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a b s t r a c t

This study identified patterns of alcohol and other drug (AOD) involvement during the decade following
adolescent AOD treatment and developmental outcomes in emerging adulthood. AOD and psychosocial
variables were assessed at eight time points from adolescence into adulthood (n = 153; 41.2% women)
in an inpatient treatment sample of alcohol and other drug dependent teens. Latent class growth analy-
sis identified six trajectories based on alcohol and substance use frequency which were consistent with
developmental transitions and validated by measures of dependency symptoms. While few differences
were evident at intake, the educational, occupational and interpersonal attainments were differentially
associated with the alcohol/drug trajectories as youth transitioned into adulthood. High rates of high
school graduation (71.1%), professional occupations (45.2%), marriage/cohabitation (48.5%), and finan-
cial responsibility for children (F[5,27] = 2.75, p = .02) were evident for those with the least alcohol and
drug involvement. More severe drug use trajectories were associated with higher rates of dependence,
incarceration and more treatment at the final period of assessment. Outcomes of the trajectory of fre-
quent alcohol involvement were distinct from combined alcohol and drug use. These findings highlight
the long-term diversity of substance use outcomes following adolescent treatment and suggest that iden-
tification of these patterns of use following treatment can help clarify the developmental impact of youth
alcohol and drug use on outcomes in young adulthood.

Published by Elsevier Ireland Ltd.

1. Introduction

Although it is becoming increasingly clear that heavy alcohol
and drug (AOD) involvement during adolescence carries substan-
tial risk (Brown and Ramo, 2006; Spear, 2004), little is known of
the adult outcomes of youth treated for alcohol and drug use dis-
orders (A/SUDs). Past investigations have shown that adolescents
treated for A/SUDs return to substance use at rates consistent with
their adult counterparts (e.g., Brown et al., 1990; Chung and Maisto,
2006; Cornelius et al., 2003; Latimer et al., 2000). While similar
in rates of return to use, the impact of AOD use after treatment
are different for youth (Brown, 2004; Schulenberg et al., 1996) and
may have far reaching developmental consequences (Brown et al.,
2008). While advances have been made in characterization of long-
term substance involvement patterns and its impact on youth in
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community samples (e.g., Schulenberg and Maggs, 2002), little is
known regarding the unfolding patterns of alcohol and drug use
and impact on development for youth who received treatment for
A/SUDs.

The vast majority of the existing work examining trajectories of
AOD involvement in teens after treatment has focused on the early
period after treatment (e.g., 1 year: Chung et al., 2004, 2005; 3 years:
Chung et al., 2008; 2.5 years: Godley et al., 2004). For example, in a
longitudinal study, Chung and colleagues (2008) used latent class
growth modeling to characterize patterns of alcohol, marijuana and
other drug dependence symptoms across 3 years in adolescents
who had experienced a treatment episode (in- or outpatient). They
identified six classes for alcohol and marijuana symptoms including
Low Improver (or No Symptoms [Marijuana]), High Improver, Stable
Low, Moderate Improver, Increasing and Stable High. Four trajecto-
ries emerged for other drug symptoms representing No Symptoms,
Improving, Increasing, and Stable High. To a large degree, these pat-
terns were concordant across individuals assigned to these classes
(only one of four subtypes were discordant). Subtypes differed on
the basis of gender, ethnicity, age, conduct disorder and depression,
and the patterns identified demonstrated some consistency across

0376-8716/$ – see front matter. Published by Elsevier Ireland Ltd.
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the other studies cited above. These studies demonstrate the use-
fulness of empirically based AOD trajectories and highlight the need
for longer term follow-ups to understand the course of substance
use into early adulthood.

Examination of longer term substance use patterns among
treated teens has used clinical categorization, rather than empirical
strategies such as latent class growth analysis (LCGA). For example,
work in our lab has characterized the substance involvement, social
and behavioral functioning in the years after treatment (Anderson
et al., 2007; Brown et al., 1994, 2001; Chung et al., 2003). Based
on quantity/frequency of use and associated problems exhibited
over multiple follow-up time points after treatment, youth were
clinically categorized into five groups: Abstainers (7%), Users (8%),
Slow improvers (10%), Worse with time (27%), and Continuous heavy
users (48%; Brown et al., 2001). Based on frequency of use and SUD
diagnostic criteria at three follow-up time points up to 5.5 years,
Winters and colleagues (2007) found that treated youth had con-
sistently better outcomes than wait list controls, while community
controls demonstrated lower substance use than the other two
group at all three assessed time points. While this initial conceptual
approach to treatment outcome was critical, the latent trajectory
approach may further our understanding of both post-treatment
substance involvement patterns and developmentally important
functioning as treated adolescents transition into adulthood.

In an early effort to apply latent growth analysis to classify
teens’ alcohol use in the 8 years following treatment, Abrantes
described four trajectories of teen alcohol patterns in 140 who
had an inpatient treatment episode (Chung et al., 2003). Based on
these 8-year trajectories, teens were labeled as Abstainers (22%),
Infrequent users (24%), Worse with time (36%), and Frequent users
(18%). Worse alcohol trajectories were associated with more severe
alcohol dependence symptoms, severe drug use, and poorer psy-
chosocial functioning in late adolescence. This longitudinal work
underscores the importance of extending the trajectory analysis
approach beyond the 8-year period as well as incorporating joint
consideration of multiple substances (i.e., marijuana, other drugs)
which are so often used in conjunction with alcohol among youth
in substance abuse treatment (Substance Abuse and Mental Health
Services Administration and Office of Applied Studies, 2007).

This investigation has two primary goals: (1) to identify 10-year
patterns of AOD use for youth after treatment for A/SUDs in ado-
lescence, and (2) examine the developmental outcomes for youth
expected to best represent these patterns of consumption in young
adulthood. For full consideration of long-term outcomes, use of
alcohol and other drugs were modeled simultaneously using latent
class growth analysis (LCGA). Joint approaches, integrating two
separate trajectory models, have been used successfully to charac-
terize the comorbidity between alcohol and tobacco use from late
adolescence to young adulthood (Jackson et al., 2005) and 1-year
alcohol use and AUD symptomatology for youth after treatment
(Chung et al., 2005). Further, we examined demographic charac-
teristics (age, sex and ethnicity) and pre-treatment substance use,
which have commonly been investigated as predictors or associates
of substance use trajectory classes in treatment samples (Brown et
al., 1989; Chung and Maisto, 2006; Chung et al., 2004; Latimer et
al., 2000; Richter et al., 1991).

