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Abstract

Background and aims—Substance use has been implicated in the onset and maintenance of
risky sexual behaviors, which have particularly devastating consequences in young women. This
study examined whether (i) adolescent onset of cannabis use is associated with repeated voluntary
unprotected sex in women and (ii) whether this association persists after accounting for correlated
familial influences.

Design—General population sample of female twins.
Setting—Midwestern United States.

Participants—2,784 sexually active twin women (15.5% African-American) aged 18-27 years
(assessed 2002-2005), including 119 dizygotic (DZ) and 115 monozygotic (MZ) discordant pairs.

Measurements—Self-report interview data on cannabis use that first occurred prior to age 17
(27.1%) and repeated voluntary unprotected sex (27.2%). Key covariates included early onset of
drinking, regular smoking, sexual debut and menstruation as well as conduct disorder symptoms
and childhood sexual abuse.

Findings—Compared with never users and those who started using cannabis at a later age,
adolescent cannabis users were more likely to report repeated voluntary unprotected sex (odds
ratio [ORY], 2.69; 95% Confidence Interval, Cl 2.24-3.22). Genetic (rg= 0.57, 95% CI: 0.38-0.87)
and non-shared environmental (r.= 0.21, 95% CI: 0.02-0.38) factors contributed to the association.
After accounting for correlated familial factors, there was a consistent elevation in the likelihood
of repeated voluntary unprotected sex in the exposed twin relative to her genetically identical
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never/late-onset user co-twin (unadjusted OR 2.25, 95% CI 1.14-4.44), even after adjustment for
covariates (adjusted OR 2.27, 95% CI 1.08-4.80).

Conclusions—Women who start using cannabis during adolescence appear to be more likely to
report voluntary engagement in repeated unprotected sex than women who never use cannabis or
who initiate cannabis use after adolescence. The results appear to be independent of shared genetic
influences.
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INTRODUCTION

Of current sexually active high school students, 13.7% report not using any methods to
prevent pregnancy (1). Girls and young women are more likely to report unprotected sex
than their male counterparts (15.7 vs. 11.5%) and the consequences of such risky sexual
behavior are also greater in girls and women including profoundly elevated risks for
unintended pregnancy and exposure to sexually transmitted infections. Substance use, during
the lifetime as well as immediately preceding sexual intercourse, has been frequently
implicated as an independent contributor to likelihood of such risky sexual behavior,
including, early sexual debut, having multiple sexual partners and repeated voluntary
unprotected sex (rVUS)(2-5). Use of cannabis, particularly during adolescence, has been
cross-sectionally and prospectively linked to risky sexual behavior (6-11). However, no
study to date has used a genetically informed design to disentangle the role of person-
specific factors that may be of a causal nature from the contribution of common
predisposing factors that might influence both adolescent cannabis use and rvVUS.

As both cannabis use and sexual behaviors, both normative and risky (such as rVUS), are
typically initiated during adolescence, it is likely that shared risk and protective influences at
least partially contribute to their co-occurrence. This general liability to risk-taking and
externalizing behaviors during youth is shaped by genetic and environmental factors (12-15).
For instance, lack of self-regulation, which is associated with both reward-related (e.g.
ventral striatum) and decision-making (e.g. dorsolateral prefrontal cortex) pathways in the
brain (16), has been proposed as a common pathway to both substance use and risky sexual
behaviors. Interactions between corticostriatal (i.e. ventral striatum) and corticolimbic (e.g.
amygdala reactivity) circuitry have also been shown to modulate liability to substance use
and risky sexual behaviors (17;18). Environmental factors (e.g. early trauma exposure; e.g.
(19;20)) might also influence the likelihood of early onset of cannabis use and risky sexual
behaviors, such as rvVUS.

