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Gene–environment studies on adolescents’ peer contexts are important for
understanding the interplay between biological and social antecedents of adolescent psychopathology. To this end, this study examined the roles of serotonin
transporter (5-HTTLPR) and preadolescent and early adolescent peer rejection
and acceptance, as well as the interaction between genotype and environment
as predictors of antisocial behavior. Longitudinal data from TRAILS (TRacking
Adolescents’ Individual Lives Survey), a Dutch cohort study into adolescent development that includes peer reports of rejection and acceptance assessed at 11.1
and 13.6 years and self-reported antisocial behavior at 19.1 years was used.
The interaction between 5-HTTLPR and preadolescent peer rejection predicted
antisocial behavior with carriers of the 5-HTTLPR short–short variant most strongly
affected. No main or interaction effects were found for early adolescent rejection or interactions involving peer acceptance. Our results extend the gene–
environment interaction literature by focusing on peer relationship experiences.

Antisocial behavior has been a focus of research in several disciplines
for at least a century. Different theories regarding its antecedents have
emerged—some of which focused on social and others on biological roots
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of antisocial behavior, but the past few decades have seen an increase
in studies that acknowledge the interplay of environmental and biological factors (Dodge & Pettit, 2003; for an overview of studies, see Raine,
2002, and Rutter, 2006). Spurred by quantitative genetic findings that antisocial behavior is substantially heritable (Mason & Frick, 1994; Rhee &
Waldman, 2002), accounts have focused on tracing specific candidate
genes that may have a direct effect on antisocial behavior (e.g., Burt &
Mikolajewski, 2008) or interact with environmental risks in their prediction of antisocial behavior (Caspi et al., 2002). A popular candidate gene
for both mechanisms is the serotonin transporter gene, likely because of
its association with antisocial behavior and related types of externalizing behaviors (e.g., Feinn, Nellissery, & Kranzler, 2005; Vaughn, DeLisi,
Beaver, & Wright, 2009) and implication in emotional stimuli processing.
The majority of gene–environment interaction (G × E) studies has
been conducted on children’s family environment. However, especially
as young people transition from childhood into adolescence, peers gain
crucial importance. Establishing friendships and being liked by peers are
important developmental tasks in early adolescence and associated with
later adjustment (e.g., Berndt, 1982; Rose-Krasnor, 1997). Given the problems linked to peer rejection in preadolescence and early adolescence
(Kupersmidt & Coie, 1990; Parker & Asher, 1987), searching for factors
that buffer or elevate this risk is vital. Aiming to do so and informed by
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previous G × E studies, we focused specifically on 5-HTTLPR, a common
polymorphism in the serotonin transporter gene. Serotonin levels in the
amygdala—a brain region responsible for processing emotional stimuli
such as social rejection—are partly regulated by 5-HTTLPR, which makes
this gene a prime candidate to study as a moderating factor of the association between peer rejection/acceptance and maladjustment.
Benefiting from peer and self-reports from adolescents acquired over
several time points, the current study examined direct effects of peer rejection and acceptance assessed in preadolescence and early adolescence and
5-HTTLPR on late adolescent antisocial behavior. Moreover, it was tested
whether 5-HTTLPR moderated the hypothesized risk of peer rejection and
the potentially protective effect of peer acceptance on late adolescent antisocial behavior. This design responds to recent calls to pay attention to potential developmental variability in (genetic) vulnerability or susceptibility to
environmental effects (Ellis, Boyce, Belsky, Bakermans-Kranenburg, &
Van IJzendoorn, 2011). Moreover, by including negative as well as positive
peer relationship indicators, we were able to test more stringently whether
5-HTTLPR contributes to some individuals’ greater vulnerability or susceptibility to the environment. That is, a differential vulnerability model is supported if carriers of specific 5-HTTLPR variants differ in how much they are
affected by peer rejection but not acceptance. In contrast, a pattern where
carriers of different variants of the serotonin transporter polymorphism
vary in their susceptibility to both peer rejection and acceptance would
correspond to a differential susceptibility model. In sum, the current study
informs about potential developmental variation in how specific genes and
risk-promoting and development-enhancing environments interact to predict
antisocial behavior and is one of the first studies into genetic moderation
of peer relationship experiences on later (mal)adjustment (Brendgen, 2012).

