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Abstract
The aim of this study was to conduct a systematic review of the literature and meta-
analysis to estimate the association between psychophysiological activity and
reactivity at baseline or after a psychological task with CP among children and
adolescents. We systematically reviewed published studies reporting autonomic
nervous system activity in youth with CP and meta-analyzed the relationship between
CP and autonomic baseline as well as task-related reactivity in 66 studies (N=10,227).
Across 34 included case-control studies that were based on CP cut-off scores, we
found a significant pooled effect for task related Skin-Conductance, Respiratory Sinus
Arrhythmia, and cardiac Pre-Ejection Period, but no significant group differences for
Heart Rate nor for any baseline measures. Findings suggested reduced
parasympathetic and sympathetic reactivity to emotional tasks, pointing to co-
inhibition of the two systems. However, across 32 studies with correlational design
we only found a significant negative correlation of baseline and task-related heart rate
with CP. The present meta-analysis derived several conclusions that have the potential

to inform biological vulnerability models and biologically driven interventions.
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Abstract
The aim of this study was to conduct a systematic review of the literature and meta-analysis
to estimate the association between psychophysiological activity and reactivity at baseline or
after a psychological task with CP among children and adolescents. We systematically
reviewed published studies reporting autonomic nervous system activity in youth with CP
and meta-analyzed the relationship between CP and autonomic baseline as well as task-
related reactivity in 66 studies (N=10,227). Across 34 included case-control studies that were
based on CP cut-off scores, we found a significant pooled effect for task related Skin-
Conductance, Respiratory Sinus Arrhythmia, and cardiac Pre-Ejection Period, but no
significant group differences for Heart Rate nor for any baseline measures. Findings
suggested reduced parasympathetic and sympathetic reactivity to emotional tasks, pointing to
co-inhibition of the two systems. However, across 32 studies with correlational design we
only found a significant negative correlation of baseline and task-related heart rate with CP.
The present meta-analysis derived several conclusions that have the potential to inform

biological vulnerability models and biologically driven interventions.

Keywords: Conduct problems; Skin conductance; Heart rate; Respiratory Sinus Arrhythmia;
cardiac Pre-Ejection Period.
Highlights
e Meta-analysis on conduct problems and Autonomic Nervous System activity at
baseline or reactivity during tasks
e (Case-control studies suggest co-inhibition of parasympathetic and sympathetic
reactivity to emotional tasks among those with high levels of CP
e Correlational studies point to reduced baseline heart rate and heart rate activity in

relation to CP
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1. Introduction

Youth with conduct problems (CP; i.e., symptoms of conduct disorder and
oppositional defiant disorder) engage in multiple antisocial behaviors such as bullying others,
vandalism, lying, stealing, and excessive arguing with adults (American Psychiatric
Association, 2013; Frick & Morris, 2004; Moffitt et al., 2008). CP behaviors place youth on a
developmental pathway of low academic achievement, poor peer and parent relations, and
delinquent and criminal behavior (Coie & Dodge, 1998; Keiley, Lofthouse, Bates, Dodge, &
Pettit, 2003), resulting in high personal and societal costs. Thus, from a public health
standpoint, it is imperative to understand the etiology and characteristics of CP, in order to
inform evidence-based interventions. In the last three decades, several studies investigated
the link between abnormal autonomic activity and CP in children and adolescents. This
evidence has the potential to shed light on the developmental mechanisms leading to
antisocial behavior as well as the identification of individuals at risk for CP (e.g.,
Beauchaine, 2012; Blair, 2001; Fanti, 2018; Raine, 1993). Findings from physiological
studies might also inform current efforts toward research domain criteria based on
biomarkers of psychological disorders (Insel et al., 2010). However, existing findings and
theories regarding the physiological activity of children and adolescents with CP are
contradictory, pointing to either lower or higher autonomic activity among children and
adolescents with CP compared to controls. Therefore, there is a need of a quantitative
evidence synthesis via a systematic review and meta-analysis that compares distinct measures
of autonomic activity as well as baseline and task-related activity. This is of great importance
since the last related meta-analysis was published more than a decade ago (Lorber 2004).
Additionally, due to pathophysiological heterogeneity in CP (Fanti, 2018), it is important to
establish to which extent differences in personality traits and comorbid psychopathology

modify the association between CP and abnormal autonomic responses.
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1.1 Physiological measures associated with CP

Youth with CP show deficits in physiological activity in response to emotional
stimuli, known to be associated with the Autonomic Nervous System (ANS) (Fanti, 2018;
Matthys, Vanderschuren, & Schutter, 2013). Measures of heart rate (HR) and electrodermal
activity or skin conductance (SC) have been used in both correlational and case-control
studies of CP to explain these deficits. HR and SC activity are important for understanding
antisocial behavior because they are both associated with motivational systems involved in
the control of behavioral responses to external stimuli (Lorber, 2004). Further, HR and SC
are stress regulating mechanisms that prepare the body for fight or flight responses, and as
such are important for understanding unique behaviors related to CP and aggressive behavior
(Fanti, 2018; Raine & Jones, 1987). Although both measures are associated with general
emotional arousal, SC is primarily controlled by the Sympathetic Nervous System (SNS),
while HR is influenced by both the SNS and the Parasympathetic Nervous System (PNS)
(Janig & McLachlan, 1992; Norman, Berntson, & Cacioppo, 2014). Heart Rate Variability
(HRV; i.e., the variation of the period between consecutive heartbeats) is an additional index
of ANS activity and relates to emotion regulation (Fanti, 2018). Increased SNS or decreased
PNS activity result in heartbeat acceleration and reduced HRV, while a low SNS activity or a
high PNS activity can lead to heart beat deceleration (Acharyaet al., 2006; Hansen et al.,
2007; Thayer & Lane, 2000).

Low baseline HR and SC as well as low HR and SC reactivity in response to negative
emotional cues, which are indicators of hypo-arousal, have been identified among youth with
CP as well as in adolescents later convicted for crimes (Raine, Venables, & Mednick, 1997;
Raine, Venables, & Williams, 1990; van Bokhoven, Matthys, van Goozen, & van Engeland,
2005; van Goozen, Matthys, Cohen-Kettenis, Buitelaar, & van Engeland, 2000). However,

according to a recent review of the literature (Fanti, 2018) some studies did not reveal any
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significant associations between HR and SC measures with CP, while additional work
indicated that youth with CP show physiological hyper-reactivity and high levels of HR and
SC both at rest and in response to negative and fearful emotional stimuli. These contradicting
findings point to two distinct possibilities, suggesting that youth at risk for CP might either
score on the low (i.e., hypo-arousal) or high (e.g., hyper-arousal) extremes in terms of their
HR and SC responses to emotional stimuli. Such mixed findings are problematic and can be
clarified in the context of a meta-analysis. Indeed, a meta-analysis conducted more than a
decade ago (Lorber, 2004) suggested that greater HR activity is associated with CP, although
there was considerable heterogeneity in effect sizes ranging from —1.24 to 0.49 across
studies. On the other hand, the narrative review by Fanti (2018) suggested that the majority of
studies point to low SC activity during emotional tasks among youth with CP; however,
associations with HR were not as consistent. Additionally, although reduced HRV is
associated with emotional dysregulation, which place youth at higher risk for CP, prior work
resulted in inconsistent findings when comparing antisocial and non-antisocial youth,
identifying either no differences, lower or higher HRV when comparing these groups (see
Fanti, 2018 for a review). Taken together, these findings suggest differential associations of
CP with HR and SC measures, and the need for additional work to clarify the direction of
these differences in order to better understand the mechanisms that contribute not only to
ANS related measures but also to their developmental pathways.

Because HR is influenced by both autonomic branches, it is important to investigate
both sympathetic and parasympathetic systems associated with cardiac activity. Respiratory
sinus arrhythmia (RSA; i.e., the variation of HR occurring during the respiratory cycle) is an
index of parasympathetic cardiac control, and reflects a vagally mediated modulation of HR
such that it increases during inspiration and decreases during expiration. Further, RSA

responds to two different regulatory systems. During normal conditions, a coordinated
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respiratory rhythm in heart rate activity facilitates oxygen diffusion, whereas during
threatening or stressful conditions respiratory rhythm and RSA are suppressed (Porges,
2001). Moreover, RSA relates to the ability to regulate emotions (Beauchaine, Katkin,
Strassberg, & Snarr, 2001; Grossman & Wientjes, 1986; Porges & Byrne, 1992). Low resting
RSA (i.e., low vagal tone) and greater RSA withdrawal, reflected in reduced RSA reactivity
to a stressor, is associated with maladaptive parasympathetic activity, poor emotion
regulation, and increased risk of fight or flight responding (Beauchaine et al., 2001;
Beauchaine, 2015). Indeed, children and adolescents high on CP exhibit low baseline RSA
and reduced RSA reactivity (i.e., greater RSA withdrawal and parasympathetic inhibition) in
response to emotional stimuli, pointing to emotion dysregulation, loss of regulatory control
and increased risk of fight or flight responses (Beauchaine, Hong, & Marsh, 2008;
Beauchaine et al., 2001; de Wied, van Boxtel, Zaalberg, & Goudena, 2006; ElI-Sheikh &
Hinnant, 2011; Gatzke-Kopp et al., 2015; Mezzacappa et al., 1997; Pang & Beauchaine,
2013).

In contrast, the cardiac pre-ejection period (PEP; the systolic time interval) is an index
of sympathetic cardiac activity and reflects the time between depolarization of the left
ventricle and opening of the aortic valve (Brenner & Beauchaine, 2011). A shorter PEP
suggests higher contractility and greater sympathetic tone and has been associated with the
start of a stress reaction (Berntson et al., 1994) as well as with reward sensitivity (Tenenbaum
et al., 2018). Beauchaine et al. (2001) provided evidence that adolescents with comorbid CD
and ADHD symptoms exhibited longer PEP at baseline and less or decreased PEP reactivity
to reward than those in ADHD-only or control groups. Both longer PEP at baseline and low
PEP reactivity point to less sympathetic cardiac activity among those at risk for CD. This
finding has been replicated among preschool children with Oppositional Defiant Disorder

(Crowell et al., 2006) and children high on aggression and CP (Beauchaine et al., 2008).
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Thus, differential effects in SC, RSA and PEP reactivity denote both sympathetic and
parasympathetic functional deficits, and indicate that it is important to investigate the co-
activation of both nervous systems. For example, even though parasympathetic and
sympathetic systems serve opposing physiological functions, it was suggested that co-
inhibition, which refers to decreased sympathetic and parasympathetic activity, or co-
activation, which refers to increased activity of both branches, characterize child
externalizing problems (EI-Sheikh et al., 2009). We expect findings from the meta-analysis to

inform this line of work and point to multisystemic physiological vulnerability factors.

1.2 Accounting for CP heterogeneity and individual differences

Studies assessing HR and SC at rest or in response to emotional stimuli among
children with CP point to contradicting evidence supporting either physiological hypo-
arousal or hyper-arousal. Based on these findings we can argue for the existence of
heterogeneous CP groups, scoring on opposite extremes on physiological measures of
arousal. Indeed, according to Fanti (2018), heterogeneity in CP can explain inconsistencies in
physiological reactivity. Prior theoretical and empirical work suggests that the combination
of conduct problems with either callous-unemotional (CU; i.e., lack of empathy, absence of
guilt, shallow or deficient emotions) traits, internalizing symptoms such as anxiety, or
symptoms of Attention-Deficit/Hyperactivity Disorder (ADHD) can result in more severe
behavioral profiles (Fanti & Henrich, 2010; Frick, Ray, Thornton, & Kahn, 2014a; Lynam,
1996). As a result, examining co-occurrence between CP with CU traits, internalizing
problems, and ADHD symptoms in relation to physiological measures can enhance our
understanding of these higher risk subgroups of youth and inform CP heterogeneity.

Studies taking co-occurring ADHD symptoms into account suggested that boys with

CP irrespective of comorbid ADHD symptoms show lower SC and HR responses to negative



Psychophysiological reactivity 8

emotional stimuli compared to healthy controls (Herpertz et al., 2005; Herpertz et al., 2003;
Herpertz et al., 2001; Northover, Thapar, Langley, Fairchild, & van Goozen, 2016; Zahn &
Kruesi, 1993). Furthermore, Beauchaine et al. (2001) found that children with a combination
of CP and ADHD symptoms show lower baseline SC compared with controls, although the
association between low baseline HR with CP was independent of the effects of ADHD
symptoms (Scarpa & Raine, 1997). Additional work suggested that low HR and SC activity
during emotional stimuli is associated with CP but not ADHD symptoms (McBurnett et al.,
1993; Posthumus, Bocker, Raaijmakers, Van Engeland, & Matthys, 2009; Raine & Jones,
1987). In contrast, Waschbusch et al. (2002) found that children high on both CP and ADHD
showed greater HR reactivity to emotional provocation compared to antisocial children with
no ADHD symptoms. Thus, the majority of prior research suggests that children with
comorbid CP and ADHD symptoms show similar physiological dysfunctions as CP youth
without ADHD symptoms or that ADHD symptoms do not account for the association
between CP and physiological measures. Thus, a sub-group meta-analytical approach to
investigate the influence of this potential moderator seems an obvious way to integrate those
contradictory findings.

