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Abstract

Background—Research has demonstrated a consistent relationship between early sexual

experience and subsequent sexual risk-taking behaviors. We hypothesized that this relationship is

due to a general predisposition towards behavioral disinhibition (BD), and that relationships

among BD, early sex, and subsequent risky sexual behavior may be influenced by common

genetic influences for males and common environmental influences for females.

Methods—A prospective sample of 1,512 same-sex adolescent twins (50.2% female) was used.

Adolescent BD was measured by clinical symptom counts of conduct disorder, oppositional

defiant disorder, and self-reported delinquent behavior (age 14). Age of sexual initiation was

defined as first age of consensual oral or penetrative sex (mean age ~17). Adult risky sexual

behavior was defined by sexual behaviors under the influence of drugs and alcohol and number of

casual sexual partners in the past year (age 24).

Results—Multivariate analyses showed evidence for substantial common genetic variance

among age 14 BD, age at sexual initiation, and adult risky sexual behavior for males, but not

females. There was no significant difference in the degree of common environmental influence on

these variables for females compared to males. Notably, age of sexual initiation was not

significantly correlated with age 24 risky sexual behavior for females.

Conclusion—The relationship between early sex and later risky sex can be better understood

through a general liability towards BD, which is influenced primarily by genetic factors for males.

The association between age 14 BD and age of sexual initiation was influenced through a

combination of genetic and environmental factors for females; however, age of sexual initiation

does not appear to be a salient predictor of adult women’s sexual risk-taking behavior. Findings

suggest that prevention programs aimed at reducing sexual risk behavior might target youth

exhibiting BD by age 14, particularly males. More research is needed on what predicts adult

sexual risk-taking behavior for females.
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Introduction

Previous research has demonstrated a consistent association between age of sexual initiation

and subsequent risky sexual behavior (Sandfort, Orr, Hirsch, & Santelli, 2008; Wellings,

Nachahal, Macdowall, McManus, Erens, Mercer, et al., 2001). There is growing evidence

that these two variables may be related because of a general liability to externalizing

behaviors and impulsivity (Boislard & Poulin, 2011; Cooper, Wood, Orcutt, & Albino,

2003; Donohew, Zimmerman, Cupp, Novak, Colon, & Abell, 2000; Kahn, Kaplowitz,

Goodman, & Emans, 2002). In fact, previous studies (Boislard & Poulin, 2011; Epstein,

Bailey, Manhart, Hill, & Hawkins, 2013; Ramrakha, Bell, Paul, Dickson, Moffitt, & Caspi,

2007) have reported that the strongest predictors of both early sexual initiation and

subsequent risky sexual behavior were antisocial behavior and behavioral disinhibition (BD,

defined as an inability to constrain impulses or social undesirable behavior; Iacono, Malone,

& McGue, 2008). These findings follow Iacono et al.’s (2008) model, which proposes that a

genetic liability to BD accounts for the developmental progression of a variety of specific

externalizing attributes, such as early initiation of substance use and later co-occurring

substance use disorders. In this study, we evaluate whether this hypothesis applies to early

sexual initiation and subsequent risky sexual behavior.

There is some genetically-informed research that has addressed whether the experience of

having sex at an early age has a causal influence on the likelihood of sexual behavior and

related psychopathology in young adulthood (Donahue, Lichtenstein, Långström, &

D’Onofrio, 2012; Huibregste, Bornovalova, Hicks, McGue, & Iacono, 2011; Kiselica,

Cummings, Bornovalova, Samek, McGue, & Iacono, 2013). For example, Huibregste et al.

(2011) utilized a longitudinal discordant twin design and found that a twin who had sex

early (before age 16) did not report more sexual risk behavior at age 24 than the co-twin

who did not have early sex. Other research has shown that twins discordant on early sex

were not more likely to be discordant on other externalizing attributes, such as substance use

disorders and criminal history (Donahue, et al., 2012). Together, these findings suggest the

link between early sex and later externalizing behaviors (including sexual risk behavior) is

not causal, but is instead due to genetic and environmental factors common to both.

