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Abstract

Background: As the burden of opioid use disorder (OUD) increases in the United States,
manifold federal and state initiatives have sought to increase access to treatment for OUD, which
includes behavioral and pharmaceutical treatment modalities. Although the evidence base for
outpatient treatment for OUD—including medications for opioid use disorder—is substantial, few
studies have examined the risk factors for fatality during treatment for OUD.

Methods: Treatment Episode Data Set-Discharges (TEDS-D) data were used to evaluate
correlates of death during outpatient treatment for OUD in 2016. To determine the correlates

of mortality during an outpatient treatment for OUD, we constructed a pooled logistic regression
model, stratified by use of medication for opioid use disorder (MOUD), to control for the duration
of time in treatment and to identify the independent characteristics that may lead to differences in
the odds of mortality during treatment.

Findings: 1861 (0.8%) of 235,745 outpatient treatment episodes for OUD included in our
analysis resulted in fatality. Many factors correlated with death during treatment were similar for
individuals who did and did not receive MOUD. However, non-White race was only significantly
associated with decreases in fatality in non-MOUD treatment episodes. Male sex and reported
intravenous drug use at admission were associated with fatality only for treatment episodes that
did not involve MOUD.

Conclusions: In this national study of outpatient treatment episodes for OUD, we found
differences in age, sex, region, drug use history, treatment setting, and treatment history
significantly affected the risk of death during treatment. As more people become engaged with
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treatment, facilities should work toward delivering optimal treatment for all patients regardless of
personal characteristics.
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1. Introduction

The rise of opioid use over the past decade has risen in parallel with staggering rates of
fatal overdose in the United States (Dart et al., 2015; Rudd, 2016). Years of life lost from
opioid overdose has increased from 165,000 years of life lost in 1999 to 830,700 years of
life lost in 2016 (Mokdad et al., 2018). The National Epidemiologic Survey on Alcohol
and Related Conditions-I11 found that opioid use disorder (OUD) prevalence among adults
has more than doubled, increasing from 1.4% in 2002 to 2.9% in 2013 (Saha, Kerridge,

& Goldstein, 2016). As the burden of OUD has increased, so has the need for OUD
treatment (Alderks, 2017; Gomes, Tadrous, Mamdani, Paterson, & Juurlink, 2018; Jones,
Campopiano, Baldwin, & McCance-Katz, 2015; Stein et al., 2018). According to the 2016
National Survey on Drug Use and Health, approximately 2.1 million people, about 1% of
all people living in the United States 12 years or older, meet the diagnostic criteria for

an OUD and could benefit from treatment (Ahrnsbrak, Bose, Hedden, Lipari, & Park-Lee,
2017; Schuckit, 2016). However, treatment engagement for OUD is low due to factors
related to lack of insurance coverage, limited access to treatment services, and stigma (Wu,
Zhu, & Swartz, 2016). In order to address low treatment utilization, the federal government
has provided significant funding to expand access to treatment for OUD (Davis, 2018; U.S
Department of Health and Human Services, 2018; Wickramatilake et al., 2017). In addition
to increased funding for treatment centers, new federal legislation lifts some of the barriers
for covering treatment costs through Medicaid and Medicare (Congressional Budget Office,
2018, Substance Use-Disorder Prevention that Promotes Opioid Recovery and Treatment
(SUPPORT) for Patients and Communities Act, 2018; Davis, 2018; Meinhofer & Witman,
2018).

