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Abstract

Background. Cardiac vagal tone is an indicator of parasympathetic nervous system function-
ing, and there is increasing interest in its relation to antisocial behavior. It is unclear however
whether antisocial individuals are characterized by increased or decreased vagal tone, and
whether increased vagal tone is the source of the low heart rate frequently reported in anti-
social populations.
Methods. Participants consisted of four groups of community-dwelling adolescent boys aged
15.7 years: (1) controls, (2) childhood-only antisocial, (3) adolescent-only antisocial, and (4)
persistently antisocial. Heart rate and vagal tone were assessed in three different conditions:
rest, cognitive stressor, and social stressor.
Results. All three antisocial groups had both lower resting heart rates and increased vagal tone
compared to the low antisocial controls across all three conditions. Low heart rate partially
mediated the relationship between vagal tone and antisocial behavior.
Conclusions. Results indicate that increased vagal tone and reduced heart rate are relatively
broad risk factors for different developmental forms of antisocial behavior. Findings are the
first to implicate vagal tone as an explanatory factor in understanding heart rate – antisocial
behavior relationships. Future experimental work using non-invasive vagus nerve stimulation
or heart rate variability biofeedback is needed to more systematically evaluate this conclusion.

Introduction

For more than 30 years, research into low heart rate as a risk factor for antisocial behavior
has been ongoing and accelerating. One early finding documented that antisocial adolescent
boys were characterized by low resting heart rate, a finding that led us to hypothesize that
low heart rate reflects a vagal coping response to mild stress (Raine & Venables, 1984).
Vagal tone as currently measured defines parasympathetic nervous system activation specific
to cardiac functioning and is evaluated using an index of respiratory sinus arrythmia (RSA) –
the variability in heart rate in synchrony with respiration. Three central questions emanate
from this early literature. First, do studies overall show that low resting heart rate characterizes
antisocial individuals? Second, are antisocial individuals characterized by increased – or
decreased – vagal tone? Third, do any group differences in vagal tone explain why antisocial
individuals are characterized by low heart rate?

The first question was initially addressed in a meta-analysis of studies examining this
relationship, showing that antisocial individuals have lower resting heart rate (Raine,
1993). Updated systematic reviews and meta-analyses during the 30 years since this initial
review have further confirmed the low heart rate – antisocial behavior relationship (de
Looff et al., 2022; Lorber, 2004; Ortiz & Raine, 2004; Portnoy & Farrington, 2015). One not-
able exception by Fanti et al. (2019) consists of a meta-analysis specifically of case-control
studies of conduct disordered children which found non-significant effects for baseline
heart rate across the five research studies included in the analysis, although the effect size
(d = −0.33) was in the predicted direction and was also found to be significant in eight cor-
relational studies (d = −0.14). The low heart rate – antisocial relationship has been estab-
lished in large samples of both men (N = 710 264; Latvala, Kuja-Halkola, Almqvist,
Larsson, and Lichtenstein, 2015) and women (N = 12 499; Oskarsson et al., in press), and
has been documented in multiple countries throughout the world (de Looff et al., 2022;
Portnoy & Farrington, 2015; Raine, 2002a, 2002b). Furthermore, the most recent
meta-analysis on vagal tone and antisocial behavior did not find any moderating influence
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of age, gender, year of publication, design, analysis type, and
sample size, leading to one of their major conclusions being
that ‘resting heart rate remains the best replicated biological cor-
relate of antisocial behavior.’ (de Looff et al., 2022; p. 557).

Regarding the second question, it is less clear whether or not
increased vagal tone is reliably associated with increased antisocial
behavior (Glenn & McCauley, 2019). A number of studies have
found that reduced vagal tone is associated with increased anti-
social behavior (Pang & Beauchaine, 2013; Sarrate-Costa, Lila,
Comes-Fayos, Moya-Albiol, & Romero-Martinez, 2022). Similarly,
one review of callous unemotional (CU) traits in children suggested
that high CU scores are associated with reduced baseline vagal tone
as measured by RSA (respiratory sinus arrythmia), while recog-
nizing that only a handful of studies exist (Wagner & Waller,
2020). The meta-analysis of Fanti et al. (2019) in case–control
designs of conduct disordered children v. control children also
observed reduced task-related vagal tone in those with conduct
disorder (d =−0.21), although in correlational studies of conduct
disorder neither baseline (−0.06) nor task-related (d = 0.00) vagal
tone resulted in significant associations. Nevertheless, there is a
case to be made for reduced vagal tone in relation to increased
antisocial behavior.