Regarding internalizing problems, findings suggest that youth scoring high only on
CP differ from those with comorbid CP and internalizing symptoms by being less reactive to
negative situations with lower emotional arousal (Garralda, Connell, & Taylor, 1991,
McBurnett et al., 1993). Indeed, non-anxious antisocial youth exhibiting lower SC and HR at
rest and reactivity when compared to children and adolescents with either internalizing
problems alone or with comorbid externalizing and internalizing problems (Beauchaine,
Gartner, & Hagen, 2000; Garralda et al., 1991; Rogeness, Cepeda, Macedo, Fisher, & Harris,

1990; Schoorl, Van Rijn, De Wied, Van Goozen, & Swaab, 2015). It was suggested that
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levels of anxiety and stress reactivity might explain the distinct physiological reactions to
emotional stimuli identified in prior work (Fanti, 2018).

Findings from studies taking CU heterogeneity into account suggest that children
scoring high on CP and low on CU traits exhibit higher baseline HR and low HR and SC
activity in response to negative emotional stimuli compared to those high on both CP and CU
traits (Anastassiou-Hadjicharalambous & Warden, 2008; de Wied, van Boxtel, Matthys, &
Meeus, 2012; Kimonis, Frick, Mufioz, & Aucoin, 2008; Muifioz, Frick, Kimonis, & Aucoin,
2008; Muiioz, Kerr, & Besic, 2008; Northover et al., 2016). In addition, children and
adolescents scoring high on CP and CU score lower on baseline RSA compared to youth high
only on CP (de Wied et al., 2012; Mills-Koonce et al., 2015; Wagner et al., 2017). As a
result, the co-occurrence between CP and CU traits may explain prior inconsistencies
pointing to distinct CP groups differentiated on emotion regulation or showing either hypo-
or hyper-arousal. The importance of CU traits in identifying a unique subgroup of children at
risk for severe CP has led to their inclusion as a Limited Prosocial Emotions (LPE) specifier
for the diagnosis of Conduct Disorder (CD) in the Diagnostic and Statistical Manual of
Mental Disorders-5 (DSM-5; American Psychiatric Association, 2013). In general, evidence
for the co-occurrence between CP with ADHD, CU traits, and internalizing
psychopathologies suggest that by taking into account these individual differences, especially

in the context of a meta-analysis, we might be able to explain prior contradicting findings.

1.3 Current study

The overarching aim of this study is to conduct a systematic review of the literature
and meta-analysis to estimate the association between different measures of psycho-
physiological activity and reactivity, on the one hand, and CP, on the other hand, among

children and adolescents. Building on and extending a previous meta-analysis (Lorber, 2004)
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as well as a systematic review (Fanti, 2018), we further aimed to explore possible moderators
of the association between CP and physiological measures by means of subgroup meta-
analyses. Specifically, co-occurring psychopathology (i.e., ADHD and internalizing
symptoms) and CU traits were considered. This might uncover differential relations between
physiological measures based on different subtypes of CP. Finally, as studies investigating
sex differences found that girls exhibit greater autonomic activity than boys (Beauchaine et
al., 2008), which might be another factor influencing the findings of studies using samples of
boys and girls, we also tested for sex differences in the subgroup meta-analyses.

The present meta-analysis is concerned specifically with the association between
physiological cardiac systems of arousal and regulation, including HR, HRV, PEP and RSA,
with CP among youth. We also included studies that assess tonic (skin conductance level:
SCL) or phasic components (Skin Conductance Responses: SCRs) of SC, which are indices
of sympathetic nervous system activity. Because studies assess these physiological measures
during both baseline (autonomic activity in the absence of external stimuli) and as a response
to experimental stimuli (Lorber, 2004), we included both baseline measures or measures
assessed in the context of a task (e.g. picture viewing, startle paradigm, attention-based
tasks). According to a recent review of the literature, we expect deficits among youth high on
CP to be more evident in measures of SC than HR or HRV (Fanti, 2018). Further, we expect
to identify reduced sympathetic and parasympathetic cardiac activity among those at risk for
CP, suggesting under-arousal and co-inhibition of both nervous systems. Since there was no
meta-analysis testing these associations in the last decade, findings are expected to advance
existing work aiming to understand the association between CP with physiological baseline

activity and task-related reactivity.
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2. Method

We followed the recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement (Liberati et al., 2009). The protocol of this
systematic review was registered in PROSPERO (CRD42018092305) (Fanti, Eisenbarth,
Goble, Demetriou, & Cortese, 2018). Data were extracted from the published reports (journal
article) of the studies or obtained from study authors. The PRISMA checklist is reported in

the Supplemental Material 1.

2.1 Types of studies

Two types of studies were included: 1) Case-control studies comparing any of the
outcomes of interest in subjects with conduct disorder/oppositional defiant disorder problems
and healthy comparisons without conduct disorder/conduct problems; 2) Correlational studies

assessing the correlation between severity of CP and any of the outcomes of interest.

2.2 Types of participants

We included studies assessing children and/or adolescents (aged <18 years): 1) with
conduct disorder, defined based on the DSM (any version) criteria; or 2) in which conduct
problems was measured by means of a validated scale, completed by parents, teachers, or
self-reported by the child/adolescent, as listed in the INSERM collective report on Conduct
Disorder in children and adolescents (INSERM Collective Expertise Centre, 2005): Broad-
spectrum interviews: K-SADS (Orvaschel & Puig-Antich, 1987), ISC (Kovacs, 1985), DISC-
IV (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000), CSI (Gadow & Sprafkin, 2002);
Behaviour scales: CBCL (Achenbach & Edelbrock, 1983), CTRS (Conners, 1969), CPRS
(Conners, 1997), ECBI (Eyberg, Boggs, & Reynolds, 1980), HSQ/SSQ (Barkley, 1981),

SESBI-R (Eyberg & Pincus, 1999), SBQ (Clark, 1995); Aggression scales: OAS (Silver &
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Yudofsky, 1991), BDHI (Boone & Flint, 1988), DIAS (Bjorkqvist, Lagerspetz, & Osterman,

1992), CSBS/CSBT (Crick, 1996; Crick & Grotpeter, 1995).

2.3. Outcomes

Primary outcomes included: 1) any measure of heart activity/reactivity, including
heart rate (HR), heart rate variability (HRV), pre-ejection period (PEP) or Respiratory Sinus
Arrythmia (RSA); 2) any measure of skin conductance, including galvanic skin reactivity
parameters such as skin conductance level (SCL) or skin conductance response (SCR). Both
parameters measured in the context of performing a task (e.g., picture viewing, startle
paradigm, attention-based tasks) or taken as baseline measures were included (rest, activity

and reactivity outcomes).

2.4 Search strategy/syntax

The following electronic databases were searched until February 13, 2018, with no
language/date/type of document restrictions: Pubmed (Medline), Ovid databases (PsyclInfo,
Embase+Embase classic, Ovid Medline), and Web of Knowledge databases [Web of science
(Science Citation Index Expanded), Biological abstracts, Biosis, Food science and technology
abstracts]. Additional details on the search strategy/syntax, including search terms for each
database, are reported in the Supplemental Material 2. References of included studies were

hand-searched to find additional pertinent studies not detected with the electronic search.

2.5 Study selection
Retrieved references were independently screened and blindly double-coded for

eligibility by two study authors. Any disagreement was resolved by a senior author. If
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needed, study authors were contacted to gather missing/additional information to clarify

study inclusion.

2.6 Data extraction and statistical analysis

Data extraction was performed blindly by two of the authors, and any discrepancy
between the two was resolved by consensus with a third senior author. We contacted study
authors when necessary. Data extracted from each study included: 1) Publication details: year
and language of publication; 2). Design: type of study (cross-sectional, case-control, cohort,
correlational, etc.); study temporality (prospective, retrospective); patient enrolment
(consecutive, non- consecutive); setting (clinical, general population vs epidemiological
population study); 3) Study participant details: number, mean age (SD), sex distribution,
Socioeconomic status (SES) and ethnicity of participants with and without CP or conduct
disorder; characteristics of participants without conduct problems/disorder (healthy
comparisons, other); psychiatric comorbidities of individuals with and without conduct
problems/disorder (type and prevalence); method to establish the diagnosis of conduct
problems/disorder (self-reported symptoms/diagnosis, diagnosis recorded in medical
files/registry, structured or semi-structured interview according to clinical criteria); 4)
Outcome measures: method used to define conduct problems/disorder (self-reported
diagnosis, diagnosis in medical file/registry); prevalence (unadjusted and, if reported,
adjusted) of conduct problems/disorder; method used to measure psychophysiological
parameters; data reduction methods; tasks or paradigms used in the study. Age of onset was
dropped as a variable of interest based on the low number of studies differentiating or
reporting age of onset.

We included measures of baseline heart activity (HR, RSA, PEP, HRV) as well as

measures of heart reactivity. In addition, we included baseline and reactivity measures of skin
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conductance (SCL and SCR). Contrary to the pre-registered methods and in response to
reviewer suggestions, we decided to include all available physiological data from each study,
without prioritizing specific physiological outcome measures in order to be more inclusive.
However, we still followed the following hierarchy in extracting and analyzing data when
several options for given outcome measures were available:

Changes between baseline and activity during tasks were preferred to reactivity
during task data, which in turn were preferred to baseline only data. Although we were
interested in both baseline and task-related measures, we prioritize task related over baseline
data because prior work provided evidence that task related measures have a greater influence
on CP (see Fanti, 2018 for a review). If different types of emotional stimuli were available,
preference was given to aversive tasks (e.g., fearful faces, baby crying) due to their relevance
to the stress and threat system that relates to antisocial behaviors.

For mixed sample reports we included mixed sample data, and for studies reporting
sex differences, we meta-analytically combined data on the two samples divided by sex. If
only female or only male data were reported, we used the ones that were available.

In case of several measurement points, we used the one for which both, physiological
and behavior/CP data, were reported. If both were reported for several assessment points, we
used the earliest time point.

We extracted means and standard deviations for group-based results as well as zero-
order correlations for correlational results. Furthermore, we extracted reactivity measures
based on which types were provided. If delta scores were provided, those were included; if
baseline and task data were provided, we use the measures during the task that were
provided.

Random-effect models were used to compute pooled effect size for each outcome. For

case-control studies, we calculated the standardized mean difference (SMD), with 95%
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confidence interval (CI), with the correction of Hedges (Hedges, 1981) to avoid bias due to
sample size. The pooled SMD, and related 95% CI, or correlation coefficients were
calculated through the inverse variance method, and its statistical significance was assessed
by the Z statistic. I? (Higgins & Thompson, 2002) was calculated to compare heterogeneity
among studies. Finally, Egger’s test (Egger, Davey Smith, Schneider, & Minder, 1997) and
funnel plots were used to evaluate publication bias. Analyses were performed using

Comprehensive Meta-Analysis (https://www.meta-analysis.com/) software.

3. Results
3.1 Study selection process and study characteristics

The process of the study selection can be seen in Figure 1. Details about the search
can be found in Supplementary materials 2, and the reasons for excluding each study are
listed in Supplementary materials 3. From an initial pool of 2016 potentially relevant
references, 66 studies were retained for the quantitative analyses. Supplemental Tables 1 and
2 show the 34 case-control and 32 correlational studies, respectively, included in the meta-
analyses. Of those 34 case-control studies, five reported Baseline HR data, 18 task-related
HR change data, two task-related HRV, six task-related RSA data and five task-related PEP
data. Regarding skin conductance outcome measures, four reported Baseline outcomes (2
SCR and 2 SCL) and 19 reported task-related outcomes (nine SCR, 10 SCL). The 32 studies
with correlational design included 14 studies with Baseline (eight HR, four RSA and 2 PEP)
and 19 studies with task-related (6 HR, 10 RSA and 3 PEP) cardiovascular outcome
measures, as well as eight studies with SCL outcome data, of which three with Baseline data
and five with task-related data. Single studies could contribute to more than one outcome to

the different meta-analyses.
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3.2 Meta-analyses

Table 1 summarizes the results of the meta-analyses in relation to the planned
outcomes (HR, RSA, HRV, PEP, SCL and SCR) and on baseline versus task reactivity. For
the case-control studies we found a significant effect for task-related SCL (pooled OR = -
0.862, 95% CI [-1.725; -0.227]), indicating significantly lower SCL reactivity in tasks in the
CP groups compared to control groups. However, I° was rather high, indicating that 66% of
the variance was due to true variation among studies, rather than sampling error, and the
Egger’s test indicated the possibility of publication bias (p = .012). Excluding one study with
a substantially large effect size (OR = -5.962; Mangina, Beuzeron-Mangina, & Grizenko,
2000) from the meta-analysis lead to a low I° (5.100), while the pooled effect size remained
significant (pooled OR = -0.427, 95% CI [-0.679;-0.175]). The meta-analysis of case-control
studies with SCR outcome measure in response to tasks also showed a significant effect
(pooled OR =-0.364, 95% CI [-0.501; -0.227]), indicating a significantly lower SCR
response to tasks in the CP groups compared to control groups. In this case, I was low,
indicating that variance was unlikely to be accounted for by study heterogeneity, but, rather,
to sampling error, and Egger’s test indicated low possibility of publication bias (p = .416).
Furthermore, we found a significant effect for task-related RSA (pooled OR = -0.206, 95% CI
[-0.398; -0.014]) with a low I?, indicating low probability for a heterogeneity-based effect.
The meta-analysis for task-related PEP showed a significant effect (pooled OR = 0.597, 95%
CI [0.245; 0.948]), which could be based on heterogeneity, as I? was rather high. However,
this might be due to the large effect of one study (Crowell et sl., 2006) with a standard
difference of the means of 1.328 (95% CI [0.625;2.031]). Given that PEP reactivity is
represented by shorter intervals (i.e., negative numbers), the identified positive effect indicate

less PEP reactivity among those in the CP group (Brenner & Beauchaine, 2011). Meta
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analyses comparing CP and control groups for baseline or task related HR or HRV and for
baseline SCR or SCL did not find any significant differences (see Table 1).

