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Background: A recent genome‐wide association study identified molecular‐genetic associations with age‐at‐first‐
birth. However, the meaning of these genetic discoveries is unclear. Drawing on evidence linking early pregnancy with
disinhibitory behavior, we tested the hypothesis that genetic discoveries for age‐at‐first‐birth predict disinhibition.
Methods: We included participants with genotype data from the two‐decade‐long Environmental Risk (E‐Risk) Study
(N = 1,999) and the four‐decade‐long Dunedin Study (N = 918). We calculated a genome‐wide polygenic score for age‐
at‐first‐birth and tested whether it was associated with a range of disinhibitory outcomes across the life course,
including low childhood self‐control; risk for externalizing psychopathology; officially recorded criminal offending;
substance dependence; informant reports of disinhibitory problems; and number of lifetime sexual partners. We
further tested whether associations were attributable to accelerated pubertal maturation. Results: In both cohorts,
the age‐at‐first‐birth polygenic score predicted low childhood self‐control, externalizing psychopathology, officially
recorded criminal offending, substance dependence, and number of sexual partners. Associations were modest, but
robust across replication. Childhood disinhibition partly mediated associations between the polygenic score
and reproductive behaviors. In contrast, associations were not attributable to accelerated pubertal timing.
Conclusions: Genomic discoveries for age‐at‐first‐birth are about more than reproductive biology: They provide
insight into the disinhibitory traits and behaviors that accompany early parenthood. Age‐at‐first‐birth is a useful
proxy phenotype for researchers interested in disinhibition. Further, interventions that improve self‐regulation
abilities may benefit young parents and their children. Keywords: Reproductive behavior; self‐control; risk‐taking;
genetics; longitudinal.

Introduction
The birth of a first child is a salient life event, and
there is marked variation in whether and when
individuals meet this reproductive milestone. Until
recent decades, research largely considered socioen-
vironmental explanations for variation in age‐at‐first‐
birth and explanations of the changing prevalence of
early pregnancy depended primarily on sociocultural
factors (Balbo, Billari, & Mills, 2013). However, with
the advent of fertility control, attention has turned to
individual differences in early childbearing, shifting
the question from ‘how many individuals have
an early pregnancy?’ to ‘who has an early preg-
nancy?’ Some of these individual differences are
attributable to genetic differences between people.
Early childbearing is heritable (Harden, 2014),
and a genome‐wide association study (GWAS) of
251,151 individuals identified molecular‐genetic
associations with age‐at‐first‐birth (Barban et al.,

2016). What remains unclear is what these
molecular‐genetic discoveries mean. Do they capture
biological underpinnings of fertility? Or, do they
index psychological traits and behaviors that
accompany early parenthood? We tested the
hypothesis that genetic influences on age‐at‐first‐
birth – as measured by a polygenic score – predict
disinhibition.

We derived this hypothesis from five lines of
study. First, early pregnancy often results from
risky sexual behavior (Klein & Committee on Ado-
lescence, 2005). Second, young parents exhibit
other disinhibitory behaviors including antisocial
behavior and substance misuse (Coyne & D’Onofrio,
2012). Third, low self‐control predicts early child-
bearing (Moffitt et al., 2011). Fourth, molecular‐
genetic studies employing linkage disequilibrium
(LD) Score regression (Bulik‐Sullivan et al., 2015) –
which uses summary statistics from GWAS to
distinguish true genetic associations from con-
founding factors – have documented genetic corre-
lations between age‐at‐first‐birth and substance
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involvement (Barban et al., 2016; Liu et al., 2019;
Walters et al., 2018). Fifth, evolutionary theorists
posit that some forms of antisocial behavior repre-
sent variation in life‐history strategy, which implies
that genetic variants associated with antisocial
behavior should also be associated with accelerated
reproduction (Boutwell et al., 2015).

Following from these findings, we tested the
hypothesis that a polygenic score for age‐at‐first‐
birth would predict disinhibition. Polygenic scores
are derived from GWAS and aggregate millions of
variants across the genome into a score that
indexes an individual’s position on a continuum of
genetic liability to a trait (Dudbridge, 2013). Our
score was derived from the most recent GWAS of
age‐at‐first‐birth (Barban et al., 2016). We tested
the hypothesis that polygenic influences on age‐at‐
first‐birth predict disinhibition in two longitudinal
birth cohorts from two countries totaling nearly
3,000 participants. We linked genetic data to self‐
reports, informant reports, and official records of
disinhibitory problems. Our analysis extended prior
research in three ways. First, we tested whether
genetic overlap identified in LD Score regression
was also identifiable in polygenic prediction of
phenotypic outcomes. Second, we included a suite
of disinhibitory measures assessed using different
methods to test the robustness of associations.
Third, our approach studied how associations
between the age‐at‐first‐birth polygenic score and

disinhibitory problems emerged from childhood into
midlife.

