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Abstract
An initial efficacy test of an innovative behavioral outpatient treatment model for adolescents with
problematic use of marijuana enrolled 69 adolescents, aged 14–18, and randomly assigned them to
one of two treatment conditions. Both conditions received individualized Motivational Enhancement
and Cognitive Behavioral Therapy (MET/CBT) and a twice-weekly drug-testing program. The
experimental contingency management condition involved a clinic delivered, abstinence-based
incentive program, and weekly behavioral parent training sessions that included a parent-delivered,
abstinence-based, substance monitoring contract. The comparison condition included an attendance-
based incentive program, and weekly psychoeducational parent sessions. Follow-up assessments
were performed at 3, 6, 9 months post-treatment. The experimental condition showed greater
marijuana abstinence during treatment, e.g., 7.6 vs. 5.1 continuous weeks and 50% vs. 18% achieved
≥ 10 weeks of abstinence. Improvements were found in parenting and youth psychopathology across
treatment conditions, and improvements in negative parenting uniquely predicted post treatment
abstinence. The outcomes observed in the experimental condition are consistent with adult substance
dependence treatment literature, and suggest that integrating CM abstinence-based approaches with
other empirically-based outpatient interventions provides an alternative and efficacious treatment
model for adolescent substance abuse/dependence. Replication and continued development of more
potent interventions remain needed to further advance the development of effective substance abuse
treatments for adolescents.
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1. Introduction
Marijuana remains the most prevalent illicit substance used by adolescents, and marijuana users
are at increased risk for delinquency, school failure, physical and psychological problems, and
selling illegal drugs (Rey et al., 2004; Tims et al., 2002). The number of adolescents receiving
treatment for marijuana abuse or dependence more than tripled from 1992 to 2002, and the
majority of all adolescents in substance abuse treatment report marijuana as their primary
substance (Substance Abuse and Mental Health Services Administration, 2008). Several
clinical trials indicate that family-based, cognitive-behavioral, and possibly adjunct
pharmacological interventions hold promise for treating adolescent substance abuse (Cornelius
et al., 2005; Randall and Cunningham, 2003; Riggs et al., 2004; Waldron and Turner, 2008).
Although efficacious, the low abstinence rates and the relatively low magnitude of reduction
in substance use indicate much room for additional enhancement, suggesting that adolescent
substance abuse treatments need to be improved and alternative treatment models explored
(Compton and Pringle, 2004). Further, the adolescent treatment literature has generally focused
on reductions in the frequency of use or on reductions in problem use, with fewer
demonstrations of differences across treatment conditions in rates of documented abstinence.

In an effort to further enhance outcomes for adolescent substance abuse, we have developed a
novel treatment that integrated a developmentally-appropriate, contingency-management
based intervention (CM) with Motivational Enhancement and Cognitive Behavioral Therapy
(MET/CBT). CM approaches have become one of the most thoroughly researched and effective
behavioral procedures to increase drug abstinence and other treatment targets across adult
substance-dependence disorders (Higgins et al., 2008; Petry and Simic, 2002). CM treatments
for adolescent substance abuse have received little experimental testing. A number of studies
describe use of CM-like procedures as part of their multicomponent intervention, e.g.,
instructing parents to provide rewards and consequences for abstinence or use (eg, Azrin et al.,
1994; Henggeler et al., 2002; Liddle et al., 2001; Waldron et al., 2001). Unfortunately, none
have isolated and tested such CM components. Further, in the absence of a schedule of urine
drug testing of sufficient frequency to verify abstinence, it is not clear that parents can
effectively implement a contingency management plan at home. Two recent trials have isolated
CM procedures. Henggeler et al. (2006) found that abstinence-based incentives did not clearly
enhance outcomes when added to Drug Court and a comprehensive family based therapy,
although the reinforcement schedule was not reported, and all youth received incentives and
consequences based on urine drug testing results through the 12 month Drug Court program.
Krishnan-Sarin et al. (2006) found that youth who received an abstinence-based incentive
intervention and CBT had greater rates of tobacco abstinence than youth who received CBT
alone. Despite that lack of studies, recent reports describe dissemination of CM interventions
in community adolescent treatment settings (Henggeler et al., 2008; Lott and Jencius, 2009).

Our CM model integrates three empirically-based interventions (Kamon et al., 2005). First,
abstinence-based incentives are provided by the clinic to motivate treatment engagement and
promote initial abstinence from marijuana and other substances (Budney et al., 2006; Higgins
et al., 1994). Second, a parent-directed CM program is employed to further motivate initiation
of abstinence, to maintain abstinence after treatment is discontinued, and to better manage other
related behavior problems (Dishion and Kavanagh, 2003). Third, a CM intervention is used to
motivate parent participation in and adherence to the program. Here, parents earn chances to
win prizes for actively participating in treatment (Petry et al., 2000). In summary, the CM
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components are designed to increase adolescents’ motivation for abstinence, and enhance
parents’ abilities to use effective parenting to decrease substance use and other problems.