The action of these contributors, genetic or environmental, may be classified as being of a
predisposing nature or person-specific. For instance, heightened corticostriatal responsivity
may predate both early onset of cannabis use and risky sexual behavior (i.e. predisposing
factor), or alternatively, early exposure to cannabis may result in altered ventral striatal
reactivity which subsequently increases the likelihood of risky sexual behaviors (i.e. person-
specific). Longitudinal data that span the developmental periods prior to onset of both
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cannabis use and rVUS and extend beyond their peak period of initiation are required to
carefully address causal hypotheses. However, twin pairs discordant for early exposure to
cannabis offer a unique opportunity for disarticulating person-specific influences (possibly,
of a causal nature) from predisposing factors typically shared by members of twin pairs. In
particular, for monozygotic (MZ) twins discordant for adolescent cannabis use, any excess
likelihood of rVUS in the twin using cannabis at an early age, relative to her genetically
identical co-twin who also shares a preponderance of her early familial environmental
exposures, can be attributed to factors unique to adolescent cannabis use that may have
causal characteristics. In contrast, no excess of rVUS in the twin who uses cannabis at an
early age, relative to her non-using/later-onset user co-twin, would largely discount the
possibility of there being any causal relationship between adolescent cannabis use and
rvus.

We hypothesized that adolescent cannabis use would be associated with an increased
likelihood of rVUS and that this association would be partly due to shared familial
influences but would also persist after such shared familial influences were accounted for. In
a large cross-sectional sample of 2,784 sexually active female twins aged 18 to 27 years, we
examine the extent to which genetic and environmental factors contribute to the association
between first cannabis use prior to age 17 and repeated (=3 times) voluntary unprotected sex
(rVUS). Analyses were further conducted within discordant pairs of twins, specifically in the
subset of MZ twins discordant for adolescent cannabis use (Npajrs= 115) to examine whether
the association persisted after accounting for genetic similarity and familial environment.
Finally, classical twin modeling was also used to quantify the extent to which genetic and
environmental factors contributed to variance in and covariance between adolescent cannabis
use and rVUS.

The Missouri Adolescent Female Twin Study (MOAFTS) is a cohort of same-sex female
twin pairs, identified from birth records, born between July 15t 1975 and June 30t 1985 to
Missouri-born parents (see (21-23)). As a subset of the participants were 12-15 years of age
at baseline, sensitive questions regarding cannabis use were not administered to them at that
initial wave of data collection. During 2002-2005, all eligible twins who were then adults,
regardless of whether they had participated in the baseline assessments or not (and as long as
they had not declined to participate in future interviews), were invited to participate in the
first full-length adult follow-up interview. This sample, which represented 80% of all live
female twin births in the state, consists of 3,787 twins (including 964 monozygotic or MZ
and 809 dizygotic or DZ pairs, as well as 241 un-paired twins who did not have a
participating co-twin) aged 18-27 years, including 14.6% of African-American ancestry.
Data on 2,950 (15.9% African-American) twin women who reported a lifetime history of
any consensual sexual activity were included in the current report. However, as 166 of these
women reported onset of rVUS prior to their first use of cannabis, they were excluded from
analyses resulting in a final sample size of 2,784 twin women. Those reporting onset of
r\VUS prior to first cannabis use were more likely to be older and Black. They were also
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generally less likely engage in early-onset substance use behaviors but more frequently
reported early sexual debut (Table S1).

A structured interview adapted from The Semi-Structured Assessment for the Genetics of
Alcoholism (SSAGA) was used to obtain interview data from respondents (24).

Adolescent Cannabis Use—Individuals who reported ever using cannabis were queried
about the age at which they had first used it (median age 16 years). Consistent with prior
studies of early-onset cannabis use (25;26), use for the first time prior to age 17 was defined
as adolescent cannabis use, which was reported by 27.1% of the full sample (55% of users).
Twin pairs were considered discordant for adolescent cannabis use if one twin reported onset
of cannabis use prior to age 17 while the other reported either no lifetime history of cannabis
use or use at age 17 and older. Sensitivity analyses that (a) excluded lifetime non-users and
(b) examined other age cutoffs for adolescent onset as well as continuous age were also
conducted.

