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Abstract
Social and neurobiological factors independently associate with the development of antisocial behavior during adolescence,
yet it is unclear how these factors contribute to antisocial behavior in girls. Using a longitudinal sample of 45 adolescent girls
(age in years at scan: M= 15.38, SD= 0.33), this study examined the contributions of parent-adolescent relationship quality
and deviant peer affiliation from 6th–8th grades along with the neural correlates of risk taking in 9th grade to later antisocial
behavior. High parent-adolescent closeness in early adolescence predicted lower antisocial behavior for girls in later
adolescence via lower affiliation with deviant peer groups and less activation of the medial prefrontal cortex during risk
taking. Findings highlight the enduring role of parents and peers during adolescence, and the importance of investigating
social relationships alongside the brain to identify a holistic understanding of the development of antisocial behavior in girls.
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Introduction

Antisocial behavior, including behaviors such as skipping
school, using alcohol and drugs, and stealing, rapidly increases
across adolescence (Meeus et al., 2021) around the world
(Duell et al., 2019). Such behaviors have detrimental effects,
contributing to greater physical health problems, criminal
behavior, substance dependence, romantic relationship vio-
lence, and psychiatric problems, as well as poorer educational
achievement and occupational stability during adulthood
(Odgers et al., 2008). While childhood and early adolescent
factors, such as negative parent and peer influences (Dogan

et al., 2007; Kwon & Telzer, 2022), are among the strongest
predictors of adolescent antisocial behavior (for a review, see
Icenogle and Cauffman, 2021; Sitnick et al., 2017), there is
relatively less known about the psychobiological processes
through which these relationships may be associated with
heightened antisocial behavior in adolescence, particularly in
girls. Although adolescent girls engage in antisocial behavior
(Piehler & Dishion, 2007), there is emerging literature sug-
gesting that peers (Guyer et al., 2012), parents (Padilla et al.,
2022), and neurobiological processing (i.e., ventral striatum
activation, see Braams & Crone, 2017) differentially affect
girls’ behavior compared to boys. Given that adolescent girls
are at a greater propensity to start engaging in antisocial
behavior during adolescence compared to boys (Odgers et al.,
2008), particularly in response to experiences within peer and
parental relationships (Yang & Mcloyd, 2015), it would be
beneficial to better understand the effects of peers, parents, and
the brain together in understanding the development of anti-
social behavior in girls. Drawing from a social contextual
model of delinquency during adolescence (Scaramella et al.,
2002), which emphasizes the joint influences of families and
peers on adolescent antisocial behavior, this study used a
longitudinal design to investigate the link between parent
closeness and deviant peer affiliation in early adolescence on
antisocial behavior in later adolescence. Furthermore, this
model was expanded upon by using a developmental neu-
roscience perspective by examining neural activation during
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risky decision-making as a mechanism through which family
and peer contexts contribute toward the development of girls’
antisocial behavior during adolescence.

The quality of parent-adolescent relationships contributes
to adolescent engagement in antisocial behavior across
time, such that high parental closeness predicts lower anti-
social behavior (Rogers et al., 2018a), whereas frequent
negative interactions with mothers predict greater rates of
later antisocial behavior across adolescence (Defoe et al.,
2013). Although parents continue to affect their adolescent
offspring’s antisocial behavior (Cavendish et al., 2012),
adolescents tend to reorient toward peers as they navigate
new developmental goals and relationships (Blakemore &
Mills, 2014), and oftentimes engage in greater risk-taking
behavior due to peer influence (King et al., 2017). Fur-
thermore, associating with deviant peers is linked with
antisocial behavior across childhood (Ettekal & Ladd, 2015)
and adolescence (Piehler & Dishion, 2007), and specifically
for adolescent girls, predicts higher rates of later vandalism,
fighting, and stealing (Talbott & Thiede, 1999). Given the
prominence of parent influence during childhood and into
adolescence, it is no surprise that harsh parenting and
involvement with deviant peers during early adolescence
predicts antisocial behavior in late adolescence (Neppl
et al., 2016), particularly for girls (Ehrenreich et al., 2022).
Because parent-adolescent relationships can serve as a
source of validation and support in buffering offspring from
later deviant peer affiliation and antisocial behavior
(Rudolph et al., 2020), it would benefit the field of devel-
opmental science to explore how these social influences
contribute to girls’ antisocial behavior.