Peer Relationship Quality as Predictor of Antisocial Behavior
One of the most important human needs in life is the need to belong, which
motivates people to gain enduring, positive relationships with significant
others (Baumeister & Leary, 1995). Although parents are important attachment figures especially in early childhood, when children transition into
adolescence, peers become increasingly central for fulfilling the need to
belong. That is, adolescents spend twice as much time with peers than with
parents and tend to rely less on their parents as compared to their peers for
problem solving and help (Agnew, 2003). Reasons for the increased importance of peers are that peer relations are less controlling, less judgmental, and more egalitarian than relationships with adults (Giordano, 1995).
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Being accepted by peers thus provides adolescents with a sense of belonging to the peer group (e.g., Parker & Asher, 1993). Although rejection and
acceptance should not be understood as opposite ends of a continuum but
rather as distinct peer experiences that can coexist, rejection, just like the
absence of acceptance, is associated with maladjustment.
Numerous studies showed that being rejected by peers has detrimental effects on the mental and social development of adolescents, and puts
them at risk for later maladjustment, especially externalizing problems
(Kupersmidt & Coie, 1990; Parker & Asher, 1987; Rubin, Bukowski, &
Parker, 2006; Sentse, Lindenberg, Omvlee, Ormel, & Veenstra, 2010). It can
be argued that externalizing problems such as aggression and rule-breaking behavior may be antecedents to and consequences of peer rejection.
Several studies showed that peer rejection not only results from childhood
aggressive behavior (Coie & Kupersmidt, 1983; Dodge, 1983) but also predicts continued aggression over the years (Dodge et al., 2003). More generally, peer rejection in late childhood is linked to both concurrent and later
antisocial behavior (for a review, see Dodge, Coie, & Lynam, 2006). This
effect even held when controlling for behavioral stability (Laird, Jordan,
Dodge, Pettit, & Bates, 2001). In contrast, peer acceptance has been shown
to have a positive effect on academic (O’Neil, Welsh, Parke, Wang, &
Strand, 1997) and psychological adjustment (Ladd & Burgess, 2001).

Genetic Moderation of Peer Relationship Quality
Importantly, not all adolescents show negative or positive effects after peer
rejection and acceptance, respectively. It stands to reason that sensitivity
to the effects of peer relation characteristics is genetically influenced. For
instance, Brendgen and colleagues (2008) showed that effects of peer victimization in kindergarten on aggression were moderated by genetic effects
in that girls (but not boys) with a greater genetic susceptibility for aggression were more strongly affected by victimization.
Genetic factors are likely to affect the association particularly between
exposure to peer rejection and antisocial behavior given the biological implications of social rejection. That is, several studies have provided support for
neurobiological correlates of social rejection (Eisenberger, Lieberman, &
Williams, 2003; Lau et al., 2011; Masten et al., 2009). Particularly the variation in amygdala activation observed by Lau and colleagues (2011) is of
interest to the current study as individual differences in amygdala activation
are partly due to 5-HTTLPR, a common deletion polymorphism in the serotonin transporter–linked region (Munafò, Brown, & Hariri, 2008). That is, the
amygdala has been found to be hyperreactive in carriers of the short allele,
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increasing the time it takes to disengage from emotional stimuli (e.g., Furman,
Hamilton, Joormann, & Gotlib, 2011; Hariri et al., 2002). Although much less
is known about the biological effects of peer acceptance on later behavior, our
study design enables us to explore whether 5-HTTLPR also differentiates the
effects of this positive measure of social interaction.

Serotonin Transporter Polymorphism: 5-HTTLPR
5-HTTLPR transcribes for a protein that is associated with reuptake speed of
serotonin at brain synapses and constitutes an important source of variation
in serotonin levels in the brain. Whereas the majority of people of Caucasian
descent are carriers of the heterozygous short–long variant (~50%) of this
polymorphism, the homozygous short–short variant is observed less often
than the homozygous long–long variant (Noskova et al., 2008). Because of
its reduced efficiency in terminating synaptic serotonin activity, the short
allele has been treated as the risk allele in most studies (but, for a review on
psychopathology associated with the long allele, see Glenn, 2011).
The 5-HTTLPR short allele has been linked to personality traits
such as neuroticism (Schinka, Busch, & Robichaux-Keene, 2004; Sen,
Burmeister, & Ghosh, 2004) as well as mood disorders (Rosenthal et al.,
1998). Short-allele carriers were also found to be slower in disengaging
from emotional stimuli (Beevers, Wells, Ellis, & McGeary, 2009). The
polymorphism is also implicated in behaviors and traits that show overlap
with antisocial behavior. For instance, studies have reported associations
between the short allele and substance use (Feinn et al., 2005) and higher
levels of impulsivity (Paaver et al., 2007). Retz, Retz-Junginger, Supprian,
Thome, and Rösler (2004) showed that the short allele was overrepresented
in males displaying recurrent and overt violent behavior, whereas Sakai
and colleagues (2010) showed that female carriers of the short allele were
more likely to display chronic conduct problems. Lastly, Vaughn and colleagues (2009) reported a significant association between the serotonin
transporter and pathological criminal behavior in youth.
In addition to direct associations, 5-HTTLPR has been a candidate
for moderation of adverse environmental effects on (mal)adjustment.
Caspi and colleagues (2003) showed that child maltreatment was linked
to depression especially for carriers of the short allele. Depression was
also more common among female short–short variant carriers who reported
high levels of perceived stress (Beaver, Vaughn, Wright, & DeLisi, 2012).
Li and Lee (2010) found that 5-HTTLPR interacted with child maltreatment in the prediction of covert problems in girls, again with short-allele
carriers being at elevated risk. Similarly, Douglas et al. (2011) reported
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a significant interaction between adverse childhood events and 5-HTTLPR
in the prediction of antisocial personality disorder (albeit for only a part of
their sample). Vaske, Newsome, and Wright (2012) showed that the polymorphism interacted with childhood neglect in the prediction of criminal
behavior and substance use.

