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Abstract

Adolescent psychopathology is commonly connected to marijuana use. How changes in these adolescent antecedents and in adolescent marijuana use are
connected to patterns of marijuana use in the 20s is little understood. Another issue not clearly understood is psychopathology in the 30s as predicted by
marijuana use in the 20s. This study sought to examine these two issues and the associations with marijuana disorder diagnoses using a longitudinal data set
of 205 men with essentially annual reports. Individual psychopathology and family characteristics from the men’s adolescence were used to predict their
patterns of marijuana use across their 20s, and aspects of the men’s psychopathology in their mid-30s were predicted from these patterns. Three patterns of
marijuana use in the 20s were identified using growth mixture modeling and were associated with diagnoses of marijuana disorders at age 26 years.
Parental marijuana use predicted chronic use for the men in adulthood. Patterns of marijuana use in the 20s predicted antisocial behavior and deviant
peer association at age 36 years (controlling for adolescent levels of the outcomes by residualization). These findings indicate that differential patterns of
marijuana use in early adulthood are associated with psychopathology toward midlife.

The connections between adolescent marijuana use and both
marijuana use and other negative outcomes in young adult-
hood have received much research attention; thus, our under-
standing of the developmental consequences of such use has
increased in recent years. In particular, the use of marijuana in
adolescence seems to contribute to mental illness (Ellickson,
Martino, & Collins, 2004; Moore et al., 2007) and difficulties
with employment in young adulthood (Brook, Richter,
Whiteman, & Cohen, 1999; Griffin, Bang, & Botvin, 2010).
These outcomes suggest that the use of marijuana in adoles-
cence changes developmental trajectories toward maladapta-
tion. Although the connection between adolescent marijuana
use and later use has been observed frequently (Lessem et al.,
2006), the complexity of individual and intraindividual dif-
ferences in adolescent use and associated risk factors are
less frequently examined. In studies where such differences
in adolescence are modeled, the complexity of marijuana
use in the 20s is seldom addressed. If this complexity of

marijuana use in the 20s is considered, adolescent psychopa-
thology is often overly simplified. In addition, few studies
have looked at the consequences of marijuana use past the
20s. This has resulted in a body of studies detailing the risk
factors associated with adolescent marijuana use and a grow-
ing second body of studies modeling the heterogeneity of use
in the 20s, but the nature of the connection between these two
complex processes is not well understood and their conse-
quences for development into the 30s is even less understood.

As marijuana use among adolescents continues to rise
(Johnston, O’Malley, Bachman, & Schulenberg, 2011) and
as public opinion becomes more favorable of legalization
(Carroll, 2005), the need to understand the developmental
connections among adolescent marijuana use, individual
and family characteristics, and marijuana use in the 20s, as
well as the developmental consequences of these behaviors
in the mid-30s, grows urgent. Using the Oregon Youth Study
(OYS), a sample of boys from the Eugene–Springfield area
who in childhood were at risk for conduct problems because
of the neighborhoods in which they lived, we propose to ex-
amine the change across adolescence in both individual char-
acteristics and in parenting and parental marijuana use with
patterns of marijuana use in the men’s 20s, and the conse-
quences of these patterns in the mid-30s, using a dynamic de-
velopmental systems framework (Capaldi, Shortt, & Kim,
2005). A two-part growth mixture modeling approach was
used to model marijuana use in the 20s, to model both use
versus nonuse and level of use given use.

The dynamic developmental systems framework focuses
on how the many aspects of a person’s life influence that
person’s behaviors (Smith & Thelen, 2003), with a particular
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emphasis on key influential social systems (e.g., parents and
peers) and the developmental history that the individual
brings to these social interactions. A second major aspect of
the framework is to examine risk factors for substance use
from two important developmental domains: first, factors
that are associated with the general developmental pathway
of problem behavior development (e.g., parental monitoring)
and, second, outcome-specific risk factors (e.g., parent mari-
juana use; Capaldi, Feingold, Kim, Yoerger, & Washburn,
2013). In addition, understanding the developmental pro-
cesses leading to marijuana use in the 20s should be advanced
by using a dynamic model, involving examining the change
across adolescence for these theoretical predictors of mari-
juana use rather than using static time-point estimates in a re-
gression. The most influential prior individual predictors of
marijuana use patterns in the 20s is probably the develop-
mental pattern or growth of marijuana use in adolescence.

On the basis of the developmental approach, three key ado-
lescent risk factors associated with the general developmental
pathway of problem behaviors, including substance use,
namely, antisocial behavior, association with antisocial or de-
viant peers, and depressive symptoms, were examined in the
present study. The first two of these in particular are associated
with the use of marijuana and other substances in adolescence
(Tarter, Kirisci, Ridenour, & Vanyukov, 2008). Regarding
family factors similarly associated with development of prob-
lem behaviors, parental monitoring was included. Examining
both youth and family risk factors follows the dynamic sys-
tems approach of examining multiple levels of influence.
Regarding outcome-specific risk factors, the men’s own use
of marijuana during their adolescent years, as well as their par-
ents’ use during their adolescence, was examined.

Few studies examining differential substance use in early
adulthood have examined longer term outcomes. In the pres-
ent study, indicators of adjustment in the mid-30s were ex-
amined for differential trajectories of marijuana use across
the decade of the 20s. These adjustment indicators included
reexamination of the men’s antisocial behavior, association
with deviant peers, and depressive symptoms, as well as diag-
noses of marijuana use disorders. In addition, employment
and marital status in the mid-30s were examined as important
markers of transitions into adulthood. All together, the study
covers 26 years in the lives of the OYS men.