Developmental social neuroscience has begun to unpack
the psychobiological processes by which social relationships
“get under the skin.” Indeed, studies have explored links
between family and peer relationship quality and the neural
correlates of risk taking (Telzer et al., 2017). A meta-analysis
identified the medial prefrontal cortex (mPFC), ventral stria-
tum (VS), and insula as key regions involved in adolescent
decision making in social contexts (van Hoorn et al., 2019).
The mPFC is associated with social motivation and emotion
regulation (Somerville et al., 2014), the VS with reward pro-
cessing (Schreuders et al., 2018), and the insula with inte-
grating affective and cognitive responses during decision-
making (Smith et al., 2014). A growing body of work shows
that activation in these brain regions facilitates adolescent
decision-making by way of social relationships. Positive
relationships (e.g., parent and sibling closeness) dampen acti-
vation in the VS during risky decision-making (Qu et al.,
2015) and increase activation in the VS and insula during safe
decision-making (Rogers et al., 2018b), whereas negative
relationships (e.g., peer conflict) exacerbate activation in the
VS and insula during risky decision-making (Telzer et al.,
2015). Although family (Guassi Moreira & Telzer, 2018) and

peer influences (Chein et al., 2011) have been linked with
adolescent neural processing during risk taking, most of this
work is cross-sectional (van Hoorn et al., 2018), or examines
relationship quality one year previously (Qu et al., 2015)
without examining the longer-term effects of family and peer
relationships. Furthermore, social neuroscience research has
primarily focused on the sole role of parents or peers without
unpacking their interrelation and shared neural mechanisms
that underlie adolescent girls’ risk taking.

Current Study

Given that there is little understanding of how the effects of
parents, peers, and the brain together inform the development
of antisocial behavior in girls, this study examined the long-
itudinal associations of parent-adolescent closeness, deviant
peer group affiliation, and brain activation during risky
decision-making with later adolescent girls’ antisocial beha-
vior. Because girls can be more responsive to the benefits (i.e.,
parental warmth) and costs (i.e., peer victimization) of social
relationships as they relate to adolescent antisocial behavior,
girls may experience more neurobiological susceptibility to the
effects of family and peer contexts on adolescent develop-
mental outcomes, such as antisocial behavior. Given prior
research showing that high-quality parent and peer relations
are associated with less activation in the insula, VS, and mPFC
during risk taking, it was hypothesized that high parent-
adolescent closeness and low deviant peer affiliation across
early adolescence (6th, 7th, and 8th grades) would be asso-
ciated with less activation in these regions in mid adolescence
(9th grade). In addition, a conceptual model tested whether
high parent-adolescent closeness in early adolescence was
associated with less antisocial behavior in later adolescence via
deviant peer group affiliation and neural processing during
risky decision-making. Specifically, it was hypothesized that
high parent closeness would be associated with lower deviant
peer group association, which would in turn be associated with
lower activation in the brain regions of interest, which would
then be associated with lower antisocial behavior. These
effects were examined after controlling for previous antisocial
behavior and peer victimization in 6th grade to identify the
unique contribution of the variables of interest to later anti-
social behavior above and beyond previous problematic
behavior and peer experiences.

Methods

Participants and Procedures

Participants included 45 adolescent girls who were
recruited in 9th grade (Mage= 15.38 years, SD= 0.33,
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range= 14.88–16.16 years) from a longitudinal study that
tracked 636 (337 female) youth annually starting in 2nd
grade (for more details, see Rudolph et al., 2014). Exclusion
criteria for the study included MRI contraindications (e.g.,
metal implants), learning disabilities, and neurological-
altering medications on the day of the scan session. Addi-
tionally, participants were recruited based on previous
experiences of peer victimization given the overarching
aims of the broader study, such that participants were either
chronically victimized or non-victimized. Of the 50 parti-
cipants who attended the scan session, 45 had useable data.
There were no significant differences in the outcome vari-
able (i.e., antisocial behavior at three, six, and nine months
after the scan) between participants with (n= 45) and
without (n= 5) usable scan data.

