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ABSTRACT 

 

Autonomic Nervous System Functioning and Callous-Unemotional Traits in Childhood-Onset 

Conduct Disorder 

Jessie Cline 

Doctor of Philosophy 

Temple University, 2013 

Doctoral Advisory Committee Chair: Deborah A.G. Drabick, Ph.D. 

 

Although the current literature demonstrates relations between autonomic nervous system 

(ANS) functioning and conduct disorder (CD), there are inconsistencies across studies in the 

magnitude and direction of these associations, some of which may stem from heterogeneity 

within the CD diagnostic category. Considering callous-unemotional (CU) traits in research 

examining ANS functioning and CD relations could help to clarify these inconsistencies, given 

that CU traits identify a subgroup of youth with CD who exhibit a more severe and persistent 

course, as well as more negative correlates and sequelae than youth with CD without CU traits. 

However, there is a dearth of literature considering ANS processes among youth with CD with 

and without CU traits. Examining these relations, particularly during middle childhood when 

these processes may be amenable to intervention, has important implications for etiological, 

prevention, and intervention models. The present study examined relations among CD, CU, and 

ANS functioning among a sample of ethnic minority, urban children (N= 99, M= 9.87± 1.19 

years old; 48.5% male; 94.9% African-American, 3% Latino/a).  Specifically, I examined 

whether CU traits moderated the relations between CD and (a) parasympathetic nervous system 

(PNS) functioning and (b) sympathetic nervous system (SNS) functioning. In addition, I 
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examined whether parenting behaviors (i.e., harsh parental discipline and parental 

warmth/involvement) influenced the relations between (a) CD and ANS functioning, and (b) CU 

and ANS functioning. Findings demonstrated that PNS functioning differed among children with 

high and low levels of CD symptoms depending on levels of CU traits. Within the current 

sample, among children with higher levels of CD symptoms, those with (a) higher CU symptom 

severity exhibited lower baseline respiratory sinus arrhythmia (RSA) and lower RSA reactivity 

(PNS withdrawal), compared to those with (b) lower CU symptom severity who demonstrated 

higher baseline RSA and higher RSA reactivity (PNS activation). Among children with lower 

CD symptom severity, those with (a) higher CU symptom severity exhibited higher baseline 

RSA and higher RSA reactivity, compared to those with (b) lower CU symptom severity who 

evidenced lower baseline RSA and lower RSA reactivity. Neither harsh parental discipline nor 

parental warmth/involvement moderated the relations between (a) CD and ANS functioning and 

(b) CU and ANS functioning. However, there were marginally significant associations between 

baseline RSA and (a) harsh parental discipline and (b) parental warmth/involvement, as well as 

between RSA reactivity and parental warmth/involvement in analyses examining CD, parenting, 

and ANS functioning. Furthermore, parental warmth/involvement tended to be associated with 

RSA reactivity in the analyses examining CU, parenting, and ANS functioning. Results have 

implications for facilitating the identification of children at risk for developing more pernicious 

subtypes of behavior problems, and contribute important information for the development of 

more individualized and potentially effective interventions for youth behavior problems, 

particularly among high-risk youth.    
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CHAPTER 1 

INTRODUCTION 

Conduct disorder (CD) is defined by the Diagnostic and Statistical Manual of Mental 

Disorders as a repetitive and persistent pattern of behavior in which the basic rights of others or 

major age-appropriate societal norms or rules are violated (4th ed., text rev. [DSM-IV-TR], 

American Psychiatric Association, 2000). This pattern of behavior can manifest as aggressive 

behavior to other people or animals, property loss or damage, deceitfulness or theft, and serious 

violations of rules. The aggressive and antisocial behavior that characterizes CD is the most 

common impetus for referrals of children and adolescents to mental health treatment (Frick & 

Ellis, 1999; Lyman & Campbell, 1996). Furthermore, CD is associated with numerous negative 

correlates and sequelae, including individual, monetary, and societal costs (Frick, 1998; Frick & 

Ellis, 1999; Frick & Morris, 2004, Frick, Stickle, Dandreaux, Farrell, & Kimonis, 2005). Thus, 

much research has been devoted to the delineation of factors associated with the development of 

CD that could inform etiological models and in turn intervention and prevention efforts.  

This line of research has illuminated a multitude of factors that confer risk for the 

development of aggressive and antisocial behavior among children, including dysfunctional 

family contexts, socioeconomic disadvantage, poor peer relations, neuropsychological deficits, 

deficiencies in autonomic nervous system functioning, and difficult temperamental traits (Dodge 

& Pettit, 2003; Frick, 2012; Frick & Marsee, 2006; Frick & White, 2008; Loeber & Farrington, 

2000; Narhi, Lehto-Salo, Ahonen, & Marttunen, 2010; Odgers, Caspi, Russell, Sampson, 

Arseneault, & Moffit, 2012; Raine, 2002). Research also has demonstrated that children with CD 

constitute a heterogeneous group (Cicchetti, & Rogosch, 1996; Frick, 2006; Frick & Ellis, 1999; 

Moffitt, 1993; Moffitt et al., 2008) with subgroups characterized by different CD symptoms 
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manifested, risk factors, presumed causal mechanisms, and developmental pathways (e.g., Frick 

& Ellis, 1999; Frick & Morris, 2004; Hawes, Brennan, & Dadds, 2009). This heterogeneity 

complicates our understanding of the manifestation and development of CD and, consequently, 

efforts to intervene and prevent associated negative sequelae. Thus, attempts have been made to 

disaggregate CD into meaningful subgroups to reduce this heterogeneity and advance our 

knowledge of this disorder.  

Currently, the DSM-IV-TR specifies subtypes of CD based on age of onset and 

distinguishes between childhood-onset CD (onset of at least one symptom of CD prior to age 10) 

and adolescent-onset (absence of any symptom of CD before age 10). This distinction was based 

on a rich line of research documenting two distinct developmental trajectories of aggressive and 

antisocial behavior. This research demonstrated the existence of a group of children who 

evidence externalizing behaviors characteristic of oppositional defiant disorder (ODD; a pattern 

of negativistic, hostile, and defiant behaviors toward adults) early in life, and whose aggressive 

and antisocial behavior becomes progressively more severe over the course of middle childhood 

(ages six to twelve) and adolescence (ages thirteen to eighteen; Frick & Ellis, 1999; Lahey & 

Loeber, 1994; Moffitt, 1993). This developmental trajectory provided the basis for the 

childhood-onset subtype of CD.  

In addition, this research identified a group of children for whom the onset of CD 

symptoms coincides with early adolescence, thus providing the basis for the adolescence-onset 

subtype of CD.  Further research on these subtypes indicated that these groups differ along 

several dimensions. For example, compared with the childhood-onset type, those within the 

adolescent-onset subtype are less likely to be arrested and are less likely to be diagnosed with 

antisocial personality disorder as adults (Frick & Loney, 1999; Moffitt, 1993). Furthermore, 
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research has demonstrated increased cognitive and neuropsychological deficits such as lower 

verbal intelligence and poorer performance on tasks that tap executive functioning abilities (e.g., 

attention, planning, working memory) among children in the childhood-onset subtype compared 

to adolescence-onset subtype of CD (Moffitt, 1993). The homes of children with childhood-onset 

CD tend to be fraught with generalized dysfunction, parental psychopathology, and conflict 

(Frick, 1994; Frick & Ellis, 1999; Patterson, Reid, & Dishion, 1992). In addition, youth with 

childhood-onset CD manifest antisocial behavior that increases in severity over time and is more 

persistent, continuing through adolescence and into adulthood (Frick & Loney, 1999; Lahey & 

Loeber, 1994; Moffitt, 2003; Moffitt, Caspi, Harrington, & Milne, 2002).  

Although these subtypes within the CD diagnostic category are supported by empirical 

research and are useful for creating more homogeneous CD subgroups, there still exists 

significant heterogeneity within the diagnostic category of CD. For example, in terms of 

developmental course, the CD diagnostic category does not reliably predict adult outcomes that 

may represent more pernicious versions of CD, such as identifying antisocial adults who are 

distinguished by affective/interpersonal deficits, or psychopathic traits (e.g., lack of guilt, 

empathy, and emotion; callous disregard for others and use of others for their own gain; 

Cleckley, 1976; Frick, O’Brien, Wootton, & McBurnett, 1994; Hare, 1970, 1980, 1991; Lynam 

et al., 2007). As Glenn, Raine, Venables, and Mednick (2007) note, relatively little is known 

about the antecedents of adult psychopathy. However, given the developmental sequelae, 

severity, and persistence of antisocial behavior among children with childhood-onset CD, it is 

likely that the emotional and behavioral precursors to adult psychopathy would be found within 

this subgroup (Frick & Ellis, 1999; Lynam, 1996).  
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Callous-unemotional Traits 

One method for identifying such a subgroup of youth with CD, advanced by Frick and 

colleagues (e.g., Frick, 1998; Frick, Barry, & Bodin, 2000a; Frick & White, 2008) and currently 

included as a proposed revision for the DSM-5 (Frick & Moffitt, 2010), classifies CD subgroups 

in terms of the presence or absence of callous-unemotional (CU) traits (e.g., lack of guilt, lack of 

empathy, callous use of others for one's own gain). Among adults, the construct of psychopathy 

is comprised of an affective-interpersonal dimension characterized by egocentricity, a lack of 

empathy and guilt, superficial charm, shallow emotions, and an inability to form lasting 

relationships, as well as an impulsive/antisocial dimension characterized by behaviors such as 

aggression and criminality (Cleckley, 1976; Hare, 1970, 1980, 1993; Hare & Neumann, 2006; 

Lynam et al., 2007; Pardini & Loeber, 2007; Patrick, 2008). CU traits in childhood are thus 

analogous to the characteristics comprising the affective and interpersonal component of the 

construct of psychopathy in adulthood, and it is CU traits in particular that distinguish adults 

with psychopathy from the larger, more heterogeneous group of antisocial adults (Blair, 2005; 

Blair, Peschardt, Budhani, Mitchell, & Pine, 2006b; Cooke & Michie, 1997, 2001; Dadds, 

Fraser, Frost, & Hawes, 2005; Frick, 2006; Frick & White, 2008; Hare, 1993).  

Children with CD who have higher levels of CU traits evidence deficits related to guilt 

and empathy consistent with the characteristics of adult psychopaths (Dadds et al., 2005; Frick et 

al., 1994; Frick, Bodin, & Barry, 2000b). Consistent with the adult literature on psychopathy, 

evidence suggests that CU traits among children are associated with more severe and persistent 

aggression and antisocial behavior (Frick, 2006; Frick & White, 2008; McMahon, Witkiewitz, 

Kotler, & Conduct Problems Prevention Research Group, 2010; Pardini & Fite, 2010; Rowe et 

al., 2009). For example, in several samples of adjudicated adolescents, those with CU traits were 
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more likely to reoffend, particularly with respect to violent crimes, and were quicker to reoffend 

following release compared to adolescents without CU traits (Brandt, Kennedy, & Patrick, 1997; 

Forth, Hart, & Hare, 1990; Toupin, Mercier, & Dery, 1995). Furthermore, longitudinal studies of 

children have demonstrated that CU traits prospectively predict increases in and/or higher rates 

of conduct problems and delinquency (Dadds et al., 2005; Frick et al., 2005). Although typically 

conceptualized as rare in childhood, recent research has demonstrated the presence of CU traits 

in clinic-referred and community-based samples of children (Christian, Frick, Hill, & Tyler, 

1997; Dadds et al., 2005; Frick et al., 2000a; Frick, Cornell, Barry, Bodin, & Dane, 2003a; Frick 

et al., 1994; Kotler & McMahon, 2005). For example, findings from a multi-site cross-sectional 

study of 1136 community-based and 566 clinic-based youth show that 10%-32% of youth with 

CD and 2%-7% of those without CD met criteria for CU in the community-based sample, and 

21%-50% of youth with CD and 14%-32% without CD met criteria for CU in the clinic-based 

sample (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000). Taken together, this research 

demonstrates the utility of CU traits for distinguishing a subgroup of children with CD who 

exhibit an especially severe and persistent form of antisocial behavior that could reflect the 

antecedents to adult psychopathy. 