OUD treatment options and duration of care are variegated and diverse (\Veilleux, Colvin,
Anderson, York, & Heinz, 2010). Over the past two decades, a growing body of literature
has established effective, evidence-based treatments for OUD that include both pharmaco-
and behavioral modalities (Carroll & Weiss, 2017; Schuckit, 2016; Tsui, Burt, Thiede, &
Glick, 2018). The use of medications for opioid use disorder (MOUD), the gold-standard
outpatient treatment strategy involving the use of medications such as buprenorphine and
methadone (National Academies of Sciences, Engineering, and Medicine, Health and
Medicine Division, Board on Health Sciences Policy, & Committee on Medication-Assisted
Treatment for Opioid Use Disorder, 2019), has not only been found to help patients manage
their symptoms of OUD, but has led to decreases in fatal and non-fatal overdose, as well

as recurrent opioid use (Connery, 2015; Hawk, Vaca, & D’Onofrio, 2015; Larochelle et

al., 2018). Psychosocial treatments for OUD such as counseling services and community
support groups have also been shown to help people manage OUD, though they have only
been found to be effective at reducing mortality when used in conjunction with MOUD

J Subst Abuse Treat. Author manuscript; available in PMC 2023 August 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldman et al.

Page 3

(Kampman & Jarvis, 2015; Pierce et al., 2016). Research on treatment for OUD has largely
focused on retention and other short-term treatment outcomes (Connery, 2015; Schuckit,
2016; Sokol, LaVertu, Morrill, Albanese, & Schuman-Olivier, 2018). Though there is no
single metric that captures treatment success, abstinence from non-medical and illicit opioid
use during and after treatment, treatment retention, severity of withdrawal symptoms, and
reduction in mortality have been broadly used to assess treatment success (Amato et al.,
2005; Veilleux et al., 2010). As both treatment access and burden of OUD increase, it is
imperative that we understand the risk factors not only for unsuccessful treatment, but also
mortality during treatment.

There is significant scholarship discussing various modalities, characteristics, and other
aspects of outpatient treatment of OUD (Bisaga et al., 2018; McCarty et al., 2014;
Mennis, Stahler, EI Magd, & Baron, 2019; Naeger, Mutter, Ali, Mark, & Hughey,

2016). Many studies have also examined the risk factors for fatality during treatment
(Clausen, Anchersen, & Waal, 2008; Cornish, Macleod, Strang, Vickerman, & Hickman,
2010; Degenhardt et al., 2011, 2009; McCowan, Kidd, & Fahey, 2009; Merrall, Bird,

& Hutchinson, 2012; Pierce et al., 2016); however, few studies have assessed fatality
during treatment in the United States since the beginning of the third wave of the opioid
overdose epidemic involving synthetic opioids, primarily fentanyl and related analogs.
According to the Treatment Episode Data Set - Discharges (TEDS-D), a dataset comprised
of discharge records from publicly funded drug treatment facilities across the US, about
1% of all people admitted to a treatment facility for OUD die during inpatient treatment.
The rate of death during treatment is similar among those who are receiving outpatient
treatment for OUD (Center for Behavioral Health Statistics and Quality; Substance Abuse
and Mental Health Services Administration, 2018). The objective of this study is to assess
the sociodemographic and treatment characteristics that are associated with fatality during
outpatient treatment for OUD.

2. Methods and materials

2.1. Study design

In order to assess correlates of death during outpatient treatment for OUD, we

examined data from the TEDS-D. TEDS-D, administered by the Substance Abuse and
Mental Health Services Administration (SAMHSA), documents detailed information about
sociodemographics, drug use history, and treatment received for individuals who were
discharged from state or federally funded treatment facilities in 2016 (Treatment Episode
Data Set-Discharges (TEDS-D), 2016). Data are collected at the state-level by substance
use agencies and are subsequently sent to the federal government for compilation

into a deidentified nationwide dataset (Substance Abuse and Mental Health Services
Administration, 2014). As TEDS-D is publicly available and only contains non-identifiable
data, IRB approval was not necessary for the conduct of this study.

To capture those who received outpatient treatment for OUD, data from the TEDS-D 2016
were restricted to include treatment episodes in an outpatient facility which the primary
substance used was listed as “heroin”, “non-prescription methadone”, and “other opioid or
synthetics” (Fig. 1). Each treatment was classified as either being intensive or non-intensive.
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Intensive treatments were defined as clients receiving treatment services, including MOUD

and behavioral services for two or more hours per day for three or more days per week,

and non-intensive treatment was broadly defined as ambulatory treatment services including
pharmacological, individual, family, and group support services (Substance Use and Mental
Health Services Administration, 2018).

