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1. Introduction

Callous-Unemotional (CU) traits are defined by low empathy, lack of remorse, and
insensitivity to the emotions of others (Frick et al., 2014; Waller et al., 2019). Strong evidence
has shown that CU traits delineate a distinct subgroup of children at heightened risk for severe
and chronic aggression and violence (Fontaine et al., 2011; Waller & Hyde, 2018; Willoughby et
al., 2014). CU traits appear to arise from distinct behavioral, temperament, physiological, and
neural risk factors relative to other types of externalizing psychopathology (Frick et al., 2014;
Waller & Wagner, 2019). Research integrating developmental psychology, neuroscience, and
psychophysiology perspectives has given rise to several provocative etiological models that each
attempt to isolate the core mechanisms that lead to CU traits in children or psychopathy in adults.
For example, meanness, disinhibition, and boldness are phenotypic dispositions proposed within
the triarchic model of psychopathy (TriPM; Patrick et al., 2009); fearless dominance,
impulsivity, and cold-heartedness are dimensions within the Psychopathic Personality Inventory
(PPI-R; Lilienfeld, 2018); impaired reinforcement learning is highlighted within a developmental
neurocognitive model (Blair, 2013), reduced sensitivity to threat and affiliative reward are
championed within the STAR model (Waller & Wagner, 2019); and disrupted emotional
attention, responsiveness, and learning are components within the REAL model (Dadds & Frick,
2019).

These models have in common the idea that CU traits and psychopathy arise from lower
basal physiological functioning and arousal across biological systems (cf. Lykken 1957).
However, there are inconsistent results from studies that have investigated the relations between
physiological functioning, arousal, and reactivity and CU traits. These inconsistencies appear to

arise, in part, from differences in sample type, developmental period, or context between studies,
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which hinders our ability to fully integrate knowledge of physiological functioning into
etiological models of CU traits. To address this limitation, the current review summarizes and
evaluates the results of studies that have examined what is known about parasympathetic nervous
system (PNS) functioning in relation to CU traits, with a focus on studies that have explored
variability in heart rate and respiratory sinus arrhythmia (RSA).

There are several advantages to studying PNS functioning in relation to CU traits,
including the ability to gain moment-by-moment and context-specific insight into individual
differences in attention, regulation, and behavior. Moreover, assessment of PNS functioning is
relatively inexpensive and straightforward to implement, supporting its applicability and
feasibility across different developmental periods and contexts. Beyond an evaluation of the
literature that has explored PNS functioning in relation to CU traits, the current review highlights
the importance of integrating findings across developmental periods, contexts, and sample types
to generate testable hypotheses about the role that disrupted PNS functioning could play in
multiple etiological pathways to CU traits. An important consequence of this work will be to
inform the development of mechanistically-targeted interventions and treatments to reduce
childhood CU traits and antisocial behavior.

2. The Parasympathetic Nervous System and Respiratory Sinus Arrhythmia

The PNS and the sympathetic nervous system (SNS) represent the two divisions of the
autonomic nervous system (ANS). The ANS is the primary avenue for rapid communication
between the brain and the viscera of the body, helping to prepare muscles and organs to rapidly
respond to environmental demands (Cacioppo et al., 2007). The nerves of the PNS and SNS
extend into the body from the nucleus ambiguus and the spinal cord, respectively. However,

these systems are interconnected with a network of subcortical and cortical brain regions that
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synergistically regulate and respond to ANS activity (Hastings & Kahle, 2019). The ganglionic
neurons of the SNS lie along the vertebrae and generally discharge as a whole to motivate
temporary and context-dependent allocation of resources to address specific environmental threat
(i.e., “fight or flight” response; Cacioppo et al., 2007). More recent evidence also suggests that
the SNS is capable of targeted sympathetic influences across organ systems (Charkoudian et al.,
2005). In contrast, the ganglia of the PNS are more distributed in or around the organ of
innervation and provide ongoing and dynamic influence on cardiac physiology to maintain
homeostasis and support the allocation of attentional and regulatory resources to engage with the
environment (Berntson et al., 2008; Cacioppo et al., 2007). The current paper focuses on specific
measures of PNS functioning, such as RSA, but also examines research that has incorporated
measures of heart rate (HR), which indexes both PNS and SNS functioning.