In contrast to this literature, other studies have reported
increased resting and task-related vagal tone to be significantly
associated with increased antisocial behavior (Byrd et al., 2022;
Dietrich et al., 2007; Gao, Huang, & Li, 2017; Goulter, Kimonis,
Denson, & Begg, 2019; Jimenez-Camargo, Lochman, & Sellbom,
2017; Scarpa, Fikretoglu, & Luscher, 2000; Zhang & Gao, 2015).
The most recent meta-analysis of vagal tone and antisocial behav-
ior reveals complex findings. Resting vagal tone (as measured by
RSA) showed a negative association (d = −0.16, p = 0.20, k = 21),
while vagal tone as measured by RMSSD (root mean square of
successive differences) during task performance indicated a posi-
tive relationship, indicating increased vagal tone being associated
with increased antisocial behavior (d = 0.36, p = 0.331, k = 18; de
Looff et al., 2022), with increased vagal tone additionally being
argued to be the most reliable autonomic correlate of psychop-
athy. Similarly, a systematic review of violence in romantic rela-
tionships concluded that high vagal tone was associated with
increased relationship violence (Han, Baucom, Timmons, &
Margolin, 2021). Overall, the main conclusion drawn from the
extant literature to date is that findings on vagal tone and anti-
social behavior are mixed (Glenn & McCauley, 2019; Zhang &
Gao, 2015). Given the availability of interventions to increase
vagal tone in clinical populations, including externalizing disor-
ders (Zhu, Zhang, Zhou, Kendrick, & Zhao, 2022), the question
of whether antisocial populations are characterized by decreased
or increased vagal tone is of particular importance.

With regard to the third question regarding whether vagal tone
differences can explain low heart rate in antisocial individuals,
this issue has not been empirically addressed. In discussing the
mixed findings on vagal tone, Zhang and Gao (2015) argued
that because a low resting heart rate is associated with increased
vagal tone, antisocial behavior should be associated with
increased, not decreased, vagal tone. Early work on low resting
heart rate theorized that testing in an unfamiliar environment
represents a mildly stressful event (Raine & Venables, 1984);
individuals with increased vagal tone would be prepared for dis-
engagement from this potentially threatening situation, and
through passive emotional withdrawal would be relatively insensi-
tive to socializing punishments, with one consequence being a
lowering of heart rate. A more recent study observed that children

with both low heart rate and increased vagal tone have increased
externalizing behavior (Dietrich et al., 2007), findings which sup-
port the confluence of increased vagal tone and low heart rate.
Nevertheless, no study has empirically tested this vagal coping
hypothesis by examining whether low heart rate mediates the
vagal tone – antisocial behavior relationship.

The current study aims to address these three questions in a
longitudinal study of antisocial behavior – the Pittsburgh Youth
Study (Ahonen, Farrington, Pardini, & Stouthamer-Loeber,
2021). We built on our prior work which had established four
distinct developmental groups derived from antisocial behavior
measures collected from ages 7 to 17, with heart rate and vagal
tone collected at age 17 (Raine et al., 2005). Based on conclusions
of prior reviews, we hypothesized that low heart rate would char-
acterize antisocial behavior. Given the prior mixed findings on
vagal tone, we did not generate a specific directional hypothesis
on this parasympathetic nervous system construct. Based on the
passive vagal coping hypothesis, however, it was predicted that
a low heart rate would mediate any increased vagal tone – high
antisocial relationship. Regarding the influence of task condition,
we evaluated contrasting predictions that arise from different
viewpoints which would predict a significant group × task inter-
action. Again based on the vagal passive coping hypothesis and
on the finding that two of the prior meta-analyses had found a
stronger effect size for heart rate in negative affect conditions
than in resting conditions (Ortiz & Raine, 2004; Raine, 1993),
we hypothesized that a stronger effect would be observed in the
stressful speech task compared to other conditions. In contrast,
because the meta-analysis of de Looff et al. (2022) did not observe
autonomic effects for speech tasks or for the continuous perform-
ance task, we tested the alternative prediction that findings for
vagal tone would be weaker or non-existent for these two tasks.
Because five prior meta-analyses have found robust support for
the negative relationship between resting heart rate and antisocial
behavior (de Looff et al., 2022; Lorber, 2004; Ortiz & Raine, 2004;
Portnoy & Farrington, 2015; Raine, 1993), we hypothesized that
findings would be observed in this resting condition for heart
rate. We also examined whether these autonomic measures are
more associated with those with persistently antisocial behavior
throughout childhood and adolescence given that this sample
may represent a more serious group who have been found to be
more likely to present with neurocognitive deficits compared to
others (Raine et al., 2005), or alternatively whether these cardiac
measures are risk factors for all developmental forms of behavior.

