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Abstract

Early maturation, indexed by pubertal development (PD), has been associated with earlier initiation and greater frequency of adolescent substance use,
but this relationship may be biased by confounding factors and effects that change across development. Using a population-based Finnish twin sample
(N ¼ 3,632 individuals), we conducted twin modeling and multilevel structural equation modeling of the relationship between PD and substance use at
ages 12–22. Shared environmental factors contributed to early PD and heavier substance use for females. Biological father absence was associated with
early PD for boys but not girls, and did not account for the relationship between PD and substance use. The association between early PD and heavier substance
use was partially due to between-family confounds, although early PD appeared to qualitatively alter long-term trajectories for some substances (nicotine),
but not others (alcohol). Mediation by peer and parental factors did not explain this relationship within families. However, higher peer substance use and
lower parental monitoring were themselves associated with heavier substance use, strengthening the existing evidence for these factors as targets for
prevention/intervention efforts. Early maturation was not supported as a robust determinant of alcohol use trajectories in adolescence and young adulthood,
but may require longer term follow-up. Subtle effects of early PD on nicotine and illicit drug use trajectories throughout adolescence and adulthood merit
further investigation.

For adolescents, puberty is an important biological, psycho-
logical, and social milestone that marks a period of transition
in each of these major developmental areas (Windle et al.,
2008). As the onset of puberty evokes both substantial phys-
iological changes and shifts in adolescents’ social status and
interpersonal relationships, experiencing early puberty may
expose adolescents to novel challenges and experiences prior
to the maturation of cognitive and emotional systems to cope

with them, while simultaneously distancing early maturers
from their same-age peers with later pubertal timing (Sim-
mons & Blyth, 1987; Windle et al., 2008). Accordingly, there
has been great interest in the consequences of early pubertal
development (PD; measured as the maturation of physical
sexual characteristics). Many studies have established a link
between early PD (relative to one’s peers) and numerous be-
havioral and emotional outcomes, including earlier substance
use initiation as well as more frequent substance use in ado-
lescence (Dick, Rose, Viken, & Kaprio, 2000; Graber, Le-
winsohn, Seeley, & Brooks-Gunn, 1997; Jones, 1965; Kal-
tiala-Heino, Koivisto, Marttunen, & Fröjd, 2011; Richards
& Oinonen, 2011; Stattin & Magnusson, 1990).

This association between early PD and substance use in
adolescence is important, because early-onset alcohol use is
a robust risk factor for later alcohol abuse and/or dependence
(Huurre et al., 2010; US Department of Health and Human
Services, 2007), and early-onset nicotine use similarly pre-
dicts the development of nicotine dependence (Hartz et al.,
2012). Adolescence is a critical period for neurodevelopment,
as well as for establishing lifelong behavioral habits (Crews,
He, & Hodge, 2007; Windle et al., 2008). Evidence from an-
imal models and human studies suggests that initiation of sub-
stance use during early adolescence affects critical pathways
in the brain and can lead to long-term neurological impacts
including addiction and cognitive impairments (Alfonso-
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Loeches & Guerri, 2011; Koskinen et al., 2011; Schramm-
Sapyta, Walker, Caster, Levin, & Kuhn, 2009; Windle,
2008). In addition, PD has been implicated in neurodevelop-
mental changes increasing sensitivity to rewarding stimuli
(Forbes et al., 2010) and sensation-seeking behaviors (Martin
et al., 2002), both of which may increase the likelihood of in-
itiating and using psychoactive substances with rewarding
properties. If early PD leads to substance use initiation during
a critical neurodevelopmental period, it may qualitatively al-
ter lifelong trajectories of substance use and substance-related
problems. Beyond the risk of abuse or dependence in adult-
hood, substance use in adolescence is itself associated with
a number of negative outcomes, including learning deficits
(Crews et al., 2007), risky sexual behaviors (Windle et al.,
2008), injury and assault (Kypri et al., 2009), and suicidal
ideation and attempts (Riala et al., 2007).

Whereas pubertal timing itself is an unsuitable target for
preventing early adolescent substance use, the relationship
between early PD and substance use/initiation is likely medi-
ated by modifiable psychosocial factors that are influenced by
changes in pubertal status. During early adolescence, peers
and parents are prominent sources of influence on adolescent
behavior and particularly on substance use (Kelly et al., 2012;
Korhonen et al., 2008; Schulte, Ramo, & Brown, 2009;
Windle et al., 2008). Evidence suggests that the relationship
between early maturation and substance use is mediated by
increased affiliation with substance-using peers and de-
creased parental monitoring/involvement (Negriff & Trickett,
2012; Schelleman-Offermans, Knibbe, & Kuntsche, 2013;
Westling, Andrews, Hampson, & Peterson, 2008). Respond-
ing to their more mature physical characteristics, parents and
peers may begin to treat adolescents in more adult ways (for par-
ents, this may mean giving their children more independence
and less oversight; Simmons & Blyth, 1987), and adolescents
themselves may begin to self-select into peer groups that parti-
cipate in perceived “grown-up” activities like smoking and
drinking alcohol. Some studies suggest that early-maturing girls
have greater exposure to substance use due to affiliation with
older peers and older boyfriends (Stattin & Magnusson, 1990;
Westling et al., 2008), and there is also evidence that a similar
mechanism of peer influence increases risk for substance use
in early-maturing boys (Negriff & Trickett, 2012).

A major limitation of the existing literature is the largely
untested assumption that because early PD is linked to earlier
onset or increased substance use in early to middle adoles-
cence, it will continue to be a risk factor for heavy or problem-
atic substance use in adulthood as well. An alternative possi-
bility is that this association merely reflects a temporal (rather
than a qualitative) shift in trajectories such that early-matur-
ing individuals begin using substances earlier but late-matur-
ing individuals subsequently catch up later in development
(e.g., Dick et al., 2000). There have been few empirical exam-
inations of the trajectory of this association beyond adoles-
cence that allow comparative testing of these two hypotheses.
In the few existing studies with older samples, results suggest
that the association between early PD and alcohol use in girls

becomes nonsignificant by age 17 (Kaltiala-Heino et al.,
2011) or reverses direction by age 22 (Richards & Oinonen,
2011), such that late-maturing girls become the heavier drink-
ers. Heavier drinking in late maturating girls was also seen in
another sample composed primarily of older adolescents (age
range ¼ 11–17; Marklein, Negriff, & Dorn, 2009). In con-
trast, Biehl, Natsuaki, and Ge (2007) reported a continued asso-
ciation of early PD with higher alcohol use into adulthood for
females. For boys, both early and late maturation have been
linked to heavier drinking in late adolescence/early adulthood
(Graber, Seeley, Brooks-Gunn, & Lewinsohn, 2004; Kaltiala-
Heino et al., 2011).The majorityof studies that have founda sig-
nificant positive association between early PD and substance
use have not examined whether this association persists into
young adulthood. The conflicting findings that have been
reported in emerging adulthood suggest that a number of
additional factors are likely to be involved, creating a more com-
plex relationshipbetweenPDandlaterpatternsof substanceuse.