The Present Study
The first aim of the current study was to test whether experiences of peer
rejection and acceptance in preadolescence and early adolescence are associated with later antisocial behavior. The peer assessments of rejection and
acceptance used in the current study are unique in that they span primary
(preadolescence) as well as secondary school (early adolescence), thus
covering an important transition in children’s lives. This design enables us
to examine associations between peer rejection/acceptance and later antisocial behavior by using different contexts. In line with previous studies,
we hypothesized that, regardless of timing, higher levels of peer rejection
are predictive of higher levels of antisocial behavior and that peer acceptance should be negatively associated with antisocial behavior. Secondly,
we examined the association between 5-HTTLPR and antisocial behavior, expecting greater risk of antisocial behavior for carriers of the short
allele, particularly the short–short variant. Finally, we examined interaction effects between measures of peer rejection/acceptance and 5-HTTLPR.
A differential vulnerability model would be supported if carriers of the
short allele are at greater risk for antisocial behavior in the presence of
peer rejection but at equivalent risk as carriers of the long–long variant in
the absence thereof. In contrast, a differential susceptibility model would
be supported if adolescents carrying the short allele of the serotonin transporter polymorphism show increased antisocial behavior in the presence of
peer rejection but also significantly decreased levels of antisocial behavior
in the presence of peer acceptance.
Method

Sample and Participants
The present study includes data from three waves of the TRacking
Adolescents’ Individual Lives Survey (TRAILS). TRAILS is a prospective cohort study of Dutch adolescents, with biennial or triennial follow-up
assessments. Data at the first assessment wave (Time 1 [T1]) were collected in 2001 and 2002 (mean age 11.1 years), at the second wave (T2)
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in 2003 and 2004 (mean age 13.6 years), at the third wave (T3) in 2006
and 2007 (mean age 16.3 years), and at the fourth assessment (T4) wave
in 2008–10 (mean age 19.1 years). The TRAILS target sample comprised
young adolescents from five municipalities in the north of the Netherlands,
including both urban and rural areas. Details about the study are published
elsewhere (Huisman et al., 2008; Nederhof et al., 2012; De Winter et al.,
2005). Both the parents and the children provided written consent for participation in the study.

Measures
Adolescent antisocial behavior. To measure antisocial behavior, we
used T1 and T4 scores on the Antisocial Behavior Questionnaire (ASBQ),
a measure comparable to the Self-Report Delinquency Scale (Moffitt &
Silva, 1988). The ASBQ consists of 31 items at T1 (assessing lifetime)
and 29 items at T4 (assessing the past 12 months) (e.g., “How often have
you destroyed something on purpose?” and “How often have you used a
weapon?”). Questions were rated as 0 = never, 1 = once, 2 = two or three
times, 3 = four to six times, and 4 = seven times or more. For subsequent
analyses, the mean of all items comprising the scale was taken. The internal
consistency of the ASBQ scale was .88 at T1 and .82 at T4. We corrected
for skew in the outcome variable by using square-root transformation.
Peer rejection and acceptance. At T1 and T2, a subsample of TRAILS
participants took part in a classroom-based peer nomination assessment
in which TRAILS participants and their classmates nominated each other
on a range of domains (see also Dijkstra, Lindenberg, Verhulst, Ormel,
& Veenstra, 2009; Veenstra et al., 2005). Peer nominations at T1 were
collected only in classrooms with at least 10 TRAILS respondents. After
selection of school classes and the agreement of the school to participate, schools provided the names of classmates of TRAILS respondents.
Subsequently, classmates of regular TRAILS respondents were approached
by their tutor and received an information letter in which they as well as
their parents were asked to participate in TRAILS on this occasion only.
If pupils and/or parents refrained from participation, they had to send a
reply card within 10 days. This method of informed consent was used in
order to maximize participation. A total of 98 pupils, of which three were
regular TRAILS respondents, used this opportunity and refused to participate. Young people in special education (5.6% of the sample), those in
small schools (6.4%), and those who repeated a grade (16.9%) or skipped a
grade (2.2%) were excluded. As a result, the peer information can only be
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generalized to a population who attend regular elementary schools and did
not repeat a grade. At T1, 1,065 TRAILS respondents met these criteria and
participated in peer nominations. As described in Table 1, an additional 639
children took part in this assessment, but these were not regular TRAILS
participants, so genetic and behavioral data are missing.
At T2, peer nominations were conducted in classrooms with at least
three regular TRAILS participants or with two participants on the condition that both had also participated in T1 peer nominations. (Again, peer
nominations assessed were classroom-based, including non-TRAILS participants.) At T2, 1,007 TRAILS respondents participated in the peer nomination procedure. A total of 671 TRAILS respondents took part in both
peer nomination studies.
The assessments of the peer nominations lasted for about 15 minutes
and took place during regular lessons. After brief instructions in which a
TRAILS staff member emphasized that information would be kept confidential, the participants received the questionnaire with the names of
the classmates listed. The teacher and TRAILS staff member remained in
the classroom during the administration of the peer nominations. Among
other topics, adolescents were asked whom they disliked (rejection) and
liked (acceptance), for which they could nominate an unlimited number