We conducted a sequence of analyses to set up our
test of our primary hypothesis (Figure 1). First, to
establish a basis for using the molecular‐genetic
polygenic score, we verified that there were quanti-
tative‐genetic influences on reproductive behavior.
Second, we tested whether the polygenic score
predicted reproductive behaviors including inter-
course, pregnancy, and childbearing in our cohorts.
Third, we tested whether effects of the score on
reproductive behavior were correlated with two
familial risk factors for early parenthood: childhood
socioeconomic deprivation and early maternal
age‐at‐first‐birth. Fourth, we considered another
mechanism for effects of the polygenic score on
reproductive timing: that it reflects genetic influ-
ences on accelerated pubertal maturation. This
hypothesis stems from observations that pubertal
timing is heritable (Mendle, Turkheimer, & Emery,
2007), youth who reach puberty at younger ages
than peers are at greater risk for early pregnancy
(Baams, Dubas, Overbeek, & van Aken, 2015), and
age‐at‐first‐birth and age‐at‐menarche share com-
mon genetic underpinnings (Barban et al., 2016). We
tested this hypothesis by including female partici-
pants’ age‐at‐menarche as an indicator of pubertal
timing. Finally, we tested the primary hypothesis
that the polygenic score would predict disinhibi-
tion. In follow‐up analyses, we tested whether

Figure 1 Testing hypotheses about the meaning of a polygenic score for age‐at‐first‐birth. Figure depicts the conceptual framework that
guided our sequence of analyses
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associations between the score and reproductive
behavior were mediated by disinhibition.

Methods
A more detailed description of the study design, measurement,
and statistical analysis is included in Appendix S1.

Samples

E‐Risk cohort. Participants in the first cohort were mem-
bers of the Environmental Risk (E‐Risk) Longitudinal Twin
Study, which tracks the development of 2,232 British children
born in 1994–1995 in England and Wales (Moffitt & E‐Risk
Study Team, 2002). The Joint South London and Maudsley
and the Institute of Psychiatry Research Ethics Committee
approved each study phase. Parents gave informed consent,
and twins gave assent between ages 5 and 12 and informed
consent at age 18.

Dunedin cohort. Participants in the second cohort were
members of the Dunedin Multidisciplinary Health and Devel-
opment Study, which tracks the development of 1,037 indi-
viduals born in 1972–1973 in Dunedin, New Zealand (Poulton,
Moffitt, & Silva, 2015). The Otago Ethics Committee approved
each phase of the study, and informed consent was obtained
from all study members.

Genotyping and imputation

We used Illumina Omni Express 24 BeadChip arrays (version
1.1; Illumina, Hayward, CA) in the E‐Risk cohort and Illumina
HumanOmni Express 12 BeadChip arrays (version 1.1; Illu-
mina, Hayward, CA) in the Dunedin cohort to assay common
single‐nucleotide polymorphism (SNP) variation in the gen-
omes of cohort members. We imputed additional SNPs using
the IMPUTE2 software (version 2.3.1; Howie, Donnelly, &
Marchini, 2009) and the 1,000 Genomes Phase‐3 reference
panel (Abecasis et al., 2012). Imputation was conducted on
autosomal SNPs appearing in dbSNP (version 140; Sherry
et al., 2001) that were ‘called’ in more than 98% of the samples.
Invariant SNPs and SNPs with low minor allele frequency (<1%)
were excluded. Prephasing and imputation were conducted
using a 50‐million‐base‐pair sliding window. The resulting
genotype databases included genotyped SNPs and SNPs
imputed with 90% probability of a specific genotype among
the European‐descent members (90%) of the E‐Risk cohort
(N = 1,999 participants in 1,011 families) and the non‐Maori
members (93%) of the Dunedin cohort (N = 918). We analyzed
SNPs in Hardy–Weinberg equilibrium (p > .01).

Polygenic scoring

Polygenic scoring was conducted following the method
described by Dudbridge (2013) using PRSice (Euesden, Lewis,
& O’Reilly, 2015). SNPs reported in the most recent GWAS
results released by the Social Science Genetic Association
Consortium (Barban et al., 2016) were matched with SNPs in
the E‐Risk and Dunedin databases. For each SNP, the count of
age‐at‐first‐birth‐associated alleles was weighted according to
the effect estimated in the GWAS. Weighted counts were
summed across SNPs to compute polygenic scores. We used
all matched SNPs to compute polygenic scores irrespective of
nominal significance for their association with age‐at‐first‐
birth. SNPs were not clumped or pruned for LD prior to
analysis. (Polygenic‐score associations computed using

different p‐value thresholds and clumping are reported in
Appendix S2.) Because the majority of associated variants in
the GWAS overlapped across men and women, we used the
polygenic score computed from the effects for the pooled male–
female sample. The cross‐sex and sex‐specific scores showed a
similar pattern of associations (Table S1).

Analyses were limited to European‐descent members of the
E‐Risk cohort and non‐Maori members of the Dunedin cohort.
To control for possible residual population stratification, we
conducted a principal components analysis of our genome‐
wide SNP database using PLINK (version 1.9; Chang et al.,
2015). Analyses were conducted separately in the E‐Risk and
Dunedin databases. In the E‐Risk database, one twin was
selected at random from each family for principal components
analysis. SNP loadings for principal components were applied
to co‐twin genetic data to compute principal component values
for the full sample. Within each database, we residualized
polygenic scores for the first 10 principal components esti-
mated from the genome‐wide SNP data. The residualized score
was normally distributed. We standardized residuals (M = 0,
SD = 1) for analysis. We reverse‐coded the score; higher
numbers indicate a lower polygenic score (greater genetic risk
for early age‐at‐first‐birth).

Measures

Reproductive behaviors. Sexual intercourse, preg-
nancy, and childbirth were assessed at age 18 in the E‐Risk
cohort and through age 38 in the Dunedin cohort. Reproduc-
tive behaviors were coded as binary variables to reflect whether
participants had met each reproductive milestone by age 18 or
younger.

