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ABSTRACT 

Puberty is a key developmental process influencing youths’ psychosocial adjustment, yet research has rarely examined its links 
to adaptive outcomes such as prosocial behavior. Using data from the Avon Longitudinal Study of Parents and Children, we 
applied linear mixed-effects models to test associations between pubertal timing and tempo—derived from SITAR growth curve 
modeling of up to nine assessments (ages 8–17 years)—and mother-reported behavioral adjustment at age 16 years. Pubertal 
data were available for 5013 girls and 4822 boys. Pre-registered analyses showed no associations between puberty and either 
prosocial behavior or externalizing problems at age 16. Exploratory analyses revealed that earlier pubertal timing and faster 
tempo were linked to more internalizing problems at age 16. At age 13, earlier timing predicted more externalizing problems, 
whereas later timing predicted more prosocial behavior. Most of these associations were attenuated in moderation analyses 
examining interactions between pubertal maturation and either parent–child disclosure or friendship satisfaction. Findings 
highlight developmental specificity in puberty–behavior links and suggest that supportive social relationships may buffer risks 
of early or rapid pubertal maturation. 
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 Introduction 

.1 Pubertal Timing and Tempo 

uberty, a period of substantial biological and psychosocial
hange, marks the end of childhood and the transition into adult-
ood (Abreu and Kaiser 2016 ). Importantly, significant individual
ifferences exist in terms of when puberty begins—pubertal
iming—and the speed of progression through puberty—pubertal
empo (Biro et al. 2018 ; Cheng et al. 2020; Tanner and Whitehouse
his is an open access article under the terms of the Creative Commons Attribution Licen
riginal work is properly cited. 
2026 The Author(s). Social Development published by John Wiley & Sons Ltd. 
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1976 ). Moreover, girls typically begin puberty 12–18 months ahead
of boys (Elhakeem et al. 2024; Marshall and Tanner 1969, 1970),
and this, along with other sex-related variations, may evoke
different responses from the environment in terms of social role
expectations (Benjet and Hernández-Guzmán 2002). Given that
adolescence is a period during which many mental health prob-
lems emerge or intensify (Dalsgaard et al. 2020; Solmi et al. 2022),
these considerations have inspired investigation into the links
between pubertal development and psychosocial adjustment in
adolescence. 
se, which permits use, distribution and reproduction in any medium, provided the 
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.2 Pubertal Maturation Relates to Behavioral 
djustment 

he majority of existing studies have examined individual differ-
nces in pubertal development in relation to maladjustment, and
 large body of literature suggests that earlier pubertal timing is a
isk factor for externalizing problems, internalizing problems and
isky health behaviors (e.g., Askelund et al. 2024 ; Kowalski et al.
021 ; Pham et al. 2025 ; Senia et al. 2018 ; Ullsperger and Nikolas
017 ). Although pubertal timing has been more extensively
esearched than pubertal tempo due to a preponderance of cross-
ectional data, patterns of accelerated pubertal development have
lso been linked to both internalizing (Cheng et al. 2020) and
xternalizing problems (Beltz et al. 2014 ; Castellanos-Ryan et al.
013 ; Dimler and Natsuaki 2015 ; Marceau et al. 2011 ). Because
uberty may be a challenging developmental phase for many
ouths, early pubertal timing may confer additional risk because
arly maturing adolescents often enter this transition before they
re developmentally prepared to cope with its biological and
ocio-emotional demands (Graber 2013 ). As a result, pubertal
iming has been mostly studied as a risk factor in associations
ith maladaptive outcomes. 

nly a handful of studies have explored associations with
daptive adjustment, where earlier pubertal timing was found
o be linked to better executive functioning and higher social
ompetence (Benjet and Hernández-Guzmán 2002 ; Carlo et al.
012 ; Chaku and Hoyt 2019 ; Klopack et al. 2020 ; Koerselman and
ekkarinen 2017). 

espite the well-established importance of pubertal development
n adolescent outcomes, our understanding of how individ-
al variation in pubertal timing and tempo affects behavioral
djustment remains limited. 

.3 The Importance of Parents and Peers 

arallel to the growing literature linking pubertal timing and
empo to behavioral adjustment, recent work suggests that indi-
idual differences in pubertal maturation need to be examined in
he context of the individual’s social environment (DiLalla et al.
021 ). 

he social context is particularly important in adolescence, a
ife stage when relationships with parents and peers change
ubstantially (Crone and Achterberg 2022 ). As part of this shift,
dolescents are more in control of how much information they
oluntarily share with their parents. Adolescent disclosure refers
o the extent to which the adolescent is sharing details from
heir lives with their caregivers (Laird and Zeringue 2019). Higher
dolescent disclosure may indicate higher levels of openness,
armth and communication in the parent–adolescent relation-
hip (Kearney and Bussey 2015 ) and has previously been linked to
igher quality of parent–child relationships (Laird and Zeringue
019) and lower depressive symptoms and delinquency (Hamza
nd Willoughby 2011 ; Kapetanovic et al. 2019 ). Disclosure to
arents may be especially important during adolescence and
ay buffer against risks associated with early puberty by facil-
tating parental guidance and support, whereas low disclosure
ay limit opportunities for monitoring and intervention. Even
of 12
though child-to-parent disclosure is considered a proxy of the
parent–child relationship, it is also acknowledged that adolescent
disclosure is a larger construct than just a proxy of parent–child
relationship (Crouter and Head 2002 ). 

During adolescence, although the relationships with parents
remain important, youths become increasingly more indepen-
dent of their caregivers, a normative process that aids the
development of their sense of identity (Crone et al. 2022 ; Suleiman
and Dahl 2019 ). 

This change in the youth–parent relationship is paralleled by the
growing importance of peer relationships, such as friendships.
As compared to other age groups, adolescents have a heightened
need for social belonging, increased rejection sensitivity, and
heightened sensitivity to peer evaluation (Blakemore and Mills
2014 ; Sebastian et al. 2010 ; Somerville 2013 ). This increased
peer importance translates to heightened susceptibility to peer
influence on behaviors such as risk-taking and prosocial behavior
(Crone, Sweijen, et al. 2022 ; Laursen and Veenstra 2021 ; van
Hoorn et al. 2016 ). For example, compared to other age groups,
both laboratory experiments and real-life observations show that
adolescents’ willingness to engage in risky behaviors increases
in the presence of peers and friends (Gardner and Steinberg
2005 ; Simons-Morton et al. 2011 ), and this effect is particularly
pronounced when peers convey risk ‑accepting norms (Simons-
Morton et al. 2019 ). 

This means that when studying important developmental mile-
stones in adolescence, such as behavioral adjustment, considering
important contextual factors such as quality of social relation-
ships with parents and peers, as they are perceived by adolescents
themselves, is crucial. 

1.4 Prosocial Behavior and Externalizing 
Problems in Adolescence 

Adolescence is a period marked by changes in both adaptive
and maladaptive behaviors (Bongers et al. 2004 ; Padilla-Walker
et al. 2018a ). While adolescent research has traditionally largely
focused on maladaptive outcomes, understanding the factors
that shape adaptive behaviors is equally important. Examining
these together provides a more comprehensive view of adolescent
behavioral adjustment. 

In this study, we focus on two aspects of behavioral adjust-
ment: prosocial behavior and externalizing problems. Prosocial
behavior, defined as voluntary behaviors intended to benefit
others (Eisenberg et al. 2013 ), has been positively linked to a
broad spectrum of social and psychological adjustment (e.g.,
Layous et al. 2012 ), and negatively associated with externalizing
problems (Hukkelberg et al. 2019 ; Memmott-Elison et al. 2020 ).
Externalizing problems largely refer to maladaptive behavior
that is frequently destructive or aggressive and typically can be
categorized into four behavioral clusters: aggression, opposition,
status violations, and property violations (Frick et al. 1993 ). 

While some degree of continuity in these aspects of behav-
ioral adjustment exists across development, possibly maintained
through ongoing interactions between the child and their envi-
Social Development, 2026
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onment, it has been proposed that discontinuity and altered
atterns may be brought about by new events and transitions,
ncluding the onset of puberty (Sørlie et al. 2008 ). Understanding
he associations between pubertal development and behavioral
djustment, and how they are influenced by the quality of social
elationships with parents and peers, may thus provide valuable
nsights into modifiable factors that could be targeted in interven-
ions to enhance developmental outcomes for young people. 

.5 Theoretical Framework 

everal theoretical frameworks have been proposed to under-
tand how variation in pubertal development relates to adjust-
ent in adolescence. One such example is the accentuation
heory, which posits that earlier pubertal timing represents a
ife stressor that amplifies pre-existing problems (Caspi and
offitt 1991 ). Prior research demonstrated that early maturing

ndividuals with preexisting problems, behavioral or emotional,
ad more problem behaviors and internalizing symptoms later in
dolescence (Caspi and Moffitt 1991 ; Senia et al. 2018 ). However,
ther literature suggests that pre-existing problem behaviors and
arlier pubertal timing both predict future problem behaviors
ndependently of each other (Beltz et al. 2014 ). 

ore recent theoretical frameworks emphasize the importance of
he context in which the individual is developing. For instance,
he contextual amplification hypothesis suggests that early
uberty increases the risk for developing problem behaviors in
he context of a harsh social environment (Laube and Fuhrmann
020 ). In contrast, the differential susceptibility theory posits
hat individual differences in susceptibility to the environment
ay be heightened during earlier puberty, for better and worse
Belsky et al. 2007 ; Laube and Fuhrmann 2020 ). Thus, earlier
ubertal timing may elevate the risk of maladjustment in harsh
nvironments but enhance the likelihood of positive outcomes
n supportive environments. Evidence that supports early puber-
al timing as a differential susceptibility marker has almost
xclusively been studied in association with maladaptive develop-
ental outcomes, such as externalizing problems. For example,
his association was amplified in negative social environments,
uch as peers engaging in risky and violent behaviors or harsh
arenting, and weakened in the context of supportive social
nvironments, such as positive parenting or high neighborhood
fficacy (Chen and Raine 2018 ; Kanwar 2021 ; Klopack et al. 2020 ;
ynne et al. 2007 ). 

o the best of our knowledge, only one study has examined
hether pubertal development relates to a positive outcome,
rosocial behavior, and whether this association is moderated by
ontextual factors—and that study focused exclusively on boys
Klopack et al. 2020 ). Klopack and colleagues ( 2020 ) showed
hat the relationship between early pubertal timing and prosocial
ehavior may be strengthened in the context of positive school
xperience and weakened in the context of harsh parenting. 

n addition, several hypotheses exist regarding the duration
f the impact of early puberty on behavioral adjustment. The
ttenuation hypothesis suggests that the effect would disappear in
dulthood, implying recovery (Copeland et al. 2010 ). In contrast,
he selective persistence hypothesis predicts long-lasting effects,
ocial Development, 2026
suggesting a cascade of events where behavioral problems may
result in early parenthood and reduced education, which could
then increase the risk of poorer mental health in adulthood
(Copeland et al. 2010 ; Senia et al. 2018 ). 