Adolescent General Pathways

Youth antisocial behavior and association with deviant peers
are strongly predictive of a cluster of problem behaviors
in adolescence, including marijuana use (Dishion, Capaldi,
& Yoerger, 1999; Tarter et al., 2008). Specifically, Flory,
Lynam, Milich, Leukefeld, and Clayton (2004) showed that
adolescents with symptoms of conduct disorder were more
likely to be in either of the marijuana-use classes they iden-
tified as opposed to the nonuser class. Windle and Wiesner
(2004) also found that initial levels of delinquent behaviors
were significantly lower for nonusers than for all classes

of users they identified based on growth patterns. Several stud-
ies also document that associations with deviant peers increase
risk for later substance use (Dishion, Capaldi, Spracklen, & Li,
1995; Kirisci, Mezzich, Reynolds, Tarter, & Aytaclar, 2009),
and marijuana use specifically (Mauricio et al., 2009).

There is mixed and often contradictory evidence for an as-
sociation between depressive symptoms and marijuana use for
adolescents (Degenhardt, Hall, & Lynskey, 2003). Effects of
depressive symptoms on later marijuana use would be
expected based on the self-medication hypothesis, which posits
that substances may be used to alleviate negative affect or to re-
ceive some positive stimulation in the context of anhedonia
(Khantzian, 1997). Although Degenhardt et al. did not find
support for the self-medication hypothesis, others have. Windle
and Wiesner (2004) found significant relations between depres-
sive symptoms and marijuana use growth patterns in adoles-
cence. Fleming, Mason, Mazza, Abbott, and Catalano (2008)
found similar evidence for a main effect of depressive symp-
toms on using marijuana. It is thus important to examine this
association in a further study, while controlling for associated
risk factors (e.g., antisocial behavior).

The importance of family influence, particularly the pa-
rental influence, on adolescents in the area of substance use
is well documented (Coombs, Paulson, & Richardson,
1991; Duncan, Tildesley, Duncan, & Hops, 1995; Gutman,
Eccles, Peck, & Malanchuk, 2011). Parental monitoring is a
key general contextual protective factor for problem behav-
iors in adolescence (Snyder, 2002). Parental monitoring
seems to be particularly important as a protective factor
against substance use in adolescence (Capaldi, Stoolmiller,
Kim, & Yoerger, 2009), and a link between low parental
monitoring and marijuana use has been identified (Lac &
Crano, 2009; Martins, Storr, Alexandre, & Chilcoat, 2008).

Adolescent Outcome-Specific Risk Factors

The influence of parental substance use on their children’s
substance use is well documented (Bailey, Hill, Oesterle, &
Hawkins, 2006; Li, Pentz, & Chou, 2002; Reinherz, Giaco-
nia, Hauf, Wasserman, & Paradis, 2000) and likely involves
multiple mechanisms, including shared genetic risk, model-
ing of behavior, and increased access to substances. We are
concerned here with the specific influence of parent mari-
juana use, which also has been reported to directly influence
adolescent marijuana use (Kandel, Griesler, Lee, Davies, &
Schaffran, 2001).

In examining marijuana use in the 20s, it is of great impor-
tance to control for adolescent marijuana use. Several studies
using growth mixture modeling have shown the continuity of
marijuana use into the 20s (Ellickson et al., 2004; Flory et al.,
2004; Schulenberg et al., 2005). These studies show that dif-
ferent trajectories in adolescence led to different initial levels
of marijuana use in the 20s. For this reason, and given the re-
lationship of our other adolescent predictors with adolescent
marijuana use, we will control for prior growth in adolescent
marijuana use. In this study, we estimate intercepts and linear
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slopes for all adolescent factors for use in the analysis to more
dynamically predict associations.

Marijuana Use in the 20s

There is an overall decline in marijuana use across the 20s
(Chen & Kandel, 1995) in the US population. However, recent
work suggests that this decline masks considerable individual
differences in marijuana use across this period. Although sev-
eral research teams have examined patterns of marijuana use
into the 20s and found a range of classes (three classes, Flory
et al., 2004; four classes, Ellickson et al., 2004; and five classes,
Schulenberg et al., 2005; Windle & Wiesner, 2004), to our
knowledge, Brook, Zhang, and Brook (2011a, 2011b) is the
only group that has examined marijuana use across the entire
20s. Brook et al. found evidence for multiple classes across
the 20s (ages 14 to 32 years, with five time points) using two
different models on the same sample. Five classes were found
in both studies: a chronic users group, an increasing users
group, a quitters/decreasers group, an occasional users group,
and a never users group. Of particular importance was the evi-
dence for a subclass of people who used marijuana chronically
throughout the 20s, in contrast to the general downward trend
found in population-averaged studies. Although from these
studies it appears clear that heterogeneity in trajectories exists
across the 20s, it is important to note that in all of these studies,
at most, four time points were measured during the 20s (Schu-
lenberg et al., 2005), and the Schulenberg study only went to
age 24 years. There is still much to be learned about marijuana
use from studies that include multiple time points in the 20s,
such as the present study, which includes 9 out of 10 years in
the 20s. In particular, as marijuana use may increase then de-
crease in the 20s, quadratic models may best describe some
use trajectories, and these require multiple time points.

Consequences in the 30s

There is little work on the effects of marijuana use on adults past
the age of 30 years. However, there is some research that sug-
gests possible differences by patterns of marijuana use. Brook
et al. (2011a) showed that patterns of greater marijuana use in
the 20s were associated with more antisocial behavior in the
mid-30s. Ellickson et al. (2004) found mental health, employ-
ment, and other substance use variation by patterns of marijuana
use, although they examined these outcomes in the late 20s, not
in the 30s. Staff et al. (2010) found effects of both employment
and marital status on marijuana use during the 20s, and we posit
that these associations will carry over into the 30s. Finally, di-
agnoses of marijuana abuse or dependence in the last 12 months
at age 36 years is examined to check for prediction to later prob-
lems from the marijuana use patterns into the 30s.

Hypotheses

On the basis of findings of prior studies, at least three distinct
patterns of marijuana use across the 20s were hypothesized: a

class that did not use or used very little, a class that consis-
tently used at substantial levels (i.e., above experimental
quantities), and potentially a decreasing class.

