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Early adolescent through young adult
alcohol and marijuana use trajectories:
Early predictors, young adult outcomes,
and predictive utility

KATE FLORY, DONALD LYNAM, RICHARD MILICH,
CARL LEUKEFELD, and RICHARD CLAYTON
University of Kentucky

Abstract
The present study takes a developmental approach to subgrouping and examines the trajectories of substance use
from early adolescence through young adulthood among a community sample of 481 individuals. The patterns of
use were examined, subgroups were identified separately for men and women and for alcohol and marijuana, and
psychosocial predictors and psychopathology outcomes that differentiated the groups were identified. The results
revealed three substantially overlapping subgroups for both alcohol and marijuana: early onset, late onset, and
nonuser. Although the general patterns of which dependent variables were related to group were similar for alcohol
and marijuana, a closer examination revealed important subgroup differences. For alcohol use, the early-onset group
was more dysfunctional in terms of predictors and outcomes whereas the late-onset and nonuser groups were better
adjusted. In contrast, for marijuana, the early- and late-onset groups were both more dysfunctional than the nonuser
group. In a final analysis, we examined the predictive utility of our developmental approach to subgrouping
compared to a traditional, static approach.

The identification of subgroups within a dis-
order as a means to further our understanding
of the disorder is traceable as far back as Krae-
pelin ~1904!. This classification approach has
been used successfully in many areas includ-
ing schizophrenia~e.g., Kraepelin, 1904; Roy,
Merette, & Maziade, 2001!, antisocial behav-
ior ~e.g., Moffitt, 1993!, depression~e.g., Gar-
land & Weiss, 1995!, and substance abuse~e.g.,
Cloninger, 1987!. It consists of identifying one
or several characteristics~e.g., age of onset,

response to treatment! that distinguish be-
tween groups of individuals with a common
behavior or problem syndrome. The clinical
and research implications for subgrouping are
well established. Knowledge of subgroups can
facilitate diagnosis and expedite treatment. This
information may also provide a more accurate
guide as to the expected course of a disorder
or behavior. Moreover, the delineation of sub-
groups can help researchers better understand
the etiology of psychological disorders and
behaviors.

Many of the most commonly used classifi-
cation schemes are based on static variables
that are measured cross-sectionally. There are
limitations to this approach, especially when
studying disorders with child and adolescent
onset. In our study, we take a prospective, de-
velopmental approach to substance use sub-
grouping in a large community sample. Using
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a developmental trajectory procedure~Nagin,
1999!, we first identify subgroups based on
patterns of alcohol and marijuana use from
early adolescence through early adulthood.
Then, we examine the validity of our sub-
groups by identifying predictors~e.g., school
factors, conduct problems! and psychological
outcomes~e.g., substance use disorders! asso-
ciated with group membership. Finally, we ex-
amine whether our subgroups predict substance
dependence above and beyond three static vari-
ables that are typically used to delineate sub-
group membership~e.g., gender, age of onset,
severity of lifetime use!.

Current Approach to Subgrouping

Most subgrouping efforts have been based
on one or more variables measured cross-
sectionally and often retrospectively. Individ-
uals have been classified based on age of onset,
family history, symptom severity, psychiatric
comorbidity, scores on screening inventories,
personality characteristics, and many other
variables. However, there may be important
aspects of change over time that static vari-
ables do not capture. For example, two sub-
groups may have similar ages of onset;
however, their patterns of the behavior over
time may be very different. Along these lines,
Chassin, Presson, Pitts, and Sherman~2000!
distinguished between several subgroups of
smokers, who were defined by their develop-
mental patterns of smoking. It is important
that the early-stable group and the experi-
menter group initiated smoking at approxi-
mately the same time~between 10 and 15 years
of age!. However, an examination of their
smoking patterns revealed that the early-stable
smokers remained heavy smokers into middle
adulthood whereas the experimenters typi-
cally stopped smoking by age 20. A develop-
mental approach to subgrouping, which takes
into account change over time, may be able to
more accurately group individuals with simi-
lar patterns of behaviors or symptoms.

Moffitt’s ~1993! theory of antisocial behav-
ior demonstrates the advantages of the devel-
opmental approach to subgrouping. Moffitt
describes two types of offenders: life-course

persistent and adolescent limited. Life-course
persistent antisocial behavior begins in child-
hood and continues through adolescence and
into adulthood, and it is thought to result from
neuropsychological problems interacting with
a criminogenic environment. In contrast,
adolescent-limited antisocial behavior, which
begins in midadolescence and ends in early
adulthood, is considered more normative.
This form of antisocial behavior results from
adolescents mimicking the behavior of those
in the life-course persistent group. Moffitt
presents evidence demonstrating that, over
time, these two types of antisocial behavior
have different correlates, trajectories, and out-
comes. However, if the level of antisocial be-
havior during adolescence is the only variable
that is measured, the two groups would appear
quite similar.

Subgrouping Within Substance Use
and Abuse Fields

The fields of alcohol and drug use and related
problem behaviors~e.g., binge drinking! and
disorders~e.g., alcoholism! have relied very
heavily on subgrouping. Most of the subgroup-
ing research in these areas has been conducted
with adults and has focused on alcoholism.
Perhaps the most widely known alcoholism
subgrouping distinction was first proposed
by Cloninger ~1987! and later modified by
Babor, Dolinsky, Meyer, Hesselbrock, Hof-
mann, and Tennen~1992!. These researchers
theorized that adult alcoholics can be classi-
fied into two distinct subgroups: Type I~A!
and Type II~B!. Type I~A! alcoholics have a
later onset of alcoholism~.age 25!, few first-
degree relatives who are alcoholics, less severe
dependence, few symptoms of co-occurring
psychopathology, less psychosocial impair-
ment, and more feelings of guilt about their
alcohol use. Type I~A! alcoholics also tend to
be low in impulsivity and novelty seeking and
have few early risk factors~e.g., conduct dis-
order@CD# !. In contrast, Type II~B! alcohol-
ics have an earlier age of onset of alcoholism
~,age 25!, a stronger family history, more
childhood conduct problems, more severe
dependence, multiple drug abuse, and co-
occurring psychiatric disorders, especially anti-
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social personality disorder. Type II~B! al-
coholics are also typically male and high in
impulsivity and novelty seeking~Babor, 1996;
Ball, 1996!. The Type I~A!0Type II~B! dis-
tinction has resulted in quicker diagnoses, suc-
cessful treatment matching efforts~e.g., Litt,
Babor, Del Boca, Kadden, & Cooney, 1992!,
and a clearer understanding of the mecha-
nisms leading to alcoholism.

Although widely accepted, these substance
use categorizations appear to have several
limitations. The subgroup distinctions are pri-
marily based on static, often retrospective, vari-
ables measured in adulthood~i.e., age of onset,
family history, psychiatric comorbidity, per-
sonality!, after substance use problems are al-
ready present. Most of these substance use
subgrouping theories make no effort to exam-
ine or take into account patterns of use over
time or the developmental progression from
substance use to problem use0abuse. Thus, it
may be that these theories are missing aspects
of change over time that, if examined, would
contribute to a more complete picture of sub-
stance use. The reliance on retrospective in-
formation to guide subgrouping efforts may
also be problematic because it may be partic-
ularly difficult for established alcoholics or
drug abusers to accurately recall childhood
variables, such as age of substance initiation,
on which the subgrouping schemes are often
based.

Most importantly, however, in the sub-
stance use0abuse subtyping literature, adoles-
cent substance use has generally received very
little attention. This is an important oversight
because epidemiological studies show that sub-
stance use begins very early. In fact, national
survey data~e.g., Johnston, O’Malley, & Bach-
man, 1996a! suggest that drinking onset and
first intoxication usually occur between Grades
7 and 10, and first marijuana experimentation
typically occurs between Grades 9 and 11.
Given this, it is likely that subgroup differ-
ences may actually be apparent beginning in
early adolescence. Researchers who focus only
on substance use and abuse after the age of 25
may thus be overlooking a wealth of informa-
tion that may provide crucial answers about
the onset, etiology, and course of lifetime sub-
stance use problems. The early identification

of substance use subgroups also has implica-
tions for the prevention of later substance use
problems, perhaps before a lifetime of nega-
tive consequences has accrued.