Variability in HR reflects the dynamic influence of both the PNS and SNS. It is
modulated by inhibitory GABAergic pathways between the prefrontal cortex (PFC), amygdala,
and medullary output neurons in the PNS and SNS (Thayer & Lane, 2009). Brainstem nuclei
(e.g., the dorsal motor nucleus and nucleus ambiguus) and nuclei from the craniosacral system
directly influence PNS functioning and in turn, influence HR variability. Indeed, a single efferent
pathway — the X™ cranial, or vagus nerve — accounts for nearly 80% of efferent cranial PNS
activity (Fox & Fitzgerald, 1990; Figure 1). Under homeostatic conditions, input from the
nucleus ambiguus of the vagus nerve to the sinoatrial node of the heart keeps the variability of
intervals between heart beats high (Schechtman et al., 1989). This variability is referred to as the
interbeat interval (IBI) or heart period (HP) and is a nonlinear transformation of HR. Although
HR does reflect both PNS and SNS influences, PNS influences on HR are shorter in latency with

a higher frequency capacity and, therefore, have a much wider range of control over cardiac
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chronotropy than the SNS. In contrast, the SNS predominately influences cardiac contractility,
which reflects the strength of the heart’s contraction during systole (Cacioppo et al., 2007). Thus,
chronotropic control of HR (i.e., frequency), particularly at rest, is primarily influenced by the
PNS, whereas SNS influences are implicated in context-driven changes in contractility and flow.
The relative influences of SNS and PNS on HR at baseline versus reactivity cannot be
disentangled in the context of most psychological research.

Although there are other influences on HR variability (Fox & Porges, 1985; Porges,
2007), the inputs from the nucleus ambiguus of the vagus nerve to the sinoatrial node of the heart
are subject only to modulation by respiration (Hirsch & Bishop, 1981; Saul et al., 1991). As
such, RSA, which refers specifically to the variability in HR associated with respiration, is a
specific measure of PNS functioning (Bornstein & Suess, 2000; Cacioppo et al., 2007). Meta-
analytic studies have established a link between activation of dorsolateral PFC (dIPFC),
dorsomedial PFC (dmPFC), and ventrolateral PFC (vIPFC) regions and individual variability in
regulation (Buhle et al., 2014). Importantly, this prefrontal activation influences RSA via
projections through both limbic and brainstem structures (Porges, 2007; Saul et al., 1991), as
well as the cardiac sinoatrial node (Holzman & Bridgett, 2017; Figure 1). Thus, as described in
the polyvagal (Porges, 1991, 2007) and neurovisceral integration (Thayer et al., 2009, 2012)
theories, functional differences in the vagus nerve and by extension, RSA, represent key
neurophysiological substrates of individual differences in behavior underpinned by PFC
activation, including self-regulation, social communication, and attention. In support of this
notion, increased vagal control (i.e., higher RSA) has been linked to enhanced attentional
capacity (Linnemeyer & Porges, 1986), task engagement (Doussard-Roosevelt et al., 1994), and

emotion regulation (Gentzler et al., 2009), whereas lower vagal control (i.e., lower RSA) has
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been linked to poorer sustained attention, more impulsiveness, and greater disinhibition (Rash &
Aguirre-Camacho, 2012). In sum, RSA represents a valid biomarker of top-down self-regulatory
processes (Nigg, 2016; Thayer et al., 2009).

In addition to self-regulatory processes (Holzman & Bridgett, 2017), PNS functioning
(i.e., indexed via RSA) has been linked to the emotional processes that support effective social
interactions. While the SNS ensures increased metabolic output to foster mobilization of
behaviors necessary for “fight or flight,” the PNS regulates cardiac output to foster engagement
and disengagement with the environment, including the social environment (Porges, 2001). First,
the PNS has neuroanatomical links with the cranial nerves (e.g., cranial nerves V, VII, IX, X, and
XI) that regulate social engagement via facial expression and vocalization, including specific
vagal innervation of various visceral organs, such as the soft palate, pharynx, larynx, bronchi,
and facial muscles, which facilitate social and emotional communication (Porges, 2009; Figure
1). Second, the PNS promotes effective social communication by inhibiting sympathetic arousal
and promoting homeostatic functioning, thus allowing for appropriate and fine-grained
regulatory adjustments in social situations (Porges et al., 2013). Third, the PNS supports
flexibility in attention, energy allocation, and behavior, necessary for effective functioning in a
dynamic social world that, by definition, includes constant shifts in social and emotional cues
(Mendes, 2019; Porges, 2001; Yaroslavsky et al., 2014). In particular, individual differences in
PNS flexibility (e.g., withdrawal and recovery) are related to accurate detection of social and
emotional cues, as well as with adaptive responses to dynamic social feedback across contexts
(Hastings et al., 2008; Muhtadie et al., 2015).

