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Abstract The objectives of this study were to examine (1)
whether the onset of sexually transmitted infections (STI)
through age 30 differed for youths who received a social
developmental intervention during elementary grades com-
pared to those in the control condition; (2) potential social-
developmental mediators of this intervention; and (3) the
extent to which these results differed by ethnicity. A
nonrandomized controlled trial followed participants to age
30, 18 years after the intervention ended. Three intervention
conditions were compared: a full-intervention group, assigned
to intervention in grades 1 through 6; a late intervention group,
assigned to intervention in grades 5 and 6 only; and a no-
treatment control group. Eighteen public elementary schools

serving diverse neighborhoods including high-crime neigh-
borhoods of Seattle are the setting of the study. Six hundred
eight participants in three intervention conditions were
interviewed from age 10 through 30. Interventions include
teacher training in classroom instruction and management,
child social and emotional skill development, and parent
workshops. Outcome is the cumulative onset of participant
report of STI diagnosis. Adolescent family environment,
bonding to school, antisocial peer affiliation, early sex initia-
tion, alcohol use, cigarette use, and marijuana use were tested
as potential intervention mechanisms. Complementary log–
log survival analysis found significantly lower odds of STI
onset for the full-intervention compared to the control condi-
tion. The lowering of STI onset risk was significantly greater
for African Americans and Asian Americans compared to
European Americans. Family environment, school bonding,
and delayed initiation of sexual behavior mediated the rela-
tionship between treatment and STI hazard. A universal inter-
vention for urban elementary school children, focused on
classroommanagement and instruction, children’s social com-
petence, and parenting practices may reduce the onset of STI
through age 30, especially for African Americans.

Keywords Intervention . Prevention . Sexually transmitted
infection . Mediation . Survival analysis . Adolescence .

Adulthood

Introduction

In the USA, most sexually transmitted infection (STI) and
pregnancy prevention efforts have focused on immediate
sexual antecedents of risky sex, seeking to provide youth
with the knowledge, attitudes, and skills to avoid sexual
intercourse or to use protection properly (Kirby 2007).
Although influences on young people’s sexual behavior
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are not limited to explicit messages about sex (Grunseit et al.
1997; Kirby 2007), Kirby has noted that many non-sexual
antecedents of youth risky sexual behavior have been gen-
erally ignored in STI/HIV and pregnancy prevention pro-
grams until recently (Kirby 2007).

Rotheram-Borus (2000) has argued to expand the range
of interventions to reduce risky sexual behavior among
adolescents by including interventions aimed at improving
general social competency and promoting prosocial behav-
iors. Reviews of interventions targeting risky sexual behav-
ior (Kirby 2007; Nitz 1999) indicate that the most effective
prevention programs may include a component to improve
adolescent opportunities for prosocial involvement, beliefs,
and life skills. Some youth development interventions, even
though they did not focus on sexuality, have effectively
reduced adolescent pregnancy and birth rates (see Gavin et
al. 2010 for a review). In addition, these programs also have
had other positive effects on increasing education, improv-
ing employment, reducing substance use, and reducing in-
carceration, which make them more broadly cost-effective
in the long run (Aos et al. 2004).

The Seattle Social Development Project Intervention

The Seattle Social Development Project (SSDP) interven-
tion implemented in the present study sought to improve
opportunities, involvement, rewards, and life skills for chil-
dren in elementary school. Guided theoretically by the so-
cial development model (Catalano and Hawkins 1996;
Hawkins and Weis 1985), we identified and developed
methods of management and instruction that could be used
by public school teachers and adult caretakers to set children
on a positive developmental course by promoting opportu-
nities for children’s active involvement in classroom and
family, developing children’s skills for participation, and
encouraging reinforcement from parents and teachers for
children’s effort and accomplishment. Two intervention con-
ditions were examined, both compared to a no-treatment
control group: a “full” intervention condition implemented
throughout grades 1 through 6 and a “late” intervention con-
dition implemented only when children were in grades 5 and 6
(Hawkins et al. 2005, 2008).

Studies of the SSDP intervention have found significant-
ly better outcomes in childhood and adolescence in the full-
intervention group compared to the control group on family
and school factors as well as on child and adolescent out-
comes in a developmentally consistent manner. For exam-
ple, prior work has demonstrated significant intervention
differences between full-intervention and control youths,
including better family functioning in childhood (Hawkins
et al. 1992); less early-onset problem behavior (Hawkins et
al. 1992, 1991), better school bonding, higher academic
achievement, and improved school conduct (less truancy,

cheating, sent from class for misbehavior) in adolescence
(Hawkins et al. 1999); less adolescent risk behavior
(Hawkins et al. 1999); and better educational, occupational,
and mental health outcomes at ages 21, 24, and 27 (Hawkins
et al. 2005, 2008).

In addition, although the SSDP intervention included no
sex education or any discussion of sex, at age 18, the full-
intervention group had significantly lower lifetime preva-
lences of sexual intercourse, early pregnancy (or causing
pregnancy), and multiple sex partners than controls
(Hawkins et al. 1999). Lonczak et al. (2002) replicated these
findings at age 21 and also found a significantly increased
probability of condom use during last intercourse (among
single individuals) and decreased incidence of lifetime STI
diagnosis in the full-intervention group compared with con-
trols. These latter findings were especially strong among
African Americans. The first goal of the present study was
to examine an association between intervention condition and
cumulative onset of STI diagnosis through age 30.