Method

Participants

Participants were drawn from the Pittsburgh Youth Study
(Ahonen et al., 2021). Full details of background characteristics
and initial subject recruitment are given in Loeber, Farrington,
Stouthamer-Loeber, and van Kammen (1998). Briefly, 868 grade
1 boys from public schools in Pittsburgh were assessed by care-
takers, teachers, and the boys themselves on 21 serious antisocial
behaviors. The 250 most antisocial boys were selected for further
study, together with 253 boys randomly selected from the remain-
der, to make a total sample of 503.

Of the original sample of 503, 335 (66.6%) participated in a sub-
study on the biosocial bases of aggressive and violent behavior.
Those participating did not differ from those not participating on
background factors (Raine et al., 2005). Antisocial behavior and
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delinquency measures collected each year from children, parents,
and teachers across ages 7–16 years were cluster analyzed (Raine
et al., 2005). Four groups were identified: controls, childhood-only,
adolescent-only, and persistently antisocial (see Raine et al., 2005).
Controls (N = 156) remained stably low on antisocial behavior. The
adolescent-only group (N = 68) started off at exactly the same level
as the controls but progressed to significant levels of antisocial
behavior problems by late adolescence. The childhood-only group
(N = 57) started off with high levels of antisocial behavior up to
age 11 but declined thereafter. The persistently antisocial group
(N = 44) started off high and showed even higher levels of antisocial
behavior during later adolescence. Further details and construct val-
idity of group membership may be found in Raine et al. (2005).
Further details of the composition of the clusters and clustering
methodology are also given in the online Supplement.

These four groups provide the basis for the current analyses.
Sample sizes with complete data in the current study are outlined in
Table 1. Fifty-one cases were missing on covariates, heart rate, or
vagal tone, resulting in a total sample of 284; there was no selective
attrition amongst the four groups of boys (χ2 = 3.92, = 3, p = 0.27).
Full written informed consent was obtained from the boys and their
parents, and study protocols were approved by IRBs at both the
University of Southern California and the University of Pittsburgh.

Psychophysiological testing procedures

Heart rate at age 17 was measured continuously during a resting
period (3 min), a social stressor task (4 min), and a cognitive task

(8 min). Resting heart rate was found to be lowest at the end of
experimental procedures when participants were told that all
tasks had been completed. In the social stressor task, participants
were instructed to spend 2 min thinking about the worst/most
stressful thing that had ever happened to them, after which they
described the event for 2 more minutes. To increase the level of
stress, two research assistants present in the room made critical
comments on the speech, and the speech was video-recorded.
Only heart rate recorded during the first 2 min (the thinking per-
iod) was analyzed as speaking and associated body movements
result in artifacts to both heart rate and vagal tone (Laborde,
Mosley, & Thayer, 2017).

For the cognitive task, Version 4.08 of the degraded stimulus
version of the Continuous Performance Task was administered
(CPT, Nuechterlein, Parasuraman, and Jiang, 1983). Visually
degraded numbers ranging from 0 to 9 were flashed on a computer
screen (placed 1 meter from the participant in his line of vision) for
40ms at the rate of one per second. The participants’ task was to
press a response button on a Gravis joystick only when they saw
the figure ‘0’. Targets had a 0.25 probability of occurrence. After
10 presentations of the target stimulus only, participants were
given two practice blocks with 80 trials/block. Thereafter, 6 blocks
with 80 trials in each block were presented, lasting 8min.

Cardiovascular recording and data reduction

Heart rate was recorded using a Grass Model 12 acquisition sys-
tem. Sensor medics Ag/AgCl electrodes were placed below the

Table 1. Means and S.D.s (in parentheses) for the four groups on demographics, covariates, and both heart rate and vagal tone during the three task conditions
(rest, stress, and CPT)

Controls Childhood- Adolescent- Persistently

Only Only Antisocial

(N = 139) (N = 51) (N = 59) (N = 35)

Demographics

Age 15.59 (0.82) 15.63 (1.11) 15.64 (0.94) 16.06 (0.93)

Ethnicity (% white) 55.4 31.4 40.7 22.9

Height (cms) 175.49 (8.63) 174.35 (7.93) 173.99 (7.97) 175.28 (7.12)

Weight (lbs) 160.56 (37.98) 165.51 (43.21) 151.84 (31.01) 159.78 (35.44)

BMI 23.60 (5.18) 24.74 (6.58) 22.62 (3.73) 23.51 (4.74)

Fitness 3.07 (1.71) 3.27 (1.82) 3.17 (1.60) 3.28 (1.89)

Caffeine 8.33 (9.04) 5.51 (6.78) 6.53 (8.11) 4.77 (6.05)

Alcohol 0.71 (4.17) 1.33 (4.72) 3.13 (7.32) 4.89 (8.94)

Nicotine 13.71 (38.75) 17.75 (32.54) 19.93 (35.85) 27.80 (35.58)

Medication (%) 0.72 0.00 0.17 0.29

Heart rate (b.p.m.)

