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Abstract

Trends in non-medical prescription opioid and heroin co-use and medication
assisted treatment utilization

By Sasha Mital

Introduction: The rate of opioid-related overdoses more than quadrupled in the United
States from 1999 to 2016. In response to the opioid epidemic, interventions emphasized
reducing opioid availability rather than expanding access to medication-assisted treatment
(MAT), the most effective treatment for problem opioid use. Evidence demonstrates that
non-medical prescription opioid (NMPO)-only users transitioned to heroin and subsequent
co-use of both opioids, which is associated with increased risk of morbidity and overdose.
To better understand and inform a response to this phenomenon, this dissertation aims to
1) quantify and describe trends in co-use, 2) explore multilevel factors related to transition,
and 3) examine corresponding trends in MAT enrollment and factors related to MAT
completion.

Methods: We used data from the 2003-2014 National Surveys on Drug Use and Health and
the 2004-2015 Treatment Episodes Datasets. Informed by trend theory, we examined
trends in opioid use overall and in co-use by demographics, substance use behaviors, and
mental health characteristics. We also explored the multilevel relationships between
transition and access to healthcare, NMPO source, perceived opioid availability, and
perceived risk of use according to the socioecological model. Guided by Andersen’s
Behavioral Model of Health Services, we assessed trends in MAT admissions and correlates
of treatment completion by opioid use type including access to health care and
demographics.

Results: While the prevalence of all opioid use decreased, co-use increased substantially.
The highest prevalence of co-use was among those who lacked health insurance, were
unemployed, had psychological distress, and used illicit non-opioids in the past year. These
characteristics were also associated with increased risk of transition, along with earlier age
of NMPO initiation, an illicit NMPO source relative to a familial source, and a lower
perceived risk of trying heroin. The frequency of MAT admissions increased over time but
the proportion of those enrolled for co-use remained stable. Treatment completion was less
likely among co-users relative to heroin-only users. Referral source was the strongest
predictor of treatment completion for co-use, while the relationship between immediate
admission and treatment completion was strongest for heroin-only use, indicating
differences by opioid use type.

Conclusion: Findings highlight the importance of subgroup-specific efforts to investigate
and address recent shifts in opioid use and lack of treatment. Taken together, they
underscore the need for targeted prevention and response interventions reaching those at
risk of transition, co-users, and subgroups with disproportionately low MAT admission and
completion rates.
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Chapter 1: Introduction

1. The link between non-medical prescription opioid and heroin use

The United States (US) is currently facing an opioid overdose epidemic due to
increased use of non-medical prescription opioids (NMPO) and heroin. Prescription opioids
(POs) are synthetic and semi-synthetic substances such as oxycodone and hydrocodone that
individuals can legitimately obtain through a doctor’s prescription or while seeking
healthcare (National Institute of Drug Abuse, 2014b). Heroin is a derivative of the opium
poppy plants and referred to as the “natural” opioid. Regarding types of opioid use, NMPO
use is using a PO “even once, that was not prescribed for you, or that you took only for the
experience or feeling caused” (Substance Abuse and Mental Health Administration, 2002).
Problem opioid use refers to abuse or dependence and generally indicates a need for

response and treatment interventions (American Psychiatric Association, 2013).

Heroin's history in the US began when Bayer Pharmaceuticals introduced it in 1898
as a pain relief medication. It was banned in 1924 following acknowledgement of its
addictive nature and the potential for overdose (Seppala & Rose, 2011). Heroin use became
highly stigmatized and associated with marginalized populations including artists, youth
with histories of delinquency, veterans, and inner-city minorities (Hughes, Barker,
Crawford, & Jaffe, 1972; Jenkins, 2014). During the 1960s and 70s, prescription opioids hit
the market, but prescribing was limited due to concerns stemming from prior dissemination
of opioid drug formulations that included heroin (Nevius, 2016). From the 1970s to the
1990s, the prevalence of heroin use remained relatively stable at about 1% (Johnson, 1996;
Johnston, 2010). Until the 1990s, the vast majority of opioid users initiated with heroin,
rather than POs (Cicero, Ellis, Surratt, & Kurtz, 2014). Then, changes in opioid prescribing

practices, increased NMPO use and subsequent implementation of interventions to reduce



NMPO use contributed to the reversal of the way individuals initiate heroin (Cicero

etal., 2014; Compton, Jones, & Baldwin, 2016).

POs and heroin are both opioids and therefore share similarities in terms of
their effects, high abuse potential, and the effective treatment options available to
those who use problematically. POs and heroin act on the same brain systems and
present an intrinsic abuse and dependence liability (Compton et al., 2016; Wikler,
2013). Pharmacologically, they both bind to proteins called opioid receptors, found
mainly in the brain, spinal cord, and gastrointestinal tract and ultimately lead to an
increase in dopamine release. This release in the critical area of the reward circuitry
causes pain relief and a euphoric “high” (National Institute of Drug Abuse, 2014a;
Volkow et al.,, 1999). Prolonged exposure to opioids in increasing doses results in
structural changes to parts of the brain and inhibition of the body’s own production
of endogenous opioids, which account for the withdrawal symptoms experienced
when use is abruptly discontinued (Kolodny et al., 2015). Withdrawal can be harsh
and include pain, nausea and vomiting, and severe dehydration, which drive
resumption of opioid use in an effort to avoid these symptoms (Lankenau et al.,
2012; Mitchell et al., 2009; National Institute of Drug Abuse, 2014a). In terms of
treating problem PO and heroin use, rigorous science conducted over the past 40
years demonstrates that medication-assisted treatment (MAT) using methadone or
buprenorphine is the most effective approach (Fullerton et al., 2014; Nielsen,
Larance, & Lintzeris, 2017; Thomas et al.,, 2014). We provide a more thorough

description of MAT in relation to reducing opioid use later in this chapter.

2. Highly dynamic patterns of opioid use
In 2017, the US President declared a national opioid emergency caused by

drastic increases in opioid use and overdose over the past two decades (Gostin,
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Hodge, & Noe, 2017). Between 2002 and 2011, an estimated 25 million people initiated
NMPO use and in 2014 alone, 10.3 million people reported NMPO use (Center for
Behavioral Health Statistics and Quality, 2015; Manchikanti, Helm, Janata, Pampati, &
Grider, 2012). Problem PO use also increased 81% from 1992 to 2003 while the population
size only increased by 14% (Manchikanti, 2007). The prevalence of opioid use disorders
grew 50% from 2003-2013 (Han, Compton, Jones, & Cai, 2015). Negative outcomes related
to NMPO use also increased nationally. Emergency department visits related to NMPO use
increased 138% between 2004 and 2011 and the rate of opioid-related overdoses more
than quadrupled from 1999 to 2016 (Hedegaard, Warner, & Minifio, 2018; Substance Abuse
and Mental Health Administration, 2011). By 2012, deaths involving opioids were more
prevalent than motor vehicle-related death rates in many states, a historical first in the US

(Rockett et al.,, 2012; Warner, Chen, & Makuc, 2009).

2.1. Factors related to increased NMPO use

The factors that precipitated increased NMPO use and related outcomes are varied
and interrelated. An understanding of these factors informs future investigations of shifts in
opioid use. In brief, the publication of several studies underscored the individual medical
and social consequences of untreated pain and argued that the medical community was
under-treating chronic and post-surgical pain (Brennan, Carr, & Cousins, 2007; Cousins,
Brennan, & Carr, 2004; Portenoy & Foley, 1986; Verhaak, Kerssens, Dekker, Sorbi, &
Bensing, 1998). These studies contended that patients with chronic pain could take opioids
on a long-term basis with little risk of abuse, which led to more liberal prescribing policies
(Dhalla, Persaud, & Juurlink, 2011; Porter & Jick, 1980; Zacny et al., 2003). State medical
boards lessened restrictions on prescribing practices and the American Pain Society
advocated for the treatment of pain as a fifth vital sign, which led to increased prescribing

and greater PO availability (Hoffmann & Tarzian, 2003; Manchikanti, 2007; Mularski et al.,



2006). Following these changes, the Centers for Disease Control and Prevention
(CDC) estimates that the number of prescriptions for opioids increased 10-fold in

the last two decades (Centers for Disease Control and Prevention, 2012).

Healthcare access facilitated PO availability and use as many with legitimate
prescriptions reported an excess of unused pills that could be diverted for misuse
(Lankenau et al., 2012). In fact, studies show a parallel relationship between PO
availability through legitimate channels and diversion, abuse and associated health
outcomes (Dart et al., 2015; Zacny et al., 2003). In 2009-2010, 55% of NMPO users
obtained POs from a friend or family member and only one in six obtained them
medically through their own prescription (Substance Abuse and Mental Health
Services, 2011). More opioids prescribed meant more leftover and available for
dissemination through familial and peer networks, making familial and medical
sources related to increased NMPO use (Compton et al., 2016; Mowbray & Quinn,

2015; Schepis & Krishnan-Sarin, 2009).

As prescribing of opioids grew and POs became more available, a favorable
public perception towards PO use also grew. An analysis of mainstream news media
found a negative discourse surrounding deaths caused by illegal drugs (e.g. heroin)
while deaths caused by POs were framed more positively (Wood, 2011). With POs,
people generally associate less harm, risk of addiction and overdose, stigma, risk of
legal consequences and likelihood of adulteration (Inciardi, Surratt, Cicero, & Beard,
2009; Mateu-Gelabert, Guarino, Jessell, & Teper, 2015). This is likely because the
source is a trusted medical professional, the quantity and potency is perceived as
fixed within a pill, and the household is the setting where in which POs are found
and consumed, as opposed to obtaining them from a dealer and finding them on the

street (Compton et al., 2016; Daniulaityte, Falck, & Carlson, 2012; Frank et al., 2015).
4



This corresponds to previous research showing a correlation between low perceived risk of
drug use and initiation of that drug (Arria, Caldeira, Vincent, 0’Grady, & Wish, 2008;

Daniulaityte et al., 2012).

Evidence also suggests that NMPO use and related outcomes are growing in
communities historically less affected by substance use and its consequences. For example,
from 1999 to 2004 opioid-related overdose deaths only increased 52% in large urban
counties compared to an increase of 371% in non-urban counties (Paulozzi & Xi, 2008).
Between 1993 and 2009, PO-related overdose hospital admissions among Whites increased

at a rate double that of African Americans (Unick, Rosenblum, Mars, & Ciccarone, 2013).

Recent analyses of the opioid epidemic cite social and structural drivers as the root
causes of increased PO use. This includes lack of economic opportunity, eroded social
connections, and accompanying hopelessness during the economic decline in the early
2000s, which manifest differently by race/ethnicity, community type, socio-economic
status, and access to healthcare (Dwyer-Lindgren et al., 2016; National Academies of
Sciences & Medicine, 2017; Ruckert & Labonté, 2017). Thus, it is imperative to assess socio-

demographic characteristics in relation to trends in opioid use and related outcomes.

2.2. Response to increased NMPO use and related outcomes

In response to increased NMPO use and related consequences, federal and state
governments and other vested entities implemented interventions aimed at reducing the
supply of POs to reduce NMPO use (Wakeland, Nielsen, & Geissert, 2015). For example, the
Drug Enforcement Administration focused on diversion prevention while the Food and
Drug Administration fast-tracked initiatives to disseminate tamper-resistant drug
formulations that reduce risk of diversion and non-medical use (Kuehn, 2010; Okie, 2010).

States implemented prescription drug monitoring programs (PDMPs) that allow



prescribers, pharmacists, and other officials to view opioid prescribing patterns. In
turn, they can flag and cut off high volume patients and prescribers thereby
reducing abuse and diversion (Brandeis, 2016; Gabay, 2015; Office of National Drug
Control Policy, 2011). By 2013, 44 states implemented some type of PDMP, but
states varied greatly in the data reported, who reviews it and how often, and the
ability to share data between states. Criticisms of these interventions are the
variation in effects by state and the fact that they only highlight potentially
problematic prescribing and use, but do not necessarily link patients to drug
treatment, and other services to address their demand for opioids (Davis, Pierce, &
Dasgupta, 2014). Another criticism is that flagging and restricting PO access to
NMPO users may also increase risk for initiation of heroin use (Cicero, Ellis, &

Surratt, 2012).

2.3. Transition from NMPO-only use to heroin and co-use

Following implementation of interventions that reduce the supply of POs,
reports indicate a reduction in PO prescribing and NMPO use, but also an increase in
more problematic opioid use including heroin use and injection. An analysis of
national data found that prevalence of NMPO use decreased from 5.4% in 2003 to
4.9% in 2013 and from 2011 to 2013, prescriptions for POs trended downward
(Dart etal., 2015; Han et al., 2015). This is in contrast to more than a decade of
drastic increases in NMPO use and related outcomes. However, studies also
document an increase in NMPO abuse and dependence from 2003 to 2013 and a
62.5% increase in previously stable rates of heroin from 2002 to 2013. The steepest
increase in heroin use was among those who reported prior NMPO use, suggesting
NMPO use as a gateway to heroin use and subsequent co-use of both opioids (Jones,

Logan, Gladden, & Bohm, 2015).



The literature provides additional evidence of transition from NMPO-only use to
NMPO and heroin co-use. Data from national studies show that NMPO use is a robust risk
factor for heroin initiation as 80% of heroin initiates from 2002 to 2011 reported previous
NMPO use (Muhuri, Gfroerer, & Davies, 2013). During this period, heroin use increased
among those reporting NMPO use but not among non-NMPO users (Jones, 2013). Heroin
abuse or dependence is 40 times more likely with PO abuse or dependence (Jones, Logan, et
al,, 2015). Qualitative studies provide more context as those who transition describe heroin
as less expensive, more available, and a similar but more effective high (Canfield et al., 2010;
Cicero et al., 2014; Lipari & Hughes; Mars, Bourgois, Karandinos, Montero, & Ciccarone,
2014). Taken together, these studies outline an opioid use trajectory that begins with NMPO
use, followed by abuse and dependence, initiation of heroin use in the face of dependency
and limited PO availability, and continued use of both heroin and POs depending on
availability (Inciardi et al., 2009; Levy, 2007; Siegal, Carlson, Kenne, & Swora, 2003).
National studies underscore this trajectory as the growing norm; among opioid treatment
enrollees, 75% reported initiating with POs instead of heroin in the 2000s, compared to
only 20% in the 1960s (Cicero et al., 2014). Similarly, a study of drug injectors from 16 US
cities showed that 49% of people who began injecting drugs between 2010-2015 reported
previous PO use, compared to only 12% who began injecting before 1995 (Broz,
Zlotorzynska, Spiller, & Paz-Bailey, 2017). While these findings indicate that transition and
co-use is growing, we lack population-based estimates on the size and characteristics of co-

users, which are needed to identify and serve this high-risk subgroup of opioid users.

Transition and co-use are concerning and increase risk for several reasons. First,
heroin initiation is problematic due to evidence of the increased purity, the highly addictive
nature of heroin and high risk of overdose and death (Drug Enforcement Administration,

2016; Pollini et al., 2011). Second, after initiation of heroin use, subsequent NMPO and



heroin co-use is associated with more severe comorbidities, a higher risk of
overdose, and poorer engagement in health services compared to NMPO-only use
(Al-Tayyib, Koester, & Riggs, 2017; Fischer, Patra, Cruz, Gittins, & Rehm, 2008; Rigg
& Monnat, 2015; Strang et al., 1999). Third, initiation of heroin use comes with an
additional layer of stigma thereby marginalizing users from social connections and
access to health services (Seppala & Rose, 2011). Fourth, a shift in route of
administration to injecting often occurs alongside transition to heroin, further
marginalizing users and putting them at risk for HIV, Hepatitis C, and other
injection-related morbidities (Cherubin & Sapira, 1993; Guarino, Marsch, Deren,
Straussner, & Teper, 2015; Mars et al,, 2014; Mateu-Gelabert et al., 2015; Zibbell et
al,, 2015). Finally, a large number of NMPO users are susceptible to transition and
co-use. However, the nascent literature examining the burden of transition indicates
that risk is low. In one study, incidence of transition was only 3.6% among current
NMPO users with little explanation about factors that increase risk (Compton et al.,
2016; Muhuri et al,, 2013). This indicates that NMPO use alone does not predict
transition and that a deeper understanding of this phenomenon will inform the

design of interventions that identify and reach those at risk of transition.

2.4. The role of medication-assisted treatment

National strategies and policies that responded to the opioid epidemic
highlighted prevention of NMPO use over effective treatment approaches for
existing users (Beletsky & Davis, 2017; Kanouse & Compton, 2015; United Nations
Office on Drugs and Crime, 2016; Volkow, Frieden, Hyde, & Cha, 2014). This is
problematic as it fails to address current NMPO use and demand for opioids, and
risks shifting one drug problem to another (Compton et al., 2016; Han et al,, 2015).

MAT is a comprehensive approach combining administration of pharmacotherapies,



usually methadone or buprenorphine, with additional behavioral, health, and social services
(Kresina, Litwin, Marion, Lubran, & Clark, 2009). Repeated use of opioids in increasing
quantities makes structural changes to the brain. This pharmacotherapy works by replacing
non-medical use of an opioid with controlled use of a longer-acting one that does not
produce euphoria, thus reducing withdrawal symptoms while allowing the patient to feel
stable (Dole, Nyswander, & Kreek, 1966; Jaffe, 1990).

MAT treatment is the most effective treatment for problem opioid use as it reduces
opioid use, injection behaviors, corresponding risk of HIV and other blood-borne infections,
engagement in illegal activities, and mortality (Amato et al., 2005; Nielsen et al,, 2017;
Nosyk et al,, 2013). A Cochrane review showed that MAT with methadone was more
effective that non-pharmacological treatment approaches in terms of retaining patients on
treatment and suppressing heroin use (Mattick, Breen, Kimber, & Davoli, 2009). MAT is also
cost-effective as every dollar spent on treatment resulted in $38 of economic benefits when
considering criminal behavior, unemployment and healthcare costs (Zarkin, Dunlap, Hicks,
& Mamo, 2005).

Given the evidence of its effectiveness, leading experts call for expansion of MAT to
address recent shifts in opioid use and exploding rates of overdose deaths (Blum, Gold,
Clark, Dushaj, & Badgaiyan, 2016; Volkow et al., 2014). While the overall rate of treatment
for problem opioid use increased steadily since 1999, a substantial gap between MAT need
and capacity continues. In 2012, the rate of national opioid use exceeded the maximum
treatment capacity by close to 1 million individuals (Jones, Campopiano, Baldwin, &
McCance-Katz, 2015). It is unclear which populations, if any, are successfully treated by
MAT. With the recent shifts in opioid use, investigations of patterns in MAT admissions are
critical to highlighting gaps in access and inform targeted efforts to reach those

underserved by MAT.



3. Research gaps and current research

Despite this interest in co-use and expanded treatment access, we lack
generalizable findings that quantify and describe trends in co-use, explore factors
related to transition and co-use, and describe corresponding trends in access to
MAT and correlates of treatment success. An exploration that considers opioid use
type instead of grouping all opioid use together or studying NMPO and heroin use
separately will inform the development of targeted prevention and response efforts.
Employing a one-size-fits-all approach may widen inequities between subgroups
(Panter-Brick, Clarke, Lomas, Pinder, & Lindsay, 2006). Additionally, previous
explorations of these emerging trends are largely atheoretical, making development

and targeting of interventions difficult (Glanz & Bishop, 2010).