Disinhibitory behaviors (Figure 2; Appendix S1). We
measured childhood self‐control between ages 5–10 in the
E‐Risk cohort and ages 3–11 in the Dunedin cohort, using a
multi‐occasion/multi‐informant strategy. The variable was
standardized (M = 0, SD = 1).

Confirmatory factor analysis was used to derive a factor
score (M = 0, SD = 1) indicating participants’ general risk for
externalizing psychopathology at age 18 in the E‐Risk cohort
and between ages 18–38 in the Dunedin cohort.

Official records of participants’ criminal offending were
obtained between ages 10–22 in the E‐Risk cohort and ages
14–38 in the Dunedin cohort. Criminal offending was coded as
a binary variable to reflect whether participants had a record of
an offense.

We measured past‐year DSM‐IV and FTND‐based diagnoses
of substance dependence at age 18 in the E‐Risk cohort and
age 38 in the Dunedin cohort.

We collected informant reports of participants’ disinhibitory
problems at age 18 in the E‐Risk cohort and age 38 in the
Dunedin cohort. Scores were standardized across informants
(M = 0, SD = 1).

In secondary analyses suggested through peer review, we
measured number of lifetime sexual partners at age 18 in the
E‐Risk cohort and age 38 in the Dunedin cohort.

Family‐context correlates of polygenic risk. In both
cohorts, we measured two features of participants’ family
contexts that might be correlated with effects of the polygenic
score on reproductive outcomes: childhood socioeconomic
deprivation (standardized to M = 0, SD = 1) and early maternal
age‐at‐first‐birth.

Age‐at‐menarche. We tested whether effects of the poly-
genic score on reproductive behavior were attributable to
genetic influences on pubertal timing, measured as female
participants’ age‐at‐menarche. We did not have a comparable
variable for males.
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Statistical analyses

We used a univariate liability threshold model to estimate
genetic, shared environmental, and nonshared environmental
influences on reproductive behavior in the E‐Risk cohort.

We used Poisson regression models with relative risks (RRs)
to test whether the polygenic score predicted reproductive
behavior and assess whether childhood socioeconomic depri-
vation and early maternal age‐at‐first‐birth were correlated
with these effects.

We used linear regression to test whether the polygenic score
operates through genetic influences on pubertal timing. We
tested whether the score predicted female participants’ age‐at‐
menarche.

We used regression to test our hypothesis that the polygenic
score comprises genetic influences on disinhibitory behavior.
We analyzed continuously distributed outcomes using ordi-
nary least squares. We analyzed binary outcomes using
Poisson regression models with RRs. We analyzed count
outcomes using negative binomial regression models with
incidence rate ratios (IRRs). We used mediation analysis to
test whether polygenic‐score associations with reproductive
behavior were mediated by disinhibition.

In the E‐Risk cohort, we corrected regression and mediation
analyses for the nonindependence of twin observations by
clustering standard errors at the family level. In the mediation
analyses, 95% confidence intervals were obtained from 500
bootstrap replications. Analyses in which men and women
were combined were adjusted for sex. Analyses in which E‐Risk
and Dunedin participants were combined were adjusted for
cohort/study. Analyses were conducted using SAS v9.4 (SAS
Institute Inc., Cary, NC) and Mplus v7 (Muthén & Muthén,
1998–2015).

Results
Are genetic influences on reproductive behavior
apparent in the E‐Risk cohort?

We first used the E‐Risk cohort to replicate prior
findings of quantitative‐genetic influences on repro-
ductive behavior, to establish that there was a basis
to proceed with testing for an association between
the molecular‐genetic polygenic score and repro-
ductive outcomes. A liability threshold model

indicated that 64% of the variance in adolescent
sexual intercourse was attributable to genetic fac-
tors (95% CI = 34–93), 20% was attributable to
shared environmental factors (95% CI = 0–48), and
16% was attributable to unique environmental
factors and measurement error (95% CI = 10–23).
(Shared environmental influences could be con-
strained to zero without a significant decrement in
model fit (χ2 = 2.03, df = 1, p = .154.) These esti-
mates are within the range of those reported in
prior studies (see Harden, 2014). Due to the small
number of E‐Risk participants who reported having
a pregnancy or child at age 18 or younger, we did
not fit biometric models for these outcomes. How-
ever, previous research has established that preg-
nancy and childbearing are under genetic influence
(Harden, 2014).

Do young people’s polygenic scores predict their
reproductive behaviors?

We next tested whether the polygenic score predicted
three reproductive behaviors: sexual intercourse,
pregnancy, and childbirth. Given the low prevalences
of early pregnancy and childbearing, we pooled par-
ticipants across cohorts. Participants with lower
polygenic scores were more likely to have intercourse
and become pregnant by age 18: A standard‐deviation
decrease in the score was associated with a 6%
increase in the likelihood of having intercourse
(RR = 1.06, 95% CI = 1.04–1.09) and a 25% increase
in the likelihood of becoming pregnant (RR = 1.25,
95% CI = 1.12–1.41; Table 1). The association with
participants’ age‐at‐first‐birth was not statistically
significant, likely due to the relatively small number
of individuals who became parents by age 18 (n = 76;
RR = 1.25, 95% CI = 0.99–1.59; Table 1). However,
the association was in the expected direction and
consistent in magnitude with what is reported in the
literature (Table S2; Figure S1).