2.2. Measures

The primary outcome for this analysis was death, defined as all-cause mortality, during
outpatient treatment for OUD. In TEDS-D, substance use treatment facilities can report one
of seven different reasons for discharge including: transfer to another facility, termination
by the facility, incarceration, leaving against medical advice, other, unknown, death, and
treatment completion. In this analysis, we aggregated these outcomes such that a binary
variable was created, representing fatality experienced during treatment (yes vs. no).

Demographic characteristics assessed included age, race, ethnicity, education level,
employment status, and housing status. Race was categorized as White, Black or other
(which includes Alaskan Native, American Indian, Asian or Pacific Islander, Native
Hawaiian or Pacific Islander, or people identifying as multiracial), due to sample size
limitations. Housing status was reported as homeless, independent, or dependent, which
SAMHSA defined as living in a supervised setting, such as a residential institution or group
home (Substance Use and Mental Health Services Administration, 2018). Additionally, we
examined intravenous drug use at admission, primary drug reported at treatment admission,
and previous treatment admission, presented as a binary variable abstracted from state
records. These demographic and treatment setting characteristics were selected for analysis
based on literature demonstrating their significance in predicting treatment outcomes
(Marcovitz, McHugh, Volpe, Votaw, & Connery, 2016; Stahler, Mennis, & DuCette, 2016).
Length of treatment was defined categorically based on information available in the TEDS-
D dataset. Time was broken into the following increments: 1-30 days, 31-45 days, 46-60
days, 61-90 days, 91-120 days, 121-180 days, 181-365 days and >365 days.

2.3. Statistical analysis

Nine variables, including sex, race, ethnicity, employment status, living arrangement,
MOUD use, education, history of arrests, and previous treatment episode contained a
substantial amount of missing data. In order to account for missing data, multiple imputation
was conducted using a validated R package, Multiple Imputation using Chained Equations
(MICE) (van Buuren & Groothuis-Oudshoorn, 2011; Zhongheng Zhang, 2016). As shown
in Fig. 1, a small proportion (3.9%) of treatment episodes could not be imputed and were
excluded from the analysis. All statistical analyses were performed using the imputed
dataset.

Initial exploratory data analysis revealed substantial differences between MOUD and non-
MOUD treatment episodes. To control for differences, we stratified the analytic sample
by MOUD use. Chi-square tests were performed to assess differences in demographic

and treatment setting characteristics by MOUD use. Descriptive statistics were created
for the demographic, substance use, and treatment facility characteristics. We performed
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chi-square tests to measure the association of potential correlates of experiencing death
during a treatment episode. In order to control for length of treatment, which was captured
categorically in the TEDS-D database, we constructed bivariable and multivariable pooled
logistic regressions using RStudio in lieu of performing a traditional time-to-event analysis.
In instances where a time interval is provided, and time to event is not available, pooled
logistic regression provides a robust estimate of the conditional odds for experiencing an
outcome given a specific time interval (Ngwa et al., 2016). All potential correlates of death
were included in the final model. Given that MOUD is usually long-term treatment, and
there may be fundamental differences in characteristics in treatment episodes of longer
duration and correlates of fatality on a longer timeline, a sensitivity analysis was conducted
with data restricted to treatment duration of less than a year (Bhatraju et al., 2017;

Zhang, Friedmann, & Gerstein, 2003). For all statistics, two-sided P-values were used, and
significance was considered at p < 0.05.

3. Results

There were 235,745 outpatient treatment episodes for OUD that were included in

our analysis (see Fig. 1). Imputation was necessary for 19,134 (8.1%) observations.
Variables that needed to be imputed included the following: sex, race, ethnicity, education,
employment, living arrangement, arrests and use of MOUD. Of the full analytic sample,
1861 (0.8%) resulted in a fatality during treatment. A total of 130,735 (55.5%) treatment
episodes did not involve MOUD and 105,010 (44.5%) involved MOUD. Once the sample
was limited to only treatment episodes that lasted less than a year, there were a total of
202,943 outpatient treatment episodes for OUD, of which 965 (0.5%) resulted in fatality
during treatment. Of treatment episodes that lasted less than a year, 122,947 (60.6%) did not
involve MOUD and 79,996 (39.4%) treatment episodes involved MOUD.

