohol (10%), methamphetamine (9%) ,and 

benzodiazepines (7%). Nearly three quarters reported having prior substance use treatment. 

Seventy-two percent were self-referred/referred by another individual, 14% by a health care 

provider, 7% by a criminal justice entity, and 6% by school/employer/community referral. 

Of patient episodes in states that reported health insurance (N=33,939), 67% had Medicaid, 

7% had Medicare, 6% had private insurance, and 20% were uninsured.

A total of 28% of episodes were missing at least one or more of the above variables. With 

the exception of Health Insurance, the variables with the largest proportion of missing data 

included frequency of use (10.8%), past month arrest (7.6%), comorbid psychiatric problem 

bThe following states were excluded for reporting health insurance for none or less than half of admissions in 2017: Arizona, 
California, Connecticut, Florida, Illinois, Michigan, Minnesota, New Mexico, New York, North Carolina, Ohio, Rhode Island, 
Vermont, Virginia, Washington, Wisconsin
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(7.0%), and veteran status (4.9%). All other variables were missing for 2% of episodes or 

less.

3.2. Predictors of treatment retention

Table 2 presents odds ratios and time ratios for retention in MOUD. Predictors most strongly 

associated with shorter retention in MOUD were generally consistent across both models 

(see Table 2 for time ratios). Sociodemographic factors most strongly associated with lower 

odds of six-month retention included being aged 18–29 (adjusted odds ratio (OR):0.52 

[95%CI:0.50–0.54]) or 30–39 (OR:0.57 [95%CI:0.55–0.59), compared to 50+; and being 

homeless (OR: 0.70 [95%CI:0.66–0.73]).

Clinical and treatment factors most strongly associated with lower odds of six-month 

retention were comorbid methamphetamine use (OR:0.48 [95%CI:0.45–0.51]); and referral 

to treatment from a criminal justice source (OR:0.55 [95%CI:0.52–0.59), or by a school/

employer/community source (OR:0.71 [95%CI:0.66–0.76) compared to self/other 

individual.

The study also found striking differences in retention based on state of residence. We present 

the proportion of episodes that had treatment lengths greater than six months by state/

territory in Table 3. Regions with the highest proportion of episodes with length of greater 

than six months included Puerto Rico (70.4%), the District of Columbia (68.66%), and 

Arizona (58.02%). On the other hand, those with the lowest proportion of episodes longer 

than six months included North Carolina (4.3%), Kentucky (5.4%), and Illinois (10.0%).

3.3. Supplementary analyses

First, logistic regression models that treated transferred discharges as continuing MOUD 

rather than discontinuing overall yielded qualitatively similar results (see Appendix Table 1), 

with slightly attenuated odds ratios for most variables. Second, analyses performed using 12-

month retention as the primary outcome identified the same predictors to be most strongly 

associated with retention in care, with somewhat attenuated odds and time ratios (Appendix 

Table 2). Analyses using Multiple Imputation for missing variables did not qualitatively 

change findings.

3.4. Discharge reasons among high risk groups

Figure 2 presents the distribution of reasons for discharge by six months for all episodes and 

specifically for those with predictors associated with highest risk of discontinuation by six 

months (OR < 0.75). These predictors included being < 40 years of age, experiencing 

homelessness, having co-used methamphetamine, and referred either by a criminal justice 

source or a school/employer/community source. Drop out was the primary reason for 

discharge prior to six months across all episodes (38.9%) and accounted for the largest 

proportion of discharges among those under 40 (37.1%), homeless (43.4%), and justice-

referred (29.9%) and referred by a school, employer, or community referrals (35.8%). 

Transfers accounted for another 35.9% of all episodes discharged prior to six months and 

were especially prevalent among those with methamphetamine co-use (46.6%). Only 9.2% 

of episodes had a discharge reason prior to six months noted as completed, but this outcome 
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was more common among those referred by the criminal justice system (16.3%) and by a 

school/employer/community referral (11.0%). Termination by the facility accounted for 

7.8% of discharges overall, and was reported more often for episodes with criminal justice 

referral (11.5%). Incarceration, death, and other reason together accounted for 8.1% of 

discharge reasons across episodes.