The present trial provides a test of this experimental intervention by comparing it with a
stringent comparison treatment. The primary hypotheses were that the abstinence-based CM
programs would promote greater abstinence during the treatment period, and the behavioral
parenting training would promote greater maintenance of drug abstinence post-treatment.
Secondary hypotheses reflected changes in potential mechanisms related to the use of
behavioral parent training, including greater reductions in adolescent conduct problems and
greater improvements in effective parenting. Exploratory analyses also tested changes in
parenting during treatment as a mediator of treatment effects on substance outcomes during
follow up.

2. Methods
2.1. Participants

The study was conducted in compliance with the Institutional Review Board of the University
of Vermont. Families living in the greater Burlington, Vermont area were referred for treatment
by schools, the juvenile justice system, community therapists, physicians, or were self-referred.
We advertised our treatment services in local newspapers, posted flyers in the community, and
sent mailings to local schools, physicians, and counselors. Inclusion criteria were: 1) age 12–
18 years; 2) reported use of marijuana during the prior 30 days or a marijuana-positive urine
test; 3) living with a parent/guardian who agreed to participate; 4) residing within a 30 minute
drive to the clinic. Adolescents were ineligible if they 1) displayed active psychosis or current
suicidal behavior or had a severe medical illness limiting participation; or 2) had alcohol, opiate,
or cocaine dependence requiring more intensive treatment. No adolescents were excluded
based on these criteria. A total of 95 youth were assessed, 12 did not meet inclusion criteria,
14 refused treatment or did not complete the intake assessment or did not enroll for another
reason, and 69 (57 male, 12 female) enrolled in the trial. See Figure 1 for the CONSORT
participant flow diagram. Written informed consent was obtained from the parent(s) or legal
guardian; assent was obtained from the adolescent. Youth were enrolled between April 2003
and April 2005, and follow-up assessments were completed by April 2006.

Minimum likelihood allocation was used to randomly assign participants via computer
sequentially to one of the two treatment conditions while balancing across conditions on seven
baseline characteristics that may influence outcome, abstinence prior to treatment (0 vs. ≥1
day), gender, involvement with the legal system, age (≥17 or <17), tobacco smoker, prior
participation in brief treatment in our clinic, and therapist.

2.2. Measures
2.2.1. Substance use—A Bachelor’s level research assistant administered the Vermont
Structured Diagnostic Interview (VSDI; Hudziak et al., 2004) to assess DSM-IV substance
use disorders. Interviewers were trained to administer the instruments via manual review,
observation, and supervised practice interviews. The interview has demonstrated good
psychometric properties (Hudziak et al., 2004). Substance use was assessed at intake and twice
weekly throughout treatment using the Time-Line Follow-Back method (Sobell and Sobell,
1992), parent report, urinalysis testing, and breathalyzers. At intake, the Time-Line Follow
Back assessed frequency of marijuana, alcohol and other substance use three months prior to
treatment, and was administered at all visits during treatment and post-treatment.

Urine toxicology monitoring during the 14-week treatment period involved twice-weekly (e.g.,
Monday/Thursday or Tuesday/Friday) testing. An alcohol breath test was performed at each
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visit, and parents were provided with and trained to use disposable breathalyzers (AlcoPro,
Inc., Knoxville) to test for alcohol use at home. Urine specimens were obtained under same-
gender, staff observation and screened via an onsite Enzyme-Multiplied Immunoassay
Technique (EMIT: Dade-Behring, San Jose, CA). Specimens were immediately screened for
marijuana, cocaine, opioids, benzodiazepines, amphetamines, and methamphetamines, and
results were provided during the clinic visit. The cannabinoid cutoff level for a positive test
was 50ng/ml. If either the adolescent or parents reported substance use, or a positive urine
specimen or breath test was obtained, the adolescent was considered positive for the purpose
of CM implementation. Invalid specimens (creatinine below 30 mg/dl) resulted in a request to
provide a replacement specimen within 4–24 hours. Failure to submit a scheduled specimen
was treated as a positive result. Extensive outreach procedures were employed including:
multiple phone calls, flexible scheduling, offering to go to a participant’s home or neutral site
for collection, and use of excused absences in cases where legitimate conflicts (e.g., inclement
weather, illness, family vacation) were discussed proactively. A maximum of 4 excused
absences were granted, which resulted in lengthening the treatment period by up to 2 weeks.

2.2.2. Adolescent psychopathology—Adolescents and parents were each administered
the VSDI (Hudziak et al., 2004) to assess DSM-IV disorders commonly diagnosed in
adolescence. Parents and adolescents also completed the Child Behavior Checklist (CBCL)
and Youth Self-Report (YSR), respectively (Achenbach and Rescorla, 2001). The CBCL and
YSR yield scores on 8 syndromes and three broad scales. At intake, the CBCL and YSR
assessed behaviors during the past 6 months. At treatment end and follow-up assessments,
parents and adolescents reported on behaviors during the past 3 months.

