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A B S T R A C T

Purpose: Low heart rate (HR) has been linked to antisocial behavior (ASB). However, the effect of
low HRmay bemediated by affiliation with bullies. We hypothesized that individuals with low HR
are more likely to affiliate with bullies and in turn are influenced by these peers.
Methods: Data come from two waves of a subsample of the TRAILS study (N � 809; 44.0% boys;
ean age of 11.0 years at T1 and 13.5 years at T2). ASBwasmeasured using the Antisocial Behavior
uestionnaire at both waves. HR was assessed during rest at T1. Affiliation with bullies was
ssessed via peer nominations at T1. Possible gender differences were taken into account, and all
nalyses were adjusted for family context (i.e., family breakup and socioeconomic status).
esults: Regression analyses showed that lower HR was only associated with ASB in (pre)adoles-
entswho affiliatedwith bullies.Moreover, the effect of lowerHR on boys’ ASBwas partlymediated
y affiliation with bullies.
onclusions: Our findings show that (pre)adolescents, and in particular boys, seem to be in
nvironments that match their biological disposition and in turn are shaped by this environment.

IMPLICATIONS AND
CONTRIBUTION

The association between low
HR and more ASB was both
mediated (in boys) andmod-
eratedbyaffiliationwithbul-
lies.Althoughsmall, theseef-
fects suggest that there are
significant relationships be-
tween physiology and peer
context contributing to the
development of ASB in
adolescents.
� 2013 Published by Elsevier Inc. on behalf of Society for Adolescent Health and Medicine.
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Low resting heart rate (HR) is one of the most replicated
iological correlates of antisocial behavior (ASB) in childhood
nd adolescence [1,2]. This relationship has typically been as-
ribed to various underlying mechanisms such as temperamen-
al characteristics like fearlessness and stimulation seeking [3,4].
he importance of temperamental characteristics has been well
ocumented theoretically [3–5] and in recent empirical accounts
6,7], but amajor issue remains unaddressed: the possibility that
he relationship between individuals with HR and ASB is also
ependent on the social context [8,9]. In pre- and early adoles-
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ence,we candistinguish between thepeer and family context as
he two important social contexts that may affect behavior. In
his period, individuals develop more intimate peer relation-
hips, spend more time with peers, and move away from their
arents [10,11]. Therefore, in the current study, we will mainly
ocus on the effects of the peer context on the relationship be-
ween HR and ASB, while adjusting for the family context (i.e.,
ocioeconomic status [SES] and family breakup).

Dodge and Pettit [8] argue that certain risk factors exert influ-
nce only in the presence (or absence) of another risk factor,
uggesting moderation by context. Indeed, previous studies re-
ort that peers influence each other’s behavior with regard to
SB in general [12,13] and delinquency [14,15] and aggression
16] in particular. However, this does not mean that adolescents

re passive victims of their social context. Certain characteristics

for Adolescent Health and Medicine.
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may predispose individuals to actively select themselves into
risky peer contexts, which in turn results in ASB [16,17], thus
suggesting a mediation effect of context. Peer contexts charac-
terized by bullying could play an important role, as bullying is a
precursor for ASB and criminality [18,19]. This may be explained
froma stimulation-seeking perspective. That is, (pre)adolescents
with lowerHRhave a predisposition to sensation seeking to raise
their autonomic activity to amore optimal state thatmay trigger
ASB [3,7]. Contexts in which peers bully others are likely to be
characterized by dangerous risky situations (e.g., aggressive be-
haviorsmay result in status loss and physical harm), and as such,
these situations and peers may be more attractive to individuals
with lower HR. It is well known that the so-called self-regulation
processes make individuals select themselves into contexts that
match their predisposed preferences [20,21].