3.1. Patterns of co-use

As noted earlier, recent studies document shifts in demographic correlates
of NMPO and heroin use. Evidence that NMPO-only users transition to heroin use
and subsequently co-use both opioids depending on availability indicates that co-
use may be growing (Church et al,, 2011; Guarino et al., 2015; Inciardi et al., 2009;
Jones, 2013; Mars et al., 2014). However, we lack empirical evidence of the trends in

and characteristics of co-use, compared to opioid use in general.

To our knowledge, only two studies categorize NMPO and heroin co-use and
find differences in characteristics of co-users relative to heroin-only users, not
NMPO users (Fischer et al., 2008; Rigg & Monnat, 2015). In a study that aggregated
data from 2005-2013 among problem opioid users, the prevalence of co-use was
over 8% and associated with male sex relative to female, non-Hispanic White
race/ethnicity relative to Hispanic, age over 18 relative to younger age, and urban

residence relative to non-urban (Wu, Zhu, & Swartz, 2016). The existing literature
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does not compare NMPO-only to co-users, does not examine trends over time, examines
abuse and dependence but not use, and is not theoretically-framed, limiting our ability to

respond systematically to shifts in opioid use.

Available theories emphasize the importance of examining trends frequently and
exploring individual-level characteristics, which manifest differently due to factors at higher
levels (Keyes, Cerda, Brady, Havens, & Galea, 2014; Rhodes, 2009). Patterns in opioid use
and associated harms can change quickly and are dependent on the interaction between the
individual and their environment (Rhodes, 2009). Trend theory explains these trends as
dynamic and a function of context, with some population segments being affected more
than others. It posits that people 1) marginalized from power, 2) with access to drugs
through a new delivery system, and 3) affected by changes in policies related to drug use
are more likely to initiate drug use and likely share demographic characteristics (Agar &
Reisinger, 2001). This provides context to increased opioid use and related outcomes in
groups with historically lower rates including women relative to men, non-Hispanic Whites
relative to other races/ethnicities, those with private health insurance relative to no
insurance, and those residing in non-urban counties relative to urban counties (Jones,
Logan, et al., 2015; Paulozzi & Xi, 2008; Unick et al., 2013). It also highlights a link between

emerging types of drug use and other substance use and mental health co-morbidities.

These shifts in opioid use and trend theory’s notion that certain population groups
are at higher risk for initiation of drug use call for investigation of demographic, substance
use, and mental health characteristics associated with co-use and changes over time. We
hypothesize that co-users are a unique and growing group of interest, affecting some
demographic groups, and those with substance use and mental health problems, more than
others. The risks associated with co-use indicate an urgent need to quantify and describe

this population. Since this subgroup may have specific service delivery needs, findings will
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forecast treatment needs and inform additional prevention and response

interventions (Jordan, Jarlais, & Hagan, 2014; Wu, Woody, Yang, & Blazer, 2011).

3.2. Multi-level factors related to transition

With the harms associated with transition and co-use and evidence that
NMPO use alone does not indicate transition, we need a deeper understanding of
factors that increase risk of transition. As discussed earlier, recent studies document
an opioid use trajectory that begins with NMPO use, moves to NMPO abuse and
transitions to heroin initiation when PO availability is limited (Inciardi et al., 2009;
Mars et al,, 2014; Mateu-Gelabert et al., 2015). There is also evidence of subsequent

NMPO and heroin co-use depending on availability (Guarino et al., 2015).

Studies identifying risk factors of transition are limited. Qualitative studies
link transition to an inability to obtain POs through familial or medical sources and
perceived heroin availability (Inciardi et al., 2009; Siegal et al., 2003). Site-specific
cross sectional and adolescent-focused research identify correlates of transition that
include non-Hispanic White race relative to other race/ethnicities, non-urban
residence relative to urban, lower socioeconomic status, younger age of NMPO
initiation, use of non-opioids, and experiences of psychiatric comorbidities (Carlson,
Nahhas, Martins, & Daniulaityte, 2016; Cerda, Santaella, Marshall, Kim, & Martins,

2015).

The interconnectedness of recent shifts in NMPO and heroin use suggests
that factors related to increased NMPO use are also correlates of transition, but this
requires examination. These include individual-level characteristics including
access to healthcare, perceived opioid availability, and perceived risk of opioid use

as well as interpersonal characteristics such as NMPO source.
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Researchers highlight the importance of exploring individual-, social- and
structural-level factors in relation to emerging trajectories of opioid use, but we lack
population-based studies that explore macro-level factors. An understanding of macro-level
factors can explain differences observed at the individual level and address the root causes
of these shifts (Dasgupta, Beletsky, & Ciccarone, 2018; National Academies of Sciences &

Medicine, 2017).

The socio-ecological model (SEM) has a long history of organizing factors beyond
the individual level, including interactions between people and the broader normative
environment, to explain health behaviors (Bronfenbrenner, 1979; McLeroy, Bibeau,
Steckler, & Glanz, 1988; Sallis, Owen, & Fisher, 2008). While researchers have suggested a
socio-ecological approach to understanding patterns in drug use, application of SEM to
study these changes is limited (Dew, Elifson, & Dozier, 2007; Monnat & Rigg, 2015; Nargiso,
Ballard, & Skeer, 2015). A better understanding of the relationship between multilevel
factors and transition will inform interventions to identify those at risk of transitioning,
reach them with effective response services, and indicate appropriate interventions at

different levels of SEM.

3.2. Trends in MAT enrollment and correlates of MAT completion

Given the recent shifts in opioid use and the hypothesized emergence of co-users, we expect
increases in MAT enrollment and retention. However, increasing rates of opioid-related
overdose persist suggesting gaps in MAT enrollment and treatment success. Studies report
use of MAT services by NMPO users and an increase in the overall rate of MAT admissions
since 1999 but do not report on the characteristics of the individuals who are admitted to
MAT (Brands, Blake, Sproule, Gourlay, & Busto, 2004; Jamison, Kauffman, & Katz, 2000;
Jones, Campopiano, et al,, 2015; Volkow et al., 2014). Additionally, the literature is not

definitive when it comes to demographic correlates of MAT enrollment and has not

13



explored differences in MAT enrollment by opioid use type. We lack information on
whether MAT admissions keep pace with changes in opioid use, namely among co-users,
among non-Hispanic Whites relative to other race/ethnicities, and those in non-urban areas
relative to urban areas (Jones, 2013; Paulozzi & Xi, 2008; Unick et al., 2013). Since MAT and
other harm reduction interventions have historically been aimed at people who inject drugs
and heroin users, access may be low among those who identify as NMPO users, even if they
co-use heroin or inject. This is because they may perceive themselves differently, be outside
of the networks typically reached by harm reduction services, and be unaware of this

information or services (Frank et al,, 2015; Mateu-Gelabert et al.,, 2015).

Another important but understudied indicator of MAT use is successful
treatment completion. This is because dropout leads to resumption of opioid use
and associated risk of morbidity and mortality. Therefore, an examination of MAT
use is critical to identifying subgroups with disproportionately low rates of
treatment completion. In studies of opioid users accessing buprenorphine in
physicians’ offices, treatment completion is less likely among co-users compared to
NMPO- and heroin-only users (Moore et al,, 2007; Nielsen, Hillhouse, Mooney, Ang,
& Ling, 2013; Potter et al,, 2013). These studies also indicate that female sex relative
to male, White race relative to others, younger age, and higher socio-economic
status are associated with greater likelihood of MAT completion (Moore et al., 2007;
Neumann, Blondell, Azadfard, Nathan, & Homish, 2013). Office-based
buprenorphine only represents a small proportion of all MAT programs (Alderks,
2017; Saloner & Karthikeyan, 2015). Therefore, information on MAT completion by
these characteristics in outpatient MAT facilities, representing the majority of opioid
treatment programs, will inform targeted efforts to overcome gaps in service

delivery (Substance Abuse and Mental Health Administration, 2014).
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Recent implementation of federal initiatives aimed at increasing access to health
services overall, and substance abuse treatment specifically, calls for an examination of
trends in MAT enrollment and correlates of treatment completion that considers different
dimensions of healthcare access. Under the Affordable Care Act (ACA), states could opt to
expand Medicaid to low-income adults under 138% of the federal poverty level, many of
whom have substance use issues and previously did not qualify for coverage (Buck, 2011;
Busch, Meara, Huskamp, & Barry, 2013). This may address lack of health insurance
coverage as a critical financial barrier to treatment (Center for Behavioral Health Statistics
and Quality, 2016; Deck & Carlson, 2004; Kwiatkowski, Booth, & Lloyd, 2000). While we
expect admissions in expansion states and among those covered by health insurance to
increase and to be associated with treatment success, particularly among more vulnerable
opioid users, this has not been established. These initiatives also encouraged increased
screening and referrals to treatment by healthcare providers and increased demand for
MAT (Bao et al., 2016; Gabay, 2015). Without an increase in capacity, increased demand
forces delayed treatment admissions (Albrecht, Lindsay, & Terplan, 2011; Jones,
Campopiano, et al,, 2015; Kaplan & Johri, 2000). While referrals from the criminal justice
system are associated with treatment completion, the effect of healthcare provider referrals
on MAT use requires further study (Ali, Teich, & Mutter, 2017; Arndt, Acion, & White, 2013;
Gabay, 2015). Thus, national studies must examine trends in referral source and immediate
admission and the relationship between these characteristics of healthcare access and

treatment completion.

To examine trends in MAT enrollment and correlates of completion, Andersen’s
Behavioral Model of service use is a useful organizing framework (Andersen & Aday, 1978).
Several researchers, even the model’s developer, applied it to study health service

utilization among people who use drugs (Andersen et al., 2000; Deck & Carlson, 2004; Maru
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et al., 2008). It examines access to health services as a function of predisposing
characteristics, enabling factors, and need for care. Exploring demographics as predisposing
characteristics, dimensions of healthcare access as enabling factors, and co-use as an
indicator of need would highlight subgroups in need of treatment services,
strategies to make MAT more accessible to the current opioid-using population, and

healthcare-related interventions to improve successful treatment completion.

3.3. Research aims

To fill these research gaps, the present research uses secondary data analysis of two
national datasets related to drug and MAT use: the National Surveys on Drug Use and Health
and the Treatment Episodes Datasets. Use of nationally-representative data among adults
and a specific focus on differences by opioid use type enable generalizable findings that
forecast needs in order to strategically plan targeted prevention and treatment

interventions. This dissertation research aims to:

Aim 1: Describe current prevalence and temporal trends in opiate use in the US
overall, by opiate use type (NMPO, heroin, and co-use) and demographic (sex, race,

age, rurality), substance use and mental health characteristics.

Aim 2: Explore associations between multilevel factors related to increased NMPO
use (e.g. healthcare access, perceived risk, availability) and transition from NMPO to

heroin co-use.

Aim 3: Examine temporal trends in demographic characteristics of MAT admissions
at publically-funded facilities in the US overall, and by opioid use type, demographic

characteristics, and dimensions of healthcare access.
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Sub-aim 3a: Explore differences in MAT completion by opiate use type,
demographic characteristics, and dimensions of healthcare access (i.e. health

insurance coverage and referral by care provider).
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Chapter 2: Trends in non-medical prescription opioids and heroin co-use
among adults, 2003-2014

Abstract

Background. Patterns in non-medical prescription opioid (NMPO) and heroin use have
recently shifted, with evidence that NMPO-only users transition to NMPO and heroin co-use.
Co-use is associated with increased risk of morbidity and overdose, highlighting the need
for further investigation. This study aims to quantify, describe and explore trends in co-use.
Methods. Using data from the 2003-2014 National Surveys on Drug Use and Health, we
compared co-use to NMPO- and heroin-only use across demographic, substance use and
mental health characteristics with chi-squared tests. Logistic regression models assessed
trends in opioid use overall, and stratified by co-use.

Results. From 2003 to 2014, the prevalence of all opioid use (NMPO-only, heroin-only and
co-use) and NMPO-only use decreased 6.08% (p<0.01) and 4.65% (p<0.001), respectively,
while prevalence of heroin-only use increased 21.32% (non-significant). Co-use increased
248.17% (p<0.001) overall, and did so in all demographic, substance use, and mental health
groups. Demographic, substance use and mental health characteristics of co-users were
more similar to the heroin-only group than to NMPO-only. The highest co-use prevalence
was among those: without health insurance (8.72%), aged 26-34 (9.76%), reporting
unemployment (12.08%), and with a major depressive episode, psychological distress, and
who illicitly use or abuse drugs other than opioids or marijuana in the past year (9.33%,
10.75%, 11.87%, and 16.81%, respectively).

Discussion. The increased prevalence of co-use and differences across demographic,
substance abuse and mental health characteristics highlight the need for targeted
prevention and response interventions for this emerging, high-risk group.
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1. Background

Patterns of non-medical prescription opioid (NMPO) and heroin use have been
highly dynamic in recent years, paving the way for co-use of both opioids, given their
similarities in the high potential for dependence and the euphoric high provided
(Compton, Jones, & Baldwin, 2016). The rise in NMPO use and associated outcomes,
evidenced by 25 million NMPO initiates between 2002 and 2011 and the quadrupling of
opioid-related overdoses from 1999 to 2008, triggered implementation of various
interventions aimed at reducing prescription opioid availability (Centers for Disease
Control and Prevention, 2011; Dart et al,, 2015; Dowell, Haegerich, & Chou, 2016;
Kuehn, 2010; Office of National Drug Control Policy, 2011). Following implementation
of these interventions, trends in NMPO use stabilized, but problem NMPO use, including
abuse and dependence, increased (Franklin et al., 2015; Han, Compton, Jones, & Cai,
2015; Levy, Paulozzi, Mack, & Jones, 2015). Previously stable rates of heroin use also
increased 63% from 2002-2013, an increase many attribute to the decreased supply of
prescription opioids (POs) (Cicero, Ellis, & Surratt, 2012; Jones, Logan, Gladden, &
Bohm, 2015; Unick, Rosenblum, Mars, & Ciccarone, 2013). The steepest increase in
heroin use was among those who reported NMPO use, suggesting NMPO use may be a
gateway to heroin use and subsequent co-use (Jones, Logan, et al.,, 2015).

Transitions from NMPO-only use to NMPO and heroin co-use are well-documented
in the literature, but studies do not explore the size and characteristics of co-users over
time. Recent national studies show that 80% of heroin initiates reported previous
NMPO use and that heroin abuse or dependence is 40 times more likely with concurrent
PO abuse or dependence (Jones, Logan, et al., 2015; Muhuri, Gfroerer, & Davies, 2013).
NMPO users turn to heroin as a less expensive, more accessible, and similarly effective

alternative when faced with opioid dependency and limited PO availability (Canfield et
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al,, 2010; Cicero, Ellis, Surratt, & Kurtz, 2014; Inciardi, Surratt, Cicero, & Beard, 2009; Lipari
& Hughes; Mars, Bourgois, Karandinos, Montero, & Ciccarone, 2014). A shiftin
administration route to injection and expansion from NMPO-only use to use co-use of both
opioids, depending on availability, are also reported (Guarino, Marsch, Deren, Straussner, &
Teper, 2015; Kuehn, 2014; Mars et al,, 2014; Mateu-Gelabert, Guarino, Jessell, & Teper,
2015). Reduced availability of POs suggests growth in co-use, but we lack empirical
evidence establishing this trend.

Transition and co-use are concerning for several reasons. First, injection drug use often
coincides with heroin use initiation and is more likely among co-users compared with
NMPO-only users, putting co-users at higher risk for HIV and Hepatitis C. (Cherubin &
Sapira, 1993; Guarino et al,, 2015; Kuehn, 2014; Mars et al., 2014; Mateu-Gelabert et al.,
2015; Thorpe etal., 2002; Zibbell et al,, 2015). Second, co-use is associated with severe
comorbidities including other substance use and mental health disorders, compared to
NMPO and heroin use alone (Al-Tayyib, Koester, & Riggs, 2017; Fischer, Patra, Cruz, Gittins,
& Rehm, 2008; Rigg & Monnat, 2015). Also, poly-drug use is associated with a higher risk of
overdose: over half of fatal prescription opioid-related poisonings involved more than one
type of drug (Fischer et al,, 2008; Jones, Mack, & Paulozzi, 2013; Warner, Chen, & Makuc,
2009). Finally, a large number of NMPO users are susceptible to expanding their opioid use
and may experience additional stigma and marginalization associated with heroin use if
they transition (Cherubin & Sapira, 1993; Han et al,, 2015). Stigma and marginalization
impede health service utilization and productivity, further driving the health and social
burdens related to drug use. These concerns about co-use underscore the need to identify
and reach those who co-use.

The composition of populations affected by opioid use and related consequences has

also evolved, particularly among demographic groups with historically lower rates of use.
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For example, opioid-related overdose deaths in non-urban counties increased at a rate
six-times that of urban counties from 1999 to 2004 and opioid-related hospital
admissions increased among Whites at a rate double that of African Americans from
1993 to 2009 (Paulozzi & Xi, 2008; Unick et al., 2013). Heroin use increased among
women at a rate double that of men, increased among non-Hispanic Whites but
decreased among other race/ethnicities, and increased among those with private health
insurance and those reporting other illicit substance use from 2002 to 2013 (Jones,
Logan, et al., 2015). These characteristics have not been examined with trends in co-use,
hindering our ability to target interventions that respond to shifts in and prevent co-use.

The goal of this study is to analyze trends in co-use and in characteristics of co-
users. To our knowledge, existing studies do not explore differences between NMPO-
only and co-use, are limited to cross-sectional analyses, or only focus on dependence,
not use (Cicero, Ellis, & Harney, 2015; Fischer et al,, 2008; Rigg & Monnat, 2015). The
analysis is guided by Trend Theory. Trend theory emphasizes the importance of
frequent examination of drug use trends and individual-level characteristics related to
use, as trends are dynamic and incidence is likely to increase in some groups more than
others (Agar & Reisinger, 2001). It posits that drug use initiation is more likely among
people 1) marginalized from power, 2) with access to drugs through a new delivery
system, and 3) affected by changes in policies related to drug use. This theoretical
framework provides context to recent changes in the groups affected by opioid misuse
and highlights a link between emerging types of drug use and other substance use and
mental health co-morbidities.