Taken together, the existing literature indicates that pubertal
development can relate to both negative and positive develop-
mental outcomes and that the associations may depend on the
social context, in line with the differential susceptibility theory. At
present, it is unclear whether the associations between pubertal
development and adjustment are long-lasting or time limited, and
how social factor shape these associations. 

1.6 Aims and Hypotheses 

The present pre-registered study examined associations between
pubertal development and both positive and negative aspects of
behavioral adjustment at age 16. We also investigated whether
these associations were moderated by contextual factors, namely
child-to-parent disclosure and friendship satisfaction. Leveraging
longitudinal data from the large UK-based Avon Longitudinal
Study of Parents and Children (ALSPAC) across the ages 8 to 17
years, we investigated: (i) associations between pubertal devel-
opment indices (pubertal timing and pubertal tempo) and both
negative (externalizing problems) and positive (prosocial behav-
ior) aspects of behavioral adjustment; and (ii) the moderating role
of social context in these associations. 

We hypothesized that earlier pubertal timing would relate to
both more externalizing problems (H1) and more prosocial
behavior (H2). In line with the differential susceptibility theory,
we hypothesized that the link between earlier pubertal timing and
increased externalizing problems would be amplified in negative
social environments, such as lower child-to-parent disclosure
and lower friendship satisfaction (H3) and attenuated in positive
social environments, such as higher child-to-parent disclosure
and friendship satisfaction (H4). In contrast, we hypothesized
that the link between earlier pubertal timing and more prosocial
behavior would be attenuated in negative social environments
(H5) and amplified in positive social environments (H6). Given
the limited empirical evidence on sex differences in the associ-
ations among pubertal maturation, externalizing problems, and
prosocial behavior, we did not outline specific hypotheses for
these analyses. Similarly, analyses including pubertal tempo as
a predictor of behavioral adjustment were exploratory due to
limited prior research. 

2 Methods 

The present study and analyses were pre-registered [‘anonymous
contributors’]. Any deviations from the pre-registration have been
fully described. 

2.1 Sample 

We used data from the Avon Longitudinal Study of Parents and
Children (ALSPAC). The ALSPAC study is a multigenerational
prospective birth cohort study where 14541 pregnant women
residents in Avon, UK with expected dates of delivery between
3 of 12
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TABLE 1 Descriptive statistics for the sample and primary variables. 

N White 
Higher 

education 

Financial 
hardship 

Prosocial 
behavior 

Externalizing 
problems 

Child-to-Parent 
disclosure 

Friendship 
satisfaction 

mean ( SD ) mean ( SD ) mean (SD) mean ( SD ) mean ( SD ) 

Girls 5013 95.9% 18.0% 10.2 (4.0) 8.16 (1.8) 3.36 (2.9) 20.27 (3.34) 3.84 (0.38) 
Boys 4822 95.7% 17.2% 10.2 (3.9) 7.78 (1.95) 3.79 (3.1) 19.63 (3.31) 3.77 (0.44) 

Note: N refers to the number of individuals with available measures of pubertal timing. White refers to the race/ethnicity of the child as reported by their mothers. 
Higher education reported by mothers refers to having received A-levels or higher education. Financial hardship is a total score based on 8 items, with higher 
scores indicating greater difficulties. The score ranged from 8 to 32. SD = standard deviation. Outcome variables (prosocial behavior and externalizing problems) 
were measured at age 16 years, moderator variables (child-to-parent disclosure and friendship satisfaction) were assessed at age 13.5 years. 
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pril 1, 1991 and December 31, 1992, were invited to participate.
hrough subsequent phases of recruitment, the total sample size
or data collected after the age of seven increased to 15,447 preg-
ancies. Of these 14,901 children were alive at 1 year of age. Ethical
pproval for the study was obtained [Anonymized]. Informed
onsent for the use of data collected via questionnaires and clinics
as obtained from participants following the recommendations
f [anonymized] at the time. More details about this study are
resented in the Supporting Information: Section 1.1 and have
lso been described elsewhere (Boyd et al. 2013 ; Fraser et al. 2013 ).

he analytic sample comprised all individuals with at least one
vailable measure of pubertal development ( n = 9835), including
52 siblings, of whom 80 were twins. Participants excluded due
o missing pubertal data were more likely to have mothers
ith lower educational attainment and to be described by their
others as non-White; however, they did not differ from the
ncluded participants on any outcomes of interest. Details of the
ttrition analyses are provided in the Supporting Information:
ection 1.2 . 

ubertal development was collected 9 times, annually from ages
 to 17 years. Additionally, we utilized questionnaire data on
ehavioral adjustment collected at ages 6, 11, 13, and 16 years.
ocial context variables were assessed at age 13.5 years. Note that
ata collected at age 13.5 were collected only for a subsample
f the original ALSPAC sample ( n = 5844) and consisted of a
ore in-depth clinical assessment “Teen Focus 2”. Data from this
ubsample were used in the analyses examining the moderating
ole of contextual factors. Sample sizes for each analysis are listed
n Table S1 . Basic demographic information for the study sample
s presented in Table 1 . 

.2 Measures 

lease note that the ALSPAC website contains details of all the
ata that is available through a fully searchable data dictionary
nd variable search tool, and reference the following webpage:
ttp://www.bristol.ac.uk/alspac/researchers/our-data/ . 

.3 Predictors 

.3.1 Pubertal Development 

he parent-report Growing Up and Changing Questionnaire
GUCQ) was used to measure perceived development of sec-
of 12
ondary sex characteristics (Golding et al. 2024 ; Horvath et al.
2020 ), including changes in height, pubic hair, and axillary
hair growth, in addition to sex specific items for boys (genital
development and voice changes) and girls (breast development
and age at menarche). The GUCQ is based on the Tanner
Stages (Marshall and Tanner 1969 , 1970 ), and includes a series
of questions accompanied by pictures, where the respondent is
asked to select the category that best describes their degree of
pubertal development. The GUCQ, which was administered 9
times annually from ages 8 to17 years, is designed so that it can
be completed by a parent or child alone, or by the child with help
of a parent (Golding et al. 2024 ). For the first five waves of data
collection, the GUCQ was mostly completed with help of a parent,
and by the child alone at the remaining waves of data collection
(for details see Elhakeem et al. 2024 ). The GUCQ scores were used
to derive a measure of pubertal timing and pubertal tempo for
each individual using growth curve analysis, which is described
in the Data Analyses section. 

2.4 Outcomes 

2.4.1 Externalizing Problems 

Externalizing problems were measured at age 16 and were
assessed by combining the two 5-item parent-report conduct
problems and hyperactivity/inattention subscales of the Strength
and Difficulties Questionnaire (SDQ, (SDQ; Goodman et al. 2010 )
to generate a sum score. The items on the conduct subscale
include: (i) has often had temper tantrums or hot tempers; (ii)
is generally obedient; (iii) usually does what adults request; (iv)
often fights or bullies other children or teenagers; (v) often lies
or cheats; steals from home, school or elsewhere; while items on
the hyperactivity/inattention subscale are: (i) has been restless,
overactive; (ii) cannot stay still for long; (iii) is constantly fid-
geting or squirming; (iv) is easily distracted, their concentration
wanders; (v) thinks things out before acting; (vi) sees tasks
through to the end, has good attention span. Response options
included: Not true, somewhat true, certainly true, do not know.
The standardized Cronbach’s α of the externalizing scale in this
study was 0.76. 

2.4.2 Prosocial Behavior 

Prosocial behavior was also assessed at age 16, using the sum
score of the 5-item parent-report prosocial behavior subscale of
Social Development, 2026
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he SDQ (Goodman et al. 2010 ). The parents responded to the
ollowing question: Please describe how your teenager has been
n the past 6 months: (i) has been considerate of other people’s
eelings; (ii) has shared readily with other children and teenagers;
iii) is helpful if someone is hurt, upset or feeling ill; (iv) is
ind to younger children; and (v) often volunteers to help others
parents, teachers, other teenagers), with the following response
ptions: Not true, somewhat true, Certainly true, do not know.
he standardized Cronbach’s α of the prosocial scale in this study
as 0.73. 