Oncepreadolescentswith lowerHRare in such apeer context,
heir autonomic underarousal and the concomitant sensation
eekingmaymake them especially likely to be influenced by this
ontext, which amounts to a cross-sectional moderation effect.
uch exposure effects have also been reported in relation to the
nteraction between low HR and community violence on child-
ood aggression [22].
In combination, the mediation and moderation effects would

uggest a vicious cycle of ASB; lowHRpredisposes adolescents to
eek out or, to be in peer contexts characterized by bullying
ehavior, and being in such a context promotes more ASB. In the
urrent study, we test these two conditional effects by assessing
he relationship between the individual risk factor biological
nderarousal, assessed via low HR, and ASB in the presence or
bsence of peer contexts characterized by bullying behavior.
hese were tested both cross-sectionally and across a 2.5-year
ime span, using a large sample of pre- and young adolescents.

ethods

ubjects

Data were collected in the TRAILS (TRacking Adolescents’
ndividual Lives’ Survey) study, a large prospective population
tudy of Dutch adolescents with bi- or triennial measurements
rom age 11 years to at least early adulthood [23]. Parental
nformed consent was obtained after the procedures had been
ully explained. Detailed information about sample selection and
nalysis of nonresponse bias is reported elsewhere [24]. The two
easurement waves ran fromMarch 2001 to July 2002 (T1) and
eptember 2003 to December 2004 (T2). At T1, of the 2,230
hildren (mean age� 11.09 years, standard deviation [SD]� .56)
enrolled in the study, 2,149 (96.4%;mean age�13.56 years, SD�
.53) participated at T2.

Measures

Antisocial behavior. ASB was assessed with the self-reported
Antisocial Behavior Questionnaire [25] in individuals at age 11
years (T1) and 13.5 years (T2). Participants responded on a five-
point scale (“no, never” to “seven or more times”) whether they
had ever partaken in antisocial activities, such as stealing, fight-
ing, substance abuse, and damaging things (31 items at T1 and 26
at T2; � values� .85). The two Antisocial Behavior Questionnaire
easures differed to the extent that the T2 measure did not

nclude questions on alcohol and soft drug use, smoking, running

way from home, and police contact. d
eart rate. At T1, cardiac autonomic function was assessed by a
hree-lead electrocardiogram, while participants were in a su-
ine position and breathing spontaneously for 4minutes. Partic-
pants were in the supine position for approximately 5 minutes
efore measurements began. Recordings were digitized (sample
ate � 100 Hz; using a DAS-12 data acquisition card for note-
ooks, Keithley Instruments, Cleveland, OH) and stored on a hard
isk for off-line analyses. Dedicated software ([pre-]CARSPAN)
26] was used to detect R-peaks, to check signal stationarity, to
orrect for artifacts, and to calculate the interbeat interval (IBI; in
illiseconds) between two heartbeats. IBI is inversely related to
R by the equation HR � 60,000/IBI. HR was expressed in beats
er minute. Blocks were considered invalid if they contained
rtifacts with a duration of �5 seconds, if the total artifact dura-
ion was �10% of the registration, or if the block length was �
00 seconds. HR recordings were missing (n � 76) because of
ecording failure (41%) or signal-analysis failure (59%). More-
ver, 18% of the sample did not have HR data because of practical
onstraints (i.e., moving to another townor time constraints). HR
as collected from 1,753 (78.6%) TRAILS participants. These par-
icipants differed from the whole TRAILS population in that they
ere slightly younger at T1 (t� 10.66, p� .001), less antisocial at
1 and T2 (t values � 2.51, p values � .05), and tended to come
ess often from broken families at T1 (t � 1.89, p � .06).

ffiliation with bullies. Affiliation with bullies was measured at
1 by assessing peer-nominated bullying behavior in a sub-
ample of 1,065 (47.8%) TRAILS participants. In 76.0% of these
articipants, we also assessed HR. Classrooms with at least 10
egular TRAILS participants were included in the peer nomina-
ion assessment. Children in special education, in small schools,
nd who repeated or skipped a grade were not part of the sub-
ample. A previous study showed that the peer nomination sub-
ample contained fewer childrenwhowere at risk for aggression
ndwho came from adverse family contexts than the full TRAILS
ample [27]. Selective attrition of these participants may have
ed to slightly underestimated effects.