Regarding adolescent risk factors associated with the devel-
opment of problem behaviors, in general, it was expected that
adolescents’ antisocial behavior and deviant peer association
would be associated with lower odds of being in a class that
did not use when compared to all other classes, particularly a
class that uses at consistently high levels. Similarly, adoles-
cent’s depressive symptoms were expected to be associated
with lower odds of being in a class that did not use marijuana
in the 20s when compared to all other classes. Parental moni-
toring, a protective factor, was expected to be associated with
higher odds of the adolescent’s being in a class that did not use
marijuana when compared to all other young-adult classes,
particularly a class that uses at consistently high levels.

Regarding risk factors specific to the outcome of mari-
juana use, both adolescent marijuana use and parents’ use
of marijuana during the young men’s adolescent years were
expected to be associated with lower odds of being in a class
that did not use marijuana in the 20s when compared to all
other classes, particularly a class that uses at consistently high
levels. In a more general sense, we expected to see stronger
associations for the outcome-specific variables compared to
the general pathway risk variables.

At age 36 years, it was expected that men in a class that did
not use marijuana in their 20s would have a higher chance of
being employed and married. It was also expected that they
would have a lower chance of reporting abuse or dependence
of marijuana use in the last 12 months, lower depressive symp-
toms, lower antisocial behavior, and lower deviant peer associa-
tion at that age than all other classes. In contrast, we expected a
class that uses at consistently high levels to be the least likely to
be married or divorced and have the highest levels of antisocial
behavior, deviant peer association, and depressive symptoms.
We also expected them to have the highest levels of abuse or
dependence in the last 12 months at age 36 years.

Method

Sample

Schools in neighborhoods with higher incidences of juvenile
delinquency were identified in a medium-sized metropolitan
area (Eugene–Springfield, OR). Boys in Grade 4 (ages 9–10
years) of those schools were invited to participate in the study
with their families. The recruitment rate was 74.4% (N ¼
206). In one case, parent data were not available, and this
case was dropped from the analyses. Retention was at least
97% at each wave through the senior year of high school
(Capaldi, Chamberlain, Fetrow, & Wilson, 1997), with a
minimum of 190 (92%) participants across the 20s and a
minimum of 178 (86%) at age 36 years. The sample was pre-
dominantly White (90%), and 75% were of lower socioeco-
nomic status. Parents living with the youth were invited to
participate at each wave through their children’s ages of

Marijuana use 281

https://doi.org/10.1017/S0954579414000686 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579414000686


17–18 years, and information obtained at Waves 5, 7, and 9
was used in the study. A range of 182 (88%) to 188 (92%)
mothers participated across the three waves, and a range of
120 (59%) to 132 (64%) fathers participated. The range of
participation for both parents was 104 (51%) to 120 (59%)
across the three waves.

Procedure

The OYS involved annual data collection with alternating
major (odd) and minor (even) waves in the adolescent years,
whereas waves during the 20s involved relatively similar as-
sessment levels. The major assessments in adolescence in-
cluded multimethod and multiagent reporting of the predictor
and outcome measures. Minor waves were more limited in
scope and focused mainly on the dependent variables, includ-
ing measures of marijuana use. Waves 5–9, Waves 11–21,
and Wave 27 of the OYS were used for the current analysis,
with the marijuana outcome variable in the 20s taken from
Wave 11 to Wave 21 (ages 20–30 years). Waves 5–9 (ages
14–18 years) was used to model adolescent predictors of mar-
ijuana use in the 20s. Wave 10 was not used because then the
individual characteristic variables and the family characteris-
tics variables would have covered different periods. Wave 27
(age 36 years) was used for the mid-30s consequences. Par-
ents (and OYS men as adults) provided informed consent,
and all procedures were approved by the institutional review
board of the Oregon Social Learning Center. Participants
were compensated for their time at each assessment wave.
Family members were reimbursed at a rate of approximately
$10 per hour for their participation in each of the assessment
protocols, with rates for the men increasing at later waves.

Interviews and questionnaires. The parent (or parents) and
adolescent boys were interviewed separately. The interviews
lasted 45 min to 1 hr each. The boys were asked questions
concerning problem behavior and substance use, and the in-
terviewers completed a ratings checklist after each interview.
The DSM-IV diagnostic interview was administered at ages
26 and 36 years.

Schools. Teachers completed questionnaires rating the study
boys on academic, emotional, and behavioral adaptations to
school using the Teacher Report Form (TRF; Achenbach
1991).

Measures

Marijuana use in the 20s. The quantity of marijuana usage
was calculated using a formula based on the reported number
of times participants smoked marijuana in the past year. Two
questions were asked of each OYS man: “How many times
have you used marijuana in the last year?” and “When using
marijuana, how much do you usually use?” This second ques-
tion involved changing results not given as grams into grams.
The assumption is that the average joint of marijuana is equal

to 1 g (World Health Organization, 1997) and that a hit or
toke is equal to 0.1 g. The multiplication of these variables
gave an estimate in grams of marijuana of the amount of mar-
ijuana used in the last year. Given that the two-part analysis
(Part I use vs. nonuse and Part II quantity of given use) as-
sumes a normal distribution in the second part (i.e., quantity
of marijuana use), to minimize skewness, the variable was log
transformed after adding a constant. The variable was then
separated into two variables: a binary variable for use at a
given age, and a log-transformed variable of marijuana quantity
set to missing for those who did not use.