For the correlational studies, we found a significant effect for studies with HR
baseline outcome measures (pooled correlation: -0.139, 95% CI [-0.227; -0.048]), indicating
a lower baseline HR for individuals with higher CP symptom scores. Study heterogeneity
was high in this meta-analysis (79%); Egger’s test indicated low possibility of publication
bias (p =.099). We also found a significant effect for task-related HR (pooled correlation. -
0.165, 95% CI [-0.265; -0.061]), pointing to lower task related HR among those high on CP.
Again, high study heterogeneity (65%), and a low probability for publication bias (p = .476)
was identified. Studies including baseline and task-related RSA or PEP as well as baseline

and task-related SCL did not provide any significant pooled correlations (see Table 1).

3.3 Subgroup meta-analyses

For studies including subgroups, we ran additional meta-analyses independently for
each subgroup if there was more than one study per outcome measure. From studies with
correlational design, two reported subgroups data regarding sex. A meta-analysis restricted to
boys across those two studies showed a significant effect (pooled correlation: 0.159, CI
[0.055; 0.259]), indicating a positive correlation between CP measures and task-related HR
increase, with a low heterogeneity score (<0.001%). As this includes only two studies, no
Egger’s test could be calculated. The analysis restricted to girls however did not find a
significant effect. From studies with case-control design, three reported task-related HR
changes for participants with CP and ADHD: there was no significant pooled OR for either
groups with ADHD (ADHD+: pooled OR =-0.037, CI [-.268; 0.194]), nor groups without
ADHD (ADHD-: pooled OR = 0.080, CI [-0.420; 0.580]). For three studies reporting task-

related SCR, both sub-group meta-analyses for ADHD+ and ADHD- groups found
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significant effects with lower task-related SCR for those with CP compared to control groups
(ADHD+: pooled OR = -0.538; ADHD-: pooled OR = -0.375) For the ADHD+ subgroup,
analysis study heterogeneity was rather high (65%), whereas for the ADHD- subgroup study
heterogeneity was low (28%). Two studies reported data for CP groups with and without CU
traits for task-related HR. Both meta-analyses for CU+ and CU- did not reveal any significant
effect for groups (CU+: pooled OR =-0.109; CU-: pooled OR = -0.136).

Finally, we ran sub-group analyses for case-control (CC) studies, for clinical versus
non-clinical sample studies, where we categorized clinical sample studies by group
definitions using diagnostic thresholds for conduct disorder versus other measures. We
computed these for all outcome measures with more than one study in each sub-group: CC
HR Task: (12 clinical versus 6 non-clinical studies), CC RSA Task (2 clinical versus 2 non-
clinical studies) and CC SCR Task (5 clinical versus 4 non-clinical studies). Results for each
of the three outcomes did not differ between the subgroups. A meta-regression testing the
difference between clinical and non-clinical samples confirmed this finding (pooled
correlation: -0.065, 95% CI [-0.680; 0.551]; O(1) = 0.04; p = 0.837) (see Supplementary

material Figures 17-31).

3.4 Study quality
Regarding case-control studies, the average score at the Newcastle Ottawa Scale
(NOS) was 6.16 (SD= 1.33). As for correlational studies, the average score was 3.1 (SD=

5.3). Details for each study are reported in Supplemental Tables 3 and 4.

4. Discussion
We systematically reviewed published studies reporting autonomic nervous system

activity (cardiovascular and skin conductance) in youth with CP and meta-analyzed the
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relationship between CP and autonomic baseline as well as task-related reactivity across 66
studies, including a total of 10,227 participants. Across 34 included case-control studies that
were based on CP cut-off scores, we found a significant pooled effect for task related skin
conductance level (SCL) and reactivity (SCR), indicating lower galvanic skin activity in
response to tasks, but no significant group differences for HR or HRV nor for any baseline
measures. We also identified reduced task-related RSA and PEP reactivity, pointing to co-
inhibition of parasympathetic and sympathetic systems and under-arousal as a potential
mechanism explaining engagement in CP behaviors. However, across 32 studies with
correlational design we found only significant negative correlations between baseline and
task-related HR with CP, but no significant relationship of any other physiological measures
assessed during tasks nor baseline.

The identified association between baseline HR and CP agrees with a prior meta-analysis
suggesting that low baseline HR assessed during childhood and adolescence is a biological
marker of aggressive and antisocial behavior (Ortiz & Raine, 2004). In addition, emotion
reactivity studies found a relationship with task-based HR, indicating that CP are associated
with low autonomic arousal both at baseline and as a response to emotional cues. However,
these findings were only identified for correlational studies and with a rather large
heterogeneity score, but a low chance for publication bias. Although there was a trend
towards similar relationships in the case-control studies, these were not significant and were
also based on rather heterogeneous studies. The non-significant effects in the difference
between baseline and task-related HR identified in case control studies could be related to the
law of initial values, which has been reported to impact specifically baseline to task changes
of cardiac parameters (Berntson, Uchino & Cacioppo, 1994). The inconsistency in findings
regarding baseline HR for correlational versus case-control studies was also reported in a

recent review of the literature, with studies showing no association or that CP are associated
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with low or high baseline and HR reactivity (Fanti, 2018). Thus, despite potential relevance
of the study design, based on our meta-analysis and prior review of the literature, we cannot
confirm a reduced HR activity for youth with CP. In addition, baseline levels of SC were not
associated with CP, suggesting that if anything, baseline levels of HR might be a better
predictor of CP compared to SC. However, only seven of the identified studies included
baseline SC.

An important finding in case control studies assessing cardiac measures was that
individuals high on CP exhibited reduced PEP and RSA reactivity. As a result, both
correlational and case-control studies suggest that CP relate to autonomic hypo-arousal and
hypo-reactivity towards challenging stressors. Findings are in line with previous suggestions
of greater RSA withdrawal, associated with lower RSA reactivity, and lengthening of the
PEP, associated with reduced sympathetic nervous system activity, as indicators of
physiological under-arousal (Murray-Close et al., 2018). Although the HR effects identified
in correlational studies cannot be attributed to a specific autonomic system, RSA and PEP
findings point to co-inhibition of sympathetic and parasympathetic systems that relates to low
stress responsivity and fearlessness (Thomson et al., 2018). Low stress sensitivity and lack of
fear might increase the likelihood to engage in high risk antisocial and CP behaviors.

Furthermore, the lower SC reactivity identified in case-control studies also suggest
reduced sympathetic reactivity among those high on CP. These results have to be interpreted
carefully. Across the different studies assessing SCL there was a very large heterogeneity and
a higher potential for a publication bias, while the effect for the SCR based studies can be
considered more substantial due to a very low heterogeneity and low possibility of
publication bias. However, after excluding one study with a very large effect size that used a
working memory task (Mangina et al., 2000) heterogeneity was reduced substantially, while

the overall effect of lower SCL during tasks for those with CP remained. Interestingly, the
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task-based SC levels were not related to dimensional approaches of measuring CP in the
correlational studies and there were no studies included in the analyses that reported skin
conductance reactivity. In contrast to correlational studies that mainly used social stress tasks,
the case-control studies relied on a variety of different tasks including physical, social
performance, stress or fear conditioning. However, there was no task related pattern in the
case-control studies that could explain the null finding identified in correlational studies.

Nevertheless, the findings provide greater support for SC compared to HR reactivity in
understanding CP at the level of group comparison, which might involve more clinical
populations. Indeed, the majority of prior work suggests that SC reactivity during emotional
tasks is lower among youth high on CP compared to controls, which was not true for HR
reactivity (Fanti, 2018; Lorber, 2004). A direct comparison of clinical versus non-clinical
samples within the group comparison studies did not reveal any differences though, pointing
potentially to differences based on extreme group rather than clinical versus non-clinical
types of samples. Similar to a prior meta-analysis (Lorber, 2004), heterogeneity in effect
sizes for HR reactivity ranged from negative to positive, suggesting considerable
heterogeneity in effect sizes. The heterogeneity of effect sizes across studies might also be
related to high inter-individual differences in HR and heart rate reactivity, especially in
children, which has been discussed in the fitness assessment literature as well (Oliveira et al,
2017; Brooke et al., 2014).

Regarding the analyses taking individual differences and co-occurring psychopathology
into account, we were only able to run subgroup analyses for comorbid ADHD, CU traits and
sex. No studies met inclusion criteria to test differences in relation to internalizing co-
occurrence. This is unfortunate, since it has been suggested that co-occurring internalizing
symptomatology can explain heterogeneity in CP (Fanti & Kimonis, 2017). As a result,

subgroup meta-analyses were not possible to the extent intended.
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Our results for comorbid ADHD subgroups could be affected by the selection criteria: we
excluded four correlational studies because they were using ADHD as main diagnostic
criterion for CP (EI-Sheikh & Hinnant, 2011; Keller & El-Sheikh, 2009; Pritzlich et al.,
2018), while no case-control studies had to be excluded for this reason. At the same time,
across the different correlational studies, the majority of them did not report ever screening
for ADHD, so it was not possible to determine any subgroup analyses, while the majority of
case-control studies screened for ADHD criteria. Still, we found that comorbid ADHD did
not change the main findings regarding the relationship between task-related SCR and SCL
being reduced in youth with CP in case-control-design studies. Similarly, no effect for task-
related HR was identified after taking ADHD symptoms into account. Based on these
findings, we can conclude that co-occurrence with ADHD symptoms does not influence the
low SC reactivity identified among CP youth. Thus, the core physiological underpinnings
associated with antisocial behavior might be similar in the two CP subgroups. Several studies
reported that children with CP irrespective of ADHD symptoms show lower autonomic SC
responses to aversive emotional stimuli, and interestingly both CP subgroups differed from
healthy controls or youth with ADHD symptoms alone (Herpertz et al., 2003; Herpertz et al.,
2001; Northover et al., 2016; Zahn & Kruesi, 1993). This finding is noteworthy and suggests
heterogeneity within ADHD symptoms when it comes to autonomic functioning, but not
within CP.

Similarly, we found no difference for groups with or without comorbid CU traits for task-
related HR and conduct problems. This is not in line with suggestions from the literature (see
Frick, Ray, Thornton, & Kahn, 2014b for a review), but only two studies met inclusion
criteria in the present meta-analyses pointing to contradicting evidence (Anastassiou-
Hadjicharalambous & Warden, 2008; de Wied et al., 2012): Anastassiou-Hadjicharalambous

and Warden (2008) found that children with combined CP and CU traits showed less HR
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change in response to an emotion evoking film (i.e., associated with fear) compared to both
CP-only and control groups. In contrast, de Wied et al. (2012) found no group differences in
response to angry films. Based on our data extraction decision, we did not include a finding
from the latter study, which suggested that sad film stimulation provoked significantly lower
reactivity in the CD+CU group compared to the CD-only and control groups. However,
exploratory analysis that used the data from the sad movie condition did not change the
overall results. As a result, no clear conclusions can be drawn based on existing findings.
Additional work comparing CP-only with CP+CU groups is therefore needed, especially
since this distinction has clinical importance due to the inclusion of a CU specifier to the
DSM-5 diagnosis of conduct disorder (American Psychiatric Association, 2013).

The only two studies (Crozier et al., 2008; Eisenberg et al., 1996) that reported results
separately for boys and girls suggested that higher task-related HR reaction was related to
boys CP, but not girls. Unfortunately, no other studies reported related data, which would be
important in order to investigate sex differences in physiological reactivity (see e.g. Pritzlich
et al., 2018). This finding contradicts prior work suggesting that girls exhibit greater
autonomic activity than boys (Beauchaine et al., 2008). In the case of the latter publication,
our inclusion criteria did not allow to accommodate studies that created groups of youth
based on latent class analyses. However, all studies reporting HR monitored during a task,
included mixed samples of boys and girls and showed a trend for reduced HR reaction to
tasks, although the pooled effect was not significant. Interestingly, Crozier et al. (2008) and
Eisenberg et al. (1996) are the only studies that show a positive correlation in the main
analysis. In these two studies, boys seem to drive the effect in terms of higher heart rate
reactivity during task for those higher on CP, while there was no significant correlation for
girls. The resulting high diversity of the studies in the main analysis reflects the differences

between studies, which could be based on the diversity in the tasks, with a Trier Social Stress
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Test, Social Performance Paradigm or Social Stress Task on the side of the studies
identifying negative correlations (Choy et al., 2015; Hastings et al., 2011; Hastings, Zahn-
Waxler, & Usher, 2007; Portnoy et al., 2014) and an imagination task or watching crying
babies films task on the side of the studies identifying positive correlations (Crozier et al.,
2008; Eisenberg et al., 2012). This could point to a differentiation between (social) stress
inducing situations compared to empathy evoking tasks. Eisenberg et al. (2012) argue that
their finding might be due to the lower baseline in their data, while Crozier et al. (2008) argue
that they found an increase in HR directly after the provocation was presented, but a decrease
immediately prior to the provocation and therefore there might be different processes
involved in each condition. Considering empathy provoking (other-related) situations to be
significantly different from the more stress inducing tasks, they seem to lead to higher heart
rate reactions in boys with conduct problems, while stress provoking (self-related) situations

provoke less heart rate reactions with increased conduct problems.