Only a few researchers have applied sub-
stance use0abuse subgrouping schemas to ad-
olescents. Tarter, Kirisci, and Mezzich~1997!
classified adolescent alcohol abusers into two
subgroups based on 10 domains~e.g., severity
of use, comorbid diagnoses! encompassed in
the Drug Use Screening Inventory. Similarly,
Weber, Graham, Hansen, Flay, and Johnson
~1989! classified adolescents into two groups
~Type I and Type II! based on 16 constructs
related to alcohol use, including negative ex-
pectancies, access to alcohol, and number of
friends who use. Babor, Webb, Burleson, and
Kaminer~in press! examined six different ways
~using gender, age of onset, family history, ex-
ternalizing disorders, internalizing disorders,
and temperament! for classifying adolescent
marijuana abusers.As with adult substance use,
however, these studies have relied primarily
on static, cross-sectional variables to establish
the subgroups. As discussed, there may be lim-
itations to this static approach. In contrast, two
recent studies have taken a more developmen-
tal approach to this issue.

Using a large community sample, Chassin
et al. ~2000! identified subgroups character-
ized by trajectories of smoking behavior from
age 11 to 31. The authors empirically identi-
fied four groups~early stable smokers, late
stable smokers, experimenters, and quitters!
and demonstrated that the groups could be dis-
tinguished by a number of psychosocial vari-
ables measured in adolescence and young
adulthood. In a study using the same method-
ology, Chassin, Pitts, and Prost~2002! exam-
ined the developmental trajectories of binge
drinking from adolescence to emerging adult-
hood among children of alcoholics and con-
trols. The authors identified four subgroups
~early heavy, late moderate, infrequent, and
nonbingers! and again demonstrated that the
groups differed on a number of relevant psy-
chosocial variables.

Finally, one study has examined the devel-
opmental trajectories of frequent binge drink-
ing from late adolescence through young
adulthood. Schulenberg, O’Malley, Bachman,
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Wadsworth, and Johnston~1996! used cluster
analysis to place young adults into subgroups
based on their drinking behavior between the
ages of 18 and 24. Six groups emerged~never,
rare, chronic, decreased, increased, and “fling”!
that differed on a number of important vari-
ables, including problems with alcohol, atti-
tudes about drinking, and illicit drug use.

The Present Study

The purposes of the present study are three-
fold. First, we address the limitations of prior
attempts at substance use subgrouping among
adults while replicating and extending Chas-
sin and colleagues’ work with adolescents.
Using the same empirical developmental ap-
proach to subgrouping as Chassin et al.~2000,
2002; Nagin, 1999!, we look at substance use
over a 9-year period between ages 11 and 12
~6th grade! and ages 19–21. Our study differs
from Chassin et al.~2000, 2002! in that we
examine substanceuse, rather than bingeing,
which focuses on only one specific aspect of
substance use. In addition, we identify trajec-
tories and subgroups separately for alcohol and
marijuana and for men and women. Although
our study differs from Chassin’s work in these
ways, we expect our trajectory findings to be
consistent with hers in identifying at least three
subgroups: a group that initiated substance use
in early adolescence, a group that initiated use
in late adolescence0early adulthood, and an
abstainer group.

We examine the trajectories of alcohol and
marijuana use separately. Along with ciga-
rettes, alcohol and marijuana are the most
widely used substances between early adoles-
cence and young adulthood. Recent epidemi-
ological data found that 22% of 8th graders
and 50% of 12th graders reported drinking al-
cohol in the past 30 days, whereas 16% of 8th
graders and 36% of 12th graders reported using
marijuana within the past 12 months~Johnston,
O’Malley, & Bachman, 2002!. Both alcohol
and marijuana are considered “gateway” drugs;
however, several theories suggest that adoles-
cents progress from cigarette and alcohol use
to marijuana use~e.g., Kandel, 2002!. Al-
though generally grouped together in studies
examining risk factors and outcomes, there is

some evidence~e.g., White, Xie, Thompson,
Loeber, & Stouthamer–Loeber, 2001! that the
risk factors associated with marijuana use may
differ from those associated with alcohol use.
Thus, it is important to separately examine the
developmental patterns, predictors, and out-
comes of these two substances.

We also separately examine the trajectories
of substance use for males and females. There
are substantial gender differences in the prev-
alence rates of substance use and substance
use disorders according to theDiagnostic and
Statistical Manual of Mental Disorders, 4th
edition ~American Psychiatric Association,
1994!. However, it is important to note that
gender differences in overall rates of use do
not necessitate differences in use patterns or
the risk factors and outcomes associated with
use. These issues must be empirically exam-
ined in order to determine whether gender spe-
cific theories are necessary.

In the second part of our study, we demon-
strate the validity of our substance use sub-
groups by examining psychosocial variables
that are expected to differentially predict the
groups prior to the onset of substance use. The
variables we include have been identified by
prior research to be key risk factors for ado-
lescent substance use. In a thorough review,
Hawkins, Catalano, and Miller~1992! found
that academic failure, noncommitment to
school, poor family relations, high sensation
seeking, positive expectancies, and CD were
strongly related to substance use. Several
studies~e.g., Brown, Parks, Zimmerman, &
Phillips, 2001! have also found an inverse re-
lationship between church involvement and al-
cohol use.

In validating our substance use subgroups,
we also examine group differences on several
young adult outcomes. A number of studies
have found early substance use to be associ-
ated with deleterious outcomes, including later
substance dependence, antisocial personality
disorder, and arrests~e.g., Franken & Hen-
driks, 2000; McGue, Iacono, Legrand, Mal-
one, & Elkins, 2001!. Based on these findings
and the research on risk factors, we hypoth-
esize that the trajectory groups with the earli-
est onset of substance use will have the most
negative risk factors and deleterious out-
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comes whereas the abstainer groups will be
adjusted the best.

In the third part of the study, we compare
the utility of the developmental approach to
subgrouping with that of a retrospective static
approach by examining whether our substance
use subgroups predict substance dependence
above and beyond several static variables used
to establish subgroups. Up to this point, we
and many others have assumed that a devel-
opmental approach would outperform the more
standard, retrospective approach. This, how-
ever, is an empirically testable hypothesis.

Method

Participants

The 481 participants in the current study were
part of a 10–12 year longitudinal examination
of the etiological pathways to substance use,
deviant behavior, and psychopathology. Par-
ticipants were originally recruited for a study
designed to test the effectiveness of Project
DARE. However, the DARE intervention
was found to have no effects on any program
targets either 5~Clayton, Cattarello, & John-
stone, 1996! or 10 ~Lynam, Milich, Zimmer-
man, Logan, Martin, Leukefeld, & Clayton,
1999! years later, indicating that the commu-
nity sample was appropriate for following
prospectively.

Participants were first assessed via written
questionnaires beginning in the 1987–1988
school year prior to starting the 6th grade~see
Clayton et al., 1996, for a detailed description
of the initial recruitment and assessment pro-
cedures!. One hundred percent of schools and
approximately 93% of all 6th graders in Lex-
ington, Kentucky, participated in this original
assessment. Follow-up data were collected
from participants over a 5-year period after
each school year from 6th through 10th grade
~ages 11–12 through 15–16!. Individuals in the
current study completed questionnaires on at
least three of these five occasions~post 6th
grade, 7th or 8th grade, and 9th or 10th grade!.
Participants also completed a mailed survey
at ages 19–21~M 5 20.1! and an extensive
laboratory protocol at ages 20–22~M 5 21.0!.

Due to resource limitations, we only as-
sessed 481 individuals in the intensive labora-
tory phase of our study~ages 20–22!. The 481
individuals who participated in the laboratory
protocol were selected from the larger sample
of 1,017 who had completed at least three of
the school questionnaires and the mailed sur-
vey at ages 19–21. Individuals were randomly
selected for the laboratory protocol with some
oversampling of heavy users in order to com-
pensate for previous sample attrition. Attri-
tion analyses were conducted to examine the
similarity of the laboratory sample of 481 to
the 536 individuals who were also eligible for,
but did not participate in, the laboratory pro-
tocol. We examined whether the 481 partici-
pants differed from the 536 on race, gender, or
pre-6th grade past month, past year, and life-
time cigarette, alcohol, and marijuana use. The
only significant differences were that individ-
uals in the laboratory sample were more likely
to be male,x2 ~1, N 5 1,017! 5 18.60,p ,
.001, and reported more pre-6th grade life-
time and past month use of alcohol than did
the 536 individuals,F ~1, 990! 5 3.97, p ,
.05, and F ~1, 1005! 5 4.81, p , .05,
respectively.