Rest 68.12 (10.42) 64.75 (8.77) 64.19 (9.78) 63.00 (10.13)

Stress 71.75 (10.32) 67.93 (8.51) 68.74 (9.27) 66.26 (9.71)

CPT 70.21 (10.29) 65.78 (8.76) 66.62 (9.31) 66.10 (11.07)

Vagal tone (log spectral power)

Rest 0.270 (0.114) 0.310 (0.126) 0.327 (0.126) 0.332 (0.116)

Stress 0.273 (0.117) 0.316 (0.137) 0.307 (0.106) 0.315 (0.132)

CPT 0.267 (0.107) 0.300 (0.132) 0.300 (0.136) 0.312 (0.100)
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right collarbone and below the left lower rib using Medi-Trace
Conductivity gel. Respiration rate was measured using a strain
gage placed around the chest in conjunction with a strain gage
bridge transducer coupler and sampled at 5 Hz. The ECG signal
was digitized at 256 Hz and stored for off-line processing. Heart
rate levels were calculated by averaging IBIs (inter-beat-intervals)
throughout each condition and converting values to b.p.m. (beats
per minute).

Time between successive R-waves was stored and input
together with respiration rate into the PSPAT software program
which conducted artifact correction, spectral analysis of the car-
diac data, and corrected for any non-stationarity in the data
(Weber, Molenaar, & Van der Molen, 1992). Frequency domain
characteristics were conducted to estimate heart rate variability
(Weber et al., 1992). A test for stationarity was performed using
cross-spectral analysis on artifact-corrected IBIs to determine the
amplitude / power of respiratory sinus arrythmia employing the
participants’ respiratory and cardiac signals. All participants had
breathing rates within the frequently employed high-frequency
range (0.15–0.30 Hz) of heart period variability. The heart
period times series from each condition were linearly detrended
and mean centered, with the time series tapered using a
Hamming window (Gianaros, Van der Veen, & Jennings, 2004).
Cross-spectral power estimates were then determined with a
point process algorithm and log transformed prior to analysis.
This spectral power, respiratory sinus arrhythmia estimate, was
taken as the indicator of cardiac parasympathetic activity, with
higher values indicating increased cardiac vagal tone.

Covariates

Reviews of vagal tone have highlighted key variables that can act
as potential confounds (Allen, Chambers, & Towers, 2007;
Laborde et al., 2017). These consist of current antidepressant,
antipsychotic, and anti-hypertensive medication usage (yes/no),
caffeine use (units/week), alcohol use (units/week), nicotine use
(cigarettes/week), age, gender, height, weight, and obesity
(BMI). These variables were assessed during an induction inter-
view. Physical fitness was also assessed by asking participants
how often and for how long they engaged in the following activ-
ities: jogging, basketball, walking, tennis, soccer, swimming,
weight-lifting, dancing, martial arts, boxing, and baseball, with
scores summed to gain an overall measure of fitness.

Statistical analyses

The ten potential covariates (see above) were tested as candidate
confounds, with covariates retained if they had any significant
association with any of the three vagal tone measures, including
any marginally significant ( p < 0.10) relationships. Significant
effects were obtained for fitness (r = 0.14, p = 0.021), caffeine
(r =−0.12, p = 0.034), height (r =−0.18, p = 0.002), age (r =−0.13,
p = 0.029), and antidepressant/antipsychotic/anti-hypertensive
medication (r = 0.22, p < 0.001). These were all entered as covari-
ates into a repeated measure multivariate analysis of variance
(RM-MANOVA) with the three vagal tone measures (condition)
as the dependent variable and the cluster grouping (four groups)
as the independent variable. Mauchly’s test of sphericity tested
the null hypothesis that the error covariance matrix or the ortho-
normalized transformation index is proportional to an identity
matrix, with the Greenhouse-Geisser correction used to adjust

for any lack of sphericity (Greenhouse & Geisser, 1959). Effect
sizes were calculated using Cohen’s d (Cohen, 1988).

A test of reduced heart rate as a mediator of the vagal tone –
antisocial behavior relationship was assessed using the PROCESS
macro using a bootstrapping procedure which improves estimates
of standard errors to identify any mediation effect (Hayes, 2012).
The extent of any mediating effect was assessed using a two-step
logistic regression in which the effect was estimated by calculating
the % reduction in variance explained (using Nagelkerke r2) by
vagal tone on antisocial grouping after controlling for heart
rate. All analyses employed the above-mentioned covariates.
Data are available from the first author upon reasonable request
for the sole purpose of confirming findings.