Peers nominated their classmates on bullying behavior (i.e.,
bywhomare youbullied?”). Respondents couldmakeunlimited
ominations across gender within the classroom. For the affilia-
ion with bullies score, we were only interested in the perpetra-
ors of bullying behavior, that is, the bullies. Thus, incoming
ominations on bullying behavior were added up and divided by
he number of possible nominations within the classroom to
btain an individual measure of bullying behavior [27,28]. Al-
hough no definition of bullying was provided, bully scores were
ased on the reports by all classmates, and therefore provided a
reviously used reliable and valid measure [27]. Next, because
ewere interested in determining the extent to which friends
ould influence ASB in pre- and young adolescents, we as-
essed friends’ behavior. To this end, respondents were also
sked, “Who do you like most?” (unlimited nominations), and
he final variable affiliation with bullies was calculated as the
ean proportion of peer ratings on bullying behavior of liked
eers (range � 0 � 1).

amily context. SES was assessed at T1 by creating a scale con-
isting of parents’ education, job, and household income (� �
84). SES was measured as the standardized average of these five
tems [29]. Furthermore, parents were interviewed about their
amily situation at T1. Parents could indicate whether they were

ivorced, lived in a single-parent household, or whether the
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child had a stepparent. These three measures were combined
into a categorical family breakup measure, indicating whether
one or more of these situations was applicable (0 � no, 1 � yes).

ata analysis

We calculated descriptive statistics of all study variables and
he correlations between them. We used �2 analysis and inde-
pendent sample t tests to test for gender differences. Because of
kewed distributions, we logarithmically transformed ASB at T1
nd T2 and affiliation with bullies before the statistical analyses.
n all analyses, we took gender differences into account and
djusted for family context by including SES and family breakup
s covariates in the analyses.

ediation analyses

To assess the indirect (mediation) effect of HR on ASB via
ffiliation with bullies, we tested the following three paths: (a)
he effect of HR on affiliation with bullies, (b) the effect of affili-
tion with bullies on ASB, and (c) the direct effect of HR on ASB
30]. Subsequently, we tested (c’) to determine whether the
irect effect (c) significantly decreased when adding the media-
or (i.e., affiliation with bullies) to the model. Partial mediation
ccurs when the c path significantly decreases; complete medi-
tion occurs when the c path approaches zero. We also tested

whether the mediation effect was moderated by gender. To for-
mally test this moderated mediation effect, we used the macro
constructed by Preacher et al [31] that allows for bootstrap test-
ing based on 5,000 iterations. Bootstrapping generates k random
samples (k � 5,000) from the original distribution. This process
yields k estimates of the indirect effect, which serve as empirical
onparametric approximations of the sampling distributions
nd thereby allow for non-normal multivariate distributions in
he data. ASBwas standardized to compare the relative effects in
he mediation analyses.

oderation analyses

To examine the associations between HR and affiliation with
ullies’ behavior and ASB, multiple linear regressions were used.
n the first step, we included main effects of HR, gender, and
ffiliation with bullies. In a second step, we added two-way
nteractions betweenHRandaffiliationwith bullies to themodel.
n the final step, we tested for three-way interactions with gen-

Table 1
Means, standard deviations, range (unless indicated differently), and tests for ge

Girls (N � 454)

Mean (SD) Range

Family breakup at T1 (1 � yes; 0 � no) 19.4% —
SES at T1 .04 (.77) �1.75
HR at T1 (beats per minute) 78.45 (11.06) 51.56
Affiliation with bullies at T1

(proportion mean scores)
.10 (.19) .00

ASB at T1 .19 (.21) .00

ASB at T2 .22 (.26) .00

The affiliation with bullies score represents the average mean score of the propor
HR � heart rate; ASB � antisocial behavior; SD � standard deviation; SES � soci
er. We calculated simple slopes for the significant interaction
ffect to test whether HR affected ASB at different levels of
ffiliation with bullies [32]. To enhance the ease of interpreting
he interaction effect, we standardized the continuous indepen-
ent variablesHR, affiliationwith bullies, and SES to ameanof zero

and a standard deviation of one.