We applied Trend Theory to examine 12 years of nationally representative data to
(1) describe current opioid use by demographic, substance use, and mental health

characteristics; (2) differences in these characteristics by opioid-use type (NMPO-only,
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heroin-only and co-use) and (3) trends in (a) opioid use overall, and in (b) co-use. We
hypothesize that co-use is growing, most affecting demographic groups with historically
low rates of opioid misuse as well as those with substance use and mental health problems.
Characterizing this high-risk group will inform targeted interventions to prevent this
transition and forecast treatment needs. This investigation will also highlight the unique
needs of co-users that treatment services can address through co-location or integration of

treatment other health and social services (Wu, Woody, Yang, & Blazer, 2011).
2. Methods

2.1. Data source

We examined data from the 2003-2014 National Surveys on Drug Use and Health
(NSDUH), conducted annually by the Substance Abuse and Mental Health Administration
(SAMHSA). NSDUH provides nationally representative data regarding illicit drug use on the
civilian, non-institutionalized population. Detailed documentation of NSDUH sampling and
data collection procedures are provided elsewhere (Center for Behavioral Health Statistics
and Quality, 2016). In brief, NSDUH employs a multi-stage stratified probability sampling
design. For this study, we combined data from adults (aged 18 and older) in the 2003-2014
public-use files in six 2-year time intervals. Response rates for NSDUH ranged from 82% to
91%, depending on the year. As secondary analyses of publicly available data, this study
was exempted from Emory University’s IRB approval.
2.2. Measures

We grouped respondents into four mutually exclusive outcome categories of opioid
use type: no opioid use, NMPO-only use, heroin-only use, and NMPO and heroin co-use.
NSDUH defines NMPO use as use of prescription opioids without a prescription or use only
for the feeling caused by the substance (Substance Abuse and Mental Health Administration,

2002). Consistent with the literature, current use was defined as any use within the past 12
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months (Han et al,, 2015; Jones, Logan, et al., 2015). Co-use is defined by the use of
both heroin and NMPOs within the past 12 months (Rigg & Monnat, 2015).

We examined demographic, substance use and mental health correlates of
opioid use type based on theory and literature (Agar & Reisinger, 2001; Han et al,,
2015; Han, Gfroerer, & Colliver, 2010; Rigg & Monnat, 2015). Demographic
characteristics included: sex (male, female), age (18-25, 26-34, 35-40, 50+),
race/ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic other,
Hispanic), rurality (urban [county with city of at least 10,000], non-urban [county
without city of at least 10,000]), educational attainment (less than high school, high
school graduate/some college, college graduate), employment status (full time, part
time, unemployed, not in labor force), marital status (married,
divorced/separated/widowed, never married) and health insurance coverage
(covered, not covered).

We defined all substance use and mental health measures as those
experienced in the past 12 months. Specifically, we defined tobacco use as use of any
of the following tobacco products: all or part of a cigarette, cigars, pipes, snuff, or
chewing tobacco. We defined alcohol use as having had any drink of an alcoholic
beverage. Other illicit substance use definitions included the nonmedical use of one
or more of the following substances: cocaine, crack, hallucinogens, inhalants,
tranquilizers, stimulants and sedatives (i.e. illicit use of drugs other than NMPO,
heroin and marijuana). Abuse of alcohol and illicit substances is based on the
Diagnostic and Statistical Manual of Mental Disorders (DSM-V) criteria (American
Psychiatric Association, 2013). To measure psychological distress, NSDUH uses the
K6 screener, which was designed to identify non-specific psychological distress with

six brief questions (e.g. “How often do you feel nervous?”) (Kessler et al., 2003;
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Substance Abuse and Mental Health Administration, 2013). A major depressive episode
(MDE) was assessed using questions adapted from the Composite International Diagnostic
Interview (Kessler et al., 2003). Accordingly, participants were categorized as having MDE if

they met at least five of nine DSM-V criteria.

2.3. Statistical analyses

To describe current opioid use, we used data from the most recent two-year period
(2013-2014) to compute weighted frequencies across demographic, substance use and
mental health characteristics, overall and by opioid use type. We conducted chi-squared
tests to determine differences in characteristics among co-use, compared to NMPO-only and
heroin-only use.

We used data from 2003-2014 to compute trends in opioid use overall, and by
characteristics of co-use. The prevalence of opioid use, overall and by opioid use type, was
calculated for each time interval. Prevalence estimates for each time interval, adjusting for
variables chosen a priori based on the literature including sex, age, race/ethnicity, rurality
and employment status were also calculated. To explore changes in co-use, demographic,
substance use and mental health characteristics prevalence estimates were stratified by co-
users. For all trends, percent change was modeled as the difference between the prevalence
of use between 2013-2014 and 2003-2004. Linear time trends were specified with a year
variable in logistic regression models. For all analyses, significance was determined at p
<0.05. To account for the complex survey design, all analyses were conducted in SAS-

callable SUDAAN v9.2.
3. Results

3.1 Current prevalence of opioid use and differences by opioid use type
Descriptive analyses of opioid use from 2013-2014 showed that NMPO-only is the

most common type of opioid use with prevalence among adults of 3.76% (SE 0.09),

39



compared to 0.10% (SE 0.01) for heroin-only and 0.23% (SE 0.02) for co-use. Table
1 presents differences in the type of opioid used by demographic, substance use and
mental health characteristics. Compared to NMPO-only, those who co-use are
significantly more likely to be male, under age 34 compared to 50 and over, non-
Hispanic White compared to other race/ethnicities, residing in an urban county
compared to rural, and less than college educated compared to college graduates.
Co-use was also more likely among those unemployed or not in the labor force
compared to those with full-time employment, married compared to never married
individuals, those not covered by health insurance and those reporting illicit drug
use or abuse, a MDE, or psychological distress in the past year. Compared to heroin-
only use, co-use is significantly more likely among 18-25 or 26-34 year olds
compared to 50+ year olds, non-Hispanic Whites compared to all other
race/ethnicities, the unemployed compared to those with full-time employment,
and those who reportillicit drug use or psychological distress in the past year. We
found no differences in alcohol abuse between co-use and either NMPO-only or
heroin-only use.
3.2 Overall trends in opioid use

From 2003-2014 (Figure 1), the prevalence of opioid use overall (NMPO,
heroin and co-use combined) among all adults decreased significantly from 4.49%
(SE 1.00) in 2003-2004 to 4.22% (SE 0.90) in 2013-2014 (percent change -6.08, p
for linear trend <0.01). Of those reporting past year opioid use, the proportion by
type of opioid used changed from 2003-2014. NMPO-only use made up 96.70% of all
opioid use in 2003-2004 and 91.95% in 2013-2014, adjusting for sex, age,
race/ethnicity, rurality and employment status. This represents a decline of 4.65%

in the prevalence of NMPO-only use among all opioid users (p for linear trend
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<0.001). On the other hand, heroin-only use increased from 1.69% of all opioid use in 2003-
2004 to 2.37%in 2013-2014 (21.32% change, non-significant (NS) linear trend); and co-use
increased 248.17% from 1.61% of all opioid use in 2003-2004 to 5.68% 2013-2014 (p for

linear trend <0.001).

3.3 Stratified trends in co-use

Table 2 shows stratified trends in co-use. From 2003-2014, co-use increased in
every demographic, substance use and mental health category assessed with a significant
linear trend among both males and females, those aged 18-25, 26-34 and 35-49, non-
Hispanic Whites and non-Hispanic other, those with non-urban residence, all substance use
and mental health groups, and in all categories of education status, employment status, or
insurance coverage. Among all opioid users in 2013-2014, the highest prevalence of co-use
was seen among those who were unemployed (12.08%), aged 26-34 (9.76%), and reported
abusing (16.81%) and using (11.87) illicit drugs, psychological distress (11.87%), or a MDE
(9.33%).

From 2003-2014, the growth in co-use was higher among females compared to
males, among those aged 26-34 compared to other age groups, among non-Hispanic other
and Hispanics compared to non-Hispanic Whites, among those with non-urban residence
compared to urban residence, and among those using tobacco or illicit drugs compared to
those reporting illicit drug use (Figure 2). An increased trend in co-use above the overall
change in co-use (depicted by the horizontal line) was observed in the following groups:
female (418%), age 26-34 (439%), non-Hispanic White (280%), non-Hispanic other
(1,581%), Hispanic (523%), non-urban (302%), less than high school education (324%),
college graduate (448%), married (426%), covered by health insurance (307%), any
tobacco use (278%), major depressive episode (933%), psychological distress (332%), and

illicit drug use other than NMPO, heroin, or marijuana (271%).
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4. Discussion

Supporting our hypothesis, we found that NMPO and heroin co-use is substantial
and growing. Guided by Trend Theory, we explored demographics, as well as substance
use and mental health characteristics, by opioid use type. This study shows that
characteristics of co-users differ from those who use NMPO or heroin only where co-
users have a higher prevalence of comorbidities, highlighting the importance of
independently investigating this category of opioid use.

Co-users experience a high burden of mental health problems and poly-
substance use, higher than that of heroin-only users. This finding is consistent with
the link between marginalization and drug use initiation proposed by Trend Theory,
(Agar & Reisinger, 2001; Fischer et al., 2008; Rigg & Monnat, 2015). The growing
prevalence of co-use among those with mental health and other illicit drug use
highlights the need for expanded substance abuse treatment and access to mental
health services. It pinpoints potential avenues to reach co-users, such as routine
screening for problem drug use in primary care, emergency departments and
pharmacies, potentially before transition occurs and particularly among those with
histories of prescription opioid use. Screening practices that assess for more than
one type of opioid will respond to the significant growth in co-use.

Co-use is increasing among groups with historically lower rates of opioid
use. Similar to trends in heroin use, co-use among females is growing at a rate
double that of that males (Jones, Logan, et al., 2015; Kuehn, 2014), narrowing the
gap in the rate of opioid use between men and women. Compared to urban counties,
prevalence of co-use in non-urban counties is almost double and growing at a much
faster rate. Findings are consistent with the literature and point to delivery of harm

reduction services in ways that overcome physical access and transportation issues
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as barriers (Keyes, Cerda, Brady, Havens, & Galea, 2014; Kuehn, 2014; Paulozzi & Xi, 2008).
Mobile, web-based and other platforms that make services more available in non-urban
areas are needed (Sigmon, 2014). Similar to other studies, we found the steepest increase in
prevalence of co-use among those reporting “non-Hispanic other” race/ethnicity (Han et al,,
2015; Martins, Santaella-Tenorio, Marshall, Maldonado, & Cerd4, 2015). Future studies
should specifically examine co-use and related outcomes among racial and ethnic
minorities.

We also found a greater prevalence of co-use among those without health insurance
and a greater increase in co-use among those covered, which aligns with findings that
problem NMPO use is more likely among those without health insurance and that heroin
use increased among those with private or other non-Medicaid insurance (Han et al., 2015;
Jones, Logan, et al,, 2015). Increased use among those covered by insurance indicates an
opportunity to reach co-users through their access to health care, monitor NMPO use, assess
and prevent heroin use, and intervene before co-use begins. Regardless of health insurance
status, substance abuse treatment services must be accessible. Policies like Medicaid
expansion under the Affordable Care Act that aim to increase access to MAT by giving
coverage to individuals who previously did not qualify, many of whom have substance
abuse issues, are critical (Buck, 2011; Jones, Campopiano, Baldwin, & McCance-Katz, 2015).

While the overall prevalence of opioid misuse decreased slightly, it remains
substantial at just under 5% of the adult population, higher than the prevalence of stroke
and other chronic morbidities (Mozaffarian et al., 2016). Heroin-only and co-use increased,
while NMPO-only use decreased. In stratified analyses, co-use increased use among all
demographic, substance use and mental health subgroups studied. This demonstrates the
need for studies that examine gaps in treatment access given the changes in opioid use and

supply-reduction interventions, as people with problem opioid use seem to use whatever
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opioids are available (Cicero et al,, 2015). Additionally, interventions that merely
focus on reducing the supply of opioids do not adequately address the harms
associated with opioid use (Martins et al,, 2015; Unick et al., 2013; Volkow, Frieden,
Hyde, & Cha, 2014), as indicated by the 248% growth in co-use and high prevalence
of co-morbidities among co-users found in this study after a slate of supply
reduction interventions were implemented. These findings also provide context to
the rise in heroin use and tripling of heroin-related overdose deaths from 2010-
2015 (Centers for Disease Control and Prevention, 2017; Jones, Logan, et al., 2015).
Poly-drug use is a risk factor for overdose, suggesting that the substantial increase
in co-use accounts for the increased heroin-related overdose death rate. Targeting
overdose-prevention interventions such as education on and distribution of
naloxone at those at risk of transitioning to co-use could address the rising overdose
death rate.

There are several limitations of this study. First, although NSDUH data has
been shown to be reliable, particularly measures of substance use, the data are
nonetheless self-reported (Kennet et al., 2010). Self-reported data are susceptible to
recall and social desirability bias, as participants may have poor recall or they may
be hesitant to divulge information about sensitive topics like illicit drug use.
However, computer assisted self-interviewing software were used by NSDUH to
enhance privacy and limit social desirability therefore, we expect this bias to be
minimal (Islam et al., 2012; Substance Abuse and Mental Health Administration,
2013).

This study used serial, cross-sectional data, so we are unable to make
conclusions about individual trends or within-person patterns over time. Residual

confounding may also be an issue because we are limited to variables available in
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NSDUH. This reliance on available variables also means we are unable to assess intermittent
use of both NMPO and heroin. We explored a finite measure of co-use (past month use of
NMPOs and heroin) and found similar patterns but we were unable to report findings due to
the small sample sizes (Center for Behavioral Health Statistics and Quality, 2016). As cohort
effects can distort population trends, we adjusted for year to limit these effects. NSDUH
does not capture people who are incarcerated, homeless, or hospitalized, which may
underestimate the estimates of use as these populations often have a higher likelihood of
engaging in substance use (Mieczkowski, 1996). Studies enrolling those cohorts or
surveillance systems where these cohorts are captured must be conducted to fill this data
gap. Finally, these findings are descriptive and future studies should identify and explore
additional theoretical frameworks that consider the characteristics highlighted in this
study, the current socio-political context, and factors beyond the individual-level to extend
our understanding of evolving patterns in opioid misuse.

Despite these limitations, this study raises important and policy-relevant points. The
fact that mental health disorders and use and abuse of other illicit drugs is higher among
people who co-use, compared to NMPO- and heroin-only users, indicates the co-morbidity
and high risk for overdose among this cohort of opioid users. As the opioid epidemic
evolves, there is a continued need to investigate sub-groups of opioid users and trends over
time to determine differences in these groups, forecast future prevention and treatment

needs, and inform targeted interventions and policy.
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5. Tables and Figures

Table 1. Current demographic, substance use and mental health characteristics of adult

opioid users, by opioid use type—NSDUH 2013-2014

All opioids NMPO-only Heroin-only = NMPO NMPO- Heroin-
heroin co- only vs only vs
N=4,496 N=4,076 N=133 use co-use co-use
Wt% (SE) Wt% (SE) Wt% (SE) N=287 p-value  p-value
Wt% (SE)
Sex
Male 54.65 (1.15) 53.41(1.21) 63.51(5.67) 7099 (3.15) <0.001 0.23
Female 45.35(1.15) 46.59 (1.21) 36.49(5.67) 29.01(3.15)
Age
18-25 30.12 (0.90) 29.93(0.94) 2797(498) 34.12(3.70) <0.001 <0.05
26-34 26.06 (1.15) 24.89(1.16) 26.62(5.29) 44.73 (4.40)
35-49 24.03 (0.98) 24.66(1.04) 23.85(5.33) 13.96 (3.04)
50+ 19.78 (1.33) 20.52(1.38) 21.56(5.56) 7.19 (2.57)
Race/ethnicity
Non-Hispanic White 66.30 (1.05) 65.42(1.12) 67.67(591) 79.96(3.06) <0.01 0.19
Non-Hispanic Black 11.51(0.80) 11.67(0.84) 17.81(5.02) 6.36 (2.25)
Non-Hispanic other 6.16 (0.56) 6.42 (0.59) 3.46 (2.21) 3.20 (1.31)
Hispanic 16.03 (0.89) 16.50(0.94) 11.06(4.03) 10.48(2.21)
Rurality
Non-urban 14.81(0.95) 15.34(1.01) 9.33 (2.82) 841 (1.88) <0.01 0.77
Urban 85.19 (0.95) 84.66(1.01) 90.67(2.82) 91.59(1.88)
Education
Less than HS? 17.65(0.84) 17.32(0.90) 15.34(3.75) 24.03(3.22) <0.001 0.44
HS graduate/ Some 61.63 (1.16) 60.79 (1.21) 76.92(5.06) 68.82(3.51)
college2
College grad 20.72 (1.03) 21.89(1.08) 7.73 (3.23) 7.15 (1.95)
Employment status
Full-time 5091 (1.12) 52.19(1.18) 39.02(5.88) 35.15(4.15) <0.001 0.06
Part-time 17.07 (0.84) 17.01(0.88) 18.32(4.38) 17.57(3.48)
Unemployed 9.83 (0.67) 9.19 (0.71) 830 (2.72) 20.90(3.18)
Not in labor force 22.18(0.94) 21.61(0.99) 34.36(6.10) 26.38(3.57)
Marital status
Married 31.23(1.26) 33.00(1.32) 8.74 (3.62) 11.87(0.45) <0.001 0.79
Divorced/Sep/Widowed 1599 (1.03) 16.04 (1.09) 15.88(4.30) 15.20(2.97)
Never married 52.79 (0.90) 50.96(0.94) 75.39(4.36) 72.93(2.96)
Health insurance coverage
Covered 75.46 (1.10) 76.52(1.14) 65.51(5.68) 62.34(4.00) <0.01 0.67
Not covered 24.54 (1.10) 23.48(1.14) 34.49(5.68) 37.66 (4.00)
Substance abuse and mental health
Any tobacco use 65.24 (1.16) 62.80(1.27) 88.62(4.81) 94.84(2.33) <0.001 0.26
Alcohol abuse 13.90(0.88) 14.22(0.93) 6.13 (2.57) 12.05(2.56) 0.731 0.10
Major depressive episode  16.08 (0.92) 15.28(0.91) 22.43(4.81) 26.56(3.54) <0.05 0.48
Psychological distress 29.70 (1.10) 2799 (1.10) 32.45(4.82) 56.19(4.40) <0.001 <0.01
Illicit drug useb 42.68 (1.14) 39.14(1.13) 68.43(5.26) 89.15(2.47) <0.001 <0.001
Ilicit drug abuseP 3.29 (0.33) 2.77 (0.32) 797 (3.27) 9.73 (213) <0.01 0.65

Bolded values indicate statistical significance from co-use at p<0.05
a HS = High school; b Includes illicit use of drugs other than opioids and marijuana
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Figure 1. Prevalence trends of opioid use, overall and by opioid use type among all opioid
users, adjusted for sex, age, race, rurality and employment status—NSDUH 2003-2014
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Table 2. Stratified trends in prevalence of co-use—NSDUH, 2003-2014