2.2.3. Parenting measures—The Alabama Parenting Questionnaire (APQ) was completed
by parents and scores were obtained on three factors, Positive Involvement, Ineffective
Discipline, and Deficient Monitoring (Frick, 1991; Wells et al., 2000). The Positive
Involvement scale measures the degree to which parents show interest towards, and offer
praise, affection, and other forms of positive reinforcement to the teen. Ineffective Discipline
measures the predictability and consistency of discipline practices. Deficient Monitoring
measures the degree to which the child is outside parental supervision.

2.2.4. Follow-up assessments—At the end of treatment, and 3, 6, and 9 months post the
end of treatment, the adolescent and parent(s) returned to the clinic for a comprehensive
assessment. Research assistants not blinded to condition collected the following: urine
specimen, self-reported substance use (Time-Line Follow-Back), CBCL/YSR, and the APQ.

2.3. Treatment conditions
Both treatment conditions involved one 90-minute, weekly therapy session for 14 consecutive
weeks and twice-weekly drug testing. All parent(s) were informed of drug toxicology results.
All adolescents received the MET/CBT12 curriculum modified for individual therapy (Sampl
and Kadden, 2001; Webb et al., 2001). At the end of the 14 weeks, all families were offered
an additional 12 weeks of once weekly substance testing to facilitate parental monitoring and
were referred, when appropriate, to other community resources.

2.3.1. Experimental Condition (MET/CBT+Abstinence CM+Family Management)
2.3.1.1. Abstinence-based Contingency Management: Adolescents in the Experimental
condition (EXP) participated in an abstinence-based contingency management program
modeled from that used in previous trials for adult marijuana dependence (Budney et al.,
2006), but with one major modification. Rather than receive incentives for documented
marijuana abstinence, adolescents received incentives only if they provided a urine specimen
and breath specimen that tested negative for all substances, and parent and self-reports
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indicated no substance use (including alcohol). Δ-9-THC remains detectable at 50ng/ml for up
to two weeks and sometimes longer in heavy marijuana users, thus the abstinence contingency
did not start until Week 3. During Weeks 1–2, participants in both conditions received $5
vouchers for each specimen provided independent of test results to encourage compliance with
the program.

For each substance-negative specimen and report during Weeks 3–14, EXP participants earned
vouchers with a monetary value. The voucher value started at $1.50, escalated by $1.50 with
each consecutive negative specimen, and a $10 bonus was earned for each two consecutive
negative results. Vouchers were reset back to their initial value if results were positive, from
which they could escalate again after three consecutive negative results. An adolescent who
was abstinent throughout Weeks 3–14 earned vouchers worth $570. Voucher earnings were
redeemed for retail goods selected by the teen (e.g., movie pass, sports/hobby equipment,
clothing). Adolescents in EXP earned a mean of $312 (SD=$237) or $22.28 per week.

2.3.1.2. Family Management: Parents in the EXP condition received the Family Management
(FMC) curriculum during weekly counseling sessions (Dishion et al., 2003). Topics covered
include identifying and labeling adolescent behavior, developing incentives and consequences
for change, limit-setting, monitoring, and relationship skills. The first two sessions provided
an overview of FMC and a review and discussion of a feedback report summarizing assessment
information regarding the adolescent’s substance use and risk factors, and parent risk factors
(parenting behaviors, marital satisfaction, parent psychopathology including substance use).
During Session 3, a Substance Monitoring Contract (SMC) was developed between the parent
(s) and youth specifying positive and negative consequences to be implemented in response to
abstinence or substance use. The therapist and parents developed lists of potential incentives
for abstinence and negative consequences for substance use that could be implemented
following each substance testing appointment. All subsequent FMC sessions followed a
standard format. Sessions began by reviewing substance testing results and evaluating or
modifying the SMC. Homework assignments were reviewed and the training from the FMC
curriculum was provided.

To motivate and reinforce parent compliance with treatment, a CM procedure utilizing the
Fishbowl method was implemented (Petry et al., 2000). Each week, parents were asked to
complete six tasks: attend therapy, attend mid-week urine testing appointments, implement the
SMC (twice per week), complete homework, and administer breathalyzers. Parents earned one
draw from the Fishbowl for each task. Each draw resulted in obtaining a winning (75% chance)
or non-winning slip (25% chance). Winning slips ranged in value from small ($1–$2: 68%
chance), to medium ($20: 7% chance), to large prizes ($100: 1% chance). Prizes were delivered
immediately and included gift certificates to restaurants, ice cream shops, movie theaters, and
grocery stores. Parent earnings averaged approximately $100 or $7.22/week.