Of the 45 participants included in the final sample, the
majority self-identified as White (68.9%), with 24.4%
Black, 4.4% Asian, and 2.2% Latina. Participant socio-
economic backgrounds were diverse as represented by
annual family income (33.3% <$29,000, 17.8%
$30,000–$59,000, 20% $60,000–$89,000, and 28.9%
<90,000) and highest reported education between mothers
and fathers (2.2 % some high school, 24.4% high school
diploma, 37.8% some college, 11.1% associate degree,
15.6% bachelor’s degree, 2.2% some graduate school, and
6.7% advanced degree). Both the sample (Fowler et al.,
2017; Rudolph et al., 2018) and the task of interest (Telzer
et al., 2018) have been published previously, but not linked
to all the constructs of interest in the current study.

The study design included participant report of their
relationship with their parents and deviant peer group
affiliation in 6th, 7th, and 8th grade. Questionnaires were
administered in groups of 15–20 students during classroom
sessions. In 9th grade, participants completed a risk-taking
task during an fMRI scan. In addition, participants reported
on their antisocial behavior during 6th grade (administered
in classrooms), as well as 3, 6, and 9 months following the
scan session (completed at home). Parents provided written
consent and adolescence provided written assent in accor-
dance with the Institutional Review Board.

Risk-Taking Task

A group membership manipulation was conducted to
enhance social motivation toward risk taking. Participants
were instructed that they were randomly assigned to either
the blue team or the red team and were shown pictures of
their team members and individuals on the opposing team.
They were also told that their team was currently behind in
points, and that their performance was important for their
team catching up to win. This manipulation simulated a
social context for risk taking.

During the fMRI scan, participants completed the Stop-
light Task, which is a well-validated driving simulation
used to examine performance and neural correlates of risky
decision-making (Steinberg et al., 2008). Participants
encountered yellow traffic lights at a series of intersections
and had to decide whether to go or stop at each intersection;
they were instructed to complete the course as quickly as
possible. The decision to go through the yellow light is the
fastest option (no delay), but may result in a crash, causing
the longest delay (6 s). On the other hand, stopping at the
intersection results in a short delay (3 s). Thus, deciding to
go is risky, given the outcome represents the greatest pen-
alty or benefit, whereas deciding to stop is safe. All of these
task details were made explicit to participants. The task
included 26 intersections, 8 of which had cars approaching
on the cross street. Traffic signal timing (minimum of 8 s)
and the presence of a car on the cross street varied to reduce
predictability. Participants practiced the task before the scan
to familiarize them with the task environment. On average,
adolescents made 16.38 go decisions during practice
(SD= 3.82, Min= 9, Max= 25, 63% intersections) and
16.27 go decisions during the scan (SD= 4.19, Min= 9,
Max= 24; 63% intersections), and experienced 3.53 cra-
shes during practice (SD= 1.73, Min= 0, Max= 8) and
5.11 crashes during the scan (SD= 1.70, Min= 1, Max=
8). The number of stop decisions was the inverse of the
number of go decisions.

Self-Report Measures

Parent-adolescent closeness

During 6th, 7th, and 8th grade, adolescents completed 28
items from the Inventory of Parent and Peer Attachment
(Armsden and Greenberg 1987) to measure how much
adolescents felt they could trust, communicate with, and
were supported by their parents. Items were rated on a
5-point Likert scale (1= almost never, to 5= almost
always). Examples items included: “I trusted my parents,”
and, “I could count on my parents when I needed to talk,”
which yielded excellent reliability across measurement
(α= 0.93, 0.94, 0.96 at each wave, respectively).These
items were averaged for each grade (Ms= 3.94, 3.97, 3.74,
at each wave, respectively), and then averaged across the
three times of assessment, which were highly correlated
(rs= 0.58–0.73, ps < 0.001). Values across 6th, 7th, and 8th
grades were aggregated to create a variable that reflected
adolescent perceptions of parent-adolescent closeness
across early adolescence, rather than just a snapshot from
one year in middle school. Higher scores indicated greater
closeness. The IPPA has successfully linked family and
peer relationships to neural processing during risk taking in
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prior research (e.g., Qu et al., 2015; Telzer et al., 2013;
Telzer et al., 2015).