Mechanisms of Intervention Effects on Risky
Sexual Behavior

Since many preventive interventions are guided by theory or
by etiological research on risk and protective factors for the
intervention outcomes, researchers have encouraged media-
tional analyses to examine whether observed intervention
effects operated through the theoretically specified mecha-
nisms (Kellam and Rebok 1992). Mediation analysis pro-
vides information on how the prevention program achieved
its effects, which in turn increases understanding of the
mechanisms underlying changes in the behavioral outcome.
Thus, the second goal of this study was to examine factors
that may have mediated the effects of the SSDP intervention
on STI onset. Because they were specified as intervention
targets by theory and by intervention design, because prior
work has shown intervention effects on these factors, and
because they have been implicated in the etiology of STIs,
we expect that the SSDP intervention may have affected
the onset of STIs by improving adolescent family envi-
ronments and bonding to school and by reducing antisocial
peer affiliation.

Evidence also suggests that HIV sexual risk behavior co-
occurs with other risk behaviors including alcohol, cigarette,
and marijuana use, especially during adolescence (Guo et al.
2002; Lowry 1994; Valois et al. 1999; Cook et al. 2002;
Woods et al. 2000; Keyes et al. 2007). Although the SSDP
intervention has shown modest results with respect to sub-
stance use overall (less alcohol initiation by age 10, less
heavy alcohol use at age 18; Hawkins et al. 1999, 1992), it is
possible that intervention outcomes may be moderated by
ethnicity, as described below. Thus, in addition to the family,
peer, and school factors discussed above, we examine

S20 Prev Sci (2014) 15 (Suppl 1):S19–S32



whether the SSDP intervention affected the onset of STIs by
delaying initiation of sexual behavior and engagement in
other health-risking behaviors, including adolescent alcohol,
tobacco, and marijuana use.

Intervention by Ethnicity Interactions

National data indicate that there are large ethnic differ-
ences in the rates of STI/HIV infection and early preg-
nancy. For example, in 2006, African Americans
experienced the highest rates of AIDS and HIV/AIDS
diagnoses and the highest rate for living with AIDS and
HIV/AIDS across all age groups (Gavin et al. 2009). In
addition, rates of chlamydia, gonorrhea, and syphilis are
elevated among minority ethnic groups, especially African
Americans (Gavin et al. 2009).

Previous analyses have found that some differences be-
tween SSDP intervention groups were moderated by ethnic-
ity. For example, at age 21, the full SSDP intervention was
especially effective at increasing condom use at last inter-
course and decreasing the likelihood of STI among African
Americans. Seventy-nine percent of African Americans in
the full-treatment group reported using a condom during last
intercourse compared with 36 % in the control group
(Lonczak et al. 2002). Among non-African Americans, the
prevalence rates were 56 and 47 %, respectively. Similarly,
only 7 % of the African Americans in the full-intervention
group, compared with 34 % of those in the control group,
reported being diagnosed with an STI over their lifetime by
age 21. Among non-African Americans, 14 % of those in the
full-intervention group reported a STI diagnosis compared
with 11 % of those in the control group. These ethnicity×
treatment group differences remained after controlling for
socioeconomic status (Lonczak et al. 2002).

The third goal of the present paper was to examine
whether intervention group differences in STI onset through
age 30 were moderated by ethnicity. In particular, we hy-
pothesize that intervention/control group differences will be
stronger among African Americans compared with those
from other ethnic groups. Finally, this paper investigates
whether the family, school, peer, and risk behaviors
discussed above mediate links between the intervention
and STI onset among African Americans in the sample.

Methods

Sample and Intervention Assignment

Data were drawn from the Seattle Social Development
Project (SSDP), a longitudinal study of prosocial and anti-
social behavior. The SSDP sample includes about equal
numbers of males (n=412) and females (n=396) and is

ethnically diverse. About 47 % are Caucasian, 26 % are
African American, 22 % are Asian American, and 5 % are
Native American. Of these groups, 5 % are Hispanic. About
52 % of the panel members are from low-income families as
evidenced by participation in the National School
Lunch/School Breakfast Program between the ages of 10
and 12. Participants have been surveyed 12 times: assess-
ments were conducted in both the spring and fall of fifth
grade (ages 10 and 11), yearly from ages 12 to 16, at age 18,
and at ages 21, 24, 27, and 30. Given that the assessments
were so closely spaced and that the likelihood of STI infec-
tion was extremely low in elementary school, for the present
analyses, data from ages 10 and 11 were combined, yielding
11 waves for analysis. Assessments were conducted in per-
son and were administered by trained interviewers. Until
age 12, surveys were group-administered in classrooms.
Thereafter, face-to-face interviews were conducted in the
participant’s home or in another private location. A small
number of assessments at each wave (∼5 %) were completed
by mail or over the telephone. All phases of the study were
approved by the Human Subjects Review Committee at the
University of Washington, Seattle. Participants were in-
formed about the nature of the interviews, and parents
provided consent; students provided assent prior to age 18.
Participants provided consent from age 18 onwards at every
wave of data collection.

