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Abstract

Emerging adults (18-25 years old) are often poorly retained in substance use disorder treatment.
Office-based buprenorphine often enhances treatment retention among people with opioid
dependence. In this study, we examined the records of a collaborative care buprenorphine
treatment program to compare the treatment retention rates of emerging adults versus older adults.
Subjects were 294 adults, 71 (24%) aged 18-25, followed in treatment with buprenorphine, nurse
care management, and an intensive outpatient program followed by weekly psychosocial
treatment. Compared to older adults, emerging adults remained in treatment at a significantly
lower rate at 3 months (56% versus 78%) and 12 months (17% versus 45%), and were
significantly more likely to test positive for illicit opioids, relapse, or drop out of treatment.
Further research into factors associated with buprenorphine treatment retention among emerging
adults is needed to improve treatment and long-term outcomes in this group.
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1. Introduction

1.1. Opioid dependence among 18-25 year olds

Due to the availability of prescription pain medications, the prevalence of opioid
dependence in the United States has increased dramatically over the past 15 years (Okie,
2010). Between 2004 and 2012, more than 16 million people in the United States initiated
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nonmedical use of prescription opioids (SAMHSA, 2013a) and between 12.2 and 13.5% of
high school seniors misused prescription opioids each year (Johnston, O'Malley, Bachman,
& Schulenberg, 2013). From 1998 to 2012, past-month prevalence of heroin use rose from
130,000 to 335,000 people (SAMHSA, 2013a). During this time, the frequency of overdose
deaths associated with opioid analgesics rose dramatically (Warner, Chen, Makuc,
Anderson, & Minino, 2011).

Particularly troublesome has been illicit opioid use among emerging adults (18-25 year
olds) (Arnett, 2000). Rates of chronic prescription opioid misuse have been higher among
18-25 year olds than among any other age group (7.4 per 1000 of 18-25 year olds compared
with 5.0 and 4.0 per 1000 among 26-34 and 35-49 year olds, respectively) (Jones, 2012).
From 1998 to 2008, admissions for treatment of prescription opioid dependence recorded in
the Treatment Episode Data Set increased by 350% among 18-25 year olds, a
disproportionately greater rise than among all other age groups (SAMHSA, 2010). Since
2009, prescription opioid misuse has decreased from peak levels among 18-25 year olds;
however, since heroin use has increased in parallel (Cicero, Ellis, & Surratt, 2012), levels of
opioid dependence in this age group still remain high (SAMHSA, 2012).

1.2. Buprenorphine and treatment retention

One positive development slowing down the epidemic has been the introduction of office-
based buprenorphine maintenance treatment for opioid dependence, which is now
commonly available for adults in most urban areas, with more than 14,000 prescribers and
1800 programs nationwide (SAMHSA, 2013b). Maintenance treatment with buprenorphine
has been demonstrated to be more effective for opioid dependence than detoxification or
placebo (Fudala et al., 2003; Johnson, Jaffe, & Fudala, 1992; Weiss et al., 2011). Treatment
retention among all adults in office-based buprenorphine treatment is generally between 40
and 50% at 12 months (Alford et al., 2011; Fiellin et al., 2008). Notably, in multiple studies,
older age has been associated with improved outcomes in treatment for opioid dependence
both with buprenorphine (Dreifuss et al., 2013; Marsch et al., 2005; Ohlin, Hesse, Fridell, &
Tatting, 2011; Soeffing, Martin, Fingerhood, Jasinski, & Rastegar, 2009) and methadone
(McHugh et al., 2013). The association between age and improved retention in
buprenorphine treatment is important because retention in opioid agonist treatment predicts
drug abstinence (Zhang, Friedmann, & Gerstein, 2003), and dropout is associated with a 7-
fold increase in risk of overdose (Clausen, Anchersen, & Waal, 2008). Importantly, all of
these studies of retention in opioid maintenance treatment consider age as a continuous
variable in the analyses, and do not directly examine the influence of emerging adulthood, a
specific developmental period of the lifespan referring to 18-25 year olds (Arnett, 2000,
2005).

1.3. Emerging adulthood

The concept of emerging adulthood as a developmental period differentiates 18-25 year olds
from adolescents (< 18) and young adults (26-40) based on common demographic and
psychological characteristics that are unique to 18-25 year olds in industrial societies
(Arnett, 2000). Research on emerging adulthood has spread rapidly during the past decade
through the fields of psychology and the social sciences. For instance, a database search for
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individual citations from 2000 through 2012 based on the terms “emerging adult” or
“emerging adulthood” revealed 329 citations in PubMed, 882 in PsycINFO, and 1580 in
Google Scholar. Most of this research has been conducted among non-addicted samples;
however, the National Survey on Drug Use and Health demonstrated that 21% of 18-25 year
olds reported illicit drug use in 2012, compared to 7% among people 26 and older
(SAMHSA, 2013a).