4.1 Limitations

This systematic review and meta-analysis has some limitations: despite a large amount of
studies reporting psychophysiological data in relationship to conduct problems (n = 75), only
a smaller subset of 66 studies could be included due to non-reported data and difficulties
obtaining respective data from authors. This points to an urgent need for a more complete and
open reporting in the field. Furthermore, we had to exclude several studies based on them
reporting types of outcome measures that were unique in our reviewed studies sample (e.g.,
blood pressure or SCR for a correlational design) and therefore could not be pooled with
other similar measures from any other study retained in our meta-analysis. These are
limitations that come with reviewing psychophysiological data, which can be very diverse in

terms of specific outcome measures and reported data type. In addition, as we had to create a
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set of hierarchies for the inclusion criteria for measurement types and for task type (if there
were several ones), we could have introduced a selection bias. Although heterogeneity in
experimental stimuli might contribute to the contradicting findings identified in physiological
studies, Lorber (2004) suggested that taking the valence of the experimental stimuli into
account might resolve some of these inconsistencies. In the present meta-analysis, we mostly
focused on negative valenced stimuli following this suggestion, and, as discussed above, our
descriptive comparison of tasks and stimuli used in the included studies showed no pattern
based on the type of stimuli or tasks, but rather consistent effects across different types of
stimuli and tasks. Finally, the assessment with the NOS suggested that most of the items were
correctly addressed in the majority of the studies; however, there is no consensus on how to

define evidence at high or low risk of bias based on the NOS.

4.2 Future Directions and Conclusions

There are several important conclusions derived from this meta-analysis that can
inform future work. First, SC reactivity might be an important biomarker for identifying
youth high on CP, irrespective of ADHD comorbidity. Thus, the sympathetic nervous system,
which is responsible for the “fight or flight” response, is a good candidate for explaining
youth antisocial behavior. Lower responsiveness and stress reactivity to threatening stimuli,
as indicated by the identified lower SC response, among children with CP might drive their
engagement in antisocial behaviors, without considering the negative consequences
associated with these behaviors (Fanti, 2018; Fanti et al., 2018). Thus, the assessment of SC
reactivity should be a research priority among studies interested in physiological measures
that tap into stress or emotions. Based on evidence that baseline and task-related HR were
identified as predictors of CP in correlational studies, we might be able to conclude that these

physiological measures should also be used in empirical studies interested in the prediction of
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CP. HR was found to be an important measure for the identification of at risk children and
the prediction of developmental stability in antisocial behavior (Fanti, 2019; Raine, 2015;
Raine et al., 1997). Future longitudinal work might consider assessing baseline and task-
related HR as well as SC reactivity as part of an etiological model to explain the development
of stable and severe CP.

Interestingly, although we did not identify an effect of HRV, co-inhibition of
sympathetic (PEP) and parasympathetic (RSA) systems, was associated with CP. The
majority of prior work fail to assess both sympathetic and parasympathetic autonomic
activity, which might result in an incomplete picture of physiological deficits, especially
since physiological systems work dynamically (Fanti, 2019; Porges, 2001; Thomoson et al.,
2019). Investigating the interaction between parasympathetic and sympathetic activity in
response to emotional stimuli can provide a more complete picture of emotion dysregulation
deficits (see Thomson et al., 2019 for an example). Moreover, there is a need to move beyond
the single biomarker approach to better understand the impact of physiological stress
response systems on antisocial behavior (Buss, Jaffee, Wadsworth, & Kliewer, 2018; Fanti,
Kyranides, Petridou, Demetriou, & Georgiou, 2018). Emotional experiences involve
coordinated changes in the activity of various physiological systems, and variations in
distinct physiological systems might provide evidence to explain prior contradicting findings.
Current findings provide support for co-inhibition of sympathetic, as indicated by both SC
and PEP measures, and parasympathetic, in accordance with RSA, systems pointing to
decreased sympathetic and parasympathetic activity. This finding agrees with work
suggesting that co-inhibition puts children at risk for conduct problems by making them more
vulnerable to stressful environmental experiences (El-Sheikh et al., 2009). Thus, it is

important for future work to investigate multisystem physiological responses to aversive
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stimuli to identify vulnerability factors associated with the expression of CP or other forms of
psychopathology.

Another important message derived from the present meta-analyses is that
correlational and case-control studies can result in different findings, and future empirical
work should consider this information during study design. Furthermore, there is great
variability in the experimental tasks used in physiological research. The use of standardized
tasks to understand physiological reactivity might help to advance this line of work.
Importantly, experimental tasks used in physiological work might not represent ecologically
valid assessments, and future work might consider incorporating novel techniques, such as
virtual reality tasks.

Finally, despite the complexity of existing work, the present meta-analysis was able to
derive several conclusions that have the potential to inform biological vulnerability models.
In fact, current findings can inform efforts towards research domain criteria and can be used
as a basis for the design of novel biologically driven interventions. Based on the findings, the
effectiveness of interventions designed for children and adolescents high on CP might
increase if they focus on stress reactivity deficits as indicated by the co-inhibition in both
sympathetic and parasympathetic autonomic systems. The assessment of both clinical and
physiological outcomes can inform the mechanisms underlying treatment effects, and can

advance the current state of the art.
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Figure Captions

Figure 1. Prisma chart for the study selection process
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Table 1

Meta-analytic results overview.
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Design Outcome variable | Number Meta CI I
of analytic
studies effect

Case- Baseline HR 5 -0.326 [-0.784; 0.132] 65.337

Control
Task-related HR 18 -0.155 [-0.415; 0.105] 80.055
Task-related HRV 2 -0.300 [-0.654; 0.053] 0.000
Baseline RSA 0
Task-related RSA 6 -0.206* [-0.398; -0.014] 0.000
Task-related PEP 5 0.597* [0.245; 0.948] 55.245
Baseline SCL 2 -0.188 [-0.763; 0.387] 57.479
Task-related SCL 10 -0.862%* [-1.450; -0.274] 90.946
Baseline SCR 2 -0.478 [-1.397;0.441] 76.690
Task-related SCR 9 -0.364* [-0.501; -0.227] 0.000

Correlational Baseline HR 8 -0.139%* [-0.227; -0.048] 79.714
Task-related HR 7 -0.165%* [-0.265; -0.061] 64.805
Baseline RSA 4 -0.060 [-0.132; 0.013] 0.000
Task related RSA 11 0.004 [-0.044; 0.051] 0.000
Baseline PEP 2 -0.020 [-0.115; 0.077] 0.000
Task PEP 3 -0.056 [-0.270; 0.164] 67.675
Baseline SCL 3 0.049 [-0.058; 0.154] 40.452
Task-related SCL 7 0.023 [-0.122; 0.167] 74.255
Baseline SCR 0
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Task-related SCR 0

Note: * = significant meta analytic effect, P = Information criterion



Table 2

Subgroup Meta-analyses overview
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Design Outcome Number | Subgroup Meta CI I
variable of analytic
studies effect
Correlational Task-related 2 Boys 0.159* [0.055; 0.259] 0.000
HR
Girls -0.004 [-0.135; 0.127] 0.000
Case-control Task-related 3 ADHD+  -0.037 [-0.268; 0.194] 0.000
HR
ADHD-  0.080 [-0.420; 0.580] 73.887
Task-related 3 ADHD+  -0.538* [-0.937;-0.138]  64.773
SCR
ADHD- -0.375* [-0.697; -0.053]  27.666
Task-related 2 CU+ -0.109 [-0.492; 0.274] 0.000
HR
CU- -0.136 [-0.609; 0.336] 33.514
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Supplemental Material 1. PRISMA checklist

TITLE

Title Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known. 3-9

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, 8-9
and study design (PICOS).

METHODS

Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration 9
information including registration number.

Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, 9-10

publication status) used as criteria for eligibility, giving rationale.




Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) | 10-11
in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. Suppl. 2

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the | 11
meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining | 11-12
and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications 11-13
made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the 11-12

studies study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 11-13

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I?) for 11-13

each meta-analysis.




Supplemental Material 2. Search strategy and results from each database (Last search

February 13, 2018)

SEARCH STRATEGY AND RESULTS FROM EACH DATABASE

SEARCH 1
PUBMED (MEDLINE)
Search terms:
(conduct disorder OR conduct problem*) AND (heart rate OR beats per minute OR blood pressure
OR heart rate variability OR pre-ejection period OR respiratory sinus arrythmia OR electrodermal
activity OR galvanic skin response OR electrodermal response OR psychogalvanic reflex OR skin
conductance response OR sympathetic skin response OR skin conductance level) AND (child* OR

adolesc* OR youth* OR pediatric* OR paediatric*)

Limits: none

Results: 79 hits

OVID databases

PsycInfo, EMBASE+EMBASE classic, OVID Medline

Search terms:

(conduct disorder OR conduct problem*) AND (heart rate OR beats per minute OR blood pressure
OR heart rate variability OR pre-ejection period OR respiratory sinus arrythmia OR electrodermal

activity OR galvanic skin response OR electrodermal response OR psychogalvanic reflex OR skin

conductance response OR sympathetic skin response OR skin conductance level) AND (child* OR
adolesc* OR youth* OR pediatric* OR paediatric*)

Limits: none

Results: 321 hits



WEB OF KNOWLEDGE

(Web of science (science citation index expanded), Biological abstracts, Biosis, Food science
and technology abstracts)

Search terms:

conduct disorder OR conduct problem*

heart rate OR beats per minute OR blood pressure OR heart rate variability OR pre-ejection period
OR respiratory sinus arrythmia OR electrodermal activity OR galvanic skin response OR
electrodermal response OR psychogalvanic reflex OR skin conductance response OR sympathetic
skin response OR skin conductance level

child* OR adolesc* OR youth* OR pediatric* OR paediatric*

Limits: none

Results: 1844 hits

AFTER MERGING AND partially REMOVING DUPLICATES: 2016 POTENTIAL

REFERENCES TO SCREEN



Supplemental Material 3. References discarded after reading the full text, with reasons for

exclusion.

Reasons for
Paper reference
exclusion

Aman, M. G., Buican, B., & Arnold, L. E. (2003). Methylphenidate treatment in
children with borderline IQ and mental retardation: analysis of three aggregated | Drug Trial

studies. Journal of Child and Adolescent Psychopharmacology, 13(1), 29-40.

Aman, M. G., Hollway, J. A., Leone, S., Masty, J., Lindsay, R., Nash, P., &

Arnold, L. E. (2009). Effects of risperidone on cognitive-motor performance

Drug Trial
and motor movements in chronically medicated children. Research in
developmental disabilities, 30(2), 386-396.
Aman, M. G., Kern, R. A., Mc Ghee, D. E., & Arnold, L. E. (1993).
Fenfluramine and methylphenidate in children with mental retardation and
Duplicate

ADHD: Clinical and side effects. Journal of the American Academy of Child &

Adolescent Psychiatry, 32(4), 851-859.

Ardizzi, M., Martini, F., Umilta, M. A., Sestito, M., Ravera, R., & Gallese, V.
Not specific enough
(2013). When early experiences build a wall to others’ emotions: an
to CD
electrophysiological and autonomic study. PloS one, 8(4), e61004.

Babel, K. A., Jambroes, T., Oostermeijer, S., van de Ven, P. M., Pompa, A.,
Vermeiren, R. R. J. M., Doreleijers, T. A. H., & Jansen, L. M. C. (2016). Do
post-trauma symptoms mediate the relation between neurobiological stress No relevant outcomes

parameters and conduct problems in girls? Child and Adolescent Psychiatry and

Mental Health, 10, 42-52.