2003- 2005- 2007- 2009- 2011- 2013- p-value
2004 2006 2008 2010 2012 2014 linear
Wt.% (SE) Wt% (SE) Wt% (SE) Wt% (SE) Wt% (SE) Wt.% (SE) trend
Sex
Male 2.40(0.41) 3.64(0.61) 3.38(0.52) 4.95(0.71) 5.59(0.71) 7.38(0.70) <0.001
Female 0.70(0.13) 1.51(0.27) 1.90(0.39) 2.66(0.46) 2.41(0.38) 3.64(0.49) <0.001
Age
18-25 2.05(0.26) 2.90(0.31) 3.04(0.44) 4.13(0.38) 5.99(0.51) 6.44(0.62) <0.001
26-34 1.81(0.65) 3.53(1.05) 2.76(0.72) 4.57(0.77) 4.64(1.06) 9.76(1.33) <0.001
35-49 1.32(0.57) 1.54(0.71) 1.99(1.16) 3.62(2.24) 2.83(147) 3.30(2.01) <0.05
50+ -- 3.11(0.82) 3.43(1.37) 3.37(1.12) 1.83(0.56) 2.07(1.00) 0.65
Race/ethnicity
NH White2 1.80 (0.25) 2.36(0.30) 2.86(0.38) 4.36(0.53) 5.19(0.58) 6.86(0.56) <0.001
NH Blacka 2.11(1.38) 1.36(0.83) 3.64(1.54) 3.76(1.65) 2.51(1.26) 3.14(1.20) 0.41
NH other2 0.18(0.12) 0.89(0.43) 1.06(0.57) 2.15(1.00) 2.10(1.14) 295(1.14) <0.001
Hispanic 0.60 (0.30) 6.18(2.42) 196(1.22) 2.88(0.96) 1.51(0.51) 3.72(0.90) 0.07
Rurality
Urban 2.10(0.67) 2.07(0.56) 2.24(0.45) 3.16(0.78) 2.77(0.62) 3.23(0.73) 0.19
Non-urban 1.52 (0.25) 2.84(0.43) 2.84(0.41) 4.15(0.49) 4.40(0.48) 6.11(0.55) <0.001
Education
Less than HSP  1.83 (0.44) 3.26(0.71) 5.02(1.20) 5.96(1.57) 3.42(0.57) 7.74(1.21) <0.001
HS graduate/ 1.86 (0.35) 2.60(0.40) 2.68(0.44) 4.45(0.43) 5.35(0.67) 6.35(0.61) <0.001
Some collegeP
College grad 0.36 (0.17) 2.49(1.48) 0.66 (0.27) 0.90(0.50) 1.28(0.38) 1.96 (0.55) <0.05
Employment status
Full time 1.13(0.24) 193(0.42) 1.79(0.35) 3.12(0.56) 2.31(0.39) 3.92(0.52) <0.001
Part time 1.75(0.64) 2.42(0.59) 2.80(0.70) 3.69(1.03) 5.18(1.24) 5.85(1.34) <0.001
Unemployed 3.88(1.34) 6.69(2.46) 5.45(1.67) 9.03(2.44) 8.75(1.52) 12.08 <0.01
(1.77)
Not in labor 1.99 (0.54) 3.85(0.93) 4.55(1.17) 3.47(0.81) 5.60(1.21) 6.76(1.18) <0.001
force
Marital status
Married 0.41(0.19) 0.63(0.22) 1.26(0.50) 1.08(0.34) 1.33(0.48) 2.16(0.71) <0.001
Divorced/Sep/ 2.06(0.71) 3.89(0.96) 3.56(1.15) 6.58(1.94) 3.25(1.00) 5.40(1.21) 0.06
Widowed
Never married 2.24 (0.39) 3.65(0.60) 3.46(0.49) 4.88(0.52) 6.15(0.64) 7.85(0.69) <0.001
Health insurance coverage
Covered 1.15(0.19) 2.14(0.35) 2.07(0.39) 3.58(0.50) 3.26(0.37) 4.70(0.48) <0.001
Not covered 294 (0.74) 4.28(0.98) 4.51(0.84) 5.07(0.85) 6.60(0.98) 8.72(1.18) <0.001
Substance use and mental health
Any tobacco 2.18(0.18) 3.80(0.59) 3.79(0.50) 5.54(0.58) 6.15(0.64) 8.26(0.68) <0.001
use
Major -- - 3.68(1.03) 6.16(1.18) 7.79(1.61) 9.33(1.36) <0.001
depressive
episode
Psychological  2.49 (0.72) 4.17 (1.15) 4.05(0.89) 6.41(0.84) 8.77(1.25) 10.75 <0.001
distress, past (1.27)
Illicit drug 3.20 (0.49) 5.42(0.78) 4.76(0.60) 7.83(0.91) 7.80(0.84) 11.87 <0.001
usec (1.01)
Ilicit drug 6.21(2.46) 10.63 7.64 (2.41) 14.85 17.38 16.81 <0.05
abuse¢ (4.97) (3.71) (5.00) (3.50)

aNH = Non-Hispanic; b HS = High school; ¢ Includes illicit use of drugs other than opioids and marijuana
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Figure 2. Change in prevalence of co-use from 2003-2004 to 2013-2014, stratified trends

compared to overall trend
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Chapter 3: Factors related to transition from non-medical prescription opioid
use to heroin initiation and co-use of both opioids among adults, 2012-2014

Abstract

Background. The current opioid epidemic stems from increased non-medical prescription
opioid (NMPO) and heroin use. Evidence suggests that greater access and more favorable
perceptions drove increased NMPO use, transition from NMPO to heroin use, and
subsequent co-use of both opioids when prescription opioid (PO) availability was limited.
We lack an understanding of factors related to increased risk of this transition, particularly
factors beyond the individual level, which is critical to addressing this phenomenon. Using
the socio-ecological model as an organizing framework, this study aims to explore
relationships between interpersonal-level (i.e. PO source and perceived risk of use) and
individual-level factors (i.e. access to healthcare, perceived opioid availability, substance
use behaviors, mental health characteristics, and demographics) with transition.

Methods. We combined cross-sectional data on adults reporting current NMPO use across
three years of the National Survey on Drug Use and Health, 2012, 2013, and 2014
(N=7,045). Using chi-squared tests and multivariable logistic regression, we examined
interpersonal and individual-level correlates of transition from NMPO use to heroin use.
Results. Among current NMPO users, 4.96% (95% confidence interval [CI]: 4.31, 5.71) ever
transitioned to heroin and currently co-use both NMPOs and heroin. At the interpersonal
level, healthcare providers as the PO source compared to an illicit source (adjusted odds
ratio [AOR]: 0.34, 95% CI: 0.14, 0.80) and a lower perceived risk of trying heroin (AOR: 1.82,
95% Cl: 1.16, 2.84) were associated with transition. Individual-level factors associated with
transition in multivariable analysis include NMPO initiation before age 18 (AOR: 1.87,95%
Cl: 1.07, 3.27), past-year illicit non-opioid drug use (AOR: 3.71 95% CI: 1.96, 7.04) and no
health insurance coverage (AOR 1.93, 95% CI: 1.30, 2.88).

Conclusion. This is the first study to examine multilevel correlates of transition among a
nationally representative sample of adults, and findings underscore the importance of
exploring factors beyond the individual level. By identifying subgroups of NMPO users at
increased risk of transition and modifiable factors associated with transition, we inform
urgently needed interventions to identify and reach those at increased risk of transition.
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1. Background

The United States is currently facing an opioid epidemic resulting from increases in the
use of both non-medical prescription opioids (NMPO) and heroin. Between 2002 and 2011,
25 million people initiated NMPO use and opioid-related overdoses more than quadrupled
from 1999 to 2016 (Hedegaard, Warner, & Minifio, 2018; Manchikanti, Helm, Janata,
Pampati, & Grider, 2012). Researchers attribute this growth to several interrelated factors
that resulted in more lenient opioid-prescribing policies (Dhalla, Persaud, & Juurlink, 2011;
Kanouse & Compton, 2015). These led to increased availability through the healthcare
system, diversion through familial networks, and changes in the public’s perception of the
harms associated with opioid use (Daniulaityte, Falck, & Carlson, 2012; Kanouse &
Compton, 2015; Keyes, Cerda, Brady, Havens, & Galea, 2014; Manchikanti et al., 2012).
Following implementation of interventions aimed at reducing PO availability, rates of NMPO
use stabilized, but NMPO abuse and heroin use increased (Han, Compton, Jones, & Cai, 2015;
Jones, Logan, Gladden, & Bohm, 2015). From 2002 to 2011, 80% of past-year heroin
initiates reported previous NMPO (Muhuri, Gfroerer, & Davies, 2013). The marked increase
in heroin use among those with a history of NMPO use suggests that the limited PO supply
precipitated transitions to heroin use and co-use of both opioids to support opioid
dependency (Cicero, Ellis, & Harney, 2015; Mars, Bourgois, Karandinos, Montero, &
Ciccarone, 2014). Qualitative studies provide further evidence of transition by documenting
an opioid use trajectory that begins with NMPO use, moves to NMPO abuse, and transitions
to heroin initiation and continued NMPO use, depending on availability (Guarino, Marsch,
Deren, Straussner, & Teper, 2015; Mars et al., 2014; Mateu-Gelabert, Guarino, Jessell, &
Teper, 2015). Those who transition describe initiating heroin when POs were less available

through familial or medical sources and heroin seemed more available (Inciardi, Surratt,
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Cicero, & Beard, 2009; Siegal, Carlson, Kenne, & Swora, 2003). Studies have not
quantitatively have not examined these correlates of transition.

Transition from NMPO-only use to heroin and co-use of both opioids is a
public health concern in need of further investigation. Compared to NMPO-only use,
co-use, and poly-drug use in general, is associated with a higher risk of mental
health issues, drug dependence, and overdose (Al-Tayyib, Koester, & Riggs, 2017;
Fischer, Patra, Cruz, Gittins, & Rehm, 2008; Pollini et al., 2011; Rigg & Monnat,

2015). In addition, initiation of injecting behaviors often coincides with heroin
initiation, increasing risk for hepatitis C, HIV and other injection-related morbidities
(Thorpe et al,, 2002; Zibbell, 2015). Stigma and marginalization are also associated
with heroin and injection drug use, and serve as barriers to medication-assisted
treatment (MAT) and other critical health services (Cherubin & Sapira, 1993; Han,
Gfroerer, & Colliver, 2010; World Health Organization, 2009). Lastly, a large number
of people, all current NMPO users, are susceptible to transition although a previous
study shows that only 3.6% of NMPO users actually transitioned (Compton, Jones, &
Baldwin, 2016; Muhuri et al.,, 2013). This suggests that NMPO use alone does not
predict transition and prevention efforts targeting all NMPO users are an inefficient
use of resources. Thus, population-based studies identifying which subgroups of
NMPO users are at risk of transitioning to heroin and co-use are needed to target
prevention and treatment interventions.

Our current understanding of characteristics that increase risk of transition is
limited. Qualitative research, cohort-specific cross-sectional data, and adolescent-focused
research identify demographic, substance use, and mental health correlates of transition.
They include non-Hispanic White race compared to other race/ethnicities, non-urban

residence compared to urban, lower socio-economic status, younger age of NMPO initiation,
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use of non-opioid drugs and alcohol, and experiences of psychiatric comorbidity (Carlson,
Nahhas, Martins, & Daniulaityte, 2016; Cerda, Santaella, Marshall, Kim, & Martins, 2015;
Guarino et al., 2015; Mars et al,, 2014; Rajan, Ruggles, Guarino, & Mateu-Gelabert, 2018).
However, national studies have not explored whether these factors predict transition
among adults even though they represent the majority of opioid users (Muhuri et al,, 2013).
National studies are important as they produce generalizable results across subgroups
while cohort studies produce subgroup-specific results.

In studying shifts in opioid use, researchers highlight the importance of exploring
interpersonal- and structural-level factors, which can explain differences observed at the
individual level, and encourage a socio-ecological approach to understand influences
beyond the individual level (Dasgupta, Beletsky, & Ciccarone, 2018; Dew, Elifson, & Dozier,
2007; Keyes et al., 2014; Monnat & Rigg, 2015; National Academies of Sciences & Medicine,
2017; Ruckert & Labonté, 2017). The socio-ecological model (SEM) contextualizes a range
of factors that influence health behaviors, from the individual to their relationships,
community and broader environment. It also allows for consideration of the direct effect of
these factors on changes in opioid use and the interplay between factors at multiple levels
(Sallis, Owen, & Fisher, 2008). However, we lack empirical examinations of higher-level
factors that identify and address the root causes of transition.

Given the interconnectedness of recent changes in NMPO and heroin use, and
evidence that limited NMPO supply drove heroin initiation and co-use of both opioids, we
hypothesize that factors related to increased NMPO use are also correlates of transition.
Previous studies have not considered many of these as risk factors for transition. At the
interpersonal level, qualitative research with young adults suggests that lower perceived
risk of NMPO use has an inverse relationship with NMPO use (Mateu-Gelabert et al., 2015;

Rhodes, 2009). Therefore, we hypothesize that lower perceived risk of heroin use will be
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associated with transition. Access to POs through a healthcare-related or familial
source facilitated increased NMPO use (Bali, Raisch, Moffett, & Khan, 2013;
Mowbray & Quinn, 2015). Following implementation of interventions to limit PO
supply through these sources, we predict that turning to other sources, or an illicit
PO supply, will increase risk of transition. At the individual level, access to
healthcare, often operationalized as health insurance coverage, facilitated increased
NMPO use (Bali et al.,, 2013; Cicero, Surratt, Inciardi, & Munoz, 2007; Simoni-
Wastila, 2000). Therefore, we hypothesize that lack of health insurance coverage
will be associated with transition as it indicates an inability to obtain POs through a
prescription. Since past research indicates that adolescents who perceive POs as
easily available are more likely to engage in NMPO use, we predict that those who
perceive heroin as easily available will be more likely to transition, which has not
been assessed quantitatively (Cohen, Scribner, & Farley, 2000; Compton & Volkow,
2006; Young, Glover, & Havens, 2012). Lastly, we hypothesize that the substance
use behaviors, mental health characteristics, and demographics associated with
increased NMPO use and prevalent among NMPO and heroin co-users will be
associated with transition (Carlson et al,, 2016; Cerda et al., 2015; Mital, Windle,
Cooper, & Crawford, 2018; Paulozzi & Xi, 2008; Unick, Rosenblum, Mars, &
Ciccarone, 2013).

To our knowledge, this is the first study using nationally-representative data
that compares adult NMPO-only users to heroin users with a history of NMPO use to
identify multilevel factors associated with transition among adults. A better
understanding of factors across the levels of the SEM and their relationships to

transition will inform targeted interventions that both prevent transition and reach
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this high-risk group of opioid users with effective treatment services. It will also indicate

interventions that may be appropriate at different levels of SEM.
2. Methods

2.1. Data sources

This study used data from the 2012-2014 National Survey on Drug Use and Health
(NSDUH), conducted annually by the Substance Abuse and Mental Health Administration
(SAMHSA). NSDUH provides serial, cross-sectional, nationally-representative data
regarding illicit drug use in the civilian, non-institutionalized population. Detailed
documentation of NSDUH sampling and data collection procedures is provided elsewhere
(Center for Behavioral Health Statistics and Quality, 2016). In brief, NSDUH employs a
multi-stage stratified probability sampling design. For this study, we combined data from
adults (aged 18 and older) for the three most recent years of data available (2012-2014) to
improve the precision of estimates as prevalence of our outcome is small (Jones, 2013).
Response rates for NSDUH ranged from 82% to 86%, depending on the year. As secondary
analyses of publicly available data, Emory University’s IRB exempted this study from
approval.
2.2. Sample

This study was limited to current adult NMPO users. We defined adult as aged 18 and
above. NSDUH defines NMPO use as use of prescription opioids (POs) without a
prescription or use only for the feeling caused. Consistent with the literature, current use
was defined as any use within the past 12 months (Han et al., 2015; Jones et al., 2015).
2.3. Measures
2.3.1. Outcome

Our outcome was transition to heroin, defined as NMPO and heroin co-use where

NMPO use preceded heroin initiation. Since NSDUH asks participants about age of first use
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for each substance, we were able to group co-users into three mutually exclusive
categories: 1) NMPO use prior to heroin initiation, 2) NMPO and heroin initiation in
the same year, and 3) NMPO initiation after heroin use. Since the literature indicates
that the majority of recent heroin initiates have a history of NMPO use, we included
categories 1 and 2 in the definition of transition (Jones, 2013; Muhuri et al,, 2013).
Results were virtually unchanged when we excluded category 2 (NMPO and heroin
initiation in the same year) from the outcome as a sensitivity analysis; results
available from the first author upon request.
2.3.2. Interpersonal factors

At the interpersonal level, we studied PO source, based on the question:
“Now think about the last time you used a prescription pain reliever that was not
prescribed for you or that you took only for the experience or feeling it caused. How
did you get this prescription pain reliever?” Source of POs was operationalized as
familial (i.e. buying, stealing or receiving it free from a friend or family member),
provider (one or more doctors) or illicit/other (i.e. fake prescription, buying or
stealing from a stranger, buying over the internet, or other). Perceived risk of trying
heroin is based on the question: “How much do you think people risk harming
themselves physically and in other ways if they try heroin once or twice?”
Consistent with the literature, we examined perceived risk as great risk or none to
some risk (Rigg & Monnat, 2015).
2.3.3. Individual-level factors

At the individual level, we examined access to healthcare and perceived
heroin availability along with demographic, substance use and mental health
characteristics. We examined health insurance coverage as an indicator of access to

healthcare. Health insurance coverage was defined as current coverage by any
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health insurance provider (including private, Medicare and Medicaid). We operationalized
perceived heroin availability, based on the question: “How difficult or easy would it be for
you to get some heroin if you wanted some?” as easy or difficult to impossible, which aligns
with previous investigations of perceived availability (Rigg & Monnat, 2015).

We defined all substance use and mental health measures as those experienced in
the past 12 months. Specifically, we defined tobacco use as use of any of the following
tobacco products: all or part of a cigarette, cigars, pipes, snuff, or chewing tobacco. Other
illicit substance use definitions included the non-medical use of one or more of the
following substances: cocaine, crack, hallucinogens, inhalants, tranquilizers, stimulants and
sedatives (i.e. illicit use of drugs other than opioids and marijuana). Abuse of alcohol and
illicit substances is based on the Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) criteria indicating at least one of the following in the past year: 1) serious
problems at home, work, or school caused by substance use; 2) substance use in physically
dangerous situations; 3) repeated trouble with the law as a result of substance use; or 4)
problems with family or friends related to substance use and continuing to use it anyway.
(American Psychiatric Association, 2013).

To measure psychological distress, NSDUH uses the K6 screener, which was
designed to identify non-specific psychological distress with six brief questions (e.g. “How
often do you feel nervous?”) (Kessler et al., 2003; Substance Abuse and Mental Health
Administration, 2013). A major depressive episode (MDE) was assessed using questions
adapted from the Composite International Diagnostic Interview and participants were
categorized as having MDE if they met at least five of nine DSM-V criteria (Kessler et al.,
2003).

Demographic characteristics included: sex (male, female), age (18-25, 26-34, 35+),

race/ethnicity (non-Hispanic White and other [non-Hispanic Black, non-Hispanic other,
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Hispanic]), rurality (urban [residing in county with city of at least 10,000], non-urban
[residing in county without city of at least 10,000]), marital status (ever married [divorced,
separated, widowed], never married), educational attainment (less than college graduate,

college graduate), and employment status (full time, under- or unemployed).

2.4. Analyses

We first conducted descriptive analyses to examine distributions across each
variable. To describe current NMPO users, we computed weighted frequencies and
corresponding 95% confidence intervals (CI) across all interpersonal- and individual-
level factors. Using chi-squared tests, we then examined bivariate relationships between
each factor and the outcome. Before conducting multivariable analysis, we examined the
possibility of multicollinearity by checking for high inter-correlations between the
variables, defined as a condition index greater than 30, and found none (Kleinbaum &
Klein, 2010).

