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Abstract
This article reports adolescent substance use outcomes of universal family and school preventive
interventions 5½ years past baseline. Participants were 1677 7th grade students from schools (N =
36) randomly assigned to the school-based Life Skills Training plus the Strengthening Families
Program: For Parents and Youth 10–14 (LST + SFP 10–14), LST-alone, or a control condition. Self-
reports were collected at baseline, 6 months later following the interventions, then yearly through
the 12th grade. Measures included initiation—alcohol, cigarette, marijuana, and drunkenness, along
with a Substance Initiation Index (SII)—and measures of more serious use—frequency of alcohol,
cigarette, and marijuana use, drunkenness frequency, monthly poly-substance use, and advanced
poly-substance use. Analyses ruled out differential attrition. For all substance initiation outcomes,
one or both intervention groups showed significant, positive point-in-time differences at 12th grade
and/or significant growth trajectory outcomes when compared with the control group. Although no
main effects for the more serious substance use outcomes were observed, a higher-risk subsample
demonstrated significant, positive 12th grade point-in-time and/or growth trajectory outcomes for
one or both intervention groups on all measures. The observed pattern of results likely reflects a
combination of predispositions of the higher-risk subsample, the timing of the interventions, and
baseline differences between experimental conditions favoring the control group.
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1. Introduction
This article reports long-term outcomes of universal family-and school-based interventions
designed to prevent adolescent substance use in general populations. It is based on follow-up
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assessments through 5½ years past baseline (12th grade) for a prevention trial called the
Capable Families and Youth Study. Earlier reports from this study examined outcomes at 1½
and 2½ years past baseline.

There is a clear rationale for rigorous research on universal family-focused and school-based
interventions targeting substance use among general populations. As noted in relevant literature
reviews, there are very few randomized, controlled studies examining outcomes 3 years or
more past baseline or intervention posttest (Foxcroft et al., 2003). Key reasons for intervention
research on this topic concern the prevalence of substance use in the general population, with
its social, health, and economic consequences, and the influence of factors originating in family
and school environments on substance use.

Concerning prevalence of adolescent substance use, a national survey reveals continued high
rates of alcohol, cigarette, and marijuana use among adolescents in the U.S. (Johnston et al.,
2007). In 2006, 6.4% of 8th graders and 25.1% of 12th graders reported having used alcohol
on three or more occasions in the past 30 days. Cigarette smoking also is prevalent among
adolescents. Johnston et al. (2007, p. 28) state that since 1975, cigarettes have consistently
remained the class of abusable substances most frequently used on a daily basis by high school
students. Also, in 2006, 15.7% of 8th graders and 44.8% of 12th graders had initiated marijuana
use. Further, 5.0% of 12th graders smoked marijuana daily and 48.2% of 12th graders reported
lifetime use of any illicit drug.

It is well established that a number of specific factors in both family and school socializing
environments contribute significantly to adolescent substance use (Getz and Bray, 2005;
Hawkins et al., 1992; Mrazek and Haggerty, 1994; Resnick et al., 1997; Wood et al., 2004).
This study incorporated a multicomponent intervention, addressing such factors in both
socializing environments. The intervention consisted of two theory-based programs: the
Strengthening Families Program: For Parents and Youth 10–14 (SFP 10–14; Molgaard et al.,
2000); and Life Skills Training (LST; Botvin et al., 1995), a school-based universal
intervention. Together they target a wide range of empirically-and theoretically-supported
factors (e.g., family-, individual-, peer-, and school-related) associated with adolescent
substance use. It is especially noteworthy that the universal design of these two programs offers
a significant advantage by potentially influencing a larger number of individuals prone to adult
substance use disorders than interventions designed for clinical subpopulations (Jamieson and
Romer, 2003; Offord et al., 1998).

Another important reason for implementing the tested universal interventions derives from
recent epidemiological research. This research shows that a developmental window of
opportunity exists to intervene with general population adolescents who have not yet initiated
or have recently initiated substance use; substantial public health benefits might be gained if
appropriately-timed interventions are applied to delay onset or, following initiation, to delay
transition to more serious use (Anthony, 2003). Moreover, with data collected through
participants’ senior year of high school, more serious and problematic substance use attained
a sufficiently high frequency to examine intervention-control differences on these outcomes,
as projected in earlier reports (Spoth et al., 2002, 2005). Accordingly, the current study not
only addressed the preventive interventions’ effects on delaying initiation of substance use
through 5½ years past baseline, but also examined more serious and problematic substance
involvement (namely, frequency of alcohol, cigarettes, and marijuana use, as well as
drunkenness; monthly poly-substance use [alcohol, cigarettes, and marijuana]; and more
advanced poly-substance use).

Developmentally, the greatest increase in substance initiation, frequency of use, and number
of substances used occurs during the high school years—a period during which some
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adolescents who use substances experiment with multiple substances in a developmental
progression (Kandel and Yamaguchi, 2002). Thus, in this report, continuous measures of both
individual substances and poly-substance use indices are examined. Among the more serious
types of substance use, poly-substance use (i.e., the use of different substances on the same or
different occasions—Toumbourou and Catalano, 2005), is particularly important to consider.
Adolescent poly-substance use is associated with a number of problematic outcomes, such as
adverse psychological and social consequences, particularly for girls (Lex, 1995; Overman et
al., 2004), increased delinquent acts for boys (Mason and Windle, 2002), an increased
likelihood of developing substance abuse and other mental health problems in adulthood
(Newcomb and Felix-Ortiz, 1992; Toumbourou and Catalano, 2005), lower levels of
adolescent achievement motivation and adult job-related problems (Mohler-Kuo et al., 2003;
Stein et al., 1993), accidental death due to drug overdose (Coffin et al., 2003), suicide (Midanik
et al., 2007), high-risk sexual behaviors (Midanik et al., 2007), and substance-related accidents
in adulthood (Guy et al., 1993).