What is not known is how genetic and environmental influences affect the developmental

progression of sexual risk-taking behavior, such as whether the predisposition for BD gives

rise to early sexual initiation and subsequent sexual risk-taking through primarily common

genetic or environmental influences. Following Iacono et al.’s (2008) model, we

hypothesized that the genetic and environmental influences evident for BD in adolescence

(age ~14) would influence both early age of sexual initiation and subsequent risky sexual

behavior in young adulthood (age ~24). An additional gap we aimed to fill was to evaluate

potential gender differences in the relationship among BD, early sex, and later risky sex. The
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etiology behind these relationships may be different for men and women; for example, there

is some evidence (Hicks, et al., 2007) that the genetic influences on BD become increasingly

more important for men as they transition from adolescence into adulthood, whereas

environmental influences become increasingly important for women. Following this, we

hypothesized that common genetic influences would be important in the developmental

progression from early adolescent BD, early age of sexual initiation, and subsequent adult

risky sexual behavior for men, but that for women, common environmental influences

would predominate.

Methods

Participants

An epidemiologic sample of same-sex twins from the Minnesota Twin Family Study,

initially assessed at age 11, was used for this investigation (Iacono, Carlson, Taylor, Elkins,

& McGue, 1999). Twins born between the years of 1977 and 1984 were recruited to

participate. Families were identified from birth certificates made public in the state of

Minnesota and located through a variety of public databases (e.g., internet searches). At

intake, ~90% of twin families were successfully located and contacted to determine study

eligibility. To participate, families had to live within driving distance of the university,

neither twin could have a mental or physical handicap precluding participation, and twins

could not have been adopted by nonrelatives (determined by a pre-screen telephone

interview with one parent, usually the mother). About 17% of the eligible families declined

to participate. The majority of participating parents were married (79%) and of European

ancestry (97%), consistent with Minnesota demographics in the relevant birth years.

Mothers were on average 39.3 years (SD = 4.6) and fathers were on average 42.0 years (SD

= 5.3). The majority of parents had a high school degree/GED or higher (97% mothers, 96%

fathers). A moderate proportion of parents had a bachelor’s degree (23% mothers, 21%

fathers) and a small number had a professional degree (3% mothers, 6% fathers).

A total of 1,512 children completed the first intake assessment (756 twin pairs, 50.2%

female). On average, participants were 11.7 years old at the first assessment (SD = .43).

Following intake, twins were invited to participate in follow-up assessments approximately

every 3 years. A total of 93% of eligible twins from the first assessment participated in the

age 14 assessment (M age = 14.8, SD = .53), and 87% or more participated in the age 17 (M

age = 18.2, SD = .70) and subsequent assessments (age 20 assessment M age = 21.5, SD = .

82; age 24 assessment M age = 25.29, SD = .74). BD levels were assessed at age 14, adult

sexual risk behavior was measured at age 24, and age of sexual initiation was measured

throughout all assessments. Twins included 486 monozygotic (MZ) and 270 dizygotic (DZ)

pairs. All sets of twins were same-sex (253 MZ males, 233 MZ females, 123 DZ males, 147

DZ females). Zygosity was determined at intake by a questionnaire administered to parents

concerning the resemblance of twin pairs, anthropometric measurements, and an algorithm

comparing twins on fingerprint ridge counts; if results were not in agreement for these three

measures, DNA was analyzed to resolve zygosity.

Notably, we are using the same sample that was used by Huibregste et al. (2012). Huibregste

et al. analyzed the relationship between early sex and adult risky sex using a discordant twin
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analysis, and found that having sex early was not an environmental experience that had a

causal influence on subsequent sexual behavior in adulthood. Our manuscript extends

Huibregste’s work (and others) by using a multivariate, longitudinal analysis of twin data to

evaluate whether the genetic liability for BD present at age 14 can account for the

association between age of sexual initiation and subsequent risky sexual behavior in

adulthood. Of additional significance, we evaluated for gender differences in the nature of

the genetic and environmental influences governing the linkage between BD and subsequent

sexual behavior.

Procedure

All adult participants provided written informed consent. Minor children provided written

assent, and a parent provided written consent on their child’s behalf. This project was

approved by the University of Minnesota’s Institutional Review Board. If twins were not

able to participate in an in-person follow-up assessment, they were interviewed by phone

and completed all materials except the computerized assessments. Approximately 8% of

participants were interviewed by phone at the age 14 assessment and 16% at the age 24

assessment.