In elementary school, SSDP panel members participated in
a test of a social developmental intervention described below.
A CONSORT diagram describing the flow of participants
through the study is provided in Fig. 1. The quasi-
experimental study tested in the present paper examined three
conditions (full intervention, late intervention, and control)
and was established at grade 5 in the fall of 1985. All fifth
grade students in ten intervention elementary schools and all
fifth grade students in five control schools were selected to
participate. Control schools were selected and matched to the
intervention schools based on socioeconomic and ethnic char-
acteristics of students. Initially, a fourth (Parent-Training
Only) intervention group administered through three addition-
al schools was created, but it was found not to be comparable
at baseline [more European Americans and fewer African
Americans (χ2=26.34, p<0.01) and considerably fewer eligi-
ble for free or reduced lunch (χ2=35.77, p=0.001) compared
with the other three conditions] and thus was not included in
the current quasi-experimental comparison.

Some of the grade 5 intervention schools included stu-
dents who had participated in an earlier controlled trial of
the SSDP intervention. The earlier randomized controlled
trial began with first graders in eight elementary schools. In
six of these schools, intervention and control cohorts had
been randomized in first grade at the classroom level,
consisting of one intervention and one control classroom
in each school. In a seventh school, all three first grade
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classrooms were in the intervention condition. The eighth
school was a control school. In the fifth grade, students from
the six mixed schools and the intervention school became
part of a full-school implementation of the intervention. The
prior intervention students thus constituted the full-interven-
tion condition (intervention over grades 1–6) and the prior
control students from the mixed schools constituted the late
intervention students (grades 5 and 6 only). Children from
the control school remained in a control school at fifth
grade. Due to school closures, two early intervention and
one early control school were merged into new intervention
and control schools, respectively, resulting in 18 schools at
the fifth grade baseline (8+13−3=18 schools). Twenty stu-
dents received early treatment only and moved out of project
schools before receiving the grades 5–6 intervention, and
four students moved between intervention and control
schools more than once. These 24 students could not be
classified as either full or late intervention. Thus, the present
quasi-experimental study examined three groups: full inter-
vention (grades 1–6), late intervention (grades 5 and 6 only),
and control (no intervention).

Potential Clustering

It is important to attend to potential clustering concomitant
with intervention experience (Dielman 1994; Murray et al.
1994) to minimize type 1 error due to underestimates of
parameter standard errors. In consideration of the design of
the study, the appropriate cluster is not the initial clustered
status (first grade classrooms and schools), nor the final clus-
tered status (5th–6th grade schools), since prior intervention
and control students came to these schools with different
shared experiences. Rather, the clusters are most accurately
represented by the sets of individuals who share the same
environmental experience of classrooms and schools through
the period of the intervention. As students moved from grade
to grade, they sometimes moved to different teachers, but they
remained in their respective treatment condition. For example,
two students having the same intervention teacher in grade 1
may have had different intervention teachers in grade 2 and
still different intervention teachers in grade 3, all while
remaining in the intervention condition. Thus, we examined
which sets of children shared the same classroom/school

1985: Grade 5
Baseline

Quasi-Experiment Tested in the Present Study

Ss analyzed
135 at age 24 
136 at age 27 
130 at age 30 

267 Late Tx 
Ss in the ten grade 
5-6 Txschools who 
had been in a  
Control classroom 
ingrades 1-4 plus  
5 new Tx schools  

220 Control 
Ss from 5 new 
Control schools 
(incorporating 
1 prior Control 
school)

141 
Parent-
Training-
Only
condition 
from 3 new 
schools

156 Full Tx  
Ss in the ten grade 
5-6 Txschools 
who had been in a 
Tx classroom or 
school in grades 
1-4 

Ss analyzed
236 at age 24 
234 at age 27 
224 at age 30 

Ss analyzed
194 at age 24
193 at age 27
186 at age 30

E
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n

Not interviewed:
13 at age 24 
10 at age 27 
17 at age 30

Not interviewed 
14 at age 24 
16 at age 27 
27 at age 30

Not interviewed:
18 at age 24 
19 at age 27 
26 at age 30F

o
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w
-u

p
A

n
al

ys
is

*

165 Excluded from 
current analyses 

20 early 
Tx only

35 Native American Ss 
excluded from 
current ethnicity  
analyses

Prior intervention randomized at classroom (1Txand 1 Control  
within each of 6 schools) and school level (2 schools: All Tx and  
All Control), followed for 4 years (1st-4thgrades).  

13 new schools recruited 
at the baseline of the 
quasi-experiment tested 
in the present study. 
Two prior schools were 
absorbed into two of the 
new schools.

4 could 
not be 
classified 
(moved 
between 
Tx & 
Control)

Prior Control 
classrooms 

Prior Control 
school

Prior Tx 
classrooms 

PriorTx 
school

Fig. 1 CONSORT flowchart of study. The quasi-experimental study
(shaded above) tested in the present paper was established in the fifth
grade and examines three conditions: full treatment, late treatment, and
control. At the fifth grade baseline, the study recruited participants from
an earlier trial of eight schools in addition to new participants from 13
new schools. Due to school closures, two early intervention and one early
control school were merged into new intervention and control schools,
respectively, resulting in 18 schools at baseline (8+13−3=18 schools).