2.3.2. Control Condition (MET/CBT+Attendance CM+Parent Psychoeducation)
—To encourage compliance with urine drug testing and participation in the MET/CBT
sessions, adolescents in the CONTROL condition could earn $5 vouchers twice per week
(maximum earnings of $140; average actual earnings=$113) for attending scheduled
counseling and urinalysis appointments. Parents in the CONTROL condition received a
structured psychoeducational substance use curriculum during their once-weekly session.
(McCallum, 1994). During each session a topic was discussed; topics included: drug
knowledge, drug use consequences, understanding reasons for drug use and for stopping use,
improving communication, negotiation problems, and positive parenting strategies. These
sessions differed from the FMC in that systematic training exercises and assignments were not
provided, an SMC was not developed, and the session topics varied. Commonalities with the
EXP intervention included: equivalent frequency and duration of counseling, review of
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assessment feedback report, receiving drug testing results twice per week, training in use of
home breathalyzers, proactive case-management services, and reading materials on parenting.

2.4 Therapists, treatment integrity and fidelity
Three master’s level clinicians (1 male, 2 female) and 1 female postdoctoral fellow (all
European American) served as therapists. Each therapist treated an equal number of EXP and
CONTROL youth. Therapists had systematic training and supervised experience in MET/CBT,
the Family Management Curriculum, and the Parent Drug Education curriculum for at least 6–
12 months prior to participation in the trial. To maintain treatment integrity: (a) therapists
followed detailed manuals for each treatment and used a checklist during each session that
detailed that session’s curriculum components; (b) all treatment sessions were videotaped and
one tape was randomly selected to be reviewed in weekly supervision to provide feedback to
the therapists; (c) all active cases were discussed weekly in group supervision using a checklist
to review each component; (d) the postdoctoral fellow reviewed one videotaped session
approximately every two weeks, selecting one from each therapist on a rotating schedule. A
fidelity checklist developed for this trial was used to rate and comment on the therapist’s
delivery of each treatment component; (e) when need for additional training was identified
based on supervision or tape reviews, weekly one-on-one remedial training was provided by
the postdoctoral fellow or first or second authors. Such training involved weekly tape reviews
with modeling and role-playing delivery of the problematic components. One therapist
received such remedial training, which lasted for approximately 4–6 months.

2.5. Data analysis
Comparisons between conditions on baseline characteristics and primary outcome measures
(longest period of documented continuous marijuana abstinence achieved during treatment and
number of participants who achieved specific durations of continuous abstinence) were
performed using t-tests or rank sum tests for continuous measures and chi-square tests for
nominal measures. All families (N=69) who attended one or more sessions were included in
all analyses consistent with an intent-to-treat model.

Generalized Estimating Equation (GEE) analyses were used to examine treatment condition
differences in post treatment marijuana abstinence. These analyses were performed counting
missing urine specimens as positive for marijuana to provide a conservative estimate of use,
and were also performed by including missing data. As results were almost identical, results
are presented treating missing samples as positive. Treatment condition differences in
secondary marijuana use outcome measures (self-reports of marijuana use) and associated risk
factors (youth psychopathology and parenting) were tested via mixed-model repeated measures
(i.e., hierarchical linear modeling) to examine change from pre- to post-treatment. Analyses
performed either including or excluding contradictory and/or incomplete self-report substance
use data did not produce substantially different findings. For self-report measures, we provide
the findings of the mixed-model repeated measures analysis on all available data. We also
conducted exploratory structural equation modeling analyses testing relations between
treatment condition, change in parenting (a hypothesized mediator), and post treatment
marijuana use.

3. Results
3.1. Participants

Demographic and substance use characteristics were similar across conditions as shown in
Table 1. Thirty-six youth were enrolled in EXP and 33 in CONTROL. Fifty-two families had
two-parent participation and 17 had mother-only participation. Overall, 65% of youth tested
positive for THC at intake. On average, adolescents reported using marijuana 1.8 (SD=1.4)
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times per day on 13.3 (SD=10.3) days during the month prior to intake. Thirty-one (45%)
adolescents met DSM-IV criteria for Marijuana Abuse only and 30 (43%) for Marijuana
Dependence. Eight (12%) adolescents were diagnostic orphans. They did not endorse sufficient
symptoms to meet criteria for Marijuana Abuse or Dependence, but met all other inclusion
criteria including a THC positive urine drug test and/or reported use in the 30 days prior to
intake. Those not meeting DSM criteria were less likely to have a THC positive intake urine
drug test but the difference was not significant (No DSM: 50% THC positive vs. DSM Abuse
or Dependence: 67%, X2(1)=.34, p=.92). Those not meeting DSM criteria reported
significantly fewer days of use in the 30 days prior to intake (No DSM: Mean=4.4 days, SD=5.8
vs. DSM Abuse or Dependence: Mean=14.6 days, SD=10.1, F=10.2, p<.01). Fifteen (22%)
also met criteria for Alcohol Abuse, and participants reported drinking an average of 3.4
(SD=4.0) drinks per day on 1.5 (SD=2.1) days in the month prior to intake. One met criteria
for Opiate Abuse and one for Sedative Abuse. Forty (58%) adolescents were regular tobacco
users.

