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Abstract
The consistent association between adolescent sexual initiation (ASI) and risky adult sexual
behavior (RASB) has sometimes been interpreted as causal, with the resulting assumption that
delaying ASI will reduce RASB. Yet the ASI-RASB association might be better accounted by
some third variable. We evaluated the causal role of ASI (initiation of oral, anal, or vaginal sex at
or before age 16) on RASB in a longitudinal sample of 2173 twins (followed from age 11 to 24 or
from 17 to 29) using two methods: discordant twin and propensity score design. The former
controlled for unmeasured genetic and shared environmental factors while the latter controlled for
measured non-shared environmental factors. We replicated the link between ASI and RASB
reported previously, but results from the discordant twin and propensity score analyses suggested
that this association is better explained by common genetic and/or environmental risk factors.
These findings suggest that preventing ASI is unlikely to reduce RASB.

Initiation of sexual behavior in early and middle adolescence, defined as initiation of oral,
anal, or vaginal sex at or before 16 years (Cavazos-Rehg et al., 2010) is associated with
contraction of sexually transmitted diseases, increased number of lifetime sexual partners,
and frequency of sex under the influence of drugs or alcohol (Seidman et al, 1994, Dickson
et al., 1998; Sandfort et al., 2008). Further, adolescent sexual initiation is associated with
having or contributing to an adolescent pregnancy (Wellings et al, 2001).

The consistent link between adolescent sexual initiation (ASI) and risky adult sexual
behavior (RASB) has had a strong influence in shaping public policy regarding sex
education. Twenty-two states mandate that abstinence be stressed in school curricula,
another 12 states require thorough coverage, while only 15 states require mention of
contraceptive methods (Alan Guttmacher Institute, 2009). The aim of abstinence only
education programs is to delay sexual initiation until marriage, with one of the major goals
being to reduce the rates of RASB and early pregnancy. Notably, proponents for abstinence-
only education draw arguments based on the crucial assumption that ASI causes later
RASB. Stated otherwise, a causal assumption suggests that delaying sexual initiation will
decrease RASB.

However, the association between ASI and later RASB may be better accounted for by some
third variable. Indeed, environmental risk factors such as family SES (Caminis et al., 2007)
and negative peer influences (Svenson & Hanson, 1996) can give rise to both ASI and
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RASB. Alternatively, both ASI and RASB may be manifestations of a genetic predisposition
to engage in disinhibited behavior (Donohew et al., 2000; Caspi et al., 1997; McGue &
Iacono, 2005). If either of these competing explanations is true, then delaying ASI might be
ineffective in reducing RASB.

Unfortunately, few studies have tested the causal assumption empirically. Here, we use two
approaches to test the causal assumption of ASI: discordant twin and the propensity score
method. The discordant twin design involves an analysis of members of monozygotic (MZ)
and dizygotic (DZ) twin pairs that differ on ASI. The logic of this design is that twin
similarity is due to additive genetic effects—which are shared completely by MZ twins but
only 50% by DZ twins—and shared environmental effects that are shared completely by
both MZ and DZ twins. Consequently, an association between ASI and RASB might reflect
causality, or it might represent common genetic or shared environmental effects.
Associations within MZ and DZ twin pairs discordant for ASI control for shared
environmental effects (i.e., environmental effects that contribute to twin similarity), while
associations within discordant MZ twin pairs control for genetic effects (discordant DZ twin
pairs provide a partial genetic control) (McGue et al., 2010).