1.4. Age-specific outcomes in addiction treatment

Several clinical outcome studies have begun to support the hypothesis that emerging adults
are more difficult to engage in substance use disorder treatment when compared to older
adults or adolescents. For instance, among intravenous drug users, one study has shown that
emerging adults enrolled less frequently than older adults in continuing care programs after
detoxification, and were less likely to enroll in opioid agonist therapy (Shin, Lundgren, &
Chassler, 2007). In studies of the community reinforcement approach for youths with
alcohol abuse, emerging adults had more days of alcohol use compared to adolescents, and
were less likely to be abstinent (Smith, Godley, Godley, & Dennis, 2011). The difference in
willingness to stop using substances was seen by the authors as partially due to lower levels
of interpersonal motivation for abstinence among emerging adults, who were no longer
having daily interactions with school and families of origin (Smith, Cleeland, & Dennis,
2010). Thus, accumulating evidence suggests that compared to older adults and adolescents,
it may be more challenging to engage and retain emerging adults in treatment.

Since no study has examined treatment outcomes specifically for emerging adults in office-
based buprenorphine treatment, it is crucial both to assess whether this age group benefits
from office-based buprenorphine treatment and to understand which patient attributes may
affect treatment for emerging adults. If emerging adults do not benefit as much as older
adults do from office-based buprenorphine treatment, then novel age-specific interventions
or alternative treatment approaches may be needed for this age group.

1.5. Developmental models

The developmental period model suggests that specific features of emerging adulthood (e.g.,
moving out of the parental home, absence of regular steady work, lack of marriage and/or
cohabitation relationships, rapidly changing social networks, minimal responsibilities to
family and others, less sense of need to adhere to adult norms) may contribute to patterns of
increased substance use (Arnett, 2005; Stone, Becker, Huber, & Catalano, 2012).
Additionally, other features of emerging adulthood, such as instability in environment and
scheduling, frequent moves and transitions, self- and peer-directed identity exploration may
contribute to poor engagement and retention in substance use disorder treatment (e.g.,
Arnett, 2011; Sheidow, McCart, Zajac, & Davis, 2012).

Neurodevelopmental models posit that during adolescence up until age 25 the developing
brain interacts differently than an adult brain would with reinforcing substances, associative
cues, and tasks requiring cognitive control, contributing to increased levels of substance use,
difficulty remaining abstinent, and ultimately resulting in an inability to remain in treatment
(Kellam, 2013). This model is supported by several findings: substance use during critical
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periods, e.g., cannabis use during adolescence, may differentially affect the developing
brain, resulting in increased psychiatric co-morbidity (Malone, Hill, & Rubino, 2010);
critical processes of cortical pruning and myelination needed for the development of
executive function are underway during this time period (Giedd et al., 1999; Gogtay et al.,
2004; Lebel & Beaulieu, 2011; Marsh, Gerber, & Peterson, 2008) and can be disrupted by
substance abuse (Jacobus et al., 2009; Medina, Schweinsburg, Cohen-Zion, Nagel, &
Tapert, 2007); aspects of normal cognitive development can be derailed (Hanson, Medina,
Padula, Tapert, & Brown, 2011); and finally, these disruptions lead to an ongoing situation
in which reward-based brain activation remains favored over inhibitory control processing
needed to abstain from drug use and adhere to treatment program rules (Casey & Jones,
2010), both of which are often associated with remaining in treatment (Warden et al., 2012).

1.6. Drug dependence inexperience model and treatment outcomes

1.7. Predicto

Emerging adults generally have fewer years of experience with opioid dependence
compared to older adults who often have had more years of life available for fostering an
opioid habit. Some researchers have hypothesized that lack of motivation related to
inexperience with opioid dependence may be a major reason for poor outcomes in
buprenorphine treatment (Subramaniam et al., 2011). The health beliefs model predicts that
people engage in health services when the perceived severity of illness and benefit of
treatment are both high (Rosenstock, 1966). Derived from the health beliefs model, the
opioid dependence inexperience model proposes that emerging adults may have less
experience with negative consequences of addiction due to a shorter duration of substance
use (e.g., less than 2 years of continuous opioid use), resulting in decreased perception of
addiction severity (Finney & Moos, 1995), lack of motivation to refrain from substance use
(McKellar, Kelly, Harris, & Moos, 2006), and less clear perceptions of the benefits of
treatment. Based on clinical experience, we thought less than 2 years of continuous opioid
use was a reasonable duration to operationalize the construct of opioid dependence
inexperience, allowing us to examine this hypothesis. In addition, total years of opioid use
and having started opioid use during adolescence, both of which are associated with opioid
dependence experience, may also influence group differences in treatment retention (Soyka,
Zingg, Koller, & Kuefner, 2008).