Deviant peer group affiliation

During 6th, 7th, and 8th grade, adolescents completed a
revised version of the Peer Behavior Inventory (Prinstein
et al., 2001) to measure deviant peer group affiliation.
Adolescents were asked to list the initials of their closest
friends. Then, using a 5-point Likert scale (1= never, to
5= very often), adolescents answered nine items about how
often these friends engaged in problematic behaviors (e.g.,
“hit or threatened to hit someone,” “cheated on tests”).
These items were averaged (Ms= 1.45, 1.42, 1.47, at each
wave, respectively), with higher scores indicating greater
deviant peer group affiliation (α= 0.90, 0.91, 0.87 at each
wave, respectively). Scores were moderately to highly
correlated (rs= 0.34–0.70, ps= 0.001–0.020), and aver-
aged across the three times of assessment to represent
deviant group peer affiliation across early adolescence, with
higher scores indicating a greater frequency of deviancy
within adolescent peer groups.

Antisocial behavior

Adolescents completed a 13-item antisocial behavior
questionnaire adapted from a questionnaire designed spe-
cifically for female adolescents (Nolen-Hoeksema et al.,
2007). Participants used a 5-point scale (1= not at all, to
5= extremely) to indicate how much each item describes
them (e.g., “I stole things,” and “I cut classes or skipped
school”). Reports were collected during 6th grade, and
again 3, 6, and 9 months after the scan session (Ms= 1.62,
1.53, 1.45, 1.53, at each wave, respectively), which yielded
excellent reliability across time (α= 0.92, 0.91, 0.90, 0.92
at each wave, respectively). The 6th grade assessment was
used to control for previous levels of antisocial behavior to
examine parental and peer effects on later adolescent anti-
social behavior, above and beyond early rates of antisocial
behavior. The three assessments following the scan were
highly correlated (rs= 0.82–0.88, ps < 0.001), and aver-
aged, with higher scores indicating higher levels of
engagement in antisocial behavior. One participant did not
complete the follow-up measures; thus, analyses examining
antisocial behavior include 44 participants.

Peer victimization

Given that the sample was selected based on girls’ experi-
ences of peer victimization via their report on the Social
Experiences Questionnaire—Revised, this measure was
included in the analysis (Rudolph et al., 2014). Participants
completed 21 items on how often they experienced

relational victimization (10 items), which reflects being
manipulated or harmed through relationships (e.g., “How
often does another kid say they won’t like you unless you
do what they want you to do?”). In addition, they completed
11 items on how often they experienced overt victimization,
which reflects threats or acts of physical harm (e.g., “How
often do you get hit by another kid?”). Participants reported
their experiences using a 5-point scale (1= never, to
5= always), such that higher scores reflected more frequent
experiences of peer victimization. Report on the relational
and covert peer victimization subscales during 6th grade
were averaged and modeled as a covariate to control for the
recruitment criteria of the neuroimaging sample.

fMRI Data Acquisition

Brain images were collected using a research-dedicated 3
Tesla Siemens Trio MRI scanner. The Stoplight task was
presented on a computer screen and projected through a mir-
ror. T2*-weighted echo-planar imaging (EPI; TR= 2000ms;
TE= 25ms; matrix= 92 × 92; FOV= 230mm; 38 slices;
slice thickness= 3mm; voxel size 2.5 × 2.5 × 3mm3) was
conducted to acquire the Stoplight task. Structural scans
included a T2*-weighted matched-bandwidth (MBW), high-
resolution, anatomical scan (TR= 4000ms; TE= 64ms;
matrix= 192 × 192; FOV= 230mm; 38 slices; slice
thickness= 3mm) and a T1* magnetization-prepared rapid-
acquisition gradient echo (MPRAGE; TR= 1900ms;
TE= 2.3ms; matrix= 256 × 256; FOV= 230mm; sagittal
plane; slice thickness= 1mm; 192 slices). The orientation for
the EPI and MBW scans was oblique axial to maximize brain
coverage and to reduce noise.