Figure 2 Observation periods for disinhibitory behaviors analyzed in the E‐Risk and Dunedin cohorts
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Are the effects of individuals’ polygenic scores on
their reproductive behaviors correlated with their
family backgrounds?

In the pooled E‐Risk and Dunedin cohorts, we next
tested whether the effects of participants’ polygenic
scores on their reproductive behaviors were corre-
lated with two features of their family backgrounds:
socioeconomic deprivation and a family history of
early childbearing (early maternal age‐at‐first‐birth).
We selected these measures because they are estab-
lished risk factors for early reproductive behavior.

Participants who grew up in more socioeconomi-
cally deprived homes and had mothers with earlier
ages‐at‐first‐birth were at increased risk for early
reproductive behavior (Table 2). We also observed an
association between participants’ polygenic scores
and these features of their family backgrounds:
Participants with lower polygenic scores were more
likely to have grown up in socioeconomically
deprived households (β = .18, 95% CI = .14–.22)
and have mothers who gave birth to their first
child at an early age (β = .15, 95% CI = .10–.19).
After adjusting for these measures of family con-
text, associations between the polygenic score
and reproductive behaviors were attenuated (inter-
course: RR = 1.04, 95% CI = 1.02–1.07; pregnancy:
RR = 1.12, 95% CI = 1.00–1.26; childbirth: RR = 1.05,
95% CI = 0.83–1.33; Table 1).

Sibling‐difference analysis is another way to adjust
for familial influences on associations between the
polygenic score and reproductive behavior. Sibling‐
difference analysis controls for influences on repro-
ductive behavior shared by siblings reared in the
same household. We conducted a sibling‐difference
analysis in the E‐Risk cohort, using mixed‐effects
models that parsed polygenic‐score effects into
within‐sibling‐pair and between‐sibling‐pair effects.
Because MZ twins are genetically identical, the
analysis was limited to DZ twins (correlation of DZ
twins’ polygenic scores: r = .54, p < .001). Consis-
tent with the attenuated associations following
covariate adjustment, polygenic‐score associations
with reproductive behavior within DZ pairs were also
attenuated (Table S3). These findings indicate a
gene–environment correlation: Children inherit
genes that increase risk for early childbearing, and
these genes are correlated with social environments
that also increase risk for early childbearing.

Are the effects of individuals’ polygenic scores on
their reproductive behaviors explained by
accelerated puberty?

Individuals with lower polygenic scores for age‐at‐
first‐birth may exhibit earlier reproductive behaviors
in part because they are at greater genetic risk
for accelerated maturation (Baams et al., 2015).
We tested this possibility in the pooled E‐Risk
and Dunedin cohorts, using female participants’ T
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age‐at‐menarche as an indicator of pubertal timing.
Women with lower polygenic scores were not more
likely to start menstruating at an early age. This was
the case both in a linear regression model (β = −.05,
95% CI = −.10–.01) and in a proportional
hazards regression model (hazard ratio = 1.03,
95% CI = 0.98–1.09).1 Further, associations between
the polygenic score and reproductive behaviors were
unchanged when age‐at‐menarche was included in
the model (Table S4). We therefore turned our
attention to the hypothesis that the polygenic‐score
associations with reproductive behavior reflect
genetic influences on disinhibitory behavior.

Do individuals’ polygenic scores predict their
disinhibitory behaviors through adolescence?

In the E‐Risk cohort, we tested our hypothesis that
the age‐at‐first‐birth polygenic score predicts disin-
hibition. Results supported this hypothesis: Primary
analyses indicated that participants with lower
scores were at increased risk for a series of disin-
hibitory behaviors across their early lives. In child-
hood, they had poorer self‐control (β = .07,
95% CI = .02–.12). In adolescence, they were at
greater risk for externalizing psychopathology
(β = .08, 95% CI = .03–.13), were more likely to have
a criminal record (RR = 1.16, 95% CI = 1.01–1.33),
and had higher rates of substance dependence
(RR = 1.14, 95% CI = 1.04–1.24). These associa-
tions were verified by people whom study members
had nominated as informants who knew them well.
Individuals with lower polygenic scores were rated by
informants as having more disinhibitory problems
(β = .07, 95% CI = .02–.12; Table 3).2 Secondary
analyses indicated that participants with lower
polygenic scores had more lifetime sexual partners
(IRR = 1.12, 95% CI = 1.06–1.18).

Do individuals’ polygenic scores predict their
disinhibitory behaviors into midlife?

We replicated our test of the hypothesis in the
Dunedin cohort, using the same disinhibitory out-
comes measured into middle adulthood. Consistent

with findings in the E‐Risk cohort, primary analyses
showed that Dunedin participants with lower poly-
genic scores were at increased risk for a series of
disinhibitory behaviors. They had poorer childhood
self‐control (β = .12, 95% CI = .06–.18), were at ele-
vated risk for externalizing psychopathology between
ages 18 and 38 (β = .08, 95% CI = .02–.14), were
more likely to have been convicted of a crime by age
38 (RR = 1.18, 95% CI = 1.04–1.34), and had higher
rates of substance dependence at age 38 (RR = 1.19,
95% CI = 1.02–1.38). The only exception to our
replication of primary analyses was that Dunedin
participants’ polygenic scores were not associated
with informants’ ratings of their disinhibitory prob-
lems (β = .02, 95% CI = −.04–.09; Table 3).2 Consis-
tent with findings in the E‐Risk cohort, secondary
analyses showed that participants with lower poly-
genic scores had more lifetime sexual partners
(IRR = 1.07, 95% CI = 1.01–1.14).