4. Discussion

The current study aimed to explore patterns and predictors of MOUD retention among a 

national sample seeking OUD care in outpatient specialty treatment programs. While highly 

vulnerable to overdose (Krawczyk et al., 2020), this segment of patients is missing from 

population-based studies on MOUD retention that use pharmacy claims data. We found that 

only 36% of MOUD patients had lengths of treatment greater than six months. This 

substantial gap in MOUD continuity, which has also been noted in studies of office-based 

buprenorphine patients (Meinhofer et al., 2019; Morgan et al., 2019; Saloner et al., 2017), is 

concerning given MOUD maintenance is critical for reducing overdose death (Bentzley et 

al., 2015; Krawczyk et al., 2020; Arthur Robin Williams, Samples, et al., 2019).

Our findings highlight that variation in treatment retention was strongly related to patient 

characteristics. Of demographic characteristics, being younger than 40 was the strongest 

predictor of shorter retention, corroborating prior studies and suggesting a great need for 

intervention development (Proctor et al., 2015; Samples et al., 2018). Targeted interventions 

for younger patients could include mobile technologies, involving family/peer supports, and 

contingency management (Schuman-Olivier et al., 2014). Patients experiencing 

homelessness also had shorter treatment retention, highlighting the need for specific services 

such as care coordination (Paudyal et al., 2017). Expanding models that prioritize housing 

for those with behavioral health conditions such as Housing First (Appel et al., 2012), low-

threshold MOUD through more flexible programs (Greenfield et al., 1996; Krawczyk et al., 

2019) and alternative payment models (such as bundled payments for social services and 

transportation) (Arthur R. Williams & Bisaga, 2016) may help to facilitate retention.

Geographic location was also a strong predictor of treatment retention, with the proportion 

of episodes that lasted longer than six months varying drastically across states/territories. 

There was no explicit variation by state size, Medicaid expansion status, or region, as states 

with both high and low proportions of patients retained past six months had a variety of such 

characteristics Puerto Rico had a particularly high retention rate, with nearly three quarters 

of treatment episodes lasting longer than six months. This retention rate should be subject to 

further inquiry for potential models of care delivery that may encourage and facilitate longer 

treatment adherence and continuity. On the other hand, findings that in multiple states less 

than a quarter, and in some cases, less than 5 percent, of MOUD episodes reached the 

minimum recommended six months raises questions about whether MOUD is largely being 

used as a taper rather than for maintenance (Calsyn et al., 2006). These findings emphasize 

the importance of both national efforts as well as local strategies to investigate structural 

drivers for low MOUD retention and help to identify levers to improve length and successful 

continuity in care.
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Of all clinical factors examined, concomitant methamphetamine was the strongest predictor 

of shorter treatment retention. Previous studies have increasingly pointed to polysubstance 

use as a risk factor for early discontinuation of MOUD (Levine et al., 2015; Samples et al., 

2018). However, we found that alcohol, cannabis, and benzodiazepines had minimal or no 

impact on treatment retention. Methamphetamine findings corroborate a recent clinical study 

of buprenorphine patients in which methamphetamine use was strongly associated with 

treatment discontinuation (Tsui et al., 2020). This finding is concerning given the growing 

prevalence of methamphetamine in opioid overdose deaths (Kariisa et al., 2019) and the 

growing number of treatment admissions involving both heroin and methamphetamine (C. 

M. Jones et al., 2019). In light of these trends, current findings suggest an urgent need to 

focus on developing specific interventions to encourage retention for psychostimulant users 

in MOUD treatment.

We also found that source of referral was strongly associated with MOUD retention: Patients 

referred by criminal justice or by a school/employer/community provider had significantly 

shorter episodes than those who self-referred/were referred by another individual. These 

differences indicate that programs affiliated with criminal justice entities, employers, or 

schools may require or impose time limits for MOUD that are lower than the recommended 

six month minimum, or may lead to a taper regimen rather than maintenance. Alternatively, 

this may reflect a lower treatment need or desire for maintenance treatment among justice or 

other special programs-referred patients relative to those who choose to engage in care on 

their own. Still, findings of low duration of care among justice-referred individuals are 

especially troubling given high rates of overdose (Krawczyk et al., 2020; Merrall et al., 

2010) and already extremely limited access to MOUD among this group (N. Krawczyk, 

Picher, et al., 2017; Noa Krawczyk et al., 2020).