Results

Antisocial behavior and heart rate level

Means and SDs for the four groups on the three heart rate mea-
sures are given in Table 1. Results of the RM-MANOVA revealed
no main effect of condition, F = 1.13, df (1.78, 515.3), p = 0.32,
and no interaction between group and condition, F = 0.87, df
(5.35, 515.3), p = 0.50. The main effect of group was significant,
F = 3.86, df (3, 289), p = 0.01.

Because no main effects of condition ( p = 0.32) or group ×
condition interaction ( p = 0.50) effects were observed, heart rate
level was averaged across the three conditions and one-way
ANOVA’s were conducted. Findings are illustrated in Fig. 1.
There was a main effect of group, F = 3.86, df = 3289, p = 0.01.
Compared to controls, childhood-only ( p = 0.01, d =−0.41),
adolescent-only ( p = 0.013, d = −0.37), and persistently antisocial
( p = 0.005, d = −0.50) groups all had lower heart rate levels. No
differences were observed between the three antisocial groups
( p > 0.47), and consequently for mediation analyses all three
groups were combined to form a comparison of the antisocial
group (N = 139) v. control group (N = 145).

Antisocial behavior and vagal tone

Means and SDs for the four groups on the three vagal tone mea-
sures are given in Table 1. Results revealed no main effect of

Figure 1. Heart rate levels in Controls, Childhood-Only, Adolescent-Only, and
Persistently Antisocial groups during rest, cognitive stressor (CPT - continuous per-
formance task) and social stressor conditions. All antisocial groups do not differ
to one another, and all have lower heart rates than Controls.
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condition, F = 0.46, df (1.93, 540.8), p = 0.63, and no interaction
between group and condition, F = 0.63, df (5.80, 540.8), p =
0.77. The main effect of group was significant, F =3.45, df (3,
280), p = 0.017.

Because condition ( p = 0.63) and the group × condition inter-
action ( p = 0.63) effects were non-significant, vagal tone was aver-
aged across the three conditions and one-way ANOVA’s
conducted to further evaluate group differences. Findings are illu-
strated in Fig. 2. The main effect of group was significant, F =
3.45, df = 3280, p = 0.017. Compared to controls, childhood-only
( p = 0.021, d = 0.39), adolescent-only ( p = 0.009, d = 0.42), and
persistently antisocial ( p = 0.008, d = 0.59) groups all had
increased vagal tone. No significant differences were observed
between the three antisocial groups ( p > 0.60), and consequently
for mediation analyses all three groups were combined.

Mediation analysis

Results of the test of the mediating effect of heart rate on the vagal
tone – antisocial behavior relationship after controlling for covari-
ates are given in Fig. 3. There was a significant direct effect of
vagal tone on antisocial behavior, (β = 3.04, CI 0.052–6.02, p =
0.025), together with a significant indirect effect of heart rate
on this relationship (β = 0.953, CI 0.055–2.31, p = 0.007). The
two-step logistic regression indicated that the indirect mediation
pathway accounted for 47.06% of the overall relationship between
increased vagal tone and increased antisocial behavior.

Discussion

This study set out to assess whether: (a) low HR is associated with
antisocial behavior, (b) antisocial behavior is characterized by
either increased or decreased vagal tone, (c) task condition mod-
erates any observed relationship, (d) heart rate mediates any vagal
tone – antisocial behavior relationship. Results indicated that (i)
all antisocial groups across all conditions are characterized by
lower heart rate, (ii) increased, not decreased, vagal tone charac-
terizes antisocial behavior, and (iii) low heart rate partly mediates
the relationship between increased vagal tone and increased anti-
social behavior. Results indicate that increased vagal tone and
reduced heart rate are relatively broad risk factors for antisocial

behavior irrespective of its developmental trajectory, and are the
first to implicate low heart rate as an explanatory factor in under-
standing vagal tone – antisocial behavior relationships. Findings
provide some clarification on the basic physiological underpin-
nings of why low heart rate is associated with antisocial behavior
and suggest caution for interventions aimed at increasing vagal
tone to reduce antisocial behavior.

Low heart rate

The first aim of this study was to evaluate whether low heart rate
characterizes antisocial behavior. Findings confirmed the main
conclusion of prior meta-analyses. The fact that all three inde-
pendent samples of antisocial individuals showed lower heart
rates compared to controls indicates the robustness of the find-
ings. Effect sizes were in the small to medium range, averaging
d =−0.41, although this is somewhat larger than the pooled effect
size of −0.20 reported by Portnoy and Farrington (2015) and
−0.17 reported by de Looff et al. (2022). The larger effect size
in the current study using a case-control design may be partly
explained by the fact that Fanti et al. (2019) similarly found a lar-
ger effect size for case-control studies (d = −0.33) compared to
correlational studies (d =−0.14). Interestingly low heart rate was
a significant correlate of all antisocial groupings independent of
their developmental constitution, unlike our prediction that it
would more characterize persistently antisocial individuals (see
below on vagal tone for further elaboration).