Are the effects of individuals’ polygenic scores on
their reproductive behaviors mediated by
disinhibition?

In both cohorts, there was support for our hypoth-
esis that the age‐at‐first‐birth polygenic score
captures disinhibition. In the pooled E‐Risk and
Dunedin cohorts, we further tested whether disinhi-
bition mediated the effects of the score on reproduc-
tive behaviors, using our measure of childhood
self‐control. As noted above, participants with
lower polygenic scores had lower self‐control.
Further, participants with lower self‐control were
more likely to have intercourse (RR = 1.08, 95%
CI = 1.05–1.10), become pregnant (RR = 1.48,
95% CI = 1.33–1.64), and become parents at an
early age (RR = 1.51, 95% CI = 1.27–1.79). Low
childhood self‐control was a statistically significant
mediator of all genetic associations with reproduc-
tive behaviors. It explained 11%, 16%, and 25% of
the associations with intercourse, pregnancy, and
childbirth, respectively (Table S5). The estimate for
childbirth should be interpreted with caution, how-
ever, as the total effect for the model was not
statistically significant.

Table 2 Risk ratios for associations between measures of family background and reproductive behaviors

Outcomea

Pooled E‐Risk and Dunedin cohorts (N = 2,917)

Nb Socioeconomic deprivation p‐Value Early maternal age‐at‐first‐birth p‐Value

Intercourse 2,732|2,724 1.07 [1.04–1.10] <.001 1.03 [1.02–1.03] <.001
Pregnancy 2,730|2,721 1.61 [1.42–1.84] <.001 1.15 [1.11–1.19] <.001
Birth 2,733|2,724 2.31 [1.73–3.10] <.001 1.19 [1.11–1.28] <.001

The polygenic score was associated with childhood socioeconomic deprivation (β = .18, 95% CI = .14–.22, p < .001) and maternal
age‐at‐first‐birth (β = .15, 95% CI = .10–.19, p < .001). Models controlled for sex and cohort/study. Brackets indicate 95%
confidence intervals.
aBinary variables, coded to reflect whether participants had met each reproductive milestone by age 18 or younger.
bNs indicate the number of participants with data for both the reproductive outcome and childhood socioeconomic deprivation
(before the line) and maternal age‐at‐first‐birth (after the line).

© 2020 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.
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Discussion
In two prospective birth cohorts from two countries,

we tested the hypothesis that a polygenic score for

age‐at‐first‐birth would predict disinhibition. In both

cohorts, participants with lower polygenic scores

had poorer childhood self‐control, were at elevated

risk for externalizing psychopathology, were more

likely to have a criminal record, had higher rates of

substance dependence, and had more lifetime sexual

partners. (Polygenic‐score associations with infor-

mant reports of disinhibitory problems did not

replicate across cohorts, possibly due to differences

in assessment age or informant type.) Childhood

disinhibitory problems preceded the onset of sexual

activity, which helped rule out the possibility of

reverse causation (that early pregnancy led to disin-

hibitory behavior). Further, childhood disinhibition

partly mediated associations between the polygenic

score and reproductive outcomes. In contrast, the

score was not linked to accelerated puberty. These

results suggest that genetic discoveries for age‐at‐
first‐birth are about more than reproductive biology.

They are also about the psychological traits and

behaviors that accompany early parenthood.
Four design features bolster the substance of these

findings. First, we replicated analyses across two

population‐representative cohorts that collectively

spanned developmental periods from childhood to

midlife. Second, we replicated analyses in twins and

singletons, helping to allay concerns about general-

izability of findings from twins. Third, both cohorts

have high retention rates (E‐Risk = 93%,

Dunedin = 95%), reducing potential for bias when

analyzing behaviors that predict attrition, such as

offending. Fourth, associations were present across

different disinhibitory behaviors assessed using dif-

ferent methods.
We acknowledge limitations. First, findings cannot

be generalized to individuals of non‐European ances-
try. Second, follow‐up of disinhibitory behaviors was
right‐censored at midlife. Third, associations may
have differed before the availability of birth control.
Fourth, our analysis centered on disinhibitory out-
comes, and the polygenic score might predict psy-
chopathology more broadly. However, the score did
not predict neuroticism (Appendix S3). Fifth, find-
ings concerning pubertal maturation are limited to
females, as we did not have a comparable measure in
males. Sixth, although we did not observe a statis-
tically‐significant association between the polygenic
score and age‐at‐menarche, other studies have (Gay-
dosh, Belsky, Domingue, Boardman, & Harris,
2018), and studies have shown genetic correlations
between age‐at‐first‐birth and age‐at‐menarche (Bar-
ban et al., 2016; Liu et al., 2019). Finally, effect sizes
for polygenic‐score associations were very modest
(Tables 1 and 3).