Among those who did not receive MOUD, the majority of treatment episodes were among
people between the ages of 18-34 (65.5%), males (57.9%), people who identified as White
(82.2%), and non-Hispanic (91.4%). Approximately 69% of those not receiving MOUD
had previously received OUD treatment, 62.1% reported heroin as their primary drug of
use, and 67.7% received treatment at a non-intensive facility. Similarly, a majority of
treatment episodes involving MOUD were among males (58.4%), people who identified

as White (69.8%) and non-Hispanic (82.5%), people who reported a previous treatment
episode (76.7%) and heroin as their primary drug of use (80.3%), and received non-intensive
treatment (84.5%). Differences between treatment episodes that involved MOUD and did
not involve MOUD can be found in Table 1. Compared to treatment episodes that did not
involve MOUD, those that involved MOUD were more likely to be older, female, have

had a previous treatment episode, report heroin and intravenous drug use at admission,
received treatment at a non-intensive treatment center, and had longer treatment episodes.
Additionally, treatment episodes that involved MOUD were more likely to involve people
who were Black or another racial background, Hispanic, and lived in the Northeast.

Of the 130,735 outpatient treatment episodes that did not involve MOUD, 561 (0.4%)
resulted in a fatality. The percentage of treatment episodes resulting in a fatality did not
meaningfully change once episodes longer than a year in duration were removed from
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the sample. Shown in Table 2, bivariable analysis found that experiencing fatality during
treatment among those not receiving MOUD was associated with being older than 34, male,
having a previous treatment episode, reporting intravenous drug and heroin use at admission,
and receiving treatment in a non-intensive facility.

Of the 100,334 treatment episodes that involved MOUD, 1300 (1.3%) resulted in a fatality
during treatment. When limited to treatment episodes that lasted longer than a year, 0.6%
resulted in fatality. Initial bivariable analysis treatment episodes involving MOUD found
many of the same associations with those that did not involve MOUD, except that in

the subset of treatment episodes that involved MOUD, fatality was also associated with
reporting a non-White race and Hispanic ethnicity.

Multivariable analysis of characteristics of treatment episodes and their association with
mortality experienced during a treatment episode are presented in Table 3. Among treatment
episodes not involving MOUD, people age 34-54 (adjusted odds ratio [AOR],1.43; 95%
confidence interval [Cl], 1.19-1.72) and those older than 55 years of age (AOR, 2.77;

95% Cl, 1.994-3.86) had higher odds of mortality compared to those 18-34 years of age.
Compared to females, males had higher odds of fatality (AOR, 1.42; 95% CI, 1.18-1.70).
Non-white race was associated with a decrease in odds of fatality. Compared to treatment
episodes among White patients, Black patients (AOR, 0.68, 95% CI 0.47-0.96) and patients
identifying as another race (AOR, 0.65; 95% CI 0.45-0.93) had lower odds of fatality.
Compared to dependent living, living independently was associated with increased odds of
fatality during treatment (AOR, 1.27; 95% ClI, 1.01-1.32). Those who reported intravenous
drug use (AOR, 1.53; 95% ClI, 1.18-1.97) or heroin use (AOR, 1.43; 95% ClI, 1.14-1.80) at
admission had higher odds of fatality compared to those who did not.