We also conducted attrition analyses to ex-
amine whether the 1,017 participants eligible
for the laboratory protocol were comparable
to the 642 participants who began the study
prior to the 6th grade but who did not com-
plete three of the five school questionnaires
and thus were not eligible for continuation in
the study. Individuals who did not complete
three school questionnaires were more likely
to be male,x2 ~1, N 5 1,669! 5 18.13,p ,
.001, and as expected, had significantly more
past month, past year, and lifetime use of cig-
arettes, alcohol, and marijuana~F range5
4.81–47.93, allps , .05!. Although this pat-
tern of selective attrition is typical of prospec-
tive studies with community samples, we
attempted to compensate for the attrition by
oversampling heavy users for the laboratory
protocol. This was at least partially success-
ful, because in a comparison of the 481 par-
ticipants in the laboratory sample to the 642
who did not have three school questionnaires,
the only significant differences were that the
642 reported more past year and lifetime use

| |DPP16~1! 447 5021 02006004 10:34 am REVISED PROOF

Alcohol and marijuana use trajectories 197



of cigarettes,F ~1, 1,111! 5 14.19,p , .001,
andF ~1, 1,105! 5 27.40,p , .001, respec-
tively, and greater lifetime use of marijuana,
F ~1, 1,110! 5 6.98,p , .01.

The 481 young adults in the present study
were from a metropolitan area of 330,000 peo-
ple. Two hundred forty-one~50.1%! of the par-
ticipants were men. The racial composition of
the sample was 79.2% Caucasian, 15.8% Af-
rican American, and 5% other. The majority
of the participants~70%! had attended at least
some college, and 21% had graduated from
high school but not attended college. Only 9%
of the sample reported not having graduated
from high school. Over 73% of the sample
was currently employed and 44% of those
employed worked full-time~$35 hr0week!.
Approximately 81% of the sample reported
earning less than $900 per month, and 37%
indicated that they had been at the same job
for over 1 year.

In terms of lifetime use of alcohol, mari-
juana, and illicit drugs, the study sample at
ages 19–21 was comparable to 1994 national
prevalence estimates for young adults~ages
19–28! as reported in the Monitoring the Fu-
ture Study~Johnston, O’Malley, & Bachman,
1996b!. The Monitoring the Future Study es-
timated lifetime rates for alcohol, marijuana,
and illicit drugs to be 91, 54, and 33%, respec-
tively, while lifetime rates in our sample were
88, 61, and 38% for these three categories.

Procedure

Between the ages of 19 and 21, individuals
who had completed at least three of the five
school questionnaires were sent a survey to be
filled out and returned by mail. The survey
asked questions about the frequency of cur-
rent drug use, among other things. From those
who returned the survey, a smaller sample~de-
scribed above! was contacted by telephone and
asked to participate in a 3- to 4-hr laboratory
study. Prior to the laboratory visit, partici-
pants who agreed to be in this phase of the
study were mailed a consent form and a de-
scription of the purpose of the study.

The laboratory protocol was administered
by trained research assistants. During the visit,
participants completed a Life History Calen-

dar ~LHC; Caspi, Moffitt, Thornton, Freed-
man, Amell, Harrington, Smeijers, & Silva,
1996!, segments of the Diagnostic Interview
Schedule~Robins, Cottler, Bucholz, & Comp-
ton, 1997!, and other measures of psycho-
social functioning and psychopathology.
Ninety-eight percent~N 5 470! of partici-
pants had data available on all measures in-
cluded in this study. Participants were
reimbursed for their participation in all phases
of the study.

Measures

Substance use.In each follow-up school ques-
tionnaire and in the mailed survey, partici-
pants were asked six questions regarding their
use of alcohol and marijuana. Participants se-
lected from seven choices of how often they
had used each substance in their lifetime, in
the past year, and in the past month. For these
questions, 05 the participant had not drunk
alcohol or smoked marijuana during the time
period, 15 1–2 drinks0times smoked mari-
juana, 25 3–5 drinks0times, 35 6–9, 45
10–19, 55 20–39, and 65 401. To develop
the trajectories for the current study, we used
the past month reporting period for alcohol
use and the past year reporting period for mar-
ijuana use. The six data points for the trajec-
tories included post-6th grade~ages 11–12!,
post-7th~ages 12–13!, post-8th~ages 13–14!,
post-9th ~ages 14–15!, post-10th~ages 15–
16!, and ages 19–21.

Predictor variables.With one exception, each
of the predictor variables was taken from the
school questionnaire administered to partici-
pants prior to 6th grade. CD symptoms prior
to 6th grade were calculated from the retro-
spective LHC~Caspi et al., 1996! that par-
ticipants completed during the laboratory
interview ~age 21!.

School factors.This variable was a com-
posite of a single item measuring school per-
formance and a six-item scale measuring school
commitment. The item and the scale were stan-
dardized and summed to form the composite.
For performance, the item asked participants
to assess how well they were doing in school
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overall. Response categories ranged from 1
~not at all well! to 4 ~very well; M 5 3.22,
SD 5 0.62!. For commitment, the scale as-
sessed how students felt about their school
experience~e.g., “I do not look forward to
school.”!. Responses were measured on a
5-point continuum ranging from 1~agree
strongly! to 5 ~disagree strongly! and items
were coded such that higher scores on the scale
reflected greater school commitment~M 5
3.16,SD5 0.92!. The coefficient alpha of this
scale was .75. School performance and school
commitment were moderately correlated~r 5
.26,p , .001!. Higher scores on the compos-
ite variable represent better school perfor-
mance and greater school commitment.

Church involvement.Participants were
asked two questions regarding their frequency
of attendance at church and the importance of
this. For the frequency item, responses were
measured on a 4-point continuum ranging from
1 ~never! to 4 ~once a week or more!. For the
importance item, responses were also mea-
sured on a 4-point continuum ranging from 1
~not important! to 4~very important!. To form
a composite score for church involvement, the
two items ~r 5 .49! were averaged. Higher
scores on this composite~M 5 3.01, SD 5
0.89! reflect greater church involvement.

Self-esteem.Participants’ self-esteem was
assessed with the 10-item Rosenberg Self-
Esteem Scale~Rosenberg, 1965!. Items in-
cluded, “I feel that I am an important person”
and “There are many good things about me.”
Responses were measured on a 5-point con-
tinuum ranging from 1~disagree strongly! to
5 ~agree strongly! and coded such that higher
scores indicated higher levels of self-esteem.
As in previous studies, the scale~M 5 3.97,
SD 5 0.59! was reliable with a coefficient
alpha of .75.

Family relations. This 7-item scale mea-
sured how close the participants felt to their
parents or guardians and the quality of these
relationships~e.g., “Do you get a lot of atten-
tion at home?”!. Responses were made on a
5-point continuum ranging from 1~no, never!
to 5 ~ yes, most of the time! with higher scores

indicating better family relations. The coeffi-
cient alpha of this scale~M 5 4.36,SD5 0.72!
was .83.

Peer pressure resistance.This 7-item scale
measured participants’ ability to resist nega-
tive peer pressure~e.g., “If your best friend
was skipping school, would you skip too?”!.
Responses were made on a 5-point continuum
ranging from 1~definitely would! to 5 ~defi-
nitely not! with higher scores indicating a stron-
ger ability to resist or ignore peer pressure.
The coefficient alpha for this scale~M 5 4.39,
SD5 0.76! was .87.

Sensation seeking.Sensation seeking was
measured using 18 items that were taken from
Zuckerman’s~1994! 40-item sensation seek-
ing scale. Based on factor analyses, the four to
six items most reflective of each of the four
dimensions of Zuckerman’s scale~i.e., Thrill
and Adventure Seeking, Boredom Susceptibil-
ity, Experience Seeking, and Disinhibition!
were included in our scale. To facilitate under-
standing among our young participants, these
questions were adapted from the original forced
choice format to one in which the participants
indicated their level of agreement with a sin-
gle statement~e.g., “I like to jump off high
diving boards.”!. Responses ranged from 1
~strong disagreement! to 5 ~strong agree-
ment!, and all items were coded such that
higher scores represented greater sensation
seeking. The coefficient alpha of our scale
~M 5 2.87,SD5 0.59! was .74.

