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Objective of the study and its significance:

Reproductive development and behavior comprise multiple related phenotypes, including pubertal timing,
sexual debut, and childbearing (Udry, 1979; Wachter & Bulatao, 2003). These processes are associated
with a range of important life outcomes, including educational attainment, wealth, and physical and
psychological health (Harden, 2014a; Kong et al., 2017; Santelli et al., 2017). Understanding individual
differences in reproductive development and behavior is a research goal that cuts across the social,
medical, biological, and evolutionary sciences.

Early sexual activity is associated with externalizing problems including delinquency and early substance
use (Zimmer-Gembeck & Helfand, 2008), risky sex (e.g., lower rates of contraceptive use; Manlove et al.,
2006), and early pregnancy (Heywood et al., 2015). Quantitative genetic research suggests that much of
the relation between early reproductive and risk-taking behavior can be attributed to shared genetic factors
and aspects of the family environment (Deutsch et al., 2014; Harden, 2014b; Harden et al., 2008;
Huibregtse et al., 2011). Molecular-genetic studies have produced consistent results. A recent genome-
wide association study (GWAS) uncovered genetic variants associated with age at first birth (AFB; Barban
et al., 2016) and observed significant genetic overlap between AFB and a range of associated traits,
including reproductive phenotypes (e.g., age at first sexual intercourse) and disinhibitory behaviors (e.qg.,
early-onset smoking). These findings suggest that the genetic variants associated with early childbearing
may also increase liability to generalized risk-taking behavior. We propose to address this question in the
present study.

A challenge in applying findings from GWASSs to developmental research is the very small effect sizes for
individual single-nucleotide polymorphisms. However, polygenic risk scores, which aggregate across risk
alleles, yield an index of genetic risk with a potentially larger effect size (Belsky & Israel, 2014; Plomin et
al., 2009). Prior analyses from our group (e.g., Belsky et al., 2013; Belsky et al., 2016; Wertz et al., 2018)
have demonstrated the utility of polygenic prediction methods for understanding the etiology of psychiatric
and behavioral outcomes of interest. We propose to test whether a polygenic score developed from a
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GWAS of age at first birth predicts individual differences in reproductive development and behavior and
disinhibitory risk-taking behavior across the life course. We will examine associations in both the Dunedin
and E-Risk cohorts.

This study has four primary aims:

Aim 1) To test whether a polygenic score for age at first birth predicts reproductive behavior.
To show that the polygenic score performs in our datasets as expected, we will first test whether it predicts
three important measures of reproductive behavior:

a) Age at first intercourse.

b) Age at first pregnancy.

c) Age at first birth.

Aim 2) To rule out the possibility that the polygenic score comprises genetic influences on reproductive
biology.
There are genetic contributions to reproductive viability (Barban et al., 2016; Harden, 2014a) and youth
who reach puberty at younger ages than their peers are at greater risk for early intercourse and pregnancy
(Baams et al., 2015; Udry, 1979). Therefore, it is possible that the polygenic score comprises genetic
influences on reproductive biology, which explain its associations with reproductive outcomes. To rule this
out, we will test whether the score predicts:

a) Pubertal timing.

b) Fecundity (independent of the effects of early sexual intercourse and risky sexual behavior).

Aim 3) To test whether the polygenic score is associated with disinhibitory risk-taking behavior across the
life course.
We will test whether the polygenic score predicts risky sexual behavior and poor sexual health outcomes,
using the following indicators:

a) Contraceptive use.

b) Number of sexual partners.

c) Intercourse while under the influence of alcohol or drugs (available only in E-Risk).

d) History of sexually transmitted infection.

We will test whether the polygenic score predicts additional measures of externalizing problems across the
life course, including:

a) Low childhood self-control.

b) Adult antisocial behavior.

c) Adult substance use disorder.

Aim 4) To test whether associations with the polygenic score are explained by contextual factors.
Low socioeconomic status is associated with early reproductive timing (Penman-Aguilar et al., 2013;
Wellings et al., 2016) and risk-taking behavior (Mason et al., 2010). In addition, early parenthood tends to
run in families (Meade et al., 2008; Sipsma et al., 2010). We therefore need to test whether any effects
obtained in Aims 1 -- 3 persist after we account for:

a) Socioeconomic background.

b) Family history of early childbearing (maternal age at first birth).

Statistical analyses:

Our predictor variable will be the polygenic score computed using summary statistics from the latest
GWAS of age at first birth (Barban et al., 2016). Because the majority of genetic associations within the
GWAS overlapped across men and women, we will use the polygenic score computed using the pooled
male-female sample. However, we will also conduct sensitivity analyses using the polygenic scores
computed within sex.

Aim 1) Does the polygenic score predict measures of reproductive behavior as it should?

Aim 2) Does the polygenic score comprise genetic influences on reproductive biology?

For Aims 1 and 2, we will use regression to test for associations between the polygenic score and
reproductive outcomes. The type of regression model used will depend on the scale of the outcome
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variable (e.g., ordinary least squares for continuous data, logistic models for binary data, Poisson or
negative-binomial models for count data, Cox/hazard models for time-to-event data).

Aim 3) Does the polygenic score predict disinhibitory risk-taking behavior?
For analyses of risky sexual behavior, we will create a composite measure (scale or factor score) using the
above-described indicators.