Finally, a large body of research has established RSA to be a valid transdiagnostic

biomarker of emotion dysregulation and psychopathology (Beauchaine, 2012, 2015; Fanti,
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2016), consistent with research linking PFC dysfunction to psychopathology (Maren et al.,
2013). Higher baseline RSA, which is indicative of greater myelinated vagal control of HR (i.e.,
more resources to maintain homeostasis and adapt to environmental challenge), has been
associated with positive psychosocial outcomes (Calkins et al., 2013; Porges, 2009). In contrast,
lower baseline RSA, which is indicative of poorer myelinated vagal control of HR (i.e., fewer
resources to maintain homeostasis and adapt to environmental challenge), has been associated
with more symptoms of internalizing and externalizing psychopathology (Beauchaine, 2012;
Wagner et al., 2015; Wagner et al., 2018). Low baseline RSA is observed in a host of psychiatric
conditions, including internalizing disorders, externalizing disorders, schizophrenia, autism
spectrum disorder, and non-suicidal self-injury (Beauchaine, 2015). Moreover, these associations
have been reported among children, adolescents, and adults. The consistency of these findings
contributes to the view that low baseline RSA is a reliable, transdiagnostic biomarker for
aberrant top-down self- and emotion-regulatory processes, which are implicated in many forms
of psychopathology (Beauchaine et al., 2018).

In addition to resting RSA levels, RSA change also provides insight into regulatory
capacities and risk for psychopathology. Although associations between RSA reactivity and
psychopathology have been reported less consistently than those with baseline RSA, likely due,
in part, to variation in the laboratory tasks used to elicit reactivity, RSA reactivity does provide
important insight into emotion regulation or dysregulation (Beauchaine et al., 2018). A brief
decrease in RSA to threat or challenge is adaptive because it is indicative of parasympathetic
flexibility in the allocation of attentional resources. However, as summarized in Table 1, extreme
withdrawal (i.e., reactivity) or a failure to withdraw (i.e., stability or augmentation) when

confronted by threat or challenge has been associated with negative psychosocial outcomes and
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more symptoms of internalizing and externalizing psychopathology (Beauchaine & Cicchetti,
2019; Cui et al., 2019).
3. Neurobiological Correlates of CU traits

An understanding of disrupted PNS functioning can also inform etiological models of CU
traits. Neuroimaging studies suggest that CU traits are underpinned by functional differences in
brain activation while processing social cues that would otherwise give rise to empathy, social
engagement, or affiliation towards others, including amygdala hyporeactivity to fearful facial
expressions (Lozier et al., 2014; Viding et al., 2012), reduced anterior insula (Al), anterior
cingulate cortex (ACC), and mPFC activation while imagining others’ feelings (Sethi et al.,
2018), Al and ACC hyporeactivity when observing others’ experience pain (Lockwood et al.,
2013), and reduced mPFC activation while hearing the laughter of others (O’Nions et al., 2017).
Moreover, youth high on CU traits also show relatively reduced vmPFC and striatum activation
and concomitant impairments in reinforcement learning and representation of the negative
expected value of harmful behaviors in the brain (Blair, 2013; Moul et al., 2012). Together, these
findings suggest that CU traits arise both from impaired sensitivity to the social cues of others
that would otherwise promote empathy or social bonding and from failures to recognize and
learn about the consequences of behavior or inhibit harmful acts, including direct harm to others
(Waller & Wagner, 2019).