With limitations in mind, several implications can
be noted. First, our findings align with prior reports

showing that genetic discoveries for social and
behavioral phenotypes (e.g., educational attainment)
predict outcomes beyond the target phenotype (Bel-
sky et al., 2016; Wertz et al., 2018). This highlights
the ubiquity of pleiotropy and indicates an opportu-
nity to delve deeper into the meaning of pleiotropic
effects. What biological, psychological, and behav-
ioral characteristics connect genomic discoveries
with different outcomes? Future research should
aim to clarify the mechanisms underlying pleiotropic
associations. Our results also point to the utility of
proxy phenotyping. Previous studies have shown
that easy‐to‐measure phenotypes (e.g., education)
can be used to help identify the genetic architecture
of traits that are more difficult to assess (e.g.,
cognitive ability; Rietveld et al., 2014). Our study
suggests this principle may apply more broadly. Age‐
at‐first‐birth may be a useful proxy phenotype for
researchers interested in disinhibition. Multivariate
genomic methods such as Genomic Structural Equa-
tion Modeling (Grotzinger et al., 2019) offer the
opportunity to explore the genetic variation that
connects and differentiates these traits. Such work
can help characterize the nomological net in which
the genetics of reproductive behavior are embedded.
It can also foster interdisciplinary collaboration:
Interest in reproductive and disinhibitory behavior
unites the social and behavioral sciences.

Second, polygenic‐score associations with repro-
ductive behaviors were attenuated after accounting
for features of participants’ family backgrounds,
including their social‐class origins. This joins a
growing body of findings (e.g., Belsky et al., 2019;
Krapohl & Plomin, 2016) showing that genetics
discovered in GWAS of social science outcomes are
correlated with socioeconomic and other environ-
mental measures. Such gene–environment correla-
tions are important for two reasons. First, they
indicate that there exist challenges to establishing
causality with genetic data, just as there exist
challenges to establishing causality with phenotypic
data. Second, they indicate opportunities for
researchers who incorporate environmental mea-
sures into genetic designs. These include improving
inferences about the magnitude of direct genetic
effects, identifying mechanisms of gene–environment
interplay, and testing how genetic effects may oper-
ate through environments [e.g., via social‐genetic
processes (Kong et al., 2018; Wertz et al., 2019)].

Third, beyond cranking the sample‐size handle,
genetics researchers should attend to who is repre-
sented in genetic discovery samples. For researchers
interested in using polygenic scores to conduct
cross‐phenotype prediction, this question is partic-
ularly relevant. For instance, GWAS of age‐at‐first‐
birth may experience selective nonparticipation by
individuals who exhibit the most disinhibitory prob-
lems: teen parents. Indeed, the mean age‐at‐first‐
birth among participants in the GWAS from which
we derived our polygenic score (Barban et al., 2016)

© 2020 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.
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was 26.8 years, which is beyond the period of peak
prevalence for disinhibitory behavior. It is notable
that despite this under‐representation of young
parents – which should bias the GWAS signal away
from disinhibition – we still observed a stronger
association between the polygenic score and disin-
hibition relative to pubertal timing. Much emphasis
has been placed on the importance of increasing
GWAS sample sizes. The predictive power of poly-
genic scores for proxy phenotypes such as age‐at‐
first‐birth may also be increased by maximizing
representation of populations who best capture the
phenotype of interest.

Finally, these results build on prior literature (e.g.,
Hoffman & Maynard, 2008) showing that young
parents and their children carry a unique set of
vulnerabilities. Our findings do not suggest that
genes determine reproductive and disinhibitory out-
comes. These behaviors are also influenced by the
social environment. Further, age‐at‐first‐birth poly-
genic scores are currently far from sensitive or
specific enough to forecast behaviors with any rea-
sonable degree of precision. However, efforts to
support young parents can be strengthened by
taking into account the social and genetic context
in which early childbearing occurs. The demands of
child‐rearing may pose a particular challenge to
individuals at elevated risk for emotional and behav-
ioral dysregulation. Alongside established interven-
tions for young parents (e.g., nurse home‐visiting
programs; Hodgkinson, Beers, Southammakosane,
& Lewin, 2014), interventions to improve self‐control
and reduce antisocial behavior and substance mis-
use (Pandey et al., 2018; Piquero, Jennings, Far-
rington, Diamond, & Gonzalez, 2016; Stockings
et al., 2016) may reduce liability to mental‐health
difficulties. Further, genetic risk for disinhibitory
problems manifests early in life: We observed poly-
genic‐score associations with self‐control in child-
hood. Improving children’s self‐regulation abilities
and monitoring vulnerable youth for disinhibitory
problems might mitigate risk for early childbearing.

Conclusion
This study aimed to clarify the meaning of new
molecular‐genetic discoveries for reproductive
behavior. A polygenic score for age‐at‐first‐birth
predicts an array of disinhibitory problems, which
are evident in childhood and persist into midlife.
This novel finding extends prior research in the
health and behavioral sciences, by showing how
discoveries about the genetics of reproductive behav-
ior (a) provide insights about constructs (such as
self‐regulation) that are of interest to child psychol-
ogists and psychiatrists, (b) shed light on intra‐ and
intergenerational developmental processes, and (c)
need to be interpreted with caution in relation to the
contexts in which they are observed.

Supporting information
Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Appendix S1. Supplementary methods.

Appendix S2. Associations between the age‐at‐first‐
birth polygenic score and two disinhibitory outcomes in
the Dunedin cohort, using (a) clumping to account for
linkage disequilibrium and (b) different p‐value thresh-
olds for SNP inclusion.

Appendix S3. Associations between the age‐at‐first‐
birth polygenic score and informant‐reported Neuroti-
cism.

Table S1. Comparison of cross‐sex and sex‐specific
polygenic scores for age‐at‐first‐birth.
Table S2. Results from survival models testing poly-
genic‐score associations with continuously‐coded
reproductive outcomes.