Expectancies for alcohol and marijuana
use.These two composite variables were each
composed of two scales that measured posi-
tive and negative expectancies separately. For
negative expectancies, five-item scales as-
sessed the extent to which participants ex-
pected the use of alcohol and marijuana to lead
to negative outcomes~e.g., “Smoking mari-
juana makes a person lose their friends.”
“Drinking alcohol makes a person do poorly
in school.”!. Responses were measured on a
5-point continuum ranging from 1~strongly
agree! to 5 ~strongly disagree! with higher
scores indicating fewer negative expectan-
cies. The coefficient alphas of the negative
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expectancies scales for alcohol~M 5 1.74,
SD5 0.74! and marijuana~M 5 1.55,SD5
0.67! were .78 and .76, respectively. For pos-
itive expectancies, eight-item scales assessed
the extent to which participants expected the
use of alcohol and marijuana to lead to posi-
tive outcomes~e.g., “How much does smok-
ing marijuana help a person to have fun with
friends?” “How much does drinking alcohol
help a person to face a difficult situation?”!.
Responses were measured on a 4-point con-
tinuum ranging from 1~does not help at all!
to 4 ~helps very much! with higher scores in-
dicating more positive expectancies. The co-
efficient alphas of these scales were .88 for
positive alcohol expectancies~M 51.30,SD5
0.54! and .91 for positive marijuana expectan-
cies~M 5 1.29,SD5 0.60!. The two alcohol
expectancies scales were moderately corre-
lated ~r 5 .38, p , .001!, as were the two
marijuana expectancies scales~r 5 .39, p ,
.001!. High scores on each expectancy vari-
able reflected fewer negative expectancies and
greater positive expectancies.

Variety of CD symptoms prior to 6th
grade.This variable was calculated from par-
ticipants’ responses on a LHC completed dur-
ing the laboratory interview. The LHC is a
retrospective method for collecting data on a
wide range of life events and behaviors~Caspi
et al., 1996!. In our LHC, we asked about the
occurrence of delinquent acts~i.e., stealing,
setting fires! beginning in 1986, when partici-
pants were in the 5th grade, up until the time
of the laboratory protocol. Each year was bro-
ken into three 4-month segments and partici-
pants were asked about the occurrence and
frequency of 15 different delinquent acts dur-
ing these intervals. For the present study, we
counted the total number of different delin-
quent acts that a participant reported as occur-
ring prior to 6th grade~M 5 0.83,SD51.17!.

The LHC method capitalizes on advances
in survey methodology and cognitive psychol-
ogy to collect reliable time-linked retrospec-
tive data. The LHC uses visual aids, inquires
about streams of events rather than isolated
events, and contextualizes questions about life
events by linking them to other events. Filling
out the calendar requires no interpretation, in-

ference, or judgment. During the periods sam-
pled by our LHC, individuals were fully aware
and active participants in the events. Each of
these characteristics makes it likely that the
data collected via the LHC will be an accurate
and reliable assessment of the individuals’ lives
~Rutter, Maughan, Pickles, & Simonoff, 1998!.
As Brewin, Andrews, and Gotlib~1993! noted
following their review of the literature on ret-
rospective reports, “provided that individuals
are questioned about the occurrence of spe-
cific events or facts that they were sufficiently
old and well placed to know about, the central
features of their accounts are likely to be rea-
sonably accurate”~p. 94!. In fact, previous
studies~e.g., Caspi et al., 1996; Freedman,
Thornton, Camburn, Alwin, & Young–
DeMarco, 1988! and data from our project have
documented the reliability and validity of the
LHC.

Outcome measures.All of the outcome mea-
sures were drawn from data collected by in-
terview and questionnaire during the laboratory
protocol~ages 20–22!.

Internalizing disorders, antisocial person-
ality disorder, and substance use and depen-
dence symptoms.Each of these variables was
taken from the Diagnostic Interview Schedule
~DIS-IV; Robins et al., 1997!. The DIS is a
structured interview developed for use by non-
clinicians to assess the presence or absence of
psychiatric disorders. The version of the DIS
used in the current study corresponded with
diagnoses included in theDSM-IV ~American
Psychiatric Association, 1994!. Although the
DIS has been changed periodically to corre-
spond to the criteria of the most current ver-
sion of theDSM, these changes do not alter
the DIS as an assessment tool. Thus, the reli-
ability and validity evidence is believed to be
the same across versions. The DIS-II, which
corresponded to theDSM-III, proved to have
good sensitivity~.75!, excellent specificity
~.94!, and moderate positive predictive power
~.76; Robins, Helzer, Ratcliff, & Seyfried,
1982!. A kappa analysis, which is a measure
of agreement, was conducted to see how
reliable the DIS was for administration by non-
clinicians versus administration by psychia-
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trists. The kappa values ranged from a low of
.4 ~only for a diagnosis of panic disorder! to a
high of 1~for a diagnosis of anorexia nervosa!
with all other diagnoses at least as high as .51
~Robins et al., 1982!.

For the current study, participants were as-
sessed for antisocial personality symptoms
since age 15 and generalized anxiety, specific
phobia, social phobia, depression, and alcohol
and marijuana abuse and dependence symp-
toms within the last 12 months. We examined
DSM-IV symptom counts for each of these
areas rather than actual diagnosis because of
the nonclinical status of our sample. For gen-
eralized anxiety, the symptom count for our
participants ranged from 0 to 4 with a mean of
0.54, specific phobia ranged from 0 to 4 symp-
toms with a mean of 1.46, social phobia ranged
from 0 to 4 symptoms with a mean of 1.22,
and depression ranged from 0 to 9 symptoms
with a mean of 1.41. For alcohol abuse, the
symptom count ranged from 0 to 4 with a mean
of 0.57, marijuana abuse ranged from 0 to 3
symptoms with a mean of 0.37, alcohol depen-
dence ranged from 0 to 6 symptoms with a
mean of 1.12, and marijuana dependence
ranged from 0 to 6 symptoms with a range of
0.76. Finally, the symptom count for anti-
social personality disorder ranged from 0 to 5
with a mean of 0.57.

For the present study, we combined the vari-
ables for generalized anxiety, specific phobia,
social phobia, and depression~r 5 .17–.28, all
ps , .001! to represent total internalizing dis-
order symptoms. We also combined alcohol
abuse and dependence~r 5 .60,p , .001! and
marijuana abuse and dependence~r 5 .72,p ,
.001!.

Total arrests.Participants were asked by
questionnaire how many times they had been
arrested in their lifetime~M 5 0.72, SD 5
1.56!.

Variables for comparison with static model of
subgrouping.These variables were taken from
the mailed survey~ages 19–21!.

Severity of lifetime use.This variable was
taken from the mailed survey and was mea-
sured separately for alcohol~M 5 4.63,SD5

2.03! and marijuana use~M52.83,SD52.62!.
Participantswereaskedhowoften theyhadused
the substance in their lifetime with responses
ranging from 0~none! to 6 ~40 or more times!.

Age of onset of substance use.The age of
onset was measured separately for alcohol and
marijuana use by one question that asked how
old participants were when they first used the
substance. For alcohol, age of onset ranged
from 3 to 21~M 5 15.51,SD5 3.77! with 45
participants never having initiated by age 21.
For marijuana use, age of onset ranged from 8
to 21 ~M 5 18.47,SD5 3.33! with 178 par-
ticipants never having initiated use by age 21.
In the analyses, two variables were needed to
fully represent age of onset: a continuous vari-
able for age of first use and a dichotomous
variable for whether participants had ever used.

Statistical procedure

Nagin’s ~1999! method of modeling develop-
mental trajectories was used to examine par-
ticipants’ longitudinal patterns of alcohol and
marijuana use. This method is group based and
assumes that the relevant population is com-
posed of a mixture of distinct groups defined
by their developmental trajectories. Nagin
~1999! provides a detailed description of this
statistical procedure. In short, longitudinal data
are used to identify the number of groups that
best fits the data and the shape of the trajec-
tory for each group. It is then possible to cal-
culate the probability of each individual in the
sample being in each of the trajectory groups
that make up the model. Individuals can then
be assigned to the group to which their prob-
ability of belonging is the highest.