Given that CU traits may be important developmental precursors and are useful for 

identifying a group of antisocial adults who manifest chronic patterns of severe and violent 

criminal behavior (Harpur, Hare, & Hakstian, 1989; Hemphill, Hare, & Wong, 1998), these traits 

could be similarly important for distinguishing an at-risk subgroup of children with CD (Frick & 

Marsee, 2006). In keeping with this possibility, in a proposal to the DSM-5 Childhood Disorders 

and ADHD and Disruptive Behavior Disorders Workgroups, Frick and Moffitt (2010) provided 

evidence to support the addition of the specifier “with significant callous-unemotional traits” 
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within the CD diagnostic category for DSM-5. Although the CU specifier can be assigned to any 

youth meeting diagnostic criteria for CD, it is likely that youth with childhood-onset CD who 

also meet the criteria for the CU specifier are at greatest risk for exhibiting psychopathy in 

adulthood. In support of this distinction involving CU traits, children with CD and high levels of 

CU traits (CD+CU) differ from children with CD symptoms with low levels of or without CU 

traits (CD-only) on a variety of correlates, including intellectual functioning, social cognitive 

processing, aggression, interactions with peers, and contextual risk factors (e.g., parenting) (for 

reviews, see Frick, 2012; Frick & Moffitt, 2010; Frick & White, 2008).  

Although there is extensive evidence of a link between intellectual deficits and CD 

among youth (e.g., Moffitt, 1993), children with CD+CU are less likely to exhibit intellectual 

deficits, particularly in verbal intelligence (Loney, Frick, Ellis, & McCoy, 1998; Salekin, 

Neumann, Leistico, & Zalot, 2004). Research also has documented differences in social 

information processing among antisocial children with and without CU traits. For example, the 

literature has consistently shown an association between aggression and antisocial behavior with 

hostile attribution biases (Dodge, 2003, 2006; Orobio de Castro, Veerman, Koops, Bosch, & 

Monshouwer, 2002); however, recent research has demonstrated that children with conduct 

problems and CU traits actually make fewer hostile attributions in social situations than youth 

with conduct problems only (Frick et al., 2003b). Furthermore, the presence of CU traits is 

associated with positive outcome expectancies for aggressive solutions to resolving conflict 

(Marsee & Frick, 2007; Pardini, Lochman, & Frick, 2003).  

In terms of aggression, research has shown that children with CD+CU manifest elevated 

levels of both reactive and proactive aggression (Crapanzano, Frick, & Terranova, 2010; Fanti, 

Frick, & Georgiou, 2009); however, there is also evidence for a unique association between 
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proactive forms of aggression and CU traits (Fite, Stoppelbein, & Greening, 2009; Frick et al., 

2003a; Kerig & Stellwagen, 2010; Marsee & Frick, 2007). In addition, children with CD+CU 

engage in more bullying behaviors and are more likely to associate with deviant peers compared 

to children with CD-only (Fanti et al., 2009; Kimonis, Frick, & Barry, 2004). Lastly, although 

problematic parenting is associated with conduct problems more generally, problematic 

parenting behaviors are more strongly associated with conduct problems among children without 

CU traits than children with CD+CU (Frick, 2012; Oxford, Cavell, & Hughes, 2003; Wootton, 

Frick, Shelton, & Silverthorn, 1997), suggesting that children with CU traits are less responsive 

to contextual influences than children without CU traits.  

Clearly there is evidence that children with CD+CU differ from children with CD-only; 

nevertheless, the differences found between these two groups of youth may be influenced by the 

group-based approaches used in much of the literature (i.e., assigning children with CD to 

categories of CD+CU and CD-only). Yet, these discrete categories are somewhat artificial as 

they result from cut-off points—points above which the symptoms are considered clinically 

significant, followed by assignment to categories based on these cut-off points. However, even at 

levels below those required for a clinical diagnosis, symptoms of psychopathology can seriously 

impact individuals’ functioning (Angold, Costello, Farmer, Burns, & Erkanli, 1999; Drabick, 

2009). Furthermore, there are normative increases and decreases in these symptoms across 

development (Drabick, 2009; Maughan, Rowe, Messer, Goodman, & Meltzer, 2004; Rutter & 

Sroufe, 2000). Therefore, changes in symptom severity and potentially group status would be 

anticipated over time and consistent with developmental expectations. These changes may lead 

individuals to experience different outcomes even if they start out within a particular group, such 

as childhood-onset CD. In addition, it is critical to take the child’s context into account in order 
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to understand how particular child-specific factors can result in multiple outcomes (Drabick, 

2009; Steinberg & Avenevoli, 2000). That is, although children with particular psychosocial 

profiles (e.g., deficits in executive functioning and verbal intelligence, increased hostile 

attribution biases, elevated levels of reactive aggression) are at increased risk of following a 

more severe and persistent antisocial pathway into adulthood, contextual factors at certain points 

in development may influence change in or otherwise modify this trajectory.  

Taken together, it is important to understand CD within a developmental framework. For 

example, a developmental psychopathology framework emphasizes the importance of 

considering both categorical and dimensional approaches to symptoms, that when considered in 

conjunction with developmentally relevant processes, could help address constraints imposed by 

group-based approaches and facilitate the identification of more homogeneous groups within 

CD. In addition, this framework permits consideration of multifinality, which suggests that one 

pathway can result in multiple outcomes depending on other relevant factors (Cicchetti & 

Rogosch, 1996). A developmental psychopathology framework also supports the consideration 

of child-specific dimensions or correlates within CD, such as temperamental features, which 

would be useful in decreasing heterogeneity. 

Thus, a developmental psychopathology perspective provides a useful guide for 

furthering our understanding of subgroups within childhood-onset CD. This framework can then 

help to illuminate the processes that distinguish the childhood-onset CD+CU subgroup from 

their CD-only counterparts and therefore help to establish more tailored intervention guidelines. 

Several principles of the developmental psychopathology perspective are important for research 

seeking to delineate the specific processes that differentiate childhood-onset CD+CU from CD-

only, including the exploration of risk factors from multiple domains using multiple levels of 
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analysis, interactions between the child and the context in which the child is embedded, 

multifinality and equifinality, and the consideration of risk factors within the context of typical 

development (Cicchetti & Rogosh, 1996; Drabick & Steinberg, 2011; Rutter & Sroufe, 2000). 

  Given the current recommendation for the DSM-5 diagnostic criteria for CD, as well as 

the likelihood that CU traits can aid in (a) reducing heterogeneity among antisocial youth, (b) 

inform etiological theories of CD, and (c) increase understanding of the processes that confer 

risk and resilience for CD sequelae, it is crucial to elucidate factors that may differentiate 

children with childhood-onset CD with and without CU traits. Although a good deal of literature 

has considered CD with and without CU traits among older youth, there is a paucity of research 

specifically examining risk processes and/or mechanisms underlying childhood-onset CD with 

and without CU traits, a crucial limitation given the negative prognosis associated with both 

childhood-onset CD and with CU traits. Although research on childhood-onset CD+CU traits has 

suggested several factors that may distinguish CD+CU from CD-only, distinct etiological or risk 

processes for these two subtypes have not been firmly established. However, as this area of 

research has grown, more is being learned about the biological underpinnings of CD+CU. One 

important candidate biological process that could aid in identifying more homogenous subtypes 

of children with CD and that may be amenable to intervention during the period associated with 

childhood-onset CD is autonomic nervous system (ANS) functioning. Children with CD+CU 

traits in childhood might manifest different patterns of ANS functioning compared to those 

without CU traits, which is one potential explanation for varying developmental trajectories 

within the childhood-onset CD subtype. Given (a) the dearth of research considering these issues 

and (b) evidence to indicate that even at sub-diagnostic levels, CD symptoms can have a 

deleterious effect on functioning, the following background and present study consider CD 
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symptoms and CU dimensionally. As such, the following sections refer to CD symptoms that 

arise in childhood more broadly (e.g., aggression, delinquency, criminality, disruptive behavior 

problems) rather than the more narrowly defined and circumscribed CD diagnosis.   

Temperamental Underpinnings of CU Traits 

It is likely that temperamental differences, some of which may be associated with specific 

ANS processes, contribute to the development of CU traits and therefore underlie differences in 

psychosocial correlates among children with CD+CU and CD-only (Frick, 2006; Frick & 

Viding, 2009). One potential candidate temperamental style is characterized by low fearful 

inhibitions, an insensitivity to punishment, and less reactivity to negative stimuli (Dadds et al., 

2005; Frick, 2006; Frick & Morris, 2004). Not surprisingly, children with CD symptoms and CU 

manifest several characteristics that reflect low fearful inhibitions. For example, children with 

early-onset CD+CU demonstrate an inclination toward thrill-seeking behavior (Frick et al., 

2003b; Frick, Lilienfeld, Ellis, Loney, & Silverthorn, 1999). In addition, Frick and colleagues 

(1999, 2003b) reported associations between CU traits and fearlessness (indexed by preference 

for sensation-seeking activities) among a clinic-referred sample of children aged 6 to 13 (Frick et 

al., 1999) and a community-based sample of children with an average age of 12 years (Frick et 

al., 2003b).  

Evidence for a lack of fearful inhibitions among children with CD+CU also can be drawn 

from research indicating that youth with CD symptoms and high CU traits exhibit low levels of 

anxiety (Frick, 2006, 2012; Frick et al. 1994, 1999; Frick & Morris, 2004; Frick &White, 2008; 

Pardini & Fite, 2010). For example, in a sample of first through seventh grade boys followed 

over a two year period, Pardini and Fite found that CU traits prospectively predicted lower levels 

of anxiety, whereas attention-deficit/hyperactivity disorder and oppositional defiant disorder 
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(ODD) symptoms were related to higher levels of anxiety over time. Furthermore, Frick et al. 

(1994) found a negative association between CU traits and anxiety symptoms, but a positive 

association between ODD and CD symptoms with anxiety among a sample of 6- to 13-year-old 

children. Thus, children with CD+CU may be less likely to exhibit anxiety than CD-only 

children, consistent with dual pathway models of conduct problems and anxiety (e.g., Drabick, 

Ollendick, & Bubier, 2010; Garai, Forehand, Colletti, & Rakow, 2009; Ollendick, Seligman, & 

Butcher, 1999). One potential implication of these findings is that CD+CU children may be less 

distressed by the effects of their behaviors both on themselves and others because lower levels of 

anxiety at baseline may hinder their experiencing typical increases in anxiety associated with 

wrong-doing. Furthermore, these results suggest that low levels of anxiety may be associated 

with the development of CU traits (Drabick et al., 2010; Frick, 2006; Frick et al., 1999; Frick & 

White, 2008).    

  Children with CD+CU also exhibit insensitivity to punishment cues. For example, 

children with CD+CU emphasize rewards while minimizing punishment, which has been 

referred to as a reward-dominant cognitive style (Barry et al., 2000; Fisher & Blair, 1998; Frick, 

2006; Frick & Morris, 2004; Frick & White, 2008; O’Brien & Frick, 1996). For example, 

O’Brien and Frick examined the response style of a sample of children ages 6-13 on a task 

assessing children’s decision to pursue rewards despite increasing levels of punishment. Non-

anxious children with elevated CU traits (both with and without conduct problems) played 

significantly more trials than children without CU traits, suggesting continued desire to obtain 

rewards regardless of the increasing rate of punishment (i.e., loss of points). Consistent with 

these results, Fisher and Blair (1998) reported that youth with higher psychopathy scores played 

more trials on a reward-dominant task than youth with lower psychopathy scores. Taken 
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together, these findings indicate that children with CU traits demonstrate a reward-dominant 

style. This style is consistent with the notion that children with CU traits exhibit insensitivity to 

punishment cues and potentially can differentiate children with CD+CU from children with CD-

only who, though also reward-focused, are more likely than CD+CU children to modify their 

pursuit of rewards when faced with increasing punishment.   

Emotion Processes and CU Traits 

Temperamental differences among youth with CU traits are also evident in terms of 

emotion-related processes (Frick, 2006, 2012), such as emotional reactivity. Emotional reactivity 

is typically thought of as an involuntary process, and refers to the “…speed and intensity of the 

initial activation of an emotion” (Cole, Martin, & Dennis, 2004, pp. 321-322; Rothbart & Bates, 

2006). In contrast to emotional reactivity, emotion regulation occurs after an emotion has been 

activated and is described as “…changes associated with activated emotions” (Cole et al., 2004, 

p. 320). Changes may occur in the actual emotion or in related psychological processes, and 

these changes often result from particular behavioral strategies used by the individual (Cole et 

al., 2004; Thompson, 1994). Researchers have employed a variety of strategies for assessing 

emotion reactivity and regulation, including self-report, observational methods, physiological 

measures, and behavioral tasks.  

Emotional Reactivity 
 

In terms of emotional reactivity, whereas CD-only youth demonstrate increased reactivity 

in response to distress in others, children with CD+CU are less reactive to negative emotional 

stimuli, including emotionally distressing and threatening stimuli (Blair, 1999; Frick et al., 

2003b; Kimonis, Frick, Fazekas, & Loney, 2006). For example, in a sample of children with an 

average age of 12 years, Frick et al. (2003b) found that children with high levels of CU 



13 

 

demonstrated reduced emotional reactivity, as indexed by slower response times or reduced 

attentional orienting, to negative emotional versus neutral words. Consistent with these findings, 

Kimonis et al. investigated emotional reactivity to visual stimuli using a dot-probe task among a 

sample of children ages 6-13 and found that children with psychopathic (including CU) traits and 

high levels of aggression demonstrated reduced reactivity to pictures with distressing emotional, 

compared to neutral, content. In contrast, children high on aggression but low on psychopathic 

traits demonstrated increased reactivity to distress.  