Repeated Voluntary Unprotected Sex (rVUS)—Women were asked if they had ever
engaged in heterosexual sexual intercourse when they or their partner had not used a
condom. Those who reported even one such occurrence were further queried about whether
they had ever had sexual intercourse when they and their partner had not used any form of
birth control (e.g., contraceptive pill). Respondents were specifically asked to exclude
occurrences when they were coerced into sexual activity or were voluntarily attempting
conception. rVUS was coded as three or more instances of voluntary sexual intercourse
without a condom or any form of birth control and was reported by 27.2% of the sample.
Median age of onset of first instance of rVUS, in those reporting even one instance, was 17.0
years.

Features related to rVUS—The relationship between adolescent cannabis use and rvVUS
was also characterized based on other aspects of romantic relationships and reproductive
history, including (a) number of romantic male partners across the lifetime (median split:
>5); (b) age at first romantic date (prior to age 15); (c) ever pregnant, including non-viable
pregnancies; (d) =3 pregnancies, including non-viable pregnancies; and (e) age at first
pregnancy (prior to age 18).

Covariates—(a) Early regular alcohol use: drinking one or more drinks per month for six
months in a row, prior to age 17; (b) Early regular cigarette smoking. smoking one day a
week for at least 2 months in a row, prior to age 16; (c) Early sexual debut. first consensual
sex, prior to age 16; (d) Early maturation. onset of menses, prior to age 12. (¢) One or more
symptoms of conauct disorder. (f) Childhood exposure to sexual abuse, prior to age 17.
Analyses in the full sample were also adjusted for self-reported ethnicity (Black vs. White)
and age (less than 22 years); as members of twin pairs are matched for ethnicity and age,
this adjustment was not necessary in the within-pair comparisons.
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Statistical Analyses

RESULTS

All regression analyses were conducted in SAS v9.2. Logistic regression was used to
estimate the association between rVUS and adolescent cannabis use — standard errors were
adjusted for clustered family data using the Taylor method in PROC SURVEYLOGISTIC.
Conditional logistic regression was used to examine within-pair associations, including in
pairs of MZ twins discordant for adolescent cannabis use (27). Regression analyses were
also conducted with adjustment for covariates. For within-pair analyses, only those
covariates that were significantly associated with rVUS in the full sample were included.
The extent to which additive genetic (A), shared (C) and person-specific (E) environmental
factors influenced the variance in and covariance between rvVUS and adolescent cannabis use
was estimated by using data on all available twins and fitting them to a bivariate twin model
in the statistical software package Mx (28).

rvVUS and adolescent cannabis use were not associated with ethnicity or zygosity, however
younger individuals (age < 21 years) were more likely to report adolescent cannabis use and
less likely to report rVUS (Table 1). There was a marginally increased likelihood for MZ
twins to report r\VUS, relative to their DZ counterparts. With the exception of early age at
pregnancy and early age at menstruation which were not associated with rvVUS, both rvVUS
and adolescent cannabis use were associated with all other romantic and reproductive
characteristics and covariates. Most prominently, r''VUS was related to an almost 3.5
increased odds of ever being pregnant and, even within those reporting a pregnancy, an
elevated likelihood of =3 pregnancies (OR=1.53, 95% C.I. 1.15-2.03). rVUS was also
associated with early sexual debut. The strongest correlates of adolescent cannabis use were
early regular use of alcohol and tobacco, as well as early sexual debut.

In this sample of 2,784 sexually active female twins, adolescent cannabis use was strongly
associated with rVUS (unadjusted OR 2.69, 95% CI 2.24-3.22; Table 2) and the association
persisted even when never users were excluded (OR 2.55, 95% CI 2.01-3.24). Even after
adjustment for covariates, women who used cannabis prior to age 17 were at over two times
increased odds relative to their never user/late-onset user co-twin to report r\VUS.