Table S3. DZ twin‐difference analysis of polygenic‐score
associations in the E‐Risk cohort.

Table S4. Associations between the age‐at‐first‐birth
polygenic score and reproductive and disinhibitory behav-
iors among women, controlling for age‐at‐menarche.

Table S5. Does childhood disinhibition mediate asso-
ciations between the polygenic score and reproductive
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Figure S1. Polygenic prediction effect sizes for the age‐
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Key points

� A recent genome‐wide association study identified molecular‐genetic associations with age‐at‐first‐birth.
However, it is unclear whether these genetic discoveries capture biological underpinnings of fertility, or
rather, traits and behaviors that accompany early parenthood. We tested the hypothesis that genetic
influences on age‐at‐first‐birth predict disinhibition.

� In the longitudinal Dunedin and E‐Risk studies, a genome‐wide polygenic score for age‐at‐first‐birth
predicted low childhood self‐control, externalizing psychopathology, officially recorded criminal offending,
substance dependence, and number of sexual partners.

� Childhood disinhibition partly mediated associations between the polygenic score and reproductive
behaviors.

� Associations were not attributable to accelerated pubertal maturation.
� Age‐at‐first‐birth is a useful proxy phenotype for researchers studying the genetic architecture of

disinhibition. Further, interventions that improve self‐regulation abilities may benefit young parents and
their children.

Notes

1. We also tested associations between the polygenic
score and age‐at‐menarche within each cohort.
Associations were not statistically significant (E‐
Risk: β = −.06, 95% CI = −.13–.01; Dunedin:
β = −.02, 95% CI = −.11–.08).
2. Among women, associations between the polygenic
score and disinhibitory behaviors were unchanged
when age‐at‐menarche was included in the model,
providing further evidence that the score did not
operate through accelerated puberty (Table S4).

References
Abecasis, G.R., Auton, A., Brooks, L.D., DePristo, M.A.,

Durbin, R.M., Handsaker, R.E., … & McVean, G.A. (2012).
An integrated map of genetic variation from 1,092 human
genomes. Nature, 491, 56–65.

Baams, L., Dubas, J.S., Overbeek, G., & van Aken, M.A.G.
(2015). Transitions in body and behavior: A meta‐analytic
study on the relationship between pubertal development and
adolescent sexual behavior. Journal of Adolescent Health,
56, 586–598.

Balbo, N., Billari, F.C., & Mills, M. (2013). Fertility in advanced
societies: a review. European Journal of Population, 29, 1–38.

Barban, N., Jansen, R., de Vlaming, R., Vaez, A., Mandemak-
ers, J.J., Tropf, F.C., … & Mills, M.C. (2016). Genome‐wide
analysis identifies 12 loci influencing human reproductive
behavior. Nature Genetics, 49, 1462–1475.

Belsky, D.W., Caspi, A., Arseneault, L., Corcoran, D.L.,
Domingue, B.W., Harris, K.M., … & Odgers, C.L. (2019).
Genetics and the geography of health, behaviour and
attainment. Nature Human Behaviour, 3, 576–586.

Belsky, D.W., Moffitt, T.E., Corcoran, D.L., Domingue, B.,
Harrington, H., Hogan, S., … & Caspi, A. (2016). The
genetics of success: How single‐nucleotide polymorphisms
associated with educational attainment relate to lifecourse
development. Psychological Science, 27, 957–972.

Boutwell, B.B., Barnes, J.C., Beaver, K.M., Haynes, R.D.,
Nedelec, J.L., & Gibson, C.L. (2015). A unified crime theory:
The evolutionary taxonomy. Aggression and Violent Behav-
ior, 25, 343–353.

Bulik‐Sullivan, B.K., Loh, P.‐R., Finucane, H.K., Ripke, S.,
Yang, J., … & Neale, B.M. (2015). LD Score regression

distinguishes confounding from polygenicity in genome‐wide
association studies. Nature Genetics, 47, 291–295.

Chang, C.C., Chow, C.C., Tellier, L.C., Vattikuti, S., Purcell,
S.M., & Lee, J.J. (2015). Second‐generation PLINK: Rising to
the challenge of larger and richer datasets. GigaScience, 4,
Article 7.

Coyne, C.A., & D’Onofrio, B.M. (2012). Some (but not much)
progress toward understanding teenage childbearing: a
review of research from the past decade. Advances in Child
Development and Behavior, 42, 113–152.

Dudbridge, F. (2013). Power and predictive accuracy of poly-
genic risk scores. PLOS Genetics, 9, e1003348.

Euesden, J., Lewis, C.M., & O’Reilly, P.F. (2015). PRSice:
Polygenic Risk Score software. Bioinformatics, 31, 1466–
1468.

Gaydosh, L., Belsky, D.W., Domingue, B.W., Boardman, J.D.,
& Harris, K.M. (2018). Father absence and accelerated
reproductive development in non‐Hispanic White women in
the United States. Demography, 55, 1245–1267.

Grotzinger, A.D., Rhemtulla, M., de Vlaming, R., Ritchie, S.J.,
Mallard, T.T., Hill, W.D., … & Tucker‐Drob, E.M. (2019).
Genomic structural equation modelling provides insights
into the multivariate genetic architecture of complex traits.
Nature Human Behaviour, 3, 513–525.