However, twins could differ on factors present prior to ASI, and these pre-existing
differences might then account for discordance in ASI and the link between ASI and RASB.
For instance, factors such as early puberty, deviant peer affiliation, prior drug/alcohol use, or
previous romantic relationships might contribute to ASI discordance and later RASB. In this
case, the propensity score method adds additional rigor to testing the causal effect of ASI on
RASB (Rosenbaum & Rubin, 1983). A propensity score is a single variable obtained by
modeling the probability of being in the ASI vs. non-ASI group as a function of covariates
that existed prior to the “ASI event” (Rosenbaum & Rubin, 1983; 1984). Review of the ASI
literature indicates these covariates include SES, parental psychopathology, parental sexual
history, parent-child relationships, externalizing and internalizing psychopathology, peers,
level of psychosexual maturity, and stressful life events (Paul et al, 2000; Zimmer-Gembeck
& Helfand, 2008). The propensity score mathematically mimics randomized group
assignment based on measured covariates when true randomization is not possible. As the
discordant design controls for unobserved genetic and shared environmental contributions to
RASB, the propensity score provides partial control of measured non-shared environmental
effects (i.e., environmental effects that contribute to differences between members of a twin
pair). The use of a combined discordant twin and propensity score design thus provides an
especially rigorous test of causality.

The current study employed this design to evaluate the causal relationship between ASI and
RASB. We expected that, similar to what has been reported previously, ASI would predict
RASB. In testing the causal assumption, however, we stipulated several specific hypotheses.
First, if ASI has a direct and causal influence on RASB, then within twin pairs, only the twin
with ASI (hereinafter referred to as the “affected twin”) would be expected to develop
RASB. If shared genetic and environmental risk accounts for the ASI-RASB association,
then both the affected and unaffected twin would develop RASB. If genetic risk per se
contributed, then MZ twins would be more similar on RASB than DZ twins. If shared
environmental risk alone contributed, then the similarity in RASB would be comparable for
MZ and DZ twins discordant for ASI. Finally, if pre-existing twin differences that predict
ASI account for the ASI-RASB association, then the propensity score a) would be
significantly different in twins discordant on ASI, b) would be related to RASB, and c)
reduce any effect of ASI on the outcomes in both MZ and DZ twins.
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Method
Sample

Participants were same-sex twin pairs taking part in the ongoing, longitudinal Minnesota
Twin Family Study (MTFS). Families were identified using public birth records of twins
born in Minnesota between 1972 to 1984, and recruited into the study at age 11 or 17 (see
Iacono et al., 1999 for a full description of the MTFS sample and study design).

The current study primarily utilized data from two assessments administered the year the
twins turned 11 and 24 years old. Data used to calculate the propensity score was collected
at age 11 as no participants reported engaging in sexual intercourse at or prior to this age.
Importantly, we aimed to keep the timeline of predictors, ASI, and the outcomes clearly
separated. Thus, the covariates for the current study were measured at age 11 so that it can
be certain that the predictor variables were not a consequence of ASI.

To increase our power, we augmented our sample by utilizing data from the older cohort
whose intake occurred at age 17. Although a propensity score could not be calculated for
participants from this older cohort, everyone had data for ASI and early pregnancy; only the
female twins from this older cohort completed the full assessment of RASB1. As a result,
the number of discordant pairs was increased by 85% for analyses based on early pregnancy,
and by 54% for the other RASB data.

The final sample included 1044 twins from the 11-year old and 1129 twins from the 17-year
old cohort that completed their respective adult assessments. Only participants who were
sexually active at the follow-up (i.e., had at least one lifetime sexual experience of oral, anal,
or vaginal sex) were included in the study as including abstinent participants might inflate
the differences between affected and unaffected groups2. In some cases, one of the members
of the twin pair had not completed the age 24 or 29 assessment (n=154) so that concordance
could not be determined. Of the remaining 1082 pairs, 691 were MZ (51.8% female) and
391 DZ (54.5% female). One hundred fifty-eight MZ pairs and 128 DZ pairs were ASI-
discordant. ASI probandwise concordance was 64% and 52% for MZ and DZ pairs,
respectively. The mean age of sexual initiation was 15.27 years (SD=.97) for affected twins,
and 19.24 years (SD = 2.36) for unaffected twins. All twins were included in the regression
analysis regardless of concordance status to estimate both between-pair effects (for which
the concordant pairs are informative) as well as within-pair effects (for which only the
discordant pairs are informative).