As shown in Table 1 rates of psychopathology were high in both conditions with rates of ODD
or CD, ADHD, and Depression or GAD ranging from 39%–61% based on parent reports and
from 14%–36% based on youth reports. The pattern of more psychopathology reported by
parents than youth was also observed on the CBCL and YSR. Generally, EXP and CONTROL
youth had similar mean CBCL and YSR internalizing, externalizing, total problems, and
parenting scores at intake (all p’s >.05).

3.2. Participation and retention
Teens and mothers attended 11.3 (SD=4.0), and 10.7 (SD=3.9) of 14 sessions on average,
respectively, with no between-condition differences. Fathers who attended one or more
sessions (N=51) attended 9.1 (SD=4.5) sessions on average. Retention was good, as measured
by attendance during the last treatment week: 77% for both conditions. Adolescents in both
conditions provided a similar number of urine specimens (EXP: 23.4 (SD=8.1) vs. CONTROL:
22.6 (SD=7.4)). Participation rates for follow-ups also did not differ between EXP and
CONTROL: 92% vs. 91%, 75% vs. 85%, 75% vs. 85%, and 78% vs. 79% for the discharge
and 3-, 6-, and 9-month assessments, respectively. No adverse events were observed.

3.3. During-treatment abstinence
Primary marijuana use outcome measures indicated that EXP enhanced continuous abstinence
outcomes. EXP youth had more mean weeks of documented continuous marijuana abstinence
during treatment than CONTROL youth (EXP: 7.6 (SD=5.6) vs. CONTROL: 5.1 (SD=4.5),
t=−2.1; p=.04, d=.48, medium effect). Those in the EXP condition were also more likely to
achieve ≥8 weeks of continuous abstinence (53% vs. 30%, X2(1)=3.6, p=.06) and ≥10 weeks
of continuous abstinence (50% vs. 18%, X2(1)=7.7, p=.006), while rates of briefer periods of
abstinence were similar across the two treatment conditions (≥4 weeks: EXP 61%, CONTROL
55%; ≥6 weeks: EXP 56%, CONTROL 46%).

3.4. Post-treatment abstinence
Generalized Estimating Equation (GEE) analyses comparing the point prevalence of marijuana
use at intake, discharge and at 3, 6, and 9 months indicated that marijuana abstinence based on
urine toxicology testing followed a cubic pattern. Marijuana use decreased during treatment
(linear time effect = −1.22, p<.01), but then increased during follow-up (quadratic time effect
= 0.41, p<.01) and began to level off again (cubic time effect = −0.04, p<.01). There were no
significant treatment or time × treatment interaction effects, although EXP showed higher rates
of abstinence at each timepoint (see Figure 2). Power was .80 to detect effect sizes of d=.40
for treatment condition and .29 for the treatment × time interaction. The observed effect sizes
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were .21 for treatment and <.10 for treatment × time. Results were similar whether missing
urine drug tests were coded positive or included as missing values in the GEE analysis.

3.5 Self-reported marijuana use outcomes
The mixed-model repeated measures analysis of secondary marijuana use outcome measure
(self-reports of marijuana use) did not show significant treatment or time × treatment
interaction effects (see Figure 3). For these analyses, power was .80 to detect effect sizes of
d=.37 for treatment condition and .26 for the treatment × time interaction. The observed effect
sizes were .24 for treatment and <.10 for treatment × time. The linear, quadratic, and cubic
effects of time were all significant (p<.01). Marijuana use decreased through treatment (linear
time effect = −131.16), began to increase after treatment (quadratic time effect = 39.68), but
stabilized at a level lower than pre-treatment (cubic time effect = −3.69). Similar results and
power estimates were obtained for self-reports of alcohol use, which included a significant
quadratic time effect (.80, p<.01), but no treatment or time × treatment interactions. Percent
of days used alcohol declined from intake to the 3 month follow up, but increased from 6 to 9
months.

3.6 Parenting and Teen Psychopathology
Significant time effects emerged for all 3 APQ parenting scales, with no significant time ×
treatment condition interactions. All d’s were <.10 for the interactions, with power=.80 to
detect interactions ranging from d=.12 to .29 across scales. Positive Involvement showed
significant linear improvement over time (B=2.8, p<.05), with mothers reporting significantly
more positive involvement with their teens (B=4.7, p<.01). Deficient Monitoring showed
significant quadratic change (B=.53, p<.01), with scores improving from intake to 3 months,
and worsening from 3 to 9 months post treatment. Negative Discipline showed significant cubic
changes (B=−.41, p<.01), with scores improving from pre- to post-treatment, increasing
slightly from 3 to 6 months post-treatment, but declining again from 6 to 9 months post
treatment. In addition, for Negative Discipline, there was a main effect of treatment condition
(B=1.2, p<.05, d=.25), with significantly worse scores for the CONTROL condition than the
EXP condition.