Given our interest in understanding the developmental impacts
of AOD use across time, we examined how youth with differ-
ing longitudinal patterns of AOD involvement following treatment
managed the developmental transitions of emerging adulthood.
Emerging adulthood, the period of development from 18 to 25
years of age, is characterized by transitions to independent liv-
ing, educational and occupational attainment, and deeper intimacy
in interpersonal relationships (Arnett, 2000; Scales et al., 2003).
We targeted the domains of independence (financial/residential),
industry (education/work), and intimacy (marriage/family) as indi-

cators of developmental attainment in this investigation. As past
research has demonstrated that continued treatment (Kelly et al.,
2000, 2008) and living in environments where alcohol or drugs are
difficult to acquire (i.e., juvenile hall, jail) influence post-treatment
course (Godley et al., 2004), class differences on these variables
were compared at each follow-up time point.

Based on recent findings, we expected that an abstaining/non-
using trajectory and chronic use trajectory would emerge across
the 10 years after treatment (Brown et al., 2001; Chung et al., 2005;
Clark et al., 2006). In addition, we expected that developmentally
relevant shifts in use patterns might emerge around developmen-
tal transition points identified in past studies, such as the move to
independent living and graduations from high school and college
(Aseltine and Gore, 2005; Kypri et al., 2004; Zucker et al., 2000)
and transition to legal consumption of alcohol (age 21). We also
expected that males and younger teens at treatment entry might
be more likely to experience more severe patterns of alcohol and
drug use engagement (Chung and Maisto, 2006; Wiesner et al.,
2007). Consistent with young adult development, patterns char-
acterized by lower levels of AOD use across time were expected to
demonstrate higher levels of educational and occupational attain-
ment, age appropriate independence from families-of-origin, and
greater intimacy and responsibility within their interpersonal rela-
tionships.

2. Methods

2.1. Participants

One hundred and seventy-one youth (40.9% girls), aged 13–18 years of age, were
recruited from alcohol and drug use treatment centers in San Diego County between
1988 and 1994, as a part of a longitudinal study of adolescent alcohol and drug use
treatment outcomes (Brown et al., 1994). Recruited youth had a primary diagnosis of
alcohol or substance use disorder without concurrent Axis I psychopathology (DSM-
III-R; American Psychiatric Association, 1987) exclusive of conduct disorder (94%
with CD symptoms at study intake [M # of symptoms = 5.9; SD = 2.5]; Brown et al.,
2001), and had participated in inpatient treatment, incorporating Alcoholic Anony-
mous 12-step treatment, individual, family and group psychotherapies. Recruited
youth met criteria for either alcohol abuse or dependence and 97% met criteria
for dependence on at least one other substance (exclusive of nicotine). The clini-
cal sample was representative of the demographic patterns reflected in the school
population of greater San Diego County. After 10 years of participation, 5 were lost
to follow-up due to death, 2 were incarcerated, and 4 were unable to be contacted;
93% of the original teens and 98% of collateral reporters completed the 10-year
assessment. One hundred fifty three participants (89.5% of the total sample; 41.2%
women) provided detailed substance use data on at least six of eight occasions from
study enrollment across a 10-year period after treatment and were included in these
analyses. Individuals missing data on more than two occasions did not differ from
included cases on the basis of demographics (sex, ethnicity, SES) or substance use
patterns at intake. Intake demographics, substance use patterns and substance use
diagnoses of participants are presented in Table 1.

2.2. Procedures

Recruitment and assessment procedures for this longitudinal study have been
published elsewhere (Brown et al., 1989, 1994, 2001). Specific to this investiga-
tion, youth and their collateral reporter (parent/guardian in adolescence; domestic
partners in adulthood) were separately interviewed at study intake (14–21 days in
treatment) and at 6 months, 1 year, 2 years, 4 years, 6 years, 8 years and 10 years
after study enrollment. After study intake, participants were contacted by phone,
mail, and e-mail to schedule each follow-up. Participants were interviewed in per-
son (approximately 80%) or by phone (greater than 50 miles from research site) to
maximize follow-up participation. The structured interviews with each subject and
resource person pair were conducted by different interviewers trained to criterion
to provide independent corroboration of data and confidentiality. We used a struc-
tured method of compositing subject and collateral reported information, counting
youth reports of use or problems even when not identified in collateral reports, and
more heavy use/heavier consequences were included if objective information (e.g.,
toxicology screens, public information) verified this.

2.3. Measures

2.3.1. Demographic characteristics and developmental outcomes. A 90-min confi-
dential structured interview (Brown et al., 1994) was completed separately by
adolescents and collaterals to gather demographic and background information and
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Table 1
Adolescent alcohol and drug treatment sample: demographics, diagnosis and use
patterns at study intake (n = 153).

Sex
Male 58%
Female 42%

Age
Mean 15.9 (SD = 1.3)
Range 13.0–18.0

Ethnicity
Caucasian 74%
Hispanic-American 6%
African-American 5%
Other/mixed 15%

Socioeconomic status
Hollingshead Index mean 29.9 (SD = 12.6) – middle class

Lifetime substance use
Alcohol 100%
Marijuana 99%
Amphetamine 95%
Cocaine 73%
Hallucinogens 69%
Inhalants 44%
Barbiturates 20%
Opiate 17%

Lifetime substance dependence diagnoses (DSM-IV)
Alcohol 61%
Marijuana 59%
Stimulant 52%
Hallucinogen 10%
Barbiturate 1%
Inhalants 1%
Opiate 0%

Note: Diagnosis was determined by CDDR interviews with teen and parent/guardian.
Other ethnicity included Asian-American/Pacific Islanders, Native Americans, and
those who self-identified as Other or mixed background.

information regarding participant experiences with substance use and related vari-
ables. A modified version of this interview was conducted at each follow-up time
point with the participant and separately with a collateral reporter (e.g., parent,
spouse as appropriate) to update the information described above, and to collect new
information on subsequent alcohol and drug treatment (inpatient and outpatient),
current living environments (i.e., incarceration, independent living), changes in dat-
ing/marital status and parenthood, and information on current education, financial
and employment status. Socioeconomic status at intake was determined using the
Hollingshead Index (Hollingshead, 1965) based on parental education, occupation
and income. At 10 years, youth SES was estimated using his/her educational level,
occupation and income.