Measures

Age 14 BD—DSM-IIIR symptoms of Oppositional Defiant Disorder (ODD) and Conduct

Disorder (CD), as well as self-reported delinquency (the Delinquent Behavior Inventory

[DBI]; Gibson, 1967) were used to measure BD at age 14. ODD and CD were assessed

using the Diagnostic Interview for Children and Adolescents-Revised (DICA-R; Welner,

Reich, Herjanic, Jung, & Amado, 1987). Both child and parent (usually the mother) were

interviewed about the presence of ODD and CD symptoms in the child. All interviews were

reviewed by at least two individuals with advanced clinical training, blind to the diagnoses

of other family members, who coded by consensus, every DSM-IIIR symptom and

diagnostic criterion. We utilized a best-estimate approach so that if either the child or parent

reported a symptom, the symptom was considered present (kappas > .74 for all clinical

disorder diagnoses). The DBI is a self-reported, 36-item inventory of delinquent behaviors,

e.g., “cutting classes at school,” “smashing, slashing, or damaging things” (α = .91 for

males, α = .86 for females).

ODD, CD, and DBI scores were log transformed to better approximate normality

assumptions, and then used to estimate a latent factor of age 14 BD using Mplus (Muthén &

Muthén, 1998–2013); the maximum likelihood estimator with robust standard errors (MLR)

was used and individuals were clustered by family id. As shown in parentheses, standardized

loadings suggested adequate reliability of the factor: age 14 BD = CD (.89), ODD (.71), DBI

(.70). Also demonstrating good reliability of the factor, the factor score determinacy value

was .92 (range 0–1, 1 being the best value). The estimated factor score was exported for the

multivariate biometric decomposition analysis.

Age of sexual initiation—Age at first sex was assessed using reports from the Life

Events Interviews (LEI) and the Sexual Behavior Inventory (SBI) at the age 24 assessment

(Huibregste, et al., 2011; Kiselica, et al., 2013). Both assessments captured whether the
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individual had ever had sex (SBI included oral or penetrative; LEI included penetrative

only) and age at first occurrence of consensual sex. To deal with outliers and better

approximate normality assumptions, initiation at age 13 or younger was coded as 5; age 14–

15 as 4; age 16–18 as 3; age 19–22 as 2; and age 23 or older as 1.

Sexual Risk Behavior at age 24—Sexual risk behavior was measured using self-report

items from the SBI at the age 24 assessment. Three indicators were used to measure risky

sex (Kiselica, et al., 2013), including frequency of 1) oral and 2) penetrative sex with casual

partners in the past 12 months (1 = None, 2 = 1–2, 3 = 3–5, 4 = 6–9, 5 = 10–19, 6 = 20+),

and the 3) frequency of engaging in sexual behavior under the influence of alcohol and

drugs in the past 12 months (α = .78; e.g., “In the last 12 months, I have had unprotected sex

(not used a condom) because I was drinking or using drugs”) answered on a scale of 1 =

Never, 2 = 1–2 times, 3 = 3–10 times, 4 = More than 10 times. These three indicators were

log-transformed to better approximate normality assumptions and were then standardized

and averaged to create the age 24 sexual risk behavior composite (α = .84 for males, .76 for

females).

Attrition

We found that those missing age 24 risky sex data had a significantly greater age 14 BD

score (M = .09, SD = .32) compared to those with risky sex data (M = −.02, SD = .24; p < .

001). Follow-up analyses confirmed this was only true for males (missing data: M = .18, SD

= .33; not missing: M = .07, SD = .26; p < .001), and not females (missing data: M = −.08,

SD = .20; not missing M = −.10, SD = .18; p = .44). This suggests some bias in attrition for

males (although minimal as the difference was less than ½ of one standard deviation).

Data Analysis

Our hypothesis was that age 14 BD would influence the age at sexual initiation and the

degree of adult sexual risk-taking primarily through common genetic mechanisms for males

and common environmental mechanisms for females. To test this, we conducted

multivariate biometric decomposition using Mx software (Neale, 2006), which uses full

information maximum likelihood (FIML) estimation to estimate missing data (shown to be

superior over listwise, pairwise, or other maximum likelihood techniques; Enders &

Bandalos, 2001).