When exploring reasons for discharge prior to six months, we found that most clients 

dropped out or transferred to other programs. Many studies have examined contributors of 

early dropout from MOUD, including relapse, interruptions in treatment due to justice 

involvement, and conflicts with program requirements (Bentzley et al., 2015; Reisinger et 

al., 2009; Truong et al., 2019). The challenges of attending treatment may be exacerbated for 

patients attending daily or near-daily specialty treatment programs that dispense MOUD 

(Harris & McElrath, 2012; Magura & Rosenblum, 2001). Stigma toward medications from 

patients and families, peers, and providers may also continue to influence early cessation of 

MOUD (Allen & Harocopos, 2016; Andraka-Christou, 2016; Noa Krawczyk et al., 2018; W. 

L. White, 2011). Early cessation may explain many episodes whose discharge reason was 

“treatment completion,” given OUD is a chronic disease requiring long-term care, and few 

succeed on such short MOUD treatment regimens (Fiellin et al., 2014). The notion of 

completing treatment in such a short period of time may reflect stigma related to long-term 

treatment and provider, program, and patient preferences toward MOUD tapers over 

maintenance. While this study could not to determine whether patients who transferred 

continued MOUD elsewhere, prior literature has identified risks that can occur during 

transfer from one provider to another, including overdose (Bogdanowicz et al., 2018). In 

some cases, patients may be transferred to non-MOUD treatment programs, which may 

place them at increased overdose risk (Krawczyk et al., 2020). Given high-risk groups such 

as those with methamphetamine co-use were very likely to be transferred prior to six 
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months, more work is needed to understand the nature of transfers and how to minimize 

disruptions in MOUD continuity.

Last, our results highlight that the risk factors discussed were not unique in their association 

with discontinuation prior to six months but rather to a shorter duration of treatment overall. 

This was exemplified by modeling these relationships using the ATF model as well as using 

a twelve-month retention cut-off point rather than a six-month cut-off. For example, we 

found that patients referred to treatment by the justice system had lengths of care three 

quarters that of those who were self-referred, but had only about half their odds of staying in 

treatment past six months. The relative duration of care is important given the ideal length of 

MOUD is still under study and guidelines generally recommend longer care for better 

outcomes (SAMHSA, 2019a).

4.1. Limitations

This study has multiple limitations. First, data were limited to administrative records of 

treatment episodes with a discharge date in 2017. Therefore, we were not able to assess 

treatment length of patients who continued indefinitely in treatment as they were not 

included in this database. We also could not assess whether patients whose discharge reason 

was noted as transferred continued MOUD. Second, we only had access to categorical time 

intervals for length of treatment episodes up to the category of 366+ days, and therefore 

could not assess treatment retention in a fully continuous manner. Third, we did not have 

access to clinical information about the nature of MOUD treatment. For example, while 

methadone is the most common MOUD delivered in specialty outpatient settings (Center for 

Behavioral Health Statistics, n.d.), we could not distinguish what type of medication patients 

received (methadone, buprenorphine, or naltrexone), nor the dose of the medication; two 

important variables known to be strongly associated with retention (Bao et al., 2009; Hser et 

al., 2014; Timko et al., 2016.) We also could not assess how often medication was dispensed, 

taken home or prescribed, or the frequency of attendance during each episode of care. Last, 

we had no information regarding clinical outcomes such as ongoing drug use, which could 

impact treatment outcomes and retention.

5. Conclusions

Findings highlight that most patients receiving MOUD in outpatient specialty settings do not 

continue treatment for the minimum recommended time period of six months (National 

Quality Forum, 2017), similar to what has been found in studies of office-based 

buprenorphine patients. Findings also show that younger patients, those who are homeless, 

and those who use methamphetamine are at particular risk of shorter treatment retention. In 

addition, treatment discontinuation is particularly high in the Midwest and South, and 

among patients referred to treatment by criminal justice and school/employer/community 

sources. Given the risks of MOUD discontinuation, especially in an era of such high 

lethality of the drug supply, improving retention in treatment should be an urgent priority for 

programs to reduce overdose deaths. Interventions need to focus on incentivizing retention 

and reducing barriers to care continuation among the most vulnerable groups. Public health 

efforts to address the opioid crisis should therefore move beyond measuring availability of 
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MOUD alone and prioritize retention as a pivotal stage in the OUD cascade of care (Arthur 

Robin Williams et al., 2018).