2.3.2. Substance use. The Customary Drinking and Drug Use Record (CDDR; Brown
et al., 1998) was used to assess alcohol (i.e., beer, wine, hard liquor) and drug
involvement (i.e., marijuana, amphetamines, barbiturates, hallucinogens, cocaine,
inhalants, opiates and other drugs) at all assessment points. The Lifetime Version,
given at intake, assessed lifetime use of alcohol and eight types of drugs and the
Current Version of the CDDR, given at all follow-up assessments, assessed average
30-day use in the last 3 months. For early time periods of assessment, DSM-III-R
classifications of dependence were recoded using DSM-IV criteria sets (APA, 1987,
1994). We used substance dependence symptoms, rather than abuse symptoms, as
these are considered a more sensitive measure, and are strongly associated with
adverse consequences and common risk factors (e.g., Luczak et al., 2004). The CDDR
has demonstrated good internal consistency, test–retest, and interrater reliability,
as well as convergent and discriminant validity in adolescents and young adults with
AUDs and SUDs (Brown et al., 1998; Stewart and Brown, 1995). A random sample of
approximately 15% of subjects completed urine toxicology screens at each follow-up
assessment to confirm self-report and reports from collaterals. At each time point
of assessment, we had no more than two inconsistencies between self-reported
use and biological samples. Approximately half were under reporting (i.e., urinaly-
sis identified a substance not reported), and we took the conservative approach of
matching data to the biological findings. In the other half of the cases, participants
reported use that was not identified on the toxicology screen. The data were main-
tained as reported because the participants assumed that they had consumed an
active substance.

To form the trajectories, frequency of use was measured at each time point by
quantifying the average alcohol use days per month summed across beer, wine and
hard liquor in the past 3-month period (0–90). For example, drinking beer on 15 days,

wine on 8 days and hard liquor on 20 days per month on average would result in an
estimate of 43 drinking experiences/month. The average 30-day drug use episodes
summed across the eight types of substances used per month in the 3 months prior
to assessment (0–240; e.g., marijuana 20 days + cocaine 10 days + LSD 5 days = 35
uses/month). Maximum number of drinks per episode (i.e., the largest amount of
alcohol consumed during one use episode) was a composite of the three types
of alcoholic beverages (beer, wine, hard liquor) consumed in the episode. Heavy
episodic drinking was defined as drinking more than 4[women]/5[men] drinks in an
episode in the preceding 3-month period. Marijuana use, other drug use, and poly-
drug use were examined using marijuana, other drugs (any of the 7 substances), and
using multiple drugs in the same use episode at least once in the preceding 3-month
period, respectively.

2.4. Analytic strategy

Latent class growth analysis (LCGA; Muthén, 2001; Nagin, 2005) was used to
describe the longitudinal patterns of alcohol and other substance use in this sample.
In practice, LCGA creates classes of individual growth trajectory patterns (Muthén
and Muthén, 2000). In LCGA, and within growth mixture models generally, a latent
categorical variable is specified for the model that represents a set of trajectory
classes. Each class’ expected developmental trajectory takes on a unique and, in
many cases, distinct form; each has its own set of parameter estimates for the
model that describes the functional form of the expected developmental trajectory.
LCGA can model the influence of covariates such as baseline characteristics (e.g.,
sex, age, ethnicity), while simultaneously determining the class structure (Muthén
and Muthén, 2000). However, this modifies the expression of the trajectories as a
function of these personal characteristics. As our primary goal was to better under-
stand the patterns of post-treatment substance use in this sample, a constrained
dual trajectory model (Brame et al., 2001) was implemented whereby the com-
bined developmental course of alcohol use frequency and substance use frequency
at seven time points was modeled without initial inclusion of covariates. Baseline
characteristics and functioning were subsequently examined after specification of
classes. The LCGA included data from assessments at 6 months and 1-, 2-, 4-, 6-, 8-
and 10-year time points. In this type of analysis, missing data was allowed for any
time point (maximum of two missing). To reflect the frequency (count) nature of the
alcohol and other drug use variables, these measures were modeled as Poisson dis-
tributed variables. The model was estimated using MPlus 4.2 (Muthén and Muthén,
2007).

In LCGA models, the number of groups in the latent class variable must be speci-
fied. In this study, 3–9 class models were compared and through a sequential process
of model selection, the LCGA model with the optimum number of latent classes
was identified. Given prior work in this sample (Brown et al., 2001; Chung et al.,
2003) and others (e.g., Chung et al., 2008) demonstrating heterogeneity in AOD
patterns post adolescent treatment, classic regression (1-class) and binary mod-
els (2-class: use/non-use) were not evaluated. Following the general standards of
Nagin (1999) and Muthén and Muthén (2000), model selection was based on initial
quantitative criteria (i.e., Adjusted BIC, Entropy, Bootstrapped Likelihood Ratio Test
[BLRT], posterior probabilities) and subsequent consideration of qualitative features
(interpretability, discriminant validity) of each model.

As is common with mixture models, local maxima issues were a concern with the
likelihood solutions obtained (Hipp and Bauer, 2006). Since it is common for com-
plex mixture models to have multiple maxima, we adopted a conservative approach
to guard against the possibility of selecting parameter estimates that are not at the
global maximum (For detailed review see Eliason, 1993; Hipp and Bauer, 2006;
McLachlan and Peel, 2000). To avoid local maxima, each model was estimated with
Mplus’s random starts algorithm, using 300 random sets of starting values and 30
final stage optimizations (Muthén and Muthén, 1998–2006). After being selected,
the 6 class model was rerun with 7000 random starts and 60 final stage solutions
to minimize the risk that the reported model was a product of local maxima. Even
with the large number of random starts, many local maxima were found among the
best fitting solutions. Of the top 10 rank ordered solutions, 6 different maxima were
identified and as recommended (Hipp and Bauer, 2006), the local maxima were com-
pared and evaluated for substantive differences between the solutions. The resultant
solution with the best likelihood was presented and the parameter estimates were
consistent with the parameter estimates for the five other top maxima. Under these
circumstances, results can be used to draw substantive conclusions from the model
(Hipp and Bauer, 2006).