Table 3 shows the prevalence of rVUS in MZ and DZ twin pairs concordant and discordant
for adolescent cannabis use. Regardless of zygosity, twins from concordant adolescent-onset
pairs were at the highest likelihood for reporting rVUS (MZ: 47.1%; DZ: 41.9%) while twin
pairs where neither twin reported adolescent cannabis use exhibited the lowest rates of rvVUS
(MZ: 22.4%; DZ: 18.7%). The prevalence of rVUS was considerably higher in the
adolescent-onset members of the discordant pairs (MZ: 39.1%; DZ: 34.5%) than in their
never/late-onset user co-twins (MZ: 26.1%; DZ: 23.5%). Consistent with this observation,
the adolescent onset cannabis-using twin member was at two times increased odds of
reporting rVUS relative to their never or later-onset user co-twin (Table 2).

Importantly, even within MZ pairs discordant for adolescent cannabis use, there was a
consistent elevation in the likelihood of rVUS in the adolescent-onset twin relative to their
genetically identical never/later-onset user co-twin (OR 2.25, 95% CI [1.14-4.44]).
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Adjustment for covariates did not attenuate this association (Table 2), suggesting that factors
other than those shared by members of MZ twin pairs, including shared genetic and
environmental influences, significantly contributed to the relationship between adolescent
cannabis use and rVUS.

When analyzing data from all twins, MZ correlations were greater than the DZ correlations,
and DZ correlations were greater than half the MZ correlations, suggesting the role of
genetic and shared environmental influences respectively (Adolescent cannabis: r;,-=0.78,
rp~0.54; r'VUS: ry,=0.41, rp~=0.26). Results from the final bivariate genetic model are
presented in Figure 1 (parameter estimates for the full model are in Table S5). Shared
environmental (AXZ(de):]..98), or additive genetic (sz(gdf):Z.SZ) influences, but not both
(AXZ(de):Z.Sz) could be constrained to zero for r\VUS — constraining shared environmental
factors (estimated at 12%) to zero provided a modest improvement in fit. Correspondingly,
variance in adolescent cannabis use was attributable to additive genetic (#2401 cannais
54%), shared environmental (24%) and individual-specific environmental influences while
variance in rVUS could be partitioned into additive genetic (#2,s 42%) and individual-
specific environmental sources. The covariance between adolescent cannabis use and rVUS
was attributable to both genetic (7,=0.57) and, to a lesser extent, individual-specific
(r=0.21) contributions.

Exclusion of lifetime abstainers

Our primary analyses coded both women who had never used cannabis and women who had
used cannabis but at age 17 or older as unexposed members of twin pairs. Discordant twin
analyses were repeated in women who reported a history of sexual activity as well as
cannabis use (N=1368). Even in the modest number of 52 MZ pairs discordant for
adolescent cannabis use (Table 2), the twin who used cannabis prior to age 17 was at 3 times
increased odds of reporting rVUS relative to her genetically identical co-twin who reported
cannabis use but at age 17 or later. Thus, even within cannabis users, earlier onset of
cannabis use is associated with a unique increase in likelihood of rvVUS.

Other definitions of adolescent onset

A continuous measure of age at onset of cannabis use was associated with rvVUS, regardless
of covariate adjustment (OR=0.58, 95% CI 0.49-0.68; i.e. lower age associated with higher
rvVUS; Table S2). When twin pairs with differing ages at first use were considered, rvVUS
was more commonly reported in the twin reporting the earlier age at first use (Table S3 for
details). Other dichotomous definitions of adolescent cannabis use (e.g. <16 years, <18
years) showed similar results; however, the significance of the point estimate relied heavily
on the discordant pair sample size (Table S4).

DISCUSSION

In the present study, the relationship between adolescent onset of cannabis use and repeated
voluntary unprotected sex (r'VUS) could be partially attributed to common genetic
influences, but also to factors not shared by members of identical twin pairs. Problem
behavior theory has previously organized early substance use and adolescent sexual activity
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into a common and heritable framework of impulsive and disinhibited behaviors (29;30). We
identified the role of shared genetic influences on adolescent cannabis use and rvVUS as well,
substantiating the importance of considering shared predisposition in studies relating
substance use to risky sexual behaviors.