Importantly, CU traits are associated with functional differences in the same brain
regions that influence input into the cardiac sinoatrial node through the PNS (Holzman &
Bridgett, 2017). Thus, by incorporating an assessment of PNS functioning (i.e., RSA or HR
differences) into research on CU traits, we can isolate specific neurophysiological regulatory and

social mechanisms of interest across ecologically valid contexts and developmental periods.
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Moreover, there are several advantages of studying the PNS via RSA over functional magnetic
resonance imaging (fMRI) or electroencephalogram (EEG). First, the collection of RSA data via
electrocardiogram (ECG) or photothermography (PPG) is much cheaper and less labor intensive
than assessing neural functioning via fMRI or EEG. Indeed, the feasibility of collecting cardiac
data has been greatly improved in recent years. The previous requirement of stationary monitors
and placement of ten or more sensors has been replaced by a variety of small, lightweight,
wireless, and ambulatory alternatives requiring only two sensors (Cacioppo et al., 2007). Such
research-grade monitors are cost-effective and commercially available to researchers and collect
data at frequencies (e.g., 1000 Hz), which allows for an examination of moment-to-moment
changes in PNS activity.

Second, many barriers to processing and analyzing raw cardiac data and deriving RSA
have been removed, making it a fairly straightforward endeavor. Raw cardiac data present in the
form of a series of R-waves, so named for one of the alphabetic labels applied to each portion of
the wave, each with its own R-peak (see Figure 2). Although methods for quantifying RSA in
psychophysiological research vary (see Lewis et al., 2012) for discussion), each involves
identifying the interval between R-peaks (i.e., IBI), extracting systematic variance due to
breathing, and transforming the variance estimates to normalize the distribution of RSA
estimates (Lewis et al., 2012; Porges, 1991). As is the case with many types of
psychophysiological data, IBI series data must be cleaned to minimize movement artifacts or
other interference. There exist multiple software programs, many of which are freely available,
for undertaking this process. One research team recently demonstrated the viability of a fully
automated method for cleaning cardiac data which employs an algorithm to calculate a running

estimate of the R-R interval and identifies intervals beyond an acceptable margin of error from
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the estimate. Once identified, one of a number of methods is used to correct the misplaced R-
peak (see Hegarty-Craver et al., 2017 for a description and resources).

Third, the removal of barriers to collecting cardiac data, as well as advances in the quality
and affordability of these methods, supports researchers’ ability to incorporate measures of PNS
functioning in studies which are increasingly ecologically valid and generalizable in ways that
are not currently feasible using other neurophysiological methods (e.g., fMRI, EEG). For
example, a recent study collected data on PNS activity while children were at school.
Specifically, the Learning, Emotion, and Play in Schools (LEAPS) study (n=102) used wireless
monitors to collect continuous streams of cardiac data across seven 10-minute episodes in
preschool classrooms. Data were collected across both unstructured (e.g., free play) and
structured (e.g., small- or whole-group instruction) activities (see Holochwost et al., 2019). Of
note, all 102 children were compliant with data collection (typically another major barrier in
fMRI research; Mulugeta et al., 2017) and approximately 90% of the collected data was clean
and usable, which is consistent with estimates obtained from data collected in laboratory
environments (e.g., Propper et al., 2008; Wagner et al., 2015).

Fourth, the ability to characterize the nuances of how complex processes unfold depends
on whether the same construct can be measured, in the same form, repeatedly over time (Willett,
1989; Willoughby et al., 2012; i.e., heterotypic continuity). Importantly, measures of PNS
functioning show relatively high heterotypic continuity (Dollar et al., 2020) and can thus be used
to reliably capture patterns of continuity versus change in social processes that would otherwise
be obscured through use of behavioral or report measures. Additionally, the inclusion of
measures of PNS within etiological research into CU traits can provide insight into dynamic

internal processes, particularly when the overt behavior may not align with the underlying
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chronometry (Pérez-Edgar & Hastings, 2018). Thus, the finer temporal resolution afforded by
examining children’s PNS activity can offer unparalleled insight into how regulatory resources
are being recruited to support social interactions, particularly when collected in a naturalistic
setting. In sum, while fMRI, EEG, and other approaches to assess neurobiological functioning
are still critical, the inclusion of PNS measures within studies examining the etiological
mechanisms underlying the emergence and stability of psychopathology could provide unique
insight, particularly in relation to the study of CU traits.
4. PNS Functioning and CU traits