Results

Descriptive analyses

Table 1 shows summary statistics of all study variables. Ap-
proximately one-fifth of the boys and girls came from broken
families. Independent sample t tests showed that boys and girls
did not differ in SES and generally came from average SES back-
grounds. Furthermore, girls’ HRs were on average three to four
beats per minute higher compared with boys. Boys and girls also
significantly differed with regard to affiliation with bullies. That
is, in girls, 10% of their friends showed bullying behavior, com-
pared with 24% in boys. Given the potential range of ASB, partic-
ipants scored rather low on ASB, although as expected, boys
scored higher on individual ASB than girls at both age 11 (T1) and
13.5 (T2) years.

Correlations are presented in Table 2. HR was inversely re-
lated to affiliation with bullies and ASB at age 11 years in girls,
andmarginally toASB at age 13.5 years in boys (r� �.10,p� .06).
Moreover, only in boys, affiliation with bullies was significantly
correlated to ASB at ages 11 and 13.5 years. Finally, ASB scores
were stable over time as indicated by the high correlations.

ifferences of study variables

Boys (N � 355) Gender differences

Mean (SD) Range

19.2% — �2 � .01, p � .94
3 .03 (.76) �1.85 to 1.72 t � .02, df � 796, p � .99
5.92 75.26 (10.41) 49.83 to 111.67 t � 4.19, df � 807, p � .001
0 .24 (.26) .00 to 1.00 t � �8.91, df � 807,

p � .001
2 .41 (.37) .00 to 2.55 t � �10.18, df � 807,

p � .001
2 .32 (.32) .00 to 2.08 t � �4.96, df � 770,

p � .001

f friends who bully (see Method section for further details).
omic status.

Table 2
Correlations between family breakup, SES, HR, affiliation with bullies, and ASB
(girls above and boys below the diagonal)

Variable 1 2 3 4 5 6

1. Family breakup
at T1

— �.20** .05 .07 .10* .16**

2. SES status at T1 �.18** — �.05 �.11* �.10* �.11*
3. HR (beats per

minute) at T1
�.03 .03 — �.11* �.10* �.03

4. Affiliation with
bullies at T1

.14** �.10 .01 — .07 .09

5. ASB at T1 .06 �.10 �.06 .14** — .49**
6. ASB at T2 .13* �.09 �.10 .18** .56** —

The affiliation with bullies score represents the averagemean score of the propor-
nder d

to 1.6
to 11
to 1.0

to 1.5

to 1.6
tion of friends who bully (see Method section for further details).
* p � .05, ** p � .01.
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Mediation analyses

Our mediation hypothesis was that preadolescents with low
HR will select themselves into peer groups characterized by
bullying behaviors, which, in turn, would be associated with
more individual ASB. Figure 1 presents the indirect effects of HR
onASB at ages 11 and 13.5 years, adjusted for family breakup and
SES. Both in pre- and early adolescence, there was a significant
indirect effect of lower HR on ASB via affiliation with bullies.
Follow-up tests showed that these indirect effects were signifi-
cantlymoderated by gender. More specifically, at T1, there was a
significant partial indirect effect of HR on individual ASB via
affiliationwith bullies but only in boys (indirect effect� �.013, p

.05, 95% confidence interval [CI]: �.034 to �.002).With regard
to ASB at T2, a similar indirect effect was found (indirect effect �
�.014, p � .06, 95% CI: �.037 to �.002). For girls, affiliation with
bullies marginally mediated the relationship between lower HR
and ASB at T1 (indirect effect � �.009, p � .10, 95% CI: �.025 to
�.001).More specifically, being a girlmoderated the relationship
between low HR and affiliation with bullies.