Table 1. Number of participants for each study variable
Antisocial
behavior
assessments

Peer
nominations
Participants

T1

T2

T1

T4

Total

1,704

3,334

2,206

1,653

Number
who are
regular TRAILS
participants

1,065

1,007

2,206

1,653

Number
for whom
genotype data
are available

616

603

1,238

1,118a

Note. Missing data on predictor variables and covariate were imputed by using multiple
imputation. T1 = Time 1; T2 = Time 2; T4 = Time 4; TRAILS = TRacking Adolescents’
Individual Lives Survey.
a
Number of participants on which analyses are based (availability of outcome measure and
genotype information).
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of classmates. The nominations received for being disliked were divided
by the total number of children in the class—that is, the maximum number of nominations possible. The same procedure was applied to nominations received for being liked. These proportion scores take class size into
account and range from 0 to 1, with higher scores indicating more rejection/acceptance. This procedure is commonly cited and a reliable way to
treat peer nominations (cf. Bukowski & Hoza, 1989).
Genotyping for serotonin transporter polymorphism 5-HTTLPR.
A subsample of TRAILS was genotyped at T3 of the study. DNA was extracted
from blood samples (n = 1,190) or buccal swabs (n = 275) (Cytobrush;
CooperSurgical, Trumbull, CT) by using a manual salting-out procedure as
described by Miller, Dykes, and Polesky (1988). The 5-HTTLPR polymorphism in the promoter region of SLC6A4 (5-HTT, SERT) gene was genotyped by simple sequence-length analysis for 1,414 individuals. The length
of the 5-HTTLPR allele was determined by direct analysis on an automated
capillary sequencer (ABI3730; Applied Biosystems, Nieuwerkerk aan den
IJsel, The Netherlands). Genotyping was done at the research lab for multifactorial diseases within the Human Genetics Department of the Radboud
University Nijmegen Medical Centre in Nijmegen, the Netherlands. The
single-nucleotide substitution (A to G) present in the HTTLPR long (L)
allele (rs25531) was genotyped by using a custom-made TaqMan assay
(Applied Biosystems). Because the Lg polymorphism represents low serotonin expression comparable to the short (S) allele, S and Lg alleles were
recoded S′ and La was recoded L′. We excluded all individuals who did not
have full Dutch ancestry (n = 157) and one member of each sibling pair
(n = 12) from the sample. As a result, serotonin transporter polymorphism
data were available from 1,245 individuals (53% female).