We conducted multivariable logistic regression with all interpersonal- and
individual-level factors to produce adjusted odds ratios (AOR). Nested block regressions
evaluated the combined contributions of blocks of factors on transition. We formed a
total of five blocks based on the levels of the SEM and given the large number of
individual-level factors, made blocks based on inherent groups (Bronfenbrenner, 1979;
Hager et al,, 2012). This resulted in one block of interpersonal-level access factors
(perceived risk and PO source) and four blocks of individual-level factors: 1) individual-
level access (health insurance and perceived availability), 2) substance use behaviors
(age of first NMPO use and past year tobacco use, alcohol abuse, PO abuse, use of other
illicit drugs, and abuse of other illicit drugs), 3) mental health characteristics (past year
psychological distress and MDE), and 4) demographics (sex, age, race/ethnicity, rurality,

marital status, education, and employment). In the full multivariable logistic regression
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model, we removed blocks of factors one at a time and interpreted the reduction in R-
squared compared to the full adjusted model and associated p-values for each factor.
For all analyses, significance was determined at p <0.05. To account for the complex

multistage sampling design, analyses were conducted in SAS-callable SUDAAN v9.2.

3. Results

Table 1 describes current NMPO users in the 2012-2014 surveys. Our sample consists of
7,045 current NMPO users. The majority of the sample was male (54.78%), non-Hispanic
White (66.49%), urban-residing (85.43%) and less than college educated (79.10%).
Prevalence of illicit drug use was 41.34% but only 6.40% and 3.81% of the sample reported
illicit drug abuse or PO abuse, respectively. While 75.00% had health insurance coverage, at
the interpersonal-level, only 23.61% reported a provider as their source of POs. Of all
current NMPO users, 5.23% (95% CI: 4.50, 5.96) co-use heroin. Almost all co-users (4.96%
[95% CI: 4.31, 5.71]) transitioned from NMPO use to heroin initiation.

In bivariate analyses, we found that all factors in the interpersonal-level access,
individual-level access, mental health and demographic blocks were significantly associated
with transition. In the substance use block at the individual level, initiating NMPO use
before the age of 18 and past year use of tobacco and illicit non-opioid drugs were also
significantly associated with transition. Past year abuse of illicit non-opioids, POs, and
alcohol were not associated with transition in bivariate analysis (Table 1).

Table 2 details results of multivariable logistic regression. The full model, containing
all interpersonal- and individual-level factors, produced an R-squared value of 0.48,
indicating that all variables included in this study explain almost half of all variance in the
outcome. Removing blocks of factors from the full model one at a time resulted in R-squared
reductions of 0.13 for the substance use block and 0.12 for the individual-level access block,

meaning that these blocks account for the largest explained variance in transition. The R-
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squared contribution of the interpersonal access (0.02 reduction), mental health
(0.06 reduction), and demographic (0.08 reduction) blocks were smaller.
Significance and effect sizes for factors within each block varied.

In the full model, demographic characteristics that significantly associated
with transition were male sex compared to female (AOR: 3.33,95% Cl: 1.94, 5.70),
non-Hispanic White compared to other race/ethnicities, (AOR: 4.11, 95% CI: 1.98,
8.53), and under- or unemployment compared to full-time, (AOR: 2.10,95% CI: 1.22,
3.59). Initiating NMPO use before the age of 18 was associated with increased the
odds of transition (AOR: 1.87,95% CI: 1.07, 3.27), as was past-year tobacco use
(AOR: 4.63,95% CI: 1.90, 11.28) and past-year illicit drug use (AOR: 3.71, 95% CI:
1.96, 7.04). Odds of transition was lower among those reporting past-year alcohol
abuse (AOR: 0.50, 95% CI: 0.27, 0.94). Other individual-level factors associated with
transition were no health insurance coverage (AOR: 1.93, 95% CI: 1.30, 2.88) and
perceived heroin availability as easy compared to impossible or difficult (AOR:
11.21,95% CI: 6.76, 15.59).

At the interpersonal-level, perceiving the risk of trying heroin as less than great
relative to great or more (AOR: 1.84, 95% CI: 1.17, 2.88) increased odds of transition.
Compared to illicitly buying or stealing POs, a familial source (AOR: 0.34, 95% CI: 0.14,
0.80) decreased odds of transition and the relationship with a healthcare provider
source was not significant.

4. Discussion

To our knowledge, this is the first study that uses nationally representative data
among adults to assess multilevel factors related to transition from NMPO-only to
heroin co-use. We examined factors associated with increased NMPO use, including

factors beyond the individual level, and those highlighted by previous research on
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transition. In our study, almost 5% of NMPO users transitioned to heroin initiation, a
slightly higher estimate than other studies. This is likely because we assess past-year
prevalence of transition while prospective cohort studies measure incidence (Carlson et al,,
2016). Nonetheless, the low prevalence of transition underscores the need to investigate
factors driving this phenomenon, including social stressors and structural inequalities not
assessed in this study (Carlson et al,, 2016; Dasgupta et al., 2018; Muhuri et al.,, 2013).
Interventions to prevent transition and reach this vulnerable group of opioid users with
treatment services must target those at highest risk. Aiming these interventions at all NMPO
users inefficiently uses the limited resources available. These findings indicate subgroups of
NMPO users at increased risk of transition and modifiable factors associated with transition,
informing such interventions.

Compared to females, males were more likely to transition. Extant literature on
increased drug-related risk-taking behaviors and limited healthcare utilization among
males help explain this finding (Byrnes, Miller, & Schafer, 1999; Grau et al.,, 2007; Strathdee
etal., 2001). Given our inability to report sex-specific results due to small sample size,
instability of estimates and NSDUH guidelines on estimate suppression (Center for
Behavioral Health Statistics and Quality, 2016), we recommend future studies examine risk
perception, healthcare access and heroin availability by sex to better understand this
finding. After adjusting for other factors, we found no significant difference in odds of
transition between urban and non-urban residence, which adds to the overwhelming
evidence that the profile of typical heroin users is no longer necessarily urban (Cerda et al.,
2015; Cicero, Ellis, Surratt, & Kurtz, 2014; Mars et al., 2014; Muhuri et al., 2013; Young et al,,
2012). Progress toward making harm reduction interventions accessible to rural
populations, demonstrated by increased availability of MAT in non-urban areas, must

continue (Dick et al., 2015).
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Studies describing transition to heroin among those who previously used
NMPOs indicate that problem PO use, including abuse, precedes heroin initiation
after a period of NMPO use (Peavy et al., 2012; Pollini et al.,, 2011). In this study, PO
abuse was not significantly associated with transition, showing that PO abuse does
not necessarily precede transition and that risk of transition is not limited to
problem PO users. Similarly, illicit use of other drugs, but not abuse, was associated
with transition, suggesting additional poly-drug use and associated risk of overdose
and death among those who transition. Our findings also reflect previous findings
that risk of transition has an inverse relationship with age of NMPO initiation and
perceived risk of heroin use (Cerda et al.,, 2015; Lankenau et al., 2012; Rhodes,
2009). In this study, substance use behaviors contributed the most in terms of
explaining the variance in transition.

Consistent with our hypothesis, we found that obtaining POs from a friend,
family member or healthcare provider was protective against transition, compared
to obtaining them illicitly. Access to healthcare, indicated by health insurance
coverage, was also associated with transition. Implementation of interventions
aiming to reduce PO supply and limit access through a healthcare provider may
have driven some users to obtain POs illicitly, including stealing them or purchasing
through a dealer (Cicero, Ellis, & Surratt, 2012; Unick et al., 2013). Our findings
advance the theory that a focus on supply-side interventions to reduce PO
availability over public health approaches that reduce demand for opioids drives
more severe opioid use when POs are unavailable through a legitimate source. We
argue that reducing opioid misuse and related outcomes requires expanding access
to healthcare, including greater health insurance coverage and availability of

treatment services. Implementation of studies that prospectively examine changes
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in PO source, health insurance coverage, MAT use, and opioid use will test these hypotheses.

Finally, perceived availability of heroin had the strongest association with
transition. This is not surprising and likely due to the cross-sectional design of this study, as
current co-users will know where heroin is available. It explains why the interpersonal
access block, which included perceived heroin availability, contributed the least in terms of
explaining transition. We were unable to truly assess perceived availability prior to
transition and as a predictor of transition. Recent studies show evidence that perceived
heroin access is decreasing, a finding that contradicts increased heroin use (Jones et al.,
2015; Vaughn, Salas-Wright, & Oh, 2017) and highlights the need to study indicators of
access and perceptions of availability in relation to heroin initiation. Clinicians, pharmacists
and other public health practitioners can use messaging on harms associated with heroin
use and the accessibility of evidence-based treatment interventions to counterbalance
perceptions of heroin availability.

Taken together, these findings on have important practical implications. First,
identifying and intervening with those misusing POs is key, before onset of abuse, which is
associated with more health and social consequences than use alone (American Psychiatric
Association, 2013). While increasing awareness about the risk of opioids at the population
level is important (Schuchat, Houry, & Guy, 2017), targeting education efforts at those at
highest risk is key to preventing transition. For patients with risk factors highlighted by this
study, clinicians prescribing opioids should discuss the risks and benefits of opioid use,
conduct regular follow-ups to screen for problem use, and consider the benefits of dose
tapering before transition occurs. All communication campaigns should address social
norms around opioid use, the risk of continued use and heroin initiation, the benefits and
availability of treatment services, and approaches to improve communication between

clinicians, pharmacists who are dispensing medications, and patients. Lastly, focused efforts
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to intervene with adolescents prior to NMPO initiation and screening adolescents
for NMPO use, particularly those prescribed POs, will prevent both NMPO use and

more severe forms of drug use including heroin and poly-drug use.

4.1. Limitations

This study has limitations. We relied on the variables available in NSDUH and were
therefore unable to explore additional multilevel factors associated with transition,
particularly at higher levels of SEM. While NSDUH collects state codes to compute state-
level estimates, they are not available in the public-use files and the data portal to
request these variables was not functional at the time of the study. This prevented us
from examining additional structural-level factors that may influence our outcome,
including state-level heroin availability, economic deprivation, prescribing rates,
implementation of prescription drug monitoring programs and other drug policies. The
interpersonal-level variables we did study accounted for the smallest explained
variance in transition, indicating the importance of assessing additional higher-level
factors to explain transition. Researchers with access to the restricted data should
assess the role of these factors on transition and SAMHSA should prioritize resuming
functionality of the portal to enable critical public health research.

Although NSDUH produces reliable estimates of substance use behaviors,

the data are self-reported and nonetheless susceptible to recall and social
desirability bias (Kennet et al., 2010). We expect the latter to be minimal since
NSDUH uses computer assisted self-interviewing software to ensure privacy (Center
for Behavioral Health Statistics and Quality, 2016; Islam et al., 2012). NSDUH does
not capture people who are incarcerated, homeless, or hospitalized which may

underestimate use as these populations often have a higher likelihood of engaging in
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substance use (49). Studies enrolling those cohorts or surveillance systems that capture
these cohorts must fill this data gap.

Since this study uses cross-sectional data, we could not directly assess transition,
particularly among respondents whose age (by year) of first use for both opioids is the
same. However, misclassification of NMPO to heroin transition, when the order was reverse,
is likely to be minimal. In recent estimates, only 1% of NMPO users reported previous
heroin use, and therefore unlikely to impact overall results of our analysis (Jones, 2013;
Muhuri et al., 2013). Currently, this is the best measure available to examine transition from
NMPO to heroin use at a population level. Additionally, sensitivity analyses revealed no
differences in findings when we removed respondents whose age of first use is the same for
both NMPO and heroin from analyses (data available upon request). However, future
studies specifically recruiting participants who report transitioning from NMPO to heroin
use or following NMPO users prospectively to assess transition will improve measurement
of this phenomenon and related factors. Lastly, due to the variables available, we may have
erroneously defined co-use as intermittent use of both NMPO and heroin. We explored a
more finite measure of co-use, past month use of NMPOs and heroin, and found similar
patterns but we were unable to report findings due to the small sample sizes (Center for
Behavioral Health Statistics and Quality, 2016).

4.2. Conclusions

Despite these limitations, this study responds to an urgent call to identify risk factors for
transition from NMPO use to heroin initiation and subsequent co-use of both opioids (Jones,
2013; Pollini et al., 2011). It also expands prior research by using nationally representative
data to produce findings that are generalizable to the adult population and by examining
factors beyond the individual level. We identify subgroups at higher risk of transition,

including males, non-Hispanic White, and those not employed full time, to inform targeted
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screening and monitoring efforts. Modifiable factors related to transition, including
perceived risk of heroin use and health insurance coverage, speak to interpersonal and
structural-level interventions to prevent transition, and ultimately control the current

opioid epidemic.
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5. Tables
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Table 1. Descriptive statistics of current (past year) NMPO users—NSDUH 2012-2014, N=7,045

Current NMPO use Transition
(n=7,045) (n=402)
X2 p-
Wt%  (95% CI) Wt%  (95% CI) value
100 -- 496 (4.31,5.71)
Demographics
Sex
Male 54.78 (52.56,57.00) 74.02 (68.60,78.80) <0.05
Female 45.22 (43.00,47.44) 2598 (12.20,31.40)
Age
18-25 30.43 (28.96,31.89) 39.02 (32.46,46.01) <0.05
26-34 25.70 (23.73,27.68) 40.42 (32.87,48.45)
35+ 4311 (41.74,46.00) 20.56 (14.33,28.60)
Race
Non-Hispanic White 66.49 (64.57,68.40) 85.38 (79.84,89.60) <0.05
Other 33.51 (31.60,35.43) 14.62 (10.40, 20.16)
Rurality
Urban 85.43 (83.79,87.07) 92.04 (88.21,94.69) <0.05
Non-urban 14.57 (12.93,16.21) 796 (5.31,11.79)
Marital status
Never married 52.24 (50.23,54.26) 76.55 (69.59,82.33) <0.05
Ever married 47.76 (45.74,49.77) 2345 (17.67,30.41)
Education
Less than college grad 79.10 (77.59,80.62) 93.22 (89.35,95.75) <0.05
College graduate 20.90 (19.04,22.08) 6.78 (4.25,10.65)
Employment status
Under/un-employed 48.18 (46.20,50.16) 68.62 (61.57,7491) <0.05
FT Employed 51.82 (49.84,53.80) 31.38 (25.09,38.43)
Substance use
Age of first NMPO use, before 18 30.61 (29.03,32.19) 57.14 (48.76,65.13) <0.05
Any tobacco use, past year 68.88 (62.88,66.88) 95.88 (90.50,98.27) <0.05
[llicit drug abuse, past year 6.40 (5.34,7.47) 7.02 (4.04,11.94) 0.76
PO abuse, past year 3.81 (2.90,4.71) 6.60 (3.80,11.20) 0.11
[llicit drug use, past year 41.34 (39.46,43.23) 86.09 (81.11,89.91) <0.05
Alcohol abuse, past year 13.34 11.92,14.76) 11.37 (7.65,16.58) 0.36
Mental health
Major depressive episode, past year 15.61 (14.17,17.05) 26.41 (20.83,32.87) <0.05
Psychological distress, past year 29.15 (27.19,31.12) 57.40 (49.35,64.53) <0.05
Individual-level access
Health insurance coverage
Not covered 25.00 (23.16,26.83) 43.48 (36.81,50.40) <0.05
Covered 75.00 (73.17,76.84) 56.52 (49.60,63.19)
Perceived heroin availability
Fairly or very easy 26.78 (24.86,28.70) 82.61 (76.49,87.39) <0.05
Impossible, very, fairly difficult 73.22 (71.30,75.14) 17.39 (12.61,23.51)
Interpersonal-level access
Source of POs
Familial 67.99 (65.83,70.16) 62.79 (51.92,72.52) <0.05
Provider 23.61 (21.45,25.77) 12.03 (6.82,20.37)
[licitly bought, stole, other 8.40 (7.10,9.69) 25.17 (17.32,35.08)
Perceived risk of trying heroin
None to moderate risk 75.41 (23.03,26.16) 58.37 (51.77,64.69) <0.05
Great risk 24.60 (73.84,76.97) 41.63 (35.31,48.23)

Bolded values indicate significance at p<0.05.
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Table 2. Factors associated with transition in multivariable regression—NSDUH 2012-
2014,N=7,045

Full multivariable model
AOR  (95%CI)

Demographics

Sex
Male 3.33 (1.94,5.70)
Female REF
Age
18-25 1.08 (0.53,2.20)
26-34 1.21 (0.61,2.41)
35+ REF
Race
Non-Hispanic White 4.11 (1.98,8.53)
Other REF
Rurality
Urban 1.94 (0.80,4.72)
Non-urban REF
Marital status
Never married 1.21 (0.63, 2.30)
Ever married REF
Education
Less than college grad 2.11 (0.92,4.85)
College graduate REF
Employment status
Under/un-employed 210 (1.22,3.59)
FT Employed REF
Substance use
Age of first NMPO use, before 18 1.87 (1.07,3.27)
Any tobacco use, past year 4.63 (1.90,11.28)
Illicit drug abuse, past year 0.55 (0.22,1.38)
PO abuse, past year 245 (0.82,7.31)
Mlicit drug use, past year 3.71 (1.96,7.04)
Alcohol abuse, past year 0.50 (0.27,0.94)
Mental health
Major depressive episode, past year 0.60 (0.36,1.00)
Psychological distress, past year 3.70 (2.11,6.48)

Individual-level access
Health insurance coverage

Not covered 1.93 (1.30,2.88)
Covered REF

Perceived heroin availability
Fairly or very easy 11.21 (6.76,15.59)
Impossible, very, fairly difficult REF

Interpersonal-level access
Source of POs

Familial 0.34 (0.14,0.80)
Provider 0.63 (0.33,1.20)
[licitly bought, stole, other REF

Perceived risk of trying heroin
None to moderate risk 1.84 (1.17,2.88)
Great risk REF

Bolded values indicate significance at p<0.05.
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Chapter 4: Use of outpatient medication-assisted treatment by opioid use
type: trends in admissions (2004-2015) and factors related to treatment
completion

Abstract

Background. Medication-assisted treatment (MAT) is effective and has potential for
addressing the recent growth in opioid use, including co-use of both prescription opioids
(POs) and heroin, a severe but understudied type of opioid use. Federal initiatives
increasing healthcare access may improve MAT enrollment and successful completion. A
better understanding of MAT enrollment and completion by opioid use type (i.e. PO-only,
heroin-only, co-use), dimensions of healthcare access (i.e. Medicaid expansion, health
insurance coverage, provider referrals and immediate admission), and demographics would
pinpoint gaps in enrollment, highlight subgroups less likely to complete treatment, and
inform targeted treatment efforts.

Methods. Using the 2004-2015 Treatment Episodes Datasets, we investigated recent trends
in MAT admissions overall, and across opioid use type, dimensions of access to healthcare,
and demographics using the Cochran-Armitage trend test. We compared MAT admissions
for co-use to those for PO- and heroin-only use across demographic characteristics and
dimensions of access to healthcare using logistic regression. We also used multivariable
logistic regression to examine relationships between access to healthcare characteristics
and treatment completion by opioid use type.

Results. From 2004 to 2015, the frequency of MAT admissions for opioid use overall
increased 143% (p<0.05). The proportion of admissions for co-use remained relatively
stable (between 10-15%) during this period. Characteristics of MAT admissions changed
from 2004 to 2015: female, non-urban, never married, health insured, criminal justice
referred, and immediate admissions became more common (p<0.05). Demographic and
healthcare access characteristics of admissions for co-use were more similar to those for PO
only than heroin only. Compared to co-use, treatment completion was less likely than
among heroin only (AOR 0.70, 95% CI 0.54, 0.90) and not significantly different from PO
only. Referral source was the strongest predictor of treatment completion for co-use, while
the relationship between immediate admission and treatment completion was strongest for
heroin-only use.