fMRI Data Preprocessing and Analysis

fMRI data were preprocessed and analyzed using Statistical
Parametric Mapping (SPM8; Wellcome Department of
Cognitive Neurology, Institute of Neurology, London).
Participant EPI images were spatially realigned to correct
for head motion. No participant exceeded 2 mm of max-
imum image-image motion in any direction. Next, the rea-
ligned EPI images were coregistered to the MPRAGE,
which was then segmented into cerebrospinal fluid, gray
matter, and white matter. The normalization transformation
matrix from the segmentation step was then applied to the
functional and T2 structural images, transforming them into
standard stereotactic space as defined by the Montreal
Neurological Institute and the International Consortium for
Brain Mapping. After normalization, the EPI images
underwent spatial smoothing using an 8 mm FWHM
Gaussian kernel to increase the signal-to-noise ratio in the
functional images. High-pass temporal filtering of 128 s was
applied to eliminate low-frequency drift across the time
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series. Serial autocorrelations were estimated with a
restricted maximum likelihood algorithm with an auto-
regressive model order of 1.

A fixed-effects general linear model was created for each
participant with 4 regressors, including 2 decisions (go and
stop) and 2 outcomes (pass and crash). In addition, the wait
time after safe decisions and the final “game over” period
were modeled to remove these from the implicit baseline.
The duration of the decision trials was measured as the time
at which the traffic light appeared until the participant’s
response time because the task was self-paced. The onset
time for crashes occurred when a cross-traffic car crashed
into the participant’s car, and for passes occurred 2 s after
the yellow light. The duration of the outcome trials was 1 s.
The jittered inter-trial intervals were not explicitly modeled,
and thus, represented an implicit baseline. Linear contrast
images were generated from the general linear model
parameter estimates.

Random-effects, whole brain analyses were conducted
utilizing GLMFlex for all voxels containing values (http://
mrtools.mgh.harvard.edu/index.php/GLM_Flex). The
group level analyses assessed neural activation when ado-
lescents made risky decisions (i.e., go decisions). Two
separate whole-brain regression analyses were conducted,
one which included parent closeness and the second which
included deviant peer group association. To correct for
multiple comparisons, Monte Carlo simulations were run
using the group-level brain mask for risky decisions. The
simulations were run through 3dClustSim within the AFNI
software package (Ward, 2000; updated April 2016) and
utilized the acf option to estimate the intrinsic smoothness.
The simulations resulted in a minimum cluster size of 52
and 50 contiguous voxels using a p < 0.005 voxel-wise
threshold, corresponding to p < 0.05, for parent closeness

and deviant peer group affiliation, respectively. All reported
results are available on NeuroVault (Gorgolewski et al.,
2015; see https://neurovault.org/collections/DSEBVDEL/).
Code is available upon request.

Analytical Plan

First, whole brain analyses were conducted to identify brain
regions that significantly correlated with parent-adolescent
closeness (composite across 6th, 7th, and 8th grades) and
deviant peer group affiliation (composite across 6th, 7th,
and 8th grades) while adolescents engaged in risky
decision-making (i.e., during go decisions). Given the
extensive overlap in activation in the mPFC across both
whole-brain analyses, a mask was created for this portion of
the mPFC for subsequent analysis. Second, a mediation
model was computed using the PROCESS macro in SPSS
to test deviant peer group affiliation and activation in the
mPFC during risky decision-making as mediators between
parent-adolescent closeness and later antisocial behavior.
Peer victimization and antisocial behavior reported at 6th
grade were modeled as covariates.

Results

Descriptive statistics and correlations of all study variables
are displayed in Table 1. Two separate whole brain analyses
were conducted during go decisions (9th grade), one with
parent-adolescent closeness (6th, 7th, 8th grade) and a
second with deviant peer group affiliation (6th, 7th, 8th
grade). A negative correlation was found between parent-
adolescent closeness and mPFC activation (Fig. 1, Table 2),
such that higher perceptions of closeness were associated

Table 1 Descriptive statistics and correlations between variables

Time of
measurement

6th grade 6th, 7th, 8th grade 9th grade (Scan) 9th-10th grade (3-, 6-,
9- months post scan)