Emotion Recognition Deficits and CU  
 

Not only are CD+CU children less reactive to negative emotional stimuli than CD-only 

children, but CD+CU children are more likely to mistakenly label fearful expressions as another 

emotion, and take longer to recognize sadness in others compared to CD-only youth (Blair, 

Budhani, Colledge, & Scott, 2005; Blair, Colledge, Murray, & Mitchell, 2001; Dadds et al., 

2006; Munoz, 2009; Stevens, Charman, & Blair, 2001).  Stevens et al. found that children who 

scored high on psychopathic tendencies were less accurate in identifying facial expressions of 

fear and sad vocal affect compared to children low on psychopathic tendencies; however, these 

groups of children were comparable in recognizing facial expressions and vocal intonations of 

happiness and anger. Dadds and colleagues also found a negative association between CU traits 

and the ability to recognize fearful facial expressions among children, as well as a tendency to 

label neutral faces as angry. In an effort to extend findings to body postures, Munoz (2009) 

examined accuracy in identifying emotion from facial expressions and from body postures in a 

sample of boys aged 8-16, and found that boys with elevated CU traits were less accurate in 

labeling fear in both facial expressions and body postures. These studies provide robust evidence 

that children with CU traits exhibit a specific deficit in recognizing fear in others that 
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encompasses facial expression, vocal intonation, and body language, whereas CD-only youth do 

not exhibit these deficits (Pardini et al., 2003).  

Researchers have hypothesized that difficulties labeling or recognizing fear among 

children high on CU traits, coupled with reduced reactivity to negative emotional stimuli, allows 

children with CU traits to more easily engage in antisocial behavior because they are not 

inhibited by the negative arousal associated with distress in others (Blair et al., 2005; Munoz, 

2009). Moreover, these temperamental deficits in emotional reactivity and the insensitivity to 

punishment likely interfere with moral socialization, including the development of conscience 

that, within normative development, serves to inhibit children from engaging in antisocial 

behaviors (Blair, 2009; Pardini et al., 2003). Thus, these temperamental features likely underpin 

deficits in conscience and empathy development, each of which likely contributes to the 

development of CD+CU (Blair, 1995, 2005; Frick, 2006; Kochanska, 1993, 1997).  

Neural Functioning and CU  

Evidence from cognitive neuroscience is consistent with this possibility. Specifically, two 

neural regions associated with moral reasoning and empathy, the amygdala and the ventromedial 

prefrontal cortex (vmPFC; a region that is thought to be included within the orbitofrontal cortex 

(OFC) and to include parts of the medial OFC) (Greene, Sommerville, Nystrom, Darley, & 

Cohen, 2001; Koenigs & Tranel, 2007; Luo et al., 2006; Moll et al., 2002; Raine & Yang, 2006; 

Singer, 2006; Young & Koenigs, 2007), evidence dysfunction among adult psychopaths (Blair, 

2004, 2007; Kiehl et al., 2001; Raine & Yang, 2006; Yang & Raine, 2009). The amygdala is 

involved in the recognition of emotion in others’ facial expressions (Blair, 2004, 2007; Crowe & 

Blair, 2008; Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002; Herba & Phillips, 2004; Jones, 

Laurens, Herba, Barker, & Viding, 2009; Lobaugh, Gibson, & Taylor, 2006), and plays a critical 



15 

 

role in aversive conditioning and associative (or instrumental) learning (Benes, 2006; Blair, 

2004, 2007; Davidson, 2002; Davis, 2000; Killcross, Robbins, & Everitt, 1997; LeDoux, 1998; 

Patterson & Newman, 1993). The vmPFC appears to regulate the interaction of cognition and 

affect and is involved in reward-based decision-making (Bechara, Damasio, Damasio, & Lee, 

1999; Blair, 2004; Blair et al., 2006a; Tranel, Bechara, & Damasio, 2000). More specifically, the 

vmPFC plays an important role in assessing the emotional value associated with a stimulus; this 

information is then communicated to the dorsolateral prefrontal cortex (DLPFC), a structure 

critically involved in self-regulation and selection of behavioral responses that continues to 

develop throughout childhood and into adulthood (Blair, 2004; Luciana, 2006).  

The deficits in recognition of sad and fearful expressions among youth with CU traits 

reviewed earlier is likely a reflection of underactive amygdala functioning. In fact, functional 

brain imaging studies examining psychopathy in adulthood and CD+CU in adolescence and 

middle childhood have consistently reported amygdala hyporeactivity among individuals with 

elevated levels of psychopathy or CU traits (Birbaumer et al., 2005; Gordon, Baird, & End, 

2004; Jones et al., 2009; Kiehl et al., 2001; Marsh et al., 2008; Veit et al., 2002). These findings 

are in contrast to findings from individuals who are primarily reactively, or impulsively, 

aggressive who demonstrate amygdala overreactivity to negatively valenced emotional (e.g., 

threatening) stimuli (Blair, 2010; Carre, Fisher, Manuck, & Hariri, 2012; Coccaro, McCloskey, 

Fitzgerald, & Phan, 2007; Donegan et al., 2003; Lee, Chan, & Raine, 2008; New et al., 2009). In 

addition, as the amygdala is critically involved in aversive conditioning, it is not surprising that 

individuals with psychopathy exhibit deficiencies in aversive conditioning (Blair, 2005; Flor et 

al., 2002).  
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Individuals with psychopathy also exhibit impairments in response reversal and gambling 

tasks (Blair et al., 2001; Budhani & Blair, 2005; Cools, Clark, Owen, & Robbins, 2002), each of 

which involves the vmPFC (Blair, 2004, 2005, 2007; Kimonis et al., 2007; Marini & Stickle, 

2010; Marsh et al., 2008). Response reversal tasks require individuals to adapt their responses 

subsequent to a change in the valence of the stimulus (e.g., a previously rewarded response shifts 

so that the rewarded stimulus is now punished), whereas gambling tasks consist of choosing 

cards from advantageous decks (i.e., smaller gains and relatively smaller losses, resulting in net 

gains over time) and disadvantageous decks (i.e., larger gains and relatively larger losses, 

resulting in net losses over time). As the vmPFC appears to provide information about 

expectations of reward and changes in contingencies to other regions for use in the selection of a 

response, dysfunction in this region will negatively impact an individual’s ability to regulate 

their emotions and behaviors (Blair, 2004, 2005). However, adults with psychopathy exhibit 

greater impairment on these tasks than do children with psychopathic tendencies (Blair et al., 

2001; Blair, 2004, 2005). Blair has suggested that such evidence may reflect the developmental 

course of the disorder (Blair, 2004). Given the interconnections between the amygdala and the 

vmPFC, and amygdala hyporesponsivity evident in children with CU traits, it is possible that 

over time, the diminished afferent input from the amygdala to the vmPFC leads to decreased 

responsiveness of the vmPFC (Blair, 2004, 2007; Bubier & Drabick, 2008). Thus, amygdala 

hyporesponsivity may be critically involved in the developmental progression of CD+CU in 

childhood to adult psychopathy not only because of its potential influence on other brain regions, 

but also because of the amygdala’s role in moral socialization. 
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Moral Socialization and CU 

 

Moral socialization refers to the process wherein caregivers try to instill an understanding 

of moral conduct in their children by rewarding prosocial behavior and punishing behavior that is 

considered morally wrong (Blair, 2004; Brody & Shaffer, 1982; Kochanska & Aksan, 2006). 

Some accounts are based on the idea that moral socialization occurs through the use of 

punishment. That is, because punishment elicits a fear response, individuals learn to associate 

this fear response with the act that resulted in the punishment, which in turn serves to inhibit that 

act in the future (Patterson & Newman, 1993). However, alternative accounts suggest that moral 

socialization is actually achieved through the activation and promotion of empathy, and that 

empathy assists in moral development, whereas fear impedes moral socialization (Eisenberg, 

2002; Hoffman, 1994). In their review of the influence of parents and peers on moral 

socialization, Brody and Shaffer found that, regardless of age, power-assertive discipline was 

negatively associated with moral socialization (i.e., lower scores on indices of children’s moral 

attitudes and behaviors).  

Returning to potential biological underpinnings, one account of moral socialization 

suggests that among typically developing individuals, seeing another individual’s distress elicits 

increases in autonomic activity, which can be interpreted as physical cues of discomfort and 

therefore an aversive reaction (Blair, 1995; Eisenberg et al., 1990, 1996; Fabes, Eisenberg, & 

Eisenbud, 1993; Hastings, Zahn-Waxler, & McShane, 2006; Hastings, Zahn-Waxler, Robinson, 

Usher, &Bridges, 2000; Holmgren, Eisenberg, & Fabes, 1998). Similarly, Blair (1995, 2004, 

2005; Blair, Jones, Clark, & Smith, 1997) suggests that moral socialization occurs through the 

process of aversive conditioning. Repeated pairings of moral transgressions with another 

individual’s distress elicits an aversive response in the individual, which in turn results in a 
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learned association between the moral transgression and the aversive reaction and that the 

behavior is wrong or bad. Subsequently, the moral transgressions themselves elicit this aversive 

response (potentially characterized by increased autonomic activity) that should serve to inhibit 

behaviors that are morally wrong. Therefore, moral socialization is reliant on aversive 

conditioning and instrumental learning, each of which involves the amygdala (Blair, 2004, 2007; 

Fowles & Kochanska, 2000). Given these associations, deficits in amygdala functioning 

exhibited by adults with psychopathy and youth with CU traits may interfere with their ability to 

form aversive stimulus—reinforcement associations and consequently hinder socialization 

processes (Blair, 2004, 2005, 2007; Blair et al., 2005). Blair’s account underscores the important 

role of ANS functioning in moral socialization and the development of empathy as moral 

socialization depends, in part, on the ability to experience a visceral response to another’s 

distress, which is likely underpinned by ANS and limbic system functioning. Consistent with this 

possibility, the amygdala innervates the ANS via the hypothalamus and brainstem circuits and 

receives information about peripheral bodily states (Harper, Bandler, Spriggs, & Alger, 2000; 

Harper, Bandler, Spriggs, Lee, & Alger, 1998; LeDoux, 2000; Shirtcliff et al., 2009; Williams et 

al., 2005; Yang et al., 2009). In sum, hyporesponsivity to aversive stimuli (e.g., another person’s 

distress) may impede the socialization of moral emotions, subsequently leading to a lack of 

empathy manifested as CU traits. The combination of this hyporesponsivity to others’ distress 

and CU traits thus may facilitate the use of antisocial and aggressive behavior, thereby resulting 

in CD+CU (Blair, 1995, 2004, 2007; Blair et al., 2005).  

Taken together, research to date suggests that childhood-onset CD+CU is associated with 

lack of fearful inhibitions and low emotional reactivity, whereas childhood-onset CD-only is 

associated with high emotional reactivity and low effortful control, defined as “…the ability to 
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inhibit a dominant response to perform a subdominant response” (Rothbart & Bates, 2006, p. 

129). Given distinct temperamental features of children with childhood-onset CD+CU and the 

importance of identifying children at risk for serious and persistent antisocial behavior, it is 

crucial to refine and identify distinct characteristics of children with childhood-onset CD+CU 

using multiple levels of analysis, which may in turn elucidate the distinct etiology of CD+CU. 

Because temperament has a biological basis (Kagan, 1998; Rothbart & Ahadi, 1994; Rothbart, 

Ahadi, & Evans, 2000; Rothbart, Ahadi, & Hershey, 1994; Rothbart & Bates, 1998), it is likely 

that children with childhood-onset CD+CU could be distinguished from those without CU traits 

based on biological measures that index temperamental dimensions, such as ANS functioning 

(Kagan, 1998; Rothbart & Bates, 1998). Indeed, autonomic measures may be especially 

informative in this regard because they are thought to be less prone to bias and measurement 

error than self-report indices; also, they provide more sensitive indices of psychological states 

and the neural processes underlying the states and resultant behaviors (Lorber, 2004). Despite 

these issues and the growing literature seeking to validate and understand subgroups of children 

with CD, there is a dearth of literature examining differences in ANS functioning among 

children with CD with and without CU traits, particularly among childhood-onset CD. 