DSM-IV measures. Two diagnostic variables regarding abuse
of or dependence on marijuana were taken from the Com-
posite International Diagnostic Interview. The first, assessed
at age 26 years, was a lifetime diagnosis of abuse or depen-
dence on marijuana. There were 196 out of 203 men who
were interviewed, with 30.1% of the men reporting either abuse
or dependence on marijuana. The second variable was assessed
at age 36 years and regarded abuse or dependence on marijuana
in the past 12 months. There were 178 out 203 men who par-
ticipated in the diagnostic interview at this age, with 5.6% of
the men meeting criteria for a diagnosis of abuse of or depen-
dence on marijuana for the past year. The age-36-years measure
was then residualized using the adolescent factors before being
used as a distal outcome of marijuana use in the 20s (see Ana-
lytic Plan Section for further description).

Adolescent risk factors. For most of the adolescent risk fac-
tors and outcome constructs (see Table 1), the construct de-
velopment strategy used for the predictor variables has been
described elsewhere (e.g., Dishion et al., 1999), and the reli-
ability and validity of the assessments was established. To
form each scale or indicator, the mean of the items was taken.
To form a measure of a construct, indicators that met estab-
lished convergence criteria were standardized before being
combined to ensure equal weight was given to each indicator
contributing to composite scores. For the parental behavior
measures, the mean of the mother and father scores was taken
when data were available from both parents. After formation
at each wave, the risk factors were then estimated with a linear
random effects model across the period of ages 13–14 through
17–18 years, centered at ages 13–14 years. The risk factors
were standardized within each wave; in the case of parent
marijuana use and adolescent marijuana use, they were then
also log transformed. This results in an estimate of deviation
from the average across time, giving a clearer picture of psy-
chopathology. A random intercept and slope were estimated,
allowing for individual intercepts and slopes for each risk fac-
tor to be estimated for each of the 203 men in the study. Mar-
ijuana use, antisocial behavior, deviant peer association, and
depressive symptoms were assessed across five waves. Paren-
tal monitoring and parental marijuana use were assessed
across three waves, because these were only collected at major
waves (Waves 5, 7, and 9). Correlations of intercept and
slopes of the risk factors are shown in Table 2.
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Table 1. Representative measures of predictors and outcomes

Construct Assessment
Instrument
Respondent No. of Items Sample Item

Cronbach
a

Pearson
r

Adolescent Variables

Antisocial behavior 0.74
CBCL, overt M, F 7, 7 Disobedient at home 0.82, 0.74 .65
CBCL, covert M, F 8, 8 Destroys others things 0.84, 0.87 .73
Peers Quest. M, F 1, 1 How often does your son get in conflicts with other kids

around the home?
.24

CBCL, overt Teacher 11 Cruelty, bullying, meanness to others 0.93
CBCL, covert Teacher 8 Lying or cheating 0.86
TPRSK Teacher 1 How often does he exert negative influence on his friends?
Interview, ratings Interviewer 1 How likely is it that this boy will have future trouble with the

police?
Deviant peer

association
0.76

CBCL + Peers Quest. M, F 1 + 2, 1 + 2 Hangs out with kids who get in trouble 0.83, 0.84 .71
CBCL + TPRSK Teacher 1 + 3 Does this student associate with kids involved in stealing or

vandalism?
0.92

Interview + Describing
Friends Quest.

Youth 10 + 5 During the past year, how many of your friends stole
something worth ,$5?

0.86

Antisocial behavior
+ deviant peers

.78

Depressive
symptoms

CES-D Youth 20 During the past week, I felt sad. 0.86
Parent marijuana

use
Substance Use Quest. M, F 1, 1 How often do you smoke pot or hash? .52

Parent monitoring 0.62
Interview M 5 How often is an adult home within 1 hour after school? 0.64
Interview Participant 5 Before going out, how often do you tell your parents when you

will be back?
0.64

Tel. interview Parent 2 In the last 24 hours, did you ask your son about what he did
today?

.11

Tel. interview Participant 2 In the last 24 hours, did your parents ask you about your plans
for tomorrow?

.58

Interview, ratings Interviewer 3 How carefully does this parent monitor the child? 0.60

Mid 30s Variables

Antisocial behavior 0.70
Elliot Participant 14 Number of times in the past year that you cheated someone 0.89
YASR Participant 26 I get in many fights. 0.85
YABC Confidant 29 Participant is cruel to others 0.93
YASS Confidant 6 Participant has no guilt after breaking rules 0.77
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Parental monitoring. The parental monitoring measure was
created from the parent interview, parent interviewer ratings,
youth interview, and youth interviewer ratings. Mothers were
asked 12 questions and fathers 15 questions that were sepa-
rately validated and then combined. These were combined
with interviewer rating items regarding monitoring by the
mother and father. In a similar fashion, the boy answered 9
questions about parental monitoring in the interview, and
the interviewer answered 1 question about the boy. The inter-
cept (at ages 13–14 years) had a mean of 0.00 and a standard
deviation of 0.61. The slope had a mean of –0.00 and a stan-
dard deviation of 0.07.

Frequency of parent marijuana use. Parental reports from the
Substance Use Questionnaire were used. Following Capaldi
et al. (2009), when both the mother and father reported on
their marijuana use, a standardized average across the two
parents was used; otherwise, the mother/father’s score was
used alone. The intercept had a mean of –0.62 and a standard
deviation of 0.62. The slope had a mean of 0.01 and a stan-
dard deviation of 0.01.

Youth antisocial behavior and deviant association. Scales for
youth antisocial behavior were created from three sources:
parents, teachers, and the interviewer. None of the items per-
tained to substance use or illegal behavior directly related to
substance use (e.g., selling drugs). Parent questions came
from two questionnaires, the Child Behavior Check List
(CBCL; Achenbach & Edelbrock, 1983) and the Peers Ques-
tionnaire (Oregon Social Learning Center, 1982–2012), with
15 questions from the externalizing scale of the CBCL and 1
question from the Peers Questionnaire. The scores from the
mother and father were checked separately for construct va-
lidity and then combined. Teachers also filled out two ques-
tionnaires, the TRF (Achenbach, 1991) and the Teacher Peers
Social Skills Questionnaire (TPRSK; Dishion & Capaldi,
1985; Walker & McConnell, 1988), with 19 items from the
TRF and 1 item from the TPRSK. A final item was the inter-
viewer ratings of the boy’s behavior from the youth interview.