Appendix

Appendix Table 1:

Odds ratios for retention greater than six months in MOUD, assuming transfers continued in 

MOUD past six months.

Odds Ratio (OR) 95% Confidence Interval

Sociodemographic Characteristics1

Female 1.13 [1.11,1.17]

Age Group

50+ (ref) 1 –

40–49 0.83 [0.80,0.87]

30–39 0.67 [0.64,0.70]

18–29 0.63 [0.61,0.66]

Race/Ethnicity

Non-Hispanic White (ref) 1 –

Non-Hispanic Black 0.98 [0.94,1.02]

Non-Hispanic Other2 0.9 [0.85,0.95]

Hispanic (any race) 1.05 [1.02,1.09]

Education (years)

Eight or less (ref) 1 –

Nine to eleven 1.03 [0.97,1.10]

Twelve 0.99 [0.93,1.05]

Thirteen or more 1.07 [1.00,1.14]

Not Employed 0.89 [0.86,0.92]

Housing

Independent Housing (ref) 1 –

Dependent Housing 0.93 [0.89,0.96]

Homeless 0.78 [0.74,0.81]

Veteran 1 [0.92,1.08]

Prior Month Arrest 0.8 [0.75,0.85]

Clinical and Treatment Characteristics3

Age of First Use

Up to 17 1 –

18–24 1 [0.96,1.04]

25+ 0.91 [0.88,0.95]

Frequency of Use in Month Prior to Tx

No use 1 –

Some use 0.96 [0.91,1.00]

Daily use 0.92 [0.89,0.96]
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Odds Ratio (OR) 95% Confidence Interval

Primary Heroin 0.97 [0.93,1.01]

Comorbid Psychiatric Problem 0.98 [0.95,1.01]

Comorbid Alcohol 0.89 [0.85,0.93]

Comorbid Cannabis 0.92 [0.89,0.96]

Comorbid Benzos 1.08 [1.02,1.15]

Comorbid Cocaine 0.85 [0.82,0.88]

Comorbid Methamphetamine 0.67 [0.63,0.70]

Prior Treatment 1.02 [0.99,1.06]

Referral Source to Treatment

Individual/Self 1

Criminal justice 0.61 [0.57,0.65]

Health/Substance Use provider 0.78 [0.75,0.81]

School/Employer/Community provider 0.8 [0.75,0.85]

Appendix Table 2:

Time ratios and odds ratios for retention greater than twelve months in MOUD.

Odds Ratio 
(OR)

95% Confidence 
Interval

Time Ratio 
(TR)

95% Confidence 
Interval

Sociodemographic Characteristics1

Female 1.11 [1.07,1.15] 1.11 [1.09,1.13]

Age Group

50+ (ref) 1 – 1 –

40–49 0.78 [0.75,0.82] 0.82 [0.80,0.85]

30–39 0.52 [0.49,0.54] 0.65 [0.63,0.67]

18–29 0.5 [0.48,0.52] 0.61 [0.59,0.63]

Race/Ethnicity

Non-Hispanic White (ref) 1 – 1 –

Non-Hispanic Black 1.18 [1.12,1.24] 0.98 [0.95,1.02]

Non-Hispanic Other2 0.95 [0.88,1.02] 0.89 [0.85,0.94]

Hispanic (any race) 1.29 [1.24,1.35] 1.09 [1.06,1.13]

Education (years)

Eight or less (ref) 1 – 1 –

Nine to eleven 0.97 [0.91,1.04] 1.01 [0.96,1.07]

Twelve 0.88 [0.83,0.95] 0.98 [0.94,1.03]

Thirteen or more 0.91 [0.85,0.98] 1.03 [0.98,1.08]

Not Employed 0.81 [0.78,0.84] 0.87 [0.85,0.89]

Housing

Independent Housing (ref) 1 – 1 –

Dependent Housing 0.85 [0.81,0.89] 0.93 [0.90,0.96]
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Odds Ratio 
(OR)

95% Confidence 
Interval

Time Ratio 
(TR)