rs of buprenorphine treatment outcomes

To be able to examine whether emerging adulthood independently predicts attrition from
treatment, it is essential to address characteristics associated with buprenorphine treatment
outcomes, patterns of concurrent substance use, and indicators of drug dependence severity.
Male gender (Marsch et al., 2005), recent cocaine use (Sullivan et al., 2010), cocaine
dependence (Marsch et al., 2005), longer histories of opioid use (Soyka et al., 2008), more
severe psychiatric problems and poorer psychosocial functioning (Pani, Maremmani,
Pirastu, Tagliamonte, & Gessa, 2000) all have been associated with poorer buprenorphine
treatment outcomes. Patterns of concurrent substance abuse (e.g. cannabis use) may vary by
age group (SAMHSA, 2013a) and may influence treatment outcomes. Several well-known
indicators of drug dependence severity have been shown to influence addiction treatment
outcomes, but have mixed outcomes in buprenorphine treatment studies. Lifetime history of
heroin use predicted poorer retention and more positive opioid toxicology screens among

J Subst Abuse Treat. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Schuman-Olivier et al. Page 5

adults (Darke et al., 2005; Simpson, Joe, & Rowan-Szal, 1997), but heroin use history
resulted in increased opioid abstinence in one study of buprenorphine treatment (Soeffing et
al., 2009). Injection drug use history predicted lesser opioid use among adolescents
prescribed buprenorphine (Subramaniam et al., 2011), but increased frequency of injection
use at baseline has been associated with poor retention and less abstinence among heroin
users (Darke et al., 2005; Simpson et al., 1997). Multiple medicated detoxifications have
been shown to be associated with quicker relapse after substance use disorder treatment
(Wright et al., 2007), though no data exist for buprenorphine treatment.

Opioid dependence inexperience together with concurrent substance misuse and well-known
predictors of poor treatment outcomes could each wholly or partially account for age-related
differences in buprenorphine treatment retention. For this reason, any examination of how
emerging adult age status may influence buprenorphine treatment outcomes will need to
account for these potential associations.

1.8. Study aims

We therefore compared outcomes between emerging adults and older adults during
outpatient buprenorphine treatment for opioid dependence, to examine whether emerging
adult age status was associated with higher levels of relapse and lower levels of retention.
We also aimed to evaluate whether differences could be accounted for solely by the
contribution of opioid dependence inexperience, concurrent substance abuse, or other well-
known predictors of poor treatment outcomes.

2. Methods

2.1. Sample selection

This retrospective chart review was conducted in sequential admissions to an office-based
opioid treatment (OBOT)(Gunderson & Fiellin, 2008) collaborative care buprenorphine
maintenance program (Alford et al., 2011; Schuman-Olivier et al., 2010, 2013). The
Cambridge Health Alliance human subjects review board approved the protocol and
performed annual review of its progress. Subjects were exempted from providing informed
consent. We conducted the chart review using standardized intake forms, quarterly
interviews conducted by nurse care managers, and the electronic medical record.

2.1.1. Subjects—All newly eligible patients (N = 386) screened from November 2007 to
June 2010 were included in this sequential admission study. Patients completed an intake
process, which included comprehensive urine toxicology testing, a structured comprehensive
substance abuse assessment interview by OBOT nurse care managers, a psychosocial
assessment by a social worker, and a medical examination. Patients were prescribed
buprenorphine/naloxone and assigned to an intensive outpatient program (1OP) for at least 2
weeks. Patients who completed an initial intake assessment and received a buprenorphine
prescription were included in the chart review. People with psychosis, intracranial injury, or
pregnancy were excluded (n = 23). Patients from a fifth site that deviated from treatment
protocol (i.e., only 10% of newly eligible patients attended 10P), and those with an
incomplete intake process (n = 35) were also excluded from the analysis, resulting in 294
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complete patient records analyzed (Fig. 1). In this chart review, data for the final sample (N
= 294) were recorded until either the date of OBOT discharge or 12 months after intake into
OBOT treatment, whichever came first.

2.2. Procedure

2.2.1. Treatment—Two nurse care managers collaborated with multiple buprenorphine
prescribers, coordinating urine toxicology screening, monitoring treatment adherence,
overseeing medication management, and facilitating communication with addiction
counselors. Prescribers were affiliated with an academic community healthcare system
located in four Boston Metro-North cities, sharing an electronic medical record (EMR).
Nurse care managers conducted a brief screening assessment by telephone or in-person to
determine treatment program admission eligibility.

OBOT consisted of buprenorphine maintenance treatment prescribed by program-affiliated
physicians from various medical specialties, including internal medicine, family medicine,
and psychiatry. Within this program, clinicians encouraged brief inpatient detoxification
before starting buprenorphine maintenance for patients with substantial co-morbidity (e.g.,
physiological dependence to other substances or significant medical problems); however,
detoxification was not required when opioid dependence was the only substance use
disorder present. Standard treatment consisted of buprenorphine initiation during a half-day
in-office induction by a physician with nurse care manager collaboration. All buprenorphine
prescriptions referred to throughout this study were for a sublingual buprenorphine/naloxone
co-formulation tablet.