An emerging body of research has begun to explore the relationship between PNS
functioning and CU traits (Table 2). To date, however, the majority of studies have examined the
relationship between CU traits and HR or heart period. For example, high CU traits have been
linked to lower baseline HR (Dietrich et al., 2007, Frick et al., 2014; Raine, 2002), reduced HR
reactivity across emotionally evocative or stress-inducing contexts (e.g., Isen et al., 2010;
Kimonis et al., 2008), and reduced HR change from baseline in response to sad (de Wied et al.,
2012) or emotionally evocative (Anastassiou-Hadjicharalambous & Warden, 2008) film clips.
When taken together, existing literature suggests that CU traits may be associated with overall
under-arousal of the ANS, a pattern of responding consistent with literature linking CU traits to
fearlessness, lack of harm avoidance (Raine, 2002; Waller & Wagner, 2019). However,
examinations of HR lack system-specific specificity. That is, we cannot disentangle the relative
influence of the SNS and PNS on observed differences in HR, which severely limits the
conclusions that can be drawn regarding underlying neurological regulatory mechanisms. Thus,
studies are needed that can specifically isolate the role of the PNS in CU traits, including by

investigating RSA (Beauchaine, 2015; see Table 2).
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Surprisingly, however, only a handful of studies have investigated links between RSA and
CU traits. Extant research suggest that CU traits are associated with lower resting or baseline
RSA. For example, resting RSA was significantly lower in 12- to 15-year-old children with
elevated CU traits compared to age-matched controls with low CU traits (De Wied et al., 2012).
In a study of 9- to 11-year old children, the combination of low resting RSA and high CU traits
was associated with the greatest risk for aggressive behaviors (Thomson & Centifanti, 2018).
Relatedly, moderate levels of baseline RSA (as opposed to the extreme high or low levels) have
been linked to increased prosociality and higher observed empathic concern in response to
others’ distress across three samples of children ranging in age from 5 to 10 years (Miller et al.,
2016). Longitudinal studies also suggest that low RSA in infancy is a risk factor for later CU
traits. For example, children characterized by lower baseline RSA across the first two years of
life had higher CU traits at age 36 months (Wagner et al., 2015). Similarly, Mills-Koonce and
colleagues (2015) found that lower RSA at 15 months of age was related to children showing
higher CU traits at age 7. These studies suggest that CU traits are associated with lower baseline
RSA, a pattern of functioning that indicates reduced myelinated vagal control that may interfere
with emotional and behavioral regulation (Porges, 2007) and has been linked with various forms
of psychopathology (Beauchaine et al., 2019).

Beyond baseline RSA, even fewer studies have explored how individual differences in
RSA change map onto risk for CU traits. In one exception, Musser and colleagues reported that
among children aged 7 to 11 years (N=150), lower prosociality (i.e., high CU traits) was
associated with less RSA reactivity (i.e., less suppression) while children viewed emotion-laden
film clips (Musser et al., 2013). In a longitudinal study of 108 preschoolers, there was an

association between CU traits at age 25 months and externalizing problems at age 51 months, but
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only for children who had less RSA reactivity when approached by an unfamiliar male adult
(Wagner et al., 2017). Reduced RSA suppression was interpreted as indicating that children with
CU traits demonstrate a higher threshold for arousal in response to potential threat. The inclusion
of PNS in this study allows for two possible conclusions: In some, the lack of RSA suppression
that characterizes children high on CU traits may mean that they perceive the social environment
as non-threatening (i.e., hence their lack of suppression) or that they do not perceive the threat as
warranting the diversion of metabolic resources (see Table 2).