Moderation analyses

Our moderation hypothesis was that preadolescents with
lower HR are especially sensitive to the influence of peers who

Heart rate 
(T1) 

Individual ASB 
(T1) 

Affiliation with 
bullies (T1) 

–.103** (c’) 

.168*** 
(b) 

–.103** 
(a) 

Affiliation with 
bullies (T1) 

Individual ASB 
(T2) 

Heart rate 
(T1) 

–.092* 
(a) 

–.076* (c’)

.151*** 
(b) 

Figure 1. Graphical presentation of the unstandardized effects of HR on affilia-
tion with bullies (path a), affiliation with bullies on individual ASB (path b), and
the direct effect (path c’) of HR on individual ASB. The total effect of HR on
individual ASB is�.121 at T1 and�.090 at T2.Model summary for individual ASB
t T1 (N � 798): R2 � 6.0%, F793 � 12.72, p � .001. Model summary for individual
SB at T2 (N � 763): R2 � 5.8%, F758 � 11.62, p � .001. HR � heart rate; ASB �

antisocial behavior. * p � .05, ** p � .01, *** p � .001.

Table 3
Regression analyses of HR and affiliation with bullies on individual ASB at T1 and

Parameters ASB at T1

B (SE)

Intercept .168 (.010)***
Gender (1 � boy; 0 � girl) .130 (.014)***
HR �.014 (.007)*
Affiliation with bullies .017 (.007)*
Heart rate � affiliation with bulliesa —
R2 15.2%

he analyses were corrected for SES and family breakup.
he affiliation with bullies score represents the average mean score of the propor
2 � percentage of explained variance.
a
 Two-way interactions with gender were also tested, but were nonsignificant.
† p � .10, * p � .05, ** p � .01, *** p � .001.
bully. Table 3 presents the multiple regression results of the
effect of HR and affiliation with bullies on individual ASB at ages
11 and 13.5 years, adjusted for family breakup and SES. The first
column presents main effects on ASB that are in line with the
correlations. In the second column, our analyses show that affil-
iation with bullies moderated the relationship between HR and
ASB at age 11 years. Figure 2 shows the significant interaction
between HR and affiliation with bullies (b � �.016, 95% CI �
�.029 to �.003). In preadolescents with peers who bullied less,
HR was unrelated to ASB at age 11 years (b � .000, p � .97, 95%
I � �.018 to .018). In contrast, in preadolescents who affiliated
ith bullies, lower HR was associated with more ASB at age 11
ears (b � �.028, p � .01, 95% CI � �.046 to �.010).
In the second part of Table 3, we show the results for ASB in

individuals at age 13.5 years. In this model, only main effects
significantly predicted ASB. Being a boy andmore affiliationwith
bullies were associated with more ASB. Lower HRwas only mar-
ginally associated with higher ASB scores. We also computed
three-way interactions between gender, resting HR, and affilia-
tion with bullies on ASB at ages 11 and 13.5 years, but these
interactions were nonsignificant (not reported in Table 3).

Discussion

In the current study,wehypothesized that lowerHRwould be
indirectly related to ASB via affiliation with bullies (mediation
effect), and in turn, this affiliationwould have a disadvantageous
influence on individuals with regard to ASB (moderation effect).
Our findings supported the mediation hypothesis in boys by
showing that lower HR was indeed related to ASB partially via
affiliation with bullies both in pre- and early adolescence. This
provides some support for the suggestion that, in line with stim-
ulation-seeking theory [4], theories on peer selection [33], and
self-selection into contexts [20,21], individuals with lower HR
select themselves into or are more likely to be in environments
that promote ASB. The effects were small but consistent cross-
sectionally and prospectively over time. Given that we only
found evidence for partialmediation, other currently understud-
ied or (e.g., personality) even unknown influencing factors or
social contexts may be important as well. In girls, we found no
support for a mediation effect of affiliation with bullies. Thus, it
seems that the relationship between HR and ASB in girls is me-
diated by other factors that do not include peer contexts charac-
terized by bullying and may be unrelated to seeking sensational
contexts [7]. This is partly in line with a recent meta-analysis on
the link between sensation seeking and aggression [5], demon-
strating that this association was twice as strong in boys com-

ASB at T2

B (SE) B (SE) B (SE)

.166 (.010)*** .178 (.010)*** .177 (.010)***

.132 (.014)*** .058 (.015)*** .057 (.015)***
�.014 (.007)* �.012 (.007)† �.012 (.007)†

.009 (.011) .022 (.007)** .022 (.007)**
�.014 (.006)* — �.010 (.007)
15.7% 7.7% 7.9%

f friends who bully (see Method section for further details).
T2

tion o
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pared with girls. However, the authors of the meta-analysis also
argued that this effect might be ascribed to a difference between
clinical and community samples, given that almost all clinical
samples consisted of male participants.