95% Confidence 
Interval

Homeless 0.66 [0.62,0.70] 0.75 [0.72,0.77]

Veteran 1.18 [1.08,1.30] 1.05 [0.98,1.12]

Prior Month Arrest 0.77 [0.71,0.83] 0.81 [0.77,0.85]

Clinical and Treatment 
Characteristics3

Age of First Use

Up to 17 1 – 1 –

18–24 0.96 [0.92,1.01] 1 [0.97,1.02]

25+ 0.85 [0.81,0.89] 0.92 [0.89,0.95]

Frequency of Use in Month Prior 
toTx

No use 1 – 1 –

Some use 0.95 [0.89,1.00] 0.89 [0.86,0.92]

Daily use 0.96 [0.91,1.00] 0.86 [0.84,0.89]

Primary Heroin 0.81 [0.78,0.85] 0.95 [0.92,0.98]

Comorbid Psychiatric Problem 0.96 [0.92,1.00] 0.97 [0.94,0.99]

Comorbid Alcohol 0.83 [0.78,0.88] 0.88 [0.85,0.92]

Comorbid Cannabis 0.86 [0.82,0.91] 0.93 [0.90,0.96]

Comorbid Benzos 0.86 [0.79,0.92] 1 [0.96,1.05]

Comorbid Cocaine 0.81 [0.77,0.84] 0.86 [0.84,0.88]

Comorbid Methamphetamine 0.38 [0.35,0.41] 0.58 [0.55,0.60]

Prior Treatment 1.14 [1.09,1.19] 1.09 [1.06,1.12]

Referral Source to Treatment

Individual/Self 1 1 –

Criminal justice 0.41 [0.38,0.45] 0.72 [0.69,0.76]

Health/Substance Use provider 0.8 [0.76,0.84] 0.8 [0.78,0.83]

School/Employer/Community provider 
Health Insurance (N=33,939)4 0.61 [0.56,0.66] 0.81 [0.78,0.85]

No Insurance 1 – 1 –

Private/commercial 1.15 [0.98,1.34] 0.98 [0.90,1.07]

Medicaid 0.86 [0.78,0.95] 1.09 [1.04,1.14]

Medicare 0.99 [0.84,1.18] 1.06 [0.97,1.15]
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Highlights

• 64% of patients in medication treatment for opioid use discontinue prior to six 

months

• Opioid patients who co-use methamphetamine have lower retention in 

medication treatment

• Medication for opioid use disorder treatment retention varies substantially 

across states

• Younger and homeless opioid patients have lower retention in medication 

treatments
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Figure 1: 
Length of treatment across all medication for opioid use disorder (MOUD) episodes.
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Figure 2: 
Reasons for MOUD discharge by six months among high risk predictor groups.
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Table 1:

Characteristics of patients in MOUD treatment (N=130,300).
1

Prevalence (N(%))

Sex

Male 77,220 (59.26%)

Female 53,062 (40.72%)

Missing 18 (0.01%)

Age Group

18–29 39,327 (30.18%)

30–39 43,038 (33.03%)

40–49 23,637 (18.14%)

50+ 24,298 (18.65%)

Race/Ethnicity

Non-Hispanic White 86,031 (66.03%)

Non-Hispanic Black 15,493 (11.89%)

Non-Hispanic Other 6,639 (5.10%)

Hispanic (any race) 21,541 (16.53%)

Missing 596 (0.46%)

Education

Eight or less 6,523 (5.01%)

Nine to eleven 28,081 (21.55%)

Twelve 62,160 (47.71%)

Thirteen or more 31,950 (24.52%)

Missing 1,586 (1.22%)

Employment

Employed 30,447 (23.37%)

Not Employed 97,465 (74.80%)

Missing 2,388 (1.83%)

Housing

Independent Housing 10,0075 (76.80%)

Dependent Housing 17,145 (13.16%)

Homeless 10,642 (8.17%)

Missing 2,438 (1.87%)

Veteran

Not Veteran 12,0678 (92.62%)

Veteran 3,226 (2.48%)

Missing 6,396 (4.91%)

Prior Month Arrest

No Arrest 11,4621 (87.97%)
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Prevalence (N(%))

Arrest 5,807 (4.46%)

Missing 9,872 (7.58%)