Deviant peer association was assessed by two parent ques-
tionnaires (CBCL and Peers Questionnaire), with 1 item from
the CBCL and 2 items from the Peers Questionnaire. Similar
to the measure of antisocial behavior, the construct was vali-
dated for each parent and then combined. Teacher reports
from two questionnaires were also included (TRF and
TPRSK), with 1 item from the TRF and 3 items from the
TPRSK. The final indicator of the construct came from youth
report in an interview and questionnaire (Describing Friends
Questionnaire), with 10 items from the interview and five
questions from the questionnaire. The antisocial behavior
and deviant peer association constructs were highly associ-
ated (r ¼ .78) and were standardized and combined to avoid
problems of multicollinearity in the final analysis. The inter-
cept had a mean of 0.00 and a standard deviation of 0.79. The
slope had a mean of 0.00 and a standard deviation of 0.08.T
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Youth depressive symptoms. A single indicator involving the
sum of the youth’s self-report of 20 items regarding depres-
sive symptoms (Center for Epidemiologic Studies Depres-
sion Scale; Radloff, 1977) was used. The intercept had a
mean of 0.00 and a standard deviation of 0.56. The slope
had a mean of –0.00 and a standard deviation of 0.08.

Adolescent marijuana use. Adolescent marijuana use was cal-
culated in the same manner as adult marijuana use (previously
described) but was not separated into two variables. The inter-
cept had a mean of –1.06 and a standard deviation of 0.11. The
slope had a mean of –0.04 and a standard deviation of 0.08.

Outcomes in the mid-30s. In addition to the DSM-IV vari-
ables at age 36 years, four other variables were used as
adult-adjustment outcomes: depressive symptoms, antisocial
behavior, deviant peer association, and employment (see Ta-
ble 1). Antisocial behavior and deviant peer association were
not combined at this age because the correlations were lower
than in adolescence ( p¼ .54). All of the variables were resid-
ualized in the same manner as the DSM-IV outcome at age 36
years (see Analytic Plan Section).

Antisocial behavior. Scales for antisocial behavior were from
reports by the participant, a confidant of the participant (e.g.,
a friend), and the interviewer. The participant answered 14
questions from the Elliot Behavior Checklist (Elliott, Ageton,
Huizinga, Knowles, & Canter, 1983) and 26 questions from
the Young Adult Self-Report (Achenbach, 1993b). An Inter-
viewer Impressions Questionnaire involved 6 questions about
the participant, and the confidant answered 6 questions from
the Young Adult Adjustment Scale (Capaldi, King, & Wil-
son, 1992) and 29 questions from the Young Adult Behavior
Checklist (Achenbach, 1993a). Cronbach a was 0.70.

Deviant association. Scales for the deviant peer association
construct came from responses by the participant and a con-
fidant. The participant answered 19 questions in an interview
and 1 from the Young Adult Self-Report (Achenbach,

1993b). The confidant answered 5 questions from the Young
Adult Adjustment Scale (Capaldi et al., 1992) and 1 question
from the Young Adult Behavior Checklist (Achenbach,
1993a). Cronbach a was 0.70.

Depressive symptoms. A single indicator involving the sum of
the men’s self-report of 20 items regarding depressive symp-
toms (Center for Epidemiologic Studies Depression Scale;
Radloff, 1977) was used. Cronbach a for the scale was 0.90.

Employment. The total number of months employed since we
had last seen the participant (average 4 years) divided by the total
number of months since we last saw the participant (i.e., propor-
tion of the time employed) was used to measure employment.

Marital status. The marital status of the men was determined
at age 36 years; two dummy variables were created to com-
pare never married versus married, and divorced versus mar-
ried. There were 99 men who were married at age 36 years,
with 52 never married and 31 divorced. One man was wi-
dowed and he was set to missing.

Analysis plan

A series of two-part semicontinuous growth mixture models
(Olsen & Schafer, 2001) of marijuana use in the men’s 20s,
with predictors of latent classes, were run in Mplus 7.1.
The two-part model was used to correct for the fact that mar-
ijuana use was both skewed and naturally could not be
negative (a component of a normal distribution); thus, the bi-
nary part modeled use versus nonuse of marijuana and the
continuous part modeled quantity of use for only those that
had used. A series of growth mixture models was run to ascer-
tain if adding a quadratic term for either the binary or the con-
tinuous parts of the model significantly improved fit over
purely linear models. Using the Akaike information criterion
(AIC), Baynesian information criterion (BIC), and sample-
size adjusted BIC (SSBIC), the best fitting model was then se-
lected. After the nature of growth across the 20s was deter-

Table 2. Correlation matrix for predictors of latent marijuana classes

1 2 3 4 5 6 7 8 9 10

Intercept
1. Adolescent marijuana use 1.00
2. Antisocial/deviant .41 1.00
3. Depressive symptoms .19 .52 1.00
4. Monitoring 2.45 2.62 2.27 1.00
5. Parent marijuana use .22 .25 .00 2.24 1.00

Slope
6. Adolescent marijuana use .72 .40 .18 2.40 .12 1.00
7. Antisocial/deviant .07 .00 2.05 2.03 2.01 .23 1.00
8. Depressive symptoms 2.04 2.02 .31 .04 2.02 2.02 .11 1.00
9. Monitoring 2.25 2.20 .01 .29 2.05 2.30 2.40 2.04 1.00

10. Parent marijuana use 2.04 .00 2.03 2.02 .32 2.05 .11 2.01 2.08 1.00
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mined, the number of classes judged as the best fit was then
selected using the same information criteria and also the boot-
strapped likelihood ratio (BLR) test (McLachlan & Peel,
2000) and the Lo–Mendell–Rubin likelihood ratio (LMR)
test (Lo, Mendell, & Rubin, 2001). It has been found that
the BIC and BLR are best for selecting the number of classes
(Nylund, Asparouhov, & Muthén, 2007).