.5 Moderator Variables 

.5.1 Child-to-parent Disclosure 

he present study used a self-report of adolescent disclosure
o their caregivers who were the parents for most participants,
ollected at age 13.5 years during the clinical examination “Teen
ocus 2”. Throughout the manuscript we will therefore use the
erm child-to-parent disclosure. The study participants indicated
he frequency of what they chose to tell their caregivers / parents:
Do you tell your carers/parents what you do during your free
ime?”, “What do you spend your money on?”, “How often during
he past month were your carers/parents unaware where you
ere at night?”, “How often do you keep secrets from your
arers/parents about what you do in your free time?”, “How often
o you keep things from your carers/parents about what you
o at nights/weekends?”. The response options were given a 5-
oint scale ranging from 1 (never) to 5 (always). A higher sum
core reflects greater adolescent disclosure to parents and may,
n part, indicate higher quality of the parent–child relationship.
he standardized Cronbach’s α of the disclosure scale in this study
as 0.77. 

.5.2 Friendship Satisfaction 

sing semi-structured interviews (collected during “Teen Focus
”), the study participants were asked about the quality of their
eer relationships at age 13.5 years. Questions were derived from
he Cambridge Hormone and Mood Project (Goodyer et al. 1989 ).
ontrary to the preregistered plan, where we planned to compute
 composite score based on six distinct friendship-related items,
his study utilized a single item: “Overall, how happy are you with
our friends?”measured on a four-point Likert scale ranging from
 (very happy) to 4 (unhappy). The deviation from the original
lan was due to low internal consistency of the scale, as indicated
y a Cronbach’s α of 0.52 when all six items were included. 

.6 Demographic Variables 

emographic variables included biological sex assigned at birth,
thnicity reported by the mothers, financial hardship, and
aternal education. Financial hardship was assessed using eight
tems that evaluated the difficulties mothers faced in affording
ecessities. These items included questions about their ability to
fford food, clothing, heating, rent, children’s needs, educational
ourses, dental care, and childcare. Responses were recorded on
 four-point scale and reverse-coded, such that higher scores
ocial Development, 2026
indicated greater financial difficulties. Maternal education was
measured as the highest education achieved by the mother using
the following categories: CSE/GCSE, vocational, O level, A level,
Degree. Deviating from our pre-registered analysis, we did not
include parental education or ethnicity as covariates in our
model due to high missingness (education) and homogeneity
(ethnicity) in the data. It should be noted, however, that ethnicity
and socioeconomic disadvantage relate differently to pubertal
development (Deardorff et al. 2021 ; Sun et al. 2017 ). 

2.7 Data Analyses 

All statistical analyses were performed in R version 4.1.2 (R
Core Team 2021 ) and Rstudio version 1.4.1717 (RStudio Team
2020 ). Sample sizes in the main preregistered analyses ranged
from 2666 to 3900 depending on the analyses in question, as the
mixed effects models performed (using the nlme r package) to
explore associations between pubertal development and behav-
ioral adjustment required complete data. An overview of the
included data can be found in Table S1 . 

2.7.1 Derivation of Indices of Pubertal Development 

To derive measures of pubertal timing and pubertal tempo, we
used SITAR (SuperImposition by Translation And Rotation), a
type of growth curve analysis (Cole et al. 2010 ). In modeling
growth processes, several approaches — including SITAR, linear
spline, and natural cubic spline linear mixed-effects (LME) mod-
els —have demonstrated similar performance in describing mean
developmental trajectories. As compared to linear spline LME,
both SITAR and natural cubic spline models are particularly
effective in identifying key growth features such as age at peak
velocity (Elhakeem et al. 2022 ). The SITAR model is especially
well-suited for modeling longitudinal pubertal development,
including Tanner stages, as it accommodates individual variation
in size, timing, and intensity of growth and allows inclusion of
individuals who do not have complete data on all the repeated
assessments (Cole et al. 2010 , 2014 ; Elhakeem et al. 2024 ). SITAR
as implemented in the R package sitar (Cole 2014 ), is a shape
invariant model that fits a cubic spline mean growth curve and
allows the modeling of several individual-level random effects
that reflect departures of individual growth curves from the
mean curve (Cole et al. 2010 ), allowing us to derive individual
differences in pubertal timing and pubertal tempo. 

First, we fitted a separate SITAR model for the following pubertal
measures selected for this study: pubic hair development, axillary
hair development, height, breast development stage (girls only),
voice breaking and genital development (boys only) to identify
the best fitting growth trajectory for each pubertal measure. In
all models, age was modelled as log(age) and the models were
fitted separately for girls and boys, in line with prior research
(Elhakeem et al. 2024 ). Each SITAR model included two random
effects: timing and intensity. For height, we additionally included
size as a random effect to account for individual differences
in maximum height. The individual-level timing and intensity
values were used as the measures of pubertal timing and pubertal
tempo, respectively. Within the SITAR framework, timing is
expressed as the age at peak velocity (APV), that is, the point of
5 of 12
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eak pubertal growth. Timing is geometrically expressed as left to
ight departures of the individual growth curves from the mean
rowth curve. Thus, in the present study, negative values indicate
arlier pubertal timing, while positive values reflect later pubertal
iming. The mean age of pubertal timing (i.e., the average age at
eak growth) for each pubertal indicator can be found in Table S2 .
he second random effect modelled in this study was intensity,
r pubertal tempo, expressed by SITAR as peak velocity (PV),
hat is, the intensity reflects an individual’s growth rate compared
o the average growth rate and is measured as a fraction or as
ercentage. Geometrically, intensity corresponds to stretching or
hrinking of the age scale (which makes each individual growth
urve steeper or flatter than the average). In the context of this
tudy, negative values reflect slower pubertal growth/tempo while
ositive values reflect faster growth/tempo than the average. 

econd, building on the analytical steps applied by Elhakeem
t al. ( 2024 ), we performed model comparisons whereby for
ach pubertal measure (i.e., one for breast development, one for
ubic hair development etc.), different models were fitted with
 to 5 knots (which determines the wiggliness of the curve) in
he mean growth curve and included up to two random effects
for timing and intensity). The best fitting model was chosen
ased on recommended criteria (Elhakeem et al. 2024 ), including
he lowest Bayesian Information Criteria (BIC) value. Model
election procedures are described in greater detail in Supporting
nformation: Section 1.4.1 and Table S3 . 

hird, we extracted individual-level values for age at peak velocity
APV; pubertal timing) and peak velocity (PV; pubertal inten-
ity/tempo) from the SITAR models for each pubertal measure.
ome models that included multiple random effects failed to
onverge; in these cases, we retained only the available random
ffects from the best-fitting models. As a result, information on
ubertal tempo was available for pubic hair, height, and breast
evelopment in girls, and for axillary and pubic hair development
n boys. For pubertal timing, the models provided estimates for
xillary hair, pubic hair, and breast development in girls, and for
xillary hair, pubic hair, voice breaking, and height in boys. 

inally, we calculated overall pubertal timing and pubertal tempo
cores. For girls, the total timing score was calculated as the
verage of the following: centered age at menarche (not modeled
ith SITAR because it was reported as a single value) and APV
alues derived from Tanner stage breast development, pubic
air, and axillary hair development. For boys, the total timing
core was calculated as the average of APV values derived from
anner stage genital development, voice breaking, pubic hair,
xillary hair development, and height. Similarly, total pubertal
empo in girls was calculated as the average of PV values derived
rom Tanner stage breast development, height, and pubic hair
evelopment, while for boys the pubertal tempo score was
alculated as the average of PV values derived from Tanner stage
ubic and axillary hair development. 

n addition to the preregistered analyses, we conducted
xploratory analyses distinguishing between timing and tempo
f two biologically distinct processes within puberty: adrenarche
earlier phase) and gonadarche (later phase) (Counts et al.
987 ). Full details of score derivation and results are provided in
upporting Information: Section 1.4.2 . 
of 12
2.7.2 Linear-Mixed Effects Models 

To test our hypotheses, a series of mixed effects models were
performed using the nlme package (Pinheiro et al. 1999 ) in
R. Family was included as a random effect to account for
relatedness in the sample. The total pubertal timing and pubertal
tempo scores generated from the SITAR analyses were used
as predictor variables. Exploratory analyses were performed by
means Pearson’s correlations to assess correlations between total
pubertal timing and total pubertal tempo. 

2.8 Main Analyses 

First, we tested whether pubertal timing was associated with
externalizing problems (H1) and prosocial behavior (H2) by
regressing externalizing problems and prosocial behavior mea-
sured at age 16 years on the total pubertal timing score. Second,
significant associations were followed up by including an inter-
action term to explore the potential moderating role of social
context: child-to-parent disclosure and friendship satisfaction,
respectively (H3-H6). Third, significant associations (H1 and H2)
were also followed up by testing whether the presence of exter-
nalizing problems and prosocial behavior earlier in development
impacted our associations of interest. Specifically, we included a
measure of externalizing problems and prosocial behavior from
age 6 as covariates in our models. This step was included to isolate
the effect of pubertal development on behavioral adjustment in
late adolescence from pre-existing differences. 

Contrary to the preregistration, models were run separately for
boys and girls due to differences in the distribution of pubertal
timing scores between sexes generated by the SITAR models
(see Figure S1 for differences in dispersion of pubertal timing
scores). 

As preregistered, exploratory analyses were also performed with
the conduct subscale of SDQ as a predictor. See Supporting
Information: Section 1.4.3 . for details. We applied False Discovery
Rate (FDR) correction for multiple testing using the Benjamini–
Hochberg procedure, with an FDR level of 0.05 (see Supporting
Information: Section 1.4.4 ). 

The same analyses were repeated using the total pubertal
tempo as the main predictor. All beta coefficients reported
in the manuscript are standardized estimates unless otherwise
specified. 