Earlier reports on study results through the 9th grade supported hypotheses that students in
both intervention conditions would demonstrate significantly lower substance initiation than
the control condition students at 1½ years and 2½ years past baseline (Spoth et al., 2002,
2005). In addition, when the students were in 9th grade, the latter study (Spoth et al., 2005)
found significantly lower levels of monthly alcohol use and weekly drunkenness for the LST
+ SFP 10–14 combined intervention students relative to the control group, as well as significant
intervention-control differences for the LST-only condition on weekly drunkenness. A recent
supplemental report utilized data from this and another similar study to examine intervention
effects on methamphetamine use measures that were incorporated into later data collection
waves (Spoth et al., 2006). The present study extends earlier research by testing intervention
effects (point-in-time differences and rate of change) on substance initiation through 5½ years
past baseline, when the participants were in 12th grade. Also, the present study extends previous
work by investigating intervention effects on a range of more problematic or advanced levels
of substance involvement. Based on earlier findings from the current study, and on reports of
the tested interventions from other studies (e.g., Griffin et al., 2003; Spoth et al., 2001), it was
hypothesized that students in both the intervention conditions would demonstrate significantly
less substance use than those in the control condition.

For variables on which no long-term intervention main effects were observed, risk-related
moderation of those outcomes also was evaluated. In this context, risk-related moderation
entails examination of factors that might influence the effectiveness of an intervention, but
which the intervention cannot change (e.g., pre-existing individual characteristics or behaviors)
or was not designed to change (e.g., mental health status—see MacKinnon et al., 1988; Spoth
et al., 2006). Risk-related moderation was evaluated primarily for two reasons. First,
differential trends toward higher rates of substance initiation occurring early on, evident at
pretest among the intervention groups relative to the control group, could make intervention
effects more difficult to detect. In effect, a higher proportion of substance-using intervention
group adolescents may have had a “head start” on progression to more intense or frequent and
varied use (see Spoth et al., 2005). Second, possible differential effects of the intervention
across subgroups would not be evident when analyzing the entire sample, suggesting an
investigation into subgroup comparisons (Brookes et al., 2004).

Although previous investigations of risk moderation by aggregate family risk (Spoth et al.,
1998) and parental social–emotional maladjustment (Guyll et al., 2004) conducted with earlier
studies found that both lower- and higher-risk groups received comparable benefits from the
interventions, there was reason to expect that in this particular study, such would not be the
case. In the current study, interventions were conducted when students were in the 7th grade,
rather than in 6th grade as in the earlier studies, and many more students had initiated substance
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use by that time. These higher rates of initiation allowed us to examine risk based on early
adolescent use, which likely produced a more accurate assessment of risk for later, more serious
use than family-related risk indices. In addition, an analysis of school-level risk moderation
conducted when students in the sample were in the 10th grade showed results favoring the
higher-risk subgroup (Trudeau et al., 2004). Thus, we conducted a risk-stratified analysis in
order to assess possible differential effects of the interventions on adolescents who had already
initiated use of at least two substances at pretest (defined as higher-risk students).

2. Methods
2.1. Participants

Participants were students and their parents enrolled in 36 rural Midwestern schools, recruited
from a regional pool of 43 schools. Selection criteria were: 20% or more of school district
households eligible for the free or reduced cost school lunch program; school district
enrollment under 1200; and having all middle school grades (6–8th) taught at one location. At
recruitment, schools did not know their experimental assignment, which was guided by a
randomized block design. Based on school-level risk measures calculated from data collected
through a prospective telephone survey of randomly selected parents of eligible children, the
schools were split into 12 matched sets of three. Within each matched set, schools were
randomly assigned across the three experimental conditions: those receiving the 15-session,
classroom-based LST plus the 7-session SFP: 10–14; those receiving the LST-only; and a
minimal contact control condition (leaflets on teen development mailed to parents). Schools
were then contacted and informed of experimental condition assignment.

All 7th grade students were recruited; approximately 91.6% of eligible students participated
in the in-school assessment at pretest (3.4% were absent, 3.6% were not consented, and 1.4%
were not eligible for other reasons). On average, 46 students in each school completed the
pretest. Table 1 presents participation rates through 12th grade.1 Slightly over half of the
students were male (53%) and the majority were White (96%). Families and schools were
compensated for their participation. In addition, a randomly selected subset of students and
their families (approximately 20 families per school) were recruited for more extensive in-
home assessments.2

2.2. Procedure
A passive consent procedure allowed parents to decline participation for their adolescent, and
adolescents were allowed to refuse on their own. Approximately 40–45 min were required to
complete the questionnaires; students were assured confidentiality. In addition, through the 9th
grade data collection, each student exhaled into a balloon which was then connected to a carbon
monoxide (CO) meter to provide a CO reading; following 9th grade, the CO reading was
discontinued. The primary purpose of this procedure was to serve as a “bogus pipeline,” to

1The “undetermined” category represents participants who had missing ID numbers, or subsequently moved from a school in one
condition to a school in another condition.
2In-home family pretest interviews were conducted with 691 randomly selected families of the 7th graders in the 36 study communities
(most 7th graders participating in the in-home interviews also participated in the in-school survey). These interviews included written
questionnaires completed by parents and the 7th grade child as well as videotaped family interactions. Although the primary purpose of
the in-home interviews was to assess family characteristics and dynamics, the child questionnaires also included items addressing
substance use. Some of these items were similar—though generally not identical to—the items from the in-school survey used in the
current study. An examination of nonidentical but parallel items from the in-home and in-school questionnaires through 9th grade
conducted by Azevedo et al. (2003) suggested that students may tend to underreport levels of substance use during interviews conducted
in their home (despite the presence of an interviewer to protect confidentiality); it was not unusual for reporting level differences at
pretesting to be more than 50% lower for data collected in the home (reporting differences tended to decline over the time frame evaluated,
but remained substantial at the 9th grade assessment). These findings, in conjunction with the smaller in-home sample size, led us to
focus on the data collected through the in-school surveys for this and the two previously published outcome studies (Spoth et al., 2002,
2005). Work continues toward arriving at definitive conclusions about setting effects in our and similar studies.
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encourage honesty in answering the smoking-related questions (see Bauman et al., 1988;
Murray et al., 1989).