In predicting the age-36 outcomes from patterns of mari-
juana use in the 20s, adolescent risk factors were controlled
to ensure that associations were not accounted for by prior
risk. To accomplish this, each outcome was regressed on all
adolescent growth factors (i.e. intercept and slope), including
adolescent marijuana use (using logistic regression when
necessary). The predicted outcome was subtracted from the
observed outcome and then standardized. This standardized
variable was tested for mean differences between classes.
Correlations between the original variable and the residual-
ized variable ranged from 0.80 to 0.99, with an average cor-
relation of 0.90. The rank order of binary outcomes was main-
tained in the process. Finally, a simple test of means of
outcomes at age 36 years was used after the model was se-
lected using a pseudo class-based multiple imputation
method in Mplus (Asparouhouv & Muthén, 2007; Wang,
Brown, & Bandeen-Roche, 2005). Given that only a single
case was missing (a man without family characteristics) and
the rest of the data was only missing at most 14% of the
data, we used full information maximum likelihood assuming
missing at random to control for missing data.

Results

Two-part growth mixture model and associations to age
26 years abuse/dependence diagnosis

The results of the two-part semicontinuous growth mixture
model are presented in Table 3. A three-class linear model
was found to be the best fitting model. According to the

AIC, BIC, and SSBIC, a linear model for both the binary
and the continuous parts of the model improved model fit.
The two-class model showed significant improvement over
the one-class model when looking at the LMR ( p , .001)
and BLR ( p , .001) tests. However, the two-class model
had information criteria (AIC ¼ 5982, BIC ¼ 6065, SSBIC
¼ 5986) that were all higher than the three-class model (AIC
¼ 5807, BIC¼ 5943, SSBIC¼ 5814). The three-class model
also showed improvement over the two-class model in both the
LMR ( p , .001) and the BLR ( p , .001) tests. Entropy was
basically the same between the two-class model (0.918) and
the three-class model (0.917). The comparison between the
three-class model and the four-class model was not as clear-
cut. The four-class model had three indicators showing a better
fit to the data than the three-class model: AIC (5770), SSBIC
(5779), and a significant BLR ( p , .001). In addition, entropy
slightly improved in the four-class solution (0.940). However,
the BIC (5959) and the LMR ( p ¼ .11) suggested that the
three-class model fit the data better. A final factor to consider
was that the four-class solution contained a class consisting of
less than 5% of the sample, making potential replication diffi-
cult, as well as lowering power for that class. Based largely on
the small class sample in the four-class solution, we decided
that the three-class solution made the most sense to interpret.

The three classes labeled according to their intercepts and
slopes in Part I of the model (use vs. no use) were little or no
use, decreasing use, and chronic use, respectively (Table 3);
the classes are illustrated in Figure 1 (probability of use vs.
nonuse) and Figure 2 (quantity of use). The first class (little
or no use, n ¼ 68, 33%) started with a very low probability
of use (.02) at age 20 years and did not show a significant
change across the 20s in probability of use. The little or no
use class did not have a significant intercept in quantity of
use and did not show a significant change across the 20s in
quantity of use (Figure 2). The little or no use class also
had the lowest level of lifetime abuse of or dependence on
marijuana at age 26 years at 7% (Table 3, bottom row).

Table 3. Growth factors for both binary and continuous marijuana use

Little or No Use
(N ¼ 68, 33%)

Decreasing Use
(N ¼ 81, 40%)

Chronic Use
(N ¼ 56, 27%)

b SE b SE b SE

Binary intercept — — 4.28 1.25** 7.19 1.29***
Binary slope 22.59 3.86 21.72 0.40*** 21.96 0.71**
Continuous intercept 20.85 0.89 0.66 0.38† 2.85 0.33***
Continuous slope 21.22 1.42 21.96 0.72** 21.14 0.62†
Variance of cont. inter. 3.28 0.74*** 3.28 0.74*** 3.28 0.74***
Variance of cont. slope 10.97 2.50*** 10.97 2.50*** 10.97 2.50***
Corr. of cont. factors 20.65 0.07*** 20.65 0.07*** 20.65 0.07***

% Yes SE % Yes SE % Yes SE

Lifetime DSM-IV age 26 7 0.04*** 22 0.05*** 71 0.07*

†p , .1. *p , .05. **p , .01. ***p , .001.
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The second class (decreasing use, n ¼ 81, 40%) had a
higher initial probability of use (.61) than did the little or
no use class. The decreasing use class showed a significant
decrease in the probability of use over the 20s. The decreasing
use class had a slightly higher quantity of use intercept com-
pared to the little or no use class and did show a significant
decrease across the 20s. At 22%, the decreasing use class
showed a larger percentage of men who reported lifetime
abuse or dependence on marijuana at age 26 years compared
to the little or no use class.

The final class (chronic use in Table 3, n ¼ 56, 27%) had
a predicted probability of use of .97 at age 20 years (higher

than the other classes) and did show a significant but rela-
tively small decrease in probability of use across the 20s
(Part I, Figure 1). The chronic use class also had a large
and significant intercept of quantity of use and only a mar-
ginally significantly decreasing slope over time (Part II, Fig-
ure 2). The chronic use class was highly likely to show
problems associated with use, with 71% of the men in
this latent class reporting abuse of or dependence on mari-
juana at age 26 years. Overall, the probability of a marijuana
use disorder associated with membership in each latent class
strongly supported the validity of the findings of the two-
part growth mixture model.

Figure 1. Predicted growth in probability of use of marijuana.