This panel was then followed through age 30. *Note that although this
diagram presents those lost to follow-up in adulthood, survival analyses
employed multiple imputation on the full sample starting at age 10, with
6 %missingness across study variables and effective sample sizes of 137,
235, and 199 for full, late, and control conditions, respectively (approx-
imately 94 % of the samples in allocated conditions). Twenty-five partic-
ipants were missing data at all three time periods in adulthood
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(grades 1–4) and school (grades 5 and 6) environments over
the course of the intervention and identified 169 different
patterns of shared environmental experiences. We then calcu-
lated the intraclass correlations (ICC) and design effect for the
outcome (lifetime STD) and mediators (family environment,
school bonding, early sexual initiation, binge drinking, mari-
juana use, cigarette use, antisocial peers) examined in this
study. The average cluster size was 3.71, with an average
ICC of 0.038, resulting in an average design effect of 1.10
(null=1.00; Hedges and Rhoads 2009; Kish 1965). Since the
follow-up analyses described below were also conducted on
the African American participants in the study, these analyses
were repeated within this group. Within the African American
participants, the average cluster size was 2.18, with an average
ICC of 0.028, resulting in an average design effect of 1.03.
Although these small ICC and cluster size combinations likely
introduce only negligible bias (Muthén and Satorra 1995), to
be conservative, all standard errors in this study were adjusted
(inflated) by the average design effect (Dielman 1994) to
account for potential classroom/school clustering effects.

Attrition and Internal Validity

Because the analyses reported below revealed significant dif-
ferences between the full-intervention and control groups in
STI onset and mediators, analyses were conducted to ascertain
the initial comparability of intervention groups on factors that
might influence outcomes as well as whether the intervention
groups remained comparable on these factors by the age 30
follow-up. Since the follow-up analyses described below were
also conducted on the African American participants in the
study, these baseline and follow-up validity analyses were
repeated within this group. At age 30, 91 % of the sample
was interviewed (N=719 of 790 still living); there was no
differential attrition across intervention groups (χ2=0.04, p=
0.83). Table 1 presents the results of baseline and age 30
follow-up validity analyses. At baseline and at age 30, the
distribution of participants in the full-intervention vs. control
conditions did not differ with respect to gender, ethnicity, or
childhood low-income status. Given that control students were
added to the study at grade 5 and the requirement that full-
intervention students attended project schools for more than
one semester in grades 1 through 4 and in grades 5 and 6, it is
important to rule out differences in residential stability, a po-
tential threat to internal validity. Analyses comparing the full-
intervention and control groups found no significant differences
in mean number of years living in Seattle by grade 6, propor-
tion of single-parent homes during grade 5, family size, or
living in a disorganized neighborhood at age 16 years. The
mothers of control group participants were slightly younger
(49 years) than full-treatment mothers (50 years) andweremore
likely to have been teen mothers to the participants. Therefore,
all analyses of treatment associations control for child of teen

mother status. Each of these analyses was replicated in the
African American-only subsample with similar findings.
Overall, these validity analyses suggest that a number of factors
that might have affected outcomes were comparable across
intervention conditions both at baseline and at the age 30
follow-up, for the full sample and for African Americans only,
and do not pose major threats to the internal validity of the
present study.

The final sample consisted of African, Asian, and European
Americans who were in the control, late-treatment, or full-
treatment groups. Although the CONSORT diagram presents
those not interviewed at ages 24, 27, and 30, survival analyses
employed multiple imputation using data from ages 10 through
30. Thus, all participants who had data for at least one time
point were retained in the analysis. Across study variables, 6 %
of data points were missing. Twenty-five participants were
missing data at all three ages: 24, 27, and 30 years. Effective
sample sizes (Graham and Hofer 2000) were calculated at 137,
235, and 199 for full, late, and control conditions, respectively
(approximately 94 % of the samples in allocated conditions).

Intervention Components

The intervention is more fully described elsewhere (Hawkins et
al. 1999, 2005; Lonczak et al. 2002). Each year during grades 1
through 6, teachers in the intervention conditions received
5 days of in-service training in proactive classroom manage-
ment and interactive instructional methods. Additionally, first
grade teachers received instruction in the use of a cognitive and
social skills training curriculum. During grade 6, a study con-
sultant provided students with training in refusal skills. When
children were in grades 1 through 3, parents were offered a
seven-session curriculum in child behavior management skills
and a four-session curriculum in skills for supporting their
children’s academic development. During grades 5 and 6,
intervention parents were also offered a five-session curriculum
designed to strengthen skills to reduce their children’s risks for
problem behaviors. Forty-three percent of eligible full-
intervention parents attended at least one parenting class during
grades 1 through 3. During grades 5 or 6, 29 % of parents in
intervention conditions attended at least one class, indicating
that the parent training component had less reach than the
teacher training and child social skills training components.
The present study compares the full- and late-intervention
groups to the control group.

Measures

STI Diagnosis

At ages 21 and 24, participants were asked whether they “had
ever been told by a nurse or doctor that they had HIV/AIDS”
or “a sexually transmitted disease other than HIV/AIDS, such
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as gonorrhea, genital warts, chlamydia, herpes, or syphilis.”
Positive responses were probed to determine the age at first
diagnosis. At ages 27 and 30, participants were asked whether
they had received an STI diagnosis in the 3 years prior to the
interview. Thus, available data on STI diagnosis span the life
course up to age 30. Based on responses to these questions, a
dichotomous (yes/no) STI diagnosis variable was created for
each interview wave. These wave-based variables were used
in the construction of a lifetime diagnosis variable, which
denoted whether a respondent experienced an STI diagnosis
and a duration to first diagnosis variable, which indexed the
number of waves until each participant first reported an STI
diagnosis and was used as the dependent variable in survival
analyses.