Harden, K.P. (2014). Genetic influences on adolescent sexual
behavior: Why genes matter for environmentally‐oriented
researchers. Psychological Bulletin, 140, 434–465.

Hodgkinson, S., Beers, L., Southammakosane, C., & Lewin, A.
(2014). Addressing the mental health needs of pregnant and
parenting adolescents. Pediatrics, 133, 114–122.

Hoffman, S.D., & Maynard, R.A. (2008). Kids having kids:
Economic costs & social consequences of teen pregnancy
(2nd ed.). Washington: The Urban Institute Press.

Howie, B.N., Donnelly, P., & Marchini, J. (2009). A flexible and
accurate genotype imputation method for the next genera-
tion of genome‐wide association studies. PLOS Genetics, 5,
e1000529.

Klein, J.D., & The Committee on Adolescence (2005). Adoles-
cent pregnancy: Current trends and issues. Pediatrics, 116,
281–286.

Kong, A., Thorleifsson, G., Frigge, M.L., Vilhjalmsson, B.J.,
Young, A.I., Thorgeirsson, T.E., … & Stefansson, K. (2018).
The nature of nurture: effects of parental genotypes. Science,
359, 424–428.

Krapohl, E., & Plomin, R. (2016). Genetic link between family
socioeconomic status and children’s educational achieve-
ment estimated from genome‐wide SNPs. Molecular Psychi-
atry, 21, 437–443.

© 2020 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

10 Leah S. Richmond‐Rakerd et al.



Liu, M., Jiang, Y., Wedow, R., Li, Y., Brazel, D.M., Chen, F., …
& Vrieze, S. (2019). Association studies of up to 1.2
million individuals yield new insights into the genetic
etiology of tobacco and alcohol use. Nature Genetics, 51,
237–244.

Mendle, J., Turkheimer, E., & Emery, R.E. (2007). Detrimental
psychological outcomes associated with early pubertal tim-
ing in adolescent girls. Developmental Review, 27, 151–171.

Moffitt, T.E., Arseneault, A., Belsky, D., Dickson, N., Hancox,
R.J., Harrington, H.L., & Caspi, A. (2011). A gradient of
childhood self‐control predicts health, wealth, and public
safety. Proceedings of the National Academy of Sciences of
the United States of America, 108, 2693–2698.

Moffitt, T.E., & E‐Risk Study Team (2002). Teen‐aged mothers
in contemporary Britain. Journal of Child Psychology and
Psychiatry, 43, 727–742.

Muthén, L.K., & Muthén, B.O., (1998–2015). Mplus User’s
Guide (7th Ed.). Los Angeles, CA: Muthén & Muthén.

Pandey, A., Hale, D., Das, S., Goddings, A.‐L., Blakemore, S.‐
J., & Viner, R.M. (2018). Effectiveness of universal self‐
regulation‐based interventions in children and adolescents.
JAMA Pediatrics, 172, 566–575.

Piquero, A.R., Jennings, W.G., Farrington, D.P., Diamond, B.,
& Gonzalez, J.M.R. (2016). A meta‐analysis update on the
effectiveness of early self‐control improvement programs to
improve self‐control and reduce delinquency. Journal of
Experimental Criminology, 12, 249–264.

Poulton, R., Moffitt, T.E., & Silva, P.A. (2015). The Dunedin
Multidisciplinary Health and Development Study: Overview
of the first 40 years, with an eye to the future. Social
Psychiatry & Psychiatric Epidemiology, 50, 679–693.

Rietveld, C.A., Esko, T., Davies, G., Pers, T.H., Turley, P.,
Benyamin, B., … & Koellinger, P.D. (2014). Common genetic
variants associated with cognitive performance identified
using the proxy‐phenotype method. Proceedings of the
National Academy of Sciences of the United States of
America, 111, 13790–13794.

Sherry, S.T., Ward, M.H., Kholodov, M., Baker, J., Phan, L.,
Smigielski, E.M., & Sirotkin, K. (2001). dbSNP: The NCBI
database of genetic variation. Nucleic Acids Research, 29,
308–311.

Stockings, E., Hall, W.D., Lynskey, M., Morley, K.I., Reavley,
N., Strang, J., … & Degenhardt, L. (2016). Prevention, early
intervention, harm reduction, and treatment of substance
use in young people. Lancet Psychiatry, 3, 280–296.

Walters, R.K., Polimanti, R., Johnson, E.C., McClintick, J.N.,
Adams, M.J., Adkins, A.E., … & Agrawal, A. (2018). Tran-
sancestral GWAS of alcohol dependence reveals common
genetic underpinnings with psychiatric disorders. Nature
Neuroscience, 21, 1656–1669.

Wertz, J., Caspi, A., Belsky, D.W., Beckley, A.L., Arseneault,
L., Barnes, J.C., … & Moffitt, T.E. (2018). Genetics and
crime: integrating new genomic discoveries into psycholog-
ical research about antisocial behavior. Psychological
Science, 39, 791–803.

Wertz, J., Moffitt, T.E., Agnew‐Blais, J., Arseneault, L., Belsky,
D.W., Corcoran, D., … & Caspi, A. (2019). Using DNA from
mothers and children to study parental investment in
children’s educational attainment. Child Development,
https://doi.org/10.1111/cdev.13329

Accepted for publication: 3 February 2020

© 2020 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

Age‐at‐first‐birth and disinhibition 11

https://doi.org/10.1111/cdev.13329