Overview of the ANS 

The ANS is the portion of the nervous system that controls basic visceral functions of the 

body such as cardiovascular activity, metabolism, digestion, and thermoregulation. The ANS 

consists of two branches, the sympathetic nervous system (SNS) and the parasympathetic 

nervous system (PNS). This division is based on the location in the brain and spinal cord in 

which the autonomic nerves originate. Generally, the SNS regulates involuntary reactions to 

stress (e.g., increased heart and breathing rates) and prepares the body to respond to stressors, 
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whereas the PNS promotes growth and restoration of homeostasis. The regulation of the ANS 

has been conceptualized as a balance system because most organs that it innervates receive both 

sympathetic and parasympathetic input. Furthermore, the effects of SNS and PNS activation on 

an organ are generally antagonistic. This antagonistic relationship can be seen in patterns of 

cardiac activity that are primarily determined by the interaction of acceleratory SNS activation 

and deceleratory PNS activation. Thus, organs can receive simultaneous impulses that both 

increase and decrease their activity, which means that depending on the relative input of the PNS 

and SNS at any given time, the net effect of ANS activation may be either inhibitory or 

excitatory (Beauchaine, 2001; Brownley et al., 2000; Porges, 2003).    

PNS and SNS Indices 

Because heart rate (HR) has been found to be a robust biological correlate of antisocial 

behavior, many studies examining the link between biological processes and antisocial behaviors 

have utilized measures of HR (e.g., Baker et al.,  2009; Ortiz & Raine, 2004; Posthumus, Bocker, 

Raaijmakers, Van Engeland, & Matthys, 2009). Researchers often measure levels of resting HR 

and heart rate reactivity (HRR; i.e., changes in heart rate in response to a stressor). However, HR 

is subject to both parasympathetic and sympathetic influences. As the separate influence of each 

of these branches cannot be parsed out within the HR construct, HR is not a particularly useful 

ANS index for distinguishing between childhood-onset CD+CU and CD-only. SNS and PNS 

functioning may be differentially related to CD+CU and CD-only; thus, the separate and 

concurrent consideration of both the PNS and SNS is important for advancing theoretical models 

about childhood-onset CD with and without CU.  

Parasympathetic cardiac influences are indexed by respiratory sinus arrhythmia (RSA), 

which is the ebb and flow of heart rate across the respiratory cycle, or the variability of heart rate 
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for each respiratory cycle (Beauchaine, 2001; Porges, 1995). RSA is commonly regarded as an 

estimate of vagal tone (PNS influence on cardiac activity) because it serves as a proxy for 

processes that could only be measured via invasive procedures (Beauchaine, 2001). In terms of 

the relation between RSA and vagal tone, RSA results from decreases in vagal efference during 

inhalation, which increases heart rate, and increases in vagal efference during exhalation, which 

decreases heart rate (Beauchaine, 2001; Bubier, Drabick, & Breiner, 2009). However, “RSA” 

and “vagal tone” are not equivalent; RSA is an imperfect index of vagal tone because changes in 

respiration rate and tidal volume influence RSA independent of vagal tone (Beauchaine, 2001).    

Electrodermal activity (EDA) is under exclusive control of the SNS. EDA describes the 

changes in the skin’s ability to conduct electricity, which is linked to changes in the hydration of 

the sweat glands. EDA often is operationalized as skin conductance (SC), which is an index of 

very small changes in the electrical activity of the skin, given that SC reflects the activity of the 

eccrine sweat glands (Erath, El-Sheikh, & Cummings, 2009) and an increase in sweating leads to 

an increase in SC activity (Scarpa & Raine, 1997). SC can be assessed by two components: a 

baseline component (skin conductance level), and a reactivity component that measures changes 

in SC from baseline in response to a stimulus (Erath et al., 2009). Research indicates that SC 

responses reflect an index of the amount of attention allotted to processing a stimulus (Dawson, 

Schell, & Filion, 1990; Scarpa & Raine, 1997). Because the SNS is sensitive to stress and 

emotional arousal, SC activity can be used to assess stress reactivity to aversive or arousing 

events (Scarpa & Raine, 1997).   

Last, SNS influences on cardiac activity also can be indexed by cardiac pre-ejection 

period (PEP). PEP refers to the time between the onset of the left ventricular depolarization and 

ejection of blood into the aorta (Beauchaine, 2001; Brenner, Beauchaine, & Sylvers, 2005). This 
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time interval is determined by beta-adrenergic influences that are in turn under the control of the 

SNS. Shorter time intervals reflect more sympathetic activity. Several theories linking ANS 

functioning and behavior have been derived from research using these various indices. It is to 

these theories that I now turn. 

Theories Linking the ANS and Behavior 

Polyvagal Theory 

According to Porges’ Polyvagal Theory (1995), the evolution of the human ANS 

provides the neurophysiological substrates for and determines the range of emotional 

experiences and affective processes that are critical components of social behavior (Porges, 

2003). Polyvagal Theory considers two distinct branches of the vagus, or tenth cranial nerve, 

which provide two sources of inhibitory input to the heart via the PNS. Each branch is posited to 

support a different adaptive behavioral strategy. These two branches include a phylogenetically 

older branch, which originates in the dorsal motor nucleus, and a newer branch that originates in 

the nucleus ambiguus. The dorsal motor nucleus controls what has been called the “vegetative 

vagus,” which maintains unconscious reflexive cardiac activity, such as the slowing down of 

heart rate that occurs with the orienting reflex (Porges, 1995; Porges et al., 1996). This branch is 

thought to be rooted in the primary survival strategy of primitive vertebrates (reptiles and 

amphibians), which freeze when threatened. This illustrates the role of the vagus in suppressing 

metabolic demands under conditions of danger (Porges, 1995, 2001, 2003). The nucleus 

ambiguus branch, often referred to as the “smart vagus,” is unique to mammals and mediates 

cardiac activity when environmental demands call for a more complex form of coping (Porges, 

1995, 2001, 2003). Subsequent to orienting, mammals must choose to either engage with the 

threat or defer to fight-flight responding. Engaging with the threat necessitates sustained 
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attention, which is associated with inhibition of heart rate controlled by the vagus (Beauchaine, 

2001; Suess et al., 1994; Weber, van der Molen, & Molendaar, 1994). The fight-flight response, 

however, is accompanied by rage and panic, and entails vagal withdrawal and heart rate 

accelerations controlled by the SNS (George et al., 1989; Porges, 1995, 1996). As the SNS is no 

longer opposed by the inhibitory vagal (PNS) influences, vagal withdrawal allows for large 

increases in cardiac output by the SNS that provide the individual with the resources needed to 

deal with dangerous circumstances. Thus, there is a functional purpose underlying the 

association between strong emotional experience and vagal withdrawal (Beauchaine, 2001; 

Beauchaine et al., 2007; Porges, 2001, 2003).  

The smart vagus blocks SNS input to the heart, which accelerates heart rate, when social 

engagement is the most appropriate response, and allows the SNS influence on the heart to 

proceed unopposed when fighting or fleeing is the most appropriate response (Beauchaine et al., 

2007; Porges, 1995, 2001). The mammalian ANS is presumed to function according to a 

phylogenetic hierarchical organization. Response strategies to threat are initially dictated by the 

newest neural structures, followed by the older structures if an initial response strategy fails. In 

other words, if vagally mediated social engagement behaviors preclude the individual’s effective 

coping with a stimulus, response strategies shift to fight-flight behaviors controlled by the older 

SNS. If this response also fails, then immobilization behaviors occur. These are controlled by the 

vegetative vagus, the oldest response system. Polyvagal Theory posits that emotion regulation 

and social affiliation are emergent properties served by the smart vagus; thus, engagement of the 

newer vagal system suppresses the intense emotional reactions that characterize fight-flight 

responding (Beauchaine, 2001; Beauchaine et al., 2007; Porges, 1995, 2001, 2003).  
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Polyvagal Theory consequently can provide a model for relations between ANS 

functioning and CD symptoms, as well as how PNS activity may reflect emotion regulation 

abilities and the temperamental construct of effortful control. According to this theory, 

deficiencies of the smart vagus should put individuals at increased risk for emotion dysregulation 

and maladaptive social behavior. Furthermore, because ineffective functioning of the smart 

vagus would increase the tendency for individuals to rely on fight-flight behavioral responses 

that induce intense approach or avoidance emotional reactions, reduced cardiac vagal tone 

should be observed in disorders that are characterized by approach emotions, like anger 

(Beauchaine, 2001; Beauchaine et al., 2007). The literature is generally supportive of this 

proposition; for example, findings have shown that PNS functioning, as indexed by RSA, is 

reflective of individual differences in emotional reactivity and the ability to regulate arousal, 

emotion, or affect (Beauchaine, 2001; Calkins, 1997; Hastings et al., 2008; Kennedy, Rubin, 

Hastings, & Maisel, 2004; Porges, 1995; Santucci et al., 2008). High levels of basal RSA have 

been associated with social competence, empathy, and emotion regulation (Beauchaine, 2001; 

Eisenberg et al., 1995; Fabes, Eisenberg, & Eisenbud, 1993; Fox & Field, 1989). In contrast, low 

vagal tone is related to dysregulated affect and emotional lability, or a tendency toward extreme 

emotional responses, as well as externalizing behavior problems, including aggression, CD, and 

ODD symptoms, among at-risk and clinical samples ranging from early childhood through 

adolescence (Beauchaine, 2001; Beauchaine et al., 2007; Calkins & Dedmon, 2004; Donzella, 

Gunnar, Kreuger, & Alwin, 2000; El-Sheikh et al., 2001; Field et al., 1996; Gottman & Katz, 

2002; Kennedy et al., 2004; Mezzacappa, Tremblay, Kindlon, & Saul, 1997; Pine et al., 1998; 

Porges, 2007). Moreover, vagal deficiencies (i.e., decreased baseline RSA and lower levels of 

RSA modulation) are related to externalizing behaviors among children and adolescents in 
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ethnically diverse samples (Beauchaine, Katkin, Strassberg, & Snarr, 2001; Crowell et al., 2006; 

Mezzacappa et al., 1997; Pine et al., 1998), as well as to internalizing symptoms (e.g., anxiety, 

depression) among youth (Lyonfields, Borkovec, & Thayer, 1995; Yeragani et al., 1993). This 

lack of specificity between vagal tone and psychological symptoms suggests that vagal 

deficiencies confer non-specific risk for a variety of difficulties (i.e., multifinality). Alternatively 

stated, although Polyvagal Theory provides a basis for understanding emotion dysregulation as 

the product of vagal deficiencies that lead to fight-flight responses that contribute to 

psychopathology, it does not explain why emotion dysregulation is manifested as externalizing 

behaviors among some individuals and internalizing behaviors among others. As discussed by 

Beauchaine (2001), to explain the predominant behavioral response set observed among various 

forms of psychopathology, sympathetic functioning must be considered in conjunction with 

parasympathetic functioning (Beauchaine, 2001; Beauchaine et al., 2007). In an effort to address 

this issue, Beauchaine (2001) posited a model that integrates Polyvagal Theory and Gray’s 

Theory of Motivation (Gray, 1982, 1987; Gray & McNaughton, 2000) and outlines the 

interaction between the PNS and the SNS in the prediction of behavioral outcomes among youth. 

Beauchaine’s Integrated Model of ANS Functioning and Behavior  

 Beauchaine’s (2001) integrated model serves to explain the conditions under which 

externalizing versus internalizing behaviors are likely to occur. This integrated model of ANS-

behavior relations posits that the motivation underlying behavior is a reflection of the balance 

between the behavioral activation system (BAS, the reward system), and the behavioral 

inhibition system (BIS, the punishment system) and is under control of the SNS, whereas 

regulation-related abilities are controlled by the PNS. When behavioral responses are necessary, 

the BAS serves to maximize reward and minimize punishment, whereas the BIS produces 
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anxiety and fear, which serve to inhibit appetitive behaviors when aversive consequences 

(punishment) are anticipated. According to Beauchaine, an under-responsive reward system 

(BAS) combined with deficiencies in vagal modulation of emotion will result in the aggressive 

and sensation-seeking behaviors that characterize disruptive behavior disorders (e.g., ODD and 

CD). Alternatively, an over-responsive reward system (BAS), in combination with deficient 

vagal modulation of emotion, results in behaviors that are characteristic of internalizing 

disorders. Thus, Beauchaine suggests that aggressive behavior disorders, such as CD, should be 

characterized by attenuated SNS activity in conjunction with attenuated vagal tone and/or 

excessive vagal reactivity (Beauchaine, 2001). Beauchaine’s model consequently has 

implications for elucidating the relation between ANS functioning and childhood-onset CD.  

Based on Polyvagal Theory, different patterns of ANS functioning should be associated 

with childhood-onset CD with and without CU traits. CD-only should be a reflection of (a) low 

baseline RSA, which reflects negative emotionality or negative emotional traits; and (b) 

excessive RSA reactivity (vagal withdrawal), which is thought to characterize dysregulated 

emotional states. In contrast, childhood-onset CD+CU, which is presumed to be related to 

deficiencies in moral development rather than difficulties with regulating emotions (Frick, 2006; 

Frick & White, 2008), may be more likely to be associated with (a) low baseline RSA, consistent 

with negative emotional traits like anger; and (b) either normative levels of RSA reactivity or 

low RSA reactivity (PNS activation). However, according to Beauchaine’s (2001) integrated 

vagal and motivational model, behavioral outcomes cannot be determined by one system alone. 