Over 95% of the twins were Caucasian, reflecting the ethnic composition of Minnesota for
the birth years sampled. The mean age of participants at the age 24 and 29 assessments was
25.26 (SD = .72) and 29.62 (SD = .62) years. As sexual risk-taking is correlated with age
(Dariostis et al., 2008), the age of assessment and cohort were included as covariates in all
analyses.

Measures
Sexual Behavior Inventory (SBI)—ASI and RASB were measured via the SBI, a self-
report instrument administered at the age 24 assessment. The SBI assesses the age of onset
and frequency of oral sex and sexual intercourse (vaginal or anal) with romantic and casual
partners as well as recent sexual risk behavior. ASI was coded “0” if first oral sex or sexual
intercourse occurred after age 16, and coded “1” if first it occurred at or before age 16 (35%

1The female twins from the older cohort completed the full assessment at age 29. Age and cohort were used as covariates in all
analyses.
2We re-analyzed the data with and without the abstinent participants, and the results were essentially unchanged.
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of the sample)3. We used age 16 as the ASI cutoff because it has been used previously
(Cavazos-Rehg et al., 2010), and based on our sample characteristics age 16 provide a good
balance between being “risky enough” to be considered a risk factor while also providing
sufficient power (number of discordant pairs) for within-pair effects4.

RASB included six variables derived from SBI items:1) lifetime number of regular partners;
2) lifetime number of casual partners; 3) past year number of regular partners; 4) past-year
number of casual partners; 5) past year sexual behavior under the influence of drugs/alcohol,
and 6) early pregnancy. The number of regular and casual partners (lifetime and past year)
was reported using a 6-point scale ranging from 1 (0 partners) to 6 (>20 partners). The scale
reflecting sexual behavior under the influence of drugs/alcohol includes 4 items (range
0=never to 4=more than 10 times) and assesses the frequency that alcohol and drug use: a)
increased the participant’s decision to do something sexual; b) helped the participant feel
more comfortable with his/her sexual partner; c) lead to more sexual activity than the
participant was comfortable with; and d) lead to unprotected sex over the past year. All
variables were standardized to ease interpretation, and natural log transformations were
made on all but the early pregnancy variable. Notably, the male and female twins from the
younger cohort and female twins from the older cohort completed this measure.

Early pregnancy was assessed by asking “How old were you when you first become
pregnant?/How old were you when you got your partner pregnant?”, and coded 0 (no
pregnancy before age 20) or 1 (pregnancy reported at or before age 20). We made efforts to
increase honest and accurate responding on the SBI by having participants complete the
form in private using only a numeric code rather than their names. All participants across
cohorts provided early pregnancy data. Probandwise concordance for early pregnancy was
30% for MZs and 26% for DZs.

ASI Risk Factors at Age 11—Table 1 lists the MTFS measures used to tap the content
domains of risk factors for ASI identified in prior research (Zimmer-Gembeck & Helfand,
2008). These domains include parent-child relationships, externalizing and internalizing
psychopathology, peer factors, psychosexual development, and stressful life events. Because
the discordant twin design already controls for shared environment effects, there are no
family-level variables in the propensity score (i.e., variables than cannot differ for twins
such as SES). We took advantage of the extensive MTFS assessment battery to create
composite variables where possible.

Data Analyses
Calculation of Propensity Score—To determine the variables to use to calculate the
propensity score, a series of univariate ANOVAs examined the differences between ASI and
non-ASI 11-year old participants on the putative risk factors. Next, we entered these
predictors into a logistic regression predicting ASI status. The predicted probability of ASI
served as a propensity score, and was used as a covariate to adjust for pre-existing
differences that may have contributed to ASI discordance.