Another limitation in the existing literature is that the most
commonly used indicator of PD is age at menarche. Although
this measure can be easily and reliably ascertained and re-
called in retrospective reports more accurately than other
PD indicators (Koo & Rohan, 1997), it is only one of many
facets of puberty, and it is but moderately correlated with
other indicators such as growth spurt and body hair develop-
ment (Biro et al., 2006; Widén et al., 2012). Another obvious
problem with age of menarche is that it excludes males, re-
sulting in a deficit in current knowledge of how early matura-
tion relates to substance use in boys. There is mixed evidence
regarding whether early maturation is associated with sub-
stance use equally for boys and girls (Arim, Tramonte,
Shapka, Dahinten, & Willms, 2011; Graber et al., 1997; Har-
rell, Bangdiwala, Deng, Webb, & Bradley, 1998; Rose, Dick,
Viken, Pulkkinen, & Kaprio, 2001). There are substantial
gender differences in the adolescent trajectories of both PD
(Windle et al., 2008) and substance use (Schulte et al.,
2009), but few studies have included both males and females
in the same protocol to compare sex differences in the rela-
tionship between PD and substance use. Thus, it is unclear
whether factors defining the relationship between PD and
substance use, potentially including direct causal factors, dif-
fer between males and females.

Finally, studies comparing individuals from different fam-
ilies, a design characterizing virtually all studies in this area,
may lead to spurious results due to between-family factors
that can confound the relationship between variables. These
between-family factors, including familial socioeconomic
status, family structure (especially absence of the biological
father), and familial conflict, are associated with both early
PD and increased adolescent substance use (Arim et al.,
2011; Deardorff et al., 2011; Kim & Smith, 1998; Mustanski,
Viken, Kaprio, Pulkkinen, & Rose, 2004; Quinlan, 2003).
Evolutionary theory suggests that childhood environments
in which there is an absence of models of enduring, stable re-
lationships and/or a scarcity of resources prime individual de-
velopment toward achieving short-term reproductive success,
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for which earlier puberty provides an advantage (Arim et al.,
2011; Belsky, Steinberg, & Draper, 1991). Biological father
absence has repeatedly shown an association with early PD,
and may directly impact PD as well as reflecting a shared
genetic liability or indexing other factors relevant to early
maturation such as familial stress and socioeconomic status.
The relationship between biological father absence and accel-
erated PD has primarily been found in females, although a
few studies have identified a similar relationship in both gen-
ders (Bogaert, 2005; Kim & Smith, 1998; Mustanski et al.,
2004).

Social and environmental factors that differ systematically
between families may additionally complicate the PD–sub-
stance use association. A previous study found that early
PD was associated with substance use only in families with
high levels of household risk (e.g., low levels of resources
and/or high levels of conflict; Lynne-Landsman, Graber, &
Andrews, 2010). Accordingly, population-based studies that
do not take into account such between-family differences
may not be fully informative as to the relevant pathways of
risk. To control for possible between-family confounds, it
is necessary to use age-matched individuals reared in the
same environment, for which samples of twins provide an
ideal solution. To our knowledge, only one study has exam-
ined the association between early PD and substance use in
twins, by comparing substance use in female twins discordant
for age at menarche by 2 or more years (Dick et al., 2000).
Using longitudinal data from the population-based Finn-
Twin16 study (Kaprio, Pulkkinen, & Rose, 2002), Dick et al.
(2000) found that in pairs of female twins discordant for
age of menarche, the early-maturing twin had greater sub-
stance use at age 16, but this association was nonsignificant
in follow-up assessments at ages 17 and 18.5, indicative of
early PD producing only a short-term shift in alcohol use tra-
jectories.

The present study sought to address these existing limita-
tions and expand on the findings of Dick et al. (2000) by
utilizing an independent and equally large, prospective,
population-based sample of both male and female Finnish
twins, followed longitudinally across four waves from age
12 to age 22, with multi-indicator scales of PD in early ado-
lescence. We examined the relationship between PD and al-
cohol, nicotine, and illicit drug use across adolescence and
into young adulthood, using hierarchical models to compare
the effects between families and within twin pairs from the
same family, and testing for mediation by peer and parental
influences. Because of the mixed findings in the existing lit-
erature, this study intended to clarify five key aspects of the
relationship between PD and substance use: sex differences;
persistence or attenuation of the association from early ado-
lescence to young adulthood; mediation though peer and pa-
rental influences; the role of the potential confounding fac-
tor of biological father absence; and whether the association
is upheld within families, eliminating between-family
sources of confounding that may cause a spurious relation-
ship.

Methods

Participants

Participants in this study were from the FinnTwin12 sample
(Kaprio, 2006; Kaprio, et al., 2002), a prospective longitu-
dinal study of five sequential cohorts of Finnish twins with
initial assessments in the year during which the twins were
age 11–12 and continuing, at present, into their mid-20s. In
Finland, all individuals are assigned a personal identification
number at birth; this is linked to the biological mother and
maintained in the Population Register Centre. From this reg-
istry, twins born from 1983 to 1987 were identified and con-
tacted to participate in the FinnTwin12 study, permitting an
unbiased sampling strategy that included all twins born in
Finland during that time period who were living with one
or both of their parents, residing in Finland, and enrolled in
a regular school. The study was approved by the ethics com-
mittee of the Hospital District of Helsinki and Uusimaa and
the Institutional Review Board of Indiana University, Bloo-
mington. At the first assessment, 5,184 twins participated
(50% female, 31% monozygotic [MZ], 32% same-sex dizy-
gotic [DZ], 31% opposite-sex DZ, and 6% uncertain zygos-
ity), with response rates at each wave of 85%–90% (Kaprio,
2013).

From the full twin sample, a subset of families was se-
lected for more intensive study, including clinical interviews
of twins at ages 14 and 22 and more extensive questionnaires
across data collection waves. The subsample comprised about
40% of all twin pairs, who were selected mostly at random but
with some oversampling for individuals at risk for alcohol
problems (see Rose, Dick, Viken, Pulkkinen, & Kaprio,
2004, for full details). Of the 1,035 families selected for
this subset, 90% and 73% of the target sample participated
at age 14 and age 22, respectively (age 14: n ¼ 1,854, 49%
female; age 22: n ¼ 1,347, 53% female).