Significant quadratic time effects emerged for both psychopathology scales (internalizing B=.
75, p<.01; externalizing B=.67, p<.01), with scores improving (decreasing) from intake to 3
months post-treatment, and rising slightly from 3 to 9 months post treatment. There were no
significant time × treatment condition interactions. Both d’s were <.10 for the interactions,
with power=.80 to detect interactions of d=.10. However, for Externalizing, there was a main
effect of treatment condition (B=2.4, p<.05, d=.30), with significantly higher scores for the
CONTROL condition than the EXP condition. Both scales also showed significant informant
effects, with teens reporting significantly fewer problems than mothers on internalizing (B=
−7.0, p<.01) and externalizing (B=−4.5, p<.01), and fathers reporting significantly fewer
problems for teens than mothers on internalizing (B=−2.8, p<.05).

Another potential indicator of parenting change was participation in the optional weekly urine
drug tests in the 12 weeks following the end of counseling. EXP families were expected to
show greater attendance because they had been taught contingency contracting based on test
results. A large percentage of both treatment conditions attended one or more of these
appointments (70% of CONTROL, 78% of EXP). EXP teens attended more times (EXP: 5.3
vs. CONTROL: 3.9), but the difference was not significant. The number of tests attended across
conditions was significantly related to marijuana abstinence at discharge (e.g., negative drug
test) at discharge (t(67)=3.2, p<.01) and at 3 months (t(67)=2.2, p<.05), but not at 6 or 9 months.
These results suggest that parents of youth who responded well to treatment continued with
testing, and continued testing may have helped maintain abstinence while it was available.
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3.7 Predictors of Post Treatment Abstinence
We tested parenting, externalizing problems, and treatment condition as predictors of
abstinence during the follow-up period (THC urine drug test results at 3, 6, and 9 months) in
three exploratory structural models. Each model included: mean maternal and paternal CBCL
externalizing ratings at intake and discharge, treatment condition, and a latent post treatment
abstinence intercept construct with follow up urine test results (3,6,9 months) as indicators.
Mean maternal and paternal Positive Involvement, Negative Discipline, and Poor Monitoring
were each tested in a separate model. Models were tested in Mplus. The strongest results were
found among parental negative discipline, adolescent externalizing problems, and post
treatment substance use. As Figure 4 shows, negative discipline and adolescent externalizing
were significantly correlated with each other at intake and discharge (Intake r=.40, Discharge
r=.42) and showed significant stability from intake to discharge (Negative Discipline B=.72,
Externalizing B=.76). Accounting for relations between intake and end of treatment allows us
to interpret the end of treatment variables as reflecting during-treatment change. Consistent
with the analyses presented above, treatment condition did not independently predict parenting
or externalizing improvement, or marijuana use in the post-treatment period. However, changes
in negative discipline (B=.49) were associated with marijuana abstinence in the follow-up
period, with the model accounting for a total of 29% of variance in post treatment marijuana
use. The identical pattern of results was found for Poor Monitoring, but Positive Involvement
did not predict post treatment marijuana use. The final models fit well (RMSEAs=.00). These
results suggest that inconsistent discipline and poor monitoring played an important role in
marijuana use post treatment.

4. Discussion
The CM-based intervention when integrated with MET/CBT (EXP) resulted in enhanced
abstinence outcomes during the treatment period compared with the CONTROL intervention
that integrated a participation-based incentive program and a psychoeducational parent
program with MET/CBT. This finding is consistent with the growing literature on abstinence-
based CM interventions with adult and young adult marijuana and other substance dependent
treatment populations (Budney et al., 2007; Carroll et al., 2006; Higgins et al., 2008; Kadden
et al., 2007). Previous controlled trials with adolescent substance abusers indicate that
achieving abstinence during outpatient treatment is difficult. For example, “in-recovery” status
at the end of treatment defined as self-reported abstinence for the prior 30 days averaged only
24% across the 5 outpatient interventions in the multi-site CYT study. In the present study,
53% in the EXP condition achieved at least 8 weeks of documented abstinence during the
treatment period suggesting that this model may offer an alternative for increasing rates of
extended periods of abstinence. In that regard, the CONTROL condition also performed fairly
well; 55% of the adolescents in the CONTROL condition achieved at least 4 weeks of
abstinence.