2.2.1. Interventions—Earlier reports from follow-up assessments of this study noted the
importance of universal interventions implemented via existing delivery systems and
community–researcher collaboration as a basis for scaling up such interventions. Interventions
implemented in this study were delivered via partnerships within the Land Grant University-
based Extension system, through university partnerships with local implementers.

After pretesting, all students in the LST-only and LST + SFP 10–14 conditions were exposed
to the LST program, offered as part of the school curriculum. In addition, intervention group
families in the LST + SFP 10–14 schools who participated in the in-home pretest assessments
were recruited for the SFP 10–14 program; intervention group families not participating in in-
home pretesting were allowed to enroll in the SFP 10–14 intervention but were not actively
recruited. The two empirically-supported preventive interventions that were combined to form
the multicomponent intervention were both designed to address factors frequently associated
with adolescent substance use in earlier etiological studies. These programs are described
below.

2.2.1.1. Life Skills Training (LST): LST is a universal preventive intervention program based
on social learning theory (Bandura, 1977) and problem behavior theory (Jessor and Jessor,
1977). The primary goals of LST are to promote skill development (e.g., social resistance, self-
management, general social skills) and to provide a knowledge base concerning the avoidance
of substance use. Students are trained in the various LST skills through the use of interactive
teaching techniques (e.g., coaching, facilitating, role modeling, feedback and reinforcement,
plus homework exercises and out-of-class behavioral rehearsal).

Trained teachers conducted the 15-session program during 40–45-min classroom periods when
students were in 7th grade. Classroom teachers were observed by project staff on two or three
occasions to assess adherence to the instructional content with checklists delineating objectives
and curriculum items covered. For example, one content adherence item was: “Review verbal
skills for saying no.” Ninety-eight LST teacher observations were completed; 20 classroom
observations included two observers for the assessment of interrater agreement. Adherence
averaged 85% and interrater agreement was 78%.

Approximately 1 year later, students also participated in five LST booster sessions. As in the
first year, the overall thrust of the booster sessions was to promote skill development, primarily
social resistance skills, self-management skills, and generic social skills. Sixty-one teacher
observations were completed, including 8 double observations; adherence averaged 82% and
interrater agreement was 71%.

Additional LST booster sessions were provided during the spring semester of 11th grade to
students in a subset of 12 randomly selected intervention schools, six from the LST-only
condition schools and six from the LST + SFP 10–14 condition schools (N = 639). Four lessons
from the LST curriculum (Botvin, 2000) focused on social interaction skills: assertiveness,
conflict resolution, coping with anxiety, and coping with anger. Once again, implementation
quality observers were trained and observations were conducted; each teacher was observed
on two occasions; adherence averaged 77% and interrater agreement was 75%.

Analyses conducted in this and an earlier intervention trial have found minimal significant
relationships between fidelity and outcome variables (Spoth et al., 2002), likely due to the
generally high level of implementation quality and its limited variability. In this vein, the earlier
report describes factors related to how the community-university partnership-based
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implementation (e.g., selection of implementers and their training) likely played a major role
in the consistently high quality implementation.

2.2.1.2. The Strengthening Families Program: For Parents and Youth 10–14 (SFP-14):
SFP 10–14 targets empirically-based factors originating in the family environment that are
associated with adolescent substance use (Kumpfer et al., 1996; Molgaard et al., 2000). The
long-range goal of SFP 10–14 is to reduce youth substance use and other problem behaviors.
Intermediate goals include the enhancement of parental skills in nurturing, limit-setting, and
communication, as well as youth prosocial and peer resistance skills.

Forty-five SFP 10–14 program facilitators received 3 days of on-site training; all were White,
38 were female (84%), and all were between the ages of 30 and 65. Ongoing consultation and
technical assistance for facilitators also was available. The seven SFP 10–14 program sessions
were conducted in the participating schools during the evening for seven consecutive weeks
when the youth were in the second semester of 7th grade. Each session included separate,
concurrent 1-h parent and youth skills-building curricula, followed by a 1-h conjoint family
curriculum during which parents and youth practiced skills learned in their separate sessions.
Each session required three facilitators, one for the parent session and two for the youth session;
all facilitators participated in the family sessions. A total of 137 families attended the SFP 10–
14 in 22 groups in the 12 schools assigned to the condition. Each team of facilitators was
observed two or three times by trained observers who completed ratings of program content
coverage, based on the manualized group instructions. Coverage of the component tasks or
activities described in the group leader’s manual averaged 98% in the family sessions, 92% in
the parent sessions, and 94% in the youth sessions. Reliability checks were conducted on
approximately 40% of the family session observations, 21% of the parent session observations,
and 14% of the youth session observations. Observers’ assessments of coverage of detailed
group activities varied by an average of 1.6% for the family sessions, 3.1% for the parent
sessions, and 2.4% for the youth sessions.

Families were invited to participate in four booster sessions approximately 1 year following
the initial SFP 10–14 sessions. As in the first set of sessions, booster sessions addressed factors
associated with substance use and other problem behaviors. Ninety of the families attending
at least one of the earlier SFP 10–14 sessions also attended at least one booster session (69%).
Observer-based adherence assessments indicated that coverage of the component tasks or
activities averaged 97% for the family sessions, 94% for the parent sessions, and 96% for the
youth sessions. Reliability checks were conducted on 40% of the family sessions, 28% of the
parent sessions, and 15% of the youth sessions. Observers’ assessments varied by an average
of 2.6% for the family sessions, 3.4% for the parent sessions, and 2.5% for the youth sessions.
As noted earlier, prior study of community-university partnership-based program
implementation has shown consistently high levels of implementation quality and, related to
those findings, limited evidence of implementation quality-outcome relationships (Spoth et al.,
2002). In addition, dose-effect relationships have been examined for an earlier version of the
family intervention (Spoth et al., 1999), with the conclusion that the limited dosage effects
observed in initial follow-up assessments tended to dissipate as the years past intervention
increased.