Among treatment episodes involving MOUD, being 34-54 years of age (AOR 3.60; 95% Cl,
3.07-4.23) or older than 55 years old (AOR 10.34; 95% CI, 8.64-12.36) was associated with
higher odds of mortality than those 18-34 years of age. Among those who used MOUD,

sex was not associated with fatality. Compared to treatment provided to white-identifying
patients, being Black (AOR, 1.00, 95% CI, 0.85-1.17) or another race (AOR 1.03, 95% CI
0.84-1.23) was not associated with higher odds of mortality among treatments involving
MOUD. Unemployment (AOR 1.35; 95% Cl, 1.11-1.64) was associated with increased odds
of mortality. Compared to receiving treatment in the Northeast, receiving treatment in the
Midwest (AOR 0.74; 95% ClI, 0.60-0.90) and the South (AOR, 0.74; 95% CI 0.60-0.92)
resulted in lower odds of death. Unlike those who did not receive MOUD, heroin use was
not associated with higher odds of fatality (AOR, 0.95; 95% CI, 0.80-1.12). Reporting
intravenous drug use at admission also was not associated with fatality. Additionally, having
previously been in treatment was associated with an increased odds of fatality among those
who were treated with MOUD (AOR, 1.40; 95% ClI, 1.21-1.63). Finally, compared to
treatment in intensive facilities, receiving treatment in a non-intensive facility was associated
with a two-fold increase in the odds of fatality (AOR 2.44; 95% CI, 1.77-3.35).

For both treatment episodes that did and did not involve MOUD, limiting the sample to
treatment episodes that lasted for less than a year resulted in some changes in the magnitude
and association of observed estimates, shown in Table 4. Among non-MOUD treatment less
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than a year in duration, compared to being 18-34, being 55 or older was still associated

with fatality in treatment (AOR, 2.50; 95% CI, 1.72-3.61), but being 35-54 years of age was
not associated with increased odds of fatality (AOR, 1.18; 95% CI, 0.96-1.45). Male sex
and receiving treatment in the South and West compared to the Northeast were associated
with decreased odds of fatality with treatment. Reporting intravenous drug and heroin use

at admission and having a previous treatment episode resulted in significant increases in

the odds of fatality in treatment. Compared to receiving treatment in an intensive setting,
receiving treatment in a non-intensive setting resulted in a 67% increase in the odds of
experiencing fatality in treatment (AOR, 1.67; 95% ClI, 1.35-2.07).

For MOUD treatment of less than a year of duration, age and having had previous treatment
episode for OUD remained associated with increased odds of fatality during treatment.
Compared to treatment episodes belonging to people classified as White, those belonging to
people classified as belonging to another race had decreased odds of fatality (AOR, 0.62;
95%Cl, 0.43-0.89). In this model, receiving treatment at a non-intensive treatment was not
associated with increased odds of fatality during treatment (AOR, 1.40; 95% CI, 0.97-2.02).

4. Discussion

Overall, a little <1% of outpatient treatments in publicly funded treatment facilities ended in
death. Our analysis demonstrated a wide array of treatment and demographic characteristics
associated with increased odds of fatality. For many of the correlates of death during
treatment, similar associations were found for those who did and did not receive MOUD
despite the fact that the characteristics of the treatment groups varied significantly. However,
non-White race was only significantly associated with decreased odds of fatality in non-
MOUD treatment that lasted less than a year. Male sex and reporting intravenous drug use at
admission were associated with fatality only for non-MOUD treatment. Another important
difference observed was the magnitude of the association with receiving treatment in a
non-intensive treatment setting. Most MOUD was given in non-intensive treatment settings;
among treatment episodes involving MOUD, receiving treatment in a non-intensive setting
was associated with a two to three-fold increase in odds of experiencing fatality compared
to receiving treatment intensive facilities. Receiving treatment at a non-intensive treatment
setting only resulted in a one to two-fold increase in odds of experiencing fatality for
non-MOUD treatment.