In the present study, we used data from the full epidemio-
logical sample for most variables, supplemented by addi-
tional substance use variables that were assessed only in the
intensive sample, as described below. Given the substantial
differences between males and females in the timing and rates
of PD as well as in adolescent substance use patterns and the
effects of parental monitoring and peer substance use (Dick
et al., 2007; Rose et al., 2001), we conduct all analyses
with an examination of sex differences and use only same-
sex twin pairs in order to facilitate within-family compari-
sons. Our final sample size was thus 3,632 individuals for
the epidemiological sample (49% female, 46% MZ, 45%
DZ, and 8% uncertain zygosity), of which 1,304 were also
a part of the intensive subset.

Measures

Participants were mailed questionnaires at age 11–12 (re-
ferred to as age 12), within 2 months of their 14th birthday,
within 3 months of being aged 17.5, and between ages 20
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and 26 (average age of 22; referred to as age 22). Individuals
from the intensive sample participating in the clinical assess-
ments completed the questionnaires onsite or returned them
by mail. These questionnaires contained a variety of ques-
tions about subjects such as personality, home environment,
peers, and substance use. Most items were repeated in each
wave, although more extensive questions about own and
peers’ use of alcohol, cigarettes, and other substances were
included at age 14 and later. An additional questionnaire
sent to the parent(s) at the initial assessment included ques-
tions about the home and family, including the presence or
absence of the biological father in the rearing environment.

PD. At age 12, participants responded to the five-question
Pubertal Development Scale (PDS; Petersen, Crockett, Ri-
chards, & Boxer, 1988), a commonly used self-report mea-
sure with established reliability and validity (Carskadon &
Acebo, 1993; Petersen et al., 1988). This scale has three ques-
tions for both sexes, assessing growth in height, body hair,
and skin changes, and two sex-specific questions (males: de-
velopment of facial hair and voice change; females: breast de-
velopment and menarche). Each question had four response
categories (“growth/change has not begun,” “growth/change
has barely started,” “growth/change is definitely under way,”
and “growth/change seems complete”), except for menarche,
which was dichotomous. The response item “seems com-
plete” was left out at age 12 due to the expectation that few
individuals at that age would have reached that advanced
stage of development. The PDS was also administered at
age 14, but we use only the age 12 measures in this study
in order to assess early maturation.

Items for the PDS in this sample had an internal consis-
tency (Cronbach a) of 0.40 for boys and 0.63 for girls. As
the unidimensional nature of the PDS is well established
(and was upheld in exploratory factor analysis in this sample),
scale items were combined into factor scores for each partic-
ipant using a one-factor confirmatory factor analysis, which
weights item contributions to the total score based on the
strength with which the item relates to the underlying latent
construct (i.e., PD). Confirmatory factor analysis was con-
ducted separately for males and females in the OpenMx pack-
age (Boker et al., 2011) for R version 2.15.3 (R Core Team,
2013), and factor scores were computed with two-stage, full
information maximum likelihood estimation with Bayesian
expected posterior methods (see Estabrook & Neale, 2013),
which take into account the binary/ordinal response structure
of the items while also including individuals with missing
or incomplete data. PD factor scores thus represent an
individual’s level of PD at age 12 relative to their same-sex
and same-age peers, with higher scores indicating earlier
maturers.

Peer substance use. At ages 14 and 17, all participants were
asked three questions regarding how many of their friends (a)
drink alcohol, (b) smoke cigarettes, and (c) use any kind of
illicit drugs, with response items including none, 1, 2–5, or

more than 5. These item sets had an internal consistency of
a ¼ 0.73/0.78 at age 14 for boys/girls, and 0.64/0.73 at age
17. Items were combined into factor scores for each partici-
pant as described in the previous section.

Parental monitoring. At ages 12 and 14, all participants were
asked about how often their parents know (a) their plans for
each day; (b) their interests, activities, and whereabouts
each day; and (c) where they are and who they are with
when not at home. Response options were almost always,
usually, sometimes, or rarely or never. The options some-
times and rarely or never were combined in the age 12 re-
sponses due to low frequencies of endorsement. These item
sets had an internal consistency of a ¼ 0.74/0.73 at age 12
for boys/girls, and 0.73/0.78 at age 14, and were combined
into factor scores for each participant as previously described.

Self-reported substance use.

Drinking frequency. At age 12, participants in the inten-
sive subset were asked if they had initiated alcohol use (drink-
ing with friends without parents around). At ages 14, 17, and
22, participants in the full sample were asked about current
frequency of drinking, with four ordinal response options at
age 14 (from never/I don’t drink alcohol to once a week or
more), which were expanded to nine options at ages 17 and
22. These items were recoded at each age into pseudocontin-
uous number of days drinking per month, using the median
value of the option’s range where applicable (e.g., 1–2 times
per month became 1.5 days).

Alcohol use disorder (AUD) symptoms. At ages 14 and 22,
participants from the intensive subset were administered the
adolescent and adult versions of the Semi-Structured Assess-
ment for the Genetics of Alcoholism (Bucholz et al., 1994;
Hesselbrock, Easton, Bucholz, Schuckit, & Hesselbrock,
1999), which assessed alcohol abuse and alcohol dependence
symptoms using criteria from the DSM-IV (American Psy-
chiatric Association, 1994). Symptoms of either disorder
were combined to form an overall AUD symptom count at
age 14 (due to low frequency of endorsement of symptoms
from either disorder) and of alcohol dependence symptoms
at age 22.

Smoking frequency. At age 12, participants in the intensive
subset were asked if they had initiated cigarette use. At ages
14, 17, and 22, participants in the full sample were asked if
they had initiated cigarette use, and if so, about their current
smoking frequency with four ordinal response options at age
14 (from I have tried smoking but I don’t smoke to I smoke at
least once each day) and an additional categorical option of
I am trying to or have quit smoking. These were expanded
to eight ordinal response options at ages 17 and 22, and re-
sponses were recoded to a pseudocontinuous measure of
number of cigarettes per month, again using median values
for response options with a range of values. Noninitiation
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was coded as a frequency of zero, while “trying to or have
quit” was coded as missing, as the actual frequency of use
could not be determined.