Figure 2. Predicted growth in quantity of use of marijuana.
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Prediction to class membership from adolescent variables

Table 4 provides the multinomial logistic regression results of
the prediction of early adult marijuana class membership for
all comparisons of classes. None of the adolescent psychopa-
thology and marijuana use variables (whether outcome spe-
cific or general risk) predicted any differences between
classes. Both the outcome-specific and the general-risk par-
ent variables predicted differences between classes.

Parental monitoring in adolescence differentiated be-
tween the little or no use and the chronic use classes, from
the slope but not the intercept. A higher slope of parental
monitoring was associated with more likelihood of being
in the little or no use class when compared to the chronic
use class.

Parent marijuana use also showed differentiation between
the little or no use and the chronic use classes, in this case for
the intercept of use, rather than the slope. A higher intercept
for parental marijuana use in the men’s adolescence predicted
greater likelihood of being in the chronic use class when com-
pared to the little or no use class.

Prediction from marijuana class membership to
marijuana use disorder and adjustment at age 36 years

Predictions to indicators of adjustment at age 36 years (scores
residualized from adolescent predictor measures) are shown
in Table 5. Two significant differences in the likelihood of

a DSM-IV diagnosis of a marijuana use disorder in the past
12 months at age 36 years were found, but the overall x2

was only marginally significant. The chronic use class
showed the highest value and was significantly different
from the decreasing use class, which had the lowest level.
The little or no use class was between the other two classes
and was significantly different from the chronic class but
not from the decreasing use class.

Regarding adjustment at age 36 years, antisocial behavior
and deviant peer association had significant overall x2 tests,
whereas depressive symptoms did not (Table 5). All three
variables had the same ordering across the classes, with the
chronic use class having the highest value or most problem-
atic outcome. The decreasing class was next in rank order,
with the little or no use class having the lowest problems
for these three outcomes. Antisocial behavior showed two
mean differences: the chronic use class had a significantly
higher mean than either of the other two classes. Deviant
peer association showed the same pattern of significant differ-
ences. Even with a nonsignificant overall value, there was a
significant mean difference for depressive symptoms. The
little or no use class was significantly lower than the chronic
use class.

Regarding the variables assessing transitions to adulthood,
being divorced was the only variable to have even a margin-
ally significant x2 value. The single mean difference for being
divorced was between the chronic use class and the little or no

Table 4. Adolescent predictors of marijuana classes

Reference Class

Little or No Use Decreasing Use

b SE b SE

Decreasing use
Intercept-adolescent marijuana use 20.34 3.45

Antisocial behavior/deviant peer association 0.62 0.39
Depressive symptoms 20.23 0.46
Monitoring 20.25 0.44
Parent marijuana use 0.78 0.41†

Slope-adolescent marijuana use 18.47 20.68
Antisocial behavior/deviant peer association 3.82 2.82
Depressive symptoms 4.53 3.12
Monitoring 25.30 3.08†
Parent marijuana use 11.27 39.68

Chronic use
Intercept-adolescent marijuana use 1.81 2.55 2.15 2.92

Antisocial behavior/deviant peer association 0.62 0.44 0.00 0.40
Depressive symptoms 20.21 0.59 0.02 0.53
Monitoring 0.40 0.51 0.64 0.46
Parent marijuana use 1.30 0.44** 0.52 0.35

Slope-adolescent marijuana use 22.89 20.54 4.42 4.66
Antisocial behavior/deviant peer association 1.50 3.30 22.31 3.15
Depressive symptoms 2.27 3.63 22.26 3.37
Monitoring 29.11 3.83* 23.81 3.33
Parent marijuana use 31.88 41.06 20.61 39.28

†p , .1. *p , .05. **p , .01.
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use class, such that the latter were more likely to have been
divorced. The chronic use class also was more likely to
have never married at all than were the little or no use class.
The final outcome of employment did not show any differ-
ences among classes.

Discussion

This study sought to take a broad view of development and ex-
amine both the adolescent antecedents and mid-30s conse-
quences of differential trajectories of marijuana use in the
20s for a sample of men who in childhood lived in higher crime
neighborhoods (from a medium-sized town). The heterogene-
ity of marijuana use across the 20s was examined in two ways.
The models involved two parts, namely, the probability of use
and the quantity of use across the 20s for those who did use.
Within the two-part model, heterogeneity was examined
through the use of growth mixture modeling. This allowed
for both multiple classes, each with its own average intercept
and trajectory, and random intercepts and slopes for each class.
The three latent class model was selected as the best fit overall.

It was rather surprising that there was relatively little signif-
icant association found between the adolescent predictors and
the latent classes in the multivariate prediction model. It is
possible that this was partly attributable to associations among
the predictors, particularly adolescent marijuana use, antiso-
cial/deviant associations, and parental monitoring. It also indi-
cates that early adult marijuana use in men may be more
strongly predicted by more developmentally proximal factors
than by adolescent factors, as appears to be the case for alcohol
use. The lack of an association of adolescent depressive symp-
toms with early adult marijuana use indicated that evidence
was not found for a self-medication hypothesis. Again, the
next step would be to examine more proximal predictors. De-
spite these factors, associations were found for the outcome-
specific predictor of parental marijuana use during the boys’
adolescence and chronic versus little or no use of marijuana
by the men during their 20s, controlling for other risk factors.
This indicates the long-term importance of intergenerational
transmission of marijuana use and of addressing this risk fac-
tor in prevention programs. A further parental factor, parental

monitoring, which has been found to be protective against a
number of adolescent risk behaviors, including marijuana
use, was found to play a protective role in early adult mari-
juana use, indicating that parental monitoring can have bene-
ficial long-term effects. This is further evidence for the impor-
tance of this parenting skill as a focus of prevention efforts.