Patients were also required to attend consistent weekly psychosocial treatment sessions,
either in a group or one-on-one format. Patients typically participated in an intensive
outpatient program during the first 2 weeks of buprenorphine treatment and in response to
substance use lapses. Buprenorphine prescriptions were first provided on a weekly basis.
After clinical stabilization on weekly prescriptions, i.e., IOP completion, consistent
abstinence from alcohol and other drugs, and regular attendance in weekly psychosocial
treatment, then the prescription duration was increased to 2 weeks then monthly. If patients
continued illicit opioid use, then in many cases, a trial of an increased buprenorphine dose
was conducted. The program also required patients to step down after completing the 10P to
a weekly relapse prevention group, unless psychiatric needs (e.g. hypomania and agitation
disrupting group) precluded participation. The program provided individual therapy and
psychopharmacology based on psychiatric need.

2.2.2. Nurse care manager assessments—Nurse care managers conducted structured
comprehensive assessment interviews at intake using the OBOT-B comprehensive
assessment form (Section 2.3.3.), lasting approximately 2 hours. They once again conducted
a comprehensive assessment interview lasting 30 minutes every 3 months thereafter. At each
3-month interview, treatment retention was recorded based on a patient's history of
adherence to buprenorphine treatment, urine toxicology screening, program rules, and
psychosocial treatment recommendations. If the patient was discharged from the program,
the disenrollment date and reasons for discharge were recorded, e.g., dropout, administrative
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non-compliance, or transfer to another program; however, if there was evidence for illicit
opioid use just prior to discharge, then ‘relapse’ was the recorded reason.

2.2.3. Urine toxicology screening—Nurse care managers conducted urine toxicology
screening during the intake interview. Urine toxicology screens were then collected twice
weekly during the first month. Once abstinence was attained, weekly urine toxicology
screening was conducted for the first 6 months of treatment. If patients were clinically
stable, then the program required at least monthly urine screening for the remainder of the
year. If patient returned to drug use, frequency of urine toxicology screening would increase.

2.3. Materials and measures

2.3.1. Electronic medical record—The EMR recorded detailed descriptions from
physician OBOT intake notes as well as urine toxicology results. We obtained these data for
each patient until 12 months after intake into OBOT, or until the patient was discharged.

2.3.2. Urine toxicology tests—At intake, nurse care managers collected a standard urine
toxicology panel from all patients, assessing for use of amphetamine, benzodiazepines,
alcohol, cannabis, opioids, and cocaine. Urine toxicology results were recorded in the EMR
throughout treatment; however, for this chart review, we extracted data only on illicit use of
opioids and cocaine from urine screens during ongoing treatment. During the chart review,
we did not extract data on other substances for several reasons: urine testing for alcohol
using ethyl glucuronide was not consistent during treatment; cannabis metabolites are
eliminated at variable rates, challenging our method for assigning positive screens to a
specific treatment month; several patients had prescriptions for amphetamine (~3%) and/or
benzodiazepines (~19%), offering potential confounders for the analysis. Urine toxicology
used enzyme-mediated immunoassay techniques (Beckman Synchron, Beckman Coulter,
Fullerton, CA), but rapid chromatographic immunoassays were used for oxycodone (Bio-
Rad, Hercules, CA).

2.3.3. OBOT-Buprenorphine (OBOT-B) comprehensive assessment form—
Using the OBOT-B intake assessment form widely used by all 19 OBOT-B programs
funded by the state's department of public health, the nurse care managers conducted a
standardized intake interview, obtaining a detailed history of substance use and demographic
characteristics, including gender, race, employment, disability income, and psychiatric
medication. The chart review collected the data from this interview record that were relevant
to this analysis, including the following: (a) self-report of any use of alcohol, cannabis,
cocaine, or other drugs in the past 30 days (recent amphetamine or benzodiazepine use was
excluded from analysis because some people had prescriptions as described above); (b) drug
dependence severity (number of previous detoxifications, lifetime use of heroin, any heroin
use in past 30 days, and a history of injection drug use); (c) opioid dependence inexperience
(age of initiation of opioid use, total years of opioid use, and short duration of continuous
opioid use, i.e., less than or equal to 2 years).
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2.4. Data analysis

We examined sample characteristics comparing emerging adults and older adults, using t-
tests and chi-square analyses. To compare emerging adults and older adults on treatment
retention, we conducted two logistic regression models with emerging adult age status as the
independent variable and either 3- or 12-month retention as the dependent variable. We also
used chi-square and logistic regression to examine whether there were age-group differences
in the reasons recorded for disenrollment from treatment. Statistical significance was
marked by p < 0.05 and 95 % confidence intervals were calculated when applicable.

