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Abstract

Background—Some types of sexually transmitted infection (STI) have higher prevalence in
females than males, and among black, relative to white, females. ldentifying mechanisms of STI
risk is critical to effective intervention. We tested a model in which alcohol and marijuana use
serve as mediating factors in the associations between depression and conduct problems with
sexual risk behavior (SRB) and STI in adolescent females.

Methods—The Pittsburgh Girls Study is a longitudinal observational study of females who have
been followed annually to track the course of mental and physical health conditions. The three
oldest cohorts (n=1750; 56.8% black; 43.2% white) provided self-reports of substance use,
depression and conduct problems, SRB, and ST at ages 16-18. A path model tested alcohol and
marijuana use at age 17 as mechanisms that mediate the associations of depression and conduct
problems at age 16 with SRB and STI at age 18.

Results—Race was involved in two risk pathways. In one pathway, white females reported
greater alcohol use, which was associated with greater SRB. In another pathway, black females
reported earlier sexual onset, which was associated with subsequent SRB. Public assistance use
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was independently associated with early sexual onset and STI. SRB, but not substance use,
mediated the association of depression and conduct problems with STI.

Conclusions—Differences by race in pathways of risk for SRB and STI, involving, for example,
alcohol use and early sexual onset, were identified for young white and black females,
respectively. Depression and conduct problems may signal risk for SRB and STI in young females,
and warrant attention to improve health outcomes.
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INTRODUCTION

Sexually transmitted infection (STI) prevalence escalates in adolescence and peaks in young
adulthood. In the United States, prevalence of some STIs (e.g., chlamydia) is higher in
women than men, and STI prevalence is higher among black, relative to white, females.
These observations justify a focus on adolescent females as a high risk group, and the
exploration of the role of race in pathways of risk for STI. Among the modifiable personal
risk factors that have been associated with sexual risk behavior (SRB) and ST, substance
use and psychopathology, specifically depression and conduct problems, are relatively
prevalent and serve as important targets for prevention of SRB and STI in females. Few
studies, however, have examined how these factors are associated within distinct pathways
of risk in young females.

A meta-analysis of the association between substance use and SRB (e.g., early sexual onset,
multiple sexual partners) in adolescence found small to moderate effect sizes.? Further, some
research indicates racial differences in types of SRB.3 For example, black youth tend to have
earlier age of sexual onset compared to their white counterparts,* suggesting the utility of
examining age of sexual onset separately from other types of SRB. In addition, the
strength of the association between substance use and SRB is generally weaker in black,
relative to white youth.2 This difference by race may be partially explained by higher rates
of alcohol use among White, relative to black, females, whereas black females had higher
rates of marijuana use,® suggesting that risk pathways for SRB/STI may differ by race and
type of substance use.

Internalizing (e.g., depression) and externalizing (e.g., conduct problems) behaviors have
been studied as precursors to both substance use® and SRB.1%:11 For example, depression
predicted self-reported ST at 1-year follow-up among 7t to 12t graders in the Add Health
study.12 Other research indicates that trajectories of conduct problems and substance use
were associated with SRB across ages 12—18.13 One longitudinal study of teenage mothers,
which analyzed both internalizing and externalizing behaviors as predictors of SRB and STI,
found that externalizing, but not internalizing, behaviors were concurrently associated with
young adult SRB and ST1.14 In the study of teenage mothers, SRB mediated the association
between early marijuana use (prior to age 15) and young adult ST1.14
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Although existing research supports associations between internalizing and externalizing
behaviors, substance use, and SRB/STI, there is a gap in knowledge regarding the temporal
ordering of these variables. Thus, we tested a conceptual model (Figure 1) that specifies a
sequence of associations over time, starting with depression and conduct problems because
they often precede and predict substance use.® In turn, substance use, a mediator, was
proposed to predict SRB and STI.2:1® Strengths of testing mediation using longitudinal data
include the ability to make stronger inferences regarding the direction of influence of one
variable on another, and the identification of possible mechanisms that can help to explain
how psychopathology may be related to SRB/STI.