In general, there are important sample characteristics that need to be considered alongside
the findings of studies presented in Table 2, particularly in relation to sex and sample type. First,
the correlates and predictors of CU traits appear to be largely invariant across sex and CU traits
predict risk for DBDs similarly in boys and girls (Longman et al., 2015; Waller et al., 2019).
Moreover, there is little evidence for sex differences in PNS functioning across development
(Patriquin et al., 2014). However, a recent meta-analysis suggested that associations between
externalizing psychopathology and increased RSA reactivity were stronger among females
(Beauchaine et al., 2018) and two studies reported that the association between lower baseline
HR and CU traits was specific to males (Fagan et al., 2017; Kavish et al., 2016) (see Table 2).
These studies suggest the possibility of sex differences in the relations between PNS functioning
and CU traits. However, further investigation of these questions is warranted given the paucity of
research focused on exploring moderation by sex. Second, as summarized in Table 2, our
knowledge of extant associations between HR, RSA, and CU traits has been generated from a
preponderance of studies of low-risk samples drawn from the community, where rates of
clinically-significant CU traits or externalizing psychopathology may be low. Moreover, clinical

samples were exclusively older children and adolescence, leading to a potential continuity gap
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between what we know about PNS functioning and links to CU traits in infancy and early
childhood versus later in childhood. Future research is needed that tracks longitudinal
relationships between CU traits, HR, and RSA that includes children from both community and
clinical settings.
5. How Studying the PNS Can Specifically Inform Etiological Models of CU traits

In addition to issues around sampling, the extant literature on the relationships between
measures of HR, RSA, and CU traits has yielded some conflicting observations. As noted above,
findings from studies that have examined HR functioning have typically reported that CU traits
are related to lower resting HR or reduced HR reactivity (Dietrich et al., 2007; Frick et al., 2014;
Raine, 2002). These findings stand in contrast to other studies that have linked CU traits,
particularly in infancy and early childhood, to lower resting RSA, which typically motivates
higher HR (Cacioppo et al., 2007). However, as HR is subject to modulation by some
combination of PNS, SNS, and other (e.g., respiration) influences, it is difficult to draw direct
comparisons across studies measuring HR and RSA. Employing measures capable of isolating
the functioning of specific systems (i.e., by assessing RSA) can provide greater insight into
underlying mechanisms. The importance of isolating different systems may be particularly
relevant for research examining CU traits given that RSA indexes the functioning of brain
regions that underpin many social-affiliative processes of interest (e.g., Wagner et al., 2015).

5.1 Utility of assessing baseline RSA and RSA reactivity

Several benefits can occur downstream of research that specifically explores baseline
RS4 and CU traits. First, insight can be gained into the disruption to regulatory processes that
might underpin CU traits. Low baseline RSA is suggestive of reduced myelinated vagal control

over HR, which limits the availability of resources from which an individual can draw to make
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small, adaptive adjustments to behavioral and emotional regulation in response to the changing
environment (Porges, 2007). There is emerging evidence suggesting that a pattern of very low
baseline RSA functioning may characterize youth with CU traits (Mills-Koonce et al., 2015;
Wagner et al., 2015). Second, the maintenance of baseline physiological functioning is, itself, a
dynamic process (Porges, 1992), meaning that an individual’s baseline RSA provides insight into
the interactions between experience and biological regulatory mechanisms. Patterns of stress
responses become engrained slowly during early childhood (Quas et al., 2014), highlighting the
importance of studying baseline PNS among infants to establish early biomarkers for CU traits,
which could be modified by environmental intervention.

In addition to baseline, studies examining RSA reactivity across contexts can also provide
insight into risk for CU traits. That is, while baseline RSA is associated with trait-level capacity
for emotional and social regulation (Beauchaine, 2015), RSA change indexes functioning of the
social engagement system as it facilitates (mal)adaptive responses to emotional and social cues
(Beauchaine, 2012; Hastings & Kahle, 2019). Many of the core deficits linked with CU traits
appear to stem from errors in processing and responding to cues of threat, affiliation,
punishment, or social bonding (Waller & Wagner, 2019). However, to date, almost no studies
exist that have explored RSA change or reactivity in relation to CU traits, including during social
interaction or threat-based paradigms. In one exception, Thomson and colleagues demonstrated
that adolescents with high CU traits showed increases in both SNS and PNS activation when
exposed to a fear-inducing paradigm (Thomson et al., 2019). Interestingly, while the SNS
activation in response to a fear-inducing paradigm was consistent with response we would expect
to fear from a typically developing sample, the heightened PNS activation suggested an ability to

maintain alertness, control, and calm across those fear experiences (Del Giudice et al., 2011),
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which may explain why youth with CU traits typically present as fearless (Fanti, 2016; Frick &
Viding, 2009). This research highlights the need to include measures of PNS in studies exploring
the physiological basis of CU traits to clarify associations between physiological reactivity to
fear stimuli and CU traits.