We used a multivariable modeling approach to conduct a secondary analysis, in order to
control for relevant covariates when comparing treatment retention outcomes differences
between emerging adults and older adults. We performed separate multivariable analyses for
both 3- and 12-month retention using logistic regression models conducted with a step-wise,
user-driven approach. First, we conducted individual logistic regression models to examine
the association of 20 potential predictors of treatment retention at 3 and 12 months. These
predictors included demographic characteristics, substance use co-morbidity, well-known
indicators of drug dependence severity, and opioid dependence inexperience model variables
(e.g., short duration of opioid dependence [< 2 years], total years of opioid use). Next, we
added each predictor that approached significance (p < 0.10) in individual models, into a
final model in a step-wise approach, clustering with other related eligible variables.
Multicollinearity was assessed by examination of tolerance (cutoff < 0.1) and variance
inflation factors (cutoff > 10.0); variables did not exceed acceptable limits.

We conducted independent logistic regression models for each month with the presence of
positive urine toxicology for illicit opioids or cocaine as the dependent variables. Because
treatment dropout prevented future participation in toxicology screening, we limited our
analysis of drug use outcomes to months in which levels of participation in toxicology
screening were not significantly different between groups.

Post-hoc analyses compared the levels of buprenorphine prescribed to both groups at various
study time points (i.e., week 2, day 30, day 90, and last dose). We conducted individual
logistic regression to determine if the buprenorphine dose at any time point predicted
treatment retention or opioid use. Significant predictors for individual modeling were
included in multivariable modeling along with only emerging adult age status for treatment
retention, opioid use, and disenrollment reasons. Finally, we added significant predictors to
the full multivariable models of baseline variables previously described for treatment
retention at 3- and 12-months, in order to examine if buprenorphine dose level influenced
the relationship between emerging adult status and treatment outcomes.

3. Results

3.1. Sample characteristics

Subjects (N = 294) were 41.5% female and 92.2% Caucasian (Table 1). The median duration
of opioid dependence was 6.0 years among emerging adults compared with 15.8 years
among older adults. Emerging adults were more likely to have started opioid use before age
18 and to have used opioids for less than 2 years, and were less likely to have used
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psychiatric medications or receive disability income in the past year. Emerging adults were
more likely to report recent cannabis use and have cannabis positive urine toxicology at
intake. See Table 1.

3.2. Primary treatment outcomes

3.2.1. Treatment retention—Logistic regression analysis showed a lower retention rate
among emerging adults as compared to older adults at 3 months (57% versus 78%, p <
0.001; OR: 0.37 [0.21-0.66]) and 12 months (17% versus45%, p < 0.001; OR: 0.25 [0.13-
0.50]) (Fig. 2). In examining reasons for lack of retention in treatment at 12 months,
emerging adults were more likely than older adults to have left the program due to either
known relapse (25.5% versus 7.1%, p < 0.0001; OR: 4.50 [2.15-9.42]) or drop out (without
known relapse) (30.0% versus. 16.5%, p < 0.05; OR: 2.17 [1.16-4.03]); however, no
difference emerged in disenrollment rates due to administrative non-compliance (5.7%
versus 11.6%, p = 0.18; OR: 0.48 [0.16-1.44]), relocating or having their care transferred
(11.4% versus 8.0%, p = 0.38; OR: 1.48 [0.61-3.56]) (Fig. 3).

3.2.2. Individual logistic regression modeling for identifying covariates—We
initially used individual logistic regression models to examine the association of 20 potential
predictors with treatment retention at 3 and 12 months (Table 2). Results indicated that
several well-known indicators of poor treatment outcomes, including cocaine-positive
toxicology at intake, history of injection drug use, and lifetime heroin use were all predictors
of poor 3-month treatment retention in individual logistic regression models. The primary
opioid dependence inexperience model variable, short duration of continuous opioid use,
which was a binary variable with only 7 seven subjects reporting less than 2 years of opioid
use, demonstrated a moderate-to-large effect size and approached significance as a predictor
of 3-month retention in individual logistic regression modeling (p = 0.087, Cohen's d =
-0.72) (Chinn, 2000).

In addition to the substance use disorder variables that were predictive of 3-month retention,
several other variables were also predictive of 12-month retention. For instance, cannabis or
heroin use in the 30 days prior to intake, cannabis-positive toxicology at intake, starting
opioid abuse during adolescence, and total duration of opioid use were predictors of lower
rates of 12-month treatment retention in individual logistic regression models, while no
alcohol or illicit drug use in 30 days prior to intake and a history of starting opioid use
during adolescence were both associated with greater 12-month treatment retention. Nine
covariates of 3-month retention and twelve covariates for 12-month retention with p < 0.1 in
individual logistic modeling were included in their respective multivariable models.