Two strategies were used to determine whether demographic and substance
use patterns of youth at treatment entry were related to post-treatment trajectory
class membership. Multinomial logistic regression (Hosmer and Lemeshow, 2000)
was used to test for differences in ethnicity, sex, and alcohol and drug dependence
diagnosis among the different classes. First, the logistic models were estimated
using data where each subject was assigned to the class with the highest pos-
terior probability. These models were then compared to models estimated using
weighted regressions, using the posterior probabilities as regression weights. In
this study, the posterior probabilities were high (>.95; Table 2) and in all cases the
weighted regressions predicting intake characteristics resulted in outcomes equiva-
lent to analysis based on unitary class assignment of each participant. Consequently,
for ease in interpretation, we describe findings based on unitary class assignment
below.
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Table 2
Decision criteria by class solution for LCGA models youth followed 10 years after treatment.

Classes Adjusted BIC Entropy BLRT (p-value) Range of maximum probabilities
of class membership

3 24,021 .998 <.001 .972–.999
4 21,790 .999 <.001 .999+
5 20,829 .997 <.001 .672–.999
6 20,076 .998 <.001 .957–.999
7 19,505 .996 <.001 .618–.999
8 19,018 .999 <.001 .935–.999
9 18,593 .994 <.001 .778–.999

Note: Range of maximum probabilities of group membership for the 4 class solution had a range of .999 and above suggesting overfit.

ANOVA and Fisher’s Exact Test for contingency tables were conducted to val-
idate class distinctions on AOD measures, characterize individuals expected to be
within each class and compare psychosocial outcomes at each time point. When an
ANOVA or contingency table was found to be significant for a time point, family-
wise error corrections were applied to pairwise comparisons in order to determine
which groups differed. ANOVAs were followed by Tukey HSD tests and contingency
tables were followed by Holm corrected significance tests (Holm, 1979). Given space
constraints, the entirety of these results was not presented here. Power analyses
(G*Power 3; Faul et al., 2007) indicated that there was adequate power to detect
medium to large effect sizes in determining group differences (f = .30; 1 − ˇ = .90;
p < .05).

3. Results

3.1. 10-Year patterns of post-treatment substance use and
DSM-IV dependence symptoms

As described above, the series of LCGA models were tested to
determine the best fit to the longitudinal data. While the Adjusted
BIC dropped with each increase in number of classes and all class
models were significant using the BLRT (Table 2), the 6 class solu-
tion maximized the interpretability of the longitudinal use patterns
within the data. The parameter estimates for this selected model are
presented in Table 3. Figs. 1 and 2 highlight the topography of alco-
hol and other drug use within each trajectory class as characterized
by individuals with the highest probability of class membership.
While the trajectories were modeled on the frequency of alcohol
and other drug use, Fig. 1 also includes specific information on the
frequency of use of marijuana as this substance is considered the
most commonly used substance in this age range other than alco-
hol. Fig. 2 shows the percentage of individuals assigned to each class
reporting alcohol, marijuana, and other drug use at each time point.
Fig. 3 provides information on mean A/SUD criteria endorsed at
each time period by those assigned to a particular trajectory group.

Differences emerged across all concurrent measures of AOD
engagement at each time point: maximum drinks per episode (F-
values: 6.5–12.4, ps < .00001), percent with heavy episodic drinking
(�2: 21.7–45.3, ps < .001), percent using alcohol (�2: 20.6–46.3,
ps < .0001), percent using marijuana (�2: 18.5–93.7, ps < .0001), per-
cent using other drugs (�2: 24.5–105.3, ps < .0001) and polydrug use
(F-values: 11.2–21.9, ps < .00001). Groups differed significantly on
meeting criteria for AUD (i.e., three or more alcohol dependency

symptoms) from 6 months to 4 years after treatment (�2: 9.3–20.1,
ps < .05) and SUD diagnosis (i.e., three or more drug dependency
symptoms) across all time points (�2: 12.9–45.0, ps < .01).

3.1.1. Class 1: Abstainers/Infrequent Users. The “Abstain-
ing/Infrequent” pattern of use had the highest probability of
group membership (n = 44) and demonstrated the lowest AOD
use frequencies (Fig. 1). Posthoc comparisons indicated that
individuals expected to be in the Abstainers/Infrequent Users class
had the lowest proportion of alcohol, marijuana and other drug
users across time (Fig. 2). In the early stages after treatment,
participants did endorse some A/SUD symptomatology. By 4 years
post-treatment, participants assigned to this class did not exceed
clinical cut-offs for AUD, and by 6 years, no SUDs were identified
(Fig. 3).

3.1.2. Class 2: Late Adolescent Resurgence. The distinguishing fea-
ture of the next two classes (2 and 3) is the timing of the return to
heavier substance involvement. Late Adolescent Resurgence (Class
2) demonstrates substance use frequencies rising through adoles-
cence with a subsequent drop in the early adult years (Fig. 1). In
comparison to Class 3, this use pattern peaks earlier and begins to
recover earlier. The frequency of drug use (Fig. 1), as well as the
proportion of use among individuals expected to be in this class,
continue to rise until their peak in late Year 4 and then slowly drop
until around 10 years. Similarly, there is a rise in the proportion
of youth most likely assigned to this class who exceed clinical cut-
offs for drug use disorders at 1 year (6 months: 52%, 1 year: 70%,
2 years: 46%). Rates of SUDs among the Late Adolescent Resurgence
class exceeded the rates of drug diagnoses for the Class 3 (Emerging
Adulthood Resurgence) at 6 months (Fischer’s Exact Test, p = .001), 1
year (Fischer’s Exact Test, p < .0001), and 2 years (Fischer’s Exact Test,
p = .002), supporting a different onset and timing of SUD reemer-
gence across time. A similar pattern was not supported for AUDs
(see Fig. 3).

3.1.3. Class 3: Emerging Adulthood Resurgence. The Emerging Adult-
hood Resurgence pattern involves initially low frequency AOD use
in the first 2 years post-treatment with a sharp rise in frequency,
particularly of drug use, from 4 to 10 years after treatment. The
quadratic function in this class (Table 3) is manifested in the drop-

Table 3
The 10-year latent class growth model characteristics for alcohol/drug use: 6 class.