Results

We began by using Nagin’s~1999! procedure
to determine the number and shapes of the
substance use trajectories, separately by gen-
der and type of substance use~alcohol, mari-
juana!, and to assign participants to the group
to which they had the highest probability of
belonging. Next, we conducted a series of 233
analyses of variance exploring gender and
group differences on substance use and each
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of the predictor and outcome variables. For
these analyses, we used a significance level of
p , .01 to minimize the possibility of Type 1
errors. For each variable where the main ef-
fect of group was significant, we then exam-
ined all pairwise comparisons between the
groups. For variables for which the Gender3
Group interaction was significant, we con-
ducted group pairwise comparisons separately
for men and women to better understand the
nature of the interaction. Finally, we exam-
ined whether our developmental subgroups pre-
dicted substance dependence above and beyond
three static variables frequently used in sub-
grouping. All of the analyses were conducted
separately for alcohol and marijuana.

Empirically identifying substance
use trajectories

Substance use data from six time points~post-
6th grade, ages 11–12; 7th grade, ages 12–13;
8th grade, ages 13–14; 9th grade, ages 14–15;
10th grade, ages 15–16; and ages 19–21! were
used in each of the trajectory analyses, which
were conducted separately for men and women
and for alcohol and marijuana use. We used
SAS PROC TRAJ~censored normal; Jones,
Nagin, & Roeder, 2001! to model the trajec-
tories as a function of the measurement wave,
and we specified the highest order polynomial
as quadratic. For each of the four trajectory
analyses, we first specified two groups and
then tested a series of models, increasing the
number of groups and using the Bayes infor-
mation criterion~BIC! to evaluate the model
fit ~Jones et al., 2001; Nagin, 1999!. We re-
jected solutions that did not contain a nonuser
group, because we had not specified this group
a priori. With this stipulation, for all four analy-
ses, a three-group solution was the most par-
simonious and resulted in the maximum BIC.
The resulting trajectories are displayed in Fig-
ures 1 and 2, with men and women presented
on the same figure for each substance.

Alcohol. For men’s and women’s alcohol use
~Figure 1!, one group initiated alcohol use by
11–12 ~early onset!, another group initiated
use by 15–16~late onset!, and a third group
did not use alcohol at all over the course of the

data collection~nonusers!. For men, 40 par-
ticipants fell into the early-onset alcohol group,
150 were assigned to the late-onset group, and
46 were placed in the nonuser group. For
women, 59 were in the early-onset group, 133
fell into the late-onset group, and 42 were as-
signed to the nonuser group. There were no
significant differences in group classification
between men and women,x2 ~2, N 5 470! 5
4.84,p 5 .089. For men and woman assigned
to the early-onset alcohol group, the average a
posteriori probability of being in the group
was .87~SD5 .16!; for those in the late-onset
group, the average probability was .88~SD5
.16!; and for those in the nonuser group, the
average probability was .68~SD5 .10!.

From 11–12 through 14–15 years of age,
the late-onset and nonuser groups were equiv-
alent and had significantly less alcohol use
than the early-onset group~Table 1!. By 19–21,
the two using groups~early onset and late on-
set! were equivalent in their levels of use and
were significantly higher than the nonusers.
These results were qualified by two signifi-
cant Gender3 Group interactions. At 13–14,
early-onset men had significantly greater al-
cohol use than early-onset women, but the two
other groups were equivalent across gender.
At 15–16, early-onset and late-onset men had
significantly more use than women in these
groups, whereas men and women nonusers
were equivalent.

Marijuana. The trajectory groups for mari-
juana use~Figure 2! were similar to those for
alcohol. For both men and women, one group
initiated marijuana use before age 11–12~early
onset!. A second group initiated marijuana use
by age 14–15~late onset!, whereas a third
group never used marijuana~nonusers!. For
men, 13 fell into the early-onset group, 132
were placed in the late-onset group, and 91
were assigned to the nonuser group. For
women, 27 fell into the early-onset group, 99
were placed in the late-onset group, and 108
were assigned to the nonuser group. There was
a significant difference in group classification
between men and women for marijuana,x2

~2, N5 470! 511.06,p , .01, such that more
women than men fell into the early-onset and
nonusers groups and more men than women
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fell into the late-onset group. For men and
women assigned to the early-onset marijuana
group, the average a posteriori probability of
being in the group was .89~SD 5 .15!; for
those in the late-onset group, the average prob-
ability was .94~SD 5 .11!; and for those in
the nonuser group, the average probability was
.74 ~SD5 .07!.

From age 11–12 through 13–14, the late-
onset and nonuser groups were equivalent in
marijuana use and had significantly less use
than the early-onset group. At 14–15, 15–16,
and 19–21, the three groups were all signifi-
cantly different from one another in level of
marijuana use~Table 1!. By age 19–21, the
late-onset group had the highest level of mar-
ijuana use. As with alcohol use, these results

were qualified by two significant Gender3
Group interactions~ages 12–13 and 13–14!.
At both time periods, early-onset men had a
significantly higher rate of marijuana use than
early-onset women whereas men and wom-
en’s marijuana use between the other two
groups was equivalent.

Group overlap.We examined the overlap be-
tween the marijuana and alcohol trajectory
group assignments for men and women sepa-
rately. For men, there was a strong associa-
tion,x2 ~4,N5 236! 5 78.82,p , .001. Sixty-
one percent of cases fell along the diagonal.
For the early-onset marijuana group, 10 of 13
cases were also in the early-onset alcohol group
with the remaining three cases falling in the

Figure 1. The alcohol use trajectories for men and women. For mean alcohol use, 05 0 glasses of
alcohol in the past month, 15 1–2 glasses, 25 3–5 glasses, 35 6–9 glasses, and 45 10–19 glasses.
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late-onset alcohol group. No participants in
the early-onset marijuana group were in the
nonuser alcohol group. The findings were sim-
ilar for the early-onset alcohol group. Of the
40 participants in this group, 37 were in either
the early-onset or late-onset marijuana groups.
Upon collapsing the two onset groups within
each type of drug, 73% of the cases fell on the
diagonal. Of the off-diagonal cases, 86%~54
of 63! represented instances of early- or late-
onset alcohol use in conjunction with mem-
bership in the nonuser marijuana group.

The results were similar for women. There
was an association between the two sets of
trajectories,x2 ~4, N 5 234! 5 69.37,p ,

.001. Fifty percent of cases fell along the di-
agonal. For the early-onset marijuana group,
22 of 27 cases were also in the early-onset
alcohol group with 4 of the remaining 5 cases
falling in the late-onset alcohol group. The find-
ings were similar for the early-onset alcohol
group. Of the 59 participants in this group, 50
of them were in either the early-onset or late-
onset marijuana groups. Upon collapsing the
two onset groups within each type of drug,
62% of the cases fell on the diagonal and of
the off-diagonal cases, 88%~77 of 88! repre-
sented instances of early- or later onset alco-
hol use in conjunction with membership in the
nonuser marijuana group.

Figure 2. The marijuana use trajectories for men and women. For mean marijuana use, 05 having
smoked marijuana 0 times in the past year, 15 1–2 times, 25 3–5 times, 35 6–9 times, 45 10–19
times, 55 20–39 times, and 65 401 times in the last year.
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Predicting the trajectory groups

For reference, bivariate correlations among and
between the predictor and outcome measures
are presented in Table 2.

Alcohol. There were significant group dif-
ferences on seven of the eight predictor vari-
ables, including school factors, church
involvement, self-esteem, peer pressure resis-
tance, sensation seeking, expectancies, and va-
riety of CD symptoms prior to 6th grade~see
Table 3!. On five of the seven variables, the
early-onset group differed from the late-onset
and nonuser groups, which were not signifi-
cantly different from each other. The early-
onset group was significantly lower than the
other two groups on school factors, church in-
volvement, and self-esteem and higher than
the other groups on sensation seeking and CD
symptoms prior to 6th grade. On the remain-
ing two variables, all three groups were sig-
nificantly different from each other and the
differences were linear: the early-onset group
scored the lowest on peer pressure resistance
and the highest on expectancies~high posi-
tive, low negative!, the nonuser group scored
the highest on peer pressure resistance and the

lowest on expectancies, and the late-onset
group scored between the other two. These
results were qualified by a significant Gen-
der3 Group interaction for the variety of CD
symptoms prior to 6th grade. Early-onset men
had significantly more CD symptoms than men
in the other two groups, which were equivalent
in termsofCDsymptoms. Incontrast, therewere
no significant differences between the three
women’s groups in terms of CD symptoms.