The conceptual model is diagrammed in Figure 1. Variables were entered to reflect the

hypothesized developmental chronology (age 14 BD entered first, then age at sexual

initiation, then age 24 risky sexual behavior); however, there were few cases (<6% of the

sample) that reported sex before age 14. Model fitting makes use of the facts that MZ pairs

share 100% of their DNA, DZ pairs share 50% of their DNA, and the assumption that

environmental similarity does not vary by zygosity. Additive genetic effects (A) refer to the

effect of all alleles added up over the course of the entire genome on twin similarity; A

effects are present if rMZ > rDZ. Shared environmental effects (C) refer to the

environmental causes of twin similarity; they are present if rDZ > 1/2rMZ. Nonshared

environmental effects (E) cause members of a twin pair to be different from each other and

also capture measurement error; E effects are present if rMZ < 1.0.
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As described in Figure 1, the total variance in, and covariance between variables are

decomposed into components attributed to genetic (all “a” paths, e.g., a11, a21), shared

environmental (all “c” paths, e.g., c11, c21), and nonshared environmental effects (all “e”

paths, e.g., e11, e21). The proportions of A, C, or E variance accounted for in age 24 risky

sexual behavior by age 14 BD and age at sexual initiation are calculated by standardizing the

path coefficients, squaring them, and dividing by the total ACE variance. For example, to

determine the proportion of additive genetic variance in risky sex explained by age 14 BD

and age at sexual initiation, the standardized a31 and a32 coefficients should be squared,

summed, and divided by the total additive genetic variance in risky sex [(a312 + a322)/(a312

+ a322 + a332)]. Paths are statistically significant if the 95% confidence interval (CI) does

not include zero.

Results

Preliminary Analyses

There were 117 (8.2%) participants who had not yet had sex (penetrative or oral) by the age

24 assessment (57 males, 60 females); for all analyses, we analyzed the data by excluding

those who had not had sex by the FU4 assessment and also by using FIML to estimate data

for those missing age at first sex (they were coded to the lowest categories for risky sex at

age 24). We found the same pattern of results whether they were excluded or included in the

analysis but were coded as missing on age at first sex using FIML. Therefore we reported

the FIML results (which utilized the whole sample) to optimize statistical power.

Table 1 provides the means, standard deviations, and correlations for study variables. In

general, age 14 BD, age at sexual initiation, and age 24 risky sex were significantly

correlated for both males and females, with one exception: the correlation between age of

sexual initiation and age 24 risky sex for females was not significant (r = .08, p = .06).

Moreover, the correlations for all pairwise combinations were significantly greater for males

than females (age 14 BD and age at first sex χ2 (1) = 11.90, p = .001; age of sexual initiation

and risky sex χ2 (1) = 15.38, p < .001; age 14 BD and age 24 risky sex χ2 (1) = 6.29, p = .

01). Additionally, males had higher mean scores on age 14 BD (χ2 (1) = 155.96, p < .001)

and age 24 risky sex (χ2 (1) = 46.20, p < .001), but not age at first sex (χ2 (1) = .85, p = .85).

Note, the average age at first sex for males was 17.66 years (SD = 2.59) and was 17.79 years

(SD = 2.46) for females, which follows national statistics for this age cohort (Chandra,

Martinez, Mosher, Jabma, & Jones, 2005).

Hypothesis Testing: Multivariate Biometric Results

Our main goal was to evaluate the genetic and environmental architecture of the

developmental progression of adolescent BD leading to early sexual initiation and

subsequent adult sexual risk-taking. We also evaluated gender differences with the

expectation that common genetic influences would be important for this developmental

progression for men, and that common environmental influences would predominate for

women. We ran multivariate biometric decomposition analyses separately for males and

females then tested for significant differences across gender utilizing multigroup modeling

with the chi-square difference test.
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The multivariate analysis also provides the ACE results for each of the three variables; these

results are presented in Table 2. Three important findings emerge from this analysis. First,

for both males and females, age 14 BD, age of sexual initiation, and risky sex at age 24 were

all moderately heritable, with heritabilities ranging from .29 to .50. Second, all the effects

for nonshared environmental influence were also significant (ranging from .23 to .70).

Third, for the two variables measured in adolescence (age 14 BD and age of sexual

initiation), significant shared environmental effects were found, with coefficients ranging

from .23 to .42. For age 24 risky sexual behavior, the effect of shared environment is

negligible, producing values of .01 and .05 for males and females. These results are in line

with expectation given other studies that show the effect of the shared environment for many

behavioral measures is stronger in adolescence than in adulthood.