Illicit drug use. At age 17, participants in the full sample
were asked how many times in their lifetime they had used
any kind of illicit drugs, with five ordinal response levels
from never to 20 or more times. At age 22, participants in
the intensive sample were asked how many times in their life-
time they had used each of the major categories of illicit
drugs, using items from the Semi-Structured Assessment
for the Genetics of Alcoholism, while participants in the
rest of the sample were asked about lifetime frequency of
(a) cannabis use and (b) any other illicit drug use, using the
same response options as at age 17. Response options for
age 22 were harmonized across these two assessment
methods to create two items (cannabis or other illicit drugs)
and were recoded, for both age 17 and age 22, as a pseudo-
continuous number of lifetime uses.

Data analysis

Our analytic strategy involved three major components. First,
we quantified the phenotypic association between PD and
substance use at each age with correlational analyses. Second,
having established whether an association exists, we used
twin modeling to determine whether this association might
be due to a shared genetic or environmental etiology (e.g.,
the same genetic or environmental causal factors contributing
to both early PD and substance use). Third, of primary inter-
est to this study, we conducted a multilevel structural equation
model to estimate the longitudinal phenotypic relationship
between PD and substance use and evaluate mediational
and confounding factors influencing this relationship.

Genetically informative twin models. We used the twin sam-
ple to conduct genetically informative multivariate twin mod-
eling, which can identify the extent to which the covariance
between two or more traits is due to genetic versus environ-
mental causes being shared between the traits. Twin models
can be used to partition the variance and covariance of traits
into contributions from additive genetic (A), common envi-
ronmental (C), and unique environmental (E) effects by com-
paring the relative within-trait and cross-trait similarity for
MZ and DZ twins (Neale & Cardon, 1992). MZ twins share
all of their genetic variation while DZ twins share about half
of their segregating genetic variation, but both types of twins
share their common environment (factors that contribute to
within-family resemblance) to the same extent; thus, the dif-
ferences in trait similarity between MZ and DZ pairs is infor-
mative as to the contributions from A versus C. Unique envi-
ronmental factors are individual exposures and experiences
that make twins within pairs less similar to each other and
make the MZ correlation less than unity. Using these princi-
ples, we fit Cholesky decomposition of variance models be-
tween PD factor scores and each set of substance use vari-
ables (drinking, AUD symptoms, smoking, and illicit drug
use), as illustrated in Figure 1. We conducted omnibus tests
of the significance of each genetic and environmental source
to the covariance between PD and substance use by constrain-
ing all covariance paths from an A/C/E source (e.g., the joint
set of paths a21, a31, a41, and a51) to zero. The change in
model fit between the full and constrained models was eval-
uated with a chi-square test of the difference in –2 times the
loglikelihood between models, with p values ,.05 indicating
a significant decrease in model fit caused by the constrained
parameters and thus the importance of that genetic or environ-
mental source to the trait covariance. Twin models were fit in
the OpenMx package (Boker et al., 2011) for R version 2.15.3

Figure 1. Theoretical model of a Cholesky decomposition of variance between pubertal development and substance use. For ease of presentation,
only the additive genetic (A) factors are shown; identical sets of paths for common environmental (C) and unique environmental (E) factors are in
the full model, and these sets of paths are correlated between twins within pairs based on the principles of biometrical modeling (see text).
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(R Core Team, 2013), using full information maximum like-
lihood estimation.

Multilevel longitudinal models. Next, we used a multilevel
structural equation model to estimate the strength of the phe-
notypic relationship between PD and substance use across
early adolescence through young adulthood, at the between-
family and within-family levels. This model was also used
to test whether this relationship was mediated by peer de-
viance/parental monitoring, or accounted for by the con-
founding factor of biological father absence that may be as-
sociated with both early PD and heavier substance use. A
two-level model allowed for the estimation of these effects at
the between-family population level, and at the within-family
level in which within-pair differences in PD are used to pre-
dict within-pair differences in substance use outcomes, con-
trolling for potential confounding factors that differ between
families (Preacher, Zyphur, & Zhang, 2010). The multilevel
model was conducted for each substance use phenotype,

including estimates of the direct effect of age 12 PD on
substance use at each age, controlling for its effect on sub-
stance use at previous ages, as well as the effects of peer sub-
stance use and parental monitoring on concurrent and later
substance use, and their mediational paths between PD and
substance use. The model also estimated (at the between-
family level) the effects of biological father absence on PD,
substance use, and each of the mediators. An illustrative ex-
ample of these models is shown in Figure 2. Direct and indi-
rect effects of PD on substance use were calculated for each
substance use outcome at each assessment age.

We tested for sex/gender differences in these relationships
by fitting each of these models separately by sex in a multi-
group analysis, and then constraining the regression path
coefficients to be equal across sexes and comparing the fit
of the constrained model to the multigroup model with a
chi-square test of the difference in –2 log likelihood. Compar-
ison of these models indicates whether there are differences in
the relationships between variables as a function of sex (i.e.,

Figure 2. Diagram of the multilevel structural equation model of the relationship among pubertal development, substance use across adolescence
and young adulthood, and hypothesized mediating/confounding factors. Peer, peer substance use; Mon, parental monitoring.
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moderation effects) or simply sex differences in the variable
means. All multilevel model analyses were conducted in
Mplus version 7.31 (Muthén & Muthén, 1998–2012) using
maximum likelihood estimation with robust standard errors.

Results

Descriptive statistics and correlations

Table 1 presents descriptive statistics for the substance use
variables and their correlations with age 12 PD factor scores
for males and females. The correlations between PD and sub-
stance use were virtually all positive but modest (.19 or less),
with general trends of the strongest correlations being with
age 14 substance use, and stronger correlations for females
than males. One exception to this trend was a correlation of
.12 between PD and age 22 smoking frequency for males (fe-
male correlation of .05, ns). Consistent with the theorized re-
lationship between PD and parent/peer interactions, early PD
was correlated with higher peer substance use (r¼ .06 to .11)
and lower levels of parental monitoring (r ¼ –.07 to –.14).

Genetically informative twin models

Multivariate twin Cholesky models were fit to each longitu-
dinal set of substance use variables to determine whether the

observed relationship between PD and substance use was due
to a shared genetic or environmental etiology. From each full
model, genetic (A), common environmental (C), or unique envi-
ronmental (E) covariance paths between PD and each substance
use measure were fixed to zero, and the change in model fit was
evaluated. We also tested for overall significance of a shared lia-
bility between PD and substance use by dropping all A, C, and E
covariance paths at once. When the covariance paths cannot be
dropped from the model without a significant (chi-square test p
, .05) decrease in fit, this indicates a significant shared genetic
or environmental etiology between PD and substance use.