Despite during treatment differences in abstinence, we did not observe a robust between-group
difference in documented abstinence post treatment. As Figures 2 and 3 show, there is an
increase in marijuana use from discharge to the 9 month follow up, that, while not returning
to intake levels, is of significant concern. The lack of significant treatment condition differences
may have resulted from low power to detect differences (EXP had greater rates of abstinence
at each time point, particularly at 3 months), a more potent effect of the comparison treatment
than expected (rates of abstinence appear good in both conditions compared to prior treatment
studies), or simply a less potent intervention effect than expected. We suggest that all three of
these contributed to the findings. First, the sample size was relatively small (n=36 and 33 per
condition). Effect sizes for treatment on UA results and self reports were small (ds=.21 and .
24 respectively), but power was adequate to detect only medium effects in these analyses.
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Second, the marijuana use outcomes for the comparison condition were good relative to those
reported for other efficacious interventions (e.g., Dennis et al., 2004; Waldron et al., 2001).
The CONTROL intervention included incentives for participation in counseling and twice
weekly urine testing; systematically provided test results to parents; and provided weekly
counseling and case management to parents. Although this condition was meant to serve as an
“attention control” for the CM intervention, we expect that it was active and enhanced outcomes
that would have been achieved with MET/CBT alone and might be considered an alternative
model warranting future study. In particular, parents in the CONTROL condition may have
responded to the urine drug testing results in a similar manner to parents in the EXP condition
(i.e., withdrawal of privileges or other punishment delivered contingently following positive
drug tests, rewards delivered contingently following negative drug tests). The likely tendency
for at least some parents to respond in this way may have served to make outcomes more similar
across conditions. Third, EXP lasted only 14 weeks. With adolescents who enroll in treatment
primarily because it is required by their parents, school, or the legal system, return to substance
use once these contingencies and consistent monitoring are removed would seem highly
probable.

4.1 Parenting and psychopathology
Across psychopathology and parenting measures, the EXP condition tended to show better
outcomes, with significant main effects of treatment condition on negative discipline and
externalizing. However, the treatment × time effects were not significant on any scale,
indicating that adolescents in both conditions improved on measures of internalizing and
externalizing psychopathology, and parents in both conditions showed parenting
improvements. Similar to our findings, most adolescent substance abuse treatment studies have
reported significant reductions in conduct problems, with no treatment condition differences
(Henggeler et al., 2006; Liddle et al., 2001; Waldron et al., 2001). Reasons for positive changes
in both externalizing and parenting for both EXP and CONTROL youth might include active
intervention components in the comparison condition, as discussed above.

Despite the lack of treatment condition × time interactions on psychopathology and parenting,
the structural models reflected the unique impact of parenting on adolescent marijuana use.
End of treatment differences in inconsistent discipline and poor monitoring predicted post
treatment marijuana use, above and beyond the effects of treatment condition. For the reasons
outlined above, the comparison condition may have been more active than anticipated in
producing parenting improvements. Some (but not all) studies testing family interventions for
adolescent substance abuse have assessed changes in family functioning, and most of those
showed improvements over time in family functioning in all treatment conditions (Azrin et al.,
2001; Waldron et al., 2001). There are reports of treatment condition effects on family
variables, all showing effects based on youth reports (Liddle et al., 2009; Santisteban et al.,
2003) or observational measures (Liddle et al., 2001), but not parent reports. However, we
could find no examples of analyses linking changes in family functioning or parenting to
changes in substance use outcomes, with the exception of Dishion et al. (2003) who reported
that a preventive parenting intervention influenced adolescent substance use via its impact on
parental monitoring. The main mechanism explored to date has been treatment adherence and/
or therapist competence (Hogue et al., 2008). Identification of mechanisms is a crucial step in
the development of effective interventions, and the adolescent substance abuse treatment field
suffers from the same weaknesses noted by Kazdin (2007) in the larger psychosocial treatment
outcome literature. Our findings highlight parenting as an important treatment mechanism,
consistent with other research supporting the key role of parental monitoring on adolescent
conduct problems (Lahey et al., 2008; Laird et al., 2008) and substance use (Clark et al.,
2005; Dick et al., 2007; Kamon et al., 2006). Future studies might focus on isolating and testing
different methods of prompting or training parental monitoring.
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4.2 Limitations
Participation required a pretreatment acknowledgment that a parent or guardian would
participate each week. Hence results generalize only to adolescents that meet such treatment
conditions. Note however, we believe that with outreach efforts and flexible scheduling, many
families are likely to have at least one parent or guardian who will agree to participate. In
addition, participating adolescents were primarily Caucasian, 75% had two-parent
participation, most had parents with relatively high levels of education, lived in small
metropolitan or rural communities, and reported marijuana as their primary drug of abuse.
Thus, the generalizability of the tested treatment models to other populations of adolescents
and to other types of substance dependence is unknown. We are currently conducting a new
trial in a more diverse, lower SES population in order to assess the generalizability of this
treatment model.