Missing Data Treatment
The subsequent regression analyses are based on cases for which genetic
information was available after accounting for sibship and ethnicity. We
compared participants who took part in collection of genetic material to
those from whom no such data are available on all study measures. Those
with genetic data present showed lower levels of antisocial behavior at T1
(Mpresent = 0.30, SDpresent = 0.32 vs. Mabsent = 0.34, SDabsent = 0.38; t[2204] =
2.15, p = .03), were better liked at T1 (Mpresent = 0.30, SDpresent = 0.15 vs.
Mabsent = 0.25, SDabsent = 0.16; t[1702] = −5.53, p < .001), and were less disliked at T1 (Mpresent = 0.11, SDpresent = 0.12 vs. Mabsent = 0.16, SDabsent = 0.16;
t[1702] = 6.50, p < .001). No differences were observed with regard to like
and dislike nominations received at T2 or antisocial behavior at T4.
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Of those participants who provided genetic data, peer nominations at
T1 were available for 616 and at T2 for 592. Antisocial behavior at T4 was
assessed from 1,118 participants who also had genotype information. An
overview of data availability for the measures used in this study is provided
in Table 1.
To make full use of available data, we imputed data on peer rejection and acceptance and the covariate. This strategy was chosen given that
the amount of missing data for antisocial behavior at T1 was negligible
(1%) and peer nominations were missing at random (by design). Based
on data presence for 5-HTTLPR, we used the multiple imputation procedure mi impute in Stata 12 and based the imputation on a multivariate
regression model composed of all variables included in subsequent models, as well as further auxiliary variables thought to increase the precision
of imputed values (e.g., socioeconomic status, antisocial behavior at T2
and T3). Imputation models also included the dependent variable; however,
following recommendations on treatment of imputed data, the subsequent
analyses included only cases with data present on the outcome measure
(Van Hippel, 2009). This procedure meant that analyses were conducted
on 1,118 adolescents (genetic information but no T4 antisocial behavior,
n = 127). A total of 25 imputed data sets were created, and analyses were
conducted by using the mi estimate and mibeta macros in Stata 12 (White,
Royston, & Wood, 2011). Descriptive statistics are presented for cases with
data on the respective measure, but all subsequent analyses are based on
imputed data. We note results obtained with complete cases wherever these
differ meaningfully.

Analytic Strategy
We estimated two sets of regression models. The first set examined the effects
of 5-HTTLPR and peer rejection and acceptance in preadolescence (T1) on
antisocial behavior in late adolescence (T4). The second set examined the
effects of 5-HTTLPR and peer rejection and acceptance in early adolescence
(T2) on later antisocial behavior. Both sets were computed in three steps:
(a) control variables (T1 antisocial behavior, gender) only, (b) additional
estimation of main effects (peer rejection, peer acceptance, and genotype),
and (c) additional estimation of interaction effect to identify whether the
G × E explained variance above and beyond the main effects. Significant
interaction effects were followed up by modeling the prediction of antisocial behavior at T4 by peer rejection (and peer acceptance, respectively)
separately for each genotype variant. Finally, we examined gender-specific
G × E effects by computing models that included a G × E × gender term.
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Results

Descriptive Statistics
Descriptive statistics of all study variables are presented in Table 2.
Allele frequencies for 5-HTTLPR were in Hardy–Weinberg equilibrium
(p = .95). We first examined genotype differences for environmental measures. Significantly different exposure to environmental measures suggests a gene–environment correlation and needs to be ruled out prior to
examining G × E effects. No significant associations were found, carriers of the long–long, short–long, and short–short variants of 5-HTTLPR
did not differ in their experience of peer rejection in preadolescence,
F(2, 613) = 0.87, p = .42, or early adolescence, F(2, 589) = 0.29, p = .75.
Similarly, 5-HTTLPR variant carriers did not differ with regard to peer
acceptance in preadolescence, F(2, 613) = 0.06, p = .94, or early adolescence, F(2, 600) = 1.03, p = .36. A comparison of 5-HTTLPR carrier
mean levels of antisocial behavior at T1 did not yield a significant effect
either, F(2, 1235) = 0.35, p = .70. We also tested for gender differences on
environmental and outcome measures and found that girls reported lower
antisocial behavior both at T1 (t = −15.53, p < .001) and T4 (t = −9.25,
p < .001). Girls were further less likely to be rejected in preadolescence
(t = −7.07, p < .001) and early adolescence (t = −2.22, p = .03) and more
liked in preadolescence (t = 2.33, p = .02). No gender differences in peer
acceptance were found for early adolescence.
Pairwise correlations between study variables are presented in Table 3.
Antisocial behavior was considerably stable over time, as shown by
Table 2. Descriptive statistics of study measures
M

SD

Range

Antisocial behavior T4

0.08

0.16

0–1.77

Antisocial behavior T1

0.32

0.35

0–2.84

Peer rejection T1

.14

.15

0–0.90

Peer rejection T2

.12

.13

0–0.84

Peer acceptance T1

.27

.16

0–0.80

Peer acceptance T2

.55

.20

0–1.00

5-HTTLPR

Long–long

Long–short

26.1%

50.4%

Short–short
23.5%

Note. Descriptive statistics are based on cases for which data were available. T1 = Time 1;
T2 = Time 2; T4 = Time 4.
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Table 3. Pairwise correlations between study measures
1

2

3

4

1

Antisocial behavior T4

2

Antisocial behavior T1

.31***

3

Peer rejection T1

.16**

.20***

4

Peer rejection T2

.04

.04

.28***

5

Peer acceptance T1

−.06

−.08

−.41***

−.22***

−.22***

−.63***

6

Peer acceptance T2

.04

.03

7

5-HTTLPR

.06

−.01

−.01

.02

5

6

.25***
−.01

.03

Note. Pairwise correlations are based on imputed data. T1 = Time 1; T2 = Time 2;
T4 = Time 4.
*p < .05.
**p < .01.
***p < .001.

a significant association between assessments at T1 and T4. Antisocial
behavior at T4 was also linked to higher levels of peer rejection in preadolescence but not early adolescence. The same was true for antisocial behavior at T1. Neither measure of antisocial behavior was associated with peer
acceptance, although we found moderate to strong negative associations
between peer rejection and acceptance at both times and also considerable
stability of peer rejection and peer acceptance from preadolescence to early
adolescence.