Table 2 presents the covariance path estimates from these
Cholesky models and the fit indices comparing the change
in model fit of the nested submodels (A/C/E covariance paths
dropped) versus the full multivariate model illustrated in
Figure 1. Omnibus tests of the nested models indicated that
there was little overlap in the genetic or environmental factors
contributing to PD and substance use. For males, all shared A,
C, and E paths could be dropped for all substances without a
significant decrement in model fit. For females, there was a sig-
nificant overlap between PD and drinking frequency that was
primarily driven by shared C factors and E at age 14. Similarly
for smoking frequency in females, overall E influences were
shared with PD, and were most strongly shared at age 14. There
was no significant overlap in sources of covariance between
PD and AUD symptoms. The A, C, and E influences were

Table 1. Sample descriptive statistics for substance use, peer, and parenting variables and their correlations with age
12 pubertal development latent factor scores in a sample of Finnish twins

Males Females

Measure M SD Correlation M SD Correlation

Drinking frequency (days/month)
Age 12 (% initiated) 7.23 — .03a 6.04 — .12a

Age 14 0.37 0.80 .08*** 0.41 0.83 .15***
Age 17 2.32 2.66 .01 1.88 2.18 .05
Age 22 5.14 5.67 .01 3.14 3.29 .01

Alcohol use disorder symptoms
Age 14 0.01 0.54 .06 0.20 0.76 .14***
Age 22 1.30 1.39 2.05 0.87 1.29 .03

Smoking frequency (cigarettes/month)
Age 12 (% initiated) 26.29 — 2.02a 14.78 — .19***a

Age 14 0.37 1.48 .08** 0.47 1.62 .12***
Age 17 19.90 39.09 .06 16.19 32.98 .06*
Age 22 31.40 52.43 .12*** 17.44 36.59 .05

Illicit drug use (lifetime frequency)
Age 17 any illicit drugs 0.72 2.92 .04 0.74 2.82 .08**
Age 22 cannabis 2.04 4.81 .10** 1.31 3.84 .07*
Age 22 other illicit drugs 0.41 2.38 .06* 0.55 2.78 .06*

Peer substance use factor score
Age 14 0.06 0.76 .10*** 0.01 0.75 .11***
Age 17 20.03 0.78 .06* 20.05 0.82 .11***

Parental monitoring factor score
Age 12 20.08 0.77 2.14*** 20.08 0.71 2.07**
Age 14 20.04 0.79 2.10*** 20.03 0.78 2.08**

aPolyserial correlation (all others are Pearson correlations).
*p , .05. **p , .01. ***p , .001.
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shared between PD and illicit drug use at age 22 for females,
although notably the A covariance was in a negative direction,
such that the genes contributing to early PD were associated
with less frequent illicit drug use at age 22. We present only
the PD–substance use covariance paths here; additional results
from the multivariate twin models are available in online-only
supplementary Table S.1 or upon request from the first author.

Multilevel longitudinal models

We next fit a series of two-level structural equation models
for each set of substance use measures to examine the longi-
tudinal relationship between PD and substance use at the be-
tween- and within-family levels, testing for mediational and
confounding effects of the environmental factors of peer

Table 2. Sources of covariance between pubertal development and substance use outcomes as estimated by twin Cholesky
models

Substance
Use

Assessment

Males Females

A C E All ACE A C E All ACE

Drinking Frequency
(Reference Model: 22LL = 34,723.95, df = 11,888, AIC = 10,947.95)

Covariance path est. Age 12 0.04 0.01 20.02 0.44 20.40 0.20
Age 14 20.04 0.14* 0.00 0.02 0.17* 0.06*
Age 17 20.26 0.30 0.02 0.06 0.16 20.05
Age 22 20.38 0.23 20.03 20.03 0.17 20.10

Model fit: covariance
paths ¼ 0 D–2LL 1.3 5.08 0.45 11.76 20.36 3.54 8.52 30.72

Ddf 4 4 4 12.00 4 4 4 12
x2 p 0.86 0.28 0.98 0.46 1.00 0.47 0.07 ,0.01**

Alcohol Use Disorder Symptoms
(Reference Model: 22LL = 11,453.12, df = 5,446, AIC = 561.12)

Covariance path est. Age 14 0.03 0.02 0.00 0.08 0.10 0.00
Age 22 20.45 0.28 0.02 20.20 0.39 0.02

Model fit: covariance
paths ¼ 0 D–2LL 2.71 1.24 0.12 5.32 2.59 2.91 0.07 11.43

Ddf 2 2 2 6 2 2 2 6
x2 p 0.26 0.54 0.94 0.5 0.27 0.23 0.96 0.08

Smoking Frequency
(Reference Model: 22LL = 56,697.605, df = 11,420, AIC = 33,857.60)

Covariance path est. Age 12 0.15 20.20 0.00 0.50 0.34 0.11
Age 14 0.12 0.05 0.04 0.12 0.11 0.07*
Age 17 3.09 0.63 1.23 1.56 20.16 1.51
Age 22 6.50* 4.09 21.91 4.93 20.54 22.12

Model fit: covariance
paths ¼ 0 D–2LL 4.56 2.9 4.1 17.02 4.68 0.74 12.13 31.86

Ddf 4 4 4 12 4 4 4 12
x2 p 0.34 0.57 0.39 0.15 0.32 0.95 0.02* ,0.01**

Illicit Drug Use
(Reference Model: 22LL = 37,679.99, df = 9,728, AIC = 18,223.99)

Covariance path est. Age 17 0.56 20.28 0.00 0.14 0.12 0.08
Age 22 cannabis 0.48 20.06 0.24 20.28 0.82 0.16
Age 22 other 0.28 20.05 20.05 20.50* 0.67* 0.37***

Model fit: covariance
paths ¼ 0 D–2LL 4.26 1.42 3.43 11.55 9.21 6.13 11.18 20.22

Ddf 3 3 3 9 3 3 3 9
x2 p 0.24 0.70 0.33 0.24 0.03* 0.11 0.01* 0.02*

Note: Covariance paths represent the unstandardized path estimates for the A, C, or E latent factor shared between pubertal development and substance use at
each assessment age (e.g., Paths a21, a31, a41, and a51 in Fig. 1). Model fit indices compare the change in fit from the reference model when all covariance paths
from each latent factor (A, C, or E) paths are constrained to zero, indicating a significant genetic or environmental contribution to the covariance. –2LL, –2 model
log likelihood; AIC, Akaike information criteria; A, additive genetic factors; C, common environmental factors; E, unique environmental factors.
*p , .05. **p , .01. ***p , .001.
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substance use, parental monitoring, and biological father ab-
sence. We first tested whether the associations between vari-
ables in the model could be equated for males and females,
and found that, for all outcomes, constraining the path esti-
mates to equality led to a highly significant decrease in model
fit (supplementary Table S.2). This indicated that the patterns
of relationships between variables differed between the sexes
(interaction effects), beyond simple sex differences in the
variable means. We therefore focus the rest of our presenta-
tion of results on those from the multigroup sex models.