Discussion. The increased frequency of MAT admissions is promising, although MAT
enrollment has not kept pace with the growth in co-use. The treatment completion rate and
healthcare-related facilitators of treatment completion differed by opioid use type,
highlighting the need for subgroup-specific interventions to improve treatment utilization
and completion.
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1. Background

Tackling the current opioid epidemic requires improving access to medication-
assisted treatment (MAT), the most effective treatment for problem opioid use. MAT
effectively reduces opioid use and its consequences including overdose, risk of HIV and
other blood-borne infections, crime, and mortality (Amato et al., 2005; Nosyk et al.,
2013). The term “MAT” refers to a comprehensive therapeutic approach to treating both
prescription opioid (PO) and heroin addiction through the use of pharmacotherapies,
usually methadone or buprenorphine, generally layered with counseling and other
health and social services (Fullerton et al,, 2014; Kresina, Litwin, Marion, Lubran, &
Clark, 2009; Nielsen, Larance, & Lintzeris, 2017). Compared to non-pharmacological
treatments, MAT shows better outcomes and cost-effectiveness (Connock et al., 2007;
Mattick, Breen, Kimber, & Davoli, 2009; Zarkin, Dunlap, Hicks, & Mamo, 2005). The
current opioid epidemic is driven by increased prevalence of PO use disorders, heroin
use, PO and heroin co-use, which is associated with poorer health and higher risk of
overdose relative to PO- and heroin-only use (Fischer, Patra, Cruz, Gittins, & Rehm,
2008; Han, Compton, Jones, & Cai, 2015; Jones, 2013; Mital, Windle, Cooper, & Crawford,
2018; Rigg & Monnat, 2015; Strang et al., 1999). Increased growth in the rate of opioid
use and overdose was observed in groups where it was historically low, including
among females, among non-Hispanic Whites compared to other race/ethnicities, and in
non-urban counties (Jones, 2013; Jones, Logan, Gladden, & Bohm, 2015; Paulozzi & Xi,
2008; Unick, Rosenblum, Mars, & Ciccarone, 2013). Recognizing its effectiveness,
experts call for expanded MAT access in response to the growing need (Blum, Gold,
Clark, Dushaj, & Badgaiyan, 2016; Volkow, Frieden, Hyde, & Cha, 2014). However,
continued growth of opioid-related overdose deaths suggests that the epidemic persists,

that MAT admissions do not reflect shifts in need for MAT services, and that individuals
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are not fully benefiting from MAT services (Hedegaard, Warner, & Minifio, 2018; Volkow et
al,, 2014).

Recent implementation of initiatives aiming to enable access to health services,
including substance abuse treatment, may have implications for increased MAT admissions,
but further investigation is required. Under the Affordable Care Act (ACA), states opted to
expand Medicaid to low-income adults under 138% of the federal poverty level (Kaiser
Family Foundation, 2017). Healthcare scholars expected Medicaid expansion to increase
treatment enrollment, since problem opioid use is prevalent in populations targeted by the
expansion and improved health insurance coverage reduces financial barriers related to
initiation of MAT (Busch, Meara, Huskamp, & Barry, 2013; McLellan & Woodworth, 2014;
Volkow et al,, 2014). However, studies link Medicaid expansion to an increase in MAT
prescriptions, but not admissions, likely due to the time needed to see an effect (Carr et al,,
2008; Maclean & Saloner, 2017; Wen, Hockenberry, Borders, & Druss, 2017). Now that
several years have passed since most states expanded Medicaid (Kaiser Family Foundation,
2017), an examination of MAT admission by state expansion status and individual health
insurance status will indicate the relationship between this policy and MAT admissions.

There is a lack of empirical evidence on subgroup-specific trends in MAT
admissions, which hinders efforts to overcome gaps in MAT access. For example, while
studies show increased frequency of MAT admissions since 1999, they do not report on
characteristics of these admissions. Moreover, studies document enrollment and retention
in MAT among co-users, but they do not assess whether MAT enrollment keeps pace with
the growth in co-use and shifts in characteristics of opioid users (Jones, Campopiano,
Baldwin, & McCance-Katz, 2015; Sigmon, 2014; Volkow et al., 2014). Previous literature
indicates that younger age, White race relative to other races, non-urban residence, lower

socioeconomic status, lack of health insurance and delayed admission are associated with

87



greater barriers to treatment enrollment (Deck & Carlson, 2004; Kwiatkowski,
Booth, & Lloyd, 2000; Peterson et al., 2010).

Treatment completion is an important but understudied indicator of
effective MAT use. Completion meaningfully measures long-term treatment
outcomes as those who drop out or are expelled from treatment usually relapse to
opioid use and associated risks (Fullerton et al., 2014; Zhang, Friedmann, &
Gerstein, 2003). Less than half of opioid users who initiate any type of treatment
complete it, and MAT-specific rates are likely to be lower given the stigma
associated with MAT, treatment costs, and length of treatment often required
(Saloner & Cook, 2013; Substance Abuse and Mental Health Services Administration,
2014). Treatment completion rates are lower for co-use compared to PO- and
heroin-only use among opioid users accessing office-based buprenorphine services,
a small proportion of all MAT programs (Alderks, 2017; Moore et al., 2007; Nielsen,
Hillhouse, Mooney, Ang, & Ling, 2013; Potter et al., 2013). In these studies,
treatment completion is associated with female sex, White race relative to other
races, younger age and higher SES (Moore et al., 2007; Neumann, Blondell, Azadfard,
Nathan, & Homish, 2013). The majority of MAT clients, nearly 60%, access services
in outpatient MAT programs, while the others access MAT in physicians’ offices,
inpatient programs, and detoxification settings. Therefore, information on
completion by demographics and opioid use type in outpatient MAT programs will
identify gaps in service delivery and inform targeting of efforts to overcome them
(Saloner & Karthikeyan, 2015; Substance Abuse and Mental Health Administration,
2014).

Changes to healthcare access under ACA and guidelines related to provider

screening and referral may influence treatment completion. By reducing the cost
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associated with treatment use, these initiatives might increase the likelihood of completing
treatment (Bao et al,, 2016; Gabay, 2015). In light of these changes, and greater involvement
with opioid-using patients, provider referrals may now be a useful strategy to improve MAT
completion rates (Dowell, Haegerich, & Chou, 2016; Strathdee & Beyrer, 2015). Historically,
provider referrals to MAT are not associated with treatment completion, but criminal
justice referrals are (Ali, Teich, & Mutter, 2017; Arndt, Acion, & White, 2013; Brady et al.,
2005; Magura, Nwakeze, & Demsky, 1998). Additionally, healthcare-related efforts to
increase MAT demand may create delays in admission. Delayed admission undermines and
individuals motivation for and confidence in services, therefore serving as a barrier to
completion as well as enrollment (Albrecht, Lindsay, & Terplan, 2011; Kaplan & Johri,
2000). An examination of the relationship between immediate admission and treatment
completion will identify subgroups that benefit from prioritized treatment on demand.

Andersen’s Behavioral Model of Health Services is a useful framework for exploring
subgroup-specific trends in MAT admissions and disparities in treatment completion. This
model examines service use as a function of need for care, enabling factors and
predisposing characteristics (Andersen & Aday, 1978; Andersen, 1995). Previous research
employs the model to examine service use among people who use drugs, including MAT use
(Andersen et al.,, 2000; Deck & Carlson, 2004; Maru et al., 2008). The demographics
associated with admission and completion can be explored as predisposing characteristics,
initiatives to increase access to healthcare access as enabling factors, and co-use of both POs
and heroin as an indicator of need. This analysis will identify gaps in service delivery,
inform strategies to increase MAT admissions among current opioid-using population and
improve completion rates among those with the greatest need.

Guided by Andersen’s Model, this study aims to 1) examine national trends in MAT

admissions across opioid use types (i.e. PO only, heroin only, and co-use) dimensions of
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healthcare access (i.e. Medicaid expansion status, health insurance coverage, referral
source, and immediate admission), and demographics; and 2) assess differences in
treatment completion by opioid use type and determine whether access to healthcare
influences this relationship. With the recent growth in co-use, evidence of the association
between co-use and poorer outcomes, and implementation of initiatives to increase access
to treatment, we hypothesize that the overall increase in admissions will mask slower
growth among co-users and other subgroups with growing rates of opioid use (e.g. females,
non-Hispanic Whites, non-urban residence). In terms of MAT completion, we hypothesize
that compared to PO-only use, treatment completion is less likely for co-use but dimensions
of healthcare access, including health insurance coverage and a healthcare provider referral,
strengthen treatment completion among co-users. Use of data across 12 years will provide
nationally relevant information on the disparities in MAT admissions and on enabling
factors that increase the likelihood of treatment completion. Findings will help target
strategies to improve MAT admission and completion. This is critical and timely given the
recent shifts in opioid use, access to healthcare through ACA, and policies to respond to
opioid use (Buck, 2011; Compton, Jones, & Baldwin, 2016).

2. Methods

2.1. Data sources

The Treatment Episodes Data Set (TEDS) is the Substance Abuse and Mental
Health Services Administration’s (SAMHSA) national census data system of annual
admissions to public and private substance abuse treatment facilities receiving
funds from the state or federal government and state-certification to provide
treatment (Substance Abuse and Mental Health Administration, 2013). TEDS does
not include treatment received in private physicians’ offices, facilities that do not

receive public funds, or emergency departments. At intake, treatment programs
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record the demographic, substance use, and treatment characteristics of each admission,
which SAMHSA made available as Treatment Episodes Dataset-Admissions (TEDS-A) from
1992 to 2015. Beginning in 2006, SAMHSA linked admissions data to discharge data,
included discharge information, and made the data available as Treatment Episodes
Dataset-Discharges (TEDS-D). Facilities in all 50 states and Washington, DC submit this data
to the federal government on a yearly basis. This study combined TEDS-A admission data
from 2004-2015 and TEDS-D discharge data from 2013, the last year available at the time of

submission.

2.2. Measures
2.2.1. Outcomes: MAT use

We examined MAT use in two ways. First, we examined frequency of MAT
admissions. We restricted analyses to admissions 1) among adults (aged 18 and older), 2)
where use of opioid medications was part of the treatment plan, 3) for use of opioids (i.e.
heroin and/or POs) and 4) in outpatient treatment settings. Outpatient settings constitute
over 90% of all opioid treatment programs (Substance Abuse and Mental Health
Administration, 2014). Although there is substantive interest in repeated treatment
admissions, this study is limited to first-time admissions only to maintain independence of
observations. Previous studies indicate similar treatment outcomes between first timers
and repeaters, suggesting generalizability to all treatment admissions (Cacciola, Dugosh, &
Camilleri, 2009; Magura et al., 1998).

Second, we examined MAT use as successful treatment completion. Discharge due to
treatment completion was compared to treatment dropout (i.e. patient left against
professional advice, was terminated by the facility or was incarcerated).

2.2.2. Exposure variables: Need, enabling factors and predisposing factors
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Indicator of need: Opioid use type. Clients self-report primary, secondary and
tertiary problem substance use at admission. We categorized opioid use type as PO
and heroin co-use when a client indicated both POs (e.g. non-prescription
methadone, buprenorphine, codeine, hydrocodone, hydromorphone, meperidine,
morphine, opium, oxycodone, pentazocine, propoxyphene, tramadol, and any other
drug with morphine-like effects) and heroin as a primary, secondary, or tertiary
problem substance. We defined heroin-only and PO-only opioid use where heroin
and POs, respectively, were the only opioids indicated at admission.

Enabling factors: Access to healthcare. We examined health insurance
coverage as covered (i.e. admissions with private or public [Medicaid, Medicare]
insurance) and not covered (i.e. clients reporting no health insurance coverage).

We relied on data from the Kaiser Family Foundation to construct our
Medicaid expansion variable. Variation in state-level expansion of Medicaid allowed
us to study patterns in treatment use by adoption status. Based on the location of
the MAT facility, Medicaid expansion indicates an admission or discharge in one of
the 25 states or Washington, DC where Medicaid expanded by the start of 2014
(Kaiser Family Foundation, 2017). This also includes states with approved Section
1115 waivers to implement Medicaid expansion (Kaiser Family Foundation, 2018).

We categorized referral to MAT as healthcare provider (referral from a
community program, alcohol/drug abuse care provider, or other healthcare
provider), court or criminal justice referral, or self/other referral (self, individual,
school, employer, or other).

Facilities report the number of days waiting from first contact or request for
service to provision of first clinical service. We defined immediate MAT access as

waiting zero days and delayed access as waiting one or more days. We classified
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delayed admission as waiting one or more days since it is associated with failing to initiate
or complete treatment and indicates that treatment demand exceeds capacity (Kaplan &
Johri, 2000).

Predisposing characteristics: Demographics. We included the following demographic
characteristics assessed at the time of admission: sex (male or female); age (18-25, 26-34,
35-49, and 50+); race (non-Hispanic White, non-Hispanic Black, non-Hispanic other, and
Hispanic); highest level of education (less than high school, high school graduate, college
graduate); employment status (employed, unemployed, not in labor force); and rurality
(non-urban, urban) of the treatment facility. To measure rurality, TEDS indicates whether a
treatment facility is located in a core-based statistical area (CBSA) with a population of at
least 10,000 people. Following the US Census Bureau definition (Ratcliffe, Burd, Holder, &
Fields, 2016), we define rurality as urban for admissions located in a CBSA and non-urban

for those not located in a CBSA.

2.3. Statistical analyses

We began the analyses with descriptive characteristics of the study population and
examined distributions across each exposure and outcome variable. We used data from
2004-2015 to compute trends in MAT admissions overall, and in each opioid use type,
access to healthcare, and demographic category. We examined the 12-year trends for each
variable and modeled percent change as the difference between the frequency of
admissions between 2015 and 2004. Using the Cochran-Armitage trend test (one-sided), we
tested linear change in frequency of admissions across time (Agresti, 2003). After
examining 12-year trends across each variable, we summarized using four-year intervals
and the last year of data available (2004, 2008, 2012 and 2015). This approach best
captured the major changes in admissions over time and synthesized the abundance of data.

To characterize MAT admissions by opioid use type, we used data from 2015 to compute
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frequencies across demographic and access to healthcare characteristics overall, and by
opioid use type. We used bivariate logistic regression models to assess the odds of
admission for co-use, compared to NMPO- and heroin-only use, across dimensions of
healthcare access and demographic characteristics.

We also used discharge data from 2013 TEDS-D to examine successful MAT
completion and began by removing observations discharged for another reason (i.e.
transferred to another facility, death, other), representing 1,333 (8.76%) discharges.
Bivariate analyses using chi-square tests assessed the relationship between treatment
completion and opioid use type, access to healthcare, and demographic characteristics.
To produce adjusted odds ratios for opioid use type and demographic variables, we
used multivariable logistic regression models that included all demographic, access to
healthcare, and opioid use type variables found significant in the bivariate analysis. For
each access to healthcare variable, we assessed the interaction between multivariable
opioid use type and healthcare access to determine whether the relationship between
treatment completion and healthcare access differed by opioid use type. The omnibus
test identified significant interaction terms and the simple slopes approach to probing
interactions produced stratified estimates at each level of opioid use type (Cohen,
Cohen, West, & Aiken, 2013). We did not use a multi-level modeling approach since our
data represent a census of states and admissions that meet TEDS criteria, rather than a
sample, and there was no substantive rationale for modeling random state-level effects
(Greenland, 2000; West, 2016). Significance was determined at p<0.05, and we

performed all analyses using SAS version 9.4 (SAS Institute, Cary, NC).
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3. Results

3.1. MAT admissions

Overall, there were 299,833 first time, outpatient MAT admissions among individuals
reporting opioid use from 2004 to 2015. The number of admissions increased 143% from
18,141 in 2004 to 44,086 in 2015, with the largest increase occurring from 2014 to 2015.
The proportion of all first time, outpatient treatment admissions that used MAT as part of

the plan also increased 122% from 6.17% in 2004 to 13.69% in 2015.

Need. The number of admissions increased in every category of opioid use type, but
the greatest increase was among PO-only (287%; p for linear trend <0.001), followed by PO
and heroin co-use (128%; p for linear trend <0.001) and heroin-only use (117%; p for
linear trend <0.001). Most MAT admissions were for heroin-only use (Figure 1). The
proportion of MAT admissions for heroin-only use decreased 8% from 2004 to 2015, while
itincreased 8% for PO-only use, and remained stable (between 10-15%) in the co-use
group.

Enabling factors. In 2004, MAT admissions were roughly split by health insurance
coverage status but among those with health insurance, admissions grew 419% and made
up 88% of all admissions by 2015. Individuals without health insurance were the only
group with decreased MAT admissions. The frequency of MAT admissions rose 161% in
states that adopted Medicaid expansion and stayed stable in states without expansion. From
2004-2015, the majority of admissions were among those in Medicaid expansion states (81-
95%), those with self or other referrals (78-82%). Admissions referred by healthcare
providers grew 139%, compared to a 48% and 155% growth in criminal justice and

self/other referral, respectively. The frequency of immediate and delayed admissions
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increased 852% and 180%, respectively, and 83% of admissions experienced
treatment on demand in 2015.

Predisposing characteristics. Non-urban admissions constituted 5% of all
admissions in 2004 and grew 2,112% to make up just under half of all admissions
by 2015. In terms of age, MAT admissions grew the most (223%) among 26-34 year
olds to constitute 37% of all admissions by 2015 while the proportion of admissions
either decreased or remained stable among the other age groups (18-23, 35-49 and
50+). From 2004 to 2015, most MAT admissions were among males (56-64%), non-
Hispanic whites (60-70%), those with high school diplomas/some college education
(45-52%), never married individuals (55-68%), and those not employed or in the
labor force (66%-73%). The only group without a significant linear trend in
frequency was those not in labor force. (Table 1).

Table 2 details differences in predisposing characteristics and enabling factors of
2015 MAT admissions by type of opioid use. Compared to PO- and heroin-only use, MAT
admissions for co-use are significantly less likely to be in Medicaid expansion states,
covered by health insurance, and experience immediate admission. Referrals from
healthcare providers and the criminal justice system were more likely among
admissions for co-use, compared to heroin-only use. Admissions for co-use significantly
differed from those for PO- and heroin-only use according to sex, age, race/ethnicity,
rurality, and employment status. Compared to PO-only and heroin-only use, admissions
for co-use were more likely to be under age 50 (compared to age 50+), non-Hispanic
White (compared to non-Hispanic Black), in urban facilities (compared to non-urban),
and unemployed (compared to employed). With regard to sex, compared to co-use
admissions, those for PO-only use were more likely to be female and those for heroin-

only were more likely to be male. Compared to heroin-only use admissions, co-use
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admissions were more likely to be college graduates, compared to less educational

attainment.