Prosocial Family Environment in Adolescence

At ages 10 through 16 and at age 18, measures of positive
family environment tapped child involvement in family activ-
ities, family conflict (reversed), clear rules and monitoring,
and bonding. Items included: “Rules in my family are clear,”
“How often do your parents knowwhere you are and who you
are with when you’re not at home?,” “How often do you share
your thoughts and feelings with your mother?,” “How often
do you share your thoughts and feelings with your father?,”
“How often do you share your thoughts and feelings with
[your siblings]?,” and “People in my family get along well.”
Family environment variables were averaged at each age to
create age-specific prosocial family environment measures
(Cronbach’s α ranged 0.67–0.75 within ages), and then these

measures were standardized and averaged across ages 10–18
to produce an average adolescent prosocial family environ-
ment measure (α=0.85).

Bonding to School in Adolescence

Participants reported on their bonding to school at ages 10
through 16 and at age 18. Items tapped attachment and com-
mitment to school and included items such as: “Most mornings,
I look forward to going to school,” “I like school,” “I do extra
work on my own in class,” “I like my teacher,” and “When I
have an assignment to do, I keep working on it until it is
finished.” School bonding variables were averaged at each age
to create age-specific school bonding measures (Cronbach’s α
ranged 0.68–0.80 within ages), and then these measures were
standardized and averaged across ages 10–18 to produce an
average adolescent school bonding measure (α=0.80).

Antisocial Peers in Adolescence

At ages 10 through 16, participants were asked a series of
questions about the antisocial behavior of their first, second,
and third best friends: whether these friends did things that got
them in trouble with teachers, used alcohol without parental
permission, and tried to do well in school (reversed). Variables
were averaged at each age to create age-specific antisocial
peer measures (Cronbach’s α ranged 0.63–0.82 across ages),
and then these measures were standardized and averaged
across ages 10–16 to produce an average adolescent antisocial
peers measure (α=0.78).

Table 1 Characteristics of control and full-intervention groups at baseline and at age 30 follow-up: full sample and African American sample only

Baseline (1985) Age 30 follow-up (2005)

Control Full Statistic p value Control Full Statistic p value

Full Sample n=212 n=146 n=186 n=130

Gender (male) 53.3 % 52.7 % χ2=0.00 1.000 52.2 % 53.1 % χ2=0.02 0.962

Caucasian (vs. other) 46.2 % 49.3 % χ2=0.22 0.640 48.9 % 51.5 % χ2=0.12 0.732

Percent eligible for school lunch program 56.1 55.5 χ2=0.00 0.989 53.2 53.8 χ2=0.00 1.000

Percent single-parent families 59.8 59.3 χ2=0.00 1.000 59.6 58.9 χ2=0.00 1.000

Percent born to a teen mother 19.3 8.9 χ2=6.56 0.004 21.5 10.0 χ2=6.46 0.011

Mean years living in town (by age 12) 10.6 11.1 t(318)=1.16 0.246 10.8 11.2 t(279)=0.90 0.370

Neighborhood disorganization 0.026 0.039 t(336)=0.15 0.882 0.014 0.051 t(299)=0.38 0.702

African American sample only n=71 n=35 n=58 n=29

Gender 53.5 % 45.7 % χ2=0.30 0.583 51.7 % 44.8 % χ2=0.14 0.705

Percent eligible for school lunch program 78.9 74.3 χ2=0.08 0.776 76.7 75.9 χ2=0.00 1.000

Percent single-parent families 32.4 29.4 χ2=0.01 0.934 31.7 28.6 χ2=0.02 0.964

Percent born to a teen mother 29.6 8.6 χ2=4.77 0.029 33.3 10.3 χ2=4.26 0.039

Mean years living in town (by age 12) 10.4 11.9 t(93)=0.70 0.483 11.4 11.9 t(77)=0.54 0.594

Neighborhood disorganization 0.398 0.171 t(94)=1.09 0.278 0.352 0.239 t(80)=1.09 0.626

Standard errors for significance tests were adjusted by study design effects
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Early Sexual Initiation

Participants were asked how old they were the first time they
“had sex with another person” at the age 14, 15, 16, 18, 21, and
24 interviews. Available reports were averaged. Some partici-
pants did not report having sex by age 24. At ages 27 and 30,
we asked participants how many people they had had sex with
in the 3 years prior to the interview and were, thus, able to code
sexual debut for those people who had not reported having sex
at the prior interviews. If a respondent first reported being
sexually active at the age 27 interview, their age at that inter-
view was coded as their age at first sex. The same procedure
was followed for those who first reported sexual activity at the
age 30 interview. A dichotomous “early initiation” variable was
created using age 14 as a cutoff. Seventeen people reported that
they had not yet been sexually active by age 30. Although their
age at sexual debut was, therefore, unknown, we were able to
classify them as non-early initiators.

Substance Use

At each wave from age 10 to age 30, participants were asked
how often they did each of the following in the month prior to
the interview: consumed alcohol, smoked cigarettes, and used
marijuana. From ages 10 to 12, response options for each
substance ranged from (1) never to (4) more than four times.
Beginning at age 13, participants reported the number of days
using each substance in the past month. Substance use vari-
ables were standardized in order to put them on the same
metric at each time point and included in the analysis as
time-varying predictors of onset. In addition alcohol, cigarette,
and marijuana use measures were standardized and averaged
across adolescence for use in the path analyses.

Control Variables

Self-reported gender was included in analyses because it is
related to STI prevalence (Gavin et al. 2009). Low-income
status (eligibility for the National School Lunch/School
breakfast program at age 11, 12, or 13) was included as a
control variable because it often is confounded with ethnic-
ity. As discussed above, all analyses of treatment effects
controlled for child of teen mother status.