Measure Peer
victimization

Antisocial
behavior

Parent-adolescent
closeness

Deviant peer
group association

mPFC activation
during risk taking

Antisocial behavior

Peer victimization – 0.67*** −0.67** 0.67** 0.47** 0.53**

Antisocial behavior – −0.50** 0.79** 0.35* 0.48**

Parent-adolescent
closeness

– −0.66** −0.51** −0.46**

Deviant peer group
association

– 0.54** 0.66**

mPFC activation – 0.57**

Antisocial behavior –

Mean 1.89 1.62 3.88 1.45 −1.72 1.52

SD 0.82 0.71 0.68 0.52 3.47 0.59

M mean; SD standard deviation

*p < 0.05; **p < 0.01; ***p < 0.001. Two-tailed significance
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with less activation in the mPFC during risky decision-
making. Parent-adolescent closeness was also associated
with less activation in the VS during risk taking. Deviant
peer group affiliation was positively correlated with mPFC
activation (Fig. 1), such that greater affiliation with deviant
peer groups was associated with higher activation in the
mPFC during risky decision-making. Notably, the mPFC
region that correlated with both parent-adolescent closeness
and deviant peer affiliation was nearly identical. No other

regions showed overlap in activation across the two ana-
lyses. Additional regions that correlated with parent-
adolescent closeness and deviant peer group affiliation are
displayed in Table 2.

Given that activation in the mPFC during risky decision-
making was associated with both parent-adolescent close-
ness and deviant peer group affiliation, analyses were
conducted to test our full conceptual model, examining
whether mPFC activation mediates the association between
previous social influences and later adolescent antisocial
behavior. To this end, a mask was created of the over-
lapping voxels in the mPFC clusters from the parent-
adolescent closeness and deviant peer group association
whole-brain analyses and extracted parameter estimates of
signal intensity from the mPFC mask during risky decision-
making. Next, a mediation model was computed to examine
whether parent-adolescent closeness (6th, 7th, 8th grade) is
associated with later antisocial behavior (9th–10th grade)
via deviant peer group affiliation (6th, 7th, 8th grade) and
subsequent mPFC activation during risky decision-making
(9th grade). The mediator and outcome variables were
regressed onto peer victimization and antisocial behavior in
6th grade to control for earlier peer victimization and pre-
vious levels of antisocial behavior. The results revealed a
significant indirect effect of parent-adolescent closeness on

Fig. 1 N= 45. Neural activation in the medial prefrontal cortex
(mPFC) during risky decision-making in 9th grade is correlated with
A lower parent closeness and B higher deviant peer group affiliation
during 6th, 7th, and 8th grades

Table 2 Neural regions that associated with parent closeness and
deviant peer group affiliation during go trials in the stoplight task

Predictor Anatomical region
(9th grade)

+/⎼ x y z t k

Parent-adolescent closeness (6th, 7th, 8th grade)

mPFC ⎼ 3 62 ⎼2 ⎼4.41 261

R medial temporal
pole

⎼ 33 26 ⎼32 ⎼4.99 179a

R vmPFC ⎼ 3 5 ⎼17 ⎼3.53 a

R ventral striatum ⎼ 18 17 ⎼11 ⎼3.45 a

L postcentral gyrus ⎼ ⎼45 ⎼28 58 ⎼3.57 54

L middle temporal
gyrus

⎼ ⎼69 ⎼31 ⎼5 ⎼3.39 71

L paracentral lobule + ⎼18 ⎼43 46 4.69 57

R paracentral lobule + 15 ⎼46 55 4.03 207

Deviant peer group affiliation (6th, 7th, 8th grade)

mPFC + 12 47 1 4.71 331

R posterior-medial
frontal

⎼ 15 ⎼1 64 ⎼5.14 955b

R middle cingulate
cortex

⎼ 9 11 46 ⎼4.56 b

L and R refer to left and right hemispheres; +/⎼ refer to positive and
negative correlation; x, y, and z refer to MNI coordinates; t refers to
peak activation level in each cluster; and k refers to the number of
voxels in each significant cluster. Regions that share the same
superscript are part of the same cluster

All regions are significant at p < 0.005
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later adolescent antisocial behavior via lower affiliation with
deviant peer groups and less activation in the mPFC during
risky decision-making [ß=−0.043, SE= 0.038, 95% CI
(−0.142, −0.001); Fig. 2]. In addition, deviant peer group
affiliation also had a significant indirect effect on later
antisocial behavior via more activation in the mPFC during
risky decision-making [ß= 0.157, SE= 0.098, 95% CI
(0.024, 0.412)].