We tested the mediation model in the Pittsburgh Girls Study, a large longitudinal community
sample of black and white adolescent females. We hypothesized that black, compared to
white, females would report earlier sexual onset and higher rates of SRB/STI,! but lower
rates of alcohol use.8 We also tested the hypothesis that frequency of alcohol and marijuana
use at age 17 would mediate the associations of depression and conduct problems at age 16
with SRB and STI at age 18. We explored the role of race in these associations, predicting,
for example, that the association between alcohol use and SRB/STI would be stronger
among white, relative to black, females.”-15

METHODS

Participants

Procedure

The Pittsburgh Girls Study6:17 is an urban sample of girls first assessed at ages 5-8 (4 age
cohorts), who completed annual interviews. The analysis sample included 1,750 girls
identified by their caretaker as being of black or white race (black n=994, 56.8%; white
n=756, 43.2%) in the three oldest cohorts (85.6% retention at ages 16-18).

The university’s Institutional Review Board approved all study procedures. For minors,
written (from caregiver) and verbal (from the girl) informed consent was obtained. At age
18, participants provided their own written informed consent. Participants were
compensated.

Measurement

Sexual behavior was assessed with the Adolescent Sexual Activity Index.18 A sexual risk
behavior score (range: 0-3)7:19 represented the sum of sexual intercourse with >2 partners in
the past year (0=no, 1=yes); did not ‘always’ use birth control (0O=no, 1=yes); and did not
use condoms (0=no, 1=yes). Girls were asked about STIs, “In the past year, have you been
diagnosed or treated for a sexually transmitted disease? Examples: gonorrhea, chlamydia,
herpes, HIV, genital warts, or other” (0O=no, 1=yes). The Nicotine, Alcohol, and Drug
Substance Use20 measure assessed past year alcohol and marijuana use at ages 16-17, coded
as: 0=none through 7=daily. Covariates included: public assistance use at age 16 (0=no,
1=yes), and age at onset of sexual intercourse with a male (mean= 16.8, SD=1.8). At age 16,
depression and conduct problems were self-reported using the Adolescent Symptom
Inventory-4 (ASI-4).21
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Statistical Analysis

Mplus 7.1322 tested a path model (Figure 2) of potential age 17 mediators (e.g., alcohol,
marijuana use) of the association between age 16 risk factors (e.g., poverty, depression,
conduct problems) and age 18 SRB and STI status. The model specified direct effects from
each age 16 variable to all age 17 variables, and from each age 17 variable to the two age 18
outcomes (SRB score, and STI status). Preliminary multiple group analyses by race did not
result in a unique solution that fit the data, so analyses using the total sample in a path
model, which included race as a covariate, are reported. Since racel and socioeconomic
status (SES)23 have been associated with SRB and STI (see supplementary table), the path
model included direct effects of race (1=white, 2=black) and public assistance on the two
age 18 outcomes, and direct effects of race and public assistance on sexual onset age.
Missing data at follow-up were handled in the analysis using full information maximum
likelihood estimation. Indirect (mediation) effects were estimated using the indirect
command. A significant indirect effect was identified if 0 was not included in the 95% bias
corrected bootstrap confidence interval.

RESULTS

Sample description and comparison of black and white girls

At ages 16 to 18, 2.8 to 3.8% of girls self-reported a past year STI (see Table) representing
chlamydia (73.2 to 79.2%), gonorrhea (7.1 to 8.9%), or trichomoniasis (8.6 to 9.5%). At
ages 16-18, black girls were more likely than white girls to report an STI, and to have a
higher SRB score. Black, relative to white, girls had a lower mean age of sexual onset (mean
age=16.6 [SD=1.9) vs 17.2 [SD=1.8]). White, compared to black, girls reported greater
frequency of alcohol use at ages 16 and 17. However, black, relative to white, girls reported
more frequent marijuana use at ages 16 and 17. Depression severity at age 16 did not differ
by race, although black girls reported more conduct problems at age 16.