3We repeated the analyses, this time with age 15 and age 17 as our cutoff ages for ASI. At age 15, 16.3% of the sample was ASI-
exposed. At age 17, 50% of the sample was ASI-exposed. The outcomes and interpretations were unchanged. That is, in no cases did a
non-significant within-pair effect become significant.
4With any variable that is measured via retrospective reporting, there is a concern of response distortion. Thus, we examined the
correlation of our ASI measure with another, longitudinal ASI index. This second index was an interview question on a separate
measure: “How old were you when you started having sex?” asked at ages 14, 17, 24, and 29. We chose not to use the interview-based
question because of the very sensitive nature of the topic and social desirability concerns. Nevertheless, the correlation of our
retrospective ASI measure with the mean of the responses to the interview question across the four time points was .78.
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Regression Analyses of Individual-level and Twin-Level Data
A mixed-level regression framework (Begg & Parides, 2003) predicting our key outcome
variables was used to investigate the individual-level, within twin pair, and between twin
pair effects of ASI on RASB, before and after controlling for the ASI propensity score. An
individual-level effect [ASIIND] is estimated by regressing RASB on ASI, regardless of the
status of a co-twin, and simply tests for the positive association between ASI and RASB.

In the discordant-twin analysis, the regression of the outcome on ASI is decomposed into a
within [ASIW] and a between [ASIB] pair effect (Begg & Parides, 2003). The ASIB effect is
similar to the ASIIND effect, as it is a reasonable approximation for the association of
exposure with outcome uncorrected for genetic and shared environmental confounding. The
ASIW effect gives the difference in outcome for the members of a twin pair who are
discordant for ASI. The ASIW effect is the main interest of this study, as it measures the
similarity between ASI discordant twins. Finally, each model provides a zygosity x ASIW
interaction term. This interaction indicates whether this effect is significantly different
across MZ and DZ twins. It also indicates whether the effect of ASI and RASB stems from
genetic confounding (nonsignificant ASIW in MZ pairs, significant in DZ pairs, and
significant zygosity x ASIW interaction), shared environmental factors (nonsignificant ASIW
for both MZ or DZ pairs, and nonsignificant zygosity x ASIW), or causal influences (ASIW
is significant for both MZ or DZ pairs and nonsignificant zygosity x ASIW). As a
supplement to the latter analysis, we also examined twin correlations as an additional index
of genetic and shared environmental influences on RASB.

For each outcome, we fit three mixed-level regression models using PROC MIXED in SAS.
First, we determined whether ASIIND was associated with each of the six RASB measures.
In this step, we also tested if the effect of ASI on RASB variables differs by gender. If the
interaction term was significant in this analysis, subsequent models were computed
separately for males and females5. Next, we examined whether the ASI twin is more likely
to have RASB than the non-ASI twin in a discordant twin regression model.

The final model included the ASI propensity score as a covariate. Here, the aim was to
determine whether any within-pair effects could be accounted for by twin differences in the
propensity score. As appropriate, the clustered nature of the twin data was accounted for
using either mixed-level analyses for quantitative outcomes or generalized estimating
equations for early pregnancy, the only categorical outcome.

Results
Calculating Propensity Scores

Fourteen of 17 predictors significantly differentiated the ASI and non-ASI participants
(Figures 1 and 2). In all but one case (parent-child conflict), the ASI participants scored in
the more deviant direction than non-ASI participants. Propensity scores were estimated in a
multivariate logistic regression in which ASI status was predicted by the 14 significant
predictors. The regression correctly classified 86.8% of adolescents in the non-ASI group,
and 36.2% of adolescents in the ASI group, with an overall accurate classification rate of
68.6% (omnibus χ2(14) =156.04, p<.001), accounting for 19% of the variance in ASI
(Nagelkerke R2=.19). The predicted probability score was used as the propensity score in
further analyses. Affected twins exhibited higher propensity scores than unaffected twins
[F(1, 133)=8.56, p<.004], indicating that the propensity score captures important but

5We also tested the interactions by examining whether the betas are significantly different between males and females. In every case
where we detected a significant gender interaction, the male and female betas differed significantly from each other.
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otherwise unaccounted for pre-existing differences between twins associated with ASI.
Additionally, the propensity score was significantly correlated with each outcome variable
except past year regular partners (rs = .08–.24, ps < .05 for continuous outcomes; F(1, 1042)
= 32.56, p < .001 for early pregnancy).