The family-focused booster interventions conducted for the six randomly selected LST + SFP
10–14 intervention schools during the 11th grade included three components: (a) a videotape
on effective parenting plus a self-assessment questionnaire; (b) a family–school resource fair
and resource directory; and (c) a goal-setting seminar presented to students. The parenting
videotape, Parenting Older Teens with Love and Limits, addressed older adolescent
developmental issues and was designed by project staff to closely align with the SFP 10–14.
The videotape, mailed to families who had previously participated in the in-home assessments
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in six schools (115 families, approximately 19 per school), demonstrated both effective and
ineffective parenting in scenarios illustrating common situations involving parents and older
adolescents. A one-page handout addressing issues of adolescent development, Guidelines for
Parenting Older Teens, also accompanied the videotape.

2.3. Measures
Self-reported substance use was obtained from the classroom-administered questionnaire.
Measures were chosen to address the full range of substance behaviors expected at this
developmental stage, from initiation through more serious substance involvement.

2.3.1. Substance initiation—As an extension of earlier analyses when the students were
in the 8th and 9th grades, the current investigation analyzed the Substance Initiation Index
(SII), which consists of three items: (a) “Have you ever had a drink of alcohol?”; (b) “Have
you ever smoked a cigarette?”; and (c) “Have you ever smoked marijuana (grass, pot) or hashish
(hash)?” All three items were answered using a yes/no format and coded as 1 for “Yes” and 0
for “No.” Students were considered to have initiated lifetime use of a substance from the time
they first reported such use, even if they reported no lifetime use at a later assessment point.
The three lifetime use items were summed to form the SII. Reliability (K–R 20) for the SII at
the follow-up assessment 5½ years past baseline was in the range expected for this type of
index (0.58—Spoth et al., 2005). Prior studies have reported the use of similar substance use
indices and their predictive validity (Spoth et al., 1999; Trudeau et al., 2003), consistent with
the general literature on the validity of such self-report measures (e.g., Botvin et al., 1995;
Elliott et al., 1983; Williams et al., 1995).

The individual initiation measures included the items specified above, namely alcohol (AI),
cigarette (CI), and marijuana initiation (MI), plus an item concerning drunkenness initiation
(DI) on which responses were coded as 0 for “Never” and 1 for responses indicating at least
one experience of drunkenness.

2.3.2. Frequency of substance use: Alcohol Use, Cigarette Use, Drunkenness,
and Marijuana Use—The alcohol frequency (AF), drunkenness frequency (DF), cigarette
frequency (CF), and marijuana frequency (MF) measures were included to address increasing
levels of substance involvement and heavy use, reflecting the patterns of use expected as
adolescents progress through high school. Responses were obtained from questionnaire items:
“About how often (if ever) do you: (a) Drink beer, wine, wine coolers, or liquor (more than
just a few sips), (b) Drink until you get drunk, (c) Smoke cigarettes, and (d) Smoke marijuana
(grass, pot) or hashish (hash)?” Responses were coded so that 0 = “Never,” 1 = “A few times
a year,” 2 = “Once a month to a few times a month,” 3 = “Once a week to a few times a week,”
and 4 = “Once a day to more than once a day.” Similar measures of frequency have been used
in past research (Li et al., 2001; Nash et al., 2005).

2.3.3. Measures of more problematic or serious substance use—Although no
standard definition, conceptualization, or measure currently exists for poly-substance use (Ives
and Ghelani, 2006; Schensul et al., 2005), two common types of assessments include
concurrent poly-substance use (i.e., more than one substance in a given time period) and
simultaneous poly-substance use (i.e., the co-ingestion of different substances on the same
occasion; see McCabe et al., 2006). Sneed et al. (2004) examined three indices of lifetime poly-
substance use: (a) an unweighted count of substances used; (b) a weighted substance use index
where each substance was assigned a weight based upon severity (as determined by the
researchers); and (c) a hierarchical index (i.e., ranging from alcohol or cigarettes, to use of both
alcohol and cigarettes, to use of alcohol, cigarettes, and marijuana, to use of alcohol, cigarettes,
marijuana plus one other illicit substance) and found basic functional equivalency among the
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three. Considering the consequences of problematic alcohol, tobacco, and marijuana use
(Biederman et al., 2006; Fergusson et al., 2006; Kozlowski et al., 2003) and the work by Sneed
et al. (2004), the authors chose an index of monthly alcohol, cigarette and marijuana use, plus
an advanced poly-substance use index combining a count of substances used with hierarchical
weighting to indicate the extent of progression of substance use, as described below.

2.3.3.1. Monthly poly-substance use (MPU): MPU was constructed by dichotomizing the
Alcohol Use, Cigarette Use, and Marijuana Use items so 1 indicated monthly or more frequent
use and 0 indicated use less than once a month. These items were chosen to correspond to the
SII; they are the primary substances used on a relatively more regular basis in this population.
The three items were summed to form the scale; K–R 20 reliability averaged 0.62.

2.3.3.2. The advanced poly-substance use (APU) index: The APU index was similar to
measures of poly-substance use in past research that has examined more serious substance
involvement (Newcomb and Bentler, 1987; Smit et al., 2002; Sneed et al., 2004). APU was
scored as a count of substance use behaviors meeting specified threshold levels, with specified
thresholds ranging from frequent or regular use of gateway substances to lifetime use of
relatively less frequently used substances. It was computed as the sum of five items, each coded
as present (1) or absent (0), assessing (a) daily or more frequent use of cigarettes, (b) alcohol
use a few times a month or more, (c) monthly (or more frequent) drunkenness, (d) lifetime
marijuana use, and (e) lifetime use of glue, paint, gas, or other inhalants. Single questionnaire
items assessing substance use frequency (described above) were dichotomized so that “1”
would indicate the corresponding amount of use (i.e., daily or more, monthly or more, a few
times a month or more, or lifetime) and “0” would indicate less frequent or no use. The five
items were then summed to form the APU measure. Reliability (K–R 20) for the APU at the
follow-up assessment 5½ years past baseline was 0.72.