Marijuana. There were significant group dif-
ferences on seven of the eight predictor mea-
sures, including school factors, self-esteem,
family relations, peer pressure resistance, sen-
sation seeking, expectancies, and variety of CD
symptoms prior to 6th grade~Table 4!. The ma-
jority of the differences occurred in a linear fash-
ion, and all three groups were significantly
different from each other on many of the vari-
ables. The early-onset group scored the lowest
on school factors, self-esteem, family rela-
tions, and peer pressure resistance and the high-
est on expectancies; the nonusers scored the
lowest on expectancies and the highest on
school factors, self-esteem, family relations,
and peer pressure resistance. The late-onset

Table 1. Group and gender means and standard deviations and analyses of variance
results for substance use by age

Group Means~SD! Gender Means~SD!

Measures EO LO NON Men Women F Group F Gender F Int

Alcohol use
Ages 11–12 0.39~1.09!a 0.05~0.26!b .00 ~.00!b 0.14~0.63! 0.08~0.47! 18.89** 3.08 1.38
Ages 12–13 0.88~1.29!a 0.04~0.23!b .00 ~.00!b 0.22~0.72! 0.20~0.69! 75.97** 2.84 1.60
Ages 13–14 1.30~1.53!a 0.08~0.32!b .00 ~.00!b 0.32~0.98! 0.30~0.77! 118.40** 9.07** 8.00**
Ages 14–15 1.94~1.72!a 0.19~0.55!b .00 ~.00!b 0.56~1.81! 0.45~1.10! 159.50** 9.46** 2.76
Ages 15–16 2.82~1.83!a 0.46~0.95!b .00 ~.00!c 1.05~1.66! 0.61~1.24! 196.94** 31.05** 11.94**
Ages 19–21 2.84~2.18!a 2.57~1.88!a .00 ~.00!b 2.49~2.16! 1.79~1.88! 85.48** 9.82** 3.30

Marijuana use
Ages 11–12 0.63~1.51!a 0.05~0.37!b .00 ~.00!b 0.08~0.58! 0.07~0.49! 27.00** 3.21 1.53
Ages 12–13 2.27~2.40!a 0.06~0.32!b .00 ~.00!b 0.21~0.95! 0.22~0.93! 199.40** 28.93** 18.18**
Ages 13–14 2.58~2.14!a 0.11~0.56!b .00 ~.00!b 0.26~1.05! 0.27~0.95! 223.46** 21.87** 10.70**
Ages 14–15 3.18~1.91!a 0.24~0.82!b .00 ~.00!c 0.36~1.16! 0.35~1.09! 242.14** 9.41** 3.70
Ages 15–16 4.12~2.27!a 0.74~1.52!b .00 ~.00!c 0.75~1.72! 0.55~1.42! 127.41** 9.06** 3.45
Ages 19–21 2.59~2.48!a 3.44~2.20!b .00 ~.00!c 2.19~2.49! 1.59~2.21! 216.89** 2.96 1.57

Note: EO, early-onset group; LO, late-onset group; NON, nonusers; Int, interaction. Group means with different
subscript letters are significantly different from one another~ p , .05!. Group means with the same subscript letters are
not significantly different from one another.
** p , .01.

| |DPP16~1! 447 13021 02006004 10:34 am REVISED PROOF

Alcohol and marijuana use trajectories 205



Table 2. Bivariate correlations among and between predictor and outcome measures

Measures 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1. School factors — 0.19** 0.32** 0.28** 0.35**20.34** 20.21** 20.22** 20.29** 20.05 20.31** 20.07 20.19** 20.17**
2. Church involvement — — 0.13** 0.16** 0.22**20.20** 20.15** 20.14** 20.13** 0.08 20.13** 20.18** 20.16** 20.06
3. Self-esteem — — — 0.47** 0.26**20.17** 20.24** 20.23** 20.14** 20.17** 20.15** 20.03 20.05 20.01
4. Family relations — — — — 0.30**20.24** 20.25** 20.19** 20.16** 20.25** 20.14** 20.07 20.13** 20.01
5. Peer pressure resistance —— — — — 20.46** 20.48** 20.46** 20.24** 20.15** 20.24** 20.19** 20.27** 20.13**
6. Sensation seeking — — — — — — 0.34** 0.33** 0.28** 0.03 0.30** 0.17** 0.32** 0.22**
7. Alcohol expectancies — — — — — — — 0.81** 0.18** 0.09 0.16** 0.09 0.15** 0.14**
8. Marijuana expectancies — — — — — — — — 0.21** 0.06 0.21** 0.10* 0.11* 0.12**
9. CD variety pre-6th — — — — — — — — — 0.07 0.37** 0.19** 0.32** 0.30**

10. Internalizing disorders — — — — — — — — — — 0.16** 20.01 0.07 0.12**
11. Antisocial personality — — — — — — — — — — — 0.37** 0.38** 0.41**
12. Total arrests — — — — — — — — — — — — 0.29** 0.24**
13. Alcohol abuse0dependence — — — — — — — — — — — — — 0.52**
14. Marijuana abuse0dependence — — — — — — — — — — — — — —

*p , .05. **p , .01.
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group scored between the other two groups on
these variables. On the remaining two vari-
ables, the early- and late-onset groups were
similar to each other but were significantly
higher than the nonusers on both of the vari-

ables. There was one significant Gender3
Group interaction: early-onset men demon-
strated higher expectancies than early-onset
women, whereas the other two groups were
equivalent across gender.

Table 3. Group and gender means and analyses of variance results for alcohol

Group Means Gender Means

Measures EO LO NON Men Women F Group F Gender F Inth2

Predictor measures
School factors 20.55a 0.12b 0.24b 20.31 0.31 11.08** 28.30** 2.70 0.05
Church involvement 2.79a 3.06b 3.11b 2.87 3.16 5.17** 11.38** 0.09 0.02
Self-esteem 3.78a 4.03b 3.98b 4.02 3.91 4.92** 4.29 1.44 0.02
Family relations 4.18 4.40 4.44 4.42 4.30 2.67 3.56 1.74 0.01
Peer pressure resistance 3.98a 4.45b 4.66c 4.35 4.43 25.02** 2.27 2.13 0.10
Sensation seeking 3.15a 2.82b 2.69b 3.01 2.72 22.53** 27.94** 0.67 0.09
Alcohol expectancies 0.53a 20.04b 20.46c 20.03 0.03 9.15** 0.18 1.04 0.04
CD variety pre-6th 1.19a 0.79b 0.57b 1.21 0.45 13.58** 58.67** 5.45** 0.06

Outcome measures
Internalizing disorders 0.58 20.20 20.03 20.50 0.50 2.45 14.92** 0.15 0.01
Antisocial personality 1.04a 0.47b 0.35b 0.72 0.41 18.10** 11.68** 0.64 0.07
Total arrests 1.31a 0.68b 0.19c 0.91 0.51 12.28** 6.91** 0.05 0.06
Alcohol abuse0dependence 0.96a 0.03b 21.16c 0.28 20.28 42.24** 11.47** 1.78 0.15
Marijuana abuse0dependence 0.59a 20.04b 20.55c 0.28 20.28 10.41** 7.21** 0.68 0.04

Note: EO, early-onset group; LO, late-onset group; NON, nonusers; Int, interaction. Group means with different
subscript letters are significantly different from one another~ p , .05!. Group means with the same subscript letters are
not significantly different from one another.h2, the effect size of group on each predictor and outcome measure.
** p , .01.