Latent class % Sample Alcohol frequency Drug frequency

Intercept (SE) Slope (SE) Quadratic (SE) Intercept (SE) Slope (SE) Quadratic (SE)

1. Abstainers/Infrequent Users 28.7% −0.27 (0.31) 0.05 (0.71) 0.39 (0.36) −1.35 (0.50)* 0.73 (1.4) −0.32 (0.64)
2. Late Adolescent Resurgence 17.6% 1.35 (0.17)* 3.25 (0.48)* −1.64 (0.28)* 2.96 (0.24)* 1.18 (0.66) −0.97 (0.36)*

3. Emerging Adult Resurgence 14.4% −0.54 (0.53) 4.68 (0.78)* −1.77 (0.30)* −4.81 (1.1)* 12.58 (1.8)* −4.78 (0.72)*

4. Frequent Drinkers 16.3% 2.09 (0.20)* 0.55 (0.54) −0.16 (0.25) 2.50 (0.21)* −4.39 (0.91)* 1.57 (0.59)*

5. Frequent Drinkers/Drug Dependent 17.0% 1.22 (0.15)* 1.80 (0.45)* −0.51 (0.23)* 1.35 (0.17)* 2.37 (0.37)* −0.71 (0.19)*

6. Chronic 6.0% 3.11 (0.11)* −0.02 (0.39) 0.23 (0.29) 3.70 (0.15)* −0.90 (0.56) 0.38 (0.34)

* p < .05.
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Fig. 1. Composite use of alcohol, marijuana and other drugs across a decade after adolescent treatment. Units are in days per month for each type of substance (e.g., days
beer + days wine + days hard liquor, eight types of drugs), leading to frequencies greater than 30, as more than one type of alcohol or drug could be consumed in a given day.

off in frequency at the last time point of assessment (Year 10). This
sharp shift around 4 years post-treatment (∼20 years of age) is seen
most clearly for drug involvement (Figs. 1 and 2) and a rise in the
proportion exceeding clinical cut-offs for substance dependency (2
years: 5%, 4 years: 20%, 6 years: 45%).

3.1.4. Class 4: Frequent Drinkers. The pattern of AOD involvement
for this trajectory class labeled as Frequent Drinkers was charac-
terized by sustained high frequency drinking across time (Fig. 1)
with low rates of involvement with any other drug. Relatively

low rates of drug use distinguished this Frequent Drinkers trajec-
tory from Class 5 (Frequent Drinkers/Drug Dependent) and Class
6 (Chronic). At 2 years post-treatment, there is a sharp decline
both in frequency of drug use (Fig. 1) and percentage of class
engaging in other substance use (Fig. 2). Youth expected to be in
this class drank at high doses (quantity × frequency per month:
range = 52.7–96.0) but did not have significantly higher rates of
alcohol dependence compared to other classes. Interestingly, this
pattern of consumption was associated with a spike in quan-
tity × frequency of drinking across the age range associated with
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Fig. 2. Proportion of each class using alcohol, marijuana and other drugs at each follow-up time point. Vertical bases represent the mean 95% confidence interval for each
class.

the attainment of legal drinking age (Year 6) that remitted by
Year 8. No individuals expected to be in this class met criteria for
drug dependence at any of the 4–10-year assessment time points
(Fig. 3).

3.1.5. Class 5: Frequent Drinkers/Drug Dependent. The Frequent
Drinkers/Drug Dependent trajectory is similar to Class 1 (Abstain-
ers/Infrequent Users) and Class 3 (Emerging Adulthood Resurgence)
in that the initial rates of alcohol, and to some extent drug use,
initially following treatment (0–6 months) are relatively low. How-
ever, this pattern of use shows a sharp upward trajectory in AOD
use frequencies across time (Fig. 1). These youth are similar to the
Worse with Time pattern found in previous work (e.g., Brown et al.,
2001; Chung et al., 2004). Substance involvement also rose across
time; individuals with a higher probability of class membership
increased the frequency of substance use with a greater percent-
age of group members using AOD at each time point (Figs. 1 and 2).

These individuals showed a growth in SUDs from 1 year (25%) to 6
years (45%) post-treatment.

3.1.6. Class 6: Chronic. The Chronic pattern of AOD involvement had
the lowest probability of group membership within this sample, but
the highest frequency AOD involvement at almost all time points
(Fig. 1). Individuals expected to be in the Chronic class had very high
rates of SUDs (e.g., 6 months = 86%; 4 years = 50%) post-treatment
with high level symptom endorsement across time (Fig. 3). This
trajectory appears similar to severe groups reported in other inves-
tigations (Chung et al., 2004, 2005; Clark et al., 2006).

3.2. Demographic and pre-treatment substance use as predictors
of longitudinal use trajectories

Table 4 compares individuals assigned to each class on intake
characteristics, subsequent treatment and incarceration, and devel-
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Fig. 3. Mean number of DSM-IV alcohol and drug use dependence symptoms endorsed by participants assigned to each trajectory class. For drug dependence symptoms, if
participants were polysubstance users, they were credited for a particular symptom only one time, even if they experienced the same symptom for multiple substances.

opmental outcomes. In general, AOD trajectory classes were
demographically similar at intake. Age (Table 4) and ethnicity
(�2[df = 15] = 19.14, ns) were not significantly related to class mem-
bership. However, on the basis of assigning participants to classes
with the highest probability of membership, there was a trend
for men and women to be distributed differentially across tra-
jectories (p = .06; Table 4) with young men slightly more likely
to be represented in the frequent drug use classes (2, 3, 5, and
6). While the average monthly frequency of alcohol consump-
tion (�2[df = 5] = 7.7, ns) and rates of heavy episodic drinking
(Table 4) were similar at study intake, individuals expected to
be within a particular class differed on the average maximum
drinks per episode across the past 3 months. Posthoc compar-
isons suggested that those most likely assigned to the Frequent
Drinkers/Drug Dependent class had significantly higher maximum
drinks per episode prior to treatment than those most likely to
be in the Abstainer/Infrequent User class (Bonferroni corrected
p = .004). No specific drug use differences were evident across the

trajectory classes except for frequency of marijuana use (Table 4),
with Abstainers/Infrequent Users and Frequent Drinkers trajecto-
ries having the lowest marijuana frequency at intake while Late
Adolescent Resurgence and Emerging Adulthood Resurgence, had the
highest pre-treatment marijuana use. At intake, other drug use
(�2[df = 5] = 5.8, ns) and polydrug involvement (F[5,147] = 0.84, ns)
did not significantly differ across trajectory-defined classes. Fur-
ther, logistic regressions indicated no significant differences across
classes in proportions meeting DSM-IV diagnostic criteria for alco-
hol (�2[df = 5] = 8.0, ns) or drug dependence (�2[df = 5] = 0.2, ns)
prior to study entry.