Demographic and treatment characteristics varied considerably between treatment episodes
that did and did not involve MOUD. Those receiving MOUD were more likely to belong
to racial and ethnic minority groups, which is contrast with previous literature that

has demonstrated reduced MOUD availability in communities of color (Hansen, Siegel,
Wanderling, & DiRocco, 2016; Lagisetty, Ross, Bohnert, Clay, & Maust, 2019). However,
as TEDS-D does not include those receiving office-based buprenorphine, it is possible that
a large proportion of people prescribed buprenorphine (many of whom may be white), are
not captured in the TEDS-D data (Hadland et al., 2017; Stein et al., 2018). Additionally,
the decreased odds of experiencing fatality among people of color may reflect the fact that
people belonging to racial and ethnic minorities may be less likely to access any kind of
treatment, not just MOUD (Hansen et al., 2016; Liebling et al., 2016). There was also
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significant geographic variation for those receiving MOUD. Findings from this study are
consistent with previous scholarship that has found that the Northeast has greater MOUD
capacity and engagement than other regions in the US (Hand, Short, & Abatemarco, 2017;
Jones et al., 2015). Our finding that age was associated with both MOUD use and fatality
during treatment is in contrast to much of the literature. In this sample, treatment episodes
involving older adults were associated with fatality across both MOUD and non-MOUD use
regardless of treatment duration. Previous research has yielded mixed results as to whether
age is associated with treatment success and adherence or is a risk factor for mortality

in treatment; while some studies have found that aging is protective against overdose
(Boscarino et al., 2010; Satre, Mertens, Arean, & Weisner, 2004; Stahler et al., 2016),
others have found the contrary (Merrall et al., 2012; Pierce, Bird, Hickman, & Millar, 2015).
Deaths in this sample are due to all causes, and therefore, older adults might be subjected to
age-related comorbidity and fatality. Further, the increased odds of fatality in treatment we
observed may reflect the rise in overdose rates seen in older adults over the past few years
(Gomes et al., 2018; Rudd, 2016).

It is important to note that MOUD has overall been found to reduce overdose mortality
and prevent recurrent illicit opioid use (Larochelle et al., 2018; Ma et al., 2018; Otiashvili
et al., 2013), yet a larger percentage of the fatalities were experienced by those whose
treatment involved MOUD. This could be attributed to a number of factors. A majority of
MOUD episodes took place in non-intensive treatment settings, which may offer decreased
client engagement and supervision than intensive treatment settings (Center for Substance
Abuse Treatment, 2006). According to the guidelines set by the American Society of
Addiction Medicine (ASAM), patients with active drug or alcohol use, as well as those
with co-occurring psychological disorders, may require a higher level of care due to
medical instability and lack of oversight of care (Kampman & Jarvis, 2015). The TEDS-D
data set does not include information about OUD severity or co-occurring mental health
conditions, so we are unable to adjust for this in our study models. MOUD has been

found to be most successful when used in conjunction with psychological interventions and
social support, like family or group-based therapy, which may more likely to be found in
intensive treatment settings (Duber et al., 2018; Kermack, Flannery, Tofighi, McNeely, &
Lee, 2017; Veilleux et al., 2010). Though TEDS-D does not record details of what occurs
in each treatment episode, based on the definition of intensive treatment, it is likely that
those receiving MOUD at an intensive setting may also be receiving psychosocial therapy;
however, it is unclear whether those in non-intensive settings are receiving combined
pharmacological and behavioral therapies (McCarty et al., 2014). Regardless, MOUD has
been shown to have benefit on its own with and without behavioral counseling. While
behavioral counseling may be beneficial in combination with MOUD, to minimize barriers
to MOUD, it should not be a requirement (Amato, Minozzi, Davoli, & Vecchi, 2011; Fiellin
et al., 2006).

Treatment episodes belonging to people with higher risk drug use characteristics (e.g.,
injection drug use) were more like to experience mortality during treatment. In non-MOUD
treatment, reporting heroin use and intravenous drug use at admission was positively
associated with mortality. Consistent with our findings, previous research has found that
those who injected drugs were more likely to experience higher rates of fatality (Mathers

J Subst Abuse Treat. Author manuscript; available in PMC 2023 August 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goldman et al.