3 Results 

3.1 Associations Between Pubertal Timing and 

Pubertal Tempo 

In girls, the total pubertal timing score and the total pubertal
tempo score were not correlated ( r = − 0.01, p = 0.596). In boys,
total pubertal timing score and total pubertal tempo were posi-
tively and moderately correlated ( r = 0.41, p < 0.001). Correlations
among timing and tempo of the individual indicators of pubertal
development are described in Supporting Information: Section
1.4.5 . 
Social Development, 2026
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TABLE 2 Associations between pubertal timing and pubertal tempo and externalizing problems and prosocial behaviors. 

Externalizing problems at 16 years Prosocial behavior at 16 years 

Pubertal 
measure n 

Β
( SE ) p 95% CI n 

β
( SE ) p 95% CI 

Timing Girls 2895 0.01 
(0.05) 

0.808 [ − 0.10, 0.12] 2900 0.00 
(0.03) 

0.996 [ − 0.07, 0.07] 

Tempo 2891 − 0.07 
(0.05) 

0.231 [ − 0.18, 0.04] 2896 − 0.03 
(0.03) 

0.451 [ − 0.09, 0.04] 

Timing Boys 2671 0.03 
(0.06) 

0.585 [ − 0.09, 0.16] 2671 0.01 
(0.04) 

0.738 [ − 0.06, 0.09] 

Tempo 2666 − 0.00 
(0.06) 

0.959 [ − 0.13, 0.12] 2666 − 0.03 
(0.04) 

0.465 [ − 0.11, 0.05] 

Note: β is beta coefficient, SE is standard error, p is an uncorrected p -value, 95% CI is 95% confidence intervals, and n is sample size. 
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.2 Pubertal Development and Behavioral 
djustment Age 16 Years 

ontrary to H1 and H2, we found no associations between puber-
al timing and either externalizing problems or prosocial behavior
t age 16 years in boys and girls. Similarly, pubertal tempo was
ot associated with externalizing problems or prosocial behavior
t age 16 years (Table 2 ), and no associations were found between
ubertal development and conduct problems (see Table S4 ). 

.3 Post Hoc Analyses 

.3.1 Validation of the Pubertal Indices 

ince pubertal timing and its associations with internalizing
roblems in girls have been widely studied, we used internalizing
roblems (measured by the SDQ) as a validation outcome to
ssess the predictive validity of our pubertal indices. Demonstrat-
ng expected associations with internalizing problems provides
onfidence that the pubertal measures derived from SITAR cap-
ure meaningful variation in pubertal development. In line with
xisting research (Marceau et al. 2011 ; Pham et al. 2025 ), earlier
ubertal timing (as indicated by a negative timing score) and
aster pubertal tempo (as indicated by a positive intensity score)
ere associated with higher levels of internalizing problems in
irls at age 16; β= − 0.016, SE = 0.025, p = 0.007 for pubertal timing
nd β = 0.012, SE = 0.05, p = 0.003 for pubertal tempo. See Tables
5 and S6 for details. 

.3.2 Associations Between Pubertal Development and 
ehavioral Adjustment Earlier in Development 

fter validating our measure of pubertal timing and tempo, we
xplored whether the hypothesized associations with external-
zing problems and prosocial behavior were present earlier in
evelopment. Relevant behavioral adjustment data were available
or participants at ages 11 and 13 years. To minimize exploratory
nalyses, we examined earlier ages only for outcome variables
hat showed stronger preliminary correlations with pubertal
easures than at age 16 years (see Table S7 for correlation coef-
icients). Therefore, in girls, we examined associations between
ocial Development, 2026
pubertal timing and externalizing problems and prosocial behav-
ior at age 13 years. In boys, we investigated associations between
both pubertal timing and tempo and prosocial behavior at age 11
years, and pubertal timing and externalizing problems at age 11. 

3.3.3 Pubertal Development and Behavioral 
Adjustment at Age 11 in the Social Context 

At age 11 years, neither pubertal tempo nor timing were associated
with behavioral adjustment in boys. More details are presented in
Tables S8 and S11 . 

3.3.4 Pubertal Development and Behavioral 
Adjustment at Age 13 in the Social Context 

At age 13, earlier pubertal timing was associated with more
externalizing problems ( β = − 0.013, SE = 0.05, p = 0.046) in girls,
and later timing was associated with more prosocial behavior
( β = 0.07, SE = 0.03, p = 0.046). Both associations survived
FDR-correction. There was a unique effect of pubertal timing on
prosocial outcomes at age 13 years even when accounting for the
level of prosocial behavior at age 6 years. The effect of pubertal
timing on externalizing problems at age 13 years was no longer
significant when accounting for externalizing problems at age 6
years. Details are presented in Tables S10 and S11 . Entering child-
to-parent disclosure and friendship satisfaction in subsequent
models rendered the main effect of pubertal timing on these
developmental outcomes non-significant (see Table S9 ). 

In summary, pubertal development was not related to external-
izing problems or prosocial behavior at age 16, so H1 and H2
were not supported, and H3-H6 were thus not tested at this age.
Exploratory analyses to validate our pubertal measures did, how-
ever, show that earlier pubertal timing and faster pubertal tempo
were associated with more internalizing problems in girls at age
16. Further exploratory work identified earlier developmental
associations; in 13-year-old girls, later pubertal timing was linked
to more prosocial behavior, and earlier timing was associated
with more externalizing problems, with the latter becoming non-
signif icant after adjusting for prepubertal levels of externalizing
problems. Additionally, these associations at age 13 years were no
longer significant once socio-contextual variables were entered
into the models. 
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 Discussion 

his preregistered study examined how pubertal timing and
ubertal tempo—derived from up to nine time points between
ges 8 and 17 years—relate to externalizing problems and proso-
ial behavior at age 16 years, and whether these associations
re moderated by the quality of relationships with parents
child-to-parent disclosure) and peers (friendship satisfaction).
re-registered analyses found no associations for either boys
r girls at age 16. Exploratory analyses revealed that earlier
ubertal timing was related to more externalizing problems and
ater pubertal development was associated with more prosocial
ehavior in girls aged 13 years. However, these associations
ere no longer significant when child-to-parent disclosure or
riendship satisfaction were explored as potential moderators of
he associations between pubertal timing and these behavioral
utcomes. 

.1 Pubertal Development and Behavioral 
djustment 

he lack of associations between pubertal indicators and exter-
alizing problems or prosocial behaviors at age 16 years was
urprising and contrasts with previous studies (e.g., Carlo et al.
012 ; Klopack et al. 2020 ; Kowalski et al. 2021 ). Some of the
ifferences may be due to methodological variations, particularly
he use of different measures of behavioral adjustment. For
nstance, the measure of social competence in the study by
lopack et al. ( 2020 ) centers on friendships. The measure used
y Carlo et al. ( 2012 ) is more similar, as it also measures prosocial
ehavior; however, these associations were limited to household
elping and did not extend to peer-directed helping behavior. This
mplies that understanding the relationship between pubertal
evelopment and prosocial behavior may depend on factors such
s the type of prosocial behavior and the recipient of the prosocial
ct (Crone and Achterberg 2022 ). 

ifferences in methodology may also explain the null findings
ith externalizing problems at age 16 years. Some studies con-
eptualized externalizing problems as more serious conduct, such
s unlawful behavior (Castellanos-Ryan et al. 2013 ; Klopack et al.
020 ). While our lack of association contradicts previous findings
sing similar measures of behavioral adjustment (Beltz et al.
014 ; Marceau et al. 2011 ), this discrepancy is unlikely due to our
ongitudinal SITAR-derived pubertal indices. Validation analyses
how these indices are associated with internalizing problems, in
ine with existing literature (MacSweeney et al. 2023 ; Pham et al.
025 ). 

.2 Continuity of Puberty Effects on Behavioral 
djustment 

ur exploratory findings offer valuable insights that inform
xisting theoretical frameworks by demonstrating a clear positive
ontinuity between prepubertal and pubertal levels of behavioral
djustment. For example, earlier pubertal timing was associated
ith more externalizing problems in girls at age 13; however,
his association was no longer significant after adjusting for
xternalizing problems at age 6. These findings align with Beltz
of 12
et al. ( 2020 ), who reported that pubertal timing did not predict
adolescent externalizing problems after accounting for childhood
behavior problems. However, Beltz et al. ( 2020 ) also observed
timing effects on other outcomes, including earlier age at first
sex (both sexes), higher substance use (girls), and more conduct
disorder symptoms (boys), which were independent of age 7
problem behaviors. Together, this work highlights the importance
of outcome specificity in pubertal timing effects. 

Beyond externalizing problems, we found that later pubertal
timing was associated with more prosocial behavior in girls. This
association in girls remained significant after controlling for pre-
pubertal levels of prosocial behavior. This is an important finding,
as no previous study, to our knowledge, has accounted for pre-
existing differences in prosocial behavior. Pubertal development
explaining additional variance in behavioral adjustment, above
and beyond the prepubertal levels, may be indicative of a second
window of risk and opportunity in adolescence. 

Contrary to our expectations, our findings indicate that early
pubertal timing did not confer heightened environmental sen-
sitivity in this sample and context. However, our findings
underscore the importance of the social context in adolescent
development, consistent with the broader premise of contextual
amplification and differential susceptibility frameworks. In girls,
the associations between pubertal development and behavioral
adjustment at age 13 years were no longer significant when child-
to-parent disclosure and friendship satisfaction were included
as potential moderators of the association between pubertal
developmental and behavioral adjustment. This highlights the
continued importance of parent–child relationships despite grow-
ing autonomy during adolescence (Suleiman and Dahl 2019 ), and
illustrates the well-established importance of friendships in this
developmental stage (Alsarrani et al. 2022 ; Blakemore 2018 ). 