3.3. Subsequent treatment and incarceration

To determine the potential role of post-treatment controlled
environments and/or treatment on these outcome patterns, both
inpatient and outpatient treatment episodes and incarceration
measured at each assessment time point were examined in relation
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Table 4
Intake and 10-year characteristics of alcohol/drug use trajectories by posterior probability class assignment (N = 153).

Class 1: Abstainer Class 2: Late Adol Class 3: Emg Adult Class 4: Freq Drink Class 5: FD/DD Class 6: Chronic Diff

Intake
Age 16.0 (1.5) 15.8 (1.2) 15.7 (1.3) 16.4 (1.1) 15.5 (1.0) 15.9 (1.5) F(5,147) = 1.5
Sex (F) 56.8% 33.3% 31.8% 52.0% 26.9% 22.2% �2(df = 5) = 10.7
Caucasian 54.5% 55.6% 50.0% 56.0% 53.9% 44.4% �2(df = 5) = 0.5
SES 29.6 (12.1) 29.4 (9.8) 26.9 (13.4) 27.6 (11.7) 32.6 (12.1) 38.8 (20.6) F(5,146) = 1.6
AlcMax 7.5 (7.1) 11.7 (9.6) 10.7 (9.3) 13.4 (11.5) 16.9 (12.6) 14.0 (14.3) F(5,146) = 3.1*

HEDrk 57.1% 74.1% 77.3% 76.0% 80.0% 66.7% �2(df = 5) = 5.8
MJ Freq 12.8 (12.5) 19.8 (10.7) 19.3 (12.0) 10.8 (11.6) 17.5 (12.5) 17.2 (12.7) F(5,147) = 2.5*

Control variables
Incarcerated 31.8% 63.0% 77.3% 48.0% 65.4% 88.9% �2(df = 5) = 20.5***

Treatment (inpt/outpt) 5% (3%/3%) 26% (19%/15%) 17% (12%/6%) 12% (8%/12%) 0% 44% (20%/43%) Fisher’s Exact Test**

10-Year status
HS Grad 71.1% 65.2% 44.4% 82.6% 64.0% 28.6% �2 (df = 5) = 11.2*

SES 43.1 (14.8) 53.1 (12.6) 50.8 (11.8) 42.0 (13.6) 51.7 (17.8) 55.9 (13.3) F(5,112) = 2.8*

Occupation �2(df = 5) = 24.8*

Unemploy 6.5% 4.8% 12.5% 15.8% 21.8% 42.9%
Unskilled 41.9% 81.0% 68.8% 31.6% 47.8% 42.9%
Professional 45.2% 9.5% 12.5% 47.4% 26.1% 14.3%
Managerial 6.5% 4.8% 6.3% 5.3% 4.4% 0%

Married 48.5% 13.0% 16.7%% 52.2% 36.0% 0% �2(df = 5) = 17.5**

Parent 55.3% 39.1% 38.9% 60.9% 36.0% 28.6% �2(df = 5) = 6.0

Note: Class assignment is based on highest posterior probability of class membership. Alc Max: maximum drinks/episode; HEDrk: heavy episodic drinkers (percent reporting
4+/5+ drinks [females/males] per episode); MJ Freq: average days using marijuana per month; HS Grad: high school graduation; SES: socioeconomic status; Unemploy:
unemployed; Treatment: AOD treatment.

* p < .05.
** p < .01.

*** p < .001.

to trajectory class. Prior to the 10-year assessment, probability of
trajectory class membership was not associated with differences in
treatment episodes at any time point. At the final assessment, tra-
jectories differed significantly (Table 4), with individuals expected
to be in the Chronic and Late Adolescent Resurgence groups reporting
the greatest level of treatment exposure.

Incarceration at any time after initial adolescent treatment was
significantly different on the basis of class assignment, with the
most severe groups demonstrating the greatest percentage of incar-
ceration (Table 4). When examining patterns of incarceration, there
was a trend for individuals assigned to the Chronic group to have
the highest number of sentences and longest sentences. For exam-
ple, those with the Chronic class assignment had approximately
three and a half jail terms compared to a range of 2.0–2.6 for
other groups. Patterns were similar for those who were incar-
cerated in the Abstaining/Infrequent Users and Frequent Drinkers
categories (2.0 times in jail), with five of eight individuals expected
to be Abstainers/Infrequent Users and seven of nine Frequent Drinkers
incarcerated for less than 1 week. In comparison, all individuals
in the Chronic class who had served time in jail spent more than
a month incarcerated. When examining mean days served across
each time point of assessment, assignment to the Chronic group
was associated with the longest time incarcerated, with a mean of
77.9 days served (SD = 196.3). Pairwise comparisons demonstrated
that length of stay was significantly higher than any other class
assignment (Tukey WSD, p < .01), with mean differences ranging
from 56.6 to 74.3 days. There were no significant differences among
the remaining categories.

3.4. Alcohol and substance use trajectories and developmental
milestones of emerging adulthood

3.4.1. Industry: education/work. The impact of probability of class
membership on educational attainment and occupational status
was examined at 10 years post-treatment as well as the timing
of transitions in these areas. At 10 years, individuals expected to be
within each class differed on rates of graduation from high school,

with Abstainer/Infrequent Users and Frequent Drinkers having the
greatest high school completion rate (Table 4). However, across
trajectory classes, youth did not differ on the mean age of high
school graduation for those with a diploma (F[5,8] = 1.28, ns). Of
note, few members of this sample were college graduates by 10
years (n = 13; M age = 25.9, SD = 1.7), and no one expected to be a
member of the Chronic class attained this level of education. As a
result of low college attendance rates, differences based on rates of
college completion or age of completion did not emerge.