Path model of SRB and STI status

The path model (Figure 2) had good fit according to most indices, including CFI= .98, and
WRMR =.66, with RMSEA=.06 (90% ClI: .05, .07) and TLI= .87 indicating mediocre fit.24
Race (standardized Beta, p= —.14, p<.01) and receipt of public assistance (f= -.09, p<.01)
had a direct effect on age of sexual onset, such that girls who identified as black and those
who reported public assistance use had earlier sexual onset than white girls and those not
reporting public assistance. Report of public assistance, but not race, had a direct effect (B=.
15, p<.05) on age 18 STI status. At age 17, higher SRB score was predicted by younger age
of sexual onset (B= —.55, p<.01), and severity of depression (= .10, p<.01) and conduct
problems (= .10, p<.01). Age 17 STI was predicted by race (f=.18, p<.05; black girls more
likely to report age 17 STI), younger age of sexual onset (B= -.25, p<.05), and age 16
depression severity (B= .18, p<.01). At age 18, higher SRB score was predicted by higher
SRB score at age 17 (B= .52, p<.01) and greater frequency of alcohol use at age 17 (= .08,
p<.01). STI at age 18 was predicted by ST at age 17 (p= .54, p<.01) and higher SRB score
at age 17 (B= .28, p<.01).
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Tests of indirect effects indicated multiple mediated pathways of interest to age 18 SRB
score and STI. In predicting age 18 SRB score, two indirect pathways involving age 17
alcohol use were identified. In one path, race had an indirect effect on SRB score through
alcohol use frequency (bootstrap estimate= -0.037, 95% CI: —0.080, —0.007), such that
white girls tended to report more frequent alcohol use, and greater alcohol use was
associated with higher SRB score. In the other path, age of sexual onset had an indirect
effect on SRB score through alcohol use (bootstrap estimate= —0.017, 95% CI: -0.170,
-0.005), indicating that earlier sexual onset was associated with more frequent alcohol use,
which in turn was associated with higher SRB score. Despite significant bivariate
correlations (supplementary table), age 16 alcohol and marijuana use were not significantly
associated with age 17 SRB score in the path model.

Regarding age 18 STI, SRB score at age 17 mediated several pathways. Specifically, age 17
SRB score was a mediator of the association between age 18 STI and age 16 predictors that
included depression severity (bootstrap estimate= 0.009, 95% CI: 0.003, 0.019), conduct
problem severity (bootstrap estimate= 0.020, 95% CI: 0.006, 0.044), and age of sexual onset
(bootstrap estimate= —0.129, 95% CI: —0.300, —0.054). The pathway that included sexual
onset could be extended to include race (race—sexual onset—age 17 SRB score—age 18
STI), controlling for public assistance, such that black girls had earlier age of sexual onset,
which was associated with higher SRB score at age 17 and STI at age 18 (bootstrap
estimate= 0.067, 95% CI: 0.024, 0.159). In another pathway, report of public assistance,
controlling for race, was associated with age of sexual onset, which in turn was associated
with age 17 SRB score, and age 18 STI (bootstrap estimate= 0.043, 95% CI: 0.009, 0.121).
Age 17 alcohol and marijuana use were not associated with age 18 STI in the path model,
although there was a small bivariate association between age 17 marijuana use and age 18
STI (r=.11, p<.01).

DISCUSSION

Study results provide new information regarding a sequence of associations between
psychopathology (conduct problems and depression), alcohol and marijuana use, and
SRB/STI among black and white adolescent females. Specifically, frequency of alcohol use
at age 17 mediated the association of race with SRB at age 18, and the association of age of
sexual onset with SRB at age 18. In contrast, marijuana use was not a mediator in the path
model, suggesting the relative importance of alcohol use in risk for SRB at ages 16-18.
Furthermore, the finding that alcohol use frequency at age 17 was a mediator in risk
pathways for SRB, but not STI, may reflect that for the ages examined, SRB typically
precedes STI, and SRB may not always result in STI.