3.2.3. Multivariable regression modeling for treatment retention—Group
differences in treatment retention related to emerging adult age status remained significant at
3 months (p < 0.05, OR: 0.44 [0.22-0.89]) and 12 months (p < 0.05, OR: 0.43 [0.19-0.98])
in multivariable modeling even after adjusting for significant covariates related to
demographic characteristics, substance use co-morbidity, drug dependence severity, and
opioid dependence inexperience. In the 3-month multivariable model, only cocaine-positive
toxicology at intake was also independently predictive of retention (Table 3). In the 12-
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month multivariable model, only emerging adult age status was predictive of treatment
retention. However, when all of the covariates were included in the multivariable model, the
association between emerging adult age status and 12-month retention was diminished from
an odds ratio of 0.25 to 0.43. This reduction in the multivariable model's variance explained
by emerging adulthood was mostly due to the addition of the combination of two opioid
dependence inexperience variables (i.e., total duration of opioid use and started during
adolescence) which shifted the odds ratio by 28% (Table 4). When these two variables were
added to a model with emerging adult age status, both individually and in combination, only
emerging adult age status remained significant.

3.2.4. Urine toxicology—During the first 3 months of treatment, emerging adults were
more likely than older adults to test positive for illicit use of opioids (p < 0.0001; OR: 2.20
[1.53-3.15]). Specifically, during month 1, 47.9% of emerging adults versus 31.0% of older
adults tested positive for illicit use of opioids, with similar group differences during month 2
(28.3% versus 13.3%) and month 3 (28.6% versus 15.4%) (Fig. 4a). In contrast, no group
differences were found for cocaine toxicology during the first 3 months: month 1 (19.7%
versus 17.2%), month 2 (8.3% versus 12.3%), and month 3 (8.2% versus 10.8%) (Fig. 4b).
After 3 months of treatment, emerging adults were less likely to participate in urine
toxicology testing (i.e., participation rates in toxicology screening became significantly
different between month 3 and month 4 [month 3: 66% versus 75%, p = 0.13; month 4: 57%
versus 73%, p = 0.014]), which is consistent with the between-group differences in retention
seen after 3 months of treatment.

3.3. Post-hoc analysis

Daily buprenorphine dose was generally higher among older adults versus emerging adults
throughout the study: week 2 [15.3 (6.8) versus 12.8 (5.8), F = 8.2, p < 0.01], day 30 [16.3
(6.3) versus 13.6 (5.6), F = 9.9, p <0.01], day 90 [18.0 (6.2) versus 15.7 (6.3), F =5.1,p <
0.05], last dose [16.9 (7.2) versus 14.2 (6.1), F = 8.0, p < 0.01]. Day 30 dose was predictive
of treatment retention at 12 months (OR: 0.96 [0.92-0.99], p < 0.05), and approached
significance for 3 month retention (OR: 0.96 [0.92-1.00], p = 0.08). Buprenorphine dosing
levels at other time points did not predict retention, opioid use, or disenrollment reason;
therefore, day 30 dose was the only additional variable included in multivariable modeling.
When day 30 dose was included in multivariable models along with only emerging adult age
status, the main effect of emerging adult age status remained an independent predictor of
treatment retention (p < 0.01), opioid use (p < 0.01), and disenrollment reasons [relapse (p <
0.001), dropout (p < 0.05)]. Neither the main effect of day 30 dose nor the interaction effect
of day 30 dose and emerging adult age status were significant when added to all of these
models with emerging adult age status. A recent meta-analysis reported that higher
prescribed buprenorphine dosage was associated with increased retention and less illicit
opioid use among adults of all ages (Fareed, Vayalapalli, Casarella, & Drexler, 2012). In
contrast, higher day 30 dose levels among emerging adults in this study were paradoxically
associated with increased rates of positive toxicology for illicit opioids in the second month
of treatment (p < 0.05). This further demonstrates that even though emerging adults had a
lower mean buprenorphine dose than older adults at multiple time points, buprenorphine
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dosing did not independently influence group differences in retention and opioid use in this
study when controlling for emerging adult age status.