We also found support for the moderation hypothesis in pre-
adolescents (in a cross-sectional design). In peer contexts char-
acterized by more affiliation with bullying behavior, lower HR
was associated with more ASB. This moderation effect among
preadolescents lends some support for the assumption that bio-
logical underarousal is only associated with negative outcomes
in the presence of another risk factor (e.g., in peer contextswhere
affiliation with bullies is highly prevalent) [8]. However, caution
is warranted because this effect could not be shown for the later
period, 2.5 years after the HR data were collected. The interplay
between HR and peer contexts may be especially relevant in
preadolescence. In this period, peer contexts characterized by
bullying may deviate more from the behavioral norm than dur-
ing adolescence, given that in adolescencemost peers increase in
ASB, which could mask a moderation effect [34,35]. In preado-
lescence, affiliation with bullies may thus exert more influence
on those who are (biologically) more prone to stimulation seek-
ing.

Our findings need to be discussed in light of several limita-
tions. First, we only assessed peer nominations and behavior
within classrooms. This is a limitation because there is evidence
that peers outside school, from the neighborhood, or sports club
also have a strong effect on individual ASB [36], especially given
the lack of supervision and monitoring by adults in these con-
texts. Second, our dependent variable ASB slightly differed in the
two measurement waves. This may not be a strong limitation
because not all items are equally applicable at different ages. For
example, capturing deviant behavior by asking preadolescents in
elementary school whether they smoke or drink is valid. How-
ever, in secondary school, the same behaviors can no longer be
regarded as deviant behaviors or are no longer indicative of ASB
in the sense that these behaviors no longer deviate from those of
the average early adolescent. Also, our measure of ASB encom-
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A
ntisocial behavior at T1 

Figure 2. Moderation effect between HR and affiliation with bullies on individu
passed several types of behaviors, including aggression and de-
linquency. Hence, our results may differ to some extent when
analyzing these subtypes of ASB separately. Third, the current
effects are small inmagnitude, and caution is warranted in inter-
preting the current findings. However, difficulties of detecting
interactions and small amounts of explained variance are not
uncommon in field studies, such as the TRAILS study [37]. Finally,
it should be noted that for a strict assessment of mediation, the
measurement of HR should precede the development of the peer
context in time. In our data,HRand contextweremeasured at the
same measurement wave. Although resting HR is relatively sta-
ble [4,38], we cannot rule out the possibility that affiliation with
bullies affects both resting HR and ASB. There is accumulating
evidence that supports the idea that social contexts may shape
physiological processes such as the functioning of the autonomic
nervous system [39,40].

Despite these limitations, the current study has three major
strengths. First, we analyzed unique data in a large general pop-
ulation sample, which allowed for testing hypotheses of the
effect of peer context on the relationship between HR and ASB.
Although such a relationship has been suggested earlier [9],
data constraints (i.e., both peer and physiological data are
needed) did not make it possible to test such hypotheses. The
second major strength relates to the implications of our find-
ings. This study holds important implications for the view on
the development of ASB and for possible interventions in
particular. Our findings show that (pre)adolescents, and in
particular boys, seem to be in self-selected contexts that
match their biological disposition and in turn are shaped by
this context. Efforts to identify and monitor (pre)adolescents
with lower HR may help prevent them from seeking out con-
texts characterized by bullying. One solution may be to pres-
ent these youth with viable alternatives that provide similar
levels of stimulation and sensation (e.g., sports activities).
Although such efforts may well be extended to (pre)adoles-
cents in general, those individuals with lower HR appear to be
more at risk than others for developing ASBwhen they affiliate

RH

-1 SD Affiliation w ith bullies

+1 SD Affiliation w ith bullies

at T1. SD � standard deviation.
 DS 1
with bullies. This also suggests that contexts characterized by
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one type of problem behavior can affect other domains of
problem behavior in pre- and early adolescence.
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