Discussion

A vast majority of research focuses on understanding anti-
social behavior in boys despite girls showing a higher
initiation rate of antisocial behavior during early adoles-
cence (Odgers et al., 2008), identifying a critical need to
better understand the social and neurobiological factors that
may place adolescent girls on antisocial trajectories. The
goal of this study was to examine the influence of parents,
peers, and brain activation during risk taking as joint pre-
dictors of adolescent girl antisocial behavior using a long-
itudinal design. Although previous research has identified
parents, peers, and the neural correlates of decision-making
as contributing to adolescent antisocial behavior indepen-
dently and primarily in boy and mixed sex samples, this
report distinguishes parent-adolescent closeness as a pro-
tective factor, and deviant peer affiliation and mPFC acti-
vation during risky decision-making as risk factors, through
which girls develop antisocial behavior later in adolescence.
The results highlight the salience of both parent and peer
relationships for girls in early adolescence as they con-
tribute to neural processing during risky decision-making
and antisocial behavior into mid adolescence. Specifically,
the mPFC was identified as a key brain region associated
with both parent-adolescent closeness (less activation) and

deviant peer affiliation (more activation). These findings
underscore the dynamic interplay of parents, peers, and the
brain on the development of antisocial behavior in girls
during adolescence.

The findings show that parent-adolescent closeness and
deviant peer affiliation were each associated with adoles-
cents’ neural processing while making risky decisions. Both
social influences were linked to activation in the mPFC, a
region associated with social motivation and regulation
(Somerville et al., 2014). The results indicated that high
parent-adolescent closeness was linked to less recruitment
of the mPFC during risky decision-making, and that high
deviant peer group affiliation was linked to more recruit-
ment. These findings are consistent with the role of the
mPFC as integral for processing social information (Som-
erville et al., 2013) and boosting motivation in the pursuit of
rewards (Shulman et al., 2016) during adolescence, such
that affiliation with deviant peers may facilitate adolescents’
motivation to pursue risky behaviors whereas close parent
ties may adaptively dampen this inclination. High parent-
adolescent closeness was also associated with lower acti-
vation in the VS, which is consistent with previous work
linking positive family influences (e.g., parent closeness and
family obligation values) to lower recruitment of the VS
during risky decision-making (Qu et al., 2015). The VS is
consistently linked with age differences in reward proces-
sing and social influence on valuation (Schreuders et al.,
2018), suggesting that close parental ties may be associated
with less rewarding experiences when taking risks. Other
patterns of activation that associated with parent-
adolescence closeness included lower activation in the
postcentral gyrus and middle temporal gyrus, as well as
higher activation in the paracentral lobules. Moreover,
greater affiliation with deviant peers associated with lower
activation in the middle cingulate cortex (MCC), a region

Fig. 2 N= 44. Mediation model examining the role of deviant peer
group affiliation and medial prefrontal cortex (mPFC) activation dur-
ing risk taking as mediators of the association between parent-
adolescent closeness and adolescent antisocial behavior. The model
adjusted for previous levels of peer victimization and antisocial

behavior in 6th grade. The model evidenced a significant indirect
effect [ß=−0.043, SE= 0.038, 95% CI (−0.142, −0.001)]. Coeffi-
cients are standardized. Dashed pathways are nonsignificant.
^p= 0.053, *p < 0.05, **p < 0.01
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that has been implicated in reward processing and motiva-
tion (Becker et al., 2017). Contrary to our hypothesis and
previous work with adolescent boys and girls (Telzer et al.,
2015), activation in the insula was not associated with
parent-adolescent closeness or deviant peer group affiliation
for adolescent girls. These activation patterns may differ
from previous studies of adolescent boys and mixed gender
samples given that adolescent girls are uniquely socialized
to respond to relationship cues (Yang & Mcloyd, 2015) and
engage in specific antisocial behaviors (Bongers et al.,
2011). Together, these findings corroborate the mPFC and
VS as salient regions for social relationships getting “under
the skin” as adolescents navigate choices to take risks or
abstain from them.