Does ASI predict RASB?
There was a significant effect of ASIIND on each measure of RASB except lifetim e number
of regular partners (Table 2). Gender was also a significant predictor for these outcome
variables, with men reporting higher levels of sexual risk taking than women. Additionally,
the gender x ASIIND interaction was significant for past year and lifetime casual partners
and sexual behavior under the influence of drugs/alcohol. Specifically, the association
between ASI and these three outcomes was stronger for men. For these three outcome
variables, the models were fit separately across gender. The effect of ASIIND on past year
number of casual partners was significant among men but not women. The ASIIND effect on
sexual behavior under the influence of drugs/alcohol was stronger for men than women,
although in both cases it reached statistical significance. Finally, for the lifetime partner
variables there was a reasonable concern that individuals who have been having sex longer
are more likely to acquire more lifetime partners. Therefore, for these variables, we also
controlled for “sexual opportunity” (current age – age of sexual initiation). The ASIIND
effect remained significant for lifetime number of casual partners but only for men.

How similar in RASB outcome are twins who were discordant for ASI?
Discordant twin models were fit to compare ASI effects within MZ and DZ pairs. As noted
above, discordant twin models for past year number of casual partners was limited to men as
the ASI effect was not significant for women.

The results for the first set of discordant twin models are reported in Table 3, and twin
correlations for each RASB variable are provided as well. For nearly every RASB outcome,
the effect of ASIW was not significant for both MZ and DZ twins. Moreover, the standard
error for most effects was larger than the estimate, and the effects were close to zero in six
out of twelve cases. These results indicate that the affected and nonaffected twins within a
pair did not generally differ in RASB, especially for women. The two exceptions were for
men on past year number of casual partners (MZ twins only) and past year sexual behavior
under the influence of drugs/alcohol (DZ twins only). Additionally, despite a few instances
where the MZ twin correlations were small to moderate and the DZ correlations close to
zero, the nonsignificant ASIW x zygosity interactions indicated no difference in MZ and DZ
twin similarity for RASB

Can the association between ASI and ASB be accounted for by pre-existing risk factors
associated with ASI?

Finally, we included the ASI propensity score in the twin models to adjust for pre-existing
differences between members of a twin pair. After controlling for the within and between
pair differences in ASI, the propensity score was significant only for early pregnancy,
indicating that some of the effect of ASI on this outcome can be accounted for by pre-
existing differences.

Discussion
In the current study, we tested whether the ASI-RASB association is consistent with the
causal assumption inherent in the logic of abstinence-only programs using a longitudinal
twin study that follows the twin pairs from ages 11 to 24. Moreover, we used a novel
approach combining the discordant twin design and propensity score method. This allowed
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us to control for common genetic and environmental factors between ASI and RASB, as
well as twin differences in risk prior to ASI that might account for the association between
ASI and RASB.

We replicated the general association between ASI and most RASB variables (Sandfort et
al., 2008; Seidman et al., 1994; Wellings et al., 2001). Results from our discordant twin
regression models, however, indicated that some combination of genetic and environmental
factors accounted for the association between ASI and RASB as twins discordant on ASI
were similar in RASB, with the zygosity interaction analyses indicating no significant
difference between MZ and DZ twins. Additionally, the propensity score for ASI was
significantly associated with early pregnancy, indicating that differences between members
of twin pairs prior to ASI are also important for this particular outcome. These findings are
consistent with the interpretation that ASI per se is unlikely to play a causal role in most
types of RASB; rather their association is largely a consequence of common risk factors that
influence both ASI and RASB.