2.4. Data analysis
Outcome analyses were “intent-to-treat,” using data from individuals in the entire sample,
whether or not particular individuals participated in the intervention(s). These are conservative
analyses frequently recommended for randomized controlled trials as a first step in an unbiased
evaluation of intervention effects. Such analyses address possible selection biases, or biases
associated with individuals who may be relatively more motivated to participate in an
intervention.

Individual scores on SII, AF, DF, CF, MF, MPU, and APU variables were examined using a
multilevel analysis of covariance (hierarchical linear modeling using SAS PROC MIXED)
with school included as a random factor (students were nested within schools). Analyses were
conducted based on a randomized block design. Pretest scores and the pretest proportion of
dual biological-parent families (aggregated to the school-level) were included as covariates,
consistent with earlier outcome studies from this project (Spoth et al., 2002, 2005). To ensure
that measures exhibited reasonably normal distributions, the dichotomous initiation outcome
measures (AI, DI, CI, and MI) were aggregated to the school level prior to analysis.

Repeated measures analyses with linear slope contrasts were conducted to test for linear slope
differences between study conditions across time and for point-in-time differences. Because
participants were assessed during classroom periods, many students did not participate in every
wave of data collection, due to absences or competing school activities. In order to reduce the
likelihood of biased parameter estimates, only adolescents with complete information on the
study variables for at least three of the seven assessments were included in the analyses. It was
determined that, for the present analyses, using pretest, posttest, and at least one additional
wave of data would provide an estimate of intervention effects that would be more conservative
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than using data from all students—and would accurately estimate growth curves. The technique
chosen for handling missing data was full-information maximum likelihood estimation
(FIML). This method has been found to yield more efficient and less biased parameter estimates
than traditional methods for dealing with missing data, such as pairwise or listwise deletion of
cases (Acock, 2005; Wothke, 2000), and has become a preferred strategy for dealing with
missing data (Allison, 2003; Schafer and Graham, 2002).3

To test for risk moderation of intervention effects on frequency of substance use (AF, DF, CF,
MF), MPU, and APU, participants were divided into higher-and lower-risk subgroups, based
on their pretest levels of SII. Those in the higher-risk subgroup had initiated two of three
substances (alcohol, cigarettes, and marijuana) by the time of pretesting.4 First, risk moderation
of intervention effects and linear growth in substance use were tested using SAS PROC
MIXED. LST-only versus control group and LST + SFP 10–14 versus control group analyses
were conducted that incorporated two-way interactions (Condition × Risk) and contrasts to
assess risk-related differences in linear growth. To test simple effects, risk-related subgroups
were examined separately, first by comparing higher-risk intervention subgroups with the
higher-risk control subgroup, then comparing the lower-risk intervention and control
subgroups. As in the previous analyses, pretest levels of the variables were used as covariates;
the pretest proportion of dual biological-parent families, however, was not included as a
covariate due to model convergence issues.

It is noteworthy in this context that analyses of SFP 10–14 participants found that the proportion
of higher-risk individuals that participated in the intervention was similar to the proportion of
higher risk individuals in the full sample (approximately 20%), suggesting equivalent
intervention participation for individuals across levels of risk.

3. Results
3.1. Pretest equivalence

Pretest equivalence of the sample on sociodemographic and outcome measures was assessed.
Despite the school matching procedures and the confirmation of the homogeneity of the blocks
to which schools were assigned, there was evidence of inequivalence on one of the
sociodemographic factors, namely, the proportion of dual biological parents (LST-only, 70%,
LST + SFP 10–14, 72%, Control, 78%; F (2, 22) = 4.25, p < 0.05). The control group appeared

3Multiple imputation (MI) also was considered as an acceptable alternative to address missing data; however, MI utilizes all possible
information as covariates for more accurate imputations, and because many of our outcomes (e.g., drunkenness, marijuana) have very
low frequencies at pretest, MI has a higher potential for producing biased results (Schafer, 2003). FIML is an alternative that does not
have that particular disadvantage, and is well-supported as a missing data technique (Allison, 2003; Schafer and Graham, 2002; Wothke,
2000). Supplemental FIML analyses utilizing an unrestricted sample that included all individuals who provided data at the pretest
produced results similar to those presented. When small differences were found between the restricted sample presented in this report
and the non-restricted sample, the non-restricted sample generally showed stronger intervention effects. Thus, the restricted sample was
a more conservative representation of intervention effects.
4The choice of dichotomizing the risk variable was made for both conceptual and empirical reasons. Conceptually, when over 50% of
youth have initiated alcohol use, alcohol initiation can be considered normative. In the current sample, more than 50% had initiated
alcohol use at pretest. Typically, as indicated by examination of patterns of use, individuals who initiate more than one substance progress
from alcohol and/or tobacco as the first substance initiated to more “illicit” drugs, such as marijuana (Kandel and Yamaguchi, 2002).
Further, research has consistently documented that a greater degree of substance involvement indicated by use of more than one substance
leads to more problematic outcomes (Coffin et al., 2003; Degenhardt et al., 2007; Ives and Ghelani, 2006; McCabe et al., 2006; Schensul
et al., 2005; Wish et al., 2006). For these reasons adolescents considered to be at higher risk were those who had initiated more than one
substance. In addition, very few adolescents (less than 2% overall) had initiated three substances, so it was considered reasonable to
combine those who had initiated 2 or 3 substances (20%) into one higher-risk group. Finally, supplemental analyses using the risk variable
as a class variable with four levels (0, 1, 2, and 3 substances initiated) produced a pattern of risk moderation results that did not differ
greatly from those in the dichotomized groups that are presented–only one difference was found that changed risk moderation results
from significant to non-significant. The overall risk moderation result for AF in the LST + SFP 10–14 group compared to controls was
non-significant when analyzing four levels of risk, whereas it was significant when analyzing two levels of risk. We concluded that
reporting results using the dichotomized risk variable summarized findings well and, also, avoided issues with space constraints resulting
from the presentation of findings on the multiple substance use outcome variables.
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to be at a lower level of risk (that is, it showed a greater proportion of dual-parent families than
the two intervention groups) at the time the study was initiated. As described above, this
variable was included as a control variable where appropriate. Control group adolescents also
showed lower levels of substance use than intervention group adolescents; those differences,
however, were not statistically significant when aggregated across schools.