For males (Figure 2), a key question was whether the additive genetic influence on BD was

shared with age at sexual initiation and age 24 risky sex. Inspection of paths a11, a21, and

a31 reveals they were. Squaring the standardized path coefficient and dividing by the total

A, C, or E influence (given in Table 2) gives the proportion of ACE variance explained. The

genetic influence of age 14 BD accounted for 22% of the variance in age at sexual initiation,

and 25% of the variance in age 24 risky sex. Age at sexual initiation accounted for an

additional 37% of the genetic variance in age 24 risky sex. Notably, the residual genetic

influence on age 24 risky sex was not significantly different from zero (path a33),

suggesting substantial common genetic influences among age 14 BD, age at sexual

initiation, and age 24 risky sex. Shared environmental influences were also evident in the

relationship between age 14 BD and age at sexual initiation (path c21, 77% of shared

environmental influences explained), but not in the relationship between age 14 BD and age

24 risky sexual behavior (path c31 was not significant). Notably, although 70% of the

variance in age 24 risky sex was attributable to the nonshared environment (see Table 2),

almost all of this nonshared effect (98%) was due to novel environmental influences present

only at age 24.

A different pattern of results was observed for females (see Figure 3). While genetic

influences on age 14 BD were common to age at sexual initiation, they were not common to

age 24 risky sex (see a11, a21, and a31 paths). Path a33 shows there was a large residual

genetic influence on age 24 risky sex; thus, the majority (99%) of the genetic influence on

age 24 risky sex was due to novel genetic influences present at only age 24. The same large

residual effect was found for nonshared environmental influences on age 24 risky sex (path

e33, a similar effect as was found in males). Unlike males, and as expected, there were

common shared environmental influences on age 14 BD, age at sexual initiation, and age 24

risky sex (see paths c11, c21, and c31). The shared environmental influence of age 14 BD

accounted for 48% of the variance in age at sexual debut and 82% of the variance in age 24

risky sex. Age at sexual initiation did not account for significant unique sources of genetic

influence on age 24 risky sexual behavior (as evident by the non-significant a32 path).

However, only 5% of the total variance in age 24 risky sex was explained by shared

environmental influences (see Table 2), suggesting a trivial influence of the shared

environment in the overall etiology of age 24 risky sex.
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We next tested for significant differences in these coefficients and proportions of ACE

variance accounted for across gender. As expected, age 14 BD and age at sexual debut

combined explained a substantial proportion of genetic variance in age 24 risky sex for

males (.61, 95% CI: .17, 1.0), but not females (.01; 95% CI: .00, .50), and this difference

was significant (χ2 (1) = 3.89, p = .049). On the other hand, there was no difference in the

proportion of shared environmental influence accounted for by age 14 BD and age at sexual

debut in age 24 risky sex across gender (χ2 (1) = .00, p = 1.0). For both males and females,

100% of the shared environmental influence on age 24 risky sex was explained by the

combination of age 14 BD and age at sexual debut; however, only 1–5% of the total

variance in age 24 risky sex was attributed to the shared environment (as shown in Table 2,

column 3). Therefore, explaining 100% of this influence is somewhat trivial. There was also

no significant difference in the proportion of nonshared environmental influence explained

in age 24 risky sex by age 14 BD and age at sexual initiation (about 1% explained for both

males and females, χ2 (1) = .23, p = .63).

To summarize, the hypotheses were partially supported; findings suggest a greater degree of

common genetic influence on the relationships between age 14 BD, age at sexual debut, and

adult risky sexual behavior for males compared to females. Results do not suggest

environmental mechanisms are more important in this developmental progression for

females compared to males.

Discussion

Following previous research (Cooper, et al., 2003; Donohew, et al., 2000; Harden, Mendle,

Hill, Turkheimer, & Emery, 2008; Huibregste, et al., 2011), and Iacono et al.’s (2008)

developmental model of BD, study findings suggest that general liability to BD present at

age 14 predisposes an individual to both an earlier age of sexual initiation and subsequent

adult sexual risk-taking, at least for males. The present report also indicates that the

relationships among BD, age at sexual initiation, and adult risky sexual behavior are

predominantly due to common genetic influences for males, but not females. While we

found significant shared environmental influence in these relationships for females, they

were not significantly different from males, and the magnitude of the effect was quite small.

Thus, hypotheses were only partially supported. In total, results suggest that early sex is not

the beginning of a causal chain that ends with subsequent sexual risk-taking behavior, but

rather is a part of a predisposition towards BD that is manifested as early as age 14,

particularly for males.