Therefore, SNS functioning must be considered in conjunction with the vagal system.  

There are generally two models in the literature regarding how the SNS contributes to 

antisocial and aggressive behavior. One model suggests that aggression is a result of reward 
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dominance, which is associated with an overactive BAS, and posits that reactions to threatening 

stimuli are dominated by fight-flight responses accompanied by rage and panic. As noted above, 

fight-flight responding is characterized by the withdrawal of vagal (or PNS) influences and the 

dominance of SNS influences on cardiac activity. Based on this explanation, then, the SNS-

dominated fight-flight responses to stressors would be expected to fuel aggressive responses to 

provocation (Beauchaine, 2001; Murray-Close & Crick, 2007; Porges, 1995, 2003; Scarpa & 

Raine, 1997). Moreover, this explanation implies that aggressive responses to provocation should 

be accompanied by heightened sympathetic activity and, consequently, reactive aggression. 

Thus, this explanation is likely more characteristic of childhood-onset CD-only than CD+CU. 

A second model proposes that trait aggression reflects sensation seeking, which is a result 

of autonomic underarousal and reward insensitivity, consistent with an underactive BAS 

(Beauchaine et al., 2007). Two explanations have been posited to explain the relation between 

autonomic underarousal and aggressive behavior: sensation-seeking theory and fearlessness 

theory (Ortiz & Raine, 2004; Raine, 2002). From the sensation-seeking theoretical perspective, 

underarousal is experienced as an unpleasant state and, consequently, individuals engage in 

aggressive behavior to increase their physiological arousal to a more pleasant level (Kibler, 

Prosser, & Ma, 2004; Ortiz & Raine, 2004; Raine, 2002; Schneider, Nicolotti, & Delamater, 

2002). The fearlessness explanation posits that autonomic underarousal reflects a lack of fear, 

which allows individuals to engage in aggression without regard for potential consequences 

(Ortiz & Raine, 2004; Raine, 2002). These theories are more effective in accounting for 

proactive (as opposed to reactive) aggression, suggesting that they may be more applicable to the 

development of CD+CU than CD-only. 
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ANS Functioning and CD 

Consistent with sensation-seeking and fearlessness theories, autonomic underarousal is a 

well-replicated correlate of aggressive behavior (e.g., Raine, 2002). For example, two 

associations between ANS functioning and childhood-onset CD have been well-documented: the 

association between lower resting HR and CD symptoms among youth (Ortiz & Raine, 2004; 

Raine, Venables, & Mednick, 1997) and between reduced EDA (or SC) at rest and CD 

symptoms (Delamater & Lahey, 1983; Lorber, 2004; Ortiz & Raine, 2004; Patrick, 2008). For 

example, studies have reported lower baseline HR and SC among children with CD and/or ODD 

(van Goozen et al., 1998; van Goozen, Matthys, Cohen-Kettenis, Buitelaar, & van Engeland, 

2000), and the results of a meta-analysis conducted by Lorber (2004) indicate consistent 

associations between conduct problems and aggression and (a) low resting HR and (b) attenuated 

resting EDA among children. Furthermore, Van Bokhoven, Matthys, van Goozen, and van 

Engeland (2005) found that among a sample of children with disruptive behavior disorders, low 

resting SC was the best predictor of serious antisocial behavior in adolescence.  

Research also demonstrates associations between attenuated autonomic reactivity and CD 

symptoms in childhood (McBurnett et al., 1993; van Goozen, Fairchild, Snoek, & Harold, 2007). 

Boyce and colleagues (2001) reported attenuated SNS reactivity (indexed by lower PEP 

reactivity) and externalizing behavior in a sample of 6- to 7-year-old children. Attenuated SNS 

reactivity also was found among a clinical sample of youth ages 8 to 12 with ODD and/or CD 

compared to controls with no psychiatric diagnoses (Mead et al., 2004, as cited in Beauchaine et 

al., 2007). In their meta-analysis, Kibler et al. (2004) found a negative association between HR 

reactivity (attenuated autonomic activity) and externalizing and aggressive behaviors among 

children. Taken together, these studies suggest that antisocial behavior and aggression are 
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associated with attenuated autonomic reactivity among youth. However, there is also empirical 

evidence demonstrating an association between CD symptoms and heightened autonomic 

reactivity, particularly in the context of provocation. For example, Williams, Lochman, Phillips, 

and Barry (2003) reported a relation between aggression and greater HR reactivity among boys 

aged 9-13 who were told that a peer with whom they were going to work was in a bad mood and 

wanted to pick a fight with them. Van Goozen et al. (1998) also found greater HR reactivity in 

response to peer provocation among a group of children 8-11 years old with ODD compared to a 

control group with no psychiatric diagnosis. 

 In addition to these inconsistencies in findings related to autonomic reactivity, the extant 

literature is limited by the fact that the majority of studies examining relations between ANS 

reactivity and CD symptoms focus on HR, HR reactivity, and SC activity. As discussed 

previously, HR and HR reactivity reflect activity of both the PNS and the SNS, whereas SC 

specifically reflects SNS activity. Thus, the independent contribution of the PNS is unclear. 

However, it is important to consider direct measures of PNS activity (e.g., RSA) because (a) the 

SNS and PNS operate together, not in isolation; (b) PNS activity may be an important correlate 

of antisocial behavior; and (c) patterns of joint action of the PNS and SNS may provide greater 

specificity in terms of associations between ANS activity and subtypes of children with CD 

symptoms.  

Nevertheless, the literature linking PNS activity with CD symptoms is also characterized 

by inconsistencies. For example, although low baseline levels of RSA consistently are related to 

emotion dysregulation and CD symptoms (Beauchaine, 2001; Beauchaine et al., 2007; El-

Sheikh, 2005; Fox & Field, 1989; Hinnant & El-Sheikh, 2009; Kennedy, Rubin, Hastings, & 

Maisel, 2004; Shannon, Beauchaine, Brenner, Neuhaus, & Gatzke-Kopp, 2007; Vasilev, 
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Crowell, Beauchaine, Mead, & Gatzke-Kopp, 2009), findings from some community-based 

samples do not report relations between low baseline RSA and externalizing behavior problems 

(Calkins et al., 2007; El-Sheikh et al., 2001; El-Sheikh & Whitson, 2006). Furthermore, the 

relation between RSA reactivity and CD symptoms is even less clear. High RSA reactivity, or 

decreases in RSA from baseline (i.e., greater vagal withdrawal), is associated with better emotion 

regulation and decreased externalizing and internalizing problems from young childhood through 

adolescence (Calkins, 1997; El-Sheikh et al., 2001; El-Sheikh & Whitson, 2006; Porges, 2007). 

Nevertheless, high RSA reactivity also is reportedly associated with internalizing symptoms 

(Boyce et al., 2001) and clinically significant behavior problems (Crowell et al., 2005; 

Beauchaine et al., 2001). Thus, moderate vagal withdrawal is adaptive because it allows the 

organism to attend to stressors and enact social engagement strategies to cope effectively with 

the stressor (Beauchaine, 2001; Porges, 1995, 2003, 2007). However, if the stressor is prolonged 

or if there are vagal system deficiencies (e.g., excessive vagal withdrawal), the inhibitory 

influence of the PNS may be largely removed, inhibiting the ability of the PNS to effectively 

manage the stressor. In this case, the SNS may be activated, leaving the individual subject to 

fight-flight responding and therefore unable to regulate associated emotional states of rage or 

panic. Thus, excessive vagal withdrawal or high RSA reactivity can reflect anger, which is 

related to externalizing behavior problems, or panic, which is more characteristic of internalizing 

symptoms, rendering RSA reactivity a non-specific index of emotion dysregulation in childhood 

(Beauchaine, 2001).   

In contrast to predictions from Beauchaine’s (2001) model, among community-based 

samples of young children, some studies have found an association between lower RSA 

reactivity (or RSA augmentation and PNS activation) and antisocial and aggressive behavior. For 
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example, in a sample of 5-6 year old children, Obradovic, Bush, Stamperdahl, Adler, and Boyce 

(2010) found an association between lower RSA reactivity (i.e., PNS activation) and 

externalizing symptoms (i.e., ODD symptoms, conduct problems, and overt hostility). In a 

sample of 5 year olds who were divided into an externalizing group, a mixed internalizing and 

externalizing group, and a low problem group, Calkins, Graziano, and Keane (2007) found that 

children in the externalizing group evidenced the least vagal withdrawal (i.e., the smallest 

decreases in RSA in response to challenge tasks), whereas the mixed problem group 

demonstrated the greatest decrease in RSA. Similarly, Boyce et al. (2001) found that 6-7 year old 

children with externalizing behavior problems showed low RSA reactivity, indicating activation 

of the PNS, whereas children with high levels of internalizing symptoms evidenced greater RSA 

withdrawal compared to low symptom children. Taken together, these findings suggest that co-

occurring internalizing and externalizing behavior problems may contribute to inconsistencies in 

findings related to RSA reactivity. This possibility is consistent with ample evidence 

demonstrating significant co-occurrence of ADHD, ODD, and CD with anxiety disorders and 

depression, particularly among youth (Angold et al., 1999; Bubier & Drabick, 2009; Drabick, 

Gadow, & Sprafkin, 2006; Fleitlich-Bilyk & Goodman, 2004; Ford, Goodman, & Meltzer, 2003; 

Marmorstein, 2007). Thus, it is possible that specific relations between RSA and externalizing 

behaviors are obscured by failing to control for concurrent internalizing symptoms.  

 In addition, some research has found no differences in RSA reactivity among children 

with and without CD. For example, Mead et al. (2004, as cited in Beauchaine et al., 2007) 

examined RSA baseline and reactivity in 8-12 year olds with aggressive ODD and/or CD 

compared to a group of controls with no psychiatric diagnosis. The children engaged in a 

monetary incentive task after which they watched a film designed to evoke feelings of sadness 
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and empathy. Consistent with previous research, these researchers found attenuated baseline 

RSA in the aggressive ODD/CD group.  However, the authors found no differences between the 

ODD/CD and control groups on RSA reactivity; both groups displayed similar vagal withdrawal, 

indexed by decreasing RSA, during the film.  

These inconsistencies in the findings regarding RSA reactivity and CD symptoms may be 

a function of the age and type of samples examined; Crowell et al. (2005) examined a clinical 

sample of adolescents, whereas the normative samples examined by Boyce et al. (2001) and 

Calkins et al. (2007) were under the age of seven. Studies indicate moderate stability in baseline 

and reactivity measures of PNS and SNS by middle to late childhood; moreover, reactivity likely 

does not become stable until this developmental period (Bornstein & Suess, 2000; Calkins & 

Keane, 2004; Doussard-Roosevelt, Montgomery, & Porges, 2003; El-Sheikh, 2005, 2007; El-

Sheikh et al., 2009; Hinnant & El-Sheikh, 2009; Hinnant, Elmore-Staton, & El-Sheikh, 2011). 

Furthermore, individual differences in SNS functioning may become apparent before those 

related to PNS functioning, and basal PNS stabilizes prior to PNS reactivity (Beauchaine et al., 

2007; Bornstein & Suess, 2000; Bubier & Drabick, 2008; Calkins & Keane, 2004; El-Sheikh, 

2005). Thus, the greater consistency among SNS, compared to PNS, findings may reflect the 

earlier stabilization of the SNS and variability in the findings related to PNS indices may reflect 

the developmental course of PNS functioning. Inconsistencies across findings related to ANS 

activity and CD symptoms also may be due to a lack of research examining the independent 

contributions of the SNS and PNS. Concurrent assessment of separate indices of the SNS and 

PNS, such as PEP and RSA respectively, would allow for a more comprehensive account of the 

differences among children with CD with and without CU, and could serve to clarify and 

potentially reduce the inconsistencies in the extant literature.  
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Inconsistencies also may be a consequence of failing to distinguish children with CD 

symptoms who exhibit CU traits from those that do not. Thus, examining ANS patterns related 

specifically to CU traits and/or to childhood-onset CD+CU could help to clarify the 

developmental mechanisms underlying the affective/interpersonal deficits that characterize 

children whose CD symptoms are particularly severe and who are at increased risk for 

developing adult psychopathy.  