Regarding condition, no group × condition interaction was
observed, indicating that low heart rate recorded in different cog-
nitive and affective states does not meaningfully impact findings.
Consistent with this finding, de Looff et al. (2022) failed to find a
moderating effect of condition on the heart rate – antisocial rela-
tionship. Regarding developmental trajectory, antisocial groups
did not differ in heart rate. Overall, the current findings represent
consistent support for an association between low heart rate and
antisocial behavior, a relationship robust across both conditions
and developmental trajectories. A future challenge lies in under-
standing what factors protect against future antisocial behavior
in both childhood-limited and adolescent-limited antisocial indi-
viduals in the face of the putative biomarker of low heart rate.

Increased vagal tone

The second study’s aim was to examine whether antisocial indivi-
duals are characterized by increased, or alternatively decreased,
vagal tone. Results indicated that antisocial behavior was

Figure 2. Vagal tone in Controls, Childhood-Only, Adolescent-Only, and Persistently
Antisocial groups during rest, cognitive stressor (CPT - continuous performance
task) and social stressor conditions. All three antisocial groups do not differ to
one another, and all have higher vagal tone than Controls.

Figure 3. Low heart rate partly mediates the effect of increased vagal tone on
increased antisocial behavior. All coefficients (unstandardized beta weights) are stat-
istically significant, including the indirect and direct effects. Indirect paths are signi-
fied by dashed lines, the direct effect by a solid line.
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associated with increased vagal tone, with an overall effect size of
d = 0.43 which is similar in strength to the effect size for heart rate
(d =−0.41). While this supports the original high vagal tone
hypothesis (Raine & Venables, 1984) and is consistent with
some meta-analytic findings in this area (de Looff et al., 2022),
it contrasts with that portion of the prior literature finding
decreased vagal tone in antisocial groups. These conflicting find-
ings are challenging and not easily resolved, but two perspectives
may partly account for discrepancies.

The first lies within the framework of biosocial theory. At least
three studies suggest a role of the psychosocial environment in
moderating vagal tone – antisocial behavior relationships.
Zhang & Gao (2015) found that high RSA was particularly asso-
ciated with reactive aggression in those with high social adversity.
Similarly, Scarpa, Romero, Fikretoglu, Bowser, and Wilson (1999)
documented a high vagal tone – increased aggression relationship,
but only in those victimized by violence. Obradović, Bush, and
Boyce (2011) found that the combination of increased vagal
tone and high social adversity resulted in the highest level of mal-
adaptive behavior. Because the Pittsburg Youth Study sampled
boys in public schools, the sample is weighted towards more social
adversity; 66.5% of these boys had an absent parent up to the age
of 13, a risk factor for antisocial behavior (Zych, Farrington,
Ribeaud, & Eisner, 2021). Therefore, one reason for the striking
heterogeneity in the relationship between vagal tone and anti-
social behavior is that study populations may vary significantly
in social status.

A second perspective concerns the form that antisocial behav-
ior takes, and which may be particularly relevant to aggressive/
violence behavior. Two prominent forms of aggression consist
of reactive and proactive aggression, forms which psychophysiolo-
gically differ (Kempes, Matthys, de Vries, & van Engeland, 2005).
Scarpa, Haden, and Tanaka (2010) found that while reactive
aggression was associated with decreased vagal tone, proactive
aggression was associated with increased vagal tone. Similarly,
some studies have found that reduced vagal tone characterized
reactive, but not proactive aggression (Xu, Raine, Yu, & Krieg,
2014) although others find that high vagal tone is associated lon-
gitudinally with both higher reactive and proactive aggression
(Ostrov et al., 2022). While findings in this area are also somewhat
inconsistent, they provide a pointer as to why different popula-
tions may differ on vagal tone, with increased vagal tone being
potentially more associated with proactive aggression (see online
Supplement for further elaboration and discussion on these two
perspectives and the role of proactive/reactive aggression).
Future studies based on demographically representative popula-
tions which range widely on social adversity levels, alongside stud-
ies evaluating both reactive and proactive aggression, may help to
resolve the conflicting findings on vagal tone and antisocial
behavior and test between these two perspectives.