Estimates of the effect of age 12 PD on substance use mea-
sures at each age are presented separately for males and fe-
males in Table 3, with the between-family level effects in
the left-hand column and the within-family level effects on
the right. In Table 3, the direct effects of PD can be inter-
preted as the regression coefficient from a single measure-
ment of substance use being regressed on age 12 PD (e.g.,
Paths a1, a2, a3, or a4 in Figure 2). The indirect effects, in
parentheses, encompass the sum of all indirect paths between
PD and the specified substance use measure, including
the autoregressive association (e.g., PD’s association with

substance use at age 17 through its cumulative effects from
ages 12 and 14, Paths a1� d12� d23), and the association
through all connecting mediational paths. The direct and indi-
rect effects can be summed to calculate the total effect of early
PD on substance use at the specified age (i.e., what the regres-
sion coefficient would be for a univariate analysis that did not
include mediation effects or covariates). We summarize re-
sults from this table relevant to each part of the research ques-
tion in the sections below.

Longitudinal effects of PD on substance use. Although the fo-
cus of presentation is on the within-family effects, we briefly
note that at the between-family level (Table 3, left column),
early PD was associated with higher levels of each of the
four substance use outcomes at one or more ages assessed
in this study, consistent with previous cross-sectional reports.
These associations were largely through indirect (media-
tional) effects, were generally more evident in females than
males, and each showed a decreasing trend in the magnitude
and/or significance of association across time, particularly be-
tween the age 17 and age 22 assessment. A positive associa-

Table 3. Comparison of the effects of age 12 pubertal development on substance use in the
multilevel structural equation models at the between-family and within-family levels

Between-Family Level Within-Family Level

Age Males Females Males Females

Drinking Frequency

12 0.01 (0.01) 0.01 (0.01) 20.01 (0.00) 0.04*** (0.00)
14 0.09 (0.09*) 0.09* (0.09***) 20.03 (0.01) 0.06 (0.03*)
17 20.09 (0.34*) 20.12 (0.25***) 20.15 (0.06) 0.04 (20.01)
22 0.06 (0.25) 0.04 (0.10) 20.26 (20.01) 20.27 (20.02)

Alcohol Use Disorder Symptoms

14 0.02 (0.05*) 0.12* (0.06**) 0.03 (0.00) 0.07** (0.01)
22 0.05 (0.06) 0.11 (0.09*) 20.26*** (0.02) 20.14** (0.03)

Smoking Frequency

12 20.07 (0.04**) 0.06* (0.01) 0.02 (0.00) 0.05*** (0.00)
14 20.01 (0.19*) 0.00 (0.24**) 0.13* (0.01) 0.14 (0.05*)
17 20.09 (4.12*) 22.56 (3.84***) 2.2 (1.53*) 2.51 (0.67)
22 10.35* (3.91) 3.18* (1.10) 21.67 (2.43*) 21.63 (2.06*)

Illicit Drug Use

17 20.11 (0.20) 20.02 (0.18**) 0.44** (0.02) 0.28 (0.02)
22a 0.51 (0.17) 0.11 (0.23) 0.46* (0.31**) 20.02 (0.20)
22b 0.14 (0.10) 0.09 (0.11) 20.03 (0.28*) 20.04 (0.13*)

Note: The direct effects of pubertal development (PD) on substance use at each age are shown (indirect effects in parentheses).
Direct effects are the regression coefficients from a single measurement of substance use being regressed on PD (Paths a1, a2,
a3, or a4 in Fig. 2). Indirect effects sum all paths between PD and substance use, including both the autoregressive association
(e.g., PD’s association with substance use at age 17 through its cumulative associations at earlier ages, calculated as Paths a1�
d12�d23) and the mediational paths through peer substance use and parental monitoring (see Fig. 2).
aCannabis use.
bOther illicit drug use.
*p , .05. **p , .01. ***p , .001.
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tion between PD and smoking frequency was observed at age
22 in both sexes, which was unique in being the only direct
path persisting in an association beyond age 14.

Early PD and substance use had a different and more sub-
tle pattern of association at the within-family level (Table 3,
right column). Within twin pairs, PD was associated with a
higher likelihood of drinking initiation at age 12 and (indi-
rectly) a modestly higher drinking frequency at age 14 in fe-
males, with no significant associations for males. The effect
size decreased across adolescence, with negative, although
nonsignificant, associations at age 22. The same pattern
was seen for AUD symptoms: a positive association at age
14 in girls, reversing direction across time such that by age
22, the early maturing twin in both male and female pairs
was predicted to have fewer alcohol problems than the later
maturing co-twin. Smoking initiation at age 12 was more
likely for the early maturer in female pairs, as was a higher
smoking frequency at ages 14–22 in both sexes, although
the effect was modest in general and not significant at age
17 for girls. Of note, the direction of association for the direct
effects of PD reversed at age 22 and became negative in both
sexes; however, the stronger and positive indirect effects
leave the balance of the total effects in the positive direction.
Early PD also had a positive association with illicit drug use,
evident in significant direct effects on age 17 drug use and
age 22 cannabis use for males, as well as significant indirect
effects on age 22 use of other illicit drugs for both sexes. Lon-
gitudinal trends of attenuation in effect size were similar at the
within-family level as observed at the between-family level,
although they uniquely demonstrated a reversal in the direc-
tion of association by young adulthood, particularly for alco-
hol use outcomes.

Mediation by peer substance use and parental monitoring.
The hypothesized peer and parenting mediating variables
showed the expected relationship with substance use. At the
between-family level, early PD was related to higher peer
substance use at age 14 and age 17 for both males and fe-
males, and to lower parental monitoring in males (negative
but not significant for females; see supplementary
Table S.3). However, this association was not upheld at the
within-family level, where the early-maturing twin only
among female pairs reported lower levels of parental monitor-
ing at age 12 and 14 (b¼ –0.11 to –0.14, p , .01), and there
were no differences in peer substance use related to PD (sup-
plementary Table S.4). At both the between- and within-fam-
ily levels, peer substance use and parental monitoring were
themselves associated with higher and lower substance use,
respectively, across each type of substance. This held for
both males and females, though the significant associations
were virtually all cross-sectional within age/measurement oc-
casion (supplementary Table S.4). As mentioned above, the
indirect effects of PD on substance use through these media-
tional pathways were substantial at the between-family level
(Table 3). Within families, mediational effects were influen-
tial only for smoking and illicit drug use after early adoles-

cence. We note that of the significant within-family indirect
effects shown in Table 3, 64%–88% of the indirect effects
for smoking and 54%–94% of the indirect effects for illicit
drug use were attributable to cumulative autoregressive ef-
fects (d paths, Figure 2) rather than the peer/parenting media-
tional effects (b and c paths, Figure 2).