ANS Functioning and CU Traits 

Although there is a large body of literature examining the psychophysiological 

characteristics of psychopathy among adults, there is a much smaller literature examining such 

correlates among children with CU traits, though findings among youth are consistent with 

findings among adults with psychopathy.  For example, Fung et al. (2005) demonstrated reduced 

anticipatory SC responding to white noise bursts in a sample of 16 year olds with elevated 

psychopathy scores. Kimonis et al. (2008b) examined the relation between CU traits and EDA 

reactivity to a computerized provocation task among a sample of juvenile offenders ages 12-20. 

They found that higher scores (elevated levels of CU traits) were correlated with lower EDA 

reactivity to both high and low provocation. Although Fung et al. and Kimonis et al. utilized 

different types of stressors (white noise bursts vs. computerized provocation), both studies found 

an association between reduced SNS reactivity to a stressor and psychopathic traits among youth, 

which is consistent with associations found among adult psychopaths (Arnett & Newman, 1997; 

Fowles, 2000; Glenn et al., 2007; Lorber, 2004). Similar to Fung et al., Wang, Baker, Gao, Raine 

and Lozano (2012) assessed SC response and HR reactivity to white-noise bursts among a 

sample of 9-10 year old children and found an association between reduced anticipatory SC 

responding and higher psychopathic traits. Wang et al. also found that children with higher 
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psychopathic traits demonstrated increased HR acceleration in anticipation of the white-noise 

bursts, which is consistent with findings among adult psychopaths. Interestingly, reduced SC 

response was uniquely related to the interpersonal facet of psychopathy characterized by deceit 

and manipulation of others, whereas the greater HR acceleration was specifically related to 

callousness and impulsive behavioral traits. However, the authors did not distinguish between 

children who were (a) high on psychopathic traits and CD symptoms and (b) high on CD 

symptoms but low on psychopathic traits, a distinction that could have further clarified the 

findings. These findings do suggest that greater HR acceleration may reflect a diminished 

capacity to regulate both affect and behavior, but further reinforce the need to (a) examine the 

separate influence of the PNS and the SNS on cardiac activity, and (b) to distinguish between 

children with CD+CU (or psychopathic traits) and those with CD-only.  

Although several studies have examined ANS functioning among youth with 

psychopathic features, studies comparing patterns of ANS functioning among children with 

CD+CU and CD-only are sorely lacking. In an examination of subgroups of hyperactive 

children, Delamater and Lahey (1983) found that children with high conduct problems and low 

anxiety (a common correlate of CU traits; Frick et al., 1994, 1999; Frick & Morris, 2004; Frick 

&White, 2008; Lynam et al., 2005; Pardini et al., 2007; Pardini & Fite, 2010) displayed the 

lowest ANS activity in terms of HR and SC baseline and reactivity. Similarly, among children in 

middle to late childhood with emotional and behavioral difficulties with and without CU traits, 

Blair (1999) compared SC responding to pictures depicting distress cues, threatening images, and 

neutral objects. Blair (1999) reported that children with psychopathic traits evidenced less SC 

reactivity to distress cues compared to both children with emotional and behavioral problems 

without psychopathic traits and children with neither emotional and behavioral problems or 
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psychopathic traits. In contrast, children with emotional and behavioral difficulties and low 

psychopathic traits did not demonstrate SCL hyporesponsivity to distress cues. These findings 

indicate that children with CD+CU evidence sympathetic underarousal, similar to adults with 

psychopathic traits. Anastassiou-Hadjicharalambous and Warden (2008) examined baseline HR 

and HR in reaction to an emotionally evocative film among children (ages 7-11) who were 

divided into a CD group, a CD with CU traits group, and a control group. Children with CD and 

CU traits demonstrated lower baseline HR and lower HR in reaction to the emotionally evocative 

film than both the CD-only group and controls. Taken together, these findings indicate (a) a 

general association between childhood-onset CD with CU traits and autonomic underarousal, and 

(b) that autonomic differences between childhood-onset CD+CU and CD-only are apparent by 

middle to late childhood. Furthermore, the autonomic underarousal demonstrated by children 

with CD+CU was in the context of cues of another’s distress, consistent with findings from the 

adult psychopathy literature (Blair et al., 1997).  

In sum, although the current literature examining relations among ANS functioning and 

childhood-onset CD is informative, it also is beleaguered by inconsistencies. In addition, with 

only two studies to date, research specifically examining differences in ANS functioning 

between children with CD+CU and those with CD-only is clearly only in its infancy. The 

difficulties within this literature make drawing clear conclusions regarding the relations among 

ANS functioning and CD with and without CU traits challenging, if not impossible. However, 

based on the theories and the evidence presented, several predictions can be made regarding the 

relations among ANS functioning and CD with and without CU traits. 

Children with early-onset CD-only are characterized by high emotional reactivity, 

deficits in emotion regulation, and disinhibition (Frick, 2012; Frick & Viding, 2009). In contrast, 
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children with early-onset CD+CU are characterized by a lack of fearful inhibitions, deficits in 

emotional reactivity, and insensitivity to punishment cues (Frick, 2012; Frick & White, 2008; 

Frick & Viding, 2009). Among children with CD+CU, antisocial behavior more broadly, and 

instrumental aggression in particular, likely stems from deficits in moral or conscience 

development, as opposed to deficits in emotion regulation that are more likely to characterize 

children with CD-only. It is therefore likely that children who develop CD+CU would manifest 

low baseline RSA but normative levels of RSA reactivity, reflecting negative emotional traits but 

age-appropriate emotion regulation abilities. A child with this PNS profile would be expected to 

exhibit angry and hostile affect, but would be able to regulate these emotions in response to 

stressors. Children with CD-only are posited to exhibit low baseline RSA and excessive RSA 

reactivity, reflecting negative emotional traits and emotion dysregulation. A child with this PNS 

profile is expected to be characterized as angry and hostile, but unlike youth with CD+CU, 

unable to regulate these emotions so that when confronted with a stressor, the child would be 

expected to exhibit an angry, impulsive reaction.  

In terms of SNS activity, children with CD+CU are expected to be characterized by an 

underactive BAS, which would be manifested as longer PEP at baseline and less PEP reactivity. 

This ANS profile is thought to reflect a reduced sensitivity to reward, and thus a motivation to 

obtain larger rewards without being deterred by the threat of punishment that would contribute to 

the sensation-seeking behaviors and fearlessness characteristic of childhood-onset CD+CU. 

Combined with the profile of PNS activity described above, this profile of SNS activity could 

serve to explain the behavioral (use of instrumental aggression) and emotional (callousness/lack 

of empathy) presentation of childhood-onset CD+CU. Alternatively stated, because of their 

profile of SNS activity, such individuals are motivated to seek out rewards and are insensitive to 
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punishment, which puts these children at increased risk of experiencing deficits in the 

development of empathy. Combined with a PNS profile that (a) predisposes the child to 

demonstrate negative affect, but (b) also equips them with the ability to regulate their anger in 

the context of stressors, these correlates of SNS activity may facilitate the use of instrumental 

aggression and violence among these youth. Specifically, these youth are capable of being more 

planful and less impulsive with their use of aggression, and when seeking a goal or reward, are 

not deterred by potential aversive consequences associated with aggression.   

In contrast, childhood-onset CD-only is likely characterized by overactive BAS activity, 

which would be reflected in shorter baseline PEP and heightened PEP reactivity. Thus, this 

profile of SNS activity is posited to reflect a heightened sensitivity to rewards, and the 

impulsivity and disinhibition associated with CD. Combined with the PNS profile described 

above (i.e., low baseline RSA and excessive RSA reactivity), this SNS profile is reflected in a 

behavioral profile among CD-only children in which children are highly impulsive and lack the 

emotion regulatory abilities to control their negative reactivity. Thus, such children would be 

highly emotionally reactive, especially to negative stimuli; when combined with disinhibition, 

this predisposition is likely to lead to reactive aggression. However, relative to CD+CU youth, 

CD-only youth are more likely to exhibit anxiety, or inhibition, to distress cues that is associated 

with empathy, and therefore they do not demonstrate high levels of CU traits.  

Parenting Behaviors and CD with and without CU 
 

Based on the principle of multifinality, not all children with these particular patterns of 

ANS functioning would be expected to demonstrate childhood-onset CD with and without CU 

traits. Thus, contextual factors such as parenting behaviors may interact with children’s ANS 

functioning to exacerbate or buffer the child’s risk for CD with and without CU. There is ample 
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evidence that negative parental behaviors, which include coercive acts, negative emotional 

expressions, and verbal and physical aggression that parents direct at their children, are 

associated with CD symptoms among youth (Compton, Snyder, Schrepferman, Bank, & Shortt, 

2003; Cote, Vaillancourt, Barker, Nagin, & Tremblay, 2007; Erath, El-Sheikh, & Cummings, 

2009; Leve, Kim & Pears, 2005; Patterson, 2002; Pettit & Arsiwalla, 2008; Silk, Sessa, Morris, 

Steinberg, & Avenevoli, 2004; Stormshack, Bierman, McMahon, Lengua, & Conduct Problems 

Prevention Group, 2000). Thus, for children with the ANS profiles thought to be associated both 

with CD+CU and CD-only, harsh parental behaviors would exacerbate children’s CD symptoms. 

Among children with attenuated PNS functioning at baseline, excessive PNS withdrawal, and 

heightened PEP activity, it is likely that negative parental behaviors will exacerbate children’s 

CD symptoms. According to coercion theory (Patterson, 1982, 2002), children learn to interact 

aggressively with others through coercive, or hostile and emotionally negative, parent-child 

interactions. Children with an ANS profile predicted to be associated with CD-only (i.e., 

excessive PNS withdrawal in response to stressors) exhibit emotion dysregulation, increasing the 

likelihood that these children will elicit harsh parenting and continue to engage in coercive 

interchanges with parents. Thus, the parent–child relationship may spiral into a pattern of 

escalating coercive exchanges (Keenan & Shaw, 1995; Patterson, 1982, 2002; Scaramella & 

Leve, 2004). When emotional and physiological dysregulation is reinforced by coercive 

interchanges with parents, these children fail to learn effective emotion regulatory strategies and 

are instead socialized to be emotionally (and perhaps autonomically) labile (Patterson, 1982; 

Scaramella & Leve, 2004). In turn, these coercive interchanges with parents and the resultant 

dysregulation are associated with various maladaptive outcomes, including externalizing 

behavior problems, problematic peer relations, and academic difficulties (Morris, Silk, Steinberg, 
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Myers, & Robinson, 2007; Patterson & Capaldi, 1990; Scaramella & Leve, 2004). Indeed, 

children who are emotionally dysgregulated may have difficulties with attending to schoolwork, 

abiding by classroom rules, and negotiating peer processes effectively (Keiley, Lofthouse, Bates, 

Dodge, & Petitt, 2003; Laird, Jordan, Dodge, Pettit, & Bates, 2001; Scaramella & Leve, 2004; 

Schwartz & Proctor, 2000), instead behaving in ways that serve to escalate the emotional arousal 

rather than diffusing and resolving conflict (Kopp, 1989). Children who are exposed to harsh 

discipline often learn that aggression is an acceptable way of obtaining desired outcomes, 

controlling others, and solving problems (Bandura, 1973; Gershoff, 2002; Pardini et al., 2007); 

thus, both children with CD+CU and CD-only learn to utilize aggression to solve their problems 

through their exposure to harsh parenting behaviors.   

Although harsh parental behaviors would likely exacerbate CD symptoms among 

children at risk for CD+CU and CD-only based on their patterns of ANS functioning, low 

parental warmth may confer risk specifically for children who are physiologically at risk for 

CD+CU. Parenting behaviors characterized by warmth are important for moral socialization, and 

in particular, the development of empathy and the internalization of prosocial norms (Fowles & 

Kochanska, 2000; Kochanska, 1997). Higher levels of parental warmth and responsiveness in 

infancy prospectively predict increased empathy (Kiang, Moreno, & Robinson, 2004) and guilt 

in response to wrong-doing (Kochanska, Forman, Aksan, & Dunbar, 2005). In fact, research has 

shown that positive parenting practices characterized by warmth and involvement are associated 

with decreases in CU traits over time (Frick, Kimonis, Dandreaux, & Farell, 2003c). It is 

especially likely that among children with attenuated baseline parasympathetic functioning, 

normative parasympathetic reactivity, and attenuated SNS functioning at baseline and reactivity, 

lower parental warmth would be uniquely associated with increased risk for CD+CU. Based on 
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their hypothesized ANS functioning, these children would not be expected to exhibit negative 

arousal or anxiety in response to parental punishment or another individual’s distress, each of 

which is theorized to be necessary for proper moral socialization. Combined with a lack of 

parental warmth, these youth are therefore at increased risk for attenuated development of 

empathy and development of CU traits (Blair, 1995; Blair et al., 1997, 2001; Kochanska, 1993; 

Newman, 1987). In fact, findings also have demonstrated a unique relation between low levels of 

anxiety and the development of CU traits among children with parents who are low on warmth 

and involvement (Pardini et al., 2007).  