3.2. Differential attrition
Analyses were conducted to rule out differential attrition by examining condition by dropout
status interactions with the outcome variables across the waves of data collection (assessed
from each wave to each of the succeeding waves), along with an assessment of condition by
dropout status for those who met inclusion criteria versus those who did not. No significant
dropout by condition interactions were found. Across conditions, however, those who remained
in the study tended to demonstrate a lower level of substance use at pretest than those who
dropped out.

3.3. Substance initiation
Participation by condition for the in-school assessment is summarized in Table 1. The actual
Ns for each analysis varied slightly, because the number of students who provided data at
pretest, posttest, and at least one additional data collection varied slightly across outcome
measures. Results of the analyses for the substance initiation variables are summarized in Table
2, including relative reduction rates for the intervention conditions for all dichotomous
initiation outcome variables. For all analyses of dichotomized variables aggregated to the
school level, N = 36 (in the text, ns in parentheses indicate the individual-level ns—the sample
size prior to aggregation).

Results for the Substance Initiation Index (n = 1621) showed significant intervention effects
on 12th grade adjusted mean levels and on linear growth for both the LST (12th grade mean
level, p < 0.01; linear growth, p = 0.02) and the LST + SFP 10–14 (12th grade mean level, p
= 0.01; linear growth, p = 0.01) conditions versus the control condition; intervention condition
students demonstrated lower mean levels in 12th grade and a slower rate of increase across
time. Adjusted means across time are illustrated in Fig. 1.

Individual initiation measures include alcohol, drunkenness, cigarettes, and marijuana; all
variables were aggregated and analyzed at the school level. Alcohol initiation (AI; n = 1622)
analyses showed that the 12th grade mean levels of AI did not differ significantly between
conditions; however, the rate of change in AI differed by condition, with both intervention
condition schools showing a slower rate of increase over time than the control condition schools
(LST versus control, p = 0.09; LST + SFP 10–14 versus control, p = 0.04).

The rate of change across time in drunkenness initiation (n = 1634) also differed between
conditions, with schools in both intervention conditions showing a significantly slower rate of
increase over time than schools in the control condition (LST versus control, p = 0.01; LST +
SFP 10–14 versus control, p = 0.02). A marginally significant difference in the 12th grade
adjusted mean was found, favoring the LST condition (p = 0.06).

For cigarette initiation (CI; n = 1621), both the mean level at 12th grade and the linear increase
across time differed significantly between conditions; both the LST (p = 0.002) and the LST
+ SFP 10–14 (p = 0.04) condition schools demonstrated a lower level of CI at 12th grade and
a slower rate of increase across time than did the control condition schools (both intervention
conditions versus control, p = 0.003).

Schools in both intervention conditions demonstrated significantly lower mean levels of
marijuana initiation (MI; n = 1,622) in the 12th grade than control condition schools (both
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intervention conditions versus control, p = 0.02); the LST schools also demonstrated a
marginally slower rate of increase over time (p = 0.09).

There were no significant differences between intervention conditions on any variables, neither
for point-in-time comparisons nor for growth rates.

3.4. Frequency of substance use, monthly poly-substance use, and the advanced poly-
substance use index

Following examination of initiation measures, intervention effects on the variables
representing more serious substance involvement were examined. First, main effects of the
interventions were assessed using the same multilevel ANCOVA analysis procedure that was
used for the SII. No significant effects were found for either the 12th grade mean levels or for
the growth trajectories for any of the variables.

Next, moderation analyzes were undertaken to conduct a risk-stratified assessment of the
intervention outcomes. As noted earlier, the higher-risk subgroup was defined as those students
who reported use of at least two of three substances (alcohol, cigarettes, and marijuana) at
pretest. Approximately 20% of all students were in the higher-risk subgroup, including 22%
of students in both intervention conditions and 15% of students in the control condition, a
significant difference, χ2

(2) = 11.60, p < 0.01. To place these findings in context it should be
noted that, despite random assignment, pretest differences, statistically significant or
otherwise, tended to favor the control group. Consequently, the control group schools had a
lower proportion of higher-risk students, possibly rendering it more difficult to detect
significant intervention effects in basic analyses. Tests of risk moderation controlled for design
effects and used the pretest value of the outcome measure as a covariate. Two-way interactions
(Condition × Risk) were significant for both intervention conditions versus the control group
for all variables except DF, indicating that differences between intervention and control
condition students on overall mean levels of the variables (from posttest through the 12th grade
assessment) varied significantly by risk-related subgroups. That is, intervention effects on the
overall mean levels of AF (LST versus control, p = 0.004, LST + SFP 10–14 versus control,
p = 0.03), CF (ps < 0.01), MF (ps < 0.01), MPU (ps < 0.01), and APU (ps < 0.01) significantly
differed across risk groups. The higher-risk intervention group students demonstrated lower
overall levels on the more serious substance use variables compared with the higher-risk control
group students, with the exception of drunkenness frequency, for which levels were
comparable.