Effects of absence of the biological father. Having an absent
biological father was associated with higher PD scores in
males (M ¼ 0.19 vs. M ¼ 0.04 for father-absent vs. father-
present boys), t (1,450) ¼ 3.55, p , .01, but not females
(M ¼ 0.02 vs. M ¼ 0.01 for father-absent versus father-pres-
ent girls), t (1,304) ¼ 0.25, p ¼ .80. Removing biological
father absence as a predictor of PD and substance use in the
multilevel models led to virtually no changes in the parameter
estimates of the effects of PD (see supplementary Table S.5).

Discussion

The present study examined associations between early PD
and adolescent/young adult substance use in a population-
based, longitudinal sample of Finnish twins. The unique
properties of the twin sample allowed us to disentangle the re-
lationship between PD and substance use by estimating the
genetic versus environmental contributions to their associa-
tion and by controlling for potential confounding factors
that differ systematically between families and predict both
early PD and substance use. Broadly, our findings suggest
that the previously reported associations between early PD
and greater adolescent alcohol use/problems may be only
modest and limited to early adolescence, while early PD ap-
pears to have longer lasting associations with nicotine and il-
licit drug use. We highlight the major findings from this study
below.

1. The findings from previous studies of an association be-
tween early PD and adolescent substance use were repli-
cated. At the between-family level, which is comparable
to studies using population-based samples, PD was asso-
ciated with heavier use of multiple substances for both
sexes. The magnitude of the effect sizes were modest,
with PD accounting for, at most, an expected difference
of less than half a drinking day per month, 0.2 AUD symp-
toms, 15 cigarettes per month, or one lifetime use of an il-
licit drug. The strength of association decayed with age, in
line with the numerous reports of an association in early/
middle adolescence but less consistent results in young
adulthood. We also replicated previous findings that these
substance use associations were largely due to indirect ef-
fects through peer substance use, parental monitoring, and
cumulative effects on substance use over time.

2. The association between PD and substance use is par-
tially attributable to confounding factors that differ be-
tween families. The within-family models provided a ro-
bust test for a true association between early PD and
substance use, controlling for many potential causes of

J. E. Savage et al.88

https://doi.org/10.1017/S0954579417000487 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579417000487


spuriousness. Within pairs, the magnitude of the effects of
PD were attenuated relative to that observed at the popula-
tion level, and even reversed in direction in some cases. In
addition, though mediational effects were robust at the be-
tween-family level, there was little evidence for them
within pairs. These findings suggest that the mediational
effects of peer substance use and parenting found in other
studies (e.g., Schelleman-Offermans et al., 2013) more
likely reflect correlated liabilities to early PD, substance
use, and peer/parenting factors that differ systematically
between families and may share a common underlying
cause. Though, outside of any relation to PD, within-
pair differences in peer substance use and in parental mon-
itoring were linked to heavier substance use, indicative of
the importance of these as targetable risk factors for ado-
lescent and young adult substance use.

3. Any shared causal factors overlapping between early PD
and heavier substance use are likely to be environmental
rather than genetic in nature. The results from the twin
Cholesky models indicated that, for females, some of
the same environmental influences contributed to both
early PD and heavier drinking/smoking in early adoles-
cence and illicit drug use in young adulthood. This is con-
sistent with the single other study examining multivariate
biometric models of PD and substance use, which found
evidence only for shared common environmental factors,
and not genetic factors, between girls’ adolescent drinking
frequency and age at menarche (Dick et al., 2000). Lack of
overlap in any of these factors for males may be a result of
the less robust phenotypic correlation, or may be indica-
tive of a (modest) causal association between the traits ra-
ther than a shared liability. Duffy and Martin (1994) dis-
cuss the difficulty in distinguishing a shared liability
from a phenotypic causal association when using twin
models, especially if both traits have a similar genetic ar-
chitecture (here, PD and substance use were each moder-
ately heritable).

4. Biological father absence does not explain the association
between PD and substance use, but was associated with
early PD in males. In contrast to a number of previous
studies, biological father absence had no relationship to
PD in females. This discrepancy may be due to differences
in measures of PD, as most studies have used retrospective
accounts of age at menarche as their definition of PD (Bo-
gaert, 2005; Kim & Smith, 1998; Quinlan, 2003). A pre-
vious study examining the associations between individ-
ual PD indicators (PDS items) and biological father
absence found that not all indicators differed significantly
between father-present and father-absent individuals, with
menarche showing the greatest difference for females, and
overall somewhat greater differences for males than for fe-
males (Mustanski et al., 2004).

5. Sex differences are important to consider. There were sex
differences in the pattern of relationships for each sub-
stance, with females generally having an earlier age of on-
set for when these associations emerge (perhaps not sur-

prising given the earlier average age of pubertal onset
for girls). PD was more strongly associated with alcohol
outcomes and parental monitoring levels for females,
while the association between PD and illicit drug use
was stronger for males.

6. The pattern of association weakens or reverses across
time, indicative of a “catch-up” effect, although it differs
by substance. For drinking frequency and AUD symp-
toms, the within-family direction of association reversed
at age 22, such that early PD was associated with lower al-
cohol use/problems in young adulthood. These results are
consistent with a catch-up effect that may be due to early
maturers peaking earlier and beginning to decline in their
substance use as their later-maturing counterparts are
reaching peak use. Nevertheless, two previous studies
have found that adolescent alcohol use predicted drinking
problems in middle adulthood more so than in young
adulthood (Huurre et al., 2010; Pitkänen, Kokko, Lyyra,
& Pulkkinen, 2008), so caution should be taken in extend-
ing these findings beyond the ages here included. Norma-
tive high levels of substance use in young adulthood may
dilute the associations during that limited time period.