4. Discussion

This naturalistic investigation of differences in office-based buprenorphine treatment
outcomes, comparing emerging adults (18-25 year olds) and older adults (26+), had several
key findings. First, emerging adults had substantially lower levels of treatment retention at 3
and 12 months, in line with previous research, which suggested that retaining younger
patients in treatment is more challenging than older adults (Dreifuss et al., 2013; Marsch et
al., 2005; Soeffing et al., 2009). Second, emerging adults were more likely than older adults
to continue illicit use of opioids during the first 3 months, suggesting that ongoing opioid
use after treatment entry may be associated with poor treatment retention. Similarly, in this
study, emerging adults were more likely than older adults to be disenrolled from
buprenorphine treatment because of either known relapse during treatment or dropout; the
latter is strongly associated with later relapse (Zhang et al., 2003), especially among drug
users under 30 years old (Grella, Hser, Joshi, & Anglin, 1999). These data support the
assertion that low rates of buprenorphine treatment retention among emerging adults are
associated with relapse or dropout as opposed to a result of administrative non-compliance,
transition to a new program, or relocation to another region. Third, while several
demographic characteristics, opioid dependence inexperience variables, prescribed dosage
of buprenorphine, and indicators of drug dependence severity predicted treatment retention
in individual regression models, our multivariable modeling demonstrated that these
variables cannot fully account for the differences found between emerging adults and older
adults on treatment retention, suggesting a need for further testing of developmental
explanatory models in future studies.

While previous studies have identified directional associations (Dreifuss et al., 2013; Marsch
et al., 2005) and trends (Soeffing et al., 2009) between age and retention in buprenorphine
treatment, this study is the first to report a difference between emerging adults and older
adults on treatment retention rates in outpatient-based opioid treatment at 12 months.
Similarly, this study is the first to report that these retention differences are specifically
associated with opioid relapse and/or drop out from treatment. The National Drug Abuse
Treatment Clinical Trials Network (CTN) multi-site trial of 154 opiate users aged 15-21
demonstrated a 3-month retention rate of 71.6% in buprenorphine maintenance (Woody et
al., 2008). In this CTN study, several baseline characteristics (e.g., hallucinogen use, heroin
use) and early treatment factors (e.g., positive opioid toxicology screens early in treatment,
buprenorphine adherence less than 5 days a week) predicted attrition from buprenorphine
treatment (Warden et al., 2012). Additionally, baseline internalizing mental health
symptoms predicted less opioid use (Subramaniam et al., 2011). Because emerging adults
with opioid dependence treated with buprenorphine in the United States generally receive
the prescription from outpatient physicians or adult outpatient opioid treatment programs in
the community and are not usually treated within time-limited, structured treatment settings
with daily supervised medication administration, such as was used in this trial, it remained
unknown whether these findings in 15-21 year olds could generalize to treatment of
emerging adults in the community. Therefore, the new findings reported here with emerging
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adults in office-based opioid treatment with buprenorphine over a 12-month period
generalize more easily to current practice and more accurately represent current treatment
with this specific emerging adult age group.

The duration of continuous opioid use is significantly different between emerging adults and
older adults with about a 9-year mean difference between groups (Table 1). Duration of
opioid use, measured by years of use as a continuous variable, was a predictor of retention,
with fewer years of continuous opioid use being associated with fewer weeks in treatment.
Similarly, those who started opioid use during adolescence had fewer weeks in treatment.
However, when duration of opioid use or adolescent start was included in multivariable
modeling with emerging adult status, only emerging adult age status remained an
independent predictor of retention. Therefore, duration of opioid use and adolescent start
were not mediators of the negative effect of emerging adult age status on retention; rather,
they were both dependent on the emerging adult effect.

In order to further evaluate the opioid inexperience model, derived from the health beliefs
model, this study also evaluated the role of opioid inexperience by using a dichotomous
predictor, namely continuous opioid use for less than 2 years. The data demonstrated that
opioid inexperience was not the underlying reason for the substantially negative effect of
emerging adult age status on treatment retention in this study. Yet, this study could not
definitively rule out a role for the opioid inexperience model among the small sample of
adults with short duration of opioid abuse. The substantial effect size of the dichotomous
short duration of opioid use variable suggests that continuous opioid abuse for less than 2
years may cause a negative effect on treatment retention, even if it is does not mediate the
negative effect of emerging adult age status on treatment outcomes in this study. Further
research with a larger sample of patients with short duration of continuous opioid
dependence is needed to evaluate whether short duration of opioid use is independently
associated with poor treatment retention.

While variables related to substance use disorder co-morbidity, prescribed dosage of
buprenorphine, drug dependence severity, and opioid inexperience did account for some of
the variability in retention patterns, they could not account for the significant effect of
emerging adult age status on retention rates; several untested factors may contribute to the
strength of this effect. For instance, emerging adults with opioid dependence have been
found to have high rates of conduct disorder (Subramaniam, Ives, Stitzer, & Dennis, 2010),
which has been shown to contribute to difficulties remaining in buprenorphine treatment
(Ohlin et al., 2011), and may be especially high among transition-age youth growing out of
juvenile legal services and social services (Heflinger & Hoffman, 2008). Given the common
reliance of drug dependence treatment models on concomitant involvement in self-help
programs, low levels of sustained involvement in twelve-step programs during emerging
adulthood (Kelly, Brown, Abrantes, Kahler, & Myers, 2008) may eliminate a recovery
synergy from which older adults often benefit. From a neurodevelopmental perspective,
delayed onset of executive function capabilities related to continuous use of neurotoxic
substances during brain development (Hanson et al., 2011; Jacobus et al., 2009) may
influence the ability to comply with opioid treatment program rules. Finally, this study
suggests that in addition to several well-known indicators of drug dependence severity and a
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potential negative effect of short duration of opioid dependence on treatment retention, some
unidentified factors associated with the developmental period of emerging adulthood (e.g.,
demographic, psychological) may influence buprenorphine treatment retention (Arnett,
2005). Although we were unable to assess these additional factors in this study, we speculate
that transitions in social networks (family, romantic relationships, employment/school, peer
group, housemates and cohabitants), perceptions about recovery that conflict with
developmental goals of individuation, as well as an optimistic bias about the possibilities for
change matched with a strong drive for autonomy and independence from external
assistance may each be differentially affecting emerging adults' decisions to abstain and
remain in treatment.