Analysis and Results

Overview

Preliminary analyses examined zero-order relationships be-
tween intervention condition and outcomes, intervention
condition and potential mediators, and potential mediators
and outcomes (A–C, A–B, and B–C relationships in the

Baron and Kenny 1986 framework). Complementary log–
log survival analyses tested the relationships among inter-
vention condition, mediators, and STI onset (Willett et al.
1998). Significant mediators identified in survival analyses
were then included in a path model to examine intervention,
mediator, and STI diagnosis simultaneously in a single
model.

Section 1: Zero-Order Relationships

Treatment Group and STI Prevalence

About 38 % of participants had been diagnosed with an STI
by age 30. Table 2 presents lifetime STI prevalence among
all participants and by intervention group. Chi-square tests
showed that lifetime STI prevalence by age 30 was signif-
icantly lower in the full-treatment group (27 %) compared to
the late-treatment and control groups (each 41 %).

Treatment Group and Mediators

Table 2 also displays descriptive information on hypothe-
sized mediators averaged across adolescence for the full
sample and by treatment group. Participants in the full-
treatment group reported significantly higher levels of ado-
lescent positive family environment and adolescent school
bonding compared to participants in the control group. Full-
treatment group members also were less likely to report
early sexual initiation than those in the control group.
Differences between participants in the three interven-
tion conditions did not reach statistical significance for
adolescent antisocial peers, alcohol use, cigarette use, or
marijuana use.

Since we hypothesized that intervention/control group
differences would be stronger among African Americans
compared to those from other ethnic groups, and subsequent
mediational analyses were performed within African
Americans only, we also examined intervention differences
in mediators among African Americans. Results (not tabled)
among African Americans largely reflected the full sample
analysis: no statistically significant intervention differences
for adolescent antisocial peers, alcohol use, cigarette use or
marijuana use; however, African American participants in
the full-treatment group did report significantly higher
levels of adolescent positive family environment (p<0.
006) and adolescent school bonding (p<0.019) compared
to participants in the control group.

Mediators and STI Prevalence

Table 2 also shows Pearson’s correlations between hypoth-
esized mediators, averaged across adolescence, as well as
their point biserial correlations with lifetime STI diagnosis.
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These correlation analyses show all potential mediators to
be significantly correlated with one another and with life-
time STI diagnosis.

Section 2: Discrete-Time Survival Analyses

Analysis

Survival analysis was performed using the logistic proce-
dure with a c-log–log link in SAS, version 9.1 (Allison
1995). We selected survival analysis to examine interven-
tion and mediation effects to maximize power since stacking
the interview data for survival analysis results in multiple
observations (up to 11) for many participants, resulting in
over 5,800 STI observations in total through age 30. The
lifetime STI measure served as the “event occurrence”
marker, and the number of waves to first diagnosis (range,
1–11) was used as the “duration to event” marker. Right
censored individuals—those who did not report an STI
diagnosis—were assigned an event status of 0 and a “dura-
tion” of 11 (maximum number of observations; Allison
1995). A sequence of models was run to examine the re-
search goals of the study: (a) a baseline model including
treatment group membership and demographic controls
(childhood low-income status, gender, being the child of a
teen mother) examined overall intervention group differ-
ences; (b) a treatment-by-ethnicity interaction model exam-
ined whether the intervention group differences were the
same for Caucasians, African Americans and Asians in the
sample; (c) meditational models testing each potential me-
diator separately; and (d) a model including all of the me-
diators that were significant in the prior models. Positive
family environment, antisocial peers, and school bonding
were entered as their average value across adolescence.
Alcohol, cigarette, and marijuana use were entered as
time-varying predictors at time T-1. Early onset of sexual
behavior was entered as a dichotomous (less than age 14 or
not) variable. Because the intervals between interview
waves were not equivalent at all points (1-year intervals
early in the study, 3-year intervals later in the study), intra-
wave duration was also controlled in all survival models.

In order to minimize false negatives, lifetime STI diag-
nosis was coded as missing if an individual did not partic-
ipate at either age 24, 27, or 30 (n=110). Because STI
questions at ages 27 and 30 only asked about the 3 years
prior to the interview, we were uncertain that a person did
not have a lifetime diagnosis if they had been missing in the
prior wave. To address this, we used multiple imputation
(PROC MI and MIANALYZE) procedures to synthesize
results from 40 imputed datasets. Leading methodologists
recommend multiple imputation as a way to minimize bias
in estimates of parameters and standard errors in the pres-
ence of missing data (Graham 2009).T
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Results

The results indicate that the hazard for STI diagnosis in this
sample increased sharply beginning around age 15, peaked at
age 21, declined slightly by age 24, and then dropped off
across the 20s (see Electronic Supplementary Material for a
plot of the hazard curves by intervention condition). A series
of survival analyses was conducted on the full sample testing
(1) the association between intervention group and STI sur-
vival, (2) intervention differences controlling for ethnicity
main effects, and (3) intervention-by-ethnicity interactions.
All models control for gender (male), childhood low-income
status, whether an individual was the child of a teen mother,
time, time-squared, and inter-wave interval. Table 3 presents
the results from the final model only (step 3 above) since these
results were substantively similar to models 1 and 2. The
results show a significant relationship between full-
intervention group membership and the hazard for STI diag-
nosis, such that participants in the full-treatment condition
who had not been previously diagnosed had a lower hazard
of STI diagnosis than those in the control group at each time
point. This significant association remained after controlling
for gender, low-income status, ethnicity, and child of teen
mom. The hazard for STI diagnosis did not differ significantly
between the late-treatment and control groups. Both the linear
and quadratic time terms were significant. Males had a lower
hazard of STI diagnosis, and participants who experienced
low-income status as children had a higher hazard of STI