Table 4. Group and gender means and analyses of variance tesults for marijuana

Group Means Gender Means

Measures EO LO NON Men Women F Group F Gender F Inth2

Predictor measures
School factors 20.82a 20.20b 0.40c 20.31 0.31 13.69** 10.95** 0.08 0.06
Church involvement 2.76 2.94 3.15 2.87 3.16 3.55 2.42 1.27 0.02
Self-esteem 3.59a 3.94b 4.07c 4.02 3.91 12.20** 0.73 2.58 0.05
Family relations 3.96a 4.29b 4.51c 4.42 4.30 9.46** 5.02 2.31 0.04
Peer pressure resistance 3.76a 4.28b 4.65c 4.35 4.43 33.36** 4.86 2.07 0.13
Sensation seeking 3.15a 2.98a 2.67b 3.01 2.72 19.61** 12.70** 0.15 0.08
Marijuana expectancies 1.60a 20.01b 20.34c 0.02 20.04 29.63** 7.82** 4.95** 0.11
CD variety pre-6th 1.20a 1.07a 0.49b 1.21 0.45 17.25** 41.07** 2.31 0.07

Outcome measures
Internalizing disorders 0.92 20.08 20.10 20.50 0.50 1.03 17.18** 1.41 .00
Antisocial personality 0.98a 0.81a 0.20b 0.72 0.41 26.51** 10.85** 1.38 0.10
Total arrests 1.89a 0.98b 0.16c 0.91 0.51 26.72** 5.11 1.63 0.12
Alcohol abuse0dependence 1.27a 0.60b 20.95c 0.28 20.28 63.74** 7.58** 0.13 0.22
Marijuana abuse0dependence 0.55a 0.71a 20.93b 0.28 20.28 50.84** 3.44 1.34 0.18

Note: EO, early-onset group; LO, late-onset group; NON, nonusers; Int, interaction. Group means with different
subscript letters are significantly different from one another~ p , .05!. Group means with the same subscript letters are
not significantly different from one another.h2, the effect size of group on each predictor and outcome measure.
** p , .01.
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Outcomes for the trajectory groups

Alcohol.There were group differences on four
of the five variables, including antisocial per-
sonality symptoms, total arrests, and both
alcohol and marijuana abuse0dependence
~Table 3!. All but one of these differences oc-
curred in a linear fashion, with all three groups
significantly different from each other on each
of the variables. In these cases, the early-onset
group demonstrated the most psychopathol-
ogy and the most negative outcomes and the
nonusers had the least. For antisocial person-
ality disorder symptoms, the early-onset group
was significantly higher that the other two
groups, which were not significantly different
from one another.

Marijuana. There were significant group dif-
ferences for four of the five outcome mea-
sures of antisocial personality, total arrests, and
alcohol and marijuana abuse0dependence
~Table 4!. On two of the four variables, the
differences occurred in a linear fashion, with
the early-onset group having the most arrests
and alcohol abuse0dependence, the nonusers
having the least, and the late-onset group be-
tween the other two groups. However, for the
other two variables~antisocial personality and
alcohol abuse0dependence!, the early-onset and
late-onset groups were not significantly differ-
ent from each other but were different from
the nonusers. The nonusers had fewer symp-
toms of antisocial personality disorder and less
marijuana abuse0dependence.

Comparison with static model
of subgrouping

The final analyses were conducted to examine
whether our developmental model of subgroup-
ing was able to predict substance dependence
above and beyond three static variables~e.g.,
gender, age of onset, severity of lifetime use!
that are frequently used to establish sub-
groups. These analyses were conducted sepa-
rately for the alcohol and marijuana groups
predicting the outcomes of alcohol and mari-
juana dependence, respectively. For both analy-
ses, hierarchical multiple regression was used;
the three static variables were entered in the

first step, and the continuous probabilities of
membership in the two substance using groups
were entered in the second step. For alcohol
dependence, theR2 value ~.30! was signifi-
cant~F 5 46.64,p , .001! for the first step as
was the change inR2 ~.03! for the second step
~F 5 8.69,p , .001!. For marijuana, theR2

value ~.35! for the first step was significant
~F 5 58.87,p , .001!, but the change inR2

~.00! for the second step~F 5 .81,ns! was not
significant.1,2

Discussion

Static variables, such as symptom severity,
have long been successfully used to establish
subgroups for substance use and other forms
of psychopathology. Recently, however, there
has been a strong push within the subgrouping
literature to use a developmental approach,
rather than the traditional static one, to clas-

1. For a more stringent comparison of the developmental
approach with the traditional static method of subgroup-
ing, we also ran the comparison analyses using dichot-
omized versions~at the mean! of the age of onset and
lifetime severity of use, along with gender, entered in
the first step, and the continuous probabilities of mem-
bership in the two substance using groups entered in
the second step. This did not alter the results. For al-
cohol dependence, theR2 value ~.34! was significant
~F 5 57.98,p , .001! for the first step as was the
change in theR2 ~.02! for the second step~F 5 7.41,
p , .01!. For marijuana, theR2 value~.28! for the first
step was significant~F 5 43.59,p , .001!, but the
change in theR2 ~.01! for the second step~F 5 1.70,
ns! was not significant. In addition, we ran the com-
parison analyses including a term, entered in the third
step, representing the interaction of gender with the
continuous probabilities of membership in the two sub-
stance using groups. There were no significant Group3
Gender interactions.

2. Finally, we ran the comparison analyses entering the
continuous probabilities of membership in the two sub-
stance using groups in the first step and the three static
variables in the second step. Even reversing the order
of entry, the static variables continued to contribute
predictive utility above and beyond the probabilities
of group membership. For alcohol dependence, theR2

value~.18! was significant~F 5 49.66,p , .001! for
the first step as was the change in theR2 ~.14! for the
second step~F 5 22.91,p , .001!. Similarly, for mar-
ijuana dependence, theR2 value~.19! for the first step
was significant~F552.81,p , .001! as was the change
in the R2 ~.16! for the second step~F 5 26.72,p ,
.001!.
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sify individuals into groups. There are several
disadvantages of the static approach. An ex-
amination of several developmental models for
subgrouping~e.g., Chassin et al., 2000, 2002;
Moffitt, 1993; Schulenberg et al., 1996! sug-
gests that taking a static approach may over-
look important aspects of change over time
that could result in different groupings, if taken
into account. In addition, the formation of sub-
groups based on variables measured at only
one time point cannot account for the progres-
sion from a behavior to a problem or syn-
drome, which may have important implications
for understanding the etiology and for devel-
oping appropriate interventions and treat-
ments. Moreover, subgrouping based on
retrospective variables may suffer from inac-
curate reporting.

Given these disadvantages of traditional
subgrouping efforts, we also used a develop-
mental approach to identify subgroups based
on individuals’ substance use patterns from
early adolescence through young adulthood.
A number of our findings were quite informa-
tive. One unique aspect of our study was that
we examined subgroups separately for alco-
hol and marijuana use. The number and shape
of the trajectories of the alcohol and mari-
juana subgroups were similar. Group overlap
was very high~e.g., early-onset marijuana users
tended to be early-onset alcohol users!, and
the general patterns of predictor and outcome
variables significantly related to group status
were similar for alcohol and marijuana. As ex-
pected and consistent with prior research~e.g.,
Brown et al., 2001; Hawkins et al., 1992!, the
early factors of school and church involve-
ment, self-esteem, peer pressure resistance,
sensation seeking, expectancies, and conduct
problems all significantly differentiated the al-
cohol and marijuana subgroups. The groups
were also distinguished by differences in young
adult outcomes, including alcohol and mari-
juana dependence, antisocial personality dis-
order symptoms, and number of arrests. This
suggests that there is little specificity in the
differential predictors of and outcomes asso-
ciated with alcohol versus marijuana use. These
findings are consistent with Jessor and col-
leagues’~Donovan & Jessor, 1985; Donovan,
Jessor, & Costa, 1988; Jessor & Jessor, 1977!

problem behavior theory, which states that there
is a single common factor or syndrome that
accounts for a number of adolescent problem
behaviors, including alcohol and marijuana use
and delinquent-type behavior. Further, these
findings may suggest that, when put to the
empirical test, theories that specify different
predictors and outcomes for different types of
substances may not stand up.

Likewise, it does not appear that different
theories explaining men and women’s sub-
stance use are necessary. Although we found
that the overall levels of both alcohol and mar-
ijuana use were higher for men than women,
the use patterns, subgroups, and predictor and
outcome variables generally did not differ by
gender.