Regression Models
We began by computing regressions in which only gender and antisocial behavior at T1 functioned as predictors of antisocial behavior at T4
(Step 1). These models were equivalent in both sets of regression analyses reported next. Antisocial behavior in preadolescence significantly
predicted antisocial behavior later, as did gender, with boys being at
greater risk.

Peer Rejection and Acceptance
T1 × 5-HTTLPR. Results for this model are presented in Table 4.
5-HTTLPR was associated with antisocial behavior at T4, even after
accounting for baseline antisocial behavior. No prediction was found
for peer acceptance, and the prediction of peer rejection just missed
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Table 4. Regression model for prediction of late adolescent antisocial behavior
by rejection and acceptance in preadolescence and 5-HTTLPR
polymorphism
Antisocial behavior T4
Step 1

Step 2

Step 3

B

β

B

β

Gender (0 = female, 1 = male)

.08

.18***

.08

.18***

ASBQ (T1)

.18

.25***

B

β

.08

.18

.17

.23

.17

.23***

Peer rejection (T1)

.02

.09

−.02 −.08

Peer acceptance (T1)

.01

.01

−.01 −.06

5-HTTLPR (0 = LL, 1 = LS, 2
= SS)

.02

.06*

.02

.07*

5-HTTLPR * Peer rejection
(T1)

.04

.21*

5-HTTLPR * Peer acceptance
(T1)

.01

.08

R2

.12

.14

.15

Note. Regression models are based on imputed data. LL = long–long; LS = long–short;
SS = short–short; T1 = Time 1; T2 = Time 2; T4 = Time 4.
*p < .05.
**p < .01.
***p < .001.

statistical significance (p = .09). In the third step, the interactions between
peer rejection in preadolescence and 5-HTTLPR, as well as between
peer acceptance in preadolescence and 5-HTTLPR, were added, yielding a significant interaction effect for peer rejection × 5-HTTLPR. We
also computed separate regression models for peer rejection and acceptance, which confirmed these results. That is, no prediction of antisocial
behavior by peer acceptance was found. In contrast, peer rejection significantly predicted antisocial behavior in the second step (β = .10, p = .01)
as well as in interaction with 5-HTTLPR in the third step (β = .19, p
= .01). We followed this up and computed simple slopes to examine the
prediction of antisocial behavior at T4 by peer rejection separately for
genotype variants, controlling again for all other variables in the model.
Whereas the prediction of antisocial behavior by peer rejection at T1 was
significant for carriers of the short–short version of 5-HTTLPR (β = .07,
p = .002), this association was smaller in effect size and just significant
for carriers of the short–long (β = .03, p = .04) and not significant for
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carriers of the long–long variant of the g enotype (β = −.02, p = .47)
(see Figure 1). All effects were marginally stronger when only complete
cases were used for analyses. Finally, we examined whether this G × E
differed by gender but found no support (5-HTTLPR × peer rejection
T1 × gender: β = −.01, p = .96).
T2 × 5-HTTLPR. Results for this model are presented in Table 5.
Neither peer rejection nor acceptance in early adolescence were predictive of antisocial behavior at T4, but a significant effect of 5-HTTLPR
was yielded again. This effect remained when the interaction terms (genotype × peer rejection and genotype × peer acceptance) were added to the
model. However, no significant interaction effects were found. All results
obtained from complete case analyses were similar to the ones obtained
with imputed cases.
Discussion
Our study is one of the first to examine the interplay of 5-HTTLPR with
peer rejection and acceptance in the prediction of late adolescent antisocial behavior. In line with recent studies on aspects of peer relationships (Benjet, Thompson, & Gotlib, 2010; Kretschmer, Dijkstra, Ormel,

0.30

0.20
β = .07, p = .002

β = .03, p = .04
0.10
β = −.02, p = .47

0.00

Low peer rejection
LL

High peer rejection
SL

SS

Figure 1. Prediction of antisocial behavior at Time 4 (T4) (square-root-transformed
scale) by peer rejection for long–long (LL), short–long (SL), and short–short (SS)
variants of 5-HTTLPR. Low and high rejection represent 1 SD from the mean. Values
are based on imputed data.
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Table 5. Regression model for prediction of late adolescent antisocial behavior
by rejection and acceptance in early adolescence and 5-HTTLPR
polymorphism
Antisocial behavior T4
Step 1