diagnosis. Table 3 also shows ethnicity (both European
American and Asian American vs. African American) to be
a significant predictor of hazard of STI onset, such that
African Americans had a significantly higher hazard of STI
diagnosis than European or Asian Americans. Model 3 also
included the ethnicity-by-treatment interactions, and findings
show that the relationship between full treatment and STI
onset was significantly different for both Caucasians and
Asian Americans compared to African Americans (reference
group). There were no significant late treatment-by-ethnicity
interactions. To understand the nature of the full treatment-by-
ethnicity interactions, we examined cumulative incidence
(onset) curves by treatment and ethnicity. Those for
Caucasians and African Americans are presented in Fig. 2.
The results suggest that intervention differences in reduced
STIs were particularly large among African Americans in the
study. Separate analyses were run within ethnic group (not
tabled) and revealed that African Americans in the full-
treatment condition were significantly less likely than
African American controls to contract STIs. Significant dif-
ferences between conditions were not found within the
Caucasian and Asian American subsamples.

Since African Americans in the full-treatment condition
were significantly less likely than African American controls
to experience STI onset, mediation analyses were tested in the
survival models and path model (below) for African
Americans only. Table 4 presents the results of tests for the
potential mediators of the intervention group differences
among the African Americans in the study. Column 1 shows
the odds ratios and significance levels for the full- and late-
treatment conditions compared with the control condition for
African Americans after including demographic controls
(childhood low-income status, gender, being the child of a
teen mother). STI onset was significantly lower for the
African Americans in the full-treatment compared to the con-
trol condition, even after the demographic covariates were
included. There was no significant association between late
treatment and STI onset. In columns 2 through 8, each poten-
tial mediator was entered one at a time to determine (1) if it
predicted STI onset and (2) if its inclusion created a change in
the relationship between full treatment and STI onset. Average
adolescent prosocial family environment, bonding to school,
having antisocial peers, early sexual initiation, and adolescent
smoking all predicted STI onset; however, only prosocial
family environment, school bonding, and early sexual initia-
tion reduced the relationship between full treatment and STI
onset (increased the odds ratio closer to 1.00). Thus, these
were plausible mediators of the intervention effect. The inclu-
sion of antisocial peers and cigarette use during adolescence
did not alter the parameter estimates of the intervention and,
thus, were less likely mediators of the intervention. Average
adolescent alcohol and marijuana use neither predicted STI
onset nor altered the link between intervention group and STI

Table 3 Multivariate survival models of STI onset: full sample
(n=608)

Odds ratios p value

Full treatment 0.25 0.005

Late treatment 0.76 0.271

Gender (male) 0.69 0.023

Childhood low-income status 1.23 0.264

Child of teen mom 1.07 0.751

European American 0.36 0.001

Asian American 0.25 0.001

Full Tx×European 3.03 0.050

Full Tx×Asian 5.31 0.017

Late Tx×European 1.62 0.197

Late Tx×Asian 1.39 0.561

Time (wave) 1.61 0.001

Time2 (wave2) 0.90 0.001

Inter-wave interval 1.21 0.347

Intercept 0.08 0.001

For tests of full and late treatment effects, the control group is the
referent. For tests of ethnicity, African American is the referent. Pa-
rameter estimates are converted into odds ratios. Significant (p<0.05 or
less, two-tailed) effects are indicated in bold. Standard errors for
significance tests were adjusted by study design effects
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onset and were thus also unlikely to be mediators of the
intervention. Column 9 presents the prediction of STI
onset with all previously significant mediators entered into
the regression and indicates partial mediation of the inter-
vention on African American STI onset through positive
family environment, school bonding, and delayed initia-
tion of sex.

Section 3: Mediational Path Analysis

A path model using maximum likelihood estimation in
Amos 18.0 (Arbuckle 2009) further tested this mediational
hypothesis in predicting lifetime STI diagnosis by age 30.
As with the survival analyses, intervention status signifi-
cantly predicted lifetime STI diagnosis among African
Americans (β=−0.37, p<0.001), controlling for gender,
childhood low-income status, and child of teen mother.
Figure 2 shows the results for the meditational path model,
including average adolescent positive family environment,
average adolescent school bonding, and early (less than age
14) initiation of sexual behavior as mediators. Gender
(female) significantly predicted delayed sexual initiation
(β=0.41, p<0.001) and greater STI prevalence by age 30
(β=0.21, p<0.05). Other demographic variables were
unrelated to hypothesized mediators or lifetime STI (not
shown). Full-intervention group membership significantly
predicted a more positive family environment, higher ado-
lescent school bonding, and later initiation of sexual behav-
ior. In turn, positive family environment predicted lower
lifetime STI diagnosis, as did early initiation of sexual
behavior. However, unlike in the survival analyses, school
bonding did not predict lifetime prevalence of STI diagnosis

in this model. With the inclusion of the three adolescent
mediators, the coefficient for intervention prediction of life-
time STIs was reduced from β=-0.37 (p<0.001) to β=-0.27
(p<0.05), indicating partial mediation of the intervention
through better family environment and delayed initiation
of sexual behavior.