Linear slope contrasts also were significant for the LST-only group versus the control group
for MF (p < 0.001), MPU (p = 0.04), and APU (p = 0.01) and for the LST + SFP 10–14 group
versus the control group for MF (p < 0.001) and MPU (p = 0.03), indicating that the intervention
condition effects on the linear growth trajectories also were significantly moderated by risk.

Finally, to clarify the relation of intervention effects with risk, the sample was analyzed
separately by subgroup. Results of analyses on the lower-risk subgroup found non-significant
intervention condition effects on 12th grade mean levels and linear growth trajectories for all
the frequency and frequent or serious substance use variables. In contrast, results of analyses
on the higher-risk subgroup showed a number of significant intervention condition effects, as
reported in Table 3. Effects of the LST intervention on AF and DF for higher-risk students
were significant (LST versus control on 12th grade mean levels of AF and DF, p = 0.02 and
p = 0.03, respectively); LST effects on 12th grade mean levels for CF (p = 0.002), MF (p =
0.01), MPU (p < 0.001), and APU (p < 0.001) and LST + SFP 10–14 effects on 12th grade
mean levels for CF (p = 0.01), MF (p = 0.002), MPU (p < 0.001) and APU (p < 0.001) also
were significant. Further, LST effects on growth trajectories for CF (p = 0.01), MF (p = 0.01),
MPU (p = 0.01) and APU (p < 0.001) and LST + SFP 10–14 effects on growth trajectories for
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CF (p = 0.04), MF (p = 0.01), MPU (p = 0.01) and APU (p = 0.01) were significant, suggesting
that the interventions were effective in preventing escalation into more problematic, later
substance use for early initiators. Figs. 2 and 3 illustrate condition effects on adjusted mean
levels of MPU and APU across time for the higher-risk subgroup.

4. Discussion
Findings from the prevention trial follow-up assessment 5½ years after baseline indicated
positive outcomes for 12th graders on all substance initiation measures, for one or both
intervention conditions. In addition, positive outcomes on more serious or problematic use
were shown for higher-risk subsamples. The significant substance initiation results for both
the multi-component LST + SFP 10–14 and the LST-alone are consistent with earlier
longitudinal findings (Spoth et al., 2002, 2005). In particular, the Substance Initiation Index
has shown positive intervention results in each of the two earlier longitudinal follow-up studies.
Moreover, intervention-control differences in initiation growth trajectories were generally
stronger than point-in-time differences, suggesting accumulating intervention benefits across
time. Finally, the 12th grade relative reduction rates for the initiation measures convey their
practical significance, particularly for drunkenness, cigarette and marijuana initiation. For
example, for marijuana initiation in both intervention conditions, the 12th grade relative
reduction rate is 23%, suggesting that for every 100 non-intervention general population
adolescents who initiated marijuana use, only 77 intervention group adolescents would do so
during the same period.

The developmental progression of substance use, entailing higher levels of more serious or
problematic use in the late high school years, allowed a more in-depth examination of this type
of use in the current study, as compared with the previous study, conducted 3 years earlier
when students were in the 9th grade (Spoth et al., 2005). As has been observed in other school-
based intervention studies (e.g., August et al., 2001; Brown and Liao, 1999; Kellam et al.,
1998; Stoolmiller et al., 2000), significant intervention effects were in evidence for a higher-
risk subsample, absent effects for the full sample. Twelfth grade point-in-time intervention
effects for LST-only were significant for all outcomes; corresponding LST + SFP 10–14 effects
were significant for all outcomes except alcohol and drunkenness frequencies. Significant risk
moderation of both interventions’ effects on growth trajectories were found for all outcomes
except alcohol and drunkenness frequencies. Among the higher-risk subsample, the
intervention-control differences attained the highest levels of significance for monthly
marijuana and poly-substance use, as well as more serious, advanced poly-substance use.

The type of relatively stronger intervention effects for the higher-risk subsample on measures
of more serious or problematic substance use is often characterized as a compensatory effect,
indicating that an intervention provides more benefit to higher-risk subgroups. The reasons for
the observed pattern of effects on initiation outcomes for the full sample and compensatory
effects on more serious or problematic types of use are not entirely clear. An earlier report on
the current study provides the background for exploring this pattern of results.

To begin, the earlier report suggested reasons for less consistent and lower magnitude substance
initiation outcomes from this trial, as compared with findings from other trials of brief universal
interventions also reported by the authors. The first reason was intervention timing. To be
optimally effective, universal interventions should be implemented prior to student
experimentation with gateway substances (e.g., alcohol). In this trial, a higher proportion of
students than expected already had initiated alcohol use at baseline. This was especially
suboptimal for the family-focused intervention component, one that typically had been
implemented when students were in the 6th grade, rather than the 7th grade. (In this case, the
family-focused intervention was linked to the school-based intervention, which is typically
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conducted in 7th grade.) Thus, the timing of the intervention was less than optimal, missing
the early stage of exposure to and experimentation with substance use. Intervention timing-
related effects on intervention-control group differences could have been exacerbated by
inequivalencies at baseline favoring the control group, with possible suppression of peer-
related diffusion of positive intervention influences in the intervention conditions (see Spoth
et al., 2005 for a more detailed explanation). Nevertheless, the interventions did have positive,
long-term effects on substance initiation for those students who had not initiated at pretest in
the current study.