Age of First Use

Up to 17 30,911 (23.72%)

18–24 51,477 (39.51%)

25+ 46,615 (35.78%)

Missing 1,297 (1.00%)

Frequency of Use in Prior Month

No use 25,824 (19.82%)

Some use 20,362 (15.63%)

Daily use 69,983 (53.71%)

Missing 14,131 (10.84%)

Primary Opioid Use

Primary Prescription Opioids 27,900 (21.41%)

Primary Heroin 10,2400 (78.59%)

Comorbid Psychiatric Problem

No Psych Problem 74,492 (57.17%)

Psych Problem 46,657 (35.81%)

Missing 9,151 (7.02%)

Alcohol 13,087 (10.04%)

Marijuana 22,983 (17.64%)

Benzos 8,497 (6.52%)

Cocaine 28,956 (22.22%)

Methamphetamine 12,067 (9.26%)

Prior Tx

No Prior Tx 32,762 (25.14)

Prior Tx 95,773 (73.50%)

Missing 1,765 (1.35%)

Referral Source

Individual/Self 94,103 (72.22%)

Criminal justice 9,062 (6.95%)

Health/SUD provider 18,212 (13.98%)

School/employer/community provider 8,058 (6.18%)

Missing 865 (0.66%)

Health Insurance (N=33,939)
2

No Insurance 6,835 (20.14%)

Private/commercial 1,991 (5.87%)

Medicaid 22,839 (67.29)

Medicare 2,274 (6.70%)
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Table Notes:

1.
Number of episodes included per state is displayed in Table 3

2.
Estimates excludes states that reported insurance on less than 50% of episodes: Arizona, California, Connecticut, Florida, Illinois, Michigan, 

Minnesota, New Mexico, New York, North Carolina, Ohio, Rhode Island, Vermont, Virginia, Washington, Wisconsin.
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Table 2:

Odds ratios and time ratios for retention greater than six months in MOUD.

Odds Ratio (OR) 95% Confidence Interval Time Ratio (TR) 95% Confidence Interval

Sociodemographic Characteristics
a

Female 1.10 [1.07,1.13] 1.09 [1.07,1.12]

Age Group

50+ (ref) 1 – 1 –

40–49 0.79 [0.75,0.82] 0.84 [0.81,0.87]

30–39 0.57 [0.55,0.59] 0.68 [0.66,0.71]

18–29 0.52 [0.50,0.54] 0.64 [0.62,0.66]

Race/Ethnicity

Non-Hispanic White (ref) 1 – 1 –

Non-Hispanic Black 1.09 [1.04,1.14] 0.96 [0.94,1.01]

Non-Hispanic Other
b 0.91 [0.86,0.97] 0.9 [0.86,0.94]

Hispanic (any race) 1.18 [1.14,1.22] 1.07 [1.04,1.10]

Education (years)

Eight or less (ref) 1 – 1 –

Nine to eleven 0.98 [0.92,1.04] 1.01 [0.97,1.06]

Twelve 0.9 [0.85,0.96] 0.99 [0.95,1.03]

Thirteen or more 0.95 [0.89,1.01] 1.03 [0.99,1.09]

Not Employed 0.83 [0.80,0.85] 0.89 [0.86,0.91]

Housing

Independent Housing (ref) 1 – 1 –

Dependent Housing 0.87 [0.83,0.90] 0.95 [0.92,0.98]

Homeless 0.7 [0.66,0.73] 0.77 [0.75,0.80]

Veteran 1.02 [0.94,110] 1.03 [0.96,1.09]

Prior Month Arrest 0.75 [0.71,0.80] 0.83 [0.79,0.87]

Clinical and Treatment Characteristics
c

Age of First Use

Up to 17 1 – 1 –

18–24 1.01 [0.97,1.05] 1 [0.97,1.03]

25+ 0.9 [0.87,0.94] 0.93 [0.91,0.96]

Frequency of Use in Month Prior to Tx

No use 1 – 1 –

Some use 0.89 [0.85,0.93] 0.89 [0.86,0.92]

Daily use 0.91 [0.88,0.95] 0.87 [0.84,0.89]

Primary Heroin 0.86 [0.83,0.90] 0.97 [0.94,1.00]