4.2.1 Developmental Trajectories 

Our results highlight the importance of using longitudinal data
in developmental sciences. However, the heterogeneous associa-
tions we observed show that pubertal indices do not uniformly
relate to psychosocial outcomes across development, a nuance
that should be considered in future work. For instance, the find-
ing that pubertal development is associated with externalizing
problems and prosocial behavior in middle adolescence, but with
internalizing problems in late adolescence, may be explained
by the different developmental trajectories of these constructs,
whereby externalizing problems and prosocial behavior peak con-
siderably earlier than those of internalizing problems (Bevilacqua
et al. 2021 ; Gautam et al. 2024 ). This suggests that there may
be sensitive windows during which associations with pubertal
timing are more likely to be detected. 

4.2.2 Directions for Future Research 

Despite the null findings in our preregistered analyses, our
exploratory results provide valuable insights into the predictive
roles of pubertal timing and tempo on psychosocial development
from early to late adolescence (from ages 11 to 16 years). Pubertal
Social Development, 2026
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iming emerged as the most consistent predictor across middle
nd late adolescence, whereas faster pubertal tempo was only
inked to heightened internalizing problems in girls during late
dolescence. Future research should build on these insights by
ontrolling for prepubertal levels of outcome variables to isolate
evelopmental effects and by testing the accentuation theory
o examine whether trajectories steepen among early-maturing
dolescents. Additionally, studies should adopt a developmen-
al lens when selecting measures of prosocial behavior, given
vidence that associations vary by measure and context (Crone
nd Achterberg 2022 ; El Mallah 2020 ). For instance, prosocial
endencies may increase toward close friends but decline toward
nfamiliar peers as ingroup-outgroup differentiation intensifies
cross adolescence. Finally, mapping social contexts and their
ynamic changes remains crucial, as our findings underscore
he importance of fostering supportive relationships—including
hose with parents—throughout adolescence. 

.2.3 Strengths and Limitations 

lthough the present study benefits from rich longitudinal
ata over nine timepoints, the findings of this study should
e interpreted considering certain limitations. First, the sample
s representative of a single region in the UK, which may
estrict the generalizability of the results to broader populations.
others of children who provided pubertal data tended to
ave higher education and were more likely to identify their
hildren as White, which may have introduced bias. Second,
he cohort under investigation consists of adolescents born in
he 1990s. This temporal context may limit the applicability of
he findings to contemporary youth. There are ongoing debates
bout whether pubertal timing has been gradually decreasing
ver the past half-century (Walvoord 2010 ). Additionally, while
his research primarily focused on social contexts defined by the
uality of child-to-parent disclosure and friendship satisfaction
factors that undoubtedly remain relevant— future research
hould broaden its scope to include emerging social and societal
ontexts, particularly those shaped by social media and other
igital environments that are integral to the lives of today’s ado-
escents. Third, we cannot exclude the possibility that children
ho reported poorer parent–child relationship (as indexed by
ower score on disclosure to parents) had less reliable puberty
ata, as most puberty questionnaires between ages 8 and 12
ere completed with the help of a parent. Fourth, the timing
f assessment in the present study poses limitations for causal
nterpretation. The social environment was assessed at age 13.5
ears, a decision that allowed these variables to be positioned
fter the average pubertal onset in the sample and before the
ssessment of key behavioral adjustment outcomes. However,
his timing also means that the assessed social environment may
artly reflect earlier developmental processes, including pubertal
evelopment, as well as a continuation of the broader social
ontext. This may be particularly pronounced for participants
ith late pubertal timing. Together, these features complicate
fforts to establish a clear temporal separation between pubertal
iming and tempo, social contextual factors, and behavioral
djustment; we therefore emphasize that the findings should not
e interpreted as causal. Fifth, due to poor internal consistency
f the friendship scale, friendship satisfaction was only measured
ith a single item, which does not capture the multidimensional
ocial Development, 2026
nature of friendship, as originally intended, and the results
should therefore be interpreted with caution. Finally, while
we conceptualized the social environment as a moderator of
the association between pubertal development and behavioral
adjustment, an alternative explanation is possible. Speculatively,
parental factors may function as shared antecedents, influenc-
ing both pubertal development and behavioral outcomes. For
example, prior research suggests that parental characteristics
in early childhood can predict earlier pubertal onset (DiLalla
et al. 2021 ), which could partly explain why associations between
pubertal timing and behavior attenuate when parental variables
are included in the models. Future research should examine these
potential shared pathways to clarify causal mechanisms. 

5 Conclusion 

To conclude, we did not find evidence for associations between
pubertal timing and tempo and prosocial behavior or externaliz-
ing problems at age 16. However, exploratory analyses revealed
heterogeneous associations between pubertal development and
outcomes across different stages of adolescence. In girls, earlier
pubertal timing was linked to more externalizing problems and
less prosocial behavior at younger ages, while faster puber-
tal tempo and earlier timing were associated with heightened
internalizing problems during late adolescence. These patterns
underscore the developmental specificity of puberty’s impact on
behavioral adjustment. Notably, most of the associations were
no longer significant after accounting for prepubertal levels
of the same outcomes, or the quality of social relationships
was included as a potential moderator. Together, these findings
highlight the need for longitudinal designs that incorporate
prepubertal behaviors and contextual factors to fully capture the
complex interplay between pubertal development and adolescent
adjustment over time. 

Acknowledgments 

We are extremely grateful to all the families who took part in this study,
the midwives for their help in recruiting them, and the whole ALSPAC
team, which includes interviewers, computer and laboratory technicians,
clerical workers, research scientists, volunteers, managers, receptionists,
and nurses. 

An AI tool (Microsoft Copilot) was used to assist with language editing,
including grammar, comprehensibility, and flow. All content was written,
reviewed, and verified by the authors, who take full responsibility for the
manuscript. 

Funding 

This work was supported by the Research Council of Norway (#288083,
#323951), the South-Eastern Norway Regional Health Authority
(#2021070, #2023012, #500189), and Convergence Environment funding
from UiO: Life Science. YT is supported by Convergence | Healthy Start,
a program of the Convergence Alliance—Delft University of Technology,
Erasmus University Rotterdam, and Erasmus Medical Center. SD
is supported by an NWO Gravitation program supported by the
Dutch Ministry of Education, Culture and Science (#024.005.011).
The UK Medical Research Council and Wellcome (Grant ref:
217065/Z/19/Z) and the University of Bristol provide core support
for ALSPAC. This publication is the work of the authors, and Lia
Ferschmann will serve as guarantor for the contents of this paper.
9 of 12

ive C
om

m
ons L

icense



A  

w  

a

C

T

D

T  

v  

w  

w  

U

R

A  

t  

o

A  

B  

c  

d

A  

C  

A  

d

B  

“  

I  

h

B  

B  

L  

2

B  

B  

P  

m  

S

B  

S  

M  

4

B  

2  

E
C  

1

B  

L  

3

B  

D  

1

B  

f
2

B  

“  

A  

1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

 14679507, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.70068 by Sim

one D
obbelaar - L

eiden U
niversity L

ibrary , W
iley O

nline L
ibrary on [20/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
rea
 comprehensive list of grant funding is available on the ALSPAC
ebsite ( http://www.bristol.ac.uk/alspac/external/documents/grant-
cknowledgements.pdf). 

onflicts of Interest 

he authors declare no conflicts of interest. 

ata Availability Statement 

he data that support the findings of this study are available from the Uni-
ersity of Bristol. Restrictions apply to the availability of these data, which
ere used under license for this study. Data are available from https://
ww.bristol.ac.uk/alspac/researchers/access/ with the permission of the
niversity of Bristol. 

eferences 

breu, A. P., and U. B. Kaiser. 2016. “Pubertal Development and Regula-
ion.” The Lancet Diabetes & Endocrinology 4, no. 3: 254–264. https://doi.
rg/10.1016/S2213-8587(15)00418-0 . 

lsarrani, A., R. F. Hunter, L. Dunne, and L. Garcia. 2022. “Association
etween Friendship Quality and Subjective Wellbeing Among Adoles-
ents: A Systematic Review.” BMC Public Health 22, no. 1: 2420. https://
oi.org/10.1186/s12889- 022- 14776- 4 . 

skelund, A. D., R. E. Wootton, F. A. Torvik, et al. 2024. “Assessing
ausal Links Between Age at Menarche and Adolescent Mental Health:
 Mendelian Randomisation Study.” BMC Medicine 22, no. 1: 155. https://
oi.org/10.1186/s12916- 024- 03361- 8 . 

elsky, J., M. J. Bakermans-Kranenburg, and M. H. Van IJzendoorn. 2007.
For Better and For Worse: Differential Susceptibility to Environmental
nfluences.”Current Directions in Psychological Science 16, no. 6: 300–304.
ttps://doi.org/10.1111/j.1467-8721.2007.00525.x. 

eltz, A. M., R. P. Corley, J. B. Bricker, S. J. Wadsworth, and S. A.
erenbaum. 2014. “Modeling Pubertal Timing and Tempo and Examining
inks to Behavior Problems.” Developmental Psychology 50, no. 12:
715–2726. https://doi.org/10.1037/a0038096 . 

eltz, A. M., R. P. Corley, S. J. Wadsworth, L. F. DiLalla, and S. A.
erenbaum. 2020. “Does Puberty Affect the Development of Behavior
roblems as a Mediator, Moderator, or Unique Predictor?” Develop-
ent and Psychopathology 32, no. 4: 1473–1485. https://doi.org/10.1017/
095457941900141X . 

enjet, C., and L. Hernández-Guzmán. 2002. “A Short-Term Longitudinal
tudy of Pubertal Change, Gender, and Psychological Well-Being of
exican Early Adolescents.” Journal of Youth and Adolescence 31, no. 6:
29–442. https://doi.org/10.1023/A:1020259019866 . 

evilacqua, L., Y. Kelly, A. Heilmann, N. Priest, and R. E. Lacey.
021. “Adverse Childhood Experiences and Trajectories of Internalizing,
xternalizing, and Prosocial Behaviors From Childhood to Adolescence.”
hild Abuse & Neglect 112: 104890. https://doi.org/10.1016/j.chiabu.2020.
04890 . 