For smoking frequency, although there was a similar de-
crease in the total effects and a reversal in direction of the di-
rect effects across time, early PD retained a modestly signif-
icant association with heavier smoking frequency at age 22
through indirect pathways. This may be evidence of the po-
tential importance of PD on setting individuals on divergent
developmental trajectories of nicotine use through subtler
mechanisms, such as early initiation that leads to long-term,
persistent addiction rather than transient, adolescent-limited
increases in smoking. In particular, normative (but tempo-
rary) high levels of substance use in middle to late adolescence
could mask a more lasting effect that emerges among early in-
itiators who become addicted and persist in heavy use in
adulthood, which could explain the population-level correla-
tion seen between PD and age 22 smoking. While drinking in
adolescence has been largely attributed to shared environ-
mental factors such as peer influences (Pagan et al., 2006),
some evidence from animal models suggests that adolescence
is a critical time for the neurodevelopmental changes related
to the development of nicotine addiction (Brielmaier, McDon-
ald, & Smith, 2007). A co-twin control study of MZ twins
differing in age of onset of smoking by 2 years or more found
that the co-twins with earlier onset had increased risk of nic-
otine dependence in adulthood (Kendler, Myers, Damaj, &
Chen, 2013), while Hartz et al. (2012) demonstrated that early
onset of smoking can moderate one’s genetic risk for nicotine
dependence. If this is the case, early PD may be a risk factor
for adult nicotine dependence via its effect on increasing like-
lihood of initiation of regular smoking during a critical neu-
rodevelopmental stage.

Research is needed on whether this may be similarly true
for illicit drug use, for which PD also showed persistent indi-
rect effects on heavier use at age 22. An alternative explana-
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tion may be important to consider: given the epidemiological
differences in timing of onset and peak use of illicit drugs ver-
sus alcohol and nicotine (e.g., Substance Abuse and Mental
Health Services Administration, 2011), it may be that the as-
sociations with illicit drug use simply represent a time shift
that would dissipate at older ages that were not assessed in
this study. We might see, as with alcohol, that early maturers
peak in initiation and use sooner and the trajectory for late ma-
turers is just shifted by a few years. The link between PD and
illicit drug use is in need of further investigation, especially
with longer term follow-up. Differences in the addictiveness
of substances (i.e., likelihood and speed of transition to depen-
dence given initiation; Lopez-Quintero et al., 2011) may be an
important determinant of why early initiation leads to more or
less temporary effects on long-term use trajectories for differ-
ent substances. Future research across all substances is re-
quired to better understand what causal links, rather than cor-
related liabilities, may exist between factors that increase
earlier initiation of substance use and long-term outcomes of
substance use beyond the transient influences of adolescence.

Limitations

The findings of this study should be viewed in the context of
several limitations. First, with the exception of the structured
clinical assessments in the intensive subsample, most data
were collected via self-report of questionnaires completed
at home, which may have been influenced by social desirabil-
ity biases or parental presence (especially regarding sub-
stance use variables in individuals below the legal age).
While smoking and alcohol use patterns in Finnish adoles-
cents and young adults are broadly comparable to other Euro-
pean and US populations, illicit drug use has until recently
been much less common in Finland. Thus, replication of
these analyses in other populations is needed. Participants
also reported on the actions of others, including peer sub-
stance use and parental monitoring, which may reflect per-
ceived rather than actual behaviors. The items indexing pa-
rental monitoring, for example, may thus reflect parental
knowledge or the child’s willingness to disclose information
to parents, which may differ from a true measure of “monitor-
ing” and accordingly may have different associations with PD
and/or substance use. However, previous research has found
that child rather than parent reports of parenting behaviors are
more reliably associated with the child’s substance use behav-
iors (Varvil-Weld, Turrisi, Scaglione, Mallett, & Ray, 2013),
and that perceived rather than actual peer substance use is
most strongly associated with one’s own substance use (Ian-
notti & Bush, 1992). Second, given the complexity of the
models and sample attrition at older ages, estimates may be
somewhat imprecise, and we may have been underpowered
to detect small effects of PD and to disentangle genetic versus
environmental sources of variance in the biometric models
when the magnitude of the effects themselves are very small.
Third, participants were measured at the same age for assess-
ments of PD; while this limits potential confounding effects

of age differences in the sample, limited variance from a sin-
gle time-point measure of a developmentally dynamic con-
struct may have attenuated the associations seen between
PD and other outcomes.

Fourth, because this was a longitudinal study, there is a risk
of differential attrition. We compared age 12 and age 14 data
from individuals who remained or dropped out of the study af-
ter the age 14 wave, and although participant retention was high,
there were some significant differences. Those who dropped
out were more likely to be male, to smoke and drink more at
14 (but no differences in substance use at age 12), to have
more AUD symptoms at age 14, and to have lower age 12
PD scores (late developers), higher peer substance use scores,
and lower parental monitoring scores. However, this should
bias our results in a conservative rather than liberal direction,
based on the directions of the associations that were found.
This study also has numerous strengths, including unbiased
population ascertainment, longitudinal data collection beyond
adolescence with high retention rates, PD scores derived from
multiple indicators to decrease the error associated with single
items such as age as menarche, comparisons of gender differ-
ences using data collected with the same measures, and the use
of twin pairs to control for many of the between-family con-
founds that make it difficult to understand the nature of the re-
lationship between PD and substance use.

Conclusion

Early PD has a long but conflicted history of association with
an increased risk for numerous emotional and behavioral
health outcomes in adolescence, including substance use.
Using a large, longitudinal, epidemiological sample of twins,
the current study shed light on several issues muddying the
nature of this association. We conclude that, although evident
that the association exists, it is a relatively modest effect and has
a nuanced presentation depending on gender, age, and sub-
stance use measure, which perhaps explains why discrepancies
may be seen across studies and especially across samples of dif-
ferent ages. A substantial portion of the association is due to
confounding factors that differ between families and represent
correlated liabilities shared between early maturation and heav-
ier substance use. Such correlated liabilities appear to be attri-
butable to environmental rather than biological factors, and can-
not be explained byabsence of the biological father. In addition,
the association between early PD and higher alcohol use/prob-
lems was limited to early adolescence and was consistent with a
catch-up effect. Our findings indicate that the early PD may
have more robust and persistent effects on adult nicotine use
through divergent trajectories beginning earlier in adolescence.
These effects are not solely due to mediation by peer and paren-
tal factors, and further research is necessary to identify other
pathways that may explain this association. Within-family dif-
ferences in peer substance use and parental monitoring, how-
ever, were themselves associated with differences in substance
use between co-twins; these factors may thus be useful targets
for prevention/intervention efforts. This study’s findings high-
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light the complexityof the association between early maturation
and substance use, and illustrate the need to consider many
overlapping factors and alternative explanations in order to
fully understand their relationship.

Supplementary Material

To view the supplementary material for this article, please
visit https://doi.org/10.1017/S0954579417000487.
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