Importantly, analysis of our full conceptual model
showed that high parent-adolescent closeness and lower
deviant peer group affiliation across middle school indir-
ectly predicted girls’ antisocial behavior in high school
through less recruitment of the mPFC during risk taking.
These findings underscore the importance of investigating
multiple important social relationships alongside the brain
to better understand adolescent girls’ antisocial behavior.
Because the mPFC has been implicated in regulatory and
motivational processes (Somerville et al., 2014), these
findings demonstrate the importance of integrating a
developmental neuroscience perspective into the social
contextual model of delinquency (Scaramella et al., 2002),
such that relationship dynamics with parents and peers
manifest neurobiologically in adolescent regulatory and
motivational processing, thereby helping to shape later
adolescent delinquent behavior (Dishion & Patterson,
2015). Our conceptual model highlights the complexity of
psychobiological antecedents that can lay the foundation for
adolescent antisocial behavior for girls, and as such, pro-
vides an opportunity for future work to investigate resi-
liency and risk factors in social and neurobiological
processes.

Although this report sheds light on the developmental
processes associated with antisocial behavior in adolescent
girls, its limitations are important to address. First, because
adolescent girls are underrepresented in the antisocial
behavior literature and are more likely to evidence the onset
of these behaviors during adolescence compared to boys
(Odgers et al., 2008), the focus of the study included a
sample of females, and thus, our conclusions may not
generalize to adolescent boys. These social and neural
processes should be examined in a larger sample of both
girls and boys to investigate sex differences and universal
processes in how these factors contribute to adolescent
antisocial behavior. Further, it would be advantageous to
examine decision-outcome associations across the task (i.e.,
whether decisions resulted in crashes or passing through the
intersection safely) as it can disentangle advantageous

versus disadvantage decision-making, and further inform
how risky decision-making associates with antisocial
behavior in adolescent girls (e.g., Op de Macks et al., 2018).
Second, the longitudinal assessments of parent-adolescent
closeness and deviant peer group affiliation at 6th, 7th, and
8th grade allowed us to examine social relationships
throughout middle school, which contributed to a much-
needed interdisciplinary perspective on the development of
antisocial behavior in adolescent girls. It should be noted
that this was also a limitation of the analytical design given
that parent-adolescent closeness and deviant peer group
affiliation were measured concurrently and tested sequen-
tially within a mediation model. Caution should be taken in
interpreting the sequential order of parent and peer social
influence. Third, a larger sample size would allow the
ability to detect small effect sizes, including the association
between deviant peer group affiliation and activation in the
mPFC. It would also lend to more sophisticated analyses,
such as growth curve modeling (Widaman et al., 2010) to
tease apart how these social influences change over time,
and how these changes contribute to neural processing and
antisocial behavior during adolescence. In addition,
obtaining assessments of neural activation at multiple time
points would benefit future research in teasing apart the
direction of effect between brain function, social relation-
ships, and antisocial behavior across adolescence. Last,
there was a focus on positive aspects of parent-adolescent
relationships (i.e., closeness) and negative aspects of ado-
lescent peer relationships (i.e., delinquency of peers), and
thus, future work would benefit from including positive and
negative dimensions of salient social agents, as well as
using a larger sample size to detect the interplay between
these dimensions.

Conclusion

There is little known how the influences of parents, peers,
and risk taking at the level of the brain together contribute
to the development of antisocial behavior in adolescent
girls. An integrated contextual and psychobiological
approach was used to identify how relationships with par-
ents and peers during early adolescence predict neural
processing during risk taking and subsequent antisocial
behavior during later adolescence. Parent-adolescent clo-
seness and deviant peer group affiliation differentially
associated with mPFC activity while adolescents take risks.
Importantly, strong ties with parents were associated with
lower antisocial behavior across adolescence, which man-
ifests through concurrently associating with less delinquent
peers and later lower activation of the mPFC during risk
taking. Given the importance of investing in adolescent
development and health using developmental neuroscience
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(Dahl et al., 2018), this report underscores the continued
influence of parents, and thus, the importance of validating
and bolstering parental efforts to support adolescent success
across development. In kind, it also emphasizes the negative
influence peers can hold over adolescent girls in their
development of antisocial tendencies. This research informs
applied work with adolescent girls, such that girls who
orient away from supportive friend groups toward deviant
peer groups would benefit from supportive interactions with
their parents.
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