iro, F. M., A. Pajak, M. S. Wolff, et al. 2018. “Age of Menarche in a
ongitudinal US Cohort.” Journal of Pediatric and Adolescent Gynecology
1, no. 4: 339–345. https://doi.org/10.1016/j.jpag.2018.05.002 . 

lakemore, S.-J. 2018. “Avoiding Social Risk in Adolescence.” Current
irections in Psychological Science 27, no. 2: 116–122. https://doi.org/10.
177/0963721417738144 . 

lakemore, S.-J., and K. L. Mills. 2014. “Is Adolescence a Sensitive Period
or Sociocultural Processing?” Annual Review of Psychology 65, no. 1: 187–
07. https://doi.org/10.1146/annurev- psych- 010213- 115202 . 

ongers, I. L., H. M. Koot, J. Van Der Ende, and F. C. Verhulst. 2004.
Developmental Trajectories of Externalizing Behaviors in Childhood and
dolescence.” Child Development 75, no. 5: 1523–1537. https://doi.org/10.
111/j.1467-8624.2004.00755.x. 
0 of 12
Boyd, A., J. Golding, J. Macleod, et al. G. 2013. “Cohort Profile: the
‘Children of the 90s’—The Index Offspring of the Avon Longitudinal
Study of Parents and Children.” International Journal of Epidemiology 42,
no. 1: 111–127. https://doi.org/10.1093/ije/dys064 . 

Carlo, G., L. J. Crockett, J. M. Wolff, and S. J. Beal. 2012. “The Role
of Emotional Reactivity, Self-Regulation, and Puberty in Adolescents’
Prosocial Behaviors.” Social Development 21, no. 4: 667–685. https://doi.
org/10.1111/j.1467-9507.2012.00660.x. 

Caspi, A., and T. E. Moffitt. 1991. “Individual Differences Are Accentuated
during Periods of Social Change: The Sample Case of Girls at Puberty.”
Journal of Personality and Social Psychology 61, no. 1: 157–168. https://doi.
org/10.1037/0022-3514.61.1.157 . 

Castellanos-Ryan, N., S. Parent, F. Vitaro, R. E. Tremblay, and J. R.
Séguin. 2013. “Pubertal Development, Personality, and Substance Use:
A 10-Year Longitudinal Study From Childhood to Adolescence.” Journal
of Abnormal Psychology 122, no. 3: 782–796. https://doi.org/10.1037/
a0033133 . 

Chaku, N., and L. T. Hoyt. 2019. “Developmental Trajectories of Executive
Functioning and Puberty in Boys and Girls.” Journal of Youth and Ado-
lescence 48, no. 7: 1365–1378. https://doi.org/10.1007/s10964- 019- 01021- 
2 . 

Chen, F. R., and A. Raine. 2018. “Effects of Harsh Parenting and Positive
Parenting Practices on Youth Aggressive Behavior: The Moderating Role
of Early Pubertal Timing.”Aggressive Behavior 44, no. 1: 18–28. https://doi.
org/10.1002/ab.21720 . 

Cole, T. J. 2014. “SITAR: Super Imposition by Translation and Rotation
Growth Curve Analysis.” Version 1.4.0. https://doi.org/10.32614/CRAN.
package.sitar . 

Cole, T. J., M. D. C. Donaldson, and Y. Ben-Shlomo. 2010. “SITAR—A
Useful Instrument for Growth Curve Analysis.” International Journal of
Epidemiology 39, no. 6: 1558–1566. https://doi.org/10.1093/ije/dyq115 . 

Cole, T. J., H. Pan, and G. E. Butler. 2014. “A Mixed Effects Model to
Estimate Timing and Intensity of Pubertal Growth From Height and
Secondary Sexual Characteristics.” Annals of Human Biology 41, no. 1:
76–83. https://doi.org/10.3109/03014460.2013.856472 . 

Copeland, W., L. Shanahan, S. Miller, E. J. Costello, A. Angold, and B.
Maughan. 2010. “Outcomes of Early Pubertal Timing in Young Women:
A Prospective Population-Based Study.” American Journal of Psychiatry
167, no. 10: 1218–1225. https://doi.org/10.1176/appi.ajp.2010.09081190 . 

R Core Team.. 2021. “R: A Language and Environment for Statistical com-
puting .” R Foundation for Statistical Computing, [Computer software].
https://www.R-project.org/ . 

Counts, D. R., O. H. Pescovitz, K. M. Barnes, et al. 1987. “Dissociation
of Adrenarche and Gonadarche in Precocious Puberty and in Isolated
Hypogonadotropic Hypogonadism.” Journal of Clinical Endocrinology &
Metabolism 64, no. 6: 1174–1178. https://doi.org/10.1210/jcem- 64- 6- 1174 . 

Crone, E. A., and M. Achterberg. 2022. “Prosocial Development in
Adolescence.”Current Opinion in Psychology 44: 220–225. https://doi.org/
10.1016/j.copsyc.2021.09.020 . 

Crone, E. A., K. H. Green, I. H. Van De Groep, and R. Van Der
Cruijsen. 2022. “A Neurocognitive Model of Self-Concept Development
in Adolescence.” Annual Review of Developmental Psychology 4, no. 1:
273–295. https://doi.org/10.1146/annurev- devpsych- 120920- 023842 . 

Crone, E. A., S. W. Sweijen, L. W. Te Brinke, and S. Van De Groep.
2022. “Pathways for Engaging in Prosocial Behavior in Adolescence.” In
Advances in Child Development and Behavior 63: 149–190. https://doi.org/
10.1016/bs.acdb.2022.03.003 . 

Crouter, A. C., and M. R. Head. 2002. “Parental Monitoring and Knowl-
edge of children.” In Handbook of Parenting: Being and Becoming a Parent ,
2nd ed., edited by M. H. Bornstein, 461–483. Lawrence Erlbaum Associates
Publishers. 

Dalsgaard, S., E. Thorsteinsson, B. B. Trabjerg, et al. 2020. “Incidence
Rates and Cumulative Incidences of the Full Spectrum of Diagnosed
Social Development, 2026

tive C
om

m
ons L

icense

http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf
https://www.bristol.ac.uk/alspac/researchers/access/
https://doi.org/10.1016/S2213-8587(15)00418-0
https://doi.org/10.1186/s12889-022-14776-4
https://doi.org/10.1186/s12916-024-03361-8
https://doi.org/10.1111/j.1467-8721.2007.00525.x
https://doi.org/10.1037/a0038096
https://doi.org/10.1017/S095457941900141X
https://doi.org/10.1023/A:1020259019866
https://doi.org/10.1016/j.chiabu.2020.104890
https://doi.org/10.1016/j.jpag.2018.05.002
https://doi.org/10.1177/0963721417738144
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.1111/j.1467-8624.2004.00755.x
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1111/j.1467-9507.2012.00660.x
https://doi.org/10.1037/0022-3514.61.1.157
https://doi.org/10.1037/a0033133
https://doi.org/10.1007/s10964-019-01021-2
https://doi.org/10.1002/ab.21720
https://doi.org/10.32614/CRAN.package.sitar
https://doi.org/10.1093/ije/dyq115
https://doi.org/10.3109/03014460.2013.856472
https://doi.org/10.1176/appi.ajp.2010.09081190
https://www.R-project.org/
https://doi.org/10.1210/jcem-64-6-1174
https://doi.org/10.1016/j.copsyc.2021.09.020
https://doi.org/10.1146/annurev-devpsych-120920-023842
https://doi.org/10.1016/bs.acdb.2022.03.003


M  

n

D  

T  

a  

1

D  

A  

A  

a  

0

D  

o  

A  

o

E  

m  

b  

o

E  

P  

R  

1

E  

a  

P  

o

E  

u  

N  

M  

0

F  

T  

C  

d

F  

D  

A  

R

G  

P  

A  

h

G  

E  

C  

D

G  

“  

C  

h

G  

B  

e  

(  

A  

s

G  

i  

1

G  

c  

n

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S

 14679507, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.70068 by Sim

one D
obbelaar - L

eiden U
niversity L

ibrary , W
iley O

nline L
ibrary on [20/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
rea
ental Disorders in Childhood and Adolescence.” JAMA Psychiatry 77,
o. 2: 155. https://doi.org/10.1001/jamapsychiatry.2019.3523 . 

eardorff, J., K. Marceau, M. Johnson, et al. 2021. “Girls’ Pubertal
iming and Tempo and Mental Health: A Longitudinal Examination in
n Ethnically Diverse Sample.” Journal of Adolescent Health 68, no. 6:
197–1203. https://doi.org/10.1016/j.jadohealth.2021.01.020 . 

iLalla, L. F., H. T. Pham, R. P. Corley, S. Wadsworth, and S.
. Berenbaum. 2021. “Family Experiences and Parent Personality as
ntecedents of Pubertal Timing in Girls and Boys.” Journal of Youth
nd Adolescence 50, no. 5: 1017–1033. https://doi.org/10.1007/s10964-021-
1424-0 . 

imler, L. M., and M. N. Natsuaki. 2015. “The Effects of Pubertal Timing
n Externalizing Behaviors in Adolescence and Early Adulthood: A Meta-
nalytic Review.” Journal of Adolescence , 45, no. 1: 160–170. https://doi.
rg/10.1016/j.adolescence.2015.07.021 . 

isenberg, N., T. L. Spinrad, and A. S. Morris. 2013. “Prosocial Develop-
ent.” In The Oxford Handbook of Developmental Psychology , vol. 1, edited
y P. D. Zelazo, 300–325. Oxford University Press. https://doi.org/10.1093/
xfordhb/9780199958474.013.0013 . 