Discussion

Results from the present study revealed (1) that the univer-
sally administered full SSDP preventive intervention in
grades 1 through 6 was significantly associated with re-
duced onset of STIs through age 30; (2) that this association
was most pronounced for the African American participants
in the study; and (3) that adolescent positive family envi-
ronment, school bonding, and delayed initiation of sexual
behavior mediated, in part, the association between inter-
vention condition and STI onset for African Americans.

The SSDP intervention is not a curriculum-based sex or
STI/HIV education program. The intervention sought to
reduce risk behavior and promote positive social develop-
ment by improving teachers’ classroom management and
instruction, children’s social competence, and parenting
practices during the elementary grades. In conjunction with
prior SSDP findings, the results of the current study support
Rotheram-Borus’s (2000) suggestion to expand the range of
interventions to reduce risky sexual behavior among adoles-
cents by including interventions addressing general social
competency and promoting prosocial behaviors. In addition,
these findings support the suggestions of Bailey (2009) and
O’Connell et al. (2009) that it is important to examine
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effects of preventive interventions that seek to affect shared
risk and protective factors for diverse health-risking behav-
iors. By addressing shared risk factors for multiple health-
risking behaviors and by promoting shared protective fac-
tors, it is possible to affect a broad range of mental, emo-
tional, and behavioral outcomes.

The association between the full SSDP intervention and
STI onset was strongest for African Americans, a group that
bears a disproportionate burden in terms of STI (Gavin et al.
2009, and as indicated by the control group in Fig. 3). This
finding of a stronger intervention association for African
Americans is consistent with an earlier study by Lonczak et
al. (2002) where a greater proportion of single African
Americans in the full-intervention group reported use of con-
doms at last intercourse at age 21. It is possible that that greater
use of condoms by African Americans in the full-intervention
group contributed to the observed reduction in STI onset
among African Americans. A major contribution of this study
is the identification of specific meditational mechanisms in-
cluding improved family functioning, school bonding, and
delayed initiation of sexual behavior as additional factors
accounting for the reduction in STI onset observed among
African Americans in the full-intervention group.

Program effects on target outcomes are often reported in
research papers, but program effects onmediators, particularly
potential mediating mechanisms to explain long-term effects,
are less commonly examined (DeGarmo et al. 2009;
MacKinnon and Lockwood 2003). The observed associations
between intervention group and positive family environment,
school bonding, and delayed initiation of sexual behavior are
important because the SSDP intervention ended at age 12with
no subsequent booster sessions. Evidence for the mediational
role of school bonding was stronger in the survival analyses
than in the path model; however, its significant association
with lifetime STI may have dropped out of the path model due

to its correlation with the other mediators. Overall, it is plau-
sible that gains in family functioning, school bonding, and risk
behavior attained through the full SSDP intervention during
elementary grades (Hawkins et al. 1992, 1988, 1991) put
children on a positive trajectory that continued to affect ado-
lescent and adult risk behaviors through age 30.

There was no association between intervention condition
and average adolescent affiliation with deviant peers and
alcohol, cigarette, and marijuana use in either the overall
sample or within ethnic groups. As shown in Table 2 and in
prior research, however, these factors are associated with
lifetime STI; therefore, they may still be important interven-
tion targets for preventing STIs, even though they were not
found to be mediators of the SSDP intervention in this study.

Limitations should be noted. The study was quasi-
experimental and geographically limited. Although SSDP
has a number of strong methodological features, including
very low attrition, long-term follow-up, and no significant
differential attrition by condition, it was a non-randomized
controlled trial, and, despite there being no measurable base-
line or age 30 characteristic differences between the interven-
tion and control groups on available measures, there may have
been unmeasured differences and, thus, residual confounding
which could partially account for the observed effect sizes.
Second, the study relied heavily on self-reported data from
study participants. Estimates of STI prevalence based on self-
report may be low because respondents may not know they
have an STI. In addition, study questions asked about respon-
dents’ age at first diagnosis, but data on when STIs were
actually acquired were unavailable. Hazard rates for first
diagnosis in this sample peaked in late adolescence and the
early 20s, however, mirroring estimates of the ages of peak
risk based on national data (Centers for Disease Control and
Prevention 2003). Furthermore, some hypothesized effects
were not found: links between the intervention and adolescent

* p < .05, ** p < .01, *** p < .001
NFI: .993,χ2(5)=1.2, ns 
Standard errors for significance tests adjusted by study design effects.

Fig. 3 Path model testing
meditational mechanisms of
association between
intervention and lifetime STI by
age 30 among African
Americans only (n=175)
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positive family environment, school bonding, delayed initia-
tion of sexual behavior, and STI onset and age 30 lifetime
prevalence were found for African Americans in the study, but
significant links with average adolescent interaction with an-
tisocial peers or alcohol, cigarette, or marijuana use were not
observed. Finally, the SSDP study population came from an
urban area, with approximately half the children coming from
low socioeconomic groups and minority ethnic groups, which
might limit the generalizability of these findings to less het-
erogeneous populations.

Intervention group differences reported in the present
study indicate that universal intervention during the elemen-
tary grades to improve the classroom management and in-
structional skills of urban public elementary school teachers
strengthen parenting practices in multiethnic urban families,
and ensure that children have the skills to participate in the
social and academic life of elementary school may reduce the
onset of sexually transmitted infections and lifetime preva-
lence of STIs well into adulthood. Study findings indicate
that the association between these childhood intervention
components and STI onset was mediated, in part, by better
family environments, higher bonding to school, and delayed
initiation of sexual behavior during adolescence.
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