Comorbid Psychiatric Problem 0.95 [0.92,0.99] 0.97 [0.95,0.99]

Cum orb id Alcohol 0.87 [0.83,0.92] 0.9 [0.87,0.93]

Comorbid Cannabis 0.92 [0.88,0,95] 0.95 [0.92,0.98]

Comorbid Benzos 0.97 [0.91,1.03] 1.02 [0.98,1.06]
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Odds Ratio (OR) 95% Confidence Interval Time Ratio (TR) 95% Confidence Interval

Comorbid Cocaine 0.83 [0.80,0.86] 0.87 [0.85,0.90]

Comorbid Methamphetamine 0.48 [0.45,0.51] 0.64 [0.61,0.66]

Prior Treatment 1.09 [1.05,1.13] 1.08 [1.05,1.11]

Referral Source to Treatment

Individual/Self 1 1 _

Criminal justice 0.55 [0.52,0.59] 0.77 [0.74,0.80]

Health/Substance Use provider 0.77 [0.74,0.81] 0.82 [0.79,0.84]

School/Employer/Community provider 0.71 [0.66,0.76] 0.85 [0.81,0.88]

Health Insurance (N = 33,939)
d

No Insurance 1 – 1 –

Private/commercial 0.89 [0.77,1.02] 0.95 [0.88,1.03]

Medicaid 0.96 [0.88,1.04] 1.08 [1.04,1.14]

Medicare 1.11 [0.97,1.28] 1.05 [0.97,1.14]

Bold indicated statistically significant at p<0.05 level.

a
Estimates are adjusted for all sociodemographic characteristics, including state

b
Other race includes Asian, Asian/Pacific Islander, Native Hawaiian or Other Pacific Islander, American Indian, Alaska Native, other single race, 

or two or more races

c
Estimates are adjusted for all sociodemographic and clinical characteristics

d
Estimates exclude states that reported insurance on less than 50% of episodes: Arizona, California, Connecticut, Florida, Illinois, Michigan, 

Minnesota, New Mexico, New York, North Carolina, Ohio, Rhode Island, Vermont, Virginia, Washington, Wisconsin. Estimates are adjusted for all 
sociodemographic and clinical characteristics
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Table 3:

MOUD treatment episodes by state and proportion of episodes greater than six months.

State Number of Treatment Episodes Proportion of Treatment Episodes with Length > 6 Months

NORTH CAROLINA 9,541 4.32%

KENTUCKY 5,263 5.38%

ILLINOIS 1,331 9.99%

NEW MEXICO 16 12.50%

MARYLAND 6,000 15.87%

SOUTH CAROLINA 509 17.68%

IDAHO 35 20.00%

NEW HAMPSHIRE 195 20.00%

DELAWARE 262 20.61%

MISSOURI 1,306 28.41%

PENNSYLVANIA 1,540 29.22%

IOWA 388 29.97%

INDIANA 388 31.44%

MISSISSIPPI 25 32.00%

UTAH 903 33.22%

SOUTH DAKOTA 36 33.33%

WISCONSIN 9 33.33%

MINNESOTA 3,638 34.06%

NEBRASKA 17 35.29%

MICHIGAN 6,717 35.43%

NEW JERSEY 10,322 36.49%

ALASKA 154 37.01%

OHIO 2,427 38.48%

ARKANSAS 221 38.91%

VERMONT 1,990 38.94%

ALABAMA 279 39.78%

MASSACHUSETTS 3,550 39.92%

NEW YORK 25,292 40.74%

WYOMING 22 40.91%

MAINE 2,122 41.89%

NEVADA 26 42.31%

CALIFORNIA 31,239 44.45%

WASHINGTON 149 46.31%

LOUISIANA 15 46.67%

FLORIDA 586 47.78%

COLORADO 1,487 47.81%

HAWAII 22 50.00%

RHODE ISLAND 2,311 51.10%

CONNECTICUT 7,287 52.01%
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State Number of Treatment Episodes Proportion of Treatment Episodes with Length > 6 Months

TEXAS 546 54.21%

TENNESSEE 7 57.14%

VIRGINIA 26 57.69%

ARIZONA 1,558 58.02%

DISTRICT OF COLUMBIA 67 68.66%

PUERTO RICO 527 70.40%
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