l Mallah, S. 2020. “Conceptualization and Measurement of Adolescent
rosocial Behavior: Looking Back and Moving Forward.” Journal of
esearch on Adolescence 30, no. S1: 15–38. https://doi.org/10.1111/jora.
2476 . 

lhakeem, A., M. Frysz, A. Goncalves Soares, et al. 2024. “Evaluation
nd Comparison of Nine Growth and Development-Based Measures of
ubertal Timing.” Communications Medicine 4, no. 1: 1–11. https://doi.
rg/10.1038/s43856-024-00580-1 . 

lhakeem, A., R. A. Hughes, K. Tilling, et al. 2022. “Using Linear and Nat-
ral Cubic Splines, SITAR, and Latent Trajectory Models to Characterise
onlinear Longitudinal Growth Trajectories in Cohort Studies.” BMC
edical Research Methodology 22, no. 1: 68. https://doi.org/10.1186/s12874-
22-01542-8 . 

raser, A., C. Macdonald-Wallis, K. Tilling, et al. 2013. “Cohort Profile:
he Avon Longitudinal Study of Parents and Children: ALSPAC Mothers
ohort.” International Journal of Epidemiology 42, no. 1: 97–110. https://
oi.org/10.1093/ije/dys066 . 

rick, P. J., B. B. Lahey, R. Loeber, et al. 1993. “Oppositional Defiant
isorder and Conduct Disorder: A Meta-Analytic Review of Factor
nalyses and Cross-Validation in a Clinic Sample.” Clinical Psychology
eview 13, no. 4: 319–340. https://doi.org/10.1016/0272-7358(93)90016-F . 

ardner, M., and L. Steinberg. 2005. “Peer Influence on Risk Taking, Risk
reference, and Risky Decision Making in Adolescence and Adulthood:
n Experimental Study.” Developmental Psychology 41, no. 4: 625–635.
ttps://doi.org/10.1037/0012-1649.41.4.625 . 

autam, N., M. M. Rahman, and R. Khanam. 2024. “Adverse Childhood
xperiences and Externalizing, Internalizing, and Prosocial Behaviors in
hildren and Adolescents: A Longitudinal Study.” Journal of Affective
isorders 363: 124–133. https://doi.org/10.1016/j.jad.2024.07.064 . 

olding, J., Y. Iles-Caven, K. Northstone, A. Fraser, and J. Heron. 2024.
Measures of Puberty in the Avon Longitudinal Study of Parents and
hildren (ALSPAC) Offspring Cohort.” Wellcome Open Research 8: 453.
ttps://doi.org/10.12688/wellcomeopenres.19793.2 . 

oodman, A., D. L. Lamping, and G. B. Ploubidis. 2010. “When to Use
roader Internalising and Externalising Subscales Instead of the Hypoth-
sised Five Subscales on the Strengths and Difficulties Questionnaire
SDQ): Data From British Parents, Teachers and Children.” Journal of
bnormal Child Psychology 38, no. 8: 1179–1191. https://doi.org/10.1007/
10802- 010- 9434- x. 

oodyer, I. M., C. Wright, and P. M. E. Altham. 1989. “Recent Friendships
n Anxious and Depressed School Age Children.” Psychological Medicine
9, no. 1: 165–174. https://doi.org/10.1017/S0033291700011119 . 

raber, J. A. 2013. “Pubertal Timing and the Development of Psy-
hopathology in Adolescence and Beyond.” Hormones and Behavior 64,
o. 2: 262–269. https://doi.org/10.1016/j.yhbeh.2013.04.003 . 
ocial Development, 2026
Hamza, C. A., and T. Willoughby. 2011. “Perceived Parental Monitoring,
Adolescent Disclosure, and Adolescent Depressive Symptoms: A Longitu-
dinal Examination.” Journal of Youth and Adolescence 40, no. 7: 902–915.
https://doi.org/10.1007/s10964- 010- 9604- 8 . 

Horvath, G., V. S. Knopik, and K. Marceau. 2020. “Polygenic Influences
on Pubertal Timing and Tempo and Depressive Symptoms in Boys and
Girls.” Journal of Research on Adolescence 30, no. 1: 78–94. https://doi.org/
10.1111/jora.12502 . 

Hukkelberg, S., S. Keles, T. Ogden, and K. Hammerstrøm. 2019. “The
Relation Between Behavioral Problems and Social Competence: A Cor-
relational Meta-analysis.” BMC Psychiatry 19, no. 1: 354. https://doi.org/
10.1186/s12888- 019- 2343- 9 . 

Kanwar, P. 2021. “Pubertal Timing and Externalizing Problem Behaviours
in Adolescents: The Influence of Perceived Parental Attachments.”
European Journal of Developmental Psychology 18, no. 3: 330–349. https://
doi.org/10.1080/17405629.2020.1785859 . 

Kapetanovic, S., S. Boele, and T. Skoog. 2019. “Parent-Adolescent Com-
munication and Adolescent Delinquency: Unraveling Within-Family
Processes From Between-Family Differences.” Journal of Youth and Ado-
lescence 48, no. 9: 1707–1723. https://doi.org/10.1007/s10964- 019- 01043- 
w. 

Kearney, J., and K. Bussey. 2015. “The Longitudinal Influence of Self-
Efficacy, Communication, and Parenting on Spontaneous Adolescent
Disclosure.” Journal of Research on Adolescence 25, no. 3: 506–523. https://
doi.org/10.1111/jora.12148 . 

Klopack, E. T., T. E. Sutton, R. L. Simons, and L. G. Simons. 2020.
“Disentangling the Effects of Boys’ Pubertal Timing: The Importance of
Social Context.” Journal of Youth and Adolescence 49, no. 7: 1393–1405.
https://doi.org/10.1007/s10964- 019- 01141- 9 . 

Kowalski, A. J., O. Y. Addo, M. R. Kramer, et al. 2021. “Longitudinal
Associations of Pubertal Timing and Tempo With Adolescent Mental
Health and Risk Behavior Initiation in Urban South Africa.” Journal of
Adolescent Health 69, no. 1: 64–73. https://doi.org/10.1016/j.jadohealth.
2020.09.043 . 

Laube, C., and D. Fuhrmann. 2020. “Is Early Good or Bad? Early
Puberty Onset and Its Consequences for Learning.” Current Opinion in
Behavioral Sciences 36: 150–156. https://doi.org/10.1016/j.cobeha.2020.10.
005 . 

Laursen, B., and R. Veenstra. 2021. “Toward Understanding the Functions
of Peer Influence: A Summary and Synthesis of Recent Empirical
Research.” Journal of Research on Adolescence 31, no. 4: 889–907. https://
doi.org/10.1111/jora.12606 . 

Layous, K., S. K. Nelson, E. Oberle, K. A. Schonert-Reichl, and S.
Lyubomirsky. 2012. “Kindness Counts: Prompting Prosocial Behavior in
Preadolescents Boosts Peer Acceptance and Well-Being.” PLoS ONE 7, no.
12: e51380. https://doi.org/10.1371/journal.pone.0051380 . 

Lynne, S. D., J. A. Graber, T. R. Nichols, J. Brooks-Gunn, and G. J. Botvin.
2007. “Links Between Pubertal Timing, Peer Influences, and Externaliz-
ing Behaviors Among Urban Students Followed Through Middle School.”
Journal of Adolescent Health 40, no. 2: 181.e7–181.e13. https://doi.org/10.
1016/j.jadohealth.2006.09.008 . 

MacSweeney, N., J. Allardyce, A. Edmondson-Stait, et al. 2023. “The
Role of Brain Structure in the Association Between Pubertal Timing and
Depression Risk in an Early Adolescent Sample (the ABCD Study R ©):
A Registered Report.” Developmental Cognitive Neuroscience 60: 101223.
https://doi.org/10.1016/j.dcn.2023.101223 . 

Marceau, K., N. Ram, R. M. Houts, K. J. Grimm, and E. J. Susman.
2011. “Individual Differences in Boys’ and Girls’ Timing and Tempo
of Puberty: Modeling Development With Nonlinear Growth Models.”
Developmental Psychology 47, no. 5: 1389–1409. https://doi.org/10.1037/
a0023838 . 

Marshall, W. A., and J. M. Tanner. 1969. “Variations in Pattern of Pubertal
Changes in Girls.” Archives of Disease in Childhood 44, no. 235: 291–303.
https://doi.org/10.1136/adc.44.235.291 . 
11 of 12

tive C
om

m
ons L

icense

https://doi.org/10.1001/jamapsychiatry.2019.3523
https://doi.org/10.1016/j.jadohealth.2021.01.020
https://doi.org/10.1007/s10964-021-01424-0
https://doi.org/10.1016/j.adolescence.2015.07.021
https://doi.org/10.1093/oxfordhb/9780199958474.013.0013
https://doi.org/10.1111/jora.12476
https://doi.org/10.1038/s43856-024-00580-1
https://doi.org/10.1186/s12874-022-01542-8
https://doi.org/10.1093/ije/dys066
https://doi.org/10.1016/0272-7358(93)90016-F
https://doi.org/10.1037/0012-1649.41.4.625
https://doi.org/10.1016/j.jad.2024.07.064
https://doi.org/10.12688/wellcomeopenres.19793.2
https://doi.org/10.1007/s10802-010-9434-x
https://doi.org/10.1017/S0033291700011119
https://doi.org/10.1016/j.yhbeh.2013.04.003
https://doi.org/10.1007/s10964-010-9604-8
https://doi.org/10.1111/jora.12502
https://doi.org/10.1186/s12888-019-2343-9
https://doi.org/10.1080/17405629.2020.1785859
https://doi.org/10.1007/s10964-019-01043-w
https://doi.org/10.1111/jora.12148
https://doi.org/10.1007/s10964-019-01141-9
https://doi.org/10.1016/j.jadohealth.2020.09.043
https://doi.org/10.1016/j.cobeha.2020.10.005
https://doi.org/10.1111/jora.12606
https://doi.org/10.1371/journal.pone.0051380
https://doi.org/10.1016/j.jadohealth.2006.09.008
https://doi.org/10.1016/j.dcn.2023.101223
https://doi.org/10.1037/a0023838
https://doi.org/10.1136/adc.44.235.291