We accepted into treatment 8 youth who reported regular marijuana use or who provided a
THC positive urine drug test but who did not meet DSM criteria for marijuana abuse or
dependence. We did not have the statistical power to sufficiently explore the interaction of
diagnosis with treatment condition, however, youth with vs. without a diagnosis did not show
significantly different during treatment abstinence (No DSM: Mean=7.8 weeks, SD=5.2 vs.
DSM Abuse/Dependence: Mean=6.2 weeks, SD=5.2, p=.44). In addition, when removing the
8 youth with no DSM diagnosis from this comparison, the magnitude of the effect was almost
identical, suggesting that the inclusion of these youth had no significant impact on the findings.

4.3 Conclusion and future directions
The finding that the systematic application of principles of reinforcement increased abstinence
among treatment seeking adolescents provides important support for the further development
of programs that utilize CM to enhance abstinence outcomes in the treatment of substance use
disorders. However, despite this positive effect of CM, a significant percentage of youth do
not achieve abstinence during treatment and many who do achieve abstinence relapse during
the first 6 months post treatment. Thus, both the initial treatment period and the post treatment
period remain important targets for enhancing outcomes. Alternative positive reinforcement
programs (e.g., increased magnitude, use of variable schedules, longer duration, different types
of reinforcers) merit investigation. Moreover, methods to further enhance the efficacy of parent
interventions particularly targeting effective monitoring and discipline practices may lead to
continued improvements in outcomes.
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Figure 1.
CONSORT participant flow diagram. EXP=Experimental condition; Control=Control
condition
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Figure 2.
GEE model of marijuana positive urine drug tests from intake to 9 months post treatment.
Circles and squares represent observed percentages for the CONTROL and EXP conditions,
respectively. The estimated cubic curves for each treatment condition are displayed.
EXP=Experimental condition; CONTROL=Control condition; UA=Urinalysis
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Figure 3.
Mixed model of reported percentage of days used marijuana in the 90 days prior to intake and
between each subsequent assessment. Circles and squares represent observed percentages for
the CONTROL and EXP conditions, respectively. The estimated cubic curves for each
treatment condition are displayed. EXP=Experimental condition; CONTROL=Control
condition.
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Figure 4.
Structural model predicting a post treatment marijuana use construct, defined by marijuana
(THC) positive urine drug test results at 3, 6, and 9 month follow ups. Factor loadings of the
THC result variables were all constrained to 1. EXP=Experimental condition; EXT=mean
maternal and paternal CBCL Externalizing scores; Neg Dis=mean maternal and paternal APQ
Negative Discipline scores; model p=.65, TLI=1.01, RMSEA=.00; Standardized coefficients
are displayed; solid lines indicate estimates significant at p<.05.
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Table 1
Demographic and Substance Use Characteristics

Treatment Condition

EXP CONTROL
N=36 N=33

Gender
 Male 31 (86%) 26 (79%)
Ethnicity
 Caucasian 33 (92%) 30 (91%)
 African American 2 (6%) 2 (6%)
 Hispanic 1 (3%) 1 (3%)
Mean SES (9 step scale)a 7.1 (1.5) 7.0 (1.7)b
Mean Age 16.1 (1.1) 15.9 (1.0)
Father participation 30 (83%) 22 (67%)
Legal problems 12 (33%) 10 (30%)
Tobacco user 23 (64%) 17 (52%)
Mental health services in past 12 months 21 (58%) 15 (46%)
Intake Urine Drug Test THC positive 22 (61%) 23 (70%)
Mean days used marijuana in past 30 11.1 (9.2) 15.7 (11.0)
Mean times used marijuana per day 1.7 (1.4) 2.0 (1.4)
Mean days used alcohol in past 30 1.6 (2.0) 1.5 (2.1)
Mean drinks per drinking day 3.1 (3.5) 3.8 (4.5)
DSM Substance Use
 Marijuana Dependence 14 (39%) 16 (49%)
 Marijuana Abuse 16 (44%) 15 (45%)
 No Marijuana Abuse/Dependence 6 (17%) 2 (6%)
 Alcohol Abuse 8 (22%) 7 (21%)
 Nicotine Dependence 2 (6%) 5 (15%)
DSM Mental Health
 Endorsed by either parent
  ODD+/or CD 21 (58%) 20(61%)
  ADHD 15 (42%) 18 (55%)
  Major Depression +/or GAD 17 (47%) 13 (39%)
 Endorsed by youth
  ODD+/or CD 8 (22%) 10 (30%)
  ADHD 6 (17%) 12 (36%)
  Major Depression +/or GAD 5 (14%) 7(21%)

Note. All p’s >.05 for treatment condition comparisons. EXP=Experimental Condition; CONTROL=Control Condition; SES=Socioeconomic Status;
DSM=Diagnostic and Statistical Manual; THC= Tetrahydrocannabinol; ODD = Oppositional Defiant Disorder; CD = Conduct Disorder; ADHD =
Attention Deficit Hyperactivity Disorder; GAD = Generalized Anxiety Disorder.

a
A score of 7 on the (Hollingshead, 1975) scale represents the following types of occupations: teacher, real estate broker, administrator.

b
Excludes one subject for whom SES could not be scored.
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