An equally challenging issue to resolve is that all three anti-
social groups showed increased vagal tone, not just the persist-
ently antisocial group as we had hypothesized. We had based
this hypothesis on the fact that this group had the most profound
neurocognitive deficits compared to controls, and likely represent
the group with more serious antisocial behavior (Badcock &
Dragovic, 2006). At the same time, this prediction has to be tem-
pered by the fact that childhood-only and adolescent-only also
showed some forms of neurocognitive impairment, particularly
in spatial immediate and delayed memory and immediate verbal
memory (Raine et al., 2005). There are two possible explanations.
The first is that the Pittsburgh Youth Study sample was selected to

be at high risk for later crime and violence compared to unse-
lected community samples, and as such reaching criteria for
membership of any one of the antisocial groups may constitute
significant antisocial behavior compared to unselected popula-
tions (Ahonen et al., 2021). Second, it is known that low heart
rate is a broad risk factor for all forms of antisocial behavior, char-
acterizing both significant and serious antisocial behavior (violent
crime, sexual offenses, psychopathy, conduct disorder) and also
less serious forms of antisocial behavior (oppositional behavior,
school misbehavior) including crossing a pedestrian walkway on
a red light (Raine, 2013). It may be that increased vagal tone, a
related cardiovascular risk factor that in part determines low rest-
ing heart rate, may similarly constitute a general risk factor for all
forms of ‘antisocial tendency’, regardless of seriousness level.

Vagal passive coping response theory and task non-specificity

At a very broad level, the vagal passive coping response hypothesis
(Raine & Venables, 1984) received some support in that it predicts
that different antisocial groups would be characterized by
increased, not decreased, vagal tone. The vagal passive coping the-
ory of antisocial behavior hypothesizes that reduced stress reactiv-
ity results in reduced sensitivity to socializing punishments, and
hence increased antisocial behavior (Raine & Venables, 1984). It
was argued that in an evolutionary context, engagement of the
parasympathetic nervous system in the face of impending and
inescapable punishment reflects the activation of a conservation
/ withdrawal mechanism that disengages the individual from
the impending threat, resulting in immobilization and muscular
relaxation that reduces the perception of pain (Vambheim,
Kyllo, Hegland, & Bystad, 2021). This passive withdrawal would
reduce the impact of a socializing punishment and thus predis-
pose to antisocial behavior. This theoretical perspective is not
supported however by the lack of a group × task interaction as
the theory would predict that evidence for the vagal tone – anti-
social relationship would be strongest in more stressful contexts
such as public speaking, but this was not observed. It has been
argued however that speech tasks do not invoke passive coping
(Dodo & Hashimoto, 2019), and further studies using more
appropriate passive v. active coping tasks alongside vagal
tone and antisocial measures may be better able to evaluate the
vagal passive coping hypothesis.

In responding to calls for further research on antisocial group-
ing and conditions (de Looff et al., 2022; Lorber, 2004), we exam-
ined whether task conditions would moderate group differences in
vagal tone. Contrary to our hypothesis that effects would be par-
ticularly strong in conditions evoking the most stress (speech
task), relationships between vagal tone and antisocial behavior
did not vary across tasks. As mentioned above, this uniformity
was also not predicted by the vagal passive coping response theory
(Raine & Venables, 1984), nor is it consistent with a fearlessness
hypothesis of antisocial behavior (Fanti, 2018; Raine, 2002a,
2002b), both of which predict stronger effects in more stressful
tasks. The current findings are however empirically consistent
with the meta-regression analysis of de Looff et al. (2022) which
did not observe a significant effect of task on autonomic functions
that included vagal tone ( p = 0.46). It may be that the uniform
results across tasks in the current study may be a function of
this particular sample of high-risk boys and that different findings
may arise in other samples. Alternatively, it may be that both vagal
tone and heart rate are ‘trait’ and not ‘state’ risk factors, spanning
rest, cognitive challenge, and stress states as they do in the current
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study. Given the current findings, we echo the calls of Lorber
(2004) and de Looff et al. (2022) in emphasizing the need for fur-
ther studies manipulating task conditions and antisocial sub-types,
preferably within a longitudinal design, to further resolve this issue.

Heart rate as a partial mediator of the vagal tone – antisocial
relationship

The third study aim was to examine whether heart rate mediates
any vagal tone – antisocial relationship. Mediation analyses docu-
mented that low heart rate partially mediated the high vagal tone
– high antisocial behavior relationship. Regarding the first path
from vagal tone to heart rate, there is a strong body of evidence
supporting the notion that increased vagus nerve activity lowers
heart rate by affecting pacemaker cells in the sinus node
(Olshansky, Ricci, & Fedorowski, 2022). As such, this component
of the mediation model findings appears plausible.

Regarding the second path from low heart rate to antisocial
behavior, it is less clear whether low heart rate causes increased
antisocial behavior, or whether it is a proxy for other variables
that raise the risk of antisocial behavior. Such variables
include risk-taking (Latvala et al., 2015), fearlessness (Boisvert
et al., 2020; Portnoy & Farrington, 2015), stimulation-seeking
(Boisvert et al., 2020; Oldehinkel, Verhulst, & Ormel, 2008;
Portnoy & Farrington, 2015), and a lower likelihood of being
sanctioned for antisocial behavior (Armstrong & Boutwell,
2012). Another possible mediator to be considered is the psy-
chopathic feature of boldness which has been associated with
increased vagal tone (Segarra, Poy, Branchadell, Ribes-
Guardiola, & Molto, 2022). We caution that mediation was par-
tial, accounting for 47.06% of the relationship, leaving a substan-
tial amount of variance that could be accounted for by these other
factors. Nevertheless, the current mediation analyses provide ini-
tial support for the contention that increased vagal tone may be
an important source of the low heart rate – high antisocial behav-
ior relationship (Raine & Venables, 1984).