Step 2

Step 3

B

β

B

β

B

β

Gender (0 = female, 1 = male)

.08

.18***

.08

.18***

.08

.18***

ASBQ (T1)

.18

.25***

.18

.24***

.18

.24***

Peer rejection (T2)

.01

.05

.01

.05

Peer acceptance (T2)

.01

.06

−.01

−.04

5-HTTLPR (0 = LL, 1 = LS, 2
= SS)

.02

.06*

.02

.06*

5-HTTLPR * Peer rejection
(T2)

.01

.02

5-HTTLPR * Peer acceptance
(T2)

.02

.13

R2

.12

.13

.14

Note. Regression models are based on imputed data. LL = long–long; LS = long–short; SS
= short–short; T1 = Time 1; T2 = Time 2; T4 = Time 4.
*p < .05.
**p < .01.
***p < .001.

Verhulst, & Veenstra, 2013; Sugden et al., 2010) and similar outcome
measures (Latendresse et al., 2011; Lee, 2011), we showed that variation
in particular genotypes partly affects vulnerability to negative (though not
positive) peer exposure. Moreover, the current study set out to explore
whether taking a developmental perspective in examining the environment
in G × E studies might provide a more thorough understanding of the biosocial interplay associated with behavioral development.
When examined separately, our results showed a significant prediction
of late adolescent antisocial behavior by peer rejection in preadolescence
but not early adolescence. For peer rejection in preadolescence, this association was especially pronounced for carriers of the short–short variant,
which is in line with our hypothesis as well as the findings in previous
G×E studies on this polymorphism (Douglas et al., 2011; Li & Lee, 2010).
A G×E can function in two ways: If carrying a particular genotypic
variant not only increases the risk for maladjustment under negative conditions but also elevates the positive effect of nourishing environments on
development, this interplay suggests a differential susceptibility mechanism
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(Ellis et al., 2011). In contrast, if carrying a specific genotypic variant only
increases the risk posed by negative environments (e.g., maltreatment, peer
rejection) but levels of maladjustment do not vary in the absence thereof (or
presence of positive environment), a dual-risk or differential vulnerability
model is present.
We were fortunate to be able to test which of these models applied to
our data and found support for the latter, given that the interaction between
peer acceptance and genotype was not predictive of adolescent antisocial
behavior. However, short–short variant carriers were particular vulnerable
to peer rejection. This mechanism might be based (partly) on prolonged
amygdala reactivity following social rejection (Lau et al., 2011). As suggested by Munafò et al. (2008), carriers of the 5-HTTLPR short allele show
amygdala hyperreactions when presented with negative emotional stimuli
and need significantly more time than do carriers of other variants to disengage from such stimuli. Thus, carriers of the short allele, particularly the
short–short homozygous variant, may be more likely to show prolonged
amygdala activity after being exposed to peer rejection. The amygdala
is strongly related to the neurotransmitter systems that are implicated in
behavior, including forms of problem behavior (DeLisi, Umphress, &
Vaughn, 2009). Moreover, amygdala activity and dysfunction have been
related to psychopathy (Blair, 2007). Psychopathy describes a developmental disorder that is characterized by low levels of guilt, high levels
of impulsivity and narcissism, and poor behavioral control. Psychopathy,
particularly its callous-unemotional component, and antisocial behavior
overlap considerably (Frick & White, 2008), which supports the assumption that amygdala functioning is implicated in antisocial behavior and that
this association may be affected by serotonin transporter polymorphism.
Although some associations have been reported between amygdala impairment and antisocial behavior (e.g., Raine & Yang, 2006), more research,
particularly studies that employ neurobiological measures, are needed in
order to better understand how amygdala activity translates into antisocial
behavior.
It is curious that no association was found between peer rejection in
early adolescence and late adolescent antisocial behavior, but a few interpretations are tenable. For instance, young adolescents might engage more
often with peers outside of their immediate classroom environment. At an
age when adolescents spend most of their spare time with self-chosen peers
and friends, peer relations in the classroom might count less and difficulties in the classroom context may not have a long reach. In other words,
adolescents at T2 may simply be less affected by what their classmates
think about them because most of their social life happens outside of the
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c lassroom. In addition, individuals who engage in antisocial behavior in
late adolescence might already be on the track to do so by the second time
that peer rejection was assessed (13.6 years). If this is true, being rejected by
classroom peers may not pose as much of a risk anymore. Finally, whereas
assessments of peer rejection in preadolescence were conducted in primary
school settings—that is, taken in classrooms that should have been relatively stable for the years prior to T1—the second assessment took place
in the early years of secondary school. Thus, the level of peer rejection at
T1 might represent an ongoing and repeated experience that started much
earlier and may have carried the risk for long-term negative consequences
(e.g., antisocial behavior). In contrast, T2 assessments were conducted in a
relatively new environment and from a different set of peers.
Ellis and colleagues (2011) called for an examination into whether
G × E effects hold for different time points and developmental stages. The
design of our study—relatively simple environmental assessments carried
out at different time points that span chronologically proximal yet developmentally distinct stages in life—enabled us to to so. Fascinatingly, we
found the predicted associations and genetic moderation when rejection
was assessed in preadolescence but not when assessed in early adolescence. This result may be an indication for developmental variation with
regard to the gene–environment interplay. Thus, particular negative environments might pose a risk only when experienced at a particular point in
life. In addition, individual genetic vulnerability may also change, and not
finding a significant effect of the interaction between 5-HTTLPR and early
adolescent rejection may suggest developmental variation in the G × E
interplay. Our interpretation is tentative and requires further empirical support. That is, the interaction effect found for preadolescent rejection may
not be a developmentally specific phenomenon but simply suffer from
nonreplicability.