The one exception was for past-year casual partners, for which there was evidence of a
causal effect of ASI, but only for men. Given the failure to detect a causal effect for the
other outcome variables, we are hesitant to interpret these findings as strong evidence of a
causal effect of ASI on RASB in men. Although we may have detected this effect simply by
chance, we cannot rule out the possibility that ASI may be a specific environmental risk
exposure for a particular type of sexual risk behavior in men.

Nevertheless, the failure to find causal associations for most of the RASB outcomes has
several implications for public health programs that aim to reduce early pregnancy and other
RASB. From our results, it follows that attempting to delay sexual initiation per se might not
affect many types of sexual risk-taking in early adulthood. These findings are consistent
with a comprehensive review of sex education programs that found abstinence based
programs failed to influence adolescent sexual behavior (Kirby, 2007). Furthermore,
research suggests “virginity pledges” may be successful in delaying ASI up to 18 months,
however pledgers and non-pledgers have similar rates of sexually transmitted infections in
early adulthood (Brückner & Bearman, 2005).

More broadly, our results speak to the need to submit the assumptions underlying public
policies designed to reduce harmful outcomes to rigorous empirical testing. Our failure to
detect a consistent pattern of causal effects of ASI on RASB should be considered in the
context of what is known about adolescent problem behaviors and adult psychopathology
more generally. Specifically, McGue and Iacono (2005) found that different adolescent
problem behaviors (precocious sexual intercourse, substance use, police involvement) all
predict a diverse set of adult disorders (substance use disorders, antisocial behavior, major
depression), suggesting there is a group of youth who are at an especially high and
generalized risk for poor outcomes in adulthood. These findings suggest that even if
successful, prevention and intervention for specific behaviors may not forestall deleterious
adult outcomes. Rather, resources would be best allocated to identify those at highest risk
and then provide comprehensive, individualized interventions (e.g., multi-systemic therapy,
Curtis et al., 2004; Henggeler & Schaeffer, 2010; Klietz et al., 2010) instead of universal
prevention and intervention efforts.

Despite strong results, it is important to be cautious in interpreting the current findings. First,
regardless of its strengths, no research design can ever “prove” the null hypothesis. Second,
the current study focuses on a specific definition of ASI: namely, any type of sexual
initiation (oral sex or sexual intercourse) before the age of 16. Results may be different if
ASI is defined differently or when using an earlier age. Third, though we failed to detect
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many causal effects of ASI on RASB, we are not suggesting that ASI has no negative
consequences. Indeed, ASI may increase risk for major depression and substance use. Thus,
future studies might utilize the current method for testing whether the results differ by ASI
definition and examining the causal role of ASI on other negative outcomes.

Moreover, although we took care to maximize the power by including the older cohort when
possible, we lacked the power needed to detect small effects in ASIW in MZ twins.
Additionally, we were powered to detect only large effects for the zygosity X ASIW
interactions (a common problem in discordant twin designs). As such, though MZ twins did
not differ significantly from DZ twins, we cannot disentangle genetic from shared
environmental effects.

Despite these caveats, the current research has utilized a powerful test of causality, and the
results are compelling. Future research can extend these findings by providing insight into
the factors that do contribute to such behavior, which can then be used to inform the design
of interventions that ultimately reduce RASB.
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Figure 1.
Differences between ASI and non-ASI participants on contunuous risk factors.
Note: All variables are standardized (T-scored). Numbers above each set of bars represent
effect size (Cohen’s d) and significance level. * <.05; ** < .01; ***< .001. (R) indicates
reverse scoring (higher score = lower on construct).
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Figure 2.
Differences between ASI and non-ASI participants on categorical risk factors.
Note: Bars represent the percentage of individuals endorsing “yes” on a given variable.
Numbers above the bars represent effect size (odds ratios) and significance level. * <.05; **
< .01; ***< .001.
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