3.2. Successful treatment completion

In 2013, there were 13,883 first-time admissions discharged from MAT, representing
22.79% of discharges. In analyses adjusting for predisposing, enabling and need factors,
odds of MAT completion were significantly lower for heroin-only use (AOR 0.70, 95% CI
0.54, 0.90) but not significantly different for PO-only use, compared to discharges for co-
use. Healthcare (AOR 1.37,95% CI 1.26, 1.48) and criminal justice referrals (AOR 2.27, 95%
CI 1.96, 2.63), compared to self/other referral, were significantly associated with increased
odds of treatment completion. Medicaid expansion (AOR 0.48, 95% CI 0.39, 0.59) was
associated with decreased odds of treatment completion overall. In terms of predisposing
factors, age was the only demographic characteristic not associated with treatment
completion while odds of completion were significantly higher among female, non-Hispanic
white (compared to non-Hispanic blacks), urban, college educated (compared to less than
high school graduated), and employed (compared to unemployed) admissions (Table 3).

Opioid use type significantly moderated the relationship between treatment completion
and Medicaid expansion, referral source and immediate admission (Table 4). In states with
Medicaid expansion, treatment completion was less likely overall (AOR 0.53,95% CI1 0.37,
0.74), but Medicaid expansion was not significantly associated with completion for PO-only
and co-use. For both PO-only and heroin-only use, healthcare referrals (PO-only: AOR 2.64,
95% CI 1.90, 3.67; heroin-only: AOR 2.53,95% CI 1.72, 3.73) were most predictive of
treatment completion. For co-use, criminal justice referral (AOR 5.36, 95% CI1 4.01, 7.16)
was the greatest predictor of treatment completion. The relationship between health

insurance coverage and treatment completion was not significant overall, or for any
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category or opioid use. Immediate admission was associated with completion among for

heroin-only use (AOR 1.33,95% CI 1.04, 1.72) but not for other types of opioid use.

4. Discussion

From 2004-2015, enrollment in outpatient MAT services increased substantially,
with notable differences by opioid use type. Guided by the Behavioral Model of Health
Services, we explored trends in MAT admissions and factors related to successful MAT
completion, compared to dropout. Per the model, we explored these outcomes with
demographics as predisposing factors, type of opioid use as an indicator of need, and
dimensions of healthcare access as enabling factors (Andersen & Aday, 1978; Deck &

Carlson, 2004).

4.1. Predisposing factors

Admissions in rural areas grew more than any other subgroup, which is consistent
with facility-level data regarding the reduced shortage of MAT facilities in non-urban
counties (Dick et al., 2015) and shows progress toward meeting the need for improved
treatment availability in rural areas. Barriers to providing those services include
physical access and transportation issues and this increase may signal that efforts to
overcome these barriers are starting to work (Keyes, Cerda, Brady, Havens, & Galea,
2014; Kuehn, 2014; Paulozzi & Xi, 2008). However, the odds of successful treatment
completion were significantly higher in urban settings, calling for additional measures
to address barriers to retention in non-urban settings. These may include reducing
travel time and the frequency of visits by providing take-home dosing and integrating
mobile technologies that provide psychosocial and adherence support at a distance
(Hall et al., 2014; Sigmon, 2014). These findings highlight a need to evaluate barriers to

MAT completion in non-urban settings and strategies to address them.
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Our findings were also consistent with past literature on differences in demographic
characteristics of admissions by opioid use type. The majority of MAT admissions are
among non-Hispanic Whites and admissions for co-use were more likely to be non-Hispanic
White, compared to heroin- and PO-only, aligning with dynamic patterns in use (Pouget,
Fong, & Rosenblum, 2017). Findings regarding sex aligned with previous work; compared to
admissions for co-use, those for PO-only use are more likely to be female and those for
heroin-only use are more likely to be male (McCabe et al., 2013; Potter et al., 2013).
Diverging from previous studies, we found that males were less likely than females to
complete treatment (Gundel, Allen III, Osborne, & Shwayhat, 2017). Sex-disaggregated
analyses by opioid use type are required to distill sex-specific disparities and to target
services that improve treatment outcomes. We also demonstrate the importance of
education and employment for treatment completion, particularly among those accessing
publicly funded treatment facilities. These factors are dimensions of socioeconomic status,
which is associated with facilitators of treatment retention, including treatment costs,

transportation and a support network (Albrecht et al., 2011).

4.2. Need

In response to growing rates in PO abuse and heroin use, the increasing trend in MAT
admissions from 2004 to 2015 demonstrates headway in fighting the opioid epidemic.
Policies and programs that expand access must continue. The overall positive trend masks
slower growth in some subgroups, underscoring the importance of subgroup-specific
analyses. We observed the largest growth in MAT admissions among those reporting PO-
only use. Both the frequency and proportion of admissions among co-users grew, but at a
slower rate. Co-users are the fastest growing subgroup of opioid users, so strategies to
improve MAT access should make concerted efforts to focus on those who co-use (Mital et

al,, 2018). Compared to co-users, heroin-only users are more likely to enroll in MAT and
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dropout, while PO-only users have higher odds of treatment completion, highlighting
the need for different strategies to improve treatment use for different groups of opioid
users (Gundel et al., 2017).
4.3. Enabling factors

These analyses with data through 2015 confirm that it takes time to see changes in
MAT enrollment as a function of Medicaid expansion (Carr et al., 2008; Maclean &
Saloner, 2017). Our findings show that growth in MAT admissions occurred in tandem
with an increase in the number of facilities providing MAT, growth in funding for MAT
prescriptions, and implementation of federal initiatives to improve healthcare access
(Alderks, 2017; Clemans-Cope, Epstein, & Kenney, 2017). This is particularly evident in
the substantial increase from 2014 to 2015, which parallels adoption of Medicaid
expansion by 25 states and Washington, DC by the start of 2014 (Kaiser Family
Foundation, 2017). We found that MAT admissions grew among those with health
insurance coverage. This complements increased prevalence of health insurance
coverage among those with substance abuse issues, including heroin abuse, a likely
effect of Medicaid expansion (Jones, Logan, et al.,, 2015; McLellan & Woodworth, 2014;
Volkow et al., 2014). The decline in admissions among those not covered by health
insurance highlights an emerging gap in access for the uninsured (Barry & Huskamp
2011; Feder et al., 2017). Continued systems-level initiatives to make evidence-based
treatment of problem opioid use at low or no cost would further expand access
(D’Onofrio et al., 2015). We found no association between insurance status and
successful MAT completion. Use of data from publicly funded treatment facilities may
have muted the effect, as private insurance is associated with treatment success in prior
research, likely because subsidized cost is associated with retention and publicly funded

treatment programs offer services at a subsidized rate (Maclean & Saloner, 2017).
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Finally, findings related to referral source and immediate admission are consistent with
previous studies and have important public health implications. The small proportion of
MAT admissions referred from healthcare providers in our sample may be due to provider
preference to refer patients to detoxification or rehabilitation services or to substance use
treatment programs integrated into general healthcare (Gryczynski, Schwartz, Salkever,
Mitchell, & Jaffe, 2011). The latter was part of ACA efforts to improve availability of
treatment, including office-based buprenorphine, which TEDS does not capture (Maclean &
Saloner, 2017). While referrals from healthcare providers are less likely among admissions
for co-use, compared to PO-only admissions, the relationship between referrals from
healthcare providers and treatment completion is strongest for co-use, compared to PO-
and heroin only-use. These findings point to the importance of screening for use of multiple
substances in healthcare settings and referring those with poly-substance use problems to
treatment. Facility-level data on increased capacity of MAT underscore our results related
to the increased number and proportion of MAT admissions immediately admitted
(Alderks, 2017). These findings are encouraging, as treatment on demand predicts
treatment success, particularly for co-use. The higher likelihood of delayed admission
among co-users compared to PO and heroin only use, found here and in previous studies
(Gryczynski et al., 2011), requires further investigation. We found that immediate
admission positively affects treatment completion among heroin-only, so treatment
programs and referral sources should prioritize this group for treatment on demand.

4.4. Limitations

This study has several limitations. Although we used a large, national survey of annual
admissions and discharges, state-level reporting was incomplete and 5.76% of admissions
did not indicate whether use of opioid medications were part of the treatment plan. Only

substance abuse treatment facilities receiving public funds and state certification to provide
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treatment are required to submit data to TEDS. Therefore, findings do not include all
MAT use. The inability to describe admissions in private treatment facilities and
determine any differences from those accessing publicly funded MAT is a significant
limitation to generalizability. In 2002, FDA began permitting physicians who obtain
specialized training and a waiver to prescribe buprenorphine outside of substance
abuse treatment facilities and in take-away doses, which is associated with improved
retention. Therefore, these findings underestimate new MAT admissions and the
relationship with access to healthcare, as those with access to healthcare through
insurance may be more likely to initiate MAT in a physician’s office. Future research
should explore the relevancy of findings to clients who access MAT outside of publicly
funded facilities.

The variables available in TEDS served as another limitation. According to
Andersen’s model, systems- and facility-level characteristics influence use of health
services (Andersen, 1995). However, factors such as facility size, patient-to-provider
ratio, and service offerings are not included in TEDS. Variables such as length of
retention in MAT and outcomes of treatment including reduced opioid use may be
better measures of MAT success, but are not available in TEDS. We could only assess
whether health insurance covered the individual admitted, not necessarily the
treatment admission, highlighting the need to compare our findings against studies
that directly assess use of health insurance to access MAT. Residual confounding
may also be an issue as we are limited to variables available in these data sources. In
the future, variables available from other data sources may improve exploration of
additional predisposing, enabling and need factors associated with treatment use.
Use of serial, cross-sectional data limits our ability to make conclusions about

individual trends or within-person patterns over time.
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Finally, states are encouraged, but not required, to report the number of days between
first patient contact and delivery of the first clinical service following admission. Therefore,
it is possible that programs with long waiting lists were less likely to report this information
resulting in findings that represent a subset of treatment programs. Requiring reporting of

admission delays would improve generalizability.

4.5. Conclusion

Despite these limitations, this study makes a meaningful contribution by describing
recent trends in MAT enrollment and completion and establishing relationships between
improved access to healthcare and these indicators of MAT use. Trends in opioid use are
dynamic. MAT is a valuable component of a more comprehensive approach to prevent and
respond to increased problem use and related outcomes. These findings highlight gaps in
service delivery, including the need to improve MAT access among people who co-use POs
and heroin, a growing and understudied group of opioid users. Findings point to policies

and interventions with potential to tackle the opioid epidemic.
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5. Tables and Figures
Figure 1. MAT admissions overall and by problem opioid use type—2004-2015, TEDS-A

MAT admissions

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000
0

[

2004 2005 2006

I NV PO and heroin

2007

2008

2009

C——1 NMPO only

105

2010 2011

[ Heroin only

& - lo|— o —oT

2012 2013 2014 2015

o= @= All MAT admissions

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

% MAT admissions



Table 1. Problem opioid use type, demographic, and access to healthcare characteristics among
MAT admissions—2004-2015, TEDS-A

2004 2008 2012 2015 % change p-value
N (%) N (%) N (%) N 20 trend
All MAT admissions 18,141 23,581 23,742 44,086 143%  <0.001
Need: Problem opioid use
type
PO only 3,178 (18) 8,035 (34) 8,789 (37) 11,367 (26) 258%  <0.001
Heroin only 12,973 (72) 12,330 (49) 11,432 (48) 28,173 (64) 117%  <0.001
PO and heroin 1,990 (11) 3,216 (14) 3,521 (15) 4,546 (10) 128% <0.01
Predisposing characteristics
Sex
Male 11,159 (62) 14,047 (60) 13,387 (56) 24,566 (56) 120%  <0.001
Female 6,978 (38) 9,528 (40) 10,355 (44) 19,514 (44) 180%  <0.001
Age
18-25 2,836 (16) 4,812 (20) 4,798 (20) 5710 (13) 101%  <0.001
26-34 5017 (28) 7,718 (33) 9,114 (38) 16,194 (37) 223%  <0.001
35-49 5281 (29) 5217 (22) 4,440 (19) 8,976 (20) 70%  <0.001
50+ 5,007 (28) 5834 (25) 5390 (23) 13,206 (30) 164% <0.01
Race/ethnicity
NH white 10,810 (60) 15,680 (67) 16,569 (70) 26,983 (64) 150% <0.001
NH black 3,579 (20) 2,886 (12) 2,553 (11) 8,235 (19) 130% <0.001
NH other 645 (4) 883 (4) 981 (4) 1,486 (4) 130% <0.001
Hispanic 3,073 (17) 3,979 (17) 3,559 (15) 5542 (13) 80%  <0.001
Rurality
Non-urban 954 (5) 1,645 (7) 3,242 (14) 21,104 (48) 2,112%  <0.001
Urban 17,187 (95) 21936 (93) 20,500 (86) 22982 (52) 34%  <0.001
Education
Less than HS 6,113 (34) 7,182 (31) 6,723 (29) 11,088 (28) 81% <0.001
HS graduate/Some college 8,036 (45) 10,926 (47) 10,923 (47) 20,362 (52) 153%  <0.001
College grad 3,702 (21) 5068 (22) 5,555 (24) 7,815 (20) 111% <0.01
Employment status
Employed 5669 (32) 7,869 (34) 6,323 (27) 11,989 (27) 111%  <0.001
Unemployed 5,340 (30) 8,004 (34) 9,779 (42) 15,771 (36) 195% <0.001
Not in labor force 6,789 (38) 7,433 (32) 7,382 (31) 16,119 (37) 137% NS
Marital status
Currently/previously
married 5776 (45) 7,531 (43) 6,392 (40) 9,941 (32) 72% <0.001
Never married 7,073 (55) 9,910 (57) 9,683 (60) 20972 (68) 197%  <0.001
Enabling factors
Health insurance coverage
Covered 3,934 (48) 4,235 (44) 4,740 (56) 20,428 (88) 419%  <0.001
Not Covered 4,314 (52) 5,365 (56) 3,670 (44) 2,725 (12) -37%  <0.001
Medicaid expansion
Yes 16,110 (89) 19,212 (81) 20,856 (88) 41,996 (95) 161%  <0.001
No 2,031 (11) 4,369 (19) 2,886 (12) 2,090 (5) 3% <0.001
Referral source
Healthcare 2,798 (15) 3,547 (14) 3,249 (14) 6,682 (15) 139%  <0.001
Criminal justice 755 (4) 667 (3) 654 (3) 1123 (3) 48%  <0.001
Self/other 14,160 (78) 18,980 (80) 19,468 (82) 36,106 (82) 155%  <0.001
Immediate admission
Yes 3,044 (59) 10,317 (71) 11,866 (70) 28,968 (83) 852%  <0.001
No 2,095 (41) 4,184 (29) 5133 (30) 5872 (17) 180%  <0.001

Proportions may not sum to 100% due to rounding; NS = Not significant at p<0.05.
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Table 2. Demographic and access to health care characteristics among MAT admissions, and

differences by opiate use type—TEDS-A, 2015, N=44,086

Characteristic

PO-only (PO)

Heroin-only

(HO)

N=11,367 (%) N=28,173 (%)

PO & heroin

(CO)

N=4,546 (%)

COvs PO

OR (95% CI)

COvs HO

OR (95% CI)

Predisposing characteristics

Sexa
Male 5162 (45) 16,862 (60) 2,542 (56) 1.53 (1.42,1.63) 0.85 (0.80,0.91)
Female 6204 (55) 11,306 (40) 2,004 (44) Ref Ref
Age
18-25 1316 (12) 3,581 (13) 813 (18) 2.26 (2.00,2.55) 3.26 (2.93,3.64)
26-34 4,829 (42) 9,166 (33) 2,199 (48) 1.67 (1.51,1.84) 3.45 (3.15,3.77)
35-49 2,683 (24) 5,453 (19) 840 (18) 1.15(1.02,1.28) 2.21 (1.99,2.46)
50+ 2,539 (22) 9,973 (35) 694 (15) Ref Ref
Race/ethnicity®
NH black 1,106 (10) 6,903 (26) 226 (5) 0.46 (0.40,0.54) 0.13 (0.12,0.15)
NH other 407 (4) 895 (3) 184 (4) 1.03 (0.86,1.23) 0.84 (0.72,0.99)
Hispanic 916 (8) 4,228 (16) 398 (9) 0.99 (0.87,1.12) 0.39 (0.35,0.43)
NH white 8,323 (77) 14,994 (55) 3,666 (81) Ref Ref
Rurality
Urban 5,369 (47) 14,710 (52) 2903 (64) 1.97 (1.84,2.12) 1.62 (1.52,1.73)
Non-urban 5,998 (53) 13,463 (48) 1,643 (36) Ref Ref
Education®
Less than HS 2,178 (23) 7,842 (31) 1,068 (24) 1.02 (0.92,1.13) 0.51 (0.46,0.56)
HS graduate/ Some 5,039 (52) 13,070 (52) 2,253 (50) 0.93 (0.85,1.01) 0.64 (0.59,0.69)
college
College grad 2,388 (25) 4,277 (17) 1,150 (26) Ref Ref
Employment statusd
Unemployed 3,634 (32) 10,460 (37) 1,677 (37) 1.19 (1.09,1.29) 0.69 (0.61,0.75)
Not in labor force 3,773 (33) 11,017 (39) 1,329 (29) 0.91 (0.83,0.99) 0.52 (0.48, 0.56)
Employed 3,907 (34) 6,561 (23) 1,521 (34) Ref Ref
Enabling factors: Access to healthcare
Health insurance coverage® 5,479 (90) 13,771 (89) 1,178 (76) 0.37 (0.32,0.43) 0.41 (0.36,0.47)
Medicaid expansion 10,377 (91) 27,527 (98) 4,092 (90) 0.86 (0.77,0.97) 0.21 (0.19, 0.24)
Healthcare referralf 2,267 (20) 3,667 (13) 748 (17) 0.79 (0.72,0.87) 1.31 (1.22,1.45)
Criminal justice referralf 334 (3) 661 (2) 128 (3) 0.92 (0.75,1.13) 1.26 (1.04,1.53)
Immediate admissions 7,180 (82) 19,826 (85) 1,962 (73) 0.60 (0.54,0.67) 0.49 (0.44, 0.51)

aSex missing for 6 (0.02% of) MAT admissions
b Race missing for 1,840 (4.17% of ) MAT admissions
¢ Education missing for 4,821 (10.94% of) MAT admissions

4 Employment status missing for 207 (0.47% of) MAT admissions

e Health insurance coverage missing for 20,933 (41.62% of) MAT admissions
fReferral source missing for 504 (1.14% of) MAT admissions; Reference group is self/other referral source.

g Delayed admission missing for 9,246 (20.97% of) MAT admissions

Proportions may not sum to 100% due to rounding.