These growth mixture modeling findings also shed light
on the effects of the timing of growth or trajectory shape of
marijuana use in the 20s. A relatively large proportion
of men (25% of the sample) showed relatively chronic use
of marijuana throughout their 20s (even though they did
show a decline from their highest usage by the end of the
20s), and these men were very likely to meet criteria for a
marijuana use disorder in their mid-20s, the age of their
peak quantity of use. These men also showed problematic
outcomes at age 36 years related to their history of high mar-
ijuana use and controlling for adolescent risk factors. In par-
ticular, they showed relatively high levels of associations with
antisocial or deviant peers and also higher levels of antisocial
behavior, indicating that relative to the other men, they were
continuing engagement in multiple problem behaviors into
their 30s. Given that problem behaviors overall show a down-
ward trend in the 20s and 30s (e.g., crime), this may mean that
these men do not show the expected developmental decreases
across these years in their problem behaviors. Use of an illegal
substance, namely, marijuana, is associated with this failure
to make developmental improvements. Regarding depressive
symptoms in the 30s, the men in the chronic use class showed
higher levels than did men in the little or no use class. Given
the controls for adolescent levels of depressive symptoms,
this indicates that marijuana use may be predictive of in-
creases in men’s depressive symptoms relative to those of
their peers. Thus, rather than evidence for marijuana being
used as self-medication for depressive symptoms (as would
have been indicated by prediction from adolescent depressive
symptoms), there was evidence that prolonged use may relate
to relatively increased symptoms. This might be due to the
use itself, or to problems in the men’s lives associated with
use. Finally, the men in the chronic use class were more likely
never to have married, indicating likely lower stability of per-
sonal relationships. Whereas they did not show a lower like-

Table 5. Association of marijuana classes and adjustment at age 36 years

Little or No Use Decreasing Use Chronic Use Overall

Mean (SD) Mean (SD) Mean (SD) x2 (2)

12-Month DSM-IV at age 36 20.12a (0.03) 20.16a (0.13) 0.37b (0.2) 5.56†
Antisocial behavior 20.15a (0.11) 20.11a (0.13) 0.31b (0.14) 6.65*
Deviant peer association 20.36a (0.13) 20.01a (0.12) 0.43b (0.12) 17.13***
Depressive symptoms 20.16a (0.12) 20.04a,b (0.12) 0.23b (0.15) 3.76
Never married 20.19a (0.11) 20.02a,b (0.12) 0.24b (0.16) 4.48
Divorced 0.14a (0.14) 0.08a,b (0.13) 20.26b (0.12) 5.74†
Employed 0.14a (0.12) 20.13a (0.12) 0.01a (0.15) 2.45

Note: Columns with different subscripts are significantly different at .05.
†p , .1. *p , .05. ***p , .001.
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lihood of being employed, this could be an indication that
over the course of the 20s, they have discovered employers
who tolerate their marijuana use.

The large decreasing use class (about 40% of the sample)
showed a relatively similar probability of any marijuana use
to the chronic use class at age 20 years. However, they showed
a much lower quantity of use at that age and a substantially de-
creasing trajectory of probability of any use across the 20s,
being close in probability of use to the little or no use class by
age 30 years. Thus, this class appeared to comprise young adult
users who essentially desisted from use by age 30 years. It was
surprising that there were no significant differences in adoles-
cent risk factors, including antisocial behavior/deviant peer as-
sociations, between the chronic and decreasing use classes.
However, at age 36 years, the men in the decreasing use class
were significantly lower in both antisocial behavior and deviant
peer association than were the chronic use class men, indicating
that the decreasing use men likely showed overall the develop-
mentally normative reductions in problem behaviors, including
in marijuana use, across their early adulthood.

The three latent classes of marijuana use modeled in the
current study show consistency with the findings from prior
studies. The many studies that have examined patterns in ado-
lescence (Ellickson et al., 2004; Flory et al., 2004; Schulen-
berg et al., 2005; Windle & Wiesner, 2004) and the early
20s typically end with groups either high or low, reflecting
the starting point of the three classes modeled in the present
study. The Brooks et al. (2011a, 2011b) studies also show
consistency with the present findings, although they modeled
an additional two classes that showed continued use across
the period. These additional classes could be a result of the
earlier starting point (age 14 years) for their growth mixture
model.

The large amount of data available across an unusually
long time frame allowed for examination of the development
of marijuana use and association with psychosocial risk fac-
tors and outcomes from ages 9–36 years for men from at-risk

backgrounds. However, the study has several limitations. Al-
though the quantity of marijuana used was estimated from
both the frequency and amount of use, this does not take
into account the potency of the marijuana used, which varies
considerably and has increased over time. The sample was at
risk for psychopathology based on neighborhoods where they
lived in childhood, and even though the sample has shown
similarity in findings with national samples in the past in key
areas of behavior (Capaldi et al., 2013), it does potentially af-
fect generalizability. The sample was of men only, who were
predominantly White; thus, replications for women and other
ethnic groups are needed. The size of the sample is of concern
though the effect of sample size on mixture models has been
mixed in simulation studies. In growth mixture modeling
with repeated measures over time, Nylund et al. (2007) found
that a sample size of 200 did result in some loss of power but
not enough to warrant not using the approach. In more general
mixture models, Henson, Reise, and Kim (2007) showed that it
may be possible to not have power to find classes representing
a small proportion of the population. Although the three groups
found are likely to be replicable, it is also likely that, with a
larger sample, classes that were too small to identify in the pre-
sent study might emerge. Despite these issues, the findings
showed considerable congruence with other studies of mari-
juana use (Brook et al., 2011a, 2011b).

Overall, the findings make a substantial contribution to un-
derstanding marijuana use in early- to mid-adulthood in
showing that considerable heterogeneity in use is evident, de-
spite the overall developmental trend of decrease. A particu-
larly problematic class of chronic users was identified, who
were likely to meet criteria for marijuana abuse or depen-
dence in their mid-20s, and show higher engagement in prob-
lem behaviors in their mid-30s relative to their peers. Find-
ings indicate that lowering marijuana use for parents, along
with increased parental monitoring during their sons’ adoles-
cence, may have long-term beneficial effects on early adult
marijuana use in men.
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