In contrast, children with the ANS profile predicted to be associated with CD-only 

exhibit more normative anxiety responses to punishment and other individuals’ distress; as such, 

they are expected to be more receptive and responsive to parental moral socialization efforts and 

consequently less likely to develop impairing levels of CU traits. Therefore, children who 

experience excessive PNS withdrawal and heightened PEP activity are likely to be impulsive and 

have difficulty with emotion regulation, which makes these children prone to anger. These 

problems may result in an increased likelihood of engaging in impulsive antisocial behavior and 

reacting aggressively in the context of increased emotional arousal (Frick, 2006; Loney et al., 

2003). However, their physiological make-up affords these children the capacity to experience 

anxiety and, consequently, remorse, guilt, or other emotions in response to their antisocial 

behavior and its attendant interpersonal consequences, which would be expected to inhibit future 

antisocial behavior. Nevertheless, their profile suggests that they are unable to control their CD 

symptoms because of their poor regulation abilities and impulsivity (Frick, 2006, 2012; Pardini 

et al., 2003). It is these difficulties with emotion regulation and impulsivity that differentiate CD-

only and CD+CU children. Thus, among children whose ANS functioning is characterized by 
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excessive PNS withdrawal and heightened PEP, negative parental behaviors will exacerbate 

children’s risk for CD but will not confer risk for the CU traits. For children with attenuated 

baseline parasympathetic functioning, normative parasympathetic reactivity, and attenuated SNS 

functioning at baseline and reactivity, harsh parental behaviors and low parental warmth will 

confer risk for CD+CU. Thus, negative parental behaviors characterized by low warmth, low 

involvement, and harsh discipline may differentially interact with particular patterns of ANS 

functioning, exacerbating children’s risk of developing CD-only or CD+CU.  

Gaps in the Literature 

There are several gaps in the literature regarding the relations between ANS functioning 

and CD with and without CU traits. First, there is a dearth of research examining relations among 

childhood-onset CD and ANS functioning that utilize direct assessments of both sympathetic and 

parasympathetic influences on cardiac activity concurrently. Given that these branches do not 

influence behavior in the same way (Beauchaine, 2009), it would enhance our understanding of 

children’s behavior, including CD with and without CU, to delineate the specific contributions of 

each branch and the specific sympathetic and parasympathetic patterns that ultimately result in 

these particular types of behavior. Furthermore, given that emotion regulation abilities, which are 

reflected in PNS activity, may be key factors in distinguishing children with CD+CU from those 

with CD-only, it is important to assess both SNS and PNS functioning in examinations of 

childhood-onset CD.  

It is also important to note that of the studies that have assessed separate measures of 

PNS and SNS functioning, the majority have utilized RSA and EDA. However, it has been 

argued that it is theoretically and methodologically better to consider measures of PEP and RSA 

as opposed to measures of EDA and RSA. This argument is based on an empirically supported 
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model of the joint action of the SNS and PNS called the doctrine of autonomic space (Berntson 

et al., 1997; Berntson & Cacioppo, 2004), which conceptualizes reactivity in the two branches as 

flexible, as opposed to earlier models suggesting that increased activity in one branch was 

associated with decreased activity in the other branch (Beauchaine, 2009; Berntson, Cacioppo & 

Quigley, 1991; Berntson, Cacioppo, Quigley, & Fabro, 1994; Cannon, 1939). Thus, this model 

better characterizes joint action between the SNS and PNS, suggesting that it can be reciprocal or 

non-reciprocal. Adoption of this doctrine leads one to consider PEP instead of EDA/SC for 

several reasons. First, it is unclear whether the doctrine of autonomic space can be applied to 

skin conductance levels (SCLs), as this model was intended to explain autonomic control of 

concurrently innervated target organs such as the heart. SC is an electrodermal measure of SNS 

activity, not a cardiac one. Second, there is much evidence that EDA increases in response to a 

variety of both positive and negative stimuli, which renders it a non-specific marker of 

physiological arousal (Anders, Lotze, Erb, Grodd, & Birbaumer, 2004; Beauchaine, 2009; 

Beauchaine, Katkin, Strassberg, & Snarr, 2001; Lorber, 2004). Third, PEP reactivity has been 

found to be specific to reward conditions, which is particularly applicable to examining 

childhood-onset CD, which is characterized by strong approach or reward-seeking behaviors 

(Beauchaine, 2009; Beauchaine, Hong, & Marsh, 2008; Brenner et al., 2005). Thus, according to 

the doctrine of autonomic space model, efforts to understand the specific influences of the ANS 

on behavior should focus on the separate influences of the SNS and the PNS on one target organ, 

the heart. To do this effectively, one must use measures that reflect the influence of each on 

cardiac activity (i.e., PEP and RSA). Thus, the present study utilized measures of RSA and PEP 

in order to examine the relations between ANS functioning and CD with and without CU traits.   
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Furthermore, and more directly related to the current study, there have been no studies to 

date that examine the associations between CD, CU and ANS functioning using separate and 

concurrent assessment of PNS and SNS functioning among children in middle childhood.  

Middle childhood is a critical period for considering CD with and without CU for a variety of 

reasons. Middle childhood is a period of both increasing stability and change. First, 

temperamental constructs such as reactive processes and effortful control appear to stabilize by 

middle childhood (Eisenberg, Smith, Sadovsky, & Spinrad, 2004; Rothbart & Bates, 2006). 

Although levels of CU traits are not yet stable among children with antisocial behavior 

(Fontaine, McCrory, Boivin, Moffitt, & Viding, 2011), CU traits may evidence increasing 

stability during this developmental period, given evidence of relatively high stability from late 

childhood through adolescence (Frick et al., 2003c; Lynam, Charnigo, Moffitt, Loeber, & 

Stouthamer-Loeber, 2009; Munoz & Frick, 2007; Obradovic et al., 2007). Second, the ANS also 

undergoes significant changes from infancy through middle childhood. Although differences in 

SNS-related functioning between children with CD symptoms and those without appear to 

emerge earlier in development, differences in vagal tone and reactivity between children with 

behavior problems and those without appear to arise during middle childhood (Beauchaine et al., 

2007; Posthumus, Bocker, Raaijmakers, van Engeland, & Matthys, 2009). By middle to late 

childhood, there is moderate stability of SNS and PNS baseline and reactivity levels, which 

become increasingly stable subsequent to this period (Beauchaine et al., 2007; Bornstein & 

Suess, 2000; Calkins & Keane, 2004; El-Sheikh, 2005, 2007; El-Sheikh et al., 2009). For 

example, by late childhood, children with CD+CU demonstrate SNS hypoarousal relative to 

youth with CD-only (Blair, 1999).   
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Third, given expected developmental changes in empathy levels, differences among 

youth with and without conduct problems in terms of empathy become more pronounced during 

this period. Although children with behavior problems do not differ from typically developing 

children in their levels of empathy in the preschool years, by the beginning of the middle 

childhood period (around 6-7 years old), this pattern changes such that children with behavior 

problems have significantly lower levels of concern for others (Hastings et al., 2000; Kochanska, 

1991; Zahn-Waxler, Cole, Welsh, & Fox, 1995). These differences in empathy are likely 

underpinned by SNS hypoarousal in the context of others’ distress, an established correlate of 

adult psychopathy that is evident by middle to late childhood (Anastassiou-Hadjicharalambous & 

Warden, 2008; Blair, 1999), suggesting that it is especially important to evaluate these two 

emergent phenomena during this developmental period.  

Fourth, middle childhood corresponds to the period during which childhood-onset CD is 

diagnosed. As noted, children who manifest early (e.g., childhood-onset) behavioral problems 

tend to demonstrate antisocial behavior that increases in rate and severity through adolescence; 

moreover, these children demonstrate higher rates of CU traits and their antisocial behavior is 

more likely to continue through adulthood compared to those whose antisocial behavior begins 

later in life (Frick & Loney, 1999; Lahey & Loeber, 1994; Moffitt, 1993; Moffitt & Caspi, 

2001). Thus, early identification of and intervention for behavior problems during middle 

childhood, when the mechanisms involved in conferring risk for more severe antisocial behavior 

may still be malleable, could aid in protecting at-risk children from more deleterious outcomes in 

adolescence and adulthood (Frick, 2006, 2012; Lahey & Loeber, 1994).   

Another important gap in the literature is that despite being at increased risk for CD and 

the associated negative correlates, there is a dearth of research examining these processes among 
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samples of children living in low income, urban neighborhoods. Evaluating CD with and without 

CU traits among low income, urban children is critical for numerous reasons. First, there is 

ample evidence indicating a positive relation between CD symptoms and residing in 

disadvantaged neighborhoods, characterized by high crime and low SES (Aneshensel & Sucoff, 

1996; Attar, Guerra, & Tolan, 1994; Farrington, 1998; Farrington, Ullrich, & Salekin, 2010; 

Kimonis, Frick, Munoz, & Aucoin, 2008a; Odgers et al., 2012; Schonberg & Shaw, 2007; 

Thornberry, Huizinga, & Loeber, 1995). Second, the impact of risk factors for CD is likely 

exacerbated in contextually disadvantaged environments, and ethnic minority individuals, who 

are overrepresented in low income, inner-city neighborhoods, are more likely to experience 

impairment associated with CD symptoms (Ezpeleta, Keeler, Erkanli, Costello, & Angold, 2001; 

Leventhal & Brooks-Gunn, 2000). For example, Lynam, Caspi, Moffitt, Wikstrom, and Loeber 

(2000) found that the effect of impulsivity on delinquency in adolescence was greater for lower 

SES neighborhoods. Consistent with these results, the association between both impulsivity and 

CU traits with delinquency is stronger among youth residing in neighborhoods characterized by 

lower levels of either informal social control and/or social cohesion (Meier, Slutske, Arndt, & 

Cadoret, 2008). Third, children residing in contextually disadvantaged neighborhoods are at 

elevated risk for exposure to physical and psychosocial stressors, maltreatment, and violence, 

each of which has been associated with maladjustment (Evans & English, 2002; Gorman-Smith 

& Tolan, 1998; McLoyd, 1998). Fourth, exposure to stressful environments in childhood 

heightens stress reactivity (Boyce & Ellis, 2005; Steinberg & Avenevoli, 2000), which also 

confers risk for negative psychological and behavioral outcomes (Attar et al., 1994; Boyce & 

Ellis, 2005; Ellis & Boyce, 2008; Evans & English, 2002). Given the adverse outcomes 

associated with contextual disadvantage, examination of the relations among CD, CU, and ANS 
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functioning among children residing in low income, urban environments is especially important 

and could have implications for models of risk and resilience, as well as prevention and 

intervention efforts among at-risk children.      

The Current Study 

 Given these gaps in the current literature, the present study examined associations among 

CD and CU symptoms with children’s ANS functioning in a sample of low income, ethnic 

minority children in middle childhood (see Figure 1). In addition, I examined contextual factors 

that have the potential to influence these relations. The current study entailed an analysis of data 

collected at the baseline interview of Phase II of the Child Health and Behavior Study (CHBS), a 

longitudinal investigation of approximately 100 families residing in North Philadelphia. CHBS 

was designed to understand children’s social, physical, and psychological adjustment. CHBS 

examines how factors specific to the child (e.g., temperament) and the child’s many contexts 

(e.g., home, school, neighborhood) influence their adjustment, and which factors confer risk for 

psychological problems or buffer children from developing such problems. The constructs taken 

from CHBS that were utilized in the current study include parent-reported CD symptoms, parent-

reported CU traits, ANS functioning (i.e., baseline RSA, RSA reactivity, baseline PEP and PEP 

reactivity), parent-reported parenting behavior (e.g., warmth/involvement and harsh discipline), 

and child demographics (e.g., age, sex, family income).      
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Figure 1. Model of the prediction of autonomic nervous system (ANS) functioning from 

childhood-onset conduct disorder (CD) symptoms, moderated by callous-unemotional (CU) 

symptoms.  

In the current study, I examined whether the relations between children’s CD symptoms 

and (1) PNS functioning and (2) SNS functioning differ based on levels of CU traits. First, I 

examined whether CU traits moderated the relation between CD symptoms and children's PNS 
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functioning at both baseline and reactivity. Second, I investigated whether CU traits moderated 

the relation between CD symptoms and children's SNS functioning at both baseline and 

reactivity.  In addition, given that contextual factors may confer risk or resilience, I examined the 

influence of parenting behaviors on the relations between ANS functioning with (a) CD 

symptoms and (b) CU traits.  

Hypotheses 

Aim 1: To examine differences in the relation between CD symptoms and PNS functioning 

based on whether children exhibit high or low levels of CU traits relative to other youth in the 

present sample.  

Hypothesis 1a:  It was predicted that among children with higher CD symptom severity, 

those with both high and low CU symptom severity would show attenuated baseline 

RSA.  