Limitations and Future Directions
Our results need to be interpreted with several limitations in mind. First, we
focused on 5-HTTLPR because of its role in predicting externalizing forms
of behavior and as moderator of associations between environmental risk and
maladjustment, but antisocial behavior is a multifaceted and polygenic phenomenon. Selecting 5-HTTLPR as candidate gene for this study was driven
by hypotheses regarding this polymorphism’s implication in constructs similar to the one examined here (antisocial behavior) and because 5-HTTLPR
has been discussed as a susceptibility gene (Belsky & Pluess, 2009). While
our results were more in favor of a differential vulnerability model, genetic
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susceptibility may be better captured by using cumulative plasticity indices
that consist of several polymorphisms (Belsky & Pluess, 2009). In addition
to additive genetic vulnerability or susceptibility, interactions between different genes are likely, and many more environmental factors contribute to
this form of maladjustment. Examining characteristics of peers themselves
(e.g., antisocial behavior) in addition to characteristics of the relationship
can shed further light on the role of genetic moderation of peer context. For
instance, Beaver et al. (2011) showed that affiliating with delinquent peers is
substantially genetically influenced; hence, a next step may be to explore the
role that particular candidate genes may play in that regard.
Second, although our analyses benefited from a longitudinal and multireporter design, we employed self-report measures of antisocial behavior,
which are not free of bias. Since young people may overreport or underreport their involvement, official data or peer reports would be suitable
instruments to increase the quality of such data. However, despite the
shortcomings of self-reports, Thornberry and Krohn (2000) suggested that
self-reports are a valid way to assess adolescent delinquency. In addition,
notwithstanding their value as a more objective measure than self-reports,
we lost a substantial amount of data because peer rejection could not be
assessed for every TRAILS participant. Finally, the participants in our
study showed very low levels of antisocial behavior, particularly at T4,
reducing the amount of variance that could be explained in this measure.
This pattern might affect the representativity of the data. Further, the reference to the previous year (compared to lifetime at T1) might have contributed to this low average level of antisocial behavior. However, these limitations are likely to underestimate rather than overestimate the effects we
yielded. In addition to using self-reports, we employed an overall measure
of antisocial behavior, but different patterns might emerge for aggressive
and nonaggressive forms. Aggressive behavior was rare in our sample, and
subscales of aggressive and nonaggressive behavior showed considerable
lower reliability than the combined measure. However, more detailed and
varied assessments of aggressive behavior may circumvent this problem.
Most importantly, our findings need to be replicated in an independent
sample. Many G×E effects have been found only in particular samples or
within a particular range of environmental exposure, but interaction effects
need to be replicated to substantiate findings (Asherson & Price, 2012).
Whereas it would have been satisfying to present a replication of results,
our study design is unique in incorporating peer nominations from different
ages, longitudinal measures, and a sufficient sample size to detect genetic
main and interaction effects.
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In sum, despite its limitations, the current study provided insight into
the interplay of peer relation quality and 5-HTTLPR in the prediction of
adolescent antisocial behavior. We showed that variation in vulnerability
to preadolescent peer rejection is partly due to genetic differences. This
also means that genetic effects are expressed particularly under adverse
environmental conditions—posing a double risk for some adolescents.
We did not find such genetic moderation for peer acceptance, which supports a differential vulnerability rather than a differential susceptibility
model. Whereas modifying and adjusting genetic factors, even if it were
possible, is not ethical, findings like ours also point out that changing
the environment may be particularly important for some young people.
In other words, if certain environmental risks, such as peer rejection in
preadolescence, are especially harmful for some children (those that
carry specific genetic variants), efforts should go into studying ways
to prevent or intervene in these adverse environments to ensure healthy
development.
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