5.2. Leveraging PNS functioning to clarify two ongoing debates

We focus the final section on the need to incorporate measures of PNS functioning,
including RSA, into research on CU traits, which is embodied within two ongoing debates within
the literature. We briefly review the basis for these ongoing debates and then describe how future
research incorporating PNS functioning could enhance our understanding of CU traits within the
context of the debates. We end by offering specific hypotheses for the role of PNS functioning in
distinct etiological pathways to CU traits.

5.2.1. Deficits in social functioning and CU traits. Given that the PNS plays a
fundamental role in supporting social engagement and behaviors (Porges, 2001), assessments of
RSA could be particularly helpful for understanding how deficits in children’s responses to cues
of social affiliation (e.g., seeking out or getting pleasure from social bonding and closeness with
others) and threat (e.g., fearlessness to social and nonsocial threat) impact risk for CU traits.
Research suggests that CU traits in early childhood are preceded by impairments in social
affiliation, including reduced preferential orientation to the human face at 5-weeks (Bedford et
al., 2014), less eye-contact with a caregiver at 6-months (Bedford et al., 2017), less imitation of
the arbitrary actions of others at age 2, (Wagner et al., 2020), less engagement while interacting
with caregivers in infancy (Wagner et al., 2016), lower displays of affection toward adoptive
parents in infancy (Waller et al., 2016), and lower levels of observed mutual orientation between

parents and children (Kochanska et al., 2013). Likewise, CU traits during early childhood have
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been linked to poorer recognition of emotions, particularly cues of social threat, such as fear,
anger, and sadness (Dadds et al., 2017; Petitclerc et al., 2019; Rehder et al., 2017; White et al.,
2016), as well as reduced attentional engagement to the distress emotions of others (Kimonis et
al., 2015). Deficits in emotion recognition, particularly those associated with amygdala
dysfunction, are thought to be driven by a lack of attention to the eye region (Adolphs et al.,
2019). Indeed, children and adolescents with CU traits appear to make less eye contact with their
caregivers (Dadds et al., 2008, 2011).

Based on the findings of these studies, however, we cannot draw conclusions about the
specific biological mechanisms that underlie the social or emotional processing deficits
characterizing children with CU traits. That is, we cannot know whether CU traits arise from a
reduced desire or motivation to engage in social affiliation, by a lack of cognitive concern about
punishment or the negative consequences of actions, or by errors in specific attentional processes
related to social cues of affiliation or threat, including gaze patterns. Indeed, interventions that
have sought to promote reciprocal parent-child eye gaze have reported mixed results (Dadds et
al., 2019; Hawes et al., 2014), raising questions as to whether the mechanism of interest is
specific to attention or other social processes (Dadds & Frick, 2019).

Some of these questions could be addressed by incorporating RSA assessment into
studies in the following ways. First, an examination of links between resting RSA and CU traits
across developmental ages and sample types (e.g., clinical, community) would provide insight
into the baseline resources available for navigating social and emotional experiences. For
example, a recent study demonstrated an association between baseline RSA and activation in the
insula and amygdala while viewing emotional faces (Miller et al., 2019), suggesting that PNS

functioning may impact the processing of others’ emotional cues. Given that CU traits are
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characterized by deficits in emotion recognition and reduced engagement with the distress cues
of others (Dadds et al., 2017; Frick et al., 2014, p. 201; Petitclerc et al., 2019), knowledge of
baseline RSA could augment and support our understanding of these processes in ecologically
valid contexts. Second, an examination of RSA reactivity could provide moment-by-moment and
more objective insight into how children high on CU traits unconsciously perceive socially- or
emotionally-salient stimuli. That is, the extent to which RSA withdrawal occurs during socially-
or emotionally-engaging tasks might provide a more objective assessment of attention allocation,
engagement, or regulation. Indeed, it is plausible that children who are high on CU traits are
observed to show less social engagement, not because they are less motivated to engage socially,
but because the social cues of others are perceived as less salient, thereby promoting less
physiological arousal. An examination of RSA reactivity in these contexts would directly support
interventions by helping to isolate the specific mechanisms underlying deficits in social
engagement.