Future studies should test novel methods for increasing retention in buprenorphine
treatment. As previously mentioned, buprenorphine adherence has been associated with
increased retention among opioid dependent youth (Warden et al., 2012). For this reason,
using remote technology to promote buprenorphine adherence, such as secure electronic pill
dispensers (Uosukainen, Pentikainen, & Tacke, 2013), offers promise. Development of
specific behavioral therapy manuals targeting emerging adult developmental tasks may be
helpful. Smartphone apps for relapse prevention (McTavish, Chih, Shah, & Gustafson,
2012) may be integrated into treatment in order to improve medication adherence and
increase recovery support. Emerging adults are significantly more likely than any other age
group to utilize mobile data applications beyond voice technology (A. Smith, 2010), and
have highest prevalence of smartphone health app use (Fox, 2012). Smartphone ownership
in young adults is high (79% of 18-24 year olds own smartphones versus 56% of all adults)
(Smith, 2013), continues to increase (Pew, 2013), and is relatively impervious to
socioeconomic differences: smartphone ownership prevalence ranges from 77 to 90% based
on income in adults aged 18-29. Thus, smartphone ownership and use characteristics make
emerging adults the ideal candidates for smartphone-enhanced opioid treatment delivery
systems.

Several alternative treatment approaches may enhance long term outcomes among emerging
adults or offer benefits in this difficult to retain age group. Involving families (Klostermann
& O'Farrell, 2013) or peers (Smith, Cleeland, Middleton, & Godley, 2013) may offer a way
to increase interpersonal consequences of substance use and provide additional recovery
support. While contingency management with financial incentives can increase retention
rates in opioid dependence (Petry & Carroll, 2013), community programs need to surmount
the widespread hurdle of perceived infeasibility (Hartzler & Rabun, 2013). Since 30 days of
no alcohol or illicit drug use prior to initiating OBOT treatment was associated with
increased retention in this study, initiating treatment in a residential setting followed by
strong continuity into outpatient treatment may improve outcomes, while also enhancing
momentum and recovery skills often absent among emerging adults (Kelly, Urbanoski,
Hoeppner, & Slaymaker, 2012). Other models such as chronic disease care management
(Saitz, Larson, Labelle, Richardson, & Samet, 2008) or assertive community treatment
(Mueser, Bond, Drake, & Resnick, 1998) may lower the level of expectations for
participation and abstinence necessary to remain in treatment, allowing for therapeutic
relationships to develop over time.
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4.1. Strengths and limitations

This study integrated clinical and laboratory information from a large collaborative care
OBOT program that coordinated care for buprenorphine prescribers from 4 cities. Sample
findings were similar to trends found in previous studies (Dreifuss et al., 2013; Marsch et al.,
2005; Soeffing et al., 2009; Subramaniam et al., 2011; Warden et al., 2012), supporting the
overall generalizability of study results. This study was a systematic, retrospective chart
review, and thus variable selection was limited. We were not, for example, able to include
more sensitive well-validated measures of substance use disorder severity or other relevant
variables listed in the previous paragraph that may further explain the treatment retention
differences between emerging and older adults. Because our focus was on retention rather
than engagement, we excluded those who did not complete intake assessments or receive a
buprenorphine prescription; however, this potentially could have contributed to some minor
sampling bias.

4.2. Conclusions

Compared to older adults, emerging adults more often continued using illicit opioids during
buprenorphine treatment and discontinued treatment at higher rates due to relapse or
dropout. These effects on treatment retention are not accounted for by group differences in
demographic characteristics, co-morbid substance abuse, drug dependence severity, dosage
of prescribed buprenorphine, or opioid dependence inexperience. More research is needed to
understand psychological, developmental, environmental, neurologic, and clinical factors
affecting buprenorphine treatment for 18-25 year olds with opioid dependence.
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Retention over time during 12 months of collaborative care buprenorphine treatment.
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Emerging adults versus older adults compared on reasons for program disenrollment by 12

months after admission.
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