Barboza, M., Sepulveda, S., & Montalvo, D. (2007). Frontal neurocysticercosis | Not specific enough

and attention deficit. Colombia Medica , 38(1), 21-27. to CD




Beauchaine, T. P. (2000). Disinhibitory psychopathology in male adolescents:
Discriminating Conduct Disorder from ADHD through Concurrent Assessment

of Multiple Autonomic States

Thesis / Dissertation

Beauchaine, T. P. (2001). Vagal tone, development, and Gray's motivational
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First author | Outcome Task Baseline Group CDh Control Comments
and year measure definition group
N (f/m) | Age: M | Subgroups | Age:M | N (f/m) | Age:M
(SD)or | (N, f/m) (SD) or (SD) or
range range range
Anastassiou- | HR Watchin CDRTS for 29 9.29 CD/CU+ | CD/CU+ | 33 (2/31) | 9.31 Task data
Hadjicharala- gan School-age (27/2) 1(0.92) 75% on 9.4 (0.77) extracted
mbous, 2008 emotion Children CU and (1.17),
evoking 50% on CD/CU-
film CD: 33 9.29
(1/32); (0.92)
CD/CU-
<50% on
CU and
50% on
CD:
(0/29); 9.4
(1.17)
Beauchaine, | RSA /PEP | Repetitive | 5 min ASI/ CBCL 20 14.0 ADHD 13.1 22 (0/22) | 13.2 RSA task
2001 response | baseline (0/20) | (1.6) only 17 (1.2) (1.3) data
task period (0/17) extracted
involving
reward

and loss




28

Beauchaine, | HR/RSA/ | Learning | Last2 Adolescent 20 14.0 ADHD 13.1 22 (0/22) [ 13.2 HR during
2003 PEP task with | min ofa 5 | Symptom (0/20) | (1.6) only 17 (1.2) (1.3) reward
reward min Inventory / (0/17) incentive
trials and | baseline CBCL task
extinction (Aggression, extracted
trials Hyperactivity,
Delinquent
Behaviour and
Anxious/Depr
essed
Subscales)
Beauchaine, | SCR/RSA | Repetitive CS1/CBCL 86 M 9.8 CSI M16.4 89 M 9.8 SCR
2008 / PEP response (CLINICAL) | (33/53) | (1.5),F | ADHD (6.6) (32/57) | (1.5),F | baseline
task with 9.4 (1.5) | symptom |F174 9.3(1.5) | extracted
blocks of met 9.7) due to
reward missing task

data, RSA
reward
change data
from
baseline to
task
extracted
Pre-meta-
analysis
computing
SMD and
SE across
males and
females
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Crowell, SCR/HR/ | Reward 5 mins CBCL/ CSI 18 4-6 20 (9/11) | 4-6 Baseline
2006 RSA /PEP | task (CLINICAL) | (7/11) SCR and
(perfectio HR
n game) extracted
Da Silva, SC Sequence YSR 38 13.84 Pre-meta-
2014 of 10 very (18/20) | (1.46) analysis
mild computing
electric SMD and
stimuli SE across
stimuli
De Vries- HR /HRV | Psychoso YSR/CBCL/ | 48 18.4 DP- no DP- 16 (0/16) | 18.42 Task data
Bouw, 2012 | (power cial stress DISC (0/48) | (0.9) DBD 18.42 (0.91) extracted
analysis of | task (CLINICAL) diagnosis | (0.83)
component (33) DP+
frequencies) DP+ with | 18.09
DBD (0.93)
diagnosis
(15)
De Wied, HR Emotiona DSM-1V 22 10.18 ADHD 8 22 (0/22) | 10.09 Task data
2006 1 film clip (CLINICAL) | (0/22) | (1.22) (0/8) (1.27) extracted
De Wied, HR/RSA |6 DISC/APSD | 31 13.29 DBD/CU- 32(0/32) | 13.75 HR during
2012 emotional (CLINICAL) | (0/31) | (0.85) 17 (0/17) (0.76) task (anger
film clips 13.93 DBD/CU+ condition)
(1.07) 14 (0/14), extracted
ADHD
diagnosis
met:
(21/0)
Fairchild, HR Stress 5 min at K-SADS-PL 42 15.79 Adolescen | 15.61 95 (0/95) | 15.69 Task data




30

2008a induction | rest (CLINICAL) | (0/42) | (0.81) t onset CD | (0.86) (0.85) extracted
task 28 (0/28),
(competiti ADHD
on) criteria
met: EO-
CD 11
(0/11),
AO-CD 5
(0/5)
Fairchild, SCR/SCL | Fear Kiddie-SADS- | 71 15.62 Early 54 (0/54) | 15.84 SCR task
2008b conditioni PL (0/71) | (0.86) Onset (0.89) data
ng (CLINICAL) 15.88 (43), extracted
(0.87) Adolescen
t Onset
(28),
ADHD
criteria
met: EO-
CD (10),
AO-CD
4)
Fairchild, SCL Fear K-SADS-PL |25 15.6 30 (30/0) | 15.3 Acquisition
2010 conditioni (CLINICAL) | (25/0) | (1.00) (0.7) phase 1 data
ng extracted
paradigm

(noise)
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Fung, 2005 SCR Unsignale | 3 min Child 65 16.02 ADHD 65(0/65) | 15.93 Task data
d white sitting Psychopathy (0/65) | (0.93) criteria (0.67) extracted
noise in still Scale met: 28
countdow (0/28)
n stressor
task
Garralda, SCL /HR Imaginati | 2 min ICD-9 25 10.04 Emotional | 9.72 25 9.48 Baseline
1991 on task (CLINICAL) | (21/4) | (1.99) Disorders | (1.76) (10/15) (1.78) data
with 25 (12/13) extracted
pleasant due to
and missing task
unpleasan data
t
situations,
Alerting
task,
Listening
to music,
Challengi
ng
Arithmeti
c task
Gatzke- SCR /HR Go/no-go | 2 minutes | SDQ 105 5.64 135 5.65 Task
Kopp, 2015 task (35/70) | (0.37) (53/82) (0.32) reactivity
extracted
Grimes, 2004 | SCL Violent During DICA-IV/ 59 10.5 ADHD 53 44 (0/44) | 10.6 Task data
movie questionn | CBCL (0/59) | (1.5) (0/53) (1.6) extracted
clips aire filling | (CLINICAL)
before

task
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Harden, 1995 | SCR/HR | Arithmeti Social 18 10.35 Disruptive 15 (0/15) | 10.35 Data related
c Stress Behaviour (0/18) | (0.32) > 70t (0.32) to loses
task Questionnaire percentile only

NS for extracted
disruptive
scale 18
(0/18),
Anxious
Disruptive
: anxiety >
65th
percentile
and
disruptive
> 7(th
percentile
18 (0/18)

Herpertz, SCL /SCR | Orienting Kinder-DIPS | 26 10.35 ADHD 21 | 10.29 21 (0/21) | 9.83 SCR during

2001 / HR paradigm, (CLINICAL) | (0/26) | (1.89) (0/21) (1.92) (1.55) task
tones of extracted,
1000hz Baseline

HR
extracted

Herpertz, SCR/SCL | Orienting The 20 11.55 ADHD 28 | 10.5 25 (0/25) | 9.66 Total SCR

2003 / HR paradigm Diagnostic (0/20) | (1.67) (0/28) (2.28), (1.63) amplitude
(ten1000- DISYPS ADHD + | 10.41 for
Hz tones) (CLINICAL) CD 50 (2.00) Orienting

(0/50) response
extracted,

Baseline
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HR
extracted
due to
missing task
data

Herpertz, SCR /HR Presentati Diagnostic 21 11.57 ADHD + | 10.31 43 (0/43) | 10.37 Reactions to
2005 change on of Interview for | (0/21) | (1.63) CD 54 (2.01) (1.82) unpleasant
pleasant, Psychiatric (0/54) 10.19 stimuli
unpleasan Disorders in ADHD (1.91) extracted
t and Childhood and only
neutral Adolescence (43/0)
pictures (CLINICAL)
from
IAPS set
Maliphant, HR Stress Teacher rating | 12 (12-13) Moderatel | (12-13) 20 (20/0) | (12-13) Task data
1990 induction for disruptive | (12/0) y well extracted
by Sets D behavior behaved
and E of 12 (12/0)
Standard
Ravens
matrices
Mangina, SCL/SCR | Mangina DSM-IV 10 (2/8) | 10.9 10 (3/7) | 10.6 Pre-meta
2000 test (CLINICAL) analysis
(stimulus computing
discrimin SMD and
ation) SE across
sessions,
only left
hand SCR

included
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Marsh, 2008 | SC/RSA/ | Monetary | 3 min CBCL/CSI 31 9.8(1.4) |CSI 11.8 23 (0/23) | 10.5 SC and
PEP incentive | baseline (0/31) ADHD (4.4) (1.5) RSA task
and symptom data
extinction count: extracted
task (Sad DBD:,
emotion ADHD
induction) criteria
met: DBD
13 (0/13)
Mattys, 2004 | SCL /HR Door DSM-IV / 19 9.8(1.2) | ADHD 20 (0/20) | 9.7 (1.6) | Task data
opening CBCL (0/19) criteria extracted
task (CLINICAL) met 12
(reward) (0/12)
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Murfioz, 2008 | SCR Competiti Peer Conflict | 85 15.53 RA+ high Low PA Task minus
ve Scale, NS (0/85) | (1.28) RA and and low baseline
Reaction low PA RA 40 extracted
Time (0/29), RA (0/40)

Task CU+ high Low PA
(CRTT) RA and and low
CU (0/19), RA CU+
RA CU- 13 (0/13)
high RA Low PA
and low and low
CU (0/10), RA CU-
High RA 27 (0/27)
and PA
(0/16),
CU+ High
RA and
PA (0/11),
CU- High
RA and
high PA
(0/5)

Pang, 2013 RSA Emotiona CSI/ CBCL 30 9.9 Depressio | 9.9 69 (0/69) | 9.9 T1 RSA
1 film (CLINICAL) | (0/30) |(1.52) n28,CD | (1.52) (1.52) reactivity
clips + extracted

Depressio

n 80
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Popma, 2006 | SC/HR Psycho- DISC-1V 71 (12-14) | DP-no DP- 30(0/30) | 13.30 Task data
social (CLINICAL) | (0/71) DBD 13.93 (0.70) for HR and
stress test diagnosis | (0.78), SC data

49 (0/49) | DP+ extracted
DP+ DBD | 13.63

diagnosis | (0.69)

22 (0/22),

ADHD

criteria

met: DP- 5

(0/5) DP+

9(0/9)

Posthumus, | SCL/SCR | one- CBCL/ ODD/C | 4.3(0.3) | ODD/CD |ODD/C | 101 4.3 (0.2) | Task data

2009 / HR minute (DISC-IV-P) | D43 + ADHD |D+ (36/65) extracted
window (CLINICAL) | (16/27) 45 ADHD
following (14/31), 4.2 (0.3),
the High High
exciting aggressive | aggressiv
moment 124 (45/ e43

79) (0.3)

Schmidt, SCL Presentati | 5 min DSM-III /NS | 11(4/7) | 9.7 11(4/7) |10.35 SCL task

1985 on of (CLINICAL) data
eight extracted
75Db
tones

Schoorl, SCL/HR/ | Stress DISC-1V 66 10.3 ADHD 46 36 (0/36) | 10 (1.25) | Task data

2016 HRV induction (CLINICAL) | (0/66) | (1.28) (0/46); extracted

(square root | (performa Anxiety
of the nce task) 39 (0/39);

squared

Depressio
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means n 9 (0/9);
differences ASD 43
of N-N (0/43);
intervals) Eating
disorders
18 (0/18)
Snoek, 2004 | HR Provocati Diagnostic 15 10.4 OD/AD 31 | 10 (1.6); |26(6/20) | 10.3 Baseline
on phase Interview (3/12) | (0.9 (4/27); 9.8 (1.4) (1.3) data
of Schedule for ADHD 23 extracted as
response Children (4/19) control task
perseverat version 2.3 data were
ion task (CLINICAL) missing
Van Goozen, | HR/SCL Stress DSM-IV 26 10.1 ADHD 12; 26 10 Only task
2000 induction (CLINICAL) | (6/20) Dysthymic data
(competiti 2; extracted
on) for 30 Posttraum
mins atic 1;
Encopresis
2
Waschbusch, | HR Modified K-SADS/ 23 11.1 ADHD 17 | ADHD 115 11(0.9) | Loss
2002 lab Disruptive (0/23) | (1.0) (0/17), 11(0.9), | (0/115) message
provocati Behaviour ADHD/O | ADHD/ with high
on task Disorders DD/CD 20 | ODD/C provocation
Rating Scale (0/20) D 10.8 (‘middle 2”)
(CLINICAL) (0.8) extracted
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Zahn, 1993 SCL /SCR | Reaction DICA / 29 11.1 ADHD 25 33 (0/33) | 12.3 Task 3 data
/ HR time task DIPCA (0/29) | (3.3) (0/25) (2.8) extracted
(CLINICAL)

Note: CDRT = Conduct Difficulties Rutter Teacher Scales for School-age Children; CD = ; DBD=; RA = reactive aggression; PA = proactive
aggression, DISC-P = Diagnostic Interview Schedule for Children IV—Parent version; Kinder-DIPS = Diagnostic Interview for Psychiatric
Disorders in Childhood and Adolescence; BP = blood pressure; HRV = heart rate variability; DICA = Diagnostic Interview for Children and
Adolescents; DIPCA = Diagnostic Interview for the Parents of Children and Adolescents; DISC = Diagnostic Interview Schedule for Children;
ASPD = Antisocial Process Screening Device; DISYPS= System for Psychiatric Disorders in Childhood and Adolescence; DABWA =
Development and Well Being Assessment; ASI-4R = Adolescent Symptom Inventory; ICU = Inventory of Callous-Unemotional Traits; K-SADS-
PL = Kiddie Schedule for Affective Disorders and Schizophrenia Present and Lifetime; (CLINICAL) refers to inclusion into clinical sample sub-

group analysis
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to evoke stress