Contrary to the proposed hypothesis, the association of depression and conduct problems at
age 16 with SRB and STI at age 18 was not mediated by frequency of alcohol or marijuana
use. Instead, SRB at age 17 mediated the association of depression and conduct problems
with ST1 at age 18. The current findings extend prior research!? by showing that, in young
females, both depression and conduct problems are associated with greater SRB, and
subsequent STI.
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The path model also indicated that early sexual onset was linked to STI at age 18 through
SRB at age 17, a pathway that could be extended to include both race and use of public
assistance as independent predictors of early sexual onset. Although early sexual onset and
SRB have been associated with ST in prior research,>® the current study is one of few to
test a specific sequence of personal risk factors that may lead to SRB and STI in adolescent
females.

Study limitations warrant consideration. Results may have limited generalizability beyond
white and black adolescent females sampled in an urban community. Self-report of
substance use and psychopathology is subject to possible bias. We did not study other
factors (e.g., dating violence, other trauma exposure, health care availability, partner
engagement, desire to become pregnant) that may be associated with STI/SRB risk.

This longitudinal study addressed gaps in knowledge regarding specific pathways of risk
associated with SRB and STI in a community sample of black and white adolescent females.
Differences by race were observed for two pathways leading to SRB, one in which white
females reported greater alcohol use, and another in which black females reported earlier
sexual onset. Results also indicated that alcohol, relative to marijuana, use was more
strongly associated with SRB. More generally, depression and conduct problems may serve
as early warning signs of risk for SRB and STI in young females.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Age 16 Age 17 Age 18
Depression » Alcohol use » Sexual Risk
Behavior
Conduct * Marijuana use STI
problems v
Figure 1.

Conceptual model of proposed longitudinal associations among psychopathology, substance
use, and sexual risk behavior and sexually transmitted infection

Figure Legend

Note: The figure shows only the main (not all possible) pathways of interest. Race is not
included in the figure, although pathways to sexual risk behavior and sexually transmitted
infection (STI) are hypothesized to differ by race.
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Age 16 Age 17 Age 18
Public assistance \
1-09 15
Onset age:
sex with a male
t-14 \ -.55
Race -
Sexual Risk score Sexual Risk 52 Sexual Risk
score ~ score
.28 :|.23
STI STI .54 STI
.08
Alcohol use Alcohol use /
Marijuana use Marijuana use

Depression

Conduct problems

Figure 2.

Path model showing selected paths (p<.05) predicting sexually transmitted infection status
and sexual risk score at age 18

Legend

Note: N=1750. Bolded boxes represent the variables in the conceptual model depicted in
Figure 1. The main outcomes of interest are age 18 sexual risk score and STI status. To
provide a stringent test of the conceptual model, covariates were added to the path model,
such as race, age 16 public assistance, age of onset for sex with a male. The model also
controlled for age 16 alcohol and marijuana use, and sexual risk behavior and STI status,

when predicting age 17 alcohol and marijuana use, and sexual risk behavior and STI status.
Only statistically significant paths of interest, as described in text are depicted (see
supplementary materials for the path model with all statistically significant paths shown).
A weighted least squares means and variance adjusted (WLSMYV) estimator was used.
Standardized estimates and significant (p<.05) paths are shown. A direct effect of race on
age of sexual onset was included, given racial differences in this variable and sexual onset
was only included at one time point. Covariances between other baseline variables and
between age 18 variables were modeled, but are not shown. Race coded 1=White, 2=Black.
Public Assistance use is coded 0=no, 1=yes. STI= self-report of a past year diagnosis of
sexually transmitted infection (chlamydia, gonorrhea, trichomoniasis), coded 0=no, 1=yes.
Mediation was tested using the indirect command and 1000 bias corrected bootstrap
samples.
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RZ values for endogenous variables: age of sexual onset= 0.04, age 17 alcohol frequency=
0.36, age 17 marijuana frequency= 0.36, age 17 sexual risk score= 0.52, age 17 STI= 0.24,
age 18 sexual risk behavior score= 0.38, age 18 STI= 0.58.
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