It seems likely that gender differences in the proportion of genetic variance explained is a

result of differences in the zero-order correlations among age 14 BD, age of sexual

initiation, and age 24 risky sexual-behavior for males versus females. Notably, the

correlation between age 14 BD and age of sexual initiation was significant and moderately

correlated for both males and females; however, the correlation between age of sexual

initiation and adult risky sexual behavior was not significantly different from zero for

females. We were surprised by this finding, as it suggests a developmental progression

between age 14 BD and age of sexual initiation (as hypothesized), but not one that continues

into adult sexual risk-taking behavior for females. It is possible that dispositional and
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behavioral traits other than BD are relevant to the developmental progression of sexual risk-

taking behaviors for females (e.g., negative emotionality, age of first committed romantic

relationship). Additionally, it may be that the hypothesized developmental progression of

age 14 BD leading to earlier age of sexual initiation and subsequent sexual risk-taking

behavior is more relevant for women earlier or later in their development rather than at age

24. Additional research is needed to investigate these hypotheses.

Study findings indicate that prevention and intervention efforts aimed at reducing risky

sexual behaviors may be more successful if they target individuals that are at most at risk

(i.e., those high in BD at age 14), rather than targeting early sex alone (e.g., abstinence only

programs). For example, Multisystemic therapy (MST; Henggeler, Schoenwald, Borduin,

Rowland, & Cunningham, 2009) is based on a social ecology framework (Brofenbrenner,

1979) and suggests interventions across multiple “systems,” including the individual, family,

and community levels are particularly important for adolescents that are most at risk for

externalizing problems. MST aims to foster a greater degree of parent-child and family

bonding, mitigate effects of affiliation with deviant peers, and increase engagement in

school and extra-curricular activities. In general, MST has been shown to be quite effective

in reducing juvenile recidivism and substance use (Curtis, Ronan, & Borduin, 2004;

Henggeler, 2011), even continuing into adulthood (e.g., up to 21 years later; Sawyer &

Borduin, 2011; Schaeffer & Borduin, 2005). Other systemic based interventions (e.g.,

Communities That Care; Hawkins, Oesterle, Brown, Monahan, Abbott, Arthur, et al., 2012)

have been shown to reduce BD in adolescence, as well, and may likely impact long term

sexual-risking taking and related externalizing behaviors.

It should be noted that while early age of sexual initiation has been linked to problem

behaviors such as early adolescent substance use (McGue & Iacono, 2005) and alcohol use

disorders (Bailey, Pollock, Martin, & Lynch, 1999; Kahn, Berger, Wells, & Cleland, 2012),

sexual initiation is indeed a normative part of human development (Tolman & McClelland,

2011). Benefits of sexual initiation include affirmation of love and commitment and

achieving a greater degree of intimacy with a committed romantic partner, which are

indicative of healthy development. For example, Harden & Mendle (2011) showed that for

older adolescents, while sexual activity in a non-committed relationship was associated with

a greater degree of delinquency, sexual activity that occurred in committed romantic

relationships was associated with a lower degree of delinquency.

There are limitations to this study. While our community sample was representative of the

region from which it was sampled (Holdcraft & Iacono, 2004; Iacono, et al., 1999),

participants were predominately of European ancestry. Studies are needed to determine if

the results will generalize to other populations (e.g., age at first sexual initiation varies

substantially across ethnicity; Cavazos-Rehg, et al., 2009). As expected in a community

sample, BD was less pronounced among females than males. Also, males who scored high

in BD at age 14 were less likely to participate at the age 24 assessment, perhaps reducing the

likelihood of our finding effects in males. However, we obtained strong results for the male

sample, suggesting that attrition effects were unlikely to play an important role in our

findings. Additionally, while not evaluated here, it may be that alternative mechanisms of

gene-environment interplay are important in the developmental progression of BD, age at
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first sex, and risky sex (e.g., gene-environment interaction). Finally, while our measure of

sexual risk behavior included multiple aspects (oral and penetrative sexual partners, sex

under the influence of drugs and alcohol), it may have been beneficial to have measured

more detailed sexual history (e.g., frequency of condom use, number of sexually transmitted

infections). Strengths of the study include the use of a large, genetically-informed twin

design, the use of prospective data through age 24, the inclusion of both genders, and the

evaluation of gender differences.