First outcome Task comments | Baseline | Group N (f/m) Mean age | Comorbiditie | Mean age | Comments
author and | measure comment | definition (SD) or s (SD) or
year s range range
Beauchaine, | RSA /PEP | Behavioural PEPand | CBCL 99 (No Ages 4-6 | ECBI problem RSA Baseline
2013 challenge with RSA informati behavior / data extracted
parents averaged on about SCS emotion
across 30- M/F) regulation, All
s epochs children met
criteria for
ADHD
Bubier, RSA / PEP | Social, cognitive, Child 63 7.79 (1.08) | ADHD ADHD RSA change
2008 physical and Symptom (34/29) symptoms symptoms | from baseline
emotional Inventory-4 met: M met: M extracted
challenging tasks ADHD-I, M ADHD-I Pre meta-
to evoke stress ADHD-H, F (10.7), M | analysis
ADHD-I, F ADHD-H | conducted
ADHD-H (9.7, F computing r
ADHD-I and SE across
(5.9),F boys and girls
ADHD-H
(7.0)
Bubier, RSA / PEP | Social, cognitive, Child 57 7.77 (1.08) | N/A N/A RSA task
2009 physical and Symptom (28/29) reactivity
emotional Inventory-4 extracted
challenging tasks




40

Choy, 2015 | HR Trier Social Rest DSM-IV-TR | 388 (11-12) General Task data
Stress Test based (198/190) antisocial / extracted
questionnaire Delinquency /
for CD and Aggressive vs.
ODD Non-
aggressive /
Child
Psychopathy
Colasante, | HR Watching moral CBCL 110 5.23 (.52), Zero order
2017 transgression physical (51/59) 8.02 (.29), correlation data
video aggression 12.08 (.29) extracted
scale
Crozier, HR Imagination task | 173-s ABQ/YSR/ |386(131/ Pre meta-
2008 (being victimized | baseline | CBCL 255) analysis
in hypothetical period conducted
provocation computing r
situation) and SE across
males and
females
Eisenberg, | HR Distressing film Child Problem | 199 90 months Task data
1996 Behavior (97/102) | (14) extracted
Checklist Pre meta-
analysis
conducted
computing r
and SE across
males and
females
Eisenberg, [ RSA Crying babies Neutral Infant Toddler | 213 17.76 Residual
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2012 film smiling Social and (94/119) | months change scores
babies Emotional (0.48) for task data
film Assessment and Mother-

reported
aggression/
defiance data
extracted

El-Sheikh, [ RSA Audio stimulus Personality 413 8.13 N/A N/A Task reactivity

2011 with an argument Inventory for | (194/219) | (0.33), extracted

between 2 adults Children IT (222/0) 8.98
(Externalizing) (0.28),
10.05
(0.31),
11.03
(0.45)
Fagan, HR /HRV | Emotion learning DISC-1V / 339 9.06 (0.6) | ASPD - HR data
2017 (power task, Emotion CBCL (176/163) narcissism and extracted,
analysis of | regulation task, Impulsivity Pre meta-
component | Reward scales / ICU analysis
frequencie | Paradigm conducted
s)/ PEP computing r
and SE across
males and
females

Fortunato, [ RSA 12 min Emotion SDQ (273/0) Fear related

2013 induction Externalizing data extracted

paradigm (film, scale

Fear / Sadness /
Happiness /
Anger)
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Galan, 2017 | HR No task (resting) | Averaged | SRD 160 Age 12
five 60s (0/160)
epochs
Glenn, SCL/ Watching neutral | last60s [ RPQ/BASC- | 250 9.72 (0.62) SCL and RSA
2018 RSA video of the II (88/162) data and T1
video reactive
aggression data
and Parent
ratings of RA
extracted
Gray, 2017 | RSA Trier Social CBCL 92 (5-16) Preschool Age Task data
Stress Test for Externalizing | (52/40) Psychiatric extracted
Children (TSST- Assessment
0) (PAPA)/
Potentially
traumatic
events
Hastings, HR / Mean | Social CBCL/YSR |215 13.67 T1 HR data
2011 Arterial Performance (106/109) | (1.80) extracted
Pressure Paradigm
Hastings, HR / BP Social CBCL/TRF/ | 86 54.85 Mother report Speech task
2007 Performance YSR (34/52) months / Youth report data extracted
Paradigm (3.35)
Hinnant, RSA Argument task Personality 176 (98/ | 8.68 (0.36) Argument task
2009 (audiotaped Inventory for | 78) reactivity and
argument) Children — II Externalizing

problems at T1
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extracted
Hinnant, RSA Star tracing task [ 3 min Personality 251 8.23 (0.72) | N/A N/A Age 8 RSA
2015 Inventory for [ (122/129) task data
Children I/ extracted
Delinquency
Hinnant, SCL Star tracing 3 min YSR 252 15.79 Permissive Baseline SCL
2016 Externalizing | (134/118) [ (0.81) Parenting / and RSA
scale Affiliation extracted
with deviant
peers /
Substance Use
Jimenez- SCL / PEP | lowa gambling BASC-II 360 Task data
Camargo, Task as stress Aggression (125/235) extracted
2017 induction subscale
Keller, RSA Audio stimulus Personality 54 8.72 (5.6 N/A N/A T1 task
2009 with an argument Inventory for | (36/28) months) reactivity
between 2 adults Children I1 extracted
(Externalizing)
Kochanska, [ SCL composite across Composite 81 (37/ Age 8 Task data
2017 all episodes of score based on | 44) extracted
social stress CSI-4 / ASI-
4R /ICU
Kochanska, | SCL 3 min Rest, 2 Child 81 (37/ Parent rated
2015 min Deep Symptoms 44) Age 8 behavior data
breathing, 3 min Inventory-4 extracted
Startle task, 3 (CSI-4)

min Rest, 2 min
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Gift anticipation

Murray- SCL /BP | Social Children's (161/0) (8.53 - Relational A SCL and
Close, 2014 Competence Social 12.44) 157, Physical Systolic BP
Interview(SCI) Behaviour aggression and Physical
Scale — 157 aggression
Teacher extracted
Report
Paysnick, SCL/ Social 4 min CBCL 66 16.6 (0.5) | YSR Task related
2015 RSA Competence Externalizing | (40/26) Externalizing SCL and RSA
Interview scale scale data and CBCL
(revealing Externalizing
stressful extracted
experience)
Portnoy, HR Social stressor Self-reported | 335 16.15 RA/PA/ N/A Stress task data
2014 task (2 mins Delinquency (0/335) (0.89) Violent extracted and
thinking about Scale (SRD) behavior / violent
the worst or most Non-violent behavior
stressful event) behavior / subscale
Psychopathy
Pritzlich, HR No task K-SADS-PL 1010 14.2 (2.4) HR baseline
2018 (659/351) extracted
Raine, 1987 | HR Average across | Overall RBPC 40 (40/0) | 11.5 Overall HR
examination time | baseline baseline
(including of three extracted
continuous sampling
performance periods
task)
Sijtsema, HR No task 4 min ASB 809 11.09 T1 ASB
2013 (454/355) | (0.56) extracted
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Van HR Frustration and CBCL / TRF 52 (0/52) | 10.2 CBCL CBCL
Goozen, aggression (Delinquent, Externalizing
1998 provocation task Aggressive, extracted
(competition) Externalizing)
/ TRF
(Delinquent,
Aggressive,
Externalizing),
ADHD
diagnosis met:
(9/0)
Xu, 2014 HR No task 4 mins in | Teachers 189 7.64 PA/RA T1 RA
a quiet ratings of PA [ (91/98) extracted
room and RA
Zhang, RSA Emotion Average | CBCL 253 9.05 (0.60) | CBCL T1 task data
2017 regulation task of two Externalizing | (132/121) Internalizing extracted,
2min scale Pre meta-
resting analysis
periods conducted
computing r
and SE across
males and
females

Note: CDRT = Conduct Difficulties Rutter Teacher Scales for School-age Children; CD = ; DBD= ; RA = reactive aggression; PA = proactive
aggression, DISC-P = Diagnostic Interview Schedule for Children IV—Parent version; Kinder-DIPS = Diagnostic Interview for Psychiatric
Disorders in Childhood and Adolescence; BP = blood pressure; HRV = heart rate variability; DICA = Diagnostic Interview for Children and
Adolescents; DIPCA = Diagnostic Interview for the Parents of Children and Adolescents; DISC = Diagnostic Interview Schedule for Children;
ASPD = Antisocial Process Screening Device; DISYPS= System for Psychiatric Disorders in Childhood and Adolescence; DABWA =
Development and Well Being Assessment; ASI-4R = Adolescent Symptom Inventory; ICU = Inventory of Callous-Unemotional Traits; K-SADS-
PL = Kiddie Schedule for Affective Disorders and Schizophrenia Present and Lifetime




Supplemental Table 3. Scores on the Newcastle Ottawa Scale (NOS), case-control studies.
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Study
first
author

(year)

Selection

Compara
bility

Exposure

Tot
al
sco
re

Is the
case
definit
ion
adequ
ate?

Representati
veness of
cases

Select
ion of

contro
Is

Definit
ion of
control
S

Comparab
ility of
cases and
controls

Ascertain
ment

Same
meth
od
for
cases
and
contr
ols

Non-
respo
nse
rate

Anastass
10u-
Hadjicha
rala-
mbous,
2008

Beauchai
ne, 2001

Beauchai
ne, 2003

sk

Beauchai
ne, 2008

kK

Crowell,
2006

Da Silva,
2014

De
Vries-
Bouw,
2012

De
Wied,
2006

kK

De
Wied,
2012

k3

Fairchild
, 2008a

Fairchild
, 2008b

Fairchild
, 2010

Fung,
2005

3k

Garralda,
1991

Gatzke-
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Kopp,
2015

Grimes,
2004

Harden,
1995

Herpertz,
2001

sk

Herpertz,
2003

Herpertz,
2005

Malipha
nt, 1990

Mangina
, 2000

Marsh,
2008

kK

Mattys,
2004

Muiioz,
2008

Pang,
2013

kK

Popma,
2006

Posthum
us, 2009

Schmidt,
1985

k3

Schoorl,
2016

Snoek,
2004

sk

Van
Goozen,
2000

Waschbu
sch,
2002

kk

Zahn,
1993

kK




Supplemental Table 4. Scores on the Newcastle Ottawa Scale (NOS), correlational studies.

Study first
author

(year)

Selection

Exposure

Is the case
definition
adequate?

Representativeness
of cases

Ascertainment

Non-
response
rate

Beauchaine,
2013

*

*

Bublier 2008

Bubier, 2009

Choy, 2015

Colasante,
2017

®| ¥ *| ¥

*| ®| *| *

AN~

Crozier,
2008

Eisenberg,
1996

Eisenberg,
2012

El-Sheikh,
2011

Fagan, 2017

Fortunato,
2013

Galan, 2017

Glenn, 2018

Gray, 2017

Hastings,
2011

Hastings,
2007

Hinnant,
2009

Hinnant,
2015

Hinnant,
2016

Jimenez-
Camargo,
2017

Keller, 2009

[\

Kochanska,
2017

Kochanska,
2015

Murray-
Close, 2014

Paysnick,
2015

Portnoy,
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2014

Pratzlich,
2018

Raine, 1987

Sijtsema,
2013

Van Goozen,
1998

Xu, 2014

Zhang, 2017
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Supplementary figures 1-29: Forest plots for each outcome.

Forest plots for each outcome.

Meta Analysis CC HR Baseline

Study name Statistics for each study Std diff in means and 95%Cl
Std diff  Standard Lower Upper
inmeans  error  Variance limit limit  Z-Value p-Value
de Wied (2012) 0.419 0.323 0.105 -0.215 1.053 1.295 0.195
Garralda (1991) 0.000 0.283 0.080 -0.554 0.554 0.000 1.000
Herpertz (2001) -0.509 0.298 0.089 -1.093 0.075 -1.708 0.088
Herpertz(2003) -0.579 0.296 0.088 -1.160 0.002 -1.954 0.051
Snoek (2004) -0.994 0.342 0.117 -1.665 -0.323 -2.903 0.004
-0.326 0.234 0.055 -0.784 0.132 -1.396 0.163 —
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 1: Case-Control HR Baseline, SMD: -0.326, CI [-0.784; 0.132], I*: 65.337, Egger:

p=.335

Meta Analysis CC HR Task

Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value

Anastassiou-Had (2008) 0.079 0.255 0.065 -0.420 0.578 0.309 0.757 O
Beauchaine (2003) 0.149 0.309 0.096 -0.458 0.755 0.481 0.631 O
Crowell (2006) 0.092 0.325 0.106 -0.545 0.729 0.282 0.778 i
de Vries-Bouw (2012) -0.507 0.365 0.133 -1.223 0.208 -1.390 0.165 %
de Wied (2006) 1.204 0.305 0.003 0.607 1.801 3.954 0.000 —
de Wied (2012) -0.300 0.213 0.045 -0.718 0.118 -1.406 0.160 -,
Fairchild (2008a) -0.990 0.195 0038  -1.372  -0.609 -5.086 0.000 —
Gatzke -Kopp (2015) -0.409 0.131 0017  -0666  -0.151 -3.109 0.002 —_—
Harden (1995) 0.257 0.351 0.123 -0.431 0.945 0.731 0.465 L
Herpertz (2005) 0.678 0.273 0.074 0.143 1.213 2484 0.013 —il—
Mealiphant (1990) -1.715 0.423 0.179 -2.545 -0.885 -4.050 0.000 [
Matthys (2004) -0.275 0.322 0.104 -0.906 0.356 -0.855 0.392 i
Popma (2006) -0.821 0.292 0.085 -1.394 -0.249 -2.812 0.005 ——
Posthumus (2009) -0.112 0.182 0.033 -0.469 0.245 -0.616 0.538 —_—1
Schoorl (2016) 0.251 0.208 0043  -0.156 0.659 1.208 0.227 0
van-Goozen (2000) -0.639 0.284 0.081 -1.197 -0.082 -2.248 0.025 i
Waschbusch (2002) -0.243 0.229 0.052 -0.692 0.206 -1.062 0.288 0
Zahn (1993) 0.313 0.256 0.066 -0.189 0.815 1.223 0.221 -,