In tandem with the timing of the interventions and baseline inequivalencies, another reason for
the general pattern of results in this trial on more serious substance use outcomes may be that
students at higher-risk were more predisposed to respond differentially to the interventions.
That is, possibly, the interventions’ positive effects were experienced relatively more by those
who were early initiators because exposure to the intervention’s prevention messages and
activities had more salience for them, as well as for their parents. Multiple aspects of the higher-
risk youths’ environments (e.g., opportunities to use substances, offers to use, exposure to
peers’ pro-use conversations, consequences of substance use) are targeted by the intervention
and would likely be more salient for the higher-risk group. Higher-risk students’ measured use
prior to the intervention suggests that they likely already had exposure to peer substance use
and opportunities to use, possibly sensitizing them to the intervention’s prevention messages
and activities. The lower-risk adolescents, many of whom had yet to initiate substance use, in
contrast, could have perceived the intervention to be less relevant and thus paid less attention
(e.g., perceiving that it “doesn’t apply to me”) relative to the higher-risk group. The lower-risk
group had less exposure to a substance-using subculture and had not experienced any negative
effects of substance use. In this context it is noteworthy that, overall, lower-risk adolescents
in both intervention and control groups showed limited multi-substance use across the years
of assessment (7th through 12th grade).

An evaluation of the levels of significance of effects by type of substance suggests the strongest
confidence in results on poly-substance use indicators, at least among higher-risk students. The
relatively higher level of advanced poly-substance use effects for higher-risk subgroups was
evidenced in both intervention conditions. This latter type of use is more likely to develop
when students are older but still within the window of opportunity for preventing transition to
more advanced use. This pattern of outcomes is especially of interest in consideration of the
adverse consequences of such use noted in the introduction.

For both intervention conditions the growth trajectory outcomes for alcohol and drunkenness
initiation were stronger than the 12th grade point-in-time outcomes for those substances, but
the opposite was generally true for the more serious levels of alcohol and drunkenness
frequency measures for the higher-risk subsample; in the latter case, point-in-time results were
stronger. This pattern of results is consistent with alcohol initiation ceiling effects. That is, the
ceiling on levels of alcohol initiation in 12th grade would diminish intervention-control
differences. Though the growth of rate of initiation from 7th to 12th grade would be slowed to
some extent as well, it would not be expected to be diminished to the same degree. In the case
of frequency measures, however, a wider variation in levels at 12th grade would occur.
Relatively, among those higher-risk students, the intervention group students consistently
demonstrated lower frequencies than control group students.

Differential findings associated with the two intervention conditions also warrant discussion.
In the case of one outcome, LST + SFP 10–14 produced a significant intervention-control
difference when LST-only did not (the alcohol initiation growth trajectory); in two cases
(alcohol and drunkenness frequency outcomes for higher-risk 12th graders) the opposite was
observed. Generally, however, intervention-control differences were similar across
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interventions. Notably, no difference between intervention groups was statistically significant.
This pattern of generally similar results of the two intervention conditions also was observed
in the earlier assessment at 2½ years past baseline. However, in the 1½ year past baseline
follow-up stronger substance initiation outcomes were observed in the LST + SFP 10–14
condition, compared with the LST-only condition; differences between intervention conditions
on one of the initiation outcomes attained statistical significance.

Initially, larger differences between intervention conditions were expected by the investigators,
based on (1) the wider range of mediating factors (in family and school environments)
addressed by the multicomponent intervention, with possible synergistic effects among the
individual intervention components; (2) the possible additive effects from factors targeted for
intervention in both the family-focused and school-based interventions and, most importantly,
(3) the size of the effects of the family-focused component observed in an earlier study. The
factors that might have suppressing effects on the intervention outcomes, namely suboptimal
timing of the SFP 10–14 intervention (typically implemented during the 6th grade rather than
the 7th grade, as noted earlier) and baseline differences between the control and both
intervention conditions, may have reduced variability in the outcomes or otherwise limited the
range of observed differences between the intervention conditions. Planned follow-ups with
the participants when they are young adults (and possibly have increased variability in
substance abuse frequencies) may reveal greater differences among intervention conditions.
Analyses at these follow-ups will include the application of growth mixture modeling to
identify participant subgroups that respond differentially to the interventions. Such subgroups
could be examined to specify pretest correlates that may be different from the type of risk
specified for the current evaluation of differential effects.

Limitations of this study were discussed in earlier reports and should be considered in
interpreting the findings of the current long-term follow-up assessment, as well. These
limitations include the extent to which findings generalize beyond predominantly White
residents of small Midwestern communities and towns. As noted in earlier reports, other studies
of the LST and SFP 10–14 (including adaptations for non-majority populations) suggest that
the interventions can produce positive effects in other populations. Possible limitations related
to self-reported substance use also have been discussed, noting that reliability and validity
issues of self-reported substance use have been addressed extensively in the relevant literature.

Also noted in the earlier longitudinal outcome reports are the potential public health benefits
of the tested preventive interventions. Especially important are the prevented or avoided social,
health and economic consequences of adolescent substance use noted in the introduction. It is
worth considering four points here. First, this study confirms that lasting and long-term
preventive intervention effects can be generated. Second, relative reduction rates for the
substance initiation outcomes suggest the practical significance of the findings for communities
implementing the interventions. Third, effects on relatively more serious and problematic types
of substance use were observed in the higher-risk subsample; the greatest social, health and
economic consequences are associated with higher-risk subpopulations. Finally, it is expected
that public health benefits could be realized in general populations, if sufficient proportions of
populations could be engaged in brief interventions readily implemented via existing
intervention delivery systems (Spoth and Greenberg, 2005; Spoth et al., 2004). As described
earlier, the interventions implemented in this study were delivered via community–university
partnerships, under relatively more “real world” conditions. Importantly, subsequent study of
multicomponent interventions demonstrated that they can be implemented with quality and
reach significant numbers of eligible students and families in communities (Spoth et al.,
2007a,b), when administered through an existing intervention delivery system; this suggests
potential for large scale dissemination and public health benefits.
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Fig. 1.
Growth in the adjusted means on Substance Initiation Index. Note: Substance Initiation Index
combined lifetime use of alcohol, cigarettes, and marijuana and ranged from 0 (= no substances
initiated) to 3 (= all three substances initiated).
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Fig. 2.
Growth in adjusted means on monthly poly-substance use index for higher-risk subsample.
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Fig. 3.
Growth in adjusted means on advanced poly-substance use index for higher-risk subsample.
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