Occupational status varied significantly in relation to trajectory
classes (Table 4). Participants’ report of their current occupation at
10-year assessment was divided into four categories: unemployed,
unskilled/semi-skilled workers (e.g. machine operator, clerical),
professionals (e.g., small business owner, administrator), and man-
agerial/executives (e.g., business manager, higher executive). The
majority of participants expected to be within the Chronic class
reported being unemployed or engaging in unskilled/semi-skilled
work, while Late Adolescent and Emerging Adulthood Resurgent
groups were most likely to be in unskilled or semi-skilled positions.
Individuals assigned to the Abstainer/Infrequent Users and Frequent
Drinkers classes were most often in professional positions.

3.4.2. Independence: financial/residential. More than half of the
sample was financially independent from their families-of-origin
10 years after treatment (56.4%) when the average age was 25.9
years. At that time, socioeconomic status, as measured by the
Hollingshead Socioeconomic Status scores differed across trajec-
tory groups (Table 4). As expected, individuals expected to be
Abstainers/Infrequent Users obtained one of the best (lowest) mean
SES index scores which were significantly lower than the mean
of the other groups with histories of varying use patterns over
10 years (t[112] = −2.46, p = .02). Participants assigned to the Fre-
quent Drinking class demonstrated consistent levels of SES to the
Abstaining/Infrequent Users class (Table 4).

Independent living, defined as not living with parental figures or
relatives (excluding spouse/children) was examined at all assess-
ment time points. Youth assigned to the trajectory classes did not
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differ on their independent living environments across time but
showed a developmental shift of greater independent living over
time across all classes over time. On average, youth transitioned to
independent living at age 19.6 (SD = 1.7), but individuals expected
to be in different trajectory classes did not differ on the timing of
this transition (F[5,117] = 1.06, ns).

3.4.3. Intimacy: marriage and family. While about half of those
expected to be Abstainers/Infrequent Users and Frequent Drinkers
married at some point between treatment and 10 years post-
treatment, only small percentages of those associated with Late
Adolescent Resurgence, Emerging Adulthood Resurgence, and Frequent
Drinkers/Drug Dependent groups married (Table 4). None of those
with highest probability of Chronic class membership had been
married. When comparing classes on the percentage single versus
cohabitating or being married, participants expected to be Frequent
Drinkers were most likely to marry or live with a partner (69.6%)
whereas those with highest probability for being in the Chronic
class were least likely (14.3%; �2[df = 5] = 23.7, p < .0001) to be in
such a stable partnership. On average, youth who married (n = 31)
did so around age 26.4 (SD = 1.2) and the timing did not significantly
differ by trajectory class probability (F[4,26] = 1.11, ns).

While young adults in our sample did not significantly differ on
the overall number of biological children as a function of trajectory
class probability (F[5,128] = 0.83, ns), about half of those assigned to
the Abstainer/Infrequent User and Frequent Drinker groups had chil-
dren in the decade after treatment compared to 28–39% those with
drug involved patterns (Table 4). Young adults with the highest
Abstainers/Infrequent User probability were significantly more likely
to maintain full financial responsibility for their children com-
pared to those with more frequent alcohol and drug use trajectories
(F[5,127] = 2.75, p = .02). Age of childbirth (women: F[5,26] = 1.29,
ns; men: F[5,22] = 1.87, ns) did not differ on the basis of assigned
class membership.

4. Discussion

We identified six longitudinal patterns of alcohol and other
drug use over the decade following adolescent alcohol and
drug treatment: Abstainers/Infrequent Users, Late Adolescent Resur-
gence, Emerging Adulthood Resurgence, Frequent Drinkers, Frequent
Drinkers/Drug Dependent, and Chronic. These trajectories reflect
both the diversity of youth outcomes and dynamics of AOD involve-
ment as adolescents transition into adulthood. Consistent with
recent findings for youth in the first few years post-treatment
(Chung et al., 2003, 2005), the vast majority of this sample, approx-
imately two-thirds, dramatically improved after treatment. This
early successful Abstaining/Infrequent pattern of use has been found
in prior investigations of post-treatment outcomes (Brown et al.,
2001; Chung et al., 2004). As youth transition out of adolescence,
two trajectory classes emerged with distinct differences in the
timing of post-treatment accelerations in substance involvement
(Late Adolescent Resurgence & Emerging Adulthood Resurgence). Sim-
ilarly, Clark and colleagues (2006) found six trajectory classes when
modeling retrospective reports of SUD symptoms across early ado-
lescence to mid-adulthood in SUD adults, including the presence of
classes distinguished by developmental shifts in mid-adolescence,
late adolescence and in emerging adulthood. These time periods
correspond to important developmental transitions reflected in
prior conceptualizations of development and empirical research
(Aseltine and Gore, 2005; Brown et al., 2008; Chassin et al., 2004;
Kypri et al., 2004). Additional measures of AOD involvement and
DSM-IV diagnostic symptoms support the characterization of dis-
tinct patterns of AOD engagement and problems for teens following
treatment.

Beyond the identification of these patterns, we were interested
in how long-term patterns of alcohol and other substance use
after treatment related to attainment of the developmental mile-
stones common to emerging adulthood (Arnett, 2000). As expected,
trajectory classes characterized by lowest rates and levels of use
were most likely to have more optimal psychosocial outcomes as
young adults. Interestingly, the Frequent Drinkers trajectory class
shared the characteristics of better occupational attainment, sta-
ble and intimate relationships, and fiscal responsibility for children
with the Abstaining/Infrequent Use trajectory class. This finding
highlights that some individuals who enter SUD treatment during
adolescence may resolve their drug involvement but come to drink
alcohol relatively frequently as they transition into young adult-
hood while remaining sub-threshold for alcohol dependence into
their mid-20s. By contrast, frequent use of alcohol in conjunction
with other substance use during late adolescence and emerging
adulthood were associated with poorer occupational and family
functioning as well as important diagnostic and functioning prob-
lems. Our choice to include the Chronic class, despite the small
number of individuals exhibiting this use trajectory pattern (6%),
seemed to capture a unique pattern of persistent AOD use which
was qualitatively worse than others who had also received treat-
ment and was associated with the most severe developmental
consequences during young adulthood. Despite the lower preva-
lence rates, similar patterns have been demonstrated in other
samples (e.g., Chung et al., 2008).