Bolded values indicate p<0.05.
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Table 3. Association of opioid use type and demographics with successful MAT completion—

2013 TEDS-D, N=13,883

Characteristic All discharges Completed X2 p-
N (%) N (%) value AOR (95% CD)*
All MAT admissions 13,883 (100) 3,164 (22.79) - - -
Need: Problem opioid use type
PO only 3,934 (29.16) 1,135 (37.83) <0.05 1.19 (0.93,1.51)
Heroin only 7,641 (56.64) 1,460 (48.67) 0.70 (0.54, 0.90)
PO and heroin 1,916 (14.20) 405 (13.50) Ref
Predisposing characteristics: Demographics
Sex
Male 8,318 (59.92) 1,838 (58.09) <0.05 0.79 (0.65,0.94)
Female 5,563 (40.07) 1,324 (41.85) Ref
Age
18-25 2,758 (19.91) 690 (21.91) <0.05 0.74 (0.54,1.01)
26-34 5,183 (37.42) 1,239 (39.35) 0.76 (0.56,1.00)
35-49 2,572 (18.57) 530 (16.83) 0.90 (0.67,1.21)
50+ 3,337 (24.09) 690 (21.91) Ref
Race/ethnicity
NH black 1,773 (12.83) 241 (7.66) <0.05 0.44 (0.31,0.62)
NH other 625 (4.52) 130 (4.13) 0.67 (0.35,1.29)
Hispanic 2,398 (17.35) 543 (17.25) 1.01 (0.71, 1.43)
NH white 9,025 (65.30) 2,234 (70.97) Ref
Rurality
Urban 12,191 (87.81) 379 (11.98) 0.68 1.31 (1.03,1.68)
Non-urban 1,692 (12.19) 2,785 (88.02) Ref
Education
Less than HS 4,032 (29.53) 713 (22.97) <0.05 0.60 (0.46,0.77)
HS graduate/ Some college 6,701 (49.08) 1,629 (52.48) 0.84 (0.67,1.05)
College grad 2,921 (21.39) 762 (24.55)) Ref
Employment status
Unemployed 3,687 (26.81) 1,027 (32.72) <0.05 0.81 (0.65,0.99)
Not in labor force 5,546 (40.33) 1,186 (37.78) 0.93 (0.72,1.20)
Employed 4,518 (32.86) 926 (29.50) Ref

Analyses completed after removing observations missing discharge reason variable (0.9%

observations).

Multivariable logistic regression calculated with treatment dropout as reference (Ref) category.

Bolded values indicate p<0.05.

*AORs are adjusted for variables significant in bivariate analyses, including enabling factors listed in

Table 4.
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Table 4. Association between access to healthcare and successful MAT completion, stratified by opioid use type—2013 TEDS-D,

N=13,883

Enabling factors: Access to

healthcare

All discharges

N (%)

Completed X2 p-

All opioids

AOR (95% CI)*

PO-only

AOR (95% CI)*

Heroin-only

AOR (95% CI)*

Co-use

AOR (95% CI)*

Health insurance coverage

Covered
Not covered

Medicaid expansion state

Yes
No

Referral source
Healthcare

Criminal justice

Self/other

Immediate admission

Yes
No

2,173
2,624

12,731
1,120

1,729
526
11,425

7,273
2,515

521 (54.33)
438 (45.67)

(91.91) 2,819 (89.21)
341 (10.79)

470 (15.05)
(83.52) 2,434 (77.96)

(74.31) 1,856 (78.38)
512 (21.62)

0.98 (0.81, 1.19)
Ref

0.48 (0.39, 0.59)**
Ref

2.55 (2.03, 3.22)
4.10 (2.93,5.75)**
Ref

0.90 (0.75, 1.08)**
Ref

0.88 (0.70, 1.09)
Ref

0.90 (0.71, 1.14)
Ref

2.64 (1.90,3.67)
2.40 (1.24,4.64)
Ref

0.76 (0.56, 1.03)
Ref

1.03 (0.80, 1.32)
Ref

0.53 (0.37,0.74)
Ref

2.53 (1.72,3.73)
2.35 (1.30,4.23)
Ref

1.33 (1.04, 1.72)
Ref

1.02 (0.76,1.35)
Ref

0.90 (0.64,1.27)
Ref

3.30 (1.97,5.53)
5.36 (4.01,7.16)
Ref

1.24 (0.85,1.80)
Ref

Analyses completed after removing observations missing discharge reason variable (0.9% observations).

Multivariable logistic regression calculated with treatment dropout as reference (Ref) category.
Bolded values indicate p<0.05.

*AORs are adjusted for variables significant in bivariate analyses, including predisposing factors listed in Table 3.
**Moderation significant at p<0.05.
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Chapter 5: Summary and conclusions

1. Rationale for research

The current opioid epidemic demonstrates that trends in opioid use and
related outcomes are dynamic and require continuous monitoring to determine the
most appropriate response strategies (Centers for Disease Control and Prevention,
2012; Hedegaard, Warner, & Minifio, 2018). Studies document increased non-
medical prescription opioid (NMPO) and heroin use, transition from NMPO-only to
heroin use when supply of prescription opioids is limited, and subsequent co-use of
both opioids (Maclean & Saloner, 2017; Mars, Bourgois, Karandinos, Montero, &
Ciccarone, 2014; Rigg & Monnat, 2015). Transition and co-use are concerning and
associated with poorer physical and mental health, less engagement in health
services, and a greater risk of overdose (Fischer, Patra, Cruz, Gittins, & Rehm, 2008;
Rigg & Monnat, 2015; Strang et al., 1999). While medication-assisted treatment
(MAT) is highly effective in treating problem opioid use and reducing risk of
overdose and death, the epidemic’s response efforts focus on limiting the supply of
prescription opioids (POs) and gaps in MAT access persist (Fullerton et al., 2014;
Jones, Campopiano, Baldwin, & McCance-Katz, 2015; Mattick, Breen, Kimber, &
Davoli, 2009; Volkow, Frieden, Hyde, & Cha, 2014). However, we lacked empirical
evidence on the growth in and characteristics of co-use and whether changes in
MAT admissions reflect the shifts in populations affected by opioid use. Additionally,
gaps in our knowledge of factors related to transition and successful treatment
completion hindered the design and targeting of interventions to prevent transition
and improve long-term outcomes treatment among opioid users. In response to

these gaps, we investigated emerging trends in opioid use, factors related to
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transition, corresponding trends in MAT access and correlates of treatment completion. In
this chapter, we summarize the aims and findings of this research, present implications for
public health practice, and discuss the strengths and limitations of this research along with

implications for future studies.

2. Summary of aims and main findings

First, we used the National Surveys on Drug Use and Health (NSDUH) to describe
trends in opioid use. Driven by trend theory, we described trends by the type of opioid used.
To improve our understanding of the characteristics related to co-use of NMPO and heroin,
we also described trends across demographics, non-opioid substance using behaviors, and
mental health characteristics. Consistent with recent evidence of transition and our
hypothesis, we found that co-use grew 248% from 2003-2014, while prevalence of opioid
use overall decreased six percent. In 2014, the number of co-users was more than two times
the number of heroin-only users. The prevalence of co-use grew in every demographic,
substance use, and mental health subgroup that we examined. By 2014, the highest
prevalence of co-use occurred in those who reported no health insurance, unemployment, a
major depressive episode (MDE) or psychological distress in the past year, and use or abuse
of illicit drugs other than opioids in the past year.

Also using NSDUH, we examined transition from NMPO to heroin and co-use of both
opioids in more detail, organized by the socio-ecological model (SEM). To our knowledge,
this is the first study to explore transition in a nationally representative sample of adults
and include factors beyond the individual level. Given the interconnectedness of increased
NMPO and heroin use, we examined whether interpersonal- and individual-level factors
related to increased NMPO use are related to transition and co-use. At the interpersonal
level, obtaining POs from a provider compared to obtaining them illicitly and perceiving risk

of heroin use as less than great compared to great or more were associated with increased
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odds of transition. Individual-level characteristics associated with transition include
being without health insurance coverage and perceiving heroin as easy to obtain.
Male sex, non-Hispanic White race/ethnicity and under-employment were
demographics associated with transition, along with younger age of NMPO
initiation, use of non-opioid illicit drugs and psychological distress.

Lastly, we explored trends in MAT admissions and correlates of treatment
completion using data from the Treatment Episodes Datasets (TEDS), which
includes admissions and discharge data from publicly-funded and state-certified
treatment facilities. Guided by the Behavioral Health Model, we examined
demographics as predisposing factors, dimensions of access to healthcare as
enabling factors, and opioid use type as an indicator of need. We found that from
2004 to 2015, MAT admissions increased 143% but the proportion of admissions
for co-use remained relatively stable over time (between 10-15% of admissions).
While admissions for all demographic groups increased, the highest growth was
among non-urban admissions (2,112% growth). We observed differences in
treatment completion by the type of opioid used where admissions for heroin-only
use were less likely to complete treatment, compared to those for co-use. We also
found differences in the relationship between healthcare access and treatment
completion by opioid use type where referral source was the strongest predictor of
treatment completion for co-use, while immediate treatment relative to delayed
only predicted treatment completion for heroin-only use.

This was the first in-depth examination into NMPO and heroin co-use with a
focus on responding to the opioid epidemic by improving our understanding of MAT
access. Overall, we found that trends in and characteristics of opioid use and MAT

treatment utilization differ by opioid use type. This underscores the need for
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independent investigation into each category of opioid use, instead of grouping NMPO and
heroin use together or studying them separately, as many studies do. By distilling opioid
use by type, we uncovered substantial growth in co-use, despite a slight decrease in opioid
use overall. We also revealed an unchanged proportion of MAT admissions for co-use while
MAT use overall increased drastically. These nuances have important implications for

public health practice.

3. Practical implications

Our findings inform targeted interventions and policies to reduce opioid use. One
such intervention is improving screening practices that identify patients before the onset of
problem use, which includes transition, abuse, and dependence. Aligning with previous
studies, we found that transition and co-use are associated with co-morbidity, compared to
NMPO- and heroin-only use (Fischer et al.,, 2008; Rigg & Monnat, 2015). Therefore, routine
screening at service delivery points including mental health services, primary care and
emergency departments is important. Expanding on current prescribing guidelines,
screening practices should assess for poly-drug use, including use of more than one type of
opioid, and prioritize referrals to treatment for those reporting use of multiple substances
(Dowell, Haegerich, & Chou, 2016). For those prescribed opioids, frequent interaction with
healthcare providers can lead to primary and secondary prevention of more problematic
opioid use. Healthcare providers can also deliver messaging on the risks and benefits
associated with opioid use. Pharmacists may be a good source of these messages, as they
interact with patients just prior to PO use. Screening for initiation of NMPO use is
particularly important for adolescents. The relationship between initiating NMPO use
before adulthood and risk of transition calls for adolescent-focused interventions, prior to
NMPO initiation, as these may prevent NMPO use, problem use, and related outcomes

(Cerda, Santaella, Marshall, Kim, & Martins, 2015; Lankenau et al., 2012).
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Evidence of transition to heroin among NMPO-only users, the growth in co-
use, the high prevalence of other illicit drug use among co-users suggests
vulnerability and that people with problem opioid use seem to use whatever they
have access to (Al-Tayyib, Koester, & Riggs, 2017; Cicero, Ellis, & Harney, 2015). Our
findings align with previous studies arguing that supply-side interventions drive
transition and heroin use (Cicero, Ellis, & Surratt, 2012; Unick, Rosenblum, Mars, &
Ciccarone, 2013). In response, interventions should focus on demand reduction by
promoting and expanding access to MAT. They should target subgroups at higher
risk of transition and those with disproportionately low rates of MAT use.
Communications campaigns can facilitate access to harm reduction interventions by
tempering perceptions of drug availability and related harms with messages that
improve social norms around MAT and educating the public on its accessibility
(Schuchat, Houry, & Guy, 2017).

Our most promising finding, the substantial growth of MAT admissions for
non-urban residing opioid users, speaks to some progress in addressing the current
opioid epidemic through expanded access to demand reduction interventions (Dick
etal,, 2015; Keyes, Cerda, Brady, Havens, & Galea, 2014; Kuehn, 2014). We must
learn from and build on these successes to redress current disparities in MAT
access. However, we also highlight severe gaps in MAT service delivery where the
trends in MAT admissions for several subgroups do not reflect improvement in the
prevalence of opioid use. We see this most clearly for co-use, where prevalence of
use grew substantially, but the proportion of MAT admissions for co-use remained
stable. In terms of race/ethnicity, growth in MAT admissions was highest for non-
Hispanic Whites while co-use increased much more for other race/ethnicities than it

did for non-Hispanic Whites, consistent with findings from previous studies (Han,
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Compton, Jones, & Cai, 2015; Martins, Santaella-Tenorio, Marshall, Maldonado, & Cerd3,
2015). This is also consistent with evidence of poor treatment engagement among poly-
drug users and racial and ethnic minority groups, who may have higher rates of co-
occurring health disorders (Elwy, Ranganathan, & Eisen, 2008). Receipt of MAT in primary
care settings rather than specialty mental health and substance use clinics may address
barriers to treatment success and may already be occurring among these populations, and
future studies should assess this (Alderks, 2017; Baxter, Clark, Samnaliev, Leung, &
Hashemi, 2011; Bonhomme, Shim, Gooden, Tyus, & Rust, 2012).

We found that MAT discharge due to treatment completion was relatively low as it
made up only 23% of discharges among first-time admissions. This means that the majority
of MAT enrollees drop out at some point, do not fully benefit from MAT, likely resume risky
drug-using behaviors, and are at risk of associated harms including overdose (Fullerton et
al,, 2014; Zhang, Friedmann, & Gerstein, 2003). This, and the fact that opioid use often
occurs in groups, make current and previous MAT patients prime recipients for overdose
education and prevention interventions (Strang, Best, Man, Noble, & Gossop, 2000; Tai &
Volkow, 2013). As not to undermine treatment goals, MAT program staff can deliver them
as bystander interventions, training patients to avoid overdose, identify signs of overdose,
and respond to another person’s overdose event through timely administration of naloxone.
MAT programs could prioritize delivery of these interventions among those at higher risk of
dropout, including heroin and co-users, males, and those with a non-urban residence. Since
poly-drug use is a risk factor for overdose, increased co-use along with a flat trend in MAT
admissions for co-use may explain the tripling of heroin-related overdose deaths from
2010-2015 (Centers for Disease Control and Prevention, 2017; Strang et al., 1999). In
general, implementation of Good Samaritan policies and allowing over-the-counter

pharmacy naloxone dispensing can increase uptake of overdose prevention interventions
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and interaction between opioid users and healthcare providers, leading to reduced
overdose deaths (Compton, Boyle, & Wargo, 2015; Franklin et al,, 2015).

Finally, these findings call for policies that improve access to healthcare,
including expanded health insurance coverage. We found that lack of health
insurance coverage was associated with transition and decreased frequency of MAT
admissions, highlighting vulnerability among those not covered by health insurance
(Feder etal., 2017). Access to healthcare allows for monitoring of PO use and
intervening before problem opioid use begins. It can also serve as a bridge to MAT,
and health insurance can eliminate cost as a barrier to accessing these services.
Policies like Medicaid expansion under the Affordable Care Act that aim to increase
access to health services by giving coverage to individuals who previously did not
qualify, many of whom have co-morbidities like substance use issues, are critical
(Buck, 2011; Compton, Jones, & Baldwin, 2016). Apart from health insurance
coverage, other systems-level initiatives to make MAT available at low or no cast are

needed to expand access (D’Onofrio et al., 2015).

4. Strengths, limitations and implications for future research

This dissertation research has many strengths and its limitations have
implications for future research. First, use of NSDUH and TEDS produced
generalizable findings and allowed for investigation of theoretically-relevant
constructs related to NMPO and heroin transition, co-use, and treatment. However,
our reliance on the variables available in NSDUH and TEDS presented limitations
with respect to examining additional constructs. While factors at higher levels of
SEM are associated with opioid and MAT use, such as opioid availability, policies
related to drug use, and health service offerings, they are not included in NSDUH

and TEDS. While NSDUH collects state codes, the data portal that makes them
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publicly available has not been functional for several years, preventing our ability to
examine state-level variables. Researchers with access to the restricted data must
complete these analyses, and SAMHSA should prioritize resuming the functionality of the
portal to enable critical opioid-related research.

Much of the previous research on transition is adolescent-focused so our
examination of adults nationally serves as another strength of this research. While co-use
increased among young adults aged 18-25, the most substantial increase was among those
aged 26-34. Similarly, MAT admissions grew the most in the 26-34 year-old age group while
young adults performed best in terms of complete treatment. This warrants continued
examination of changing patterns in opioid and MAT use outside of adolescents and young
adults, as older age groups may be disproportionately affected by more severe forms of
opioid use and treatment dropout.

While NSDUH is a nationally-representative survey and TEDS is a national census of
publicly-funded treatment facilities, some groups are nonetheless excluded from these data.
NSDUH does not capture people who are incarcerated, homeless, or hospitalized which may
underestimate use as these populations often have a higher likelihood of engaging in
substance use (49). Studies enrolling cohorts or surveillance systems that capture these
cohorts must fill this data gap. Only substance abuse treatment facilities receiving public
funds are required to submit data to TEDS. Therefore, findings do not include all MAT use.
The inability to determine if our findings are consistent with admissions to private
treatment facilities and provision of MAT (buprenorphine) in physicians’ offices is a
significant limitation to generalizability (Alderks, 2017). Future research should explore the
relevancy of our findings to clients who access MAT outside of publicly-funded facilities.

Use of serial, cross-sectional data prevents us from making conclusions about

individual trends or within-person patterns over time. It also prevented direct assessment
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of changes in opioid use and MAT use, and specifically transition. As a strength of
this research, we used the best measure available to examine transition and co-use
at a national level since the literature indicates that the vast majority of recent
heroin initiation follows NMPO use (Jones, 2013; Muhuri, Gfroerer, & Davies, 2013).
We also may have erroneously defined intermittent NMPO and heroin use as
transition or co-use. In the future, prospective cohort studies that recruit
participants who report transition or follow NMPO users longitudinally to assess
transition, and describe corresponding MAT access will improve investigation of
this phenomenon.

In our study of factors related to transition and co-use, prevalence of the
outcome was small—Iless than 5%. This is consistent with other studies, which use
varying methodologies to produce transition rates ranging from 3.6% to 7.5%
(Carlson, Nahhas, Martins, & Daniulaityte, 2016; Compton et al., 2016). However, the
small prevalence of the outcome makes statistical analysis of transition difficult and
in our case, it prevented moderation analyses (Center for Behavioral Health
Statistics and Quality, 2016). Examining correlates of transition and MAT
completion stratified by sex, race, and rurality will expand our knowledge of these
relationships and help in the development of response strategies. Exploring these
differences requires qualitative methods with comparative analyses and sufficiently
powered quantitative studies.

5. Overall contributions of the research

In response to shifts in NMPO and heroin use, we answered multiple calls to
examine trajectories of opioid use, factors related to transition and co-use, and
corresponding shifts in MAT use. Specifically, this research makes five significant

contributions to the literature. First, it provides evidence that a cohort of NMPO and
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heroin co-users emerged and grew substantially. Second, it shows that those who transition
from NMPO to heroin and co-use both opioids are distinct from NMPO- and heroin-only
users, with greater prevalence of use of non-opioid drugs and mental health issues. Next, in
exploring the risk of transition and other trends in opioid use, it underscores the
importance of assessing factors beyond the individual level, which can explain and address
the root causes of this phenomenon. Fourth, it documents that treatment admissions are not
keeping pace with the growth in co-use and growing rates of opioid use and related
outcomes in other groups. Finally, it indicates disparities in treatment completion among
heroin and co-users relative to NMPO users but shows that provider referrals and treatment
on demand can improve this outcome. This research also adds to the extant literature by
going beyond qualitative and cohort-specific, cross-sectional research to provide nationally-
representative findings. Findings inform efforts to identify and reach those at risk of
transition and co-use, and those who do not benefit from MAT. In turn, this research makes
substantial contributions to the evidence base, and hopefully, to tackling the current opioid
epidemic.
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