Page 9

etal., 2013; Pierce et al., 2016). This may be explained by the increased likelihood of
experiencing either a fatal or non-fatal overdose after abrupt treatment discontinuation
among those who inject drugs compared to other methods of drug administration (Liebling,
Green, Hadland, & Marshall, 2018; Mitra, Wood, Nguyen, Kerr, & DeBeck, 2015; Smolina
et al., 2018). Similarly, when compared to non-medical use of a prescription opioids, heroin
use is associated with increased likelihood of overdose (Compton, Jones, & Baldwin, 2016;
Rudd, 2016; Seth, Scholl, Rudd, & Bacon, 2018). It follows that those treatment episodes
belonging to people with these higher risk drug use practices would also be more likely

to experience mortality during treatment. As the presence of fentanyl contamination in

the heroin supply and overall fentanyl use has become more widespread (Colon-Berezin,
2019), there has been increased risk of fentanyl exposure among individuals who use heroin
(Kenney, Anderson, Conti, Bailey, & Stein, 2018). Treatment facilities should offer harm
reduction strategies, such as fentanyl test strips and naloxone distribution and training, to
mitigate the risk of overdose and overdose death in the event of return to injection drug

use (Goldman et al., 2019; Krieger et al., 2018; Latkin, Dayton, Davey-Rothwell, & Tobin,
2019).

4.1. Limitations

This study has a number of limitations. Due to differences in how discharge forms are
administered state-by-state, treatment and demographic characteristics such as insurance
status, primary source of payment for treatment, days waiting to enter treatment, and
attending a self-help group in the days preceding admission or following a discharge,
were not captured consistently across all states and thus could not be examined in this
national study due to large amounts of missing data. Additionally, behavioral covariates
were only captured at admission and were not updated throughout treatment. Characteristics
of treatment episodes that involved MOUD may be less accurate than those belonging to
other treatment episodes due to the fact those treatment episodes were generally longer
in duration and characteristics may have changed over time. It should also be noted that
MOUD use, as well as a number of characteristics that significantly predicted fatality in
treatment that required imputation such as sex, race, and ethnicity, did require multiple
imputation.

In discussing implications of MOUD use and fatality during treatment, it is pivotal to
assess differences in types of treatment provided. There are inherent differences between
buprenorphine and methadone use in treatment as well as these patient populations and
mortality in treatment (Kimber, Larney, Hickman, Randall, & Degenhardt, 2015). Being
able to distinguish which type of treatment a patient receives would provide greater
insight into correlates of fatality experienced during treatment. As cause of death was not
reported in this dataset, there is no way to know whether fatalities during treatment were
related to overdose, substance use, or other causes generally. Other large cohort studies
that have assessed mortality among those seeking treatment for opioid use disorder found
that overdose accounted for up to 50% of fatalities (Degenhardt et al., 2009; Pierce et

al., 2015). Similarly, one recent population-based study in Massachusetts examining the
effect of MOUD on mortality after a non-fatal opioid overdose, approximately 46% of
observed deaths were attributed to unintentional opioid overdose (Larochelle, Stopka, Xuan,
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Liebschutz, & Walley, 2019). Significant underreporting of opioid overdose deaths has

been noted in vital statistics data (Horon, Singal, Fowler, & Sharfstein, 2018; Lowder,

Ray, Huynh, Ballew, & Watson, 2018; Slavova et al., 2019). One enhanced surveillance
technique found nearly doubles the number of opioid overdoses than those identified by
death certificates alone (Horon et al., 2018). Given this underreporting, many researchers
also examine all-cause mortality in addition to opioid overdose deaths as a primary endpoint
(Larochelle et al., 2019; Leece et al., 2019). Improving vital statistics data collection is key
not only to improve opioid overdose surveillance but also our public health response (Horon
etal., 2018).

Methods to control for the association of duration of therapy and mortality were limited

due to the way that time was captured in this data set (i.e., as a categorical variables).
Nonetheless, we used pooled logistic regression to control for the risk of mortality across
these discrete time frames. Records within TEDS-D are at the treatment episode level, which
means that multiple observations may come from the same individual and may have resulted
in the over-estimation of the standard errors of the observed estimates. We tried to adjust for
this by including previous treatment as a covariate in the model; however, we acknowledge
that without being able to cluster by the individual, there will be residual bias. Finally,
TEDS-D does not include records from private or office-based treatment; therefore, the
results of this study cannot be generalized to these settings.