Conclusion

This study builds on previous research (Donahue et al., 2012; Huibregste, et al., 2011) and

theory (Iacono, et al., 2008) to show that genetic and environmental influences on BD help

explain the developmental progression of early age of sexual initiation and subsequent adult

sexual risk-taking behaviors, particularly for males. Considering the present study’s findings

along with research showing that abstinence only programs have generally failed to work

(Kirby, 2008; Manlove, Papillio, & Ikramullah, 2004; Santelli, Ott, Lyon, Rogers, Summers,

& Schleifer, 2006), it may be that allocating abstinence only funds to cover in addition MST

or other systemic interventions could be effective in reducing both risky sex and co-

occurring externalizing behaviors. Our results suggest that prevention efforts would be

optimized if sex education was coupled with systemic interventions aimed at reducing a

wide variety of externalizing behaviors, including early age of sexual initiation and risky

sexual behaviors.
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Key Points

1. Growing evidence suggests that early age of sexual initiation and subsequent

sexual risk-taking behaviors are linked as a result of a general liability to

behavioral disinhibition. Less research has evaluated for the developmental

etiology of these relationships, as well as potential gender differences in this

etiology.

2. The present study found evidence for substantial shared genetic variance among

age 14 BD, age of sexual initiation, and age 24 sexual risk-taking behaviors for

males, but not females.

3. Results suggest that early age of sexual initiation is not the beginning of a causal

chain that ends with subsequent sexual risk-taking behavior, but rather is a part

of a predisposition towards BD that is manifested as early as age 14, particularly

for males.

4. Taken together with previous research, study findings suggest that prevention

programs aimed at reducing sexual risk behavior might target youth exhibiting

BD by age 14, rather than focusing on abstinence alone. This strategy may

especially beneficial for males.
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Figure 1. Standard Multivariate Biometric Decomposition
BD = Behavior Disinhibition. This model represents the path diagram of the Cholesky

decomposition. Variance of each variable (BD at 14, age at sexual initiation, adult risky

sexual behavior) is decomposed into additive genetic effects (A1, A2, A3), shared

environmental effects (C1, C2, C3, shown in gray for clarity of presentation), and non-

shared environmental effects (E1, E2, E3). Path coefficients, represented by lowercase

letters follow by two numbers (e.g., c11, c21) must be squared to estimate the proportion of

variance accounted for. For example, a11, c11, and e11 are paths representing effects for BD

only; a21, c21, and e21 are effects on BD that also influence age at sexual initiation; a31,

c31, and e31 are effects of BD that also influence risky sexual behavior in adulthood.
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Figure 2. Standardized Coefficients from the Multivariate Biometric Decomposition: Males
BD = Behavior Disinhibition. The variance within and the covariance amongst study

variables are decomposed into genetic (A), shared environmental (C, shown in gray for

clarity of presentation) and nonshared environmental components (E). Ninety-five percent

confidence intervals (CIs) are also presented. Significant paths are indicated by CIs not

crossing zero and also by * p < .05. Paths are squared and summed to determine the

proportion of variance explained.
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Figure 3. Standardized Coefficients from the Multivariate Biometric Decomposition: Females
BD = Behavior Disinhibition. The variance within and the covariance amongst study

variables are decomposed into genetic (A), shared environmental (C, shown in gray for

clarity of presentation) and nonshared environmental components (E). Ninety-five percent

confidence intervals (CIs) are also presented. Significant paths are indicated by CIs not

crossing zero and also by * p < .05. Paths are squared and summed to determine the

proportion of variance explained.
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Table 2

Proportions of Genetic and Environmental Variance across Gender

Total Proportion of Variance

Age 14 BD Age at Sexual Initiation Age 24 Risky Sexual Behavior

Males

A .35 * (.21, .53) .36* (.14, .55) .29* (.11, .39)

C .42* (.24, .56) .23* (.06, .42) .01 (.00, .15)

E .23* (.20, .27) .42* (.36, .49) .70* (.61, .80)

Females

A .50* (.36, .65) .31* (.09, .54) .38* (.23, .50)

C .25* (.11, .38) .28* (.06, .47) .05 (.00, .14)

E .25* (.21, .29) .42* (.36, .48) .57* (.48, .67)

NOTE: BD = Behavioral Disinhibition, A = Additive Genetic Influence, C = Shared Environmental Influence, E = Nonshared Environmental
Influence. Standardized coefficients are presented, as well as 95% confidence intervals (in parentheses). Significance denoted by the 95%

confidence interval not bracketing zero and by * p < .05. No significant differences were found in ACE estimates across gender, all χ2 < 3.85 on 1
degree of freedom.
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