5.2.2 Clarifying distinct etiological pathways to CU traits. Incorporating assessments of
RSA baseline and reactivity could also inform our understanding of equifinality within pathways
to CU traits (i.e., same end state can be reached from a variety of different initial conditions and
through different processes; Cicchetti & Rogosch, 1996). The concept of equifinality has been
applied to research examining multiple pathways to CU traits in children and psychopathy in
adults. Specifically, research on psychopathy charts the existence of a primary psychopathy
variant arising from more strongly heritable affective deficits versus a secondary psychopathy
variant arising from adaptation to adverse environmental factors, such as early rejection, abuse or
trauma (Karpman, 1941, 1948). Research has begun to establish the existence of similar variants

among youth high on CU traits with the primary variant characterized by low anxiety and more
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heritable risk and a secondary variant characterized by a history of abuse and maltreatment, more
emotion dysregulation, and higher anxiety (Craig & Moretti, 2018; Kahn et al., 2013; Kimonis et
al., 2012, 2017).

A framework for understanding these two pathways to CU traits is the Adaptive
Calibration model (ACM; Del Giudice et al., 2011). The ACM posits that reactivity and
regulation are optimally calibrated to match environmental pressures. Accordingly, different
physiological baseline and reactivity patterns linked with CU traits could emerge early in life
because of heritable influences (i.e., primary variant) or could develop as a consequence of
alterations in hormone and ANS functioning triggered by repeated exposure to chronic, severe
stress, abuse, and trauma (i.e., secondary variant) (Glenn, 2018; Thomson et al., 2019). Indeed,
research shows that chronic exposure to stress can influence the recalibration of physiological
systems across development (Gunnar & Quevedo, 2007; McEwen, 1998) and that the ongoing
plasticity of the PNS is both directly influenced by recent proximal contexts and contexts and
indirectly impacted by earlier experiences (Cox et al., 2010; Hastings & Kahle, 2019). Because
the environment can differentially impact development based on regulatory capacities or
vulnerabilities (Belsky & Pluess, 2009; Ellis & Boyce, 2008), children with very low baseline
RSA, which is a biomarker of poor emotion regulation that may be a downstream consequence
of PFC dysfunction (Thayer et al., 2009), are likely to be most susceptible to unpredictable,
harsh, or abusive environments in early life (Beauchaine & Cicchetti, 2019; Wagner et al., 2018).
Given that CU traits are most often linked with low resting RSA in infancy and early childhood
(Mills-Koonce et al., 2015; Wagner et al., 2015), examining whether and how PNS functioning
exacerbates the relations between early risk and later CU traits would help to distinguish between

equifinal pathways to CU traits (i.e., primary vs. secondary; see Figure 3).
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Study of the PNS beginning in infancy can help to inform our understanding of the
existence and development of primary and secondary variants of CU traits, which is impactful
because these children may require different forms of support and intervention (Hawes et al.,
2014). As part of investigating these different developmental trajectories, studies will need to go
beyond the question of if there are differences in the presence or absence of emotional or anxious
arousal, but to instead explore when and how these differences manifest across ecologically valid
contexts and developmental periods. Measures of PNS functioning can be leveraged to tackle
these complex questions and, in so doing, can help to identify specific etiological risk factors for
CU traits that inform more mechanistically-targeted, personalized, and effective treatments for
reducing CU traits and risk for antisocial behaviors across development.

6. Conclusions

Our ability to formulate comprehensive etiological models of CU traits depends on the
extent to which researchers can recognize and account for the organization, integration, and
interaction of multiple levels of influences early in life (Cicchetti, 1984). To better understand
and treat CU traits, we therefore need continued collaboration and integration between experts in
socioemotional development and child clinical psychology, with adequate psychological,
physiological, and neural tools of assessment. We have presented the case for measures of PNS
functioning, and specifically RSA, to be included in this toolbox. In sum, the inclusion of
measures of PNS functioning in research on CU traits can contribute to our understanding of its
etiology, help to differentiate between equifinal pathways to CU traits, and advance efforts

towards the development of mechanistic and individualized interventions.
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