We will use regression to test whether the polygenic score is associated with risky sexual behavior and
other measures of externalizing behavior across the life course. The type of regression model used will
depend on the scale of the outcome variable.

Aim 4) Do effects persist after adjusting for family context?
We will re-run the models used in Aims 1 -- 3, adjusting for SES and maternal age at first birth.

Supplemental analyses.
*Although we would like to conduct all of these analyses, some may not be possible due to sample size
constraints.

Within the E-Risk cohort, we will:
a) Conduct within-twin-pair tests for associations between the polygenic score and reproductive and
externalizing outcomes (among dizygotic pairs).
b) Predict study members’ reproductive and externalizing outcomes from their mothers’ polygenic
scores for age at first birth.
c) Compute the heritability of and genetic correlations between reproductive outcomes.

Note.
Regression models within the E-Risk data will account for the non-independence of twin observations by
clustering standard errors at the family level.

Analyses in which men and women are combined will control for sex.

Described above are the primary, pre-planned analyses. Secondary analyses may be added as suggested
through internal review and will be identified as secondary in the manuscript.

Variables Needed at Which Ages (names and labels):

Study: E-Risk
Phase Variables ‘ Description
Identifiers
5 familyid Family number of twin pair
atwinid Twin A ID number
btwinid Twin B ID number
sampsex Sex of participant
zygosity Zygosity — current from October 2016
18 tageel8 Exact age at interview — Ph. 18
Contextual risk factors
Birth Sagelst Maternal age at first birth
5 Seswq35 SES
Reproductive history
18 Sex12a Age of menarche (female Q)
Sex2 Ever had intercourse
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Sex4

Age at first intercourse

Ever been pregnant (female Q) / sexual relationships

Sex13 resulted in pregnancy (male Q)
Number of past pregnancies (female Q) / number of times
Sex15 relationship resulted in pregnancy (male Q)
Parentel8 Study member is a parent
Sexual risk-taking and sexual health
18 Sex6 Number of lifetime sexual partners
Sex7 Frequency of contraception use
Sex8 Frequency of condom use
Sex11 Frequency of intercourse after alcohol/drug use
STD1la Ever diagnosed with Chlamydia
STD2a Ever diagnosed with HPV
STD3a Ever diagnosed with Gonorrhea
STD4a Ever diagnosed with genital herpes
STD5a Ever diagnosed with hepatitis
STD6a Ever diagnosed with other STD
Other risk-taking behavior
10 Lowsc510e Low self-control, ages 5-10
18 Anycrimel8 MoJ — any criminal offence (with updated records)

Cd1el8 -- cd44e18

Self-report delinquency/offending (computer interview)

Dxalcdepel8 DSM-1V alcohol dependence

Dxmarjel8 DSM-IV cannabis dependence

Dxdrugmel8 DSM-1V drug dependence (or methadone maintenance)
Smkdxftnde18 Fagerstrom diagnosis for nicotine dependence

Extcf e Externalizing psychopathology factor

Genetic data

PRS for age at first birth, original

PRS for age at first birth, clumped

PRS for age at first birth, residualized for PCAs from White ethnicity subset

PRS for age at first birth, residualized, standardized

Principal components 1-10

Random order for genetic data

PRS for mother’s age

at first birth

Not yet computed

Study: Dunedin

*Phase 38 variables will be updated to incorporate Phase 45 data as they become available.

Phase Variables Description
Identifiers
Birth Snum Participant ID number
Sex Participant sex
18 -- 38 Age Exact ages at interview
Contextual risk factors
Birth Mumfstbirth Maternal age at first birth
Sesav1l5 SES




Reproductive history
18 FstPeriod Age at menarche, in months
21 Virgin21 Ever had intercourse
FstSex21 Age at first intercourse
Agelstpreg Age at first pregnancy
Totpreg21 Total number of pregnancies
Kids1521 Total number of children, 15-21
Age at first birth
26 Kdwhen26 *We will select for births prior to age 21.
38 FstSexMinTemp Age at first intercourse, minimum of ph.21 & ph.38
FirstPregEstTemp Age at first pregnancy
TotPregEstTemp Total number of pregnancies, with LHC data
TotKidsLT38 Total number of children
Age_at_birthl Age at first birth, ph. 38 (with data from parenting study)
Sexual risk-taking and sexual health
21 Sexyr21 Number of past-year sexual partners
LiftimOSpartnrs21 Number of lifetime sexual partners
Condom21 Frequency of condom use
Rsksex21 Risky sex measure from Caspi et al., 1997
Dangsex Risky sex measure from Ramrakha et al., 2000
Hadstd21 Ever had an STD
Other risk-taking behavior
11 Lscuw31l Low self-control, ages 3-11
26 Tax_class C. Odgers antisocial behavior developmental taxonomy
38 Anyconv38 Any conviction up to 38
ChrAlc1838 Chronic alcohol dependence, 18-38
ChrMar1838 Chronic cannabis dependence, 18-38
ChrSub1838 Chronic substance dependence, 18-38
ChrMarDrg1838 Chronic cannabis or other drug dependence, 18-38
Ptot38 Lifetime cigarette consumption
Ext_cf Externalizing psychopathology factor
45 SRrisktake45 Self-reported risk-taking
Genetic data
PRS for age at first birth, original
PRS for age at first birth, clumped
PRS for age at first birth, residualized for PCAs from White ethnicity subset
PRS for age at first birth, residualized, standardized
Principal components 1-10
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