Given the influence of treatment and incarceration on adoles-
cent substance involvement (Anderson et al., 2007; Brown and
Ramo, 2006; Chung and Maisto, 2006; Godley et al., 2004), we
examined these factors that might impact the emergence or tran-
sitions in these trajectories. Youth assigned to classes did not differ
on their exposure to alcohol and drug treatment across the first
8 years of assessment following treatment despite substantial pro-
portions of the sample meeting criteria for A/SUD over the course of
study. However, trajectory-related differences in treatment expo-
sure emerged at the final time point. The overall low rates of
treatment for youth with continued heavy AOD use and depen-
dence in emerging adulthood raises questions about opportunities
for assessment, intervention and the continuity of care for individ-
uals with a history of A/SUD treatment during adolescence. Further,
the difference in treatment status at the final assessment point may
reflect more the current treatment system (access, opportunities,
triggers for treatment) than need and argues for routine screen-
ing, as well as new venues and strategies for identification and
intervention in the early 20s.

In comparison to other work explicitly modeling controlled
environments and substance use after treatment (Godley et al.,
2004), we found that incarceration did vary between groups with
the most severe longitudinal use patterns associated with the high-
est proportions being incarcerated, and largest number and longest
duration of jail or prison terms. For example, individuals with a
Chronic pattern spent the longest period of time incarcerated and
tended to have more frequent and longer individual stays. This
suggests that living within a restricted environment was not the
primary force in lower rates of use for the other groups and that
such severe and protracted use is associated with more serious and
costly offenses over time. Piquero et al. (2001) identified the impor-
tance of incorporating incarceration as a time-varying covariate
in longitudinal substance use research. While sample size lim-
ited doing so in the present study, these findings underscore the
potential value of considering incarceration as well as treatment
in modeling the mechanisms of change and consequences of sub-
stance involvement in adolescence and early adulthood.

This investigation had a number of strengths including the
length of follow-up, high follow-up rates, use of an integrated mod-
eling strategy to develop the descriptive classes considering both
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alcohol and other drugs and a priori hypotheses. To our knowledge,
this is the first investigation that used LCGA to examine patterns
across the 10 years following adolescent inpatient substance use
treatment. Our ability to examine both alcohol and substance use
characteristics across eight measurement time points during a
period of rapid developmental change is a hallmark of this project;
it allowed for examination of shifts in substance use at relevant ado-
lescent/young adult transitions. The use of a dual trajectory LCGA
approach provides a view of how both alcohol and other drug use
fluctuate and reciprocally influence each other across the transition
into adulthood and has been described as the most appropriate way
to model “developmental comorbidity” (Jackson et al., 2005, p. 622).

Clinicians working with SUD individuals and their families can
use this developmental trajectory approach to inform treatment
planning. For example, for some teens, alcohol and other drug use
tends to change together across time (e.g., Late Adolescent Resur-
gence and Frequent Drinkers/Drug Dependent groups), while others
clearly have a consistent heavier pattern of alcohol use compared to
marijuana or other drug use after treatment (Abstainers/Infrequent
Users and Frequent Drinkers). Further, our work has identified a
number of important developmental periods when youth treated
for alcohol and drug problems may be particularly in need of or
receptive to treatment. As clients in recovery reach developmental
periods when risk for a resurgence of use is greatest (late adoles-
cence and emerging adulthood), these time points should be seen as
“critical” opportunities for screening, assessment, relapse preven-
tion and supporting normal development through non-substance
using behaviors (e.g., job training, eliciting help from non-using
social supports; Brown et al., 2008). Given the high rate of problems
in core developmental arenas and cost of problems associated with
heavy alcohol and drug involvement during this period, universal
screening is called for. Future research should address the mecha-
nisms by which these periods of developmental transition influence
clinical course of AOD use and effectiveness of developmentally
tailored interventions.

There are limitations on the conclusions drawn from this inves-
tigation. First, youth recruited into this study were primarily mid-
and late adolescents (ages 15–17 years). The commonality that
distinguished trajectories was in AOD frequency, not age of treat-
ment. While trajectories were similar on age and distribution of
youth across these categories, we cannot be specific as to age-
related transitions. In addition, a number of different statistical
strategies exist for examining longitudinal data of this type. Each
strategy has its strengths and weaknesses (Bauer, 2007). In the case
of LCGA, it is important to remember that it is inherently a descrip-
tive technique. The investigator chooses the best fitting model on
the basis of both theory and statistical criteria; these decisions
could be made differently on the basis of alternative theories. For
example, we chose a model with fairly high posterior probabili-
ties (Table 2). This could suggest that the model has been closely
fit to the data and consequently, prediction error will need to be
examined when this classification system is applied to new popu-
lations of youth (Burnham and Anderson, 2002; Hastie et al., 2001).
As our goal was to best describe the dominant longitudinal pat-
terns of use (including simultaneous use of different substances)
over time, this approach seems most appropriate for initial exam-
ination of long-term course. Further studies should consider the
impact of covariates on the description of AOD patterns across
development. Comparisons of these findings to other investigations
using other operationalizations of use and alternative modeling
strategies will be useful in the future to provide convergence of
evidence for typical patterns of post-treatment clinical course and
developmental periods of risk. While intake substance use (sever-
ity of alcohol use episodes and frequency of marijuana use) varied
between classes, the diagnoses at intake did not. It remains to be
seen whether this reflects inadequacies in the current diagnostic

system for youth (Chung and Martin, 2005) or fact that severity
of use rather than consequences (i.e., symptoms) are more associ-
ated with long-term patterns of persistence or remission. Lastly, the
sample was relatively small for conducting this type of longitudinal
analyses, requiring further validation in other samples of alcohol
or substance use disordered youth. Power analyses suggested our
sample size was adequate to detect medium to large effect sizes;
more subtle distinctions between groups might emerge in larger
samples.

The goal of this investigation was to identify long-term, devel-
opmentally relevant patterns in AOD use for treated youth. These
patterns were associated with differential success in meeting the
developmental milestones associated with the transition to adult-
hood. Clarification of the dispersion of outcomes following youth
treatment can lead to better assessment of the effectiveness of
treatments (e.g., Schulenberg and Maggs, 2002; Witkiewitz and
Marlatt, 2004) and facilitate the development of new treatments
or targeted timing of special interventions (Brown et al., 2008).
Outcomes from addiction treatment necessarily reflect dynamic
processes (Brown, 2004; Brown and Ramo, 2006) and should be
examined from a framework that can account for the interaction
between the person and environment over time.
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