-0.155 0.133 0.018 -0.415 0.105 -1.169 0.242 —_

-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls

Meta Analysis
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Suppl. Figure 2: Case-Control HR During Task, SMD: -0.155, CI [-0.415; 0.105], I?: 80.055 Egger:

p=.539



Meta Analysis CC RSA Task

Study name Statistics for each stud: _Std diff in means and 95% CI_

Std diff Standard Lower Upper

in means error Variance limit. limit Z-Value p-Value
Beauchaine (2001) -0.043 0.292 0.085 -0.615 0.529 -0.147 0.883
Beauchaine (2003) -0.750 0.320 0.102 -1.376 -0.124 -2.347 0.019
Beauchaine (2008) -0.166 0.151 0.023 -0.463 0.131 -1.096 0.273
Crowell (2006) -0.232 0.326 0.106 -0.871 0.407 -0.712 0.476
Marsh (2008) -0.149 0.276 0.076 -0.689 0.391 -0.540 0.589
Pang (2013) -0.137 0.247 0.061 -0.621 0.346 -0.556 0.578

-0.206 0.098 0.010 -0.398 -0.014 -2.105 0.035
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 3: Case-Control RSA During Task, SMD: -0.206, CI [-0.398; -0.014], I: 0.000

Egger: p=.492

Meta Analysis CC HRV Task

Study name Statistics for each stud Std diff in means and 95% CI
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
de Vries-Bouw (2012) -0.183 0.360 0.130 -0.889 0523 -0.507 0.612 L |
Schoorl (2016) -0.340 0.209 0.043 -0.748 0.069 -1.628 0.103 .
-0.300 0.180 0.033 -0.654 0.053 -1.664 0.096 ’-
-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 4: Case-Control HRV During Task, SMD: -0.300, CI [-0.654; 0.053], I?: 0.000
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Meta Analysis CC PEP Task

Study name Statistics for each stud _Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit. limit Z-Value p-Value
Beauchaine (2001) 0.595 0.298 0.089 0.010 1.179 1.995 0.046 O
Beauchaine (2003) 0.837 0.322 0.104 0.205 1.468 2.508 0.009 ——
Beauchaine (2008) 0.202 0.152 0023  -0.006 0.590 1.920 0.055 —
Crowell (2006) 1.328 0.359 0.129 0.625 2.031 3.701 0.000 —_—
Marsh (2008) 0.294 0.217 0077  -0.248 0.836 1.063 0.288 T
0597 0.180 0.032 0.245 0.948 3.324 0.001 i
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 5: Case-Control PEP During Task, SMD: 0.597, CI[0.245; 0.948], I?: 55.245 Egger:

p=.105

Meta Analysis CC SCL Baseline

Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper
inmeans  error Variance limit limit  Z-Value p-Value
Garralda (1991) 0.117 0.283 0.080 -0.438 0672 0414 0.679 —
Zahn (1993) -0.470 0.258 0.067 -0.976 0.036 -1.822 0.068 F
-0.188 0.293 0.086 -0.763 0.387 -0.641 0.522
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 6: Case-Control SCL Baseline, SMD: -0.188, CI [-0.763; 0.387], I?: 57.479



Meta Analysis CC SCL Task

Study name Statistics for each study Std diff in means and 95%CI

Std diff  Standard Lower Upper

in means error  Variance limit limit Z-Value p-Value
Fairchild (2010) -0.374 0.273 0.075 -0910 0.161 -1.370 0.171 —
Grimes (2004) -0.304 0.200 0.040 -0.697 0.089 -1.518 0.129 —
Mangina (2000) -5.962 0.603 0.363 -7.143 -4.781 -9.893 0.000
Marsh (2008) -0.528 0.280 0.078 -1.077 0.020 -1.887 0.059
Matthys (2004) -0.896 0.336 0.113 -1.555 -0.238 -2.667 0.008
Popma (2006) -0.528 0.285 0.081 -1.087 0.032 -1.849 0.065
Schmidt (1985) 0.308 0.429 0.184 -0.533 1.149 0.718 0473 .
Schoorl (2016) 0.053 0.207 0.043 -0.353 0.459 0.254 0.799 ——
van Goozen (2000)  -1.098 0.298 0.089 -1.681 -0.514 -3.689 0.000
Zahn (1993) -0.491 0.258 0.067 -0.997 0.016 -1.899 0.058

-0.862 0.300 0.090 -1.450 -0.274 -2.871 0.004

-2.00 -1.00 0.00 1.00 2.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 7: Case-Control SCL During Task, SMD: -0.862, CI [-1.450; -0.274], I?: 90.946,

Egger: p=.012

Meta Analysis CC SCR Baseline

Study name Statistics for each study Std diff in means and 95%Cl
Std diff  Standard Lower Upper
in means error  Variance limit limit Z-Value p-Value

Crowell (2006) -0.964 0.343 0.118 -1.636 -0.291 -2.808 0.005 —

Munoz (2008) -0.025 0.296 0.088 -0.605 0.555 -0.085 0.932 -
-0.478 0.469 0220 -1.397 0441 -1.020 0.308

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 8: Case-Control SCR Baseline, SMD: -0.478, CI [-1.397;0.441], I2: 76.690



Suppl. Figure 9: Case-Control SCR During Task SMD: -0.364, CI [-0.501; -0.227], I?: 0.000,

Meta Analysis CC SCR Task

Study name Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
da Silva (2014) -0.490 0.233  0.054 -0.946 -0.035 -2.109 0.035 ——
Fairchild (2008b) -0.180 0.208  0.043 -0.587 0.227 -0.867 0.386 —l—
Fung (2005) -0.129 0.176  0.031 -0.474 0.215 -0.737 0.461 —i—
Gatzke- Kopp (2015)  -0.507 0.132  0.017 -0.766 -0.248 -3.836  0.000 -
Harden (1995) -0.510 0.355 0.126 -1.206 0.186 -1.435 0.151
Herpertz (2001) -0.420 0.297  0.088 -1.002 0.161 -1.417 0.157
Herpertz (2003) -0.763 0.301 0.090 -1.353 -0.174 -2.538 0.011 —_—t
Herpertz (2005) -0.151 0.267  0.071 -0.674 0.371 -0.567 0.571 —
Posthumus (2009) -0.303 0.183  0.033 -0.661 0.056 -1.654 0.098 —i
-0.364 0.070  0.005 -0.501 -0.227 -5.222  0.000 <

-2.00 -1.00 0.00 1.00 2.00

Lower in CP Lower in Controls

Meta Analysis

Egger: p=.416
Meta Analysis COR HR Baseline
Study name Statistics for each study Correlation and 95%CI
Lower  Upper
Correlation  limit limit Z-Value p-Value

Colasante (2017) -0.030 -0.216 0.158 -0.310 0.756 —a—
Fagan (2017) -0.153 -0.255 -0.047 -2.824 0.005 . 3
Galan (2017) 0110 0261 0046 -1.385  0.166 —
Praetzlich (2018) 0.040 -0.022 0.102 1.267 0.205 .
Raine (1987) -0.310 -0.567 0.002 -1.950 0.051 ]
Sijtsema (2013) 0.111 -0.157 -0.064 -4.645  0.000 B
Van-Goozen (1998) -0460 -0.651 -0.214 -3.481 0.000 ——
Xu (2014) 0250 -0.381 -0.109 -3426  0.001 -

-0.139 -0227 -0.048 -2.985 0.003 <&

-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls

Meta Analysis
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Suppl. Figure 10: Correlational HR Baseline, » =-0.139, CI [-0.227; -0.048], 12: 79.714, Egger: p=

.099



Meta Analysis COR HR Task

Study name
Correlation
Choy (2015) -0.120
de Vries-Bouw (2012) -0.060
Hastings (2007) -0.210
Hastings (2011) -0.050
Portnoy (2014) -0.130
Schoorl (2016) -0.480
Zahn (2004) -0.130
-0.165

Statistics for each study

Lower Upper
limit limit
-0.217 -0.021
-0.301 0.189
-0.450 0.059
-0.183 0.084
-0.234 -0.023
-0.617 -0.315
-0.359 0.114
-0.265 -0.061

Z-Value

-2.366
-0.469
-1.537
-0.729
-2.382
-5.204
-1.046
-3.106

p-Value

0.018
0.639
0.124
0.466
0.017
0.000
0.296
0.002

-1.00

Correlation and 95% ClI

-0.5

: 3
. 3
4

0 0.50 1.0

0.00 . 0

Meta Analysis
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Suppl. Figure 11: Correlational HR During Task: » =-0.165, CI [-0.265; -0.061], I?:64.805, Egger:

p=.476

Suppl. Figure 12: Correlational RSA Baseline, » =-0.060, CI [-0.132; 0.013], I>: 0.000, Egger:

p=.263

Meta Analysis COR RSA Baseline
Study name Statistics for each study Correlation and 95%Cl
Lower Upper
Correlation  limit limit Z-Value p-Value
Beauchaine (2013) -0.040 -0.257 0.181 -0.351 0.725
Bubier (2008) -0.107 -0.347 0.146 -0.829 0.407
Glenn (2018) -0.070 -0.197 0.060 -1.057 0.290
Jimenez-Camargo (2017) -0.050 -0.153 0.054 -0.945 0.344
-0.060 -0.132 0.013 -1.612 0.107
-1.00  -0.50 0.00 0.50 1.00

Lower in CP

Lower in Controls

Meta Analysis



Meta Analysis COR RSA Task

Study name Statistics for each study Correlation and 95% CI
Lower Upper

Correlation limit limit Z-Value p-Value
Bubier (2009) 0.110 -0.155 0.360 0.812 0.417
Eisenberg (2012) -0.040 -0.173 0.095 -0.580 0.562
El-Sheik (2011) 0.010 -0.087 0.106 0.202 0.840
Fortunato (2013) 0.010 -0.109 0.129 0.164 0.869
Gray (2017) 0.020 -0.186 0.224 0.189 0.850
Hinnant (2009) 0.070 -0.079 0.216 0.922 0.356
Hinnant (2015) -0.020 -0.143 0.104 -0.315 0.753
Keller (2009) 0.090 -0.159 0.329 0.705 0.481 —
Marsh (2008) -0.210 -0.452 0.061 -1.5622 0.128 —_—
Pang (2013) -0.130 -0.339 0.091 -1.155 0.248 ———
Paysnick (2015) 0.130 -0.116 0.361 1.038 0.299 o

0.004 -0.044 0.051 0.145 0.885 L
-1.00 -0.50 0.00 0.50 1.00

Meta Analysis
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Suppl. Figure 13: Correlational RSA During Task, » = 0.004, CI [-0.044; 0.051], 12:0.000, Egger: p=

992

Suppl. Figurel4: Correlational PEP During Task, » =-0.056, CI [-0.270; 0.164], 1*:67.675, Egger:

p= 493

Meta Analysis COR PEP Task

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation limit limit Z-Value p-Value
Bubier (2009) 0.030 -0.232 0.288 0.221 0.825
Hinnant (2016) 0.060 -0.064 0.182 0.948 0.343
Marsh (2008) -0.310 -0.533 -0.046 -2.289 0.022
-0.056 -0.270 0.164 -0.494 0.621
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis



Meta Analysis COR SCL Baseline

Study name

Statistics for each study

Lower Upper

Correlation and 95% Cl

Correlation  limit limit Z-Value p-Value
Glenn (2018) -0.030 -0.153 0.094 -0.472 0.637
Jimenez-Camargo (2017) 0.120 0.017 0.221 2278 0.023 -.-
Paysnick (2015) 0.030 -0.214 0.270 0.238 0.812
0.049 -0.058 0.154 0.895 0.371
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis
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Suppl. Figure 15: Correlational SCL Baseline, » = 0.049, CI [-0.058; 0.154], 12: 40.452, Egger: p =

384

Suppl. Figure 16: Correlational SCL During Task, » = 0.023, CI [-0.122; 0.167], [*:74.255, Egger:

p=.347

Meta Analysis COR SCL Task

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation limit limit Z-Value p-Value
Hinnant (2016) -0.020 -0.143 0.104 -0.316 0.752
Koschanska (2015) 0.150 -0.071 0.357 1.335 0.182
Koschanska (2016) -0.020 -0.237 0.199 -0.177 0.860
Marsh (2008) 0.320 0.057 0.541 2.368 0.018
Murray-Close (2014) -0.040 -0.193 0.115 -0.503 0.615
Paysnick (2015) 0.220 -0.023 0.439 1.775 0.076
Schoorl (2016) -0.340 -0.501 -0.156 -3.523 0.000
0.023 -0.122 0.167 0.313 0.755
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis



Subgroup Meta Analyses: Gender

Meta Analysis COR HR Task

Study name

Statistics for each study Correlation and 95%CI
Lower  Upper
Correlation  limit limit  Z-Value p-Value
Crozier (2008) 0.130 0.007 0.249 2.075 0.038
Eisenberg (1996) 0.230 0.037 0.406 2.330 0.020 ——
0.159 0.055 0.259 2.996 0.003 ‘
-1.00  -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 17: Boys, Correlational HR During Task, » = 0.159, CI [0.055; 0.259], I*: 0.000

Meta Analysis COR HR Task

Study name Statistics for each study Correlation and 95%Cl
Lower  Upper
Correlation  limit limit  Z-Value p-Value
Crozier (2008) 0.000 -0.172 0.172 0.000 1.000
Eisenberg (1996) -0.010 -0.209 0.190 -0.097 0.923
-0.004 -0.135 0.127 -0.063 0.950
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 18: Girls, Correlational HR During Task, » =-0.004, CI [-0.135; 0.127], I%: 0.000
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Meta Analysis COR PEP Baseline

Study name Statistics for each stu Correlation and 95% CI
Lower Upper
Correlation limit limit Z-Value p-Value
Beauchaine (2013) -0.120 -0.331 0.102 -1.058 0.290
Fagan (2017) 0.004 -0.103 0.110 0.067 0.947
-0.020 -0.115 0.077 -0.397 0.692
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis

Suppl. Figure 19: Correlational PEP Baseline, » = -0.020, CI [-0.115; 0.077], I?:0.000

Meta Analysis COR PEP Task

Study name Statistics for each study Correlation and 95% CI
Lower Upper
Correlation limit limit Z-Value p-Value
Bubier (2008) -0.224 -0.447 0.025 -1.768 0.077
Bubier (2009) 0.030 -0.232 0.288 0.221 0.825
Hinnant (2016) 0.060 -0.064 0.182 0.948 0.343
-0.025 -0.193 0.145 -0.282 0.778
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
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Suppl. Figure 20: Correlational PEP Task, » =-0.025, CI [-0.193; 0.145], 12:50.631, Egger: p=.518



Subgroup Meta Analyses: ADHD

Meta Analysis CC HR Task

Study name
Std diff
in means
Herpertz (2005) 0.173

Posthumus (2009) -0.103
Waschbusch (2002) -0.212
-0.037

Statistics for each study Std diff in means and 95% Cl
Standard Lower Upper
error  Variance limit limit Z-Value p-Value
0.205 0.042 0229 0.574 0.843 0.399 —
0479  0.032 -0.454 0249 -0573 0.567 —B—
0.243 0.059 -0.687 0.264 -0.873 0.383 —
0118 0014 -0.268 0194 -0.315 0.753 -

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis
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Suppl. Figure 21: With ADHD, Case-Control HR During Task, SMD: -0.037, CI [-0.268; 0.194], I*:

0.000, Egger: p=.429

Meta Analysis CC HR Task

Study name Statistics for each stud Std diff in means and 95%CI
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Herpertz (2005) 0.678 0.273  0.074 0.143 1.213 2484 0.013
Posthumus (2009) -0.112 0.182  0.033 -0469 0.245 -0.616 0.538
Waschbusch (2002) -0.243 0.229  0.052 -0.692 0.206 -1.062 0.288
0.080 0.255 0.065 -0420 0.580 0.315 0.753
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 22: Without ADHD, Case-Control HR During Task SMD: 0.080, CI [-0.420; 0.580],

I2: 73.887, Egger: p=.241



Meta Analysis CC SCR Task

Study name Statistics for each stu Std diff in means and 95%Cl
Std diff  Standard Lower Upper
in means error  Variance limit limit  Z-Value p-Value
Herpertz (2003) -0.501 0.237 0.056 -0.966 -0.037 -2.117 0.034
Herpertz (2005) -0.906 0.214 0.046 -1.326 -0.486 -4.224 0.000
Posthumus (2009) -0.239 0.180 0.032 -0.592 0.113 -1.331 0.183
-0.538 0.204 0.041 -0.937 -0.138 -2.640 0.008
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis
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Suppl. Figure 23: With ADHD, Case-Control SCR During Task, SMD: -0.538, CI[-0.937; -0.138],

I?: 64.773, Egger: p=.292

Meta Analysis CC SCR Task

Study name Statistics for each stu Std diff in means and 95% CI
Std diff  Standard Lower Upper
inmeans  error  Variance limit limit  Z-Value p-Value
Herpertz (2003) -0.792 0.301 0.091 -1.383 -0.201 -2.627 0.009 —
Herpertz (2005) -0.151 0.267 0.071 -0.674 0.371 -0.567 0.571 O
Posthumus (2009) ~ -0.303 ~ 0.183  0.033 -0.661 0.056 -1.654 0.098 —— —
-0.375 0.164 0.027 -0.697 -0.053 -2.282 0.023 ’
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls
Meta Analysis

Suppl. Figure 24: Without ADHD, Case-Control SCR During Task, SMD: -0.375, CI [-0.697; -

0.053], I?: 27.666, Egger: p=.333
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Subgroup Meta-Analyses: Callous-Unemotional Traits

Meta Analysis CC HR Task

Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value

Anastassiou-Had (2008)  -0.173 0.247  0.061 -0.656 0.310 -0.702 0.483 - |
de Wied (2012) 0.000 0320 0.103 -0.628 0.628 0.000 1.000 |

-0.109 0.195  0.038 -0492 0.274 -0.556 0.578

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 24: CP/CU+ Case-Control HR During Task, SMD: -0.109, CI [-0.492; 0.274], 1*

0.000

Meta Analysis CC HR Task

Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value

Anastassiou-Had (2008) 0.079 0255 0.065 -0.420 0.578 0.309 0.757
de Wied (2012) -0.407 0.303  0.092 -1.000 0.187 -1.342 0.180
-0.136 0.241 0.058 -0.609 0.336 -0.565 0.572

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 25: CP/CU- Case-Control HR During Task, SMD: -0.136, CI [-0.609; 0.336], I*:

33.514
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Subgroup Meta-Analyses: Clinical versus Non -Clinical CC samples

Suppl.

0.802

Suppl.

0.832

Meta Analysis CC HR Task

Study name Statistics for each study Std diff in means and 95%Cl
Std diff Standard Lower Upper
in means error  Variance limit limit Z-Value p-Value

Crowell (2006) 0.092 0.325 0.106 -0.545 0.729 0.282 0.778 ! i

de Vries-Bouw (2012)  -0.507 0.365 0.133 -1.223 0.208 -1.390 0.165 i

de Wied (2006) 1.204 0.305 0.093 0.607 1.801 3.954 0.000 E—

de Wied (2012) -0.407 0.303 0.092 -1.000 0.187 -1.342 0.180 i

Fairchild (2008a) -0.990 0.195 0.038 -1.372 -0.609 -5.086 0.000 b

Matthys (2004) -0.275 0.322 0.104 -0.906 0.356 -0.855 0.392 i

Popma (2006) -0.821 0.292 0.085 -1.394 -0.249 -2.812 0.005 —

Posthumus (2009) -0.112 0.182 0.033 -0469 0.245 -0.616 0.538 ——

Schoorl (2016) 0.251 0.208 0.043 -0.156 0.659 1.208 0.227 [

van-Goozen (2000) -0.639 0.284 0.081 -1.197 -0.082 -2.248 0.025 .

Waschbusch (2002) -0.243 0.229 0.052 -0.692 0.206 -1.062 0.288 -

Zahn (1993) 0.313 0.256 0.066 -0.189 0.815 1.223 0.221 il

-0.181 0.169 0.028 -0.511 0.150 -1.072 0.284 ’

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Figure 26: Clinical Case-Control HR During Task, SMD: -0.181, CI [-0.511; 0.150], I*:
Meta Analysis CC HR Task
Study name Statistics for each study Std diff in means and 95%Cl

Std diff Standard Lower Upper
inmeans  error Variance limit limit Z-Value p-Value

Anastassiou-Had (2008) 0.079 0255 0.065 -0420 0.578 0.309 0.757
Beauchaine (2003) 0.149 0309 0.096 -0.458 0.755 0.481 0.631
Gatzke -Kopp (2015) -0.409 0.131 0.017 -0.666 -0.151 -3.109 0.002
Harden (1995) 0.257 0.351 0.123 -0.431 0945 0.731 0.465
Herpertz (2005) 0.678 0273  0.074 0.143 1.213 2484 0.013
Maliphant (1990) -1.715 0423  0.179 -2.545 -0.885 -4.050 0.000

-0.122 0263  0.069 -0.638 0.395 -0.462 0.644

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Figure 27: Non-Clinical Case-Control HR During Task, SMD: -0.122, CI [-0.638; 0.395], 1



Meta Analysis CC RSA Task

Study name Statistics for each study Std diff in means and 95%Cl
Std diff  Standard Lower Upper

in means error  Variance limit limit Z-Value p-Value

Beauchaine (2008) -0.161 0.157 0.025 -0.468 0.146 -1.027 0.305
Pang (2013) -0.137 0.247 0.061 -0.621 0.346 -0.556 0.578
-0.154 0.132 0.017 -0413 0.105 -1.165 0.244

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 28: Clinical Case-Control RSA During Task, SMD: -0.154, CI [-0.413; 0.105], 1%

0.000

Meta Analysis CC RSA Task

Study name Statistics for each study Std diff in means and 95%CI
Std diff  Standard Lower Upper

inmeans  error  Variance limit limit Z-Value p-Value

Beauchaine (2001) -0.043 0.292 0.085 -0.615 0529 -0.147 0.883 -
Marsh (2008) -0.149 0.276 0.076 -0.689 0.391 -0.540 0.589 b
-0.099 0.200 0.040 -0.492 0294 -0494 0.622

-1.00 -0.50 0.00 0.50 1.00

Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 29: Non-Clinical Case-Control RSA During Task, SMD: -0.099, CI [-0.492; -0.294],
12: 0.000
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Meta Analysis CC SCR Task

Study name Statistics for each study Std diff in means and 95%CI

Std diff  Standard Lower Upper

inmeans  error  Variance limit limit  Z-Value p-Value
Fairchild (2008b) -0.180 0.208  0.043 -0.587 0.227 -0.867 0.386 | 0
Herpertz (2001) -0.420 0.297 0.088 -1.002 0.161 -1.417 0.157 L
Herpertz (2003) -0.763 0.301 0.090 -1.353 -0.174 -2.538 0.011 —
Herpertz (2005) -0.151 0267  0.071 -0674 0371 -0567 0.571 O
Posthumus (2009)  -0.303  0.183  0.033 -0.661 0056 -1.654 0.098 —_—1

-0.319 0.106 0.011 -0.526 -0.112 -3.018 0.003 ‘
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 30: Clinical Case-Control SCR During Task, SMD: -0.319, CI [-0.526; -0.112], I*:

0.000

Meta Analysis CC SCR Task

Study name Statistics for each study Std diff in means and 95%Cl

Std diff Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value
da Silva (2014) -0.490 0.233  0.054 -0.946 -0.035 -2.109 0.035
Fung (2005) -0.129 0.176 0.031 -0.474 0215 -0.737 0.461
Gatzke- Kopp (2015)  -0.507 0.132  0.017 -0.766 -0.248 -3.836  0.000
Harden (1995) -0.510 0.355 0.126 -1.206 0.186 -1.435 0.151

-0.396 0.099  0.010 -0.591 -0.202 -3.991 0.000
-1.00 -0.50 0.00 0.50 1.00
Lower in CP Lower in Controls

Meta Analysis

Suppl. Figure 31: Non-Clinical Case-Control SCR During Task, SMD: -0.396, CI [-0.591; -0.202],

I?: 0.084



Supplemental Figures 32-42. Funnel plots for each outcome

Funnel Plot of Standard Error by Std diff in means
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Suppl. Figure 32: Funnel Plot for Case-control HR Baseline studies
Funnel Plot of Standard Error by Std diff in means
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Suppl. Figure 33: Funnel plot for Case-control HR during Task studies
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Funnel Plot of Standard Error by Std diff in means
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Suppl. Figure 34: Funnel plot for Case-control RSA during task studies

Funnel Plot of Standard Error by Std diff in means
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Suppl. Figure 35: Funnel plot for Case-control SCL during Task studies
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Funnel Plot of Standard Error by Std diff in means
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Suppl. Figure 36: Funnel plot for Case-control SCR during Task studies
Funnel Plot of Standard Error by Fisher's Z
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Suppl. Figure 37: Funnel plot for Correlational HR Baseline studies
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Funnel Plot of Standard Error by Fisher's Z
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Suppl. Figure 38: Funnel plot for Correlational HR during Task studies
Funnel Plot of Standard Error by Fisher's Z
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Suppl. Figure 39: Funnel plot for Correlational RSA Baseline studies
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Standard Error

Funnel Plot of Standard Error by Fisher's Z
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Suppl. Figure 40: Funnel plot for Correlational RSA during Task studies
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Suppl. Figure 41: Funnel plot for Correlational SCL Baseline studies
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Suppl. Figure 42: Funnel plot for Correlational SCL during Task studies
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