The co-twin’s adolescent cannabis use status is indicative of genetic loading and the pattern
of prevalence of rVUS in twins as a function of their concordance status for adolescent
cannabis use was quite striking (Table 3). Twins concordant for adolescent cannabis
exposure, presumably representing the highest degree of familial vulnerability, were most
likely to report rVUS while twins concordantly unexposed (i.e. both twins either never used
cannabis or used at a later age) were least likely to report r\VUS. Within discordant pairs,
whether for a dichotomous definition (Table 3) or continuously reported age (Table S3), the
exposed (i.e. adolescent onset) twin was at consistently greater likelihood of reporting rvVUS
than her unexposed (never/late-onset) co-twin. Notably, the adolescent-onset twins from
discordant pairs were marginally less likely to report r'\VUS than their counterparts from
concordant exposed pairs indicating an attenuation of vulnerability to rVUS as a function of
co-twin’s adolescent-onset cannabis use status. Similarly, even though they did not start
using cannabis during adolescence, unexposed members of discordant pairs were somewhat
more likely to report rVUS than concordantly never/late-onset users. These results indicated
that the presence of an unexposed co-twin marginally reduced the likelihood of r\VUS and
vice versa. Familial effects were further corroborated by the moderate genetic correlation
between adolescent cannabis use and rVUS. However, the upper confidence limit on this
correlation estimate did not encompass 1.0 indicating the significant role of specific genetic
influences on rVUS that were unrelated to adolescent cannabis use.

Our measure of rVUS is unique in that it involves repeated non-use of standardized methods
of birth control, a behavior less subject to “spur of the moment” sexual activity which is
often related to concomitant substance use. Thus, we did not expect indices of impulsivity to
be the sole common feature underlying adolescent cannabis use and rvVUS —
correspondingly, adjustment for early sexual debut or conduct problems, both aspects of
disinhibited behavior, did not alter the significance of the relationship. Other indices of
impulsive sensation-seeking, such as low conscientiousness, have been reliably related to
sexual risk-taking and promiscuity (31) as well as to substance use (32). Secondary analyses
suggested that while riVUS was strongly associated with lower conscientiousness (from the
NEO-PI-R(33)) in our data as well (mean score of 2.78 vs. 2.65; p<.0001), the addition of a
measure of low conscientiousness (bottom quartile of scores) did not account for the
association between adolescent cannabis use and r\VUS (results available upon request).

The increased likelihood of r\VUS in women who reported cannabis use during adolescence,
relative to their genetically identical but unexposed co-twins (i.e. MZ odds ratio significantly
greater than 1.0), and the significant person-specific environmental correlation indicated that
the relationship between these behaviors might extend beyond familial predispositions,
including (a) direct or indirect pathways from adolescent cannabis use to rVUS or (b)
unmeasured common factors that precede both the adolescent onset of cannabis use and
rvVUS. Prior studies have proposed that providers of illicit substances, such as older peers,
might be critical to the strong associations between adolescent cannabis and other illicit drug
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use (34;35). Such peer affiliations may be related to precocious adoption of adult roles (36),
particularly in girls. In our sample as well, women reporting rVUS were more likely to
report greater current affiliations with drug-using male peers, including romantic partners
(OR 1.79 [95% CI 1.47-2.18]; also associated with adolescent cannabis use, OR 4.54 [95%
ClI 3.73-5.53]). In addition, both rVUS and adolescent cannabis use were associated with a
greater number of romantic partners, an earlier age at first romantic date, and an earlier age
at sexual debut. Early sexual maturation in women, which has been linked to substance use
(37), risky sexual behaviors (38;39) and delinquencies (40-42), might also index increased
likelihood of interactions with older male peers and romantic partners; however this measure
did not account for our findings both when including a measure of early pubertal timing
(Table 1) as well as a self-evaluation of early maturation (available upon request). While we
cannot determine whether these sexual behaviors were associated with rVUS, our findings
highlight the added vulnerability associated with rVVUS over and above other indices of
sexual maturity or risky sexual behavior.