M  

P  

1

M  

H  

B  

A  

j

P  

g  

F  

6

P  

o  

P  

M

P  

L

R  

d  

r

S  

B  

A  

1

S  

T  

A  

1

S  

o  

a  

3

S  

P  

C  

P  

d

S  

D  

S  

s

S  

u  

h

S  

a  

A  

h

S  

t  

R

S  

“  

C  

1

T  

S  

o  

o

U  

o  

 

 

 

 

 

 

 

 

1

 14679507, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/sode.70068 by Sim

one D
obbelaar - L

eiden U
niversity L

ibrary , W
iley O

nline L
ibrary on [20/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applica
arshall, W. A., and J. M. Tanner. 1970. “Variations in the Pattern of
ubertal Changes in Boys.” Archives of Disease in Childhood 45, no. 239:
3–23. https://doi.org/10.1136/adc.45.239.13 . 

emmott-Elison, M. K., H. G. Holmgren, L. M. Padilla-Walker, and A. J.
awkins. 2020. “Associations Between Prosocial Behavior, Externalizing
ehaviors, and Internalizing Symptoms During Adolescence: A Meta-
nalysis.” Journal of Adolescence 80, no. 1: 98–114. https://doi.org/10.1016/
.adolescence.2020.01.012 . 

adilla-Walker, L. M., G. Carlo, and M. K. Memmott-Elison. 2018a. “Lon-
itudinal Change in Adolescents’ Prosocial Behavior Toward Strangers,
riends, and Family.” Journal of Research on Adolescence 28, no. 3:
98–710. https://doi.org/10.1111/jora.12362 . 

ham, H. T., S. A. Berenbaum, L. F. DiLalla, et al. 2025. “The Long Reach
f Puberty: Mechanisms Underlying Sex-Dependent Links Between
ubertal Timing and Adult Internalizing Symptoms.” Psychological
edicine 55: e115. https://doi.org/10.1017/S0033291725000820 . 

inheiro, J., D. Bates, S. DebRoy, D. Sarkar, and R Core Team. 1999. nlme:
inear and Nonlinear Mixed Effects Models (R package version 3.1-156). 

Studio Team. 2020. RStudio: Integrated Development for R. RStu-
io (Version 4.1.1717) [Computer software]. RStudio, PBC. http://www.
studio.com/ . 

ebastian, C., E. Viding, K. D. Williams, and S.-J. Blakemore. 2010. “Social
rain Development and the Affective Consequences of Ostracism in
dolescence.” Brain and Cognition 72, no. 1: 134–145. https://doi.org/10.
016/j.bandc.2009.06.008 . 

enia, J. M., M. B. Donnellan, and T. K. Neppl. 2018. “Early Pubertal
iming and Adult Adjustment Outcomes: Persistence, Attenuation, or
ccentuation?” Journal of Adolescence 65, no. 1: 85–94. https://doi.org/10.
016/j.adolescence.2018.03.003 . 

imons-Morton, B. G., C. R. Bingham, K. Li, et al. 2019. “The Effect
f Teenage Passengers on Simulated Risky Driving Among Teenagers:
 Randomized Trial.” Frontiers in Psychology 10: 923. https://doi.org/10.
389/fpsyg.2019.00923 . 

imons-Morton, B. G., M. C. Ouimet, Z. Zhang, et al. 2011. “The Effect of
assengers and Risk-taking Friends on Risky Driving and Crashes/near
rashes among Novice Teenagers.” Journal of Adolescent Health: Official
ublication of the Society for Adolescent Medicine 49, no. 6: 587–593. https://
oi.org/10.1016/j.jadohealth.2011.02.009 . 

olmi, M., J. Radua, M. Olivola, et al. 2022. “Age at Onset of Mental
isorders Worldwide: Large-Scale Meta-Analysis of 192 Epidemiological
tudies.” Molecular Psychiatry 27, no. 1: 281–295. https://doi.org/10.1038/
41380- 021- 01161- 7 . 

omerville, L. H. 2013. “The Teenage Brain: Sensitivity to Social Eval-
ation.” Current Directions in Psychological Science 22, no. 2: 121–127.
ttps://doi.org/10.1177/0963721413476512 . 

ørlie, M., K. A. Hagen, and T. Ogden. 2008. “Social Competence
nd Antisocial Behavior: Continuity and Distinctiveness Across Early
dolescence.” Journal of Research on Adolescence 18, no. 1: 121–144.
ttps://doi.org/10.1111/j.1532-7795.2008.00553.x. 

uleiman, A. B., and R. Dahl. 2019. “Parent–Child Relationships in
he Puberty Years: Insights From Developmental Neuroscience.” Family
elations 68, no. 3: 279–287. https://doi.org/10.1111/fare.12360 . 

un, Y., F. K. Mensah, P. Azzopardi, G. C. Patton, and M. Wake. 2017.
Childhood Social Disadvantage and Pubertal Timing: A National Birth
ohort From Australia.” Pediatrics 139, no. 6: e20164099. https://doi.org/
0.1542/peds.2016-4099 . 

anner, J. M., and R. H. Whitehouse. 1976. “Clinical Longitudinal
tandards for Height, Weight, Height Velocity, Weight Velocity, and Stages
f Puberty.”Archives of Disease in Childhood 51, no. 3: 170–179. https://doi.
rg/10.1136/adc.51.3.170 . 

llsperger, J. M., and M. A. Nikolas. 2017. “A Meta-analytic Review
f the Association Between Pubertal Timing and Psychopathology in
2 of 12
Adolescence: Are There Sex Differences in Risk?” Psychological Bulletin
143, no. 9: 903–938. https://doi.org/10.1037/bul0000106 . 

van Hoorn, J., A. J. Fuligni, E. A. Crone, and A. Galván. 2016. “Peer
Influence Effects on Risk-Taking and Prosocial Decision-Making in
Adolescence: Insights From Neuroimaging Studies.” Current Opinion in
Behavioral Sciences 10: 59–64. Neuroscience of Education (part of a special
issue). https://doi.org/10.1016/j.cobeha.2016.05.007 . 

Walvoord, E. C. 2010. “The Timing of Puberty: Is It Changing? Does It
Matter?” Journal of Adolescent Health 47, no. 5: 433–439. https://doi.org/
10.1016/j.jadohealth.2010.05.018 . 

Supporting Information 

Additional supporting information can be found online in the Supporting
Information section. 
Supporting File : sode70068-sup-0001-SupMat.docx 
Social Development, 2026

ble C
reative C

om
m

ons L
icense

https://doi.org/10.1136/adc.45.239.13
https://doi.org/10.1016/j.adolescence.2020.01.012
https://doi.org/10.1111/jora.12362
https://doi.org/10.1017/S0033291725000820
http://www.rstudio.com/
https://doi.org/10.1016/j.bandc.2009.06.008
https://doi.org/10.1016/j.adolescence.2018.03.003
https://doi.org/10.3389/fpsyg.2019.00923
https://doi.org/10.1016/j.jadohealth.2011.02.009
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1177/0963721413476512
https://doi.org/10.1111/j.1532-7795.2008.00553.x
https://doi.org/10.1111/fare.12360
https://doi.org/10.1542/peds.2016-4099
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1037/bul0000106
https://doi.org/10.1016/j.cobeha.2016.05.007
https://doi.org/10.1016/j.jadohealth.2010.05.018

	Longitudinal Associations Between Pubertal Development and Youth Behavioral Adjustment in the Context of Parent and Peer Relationships
	1 | Introduction
	1.1 | Pubertal Timing and Tempo
	1.2 | Pubertal Maturation Relates to Behavioral Adjustment
	1.3 | The Importance of Parents and Peers
	1.4 | Prosocial Behavior and Externalizing Problems in Adolescence
	1.5 | Theoretical Framework
	1.6 | Aims and Hypotheses

	2 | Methods
	2.1 | Sample
	2.2 | Measures
	2.3 | Predictors
	2.3.1 | Pubertal Development

	2.4 | Outcomes
	2.4.1 | Externalizing Problems
	2.4.2 | Prosocial Behavior

	2.5 | Moderator Variables
	2.5.1 | Child-to-parent Disclosure
	2.5.2 | Friendship Satisfaction

	2.6 | Demographic Variables
	2.7 | Data Analyses
	2.7.1 | Derivation of Indices of Pubertal Development
	2.7.2 | Linear-Mixed Effects Models

	2.8 | Main Analyses

	3 | Results
	3.1 | Associations Between Pubertal Timing and Pubertal Tempo
	3.2 | Pubertal Development and Behavioral Adjustment Age 16 Years
	3.3 | Post Hoc Analyses
	3.3.1 | Validation of the Pubertal Indices
	3.3.2 | Associations Between Pubertal Development and Behavioral Adjustment Earlier in Development
	3.3.3 | Pubertal Development and Behavioral Adjustment at Age 11 in the Social Context
	3.3.4 | Pubertal Development and Behavioral Adjustment at Age 13 in the Social Context


	4 | Discussion
	4.1 | Pubertal Development and Behavioral Adjustment
	4.2 | Continuity of Puberty Effects on Behavioral Adjustment
	4.2.1 | Developmental Trajectories
	4.2.2 | Directions for Future Research
	4.2.3 | Strengths and Limitations


	5 | Conclusion
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information