Notably, however, there were several inter-
esting trends in the specific patterns of the
alcohol and marijuana group differences on
the predictor and outcome measures. In the
majority of the group comparisons for alco-
hol, the late-onset and nonuser groups were
similar to one another, but both were signifi-
cantly better adjusted than the early-onset
group. A different pattern emerged for the mar-
ijuana subgroups. For most of the compari-
sons, the early-onset and late-onset groups were
indistinguishable and were significantly more
dysfunctional than the nonuser group. Thus, it
appears that, for alcohol use, individuals who
fare the worse are those who begin using al-
cohol at an early age and those who initiate
use at a later age or who abstain altogether are
at a relative advantage, both in terms of risk
factors and adult psychosocial outcomes. In
contrast, marijuana use initiated at any age be-
tween 6th grade~age 11–12! and age 20 is
associated with a relative psychosocial disad-
vantage and a number of deleterious out-
comes. These differences may relate to the
contexts in which the two substances are typ-
ically used or differences in the availability
and licitness of the substances. Alcohol is of-
ten widely available at social gatherings and
is generally easily obtainable whereas an in-
dividual may have to go out of his or her way
to obtain marijuana, which is illegal, less
widely available, and often used surreptitiously.

Overall, our results are consistent with sev-
eral prominent theories of subgrouping~i.e.,
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Babor et al., 1992; Cloninger, 1987; Moffitt,
1993!, suggesting that some aspects of these
theories may be applicable to the understand-
ing of adolescent through young adult sub-
stance use. In her theory of antisocial behavior,
Moffitt ~1993! recognizes two subgroups of
offenders. Life-course persistent offenders are
characterized by neuropsychological deficits,
“difficult” temperament, poor family rela-
tions, problems with socialization, and nega-
tive outcomes. In contrast, adolescent-limited
offenders are thought to be relatively well ad-
justed, perhaps even more than those who ab-
stain altogether from antisocial behavior,
although this last hypothesis remains contro-
versial. Our early-onset groups correspond in
many ways to Moffitt’s~1993! life-course per-
sistent group, as individuals were generally
characterized by a number of family, social,
and academic difficulties and several negative
adult outcomes. Our alcohol late-onset group
appears similar to Moffitt’s~1993! adolescent-
limited group because these individuals were
better adjusted in terms of early risk factors
and adult outcomes. However, our late-onset
marijuana group was more dysfunctional. Un-
like Moffitt’s theory, we found that the non-
user group was, in many cases, adjusted the
best. This finding may relate to our examina-
tion of trajectories of substance use, whereas
Moffitt’s theory deals with antisocial behav-
ior. In fact, a recent study by Milich et al.
~2000!, using our data set, found that individ-
uals who abstained from alcohol or marijuana
use were not more psychologically impaired
than experimenters and occasionally were bet-
ter adjusted. Although our results are not en-
tirely consistent with Moffitt’s theory, many
aspects of her theory could be usefully ap-
plied to substance use, particularly because
antisocial behavior is highly associated with
substance use.

Our findings also overlap in some ways with
Cloninger ~1987! and Babor et al.’s~1992!
theories of adult alcoholism.According to these
theories, Type I~A! alcoholics are character-
ized by a later onset of alcoholism, less severe
dependence, few symptoms of co-occurring
psychopathology, and less psychosocial im-
pairment. Our findings for the late-onset
alcohol group are consistent with these char-

acteristics. In contrast, Type II~B! alcoholics
tend to have an earlier age of onset of alcohol-
ism, more childhood conduct problems, more
severe dependence, multiple drug abuse, and
co-occurring psychiatric disorders. Many of
these characteristics are similar to our find-
ings for the early-onset alcohol and marijuana
groups and the late-onset marijuana group.
These consistencies with prominent theories
of adult alcoholism suggest that some aspects
of theories of adult alcoholism may be use-
fully applied to adolescent substance use. More
importantly, however, the findings suggest that
theories of adult substance use and abuse may
benefit from examining substance use begin-
ning in adolescence, perhaps before many re-
lated problems have occurred. Taking into
account the initiation of use and its pro-
gression throughout adolescence and early
adulthood may help adult researchers better
understand the etiology of substance use dis-
orders and develop comprehensive methods
for substance use0abuse intervention and
prevention.

Finally, many of our results are also con-
sistent with the findings from two empirical
studies~Chassin et al., 2000, 2002! that have
examined the trajectories of binge drinking and
cigarette smoking from adolescence to young
adulthood. Both studies found four subgroups
of substance users defined by their trajecto-
ries of use. For binge drinking the groups were
early heavy, late moderate, infrequent, and non-
bingers whereas for cigarette smoking the
groups were early stable, late stable, experi-
menters, and quitters. As far as general pat-
terns of use and relations to psychosocial
predictors and outcome variables, our early-
onset and late-onset groups were very similar
to Chassin’s early and late groups. However,
we found fewer groups than Chassin, perhaps
because of our gap in data collection between
the 10th grade~ages 15–16! and ages 19–21
or differences between our community sam-
ple and Chassin’s high-risk sample. Nonethe-
less, our study replicates Chassin’s work in
many ways, suggesting that a comprehensive
theoretical model of adolescent to young adult-
hood substance use should include, at the very
least, the early-onset, late-onset, and abstainer
groups.
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The results from the comparison of our de-
velopmental approach to the traditional static
approach to subgrouping were also notewor-
thy. Specifically, we examined whether the
probabilities of group membership based on
developmental patterns of use predicted young
adult substance dependence above and be-
yond three static variables traditionally used
to establish subgroups~e.g., gender, age of on-
set, severity of lifetime use!. In fact, we found
that our developmental groupings predicted
very little additional variance in alcohol
dependence and no additional variance in mar-
ijuana dependence beyond that already ex-
plained by the static variables. These findings
suggest that a developmental approach to sub-
grouping may not offer incremental predictive
validity beyond approaches that utilize sev-
eral static variables measured retrospectively.
However, it must be noted that predictive util-
ity is only one of many possible ways to as-
sess the value of a particular model or method.
It is clear that, in many other ways, the devel-
opmental method of subgrouping is superior
to the standard, static, retrospective tech-
nique. As the developmental approach be-
comes more widespread, we urge researchers
to continue to pit it against traditional methods.

One explanation for the finding that the de-
velopmental approach does not add predictive
utility is that the static variables generally used
for subgrouping may themselves actually con-
tain a great deal of developmental informa-
tion. Age of onset is one of the most powerful
predictors of later substance use disorders
~McGue et al., 2001!, suggesting that this fac-
tor does a good deal of the work in determin-
ing developmental variation. Similarly, severity
of lifetime use may actually represent the area
under the developmental curve. Finally, gen-
der is a useful index of level of use, as well as
related constructs such as impulsivity and de-
linquency. Thus, when one includes these three
predictors first into the subgrouping schema,
there may not be much variance left to ac-
count for by additional developmental factors.

There are several limitations of our study
that must be acknowledged. In developing our
trajectories of substance use, it would have
been preferable to have yearly data from 11 to
12 years of age through 19–21 years of age.

However, the study design was such that there
was a gap in data collection between ages
15–16~10th grade! and 19–21. Although the
trajectories examined in the present study ap-
pear valid, a more comprehensive data set may
have resulted in findings that were more con-
sistent with prior work in this area. An addi-
tional limitation is that the majority of the data
used in the present study were taken from self-
report inventories. Although this is often the
standard method for collecting data, it is likely
that the results obtained may have been partly
due to common method variance. A final lim-
itation involves the procedure used to decide
upon the “correct” number of subgroups based
on the trajectory analyses. Although the stan-
dard procedure involves using the BIC to iden-
tify the number and shape of the trajectory
groups as we have here, it is possible that this
isnot themost validmethodofestimation.How-
ever, it is the best that we have at this point.

These limitations notwithstanding, the re-
sults from our study have some general
methodological, etiological, and clinical im-
plications. First, the results suggest that, al-
though the developmental approach may not
necessarily add predictive utility, it does have
a number of other advantages. In particular, it
is very useful to take into account early ado-
lescent substance use when attempting to es-
tablish subgroups, because this provides
information about the initiation of substance
use and the progression to dependence. Sec-
ond, the results indicate that the psychosocial
risk factors and psychopathological outcomes
associated with both alcohol and marijuana use
in males and females are quite similar, sup-
porting a general theory of problem behavior.
Third, the results suggest that, for alcohol use,
individuals who begin using in early adoles-
cence are less well adjusted in terms of early
psychosocial risk factors and later deleterious
outcomes than those who initiate use in later
adolescence or who abstain altogether. In con-
trast, for marijuana use, individuals who be-
gin using in either early or late adolescence
are less well adjusted than those who abstain
altogether. It is our hope that these findings
will inform prevention and treatment efforts
that strive to target adolescents who are most
at risk.
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