Intervention implications

Findings may have implications for interventions for antisocial
behavior, including disruptive behavior disorders. In recent
years non-invasive techniques to increase vagal tone provide an
alternative to more traditional invasive forms of vagal nerve
stimulation. Transcutaneous auricular vagus nerve stimulation
(tVNS) is a non-invasive technique that involves electrical stimu-
lation of the outer ear to stimulate afferent fibers of the auricular
branch of the vagus nerve (ABVN) – the only branch to reach the
body surface (Peuker & Filler, 2002). Stimulation activates the
caudal ventrolateral region of the medulla and the dorsal motor
nucleus, areas involved in the regulation of autonomic function-
ing. tVNS results in increased vagal tone and lower heart rate
(Clancy et al., 2014), and is increasingly employed not just as a
treatment for cardiovascular diseases but also for psychopath-
ology (Wang et al., 2021; Zhu et al., 2022).

Based on some findings that low vagal tone may be associated
with increased antisocial behavior, some have suggested that
interventions to increase heart rate variability and thus increase
vagal tone can be a potential target for antisocial behavior
(Delk, Spangler, Guerra, Ly, & White, 2020). Furthermore, one
recent review of tVNS concluded that this intervention can
represent a potential intervention for disruptive behavior disor-
ders (Zhu et al., 2022). We caution however that if antisocial

individuals are characterized by high, and not low vagal tone,
such interventions may prove counter-productive and would
not be warranted. As such, any consideration of tVNS for treating
disruptive behavior disorders, while potentially worthy of consid-
eration, may first require resolution of the role of vagal tone in
antisocial behaviors prior to implementation.

Limitations and future directions

Limitations need to be acknowledged. First, this sample only con-
sisted of males, and as such findings cannot be generalized to
females. Second, while the sample was well-represented with
African-American and Caucasian participants, it was limited
with respect to Latino, Asian, and other ethnic representation.
Third, while the assessment of antisocial behavior was longitu-
dinal, vagal tone and heart rate were concurrently assessed; a lon-
gitudinal study separating vagal tone, heart rate, and behavior in
time would provide a stronger design for testing a mediation
model by establishing more clearly the temporal ordering of vari-
ables. Fourth, the CPT task induces phasic vagal reactions, and
other stressful cognitive tasks might yield a different relationship
to HRV (van der Molen, Somsen, & Jennings, 1996).

Conclusions

By documenting findings in three quite different developmental
forms of antisocial behavior across three different task settings,
these findings add to the growing recognition that low heart rate
is a relatively profound correlate of many different manifestations
of antisocial behavior (Raine, 2013). Intriguingly, we found that
low heart rate at age 17 was a marker for antisocial behavior in
early childhood in the absence of antisociality at age 17 (the
childhood-only group). This suggests both the trait nature of this
biological correlate and also the possibility that concurrent studies
of heart rate and adolescent / adult antisocial behavior may minim-
ize the strength of this relationship when those ostensibly classified
as ‘normal controls’ have an unrecorded history of early antisocial
behavior.

Findings also lend credence to the notion that high – not low –
vagal tone may represent a marker for antisocial behavior,
although we suspect that both high and low vagal tone may be
markers for antisocial behavior depending on the nature of the
population under investigation. Although a number of studies
have documented low vagal tone in antisocial populations, a chal-
lenge that a low vagal tone hypothesis faces is that low heart rate is
reliably associated with increased vagal tone given the role of the
vagus nerve in regulating heart rate (Oldehinkel et al., 2008;
Olshansky et al., 2022). A reduced vagal tone – high antisocial
behavior hypothesis would in contrast have to predict high, not
low, heart rate as a correlate of increased antisocial behavior.
This issue has not been recognized in prior studies arguing for
low vagal tone in association with high antisocial behavior, and
it requires further examination in future studies.

Finally, to further reconcile the conflict between the high v. low
vagal tone hypotheses of antisocial behavior, we recommend that
future studies move away from correlational designs and towards
short-term experimental research that manipulates vagal tone
through either tVNS (Clancy et al., 2014) or biofeedback training
(Nolan et al., 2005) to better understand the nature of the relation-
ships between heart rate, vagal tone, and antisocial behavior.
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