5. Conclusions

In this national study of outpatient treatment for OUD, we found a number of demographic
and treatment setting characteristics that were associated with fatality while undergoing
OUD treatment; these include age, race, sex, introvenous drug use and treatment setting.
Despite the fact that MOUD is the most effective treatment for opioid use disorder, it was
involved in less than half of treatment episodes. As treatment capacity expands, policy
makers and those operating facilities should ensure optimal treatment and safety for all
patients regardless of their drug use behaviors and demographic characteristics, and work
to increase access and uptake of MOUD. Datasets with more granularity about treatment
provided and individual outcomes should be used to get a better understanding of other
factors that may contribute to fatality.
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Characteristic Non-MOUFE. P.D Total (n =130,735) n (%) MOUD Total (n =105,010) n (%) P-value
Age <0.001
18-34 85,686 (65.5) 52,204 (49.7)
35-54 39,562 (30.3) 42,035 (40.0)
55 or older 5487 (4.2) 10,771 (10.3)
Sex 0.029
Female 55,004 (42.1) 43,712 (41.6)
Male 75,731 (57.9) 61,298 (58.4)
Race <0.001
White 107,422 (82.2) 73,284 (69.8)
Black 11,053 (8.4) 14,233 (13.5)
Other 12,269 (9.4) 17,493 (16.6)
Ethnicity <0.001
Non-Hispanic 119,546 (91.4) 86,587 (82.5)
Hispanic 11,189 (8.6) 18,423 (17.5)
Region <0.001
Northeast 45,780 (35.1) 50,727 (48.3)
Midwest 26,166 (20.0) 13,911 (13.2)
South 39,855 (30.4) 12,348 (11.8)
West 18,934 (14.5) 28,024 (26.7)
Education <0.001
College graduate 6338 (4.8) 4872 (4.6)
Some college 27,423 (21.0) 20,506 (19.6)
Less than college 96,974 (74.2) 79,632 (75.8)
Employment <0.001
Full time 21,720 (16.6) 15,537 (14.8)
Part time 11,137 (8.5) 8669 (8.3)
Unemployed 97,878 (74.9) 80,804 (76.9)
Living arrangement <0.001
Dependent living 23,658 (18.1) 14,170 (13.5)
Homeless 9341 (7.1) 8117 (7.7)
Independent living 97,736 (74.8) 82,723 (78.8)
Previous treatment episode <0.001
No 40,518 (31.0) 24,425 (23.3)
Yes 90,217 (69.0) 80,585 (76.7)
Previous arrests <0.001
None 121,004 (92.6) 99,843 (95.1)
One or more 9731 (7.4) 5167 (4.9)
Intravenous drug use reported at admission <0.001
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Characteristic Non-MOUFE. P.D Total (n =130,735) n (%) MOUD Total (n =105,010) n (%) P-value
No 65,231 (49.9) 45,542 (43.4)
Yes 65,504 (50.1) 59,468 (56.6)

Primary substance reported at admission <0.001
Other opioid 49,558 (37.9) 20,666 (19.7)
Heroin 81,117 (62.1) 84,344 (80.3)

Number of substances reported at admission <0.001
One 41,685 (31.9) 43,994 (41.2)
Two 45,489 (34.8) 38,193 (35.8)
Three 43,561 (33.3) 24,522 (23.0)

Outpatient treatment setting <0.001
Intensive 42,202 (32.2) 8890 (8.5)
Non-intensive 88,533 (67.7) 96,120 (91.5)

Length of treatment <0.001

1-30 days
31-90 days
91-120 days
121-365 days
>365 days

48,080 (36.8)
36,154 (27.6)
11,290 (8.6)
27,423(21.0)
7788 (5.6)

24,752 (23.2)
21,721 (20.3)
7253 (6.8)

27,291 (25.6)
25,692 (24.1)
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