Possibly, the specific characteristics of the male partners and the quality of sexual
relationships may be the “causal” component in the observed association but we were unable
to explore this hypothesis fully as women did not report on the characteristics of the partners
with whom they engaged in rVUS. Based on self-reported reasons for condom non-use
(Table S6), in addition to substance use, partner discomfort was frequently reported. It is,
thus, possible that early discordance in cannabis exposure was a consequence of, or
subsequently resulted in, exposure of one member of the twin pair to a more non-
conforming cohort of male peers (with increased access to drugs and characterized by other
risky behaviors), which increased her likelihood of rVUS.

Perhaps most critically, women who reported rVUS and adolescent cannabis use were more
likely to also report ever being pregnant. While we did not have information on the
outcomes of these individual pregnancies or whether they were unintended and related to
rvVUS, lack of contraceptive use is associated with 85% chance of pregnancy within a year
(43). These findings raise the possibility that adolescent cannabis use may result in
substantial risks associated with unintended pregnancy, including effects on maternal and
offspring health (44).

It is also possible that unmeasured non-familial factors, particularly those that preceded the
onset of cannabis use and rVUS and increased the likelihood of both behaviors, are
responsible for the observed associations. For instance, early exposure to neglect and trauma
(other than childhood sexual abuse; e.g.(45)) might increase susceptibility to adolescent-
onset of cannabis use and later rvVUS.

Finally, our finding of elevated odds of rVUS in adolescent cannabis users persisted even
when they were only compared to their late-onset user co-twins (i.e. both twins had initiated
use but at different ages). Even though the number of discordant MZ pairs was modest, these
significant results suggest that women who use cannabis prior to age 17 are more likely to
report r\VUS relative, not only, to those who never use cannabis but also when compared to
later-onset users. Thus, delaying the onset of cannabis use in women may have an
appreciable impact on likelihood of rvVUS.
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Some limitations are noteworthy. First, our results may not extrapolate to other
demographics. Our study did include a population-representative group of African-American
women and they did not differ from their European-American counterparts in rates of rvVUS
or adolescent cannabis use; however they were more likely to report rVUS prior to cannabis
onset (Table S1). Also, according to national surveys, Missouri is one of the states with
higher rates of unprotected sex reported by youth (1) — findings in other states may differ.
Second, legislation related to the Patient Protection and Affordable Care Act
(healthcare.gov) may have modified women’s access to contraceptive alternatives, thus,
optimistically reducing the prevalence of rvVUS in current cohorts. Third, we did not collect
data on partner characteristics or direct consequences of rvVUS. Alcohol and drug use were
considerably more frequently reported as reasons for condom non-use in those who also
reported r\VUS as well as in early-onset compared with never/late-onset cannabis users
(Table S6); however, we are unaware of the extent to which they contributed to rvVUS.
Finally, reporting bias in age at initiation of cannabis use may have influenced assignment of
twins to discordant pairs and our overall findings — this bias is likely to be modest as the
average difference in age between early and late-onset twins was 3.6 years (2.2 years within
discordant MZ pairs). We also show several additional analyses that demonstrate consistency
of findings across age cutoffs (Table S2-S4). However, the cross-sectional nature of our data
may have impacted these results in other, unobserved ways.

Women who start using cannabis during adolescence are considerably more likely to
repeatedly engage in risky sexual behaviors such as rvVUS. We conclude that this
relationship might not be entirely explained by a generalized predisposition to disinhibited
behaviors. Reducing exposure to early life factors that increase person-specific liability to
both substance use and risky sex might prevent onset of both behaviors. Furthermore,
interventions that aim to create prosocial environments for female engagement, especially in
women at high risk for adolescent cannabis use, may substantially attenuate the frequency of
rvVUS in women, a behavior with deleterious consequences for women’s health and well-
being.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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environmental (C) and person-specific environmental (E) influences on adolescent cannabis
use and repeated voluntary unprotected sex (r'VUS) in 2,784 women.
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