Hypothesis 1b: It was predicted that among children with higher CD symptom severity, 

those with low CU symptom severity would show low RSA reactivity (excessive 

RSA/PNS withdrawal) compared to those with high CU symptom severity.   

Aim 2: To examine differences in the relation between CD and SNS functioning based on 

whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample.  

Hypothesis 2a: It was predicted that among children with higher CD symptom severity, 

those with high CU symptom severity would show attenuated baseline PEP (longer 

baseline PEP), whereas those with low CU symptom severity would show heightened 

baseline PEP (shorter baseline PEP).  
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Hypothesis 2b: It was predicted that among children with higher CD symptom severity, 

those with high CU symptom severity would show attenuated PEP reactivity (less PEP 

shortening), whereas those with low CU symptom severity would show heightened PEP 

reactivity (more PEP shortening).   

Aim 3: To examine whether (a) harsh parenting behaviors and (b) parental warmth/involvement 

moderate the relations between CD symptoms and ANS functioning and between CU traits and 

ANS functioning. 

Hypothesis 3a: It was expected that harsh parenting behaviors would moderate relations 

between ANS functioning and CD symptoms, but not moderate relations between ANS 

functioning and CU traits.  

Hypothesis 3b: It was expected that parental warmth/involvement would moderate 

relations between ANS functioning and CU traits, but not moderate relations between 

ANS functioning and CD symptoms. 
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CHAPTER 2 

METHOD 

 

Participants 

 Participants were 99 children (M = 9.87± 1.19 years old; 48.5% male; 94.9% African- 

American, 3% Latino/a) and their primary caregivers (86.7% biological mothers) drawn from 

five elementary schools in North Philadelphia. The neighborhoods from which families were 

drawn can be characterized as an inner city area with high levels of crime, poverty, and 

homogeneity in terms of ethnic minority status. In terms of family configurations, 67.7% of 

children lived in single-parent households, 18.8% lived in intact (two biological parent) 

households, 1.0% lived in foster homes or with a guardian other than a biological parent, and 

12.5% lived in other family configurations. In terms of annual household income, 67.4% earned 

less than $20,000, 9.8% earned between $20,000 and $30,000, and 22.8% earned $30,000 or 

more. Thirty-four percent of the children lived in families receiving public assistance. Forty-

seven percent of the primary caregivers had completed high school, 24% less than high school, 

and 28% beyond high school.   

Procedure 

The present study is part of a larger research project designed to follow contextually at-

risk children and their caregivers over time. The study was approved by Temple University’s 

Institutional Review Board. The project director obtained permission from the School District of 

Philadelphia and subsequently from the principals of five elementary schools to send information 

regarding the project to primary caregivers (hereafter “parents”) of third- through fifth-grade 

children. Families were mailed a description of the study, which stated that we were interested in 

learning about children’s social, physical, and emotional adjustment; a parental consent form; 
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and a self-addressed, stamped postcard. If interested in participating in the project, parents were 

asked to either return the self-addressed stamped postcard or call to make an appointment. The 

sample characteristics (i.e., ethnicity, sex, family SES) are representative of the schools from 

which the families were drawn; however, due to confidentiality requirements, no information 

was available to compare those who self-selected into the project and those that did not.  

Children and their primary caregivers were invited to our research lab for two visits, each 

lasting approximately 2.5 hours. Prior to participation, parents and children provided consent and 

assent, respectively. Parents completed questionnaires related to their child’s behaviors, their 

interactions with their child, their household income, and their experience with familial stressors. 

The child participated in a protocol designed to measure autonomic functioning, described 

below. 

Measures 

 Demographics. Parents provided background information about their household income, 

as well as their child’s sex and age. Household income was measured on a scale from 1 ($0-

9,999) to 5 (Over $40,000).  

Autonomic functioning. Child autonomic functioning was measured using Bio-Impedance 

Technology’s HIC-2000 (Bio-Impedance Technology, Inc., Chapel Hill, NC, n.d.), a noninvasive 

instrument for detecting and monitoring bioelectric impedance signals. An external 

electrocardiographic (ECG) cable was added to the HIC-2000 to increase the flexibility for 

electrode positioning and ease of detecting the ECG signal. The HIC-2000 recorded RSA and 

PEP with a constant 5 V potential across seven, pre-gelled electrodes that have circular contact 

areas with 1 cm diameters. Disposable spot electrodes were applied to the child’s neck, back, 

stomach, and shoulder (Qu, Zhang, Webster, & Tompkins, 1986). Cardiac signals were 
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monitored by and interfaced to a PC-based computer. Both RSA and PEP were measured during 

tasks chosen to provide a range of stressors (i.e., social, cognitive, physical, and emotional; 

Alkon et al., 2003; Bubier & Drabick, 2008). The protocol has been shown to be a reliable and 

valid method for examining sympathetic and parasympathetic responses to challenge among 

children ranging in age from 3 to 11 (Alkon et al., 2003; Bubier & Drabick, 2008; Bubier et al., 

2009). For each child, the order of the tasks was as follows: social (3 min), cognitive (3 min), 

physical (1 min), and emotional (3 min). The social challenge involved engaging the child in 

conversation about the child’s school, family, and interests. During the cognitive challenge, the 

child was asked to repeat a list of two to six numbers presented orally by the experimenter. In the 

physical challenge, after the experimenter placed several drops of lemon juice on the child’s 

tongue, the child was asked to taste and identify the liquid. For the emotional challenge, the child 

was asked to watch two brief video clips chosen to evoke emotional reactions (i.e., fear and 

sadness). The “fear” video depicts a young boy who is frightened during a thunderstorm and the 

“sadness” video depicts a child and her mother addressing the loss of the child’s pet bird (Alkon 

et al., 2003; Eisenberg et al., 1988). To establish baseline measures (i.e., indices of RSA and PEP 

at rest), age-appropriate books were read to the child before and after the challenge tasks. Each 

baseline task was 3 min in length.    

During baseline and each of the tasks, the child’s behavior and physiological reactions 

(i.e., HR, RSA, and PEP) were monitored. This standardized protocol took approximately 20 min 

to administer. Sympathetic-linked cardiac activity was indexed by PEP, measured as the interval 

from the beginning of ventricular depolarization (ECG Q wave) to the onset of ventricular 

ejection (impedance cardiographic B wave; Sherwood et al., 1990). Waveforms were collected 
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via the spot electrode configuration described above (Qu et al., 1986). PEP data were ensemble-

averaged in Cop-Win 6.0 H software in 30-s epochs.  

Parasympathetic cardiac activity was assessed using spectral analysis via Nevrokard’s 

Long-Term Heart Rate Variability (LT-HRV) software (Nevrokard, Ljubljana, Slovenia, n.d.), 

which separates heart rate variability time series into component frequencies using fast-Fourier 

transformations (Berntson et al., 1997). High frequency spectral power (>.15 Hz) was extracted 

to measure RSA. This high frequency band is a better index of cardiac vagal control, as 

compared to low frequency (<.04 Hz) or midfrequency (.04 to .15 Hz) variability (Houtveen & 

Molenaar, 2001; Mezzacappa, Kindlon, Earls, & Saul, 1994). Spectral densities were calculated 

in 30-s epochs. The log of RSA was used to index parasympathetic functioning, which is a 

transformation commonly used to normalize spectral analytic data (Crowell et al., 2006). Mean 

scores for PEP and RSA were calculated at baseline and the difference score (mean across each 

of the four challenge tasks minus mean at baseline) was used as a measure of autonomic 

reactivity (Alkon et al., 2003; Bubier & Drabick, 2008). Therefore, reactivity refers to the 

shortening of PEP and vagal withdrawal. Participants were included in the analyses if they had at 

least 50% scorable epochs within each task and during baseline. This decision was made to 

maximize the number of participants included while maintaining an adequate number of epochs 

(Bubier & Drabick, 2008; Bubier et al., 2009). As described below, missing data were imputed 

using full information maximum likelihood estimation for the primary analyses. For the present 

study, the following variables were utilized: baseline RSA, RSA reactivity, baseline PEP, and 

PEP reactivity.  
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CD symptoms. Parents rated child CD symptoms using the Child and Adolescent 

Symptom Inventory-4: Parent Checklist (CASI-4; Gadow & Sprafkin, 1994, 2002), which 

includes the behavioral symptoms of most childhood emotional and behavioral disorders 

described in the Diagnostic and Statistical Manual of Mental Disorders-Fourth edition (DSM-

IV; APA, 1994). Individual items have a one-to-one correspondence with DSM-IV symptoms. 

Parents are asked to endorse on a scale from 0 (never) to 3 (very often) how well each statement 

describes their child’s overall behavior. Examples of CD symptoms include, “Bullies, threatens 

or intimidates others,” “Starts physical fights,” and “Has deliberately destroyed others’ 

property.” In light of research demonstrating that symptoms of behavioral disorders such as CD 

can be impairing even at levels below those necessary to garner a clinical diagnosis (Angold et 

al., 1999; Drabick, 2009), CD symptoms were examined dimensionally in the present study. 

Thus, items will be summed to create a symptom severity score for CD (16 items, α = .78). 

Findings of numerous studies (Gadow & Sprafkin, 2010) indicate that CASI-4 subscales 

demonstrate adequate psychometric properties, including internal consistency, test-retest 

reliability, convergent and divergent validity with respective scales of other relevant measures, 

agreement with structured interview or clinician diagnoses, sensitive indicators of treatment 

effects, and clinical utility (e.g., Gadow & Sprafkin, 1995, 2002, 2005, 2008). 

 In comparison to scores derived from the community-based samples used to norm the 

CASI-4 (Gadow & Sprafkin, 1994, 2002), the current sample of low income, ethnic minority, 

urban children demonstrate higher levels of CD symptoms for both boys (M = 1.0 vs. M = 3.13, 

respectively; one-sample t(45) = 3.85, p < .05) and girls (M = 0.7 vs. M = 1.69, respectively; one-

sample t(47) = 2.69, p < .05). As another strategy to compare the current sample to the normative 

sample, the CASI-4 was used to create symptom count (categorical) scores, for which scores are 
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recoded such that 0 corresponds to never/sometimes, and 1 corresponds to often/very often; thus, 

a symptom is considered clinically significant only if it is rated as occurring often or very often. 

When the total symptom count score meets or exceeds the number of symptoms outlined by the 

DSM-IV as consistent with a clinical diagnosis (i.e., 3 CD symptoms), the child receives a 

screening cutoff score of “yes,” meaning that they exhibit the requisite number of symptoms for 

the diagnosis of CD. The number of children in the current sample who received parent-rated 

screening cutoff scores for CD (≥ 3 symptoms), compared to the total number of children in the 

sample (N = 99) is n = 6 (6.4%).  

CU traits. Caregivers rated their child’s demonstration of remorse, sympathy, empathy, 

and emotion expression using the Inventory of Callous/Unemotional Traits (Frick, 2003), a 24-

item instrument. Items were rated on a scale from 0 (not at all true) to 3 (definitely true). 

Previous research with community and detained, ethnically diverse samples of youth has shown 

that all items load onto a general CU factor, and the results of these studies provide support for 

utilizing the total ICU score in analyses (Essau, Sasagawa, & Frick, 2006; Fanti et al., 2009; 

Kimonis et al., 2008b; Roose, Bijttebier, Decoene, Claes, & Frick, 2009; White, Cruise, & Frick, 

2009). The ICU demonstrates good convergent, construct, and criterion validity. For example, 

scores on the ICU demonstrate significant positive associations with established measures 

designed to tap similar personality traits including the Antisocial Process Screening Device 

(Frick & Hare, 2001) and the Childhood Psychopathy Scale (Lynam, 1997), and with measures 

designed to assess risk factors for criminal and antisocial behavior (Kimonis et al., 2008b; Roose 

et al., 2009; White et al., 2009). Furthermore, scores on the ICU are negatively related to 

measures of empathy and prosocial attitudes, as well as positively associated with antisocial 

behavior, bullying, sensation seeking, delinquency, and aggression (Essau et al., 2006; Fanti et 



56 

 

al., 2009; Kimonis et al., 2008b; Roose et al., 2009). Given that there are no currently accepted 

categorical approaches for defining CU traits and that CU traits are most frequently considered 

dimensionally in the existing literature, items were summed to create a symptom severity score 

for CU (24 items, α = .79).  

 Parenting. Caregivers reported on their parenting behaviors using the Structured 

Interview of Parent Management Skills and Practices (Capaldi & Patterson, 1989, 1994), a semi-

structured interview that assesses parenting behaviors in a variety of domains, including 

monitoring, discipline, positive reinforcement, and involvement. This interview was 

administered by trained graduate-level research assistants. Parents were asked how frequently 

they engage in particular parenting behaviors and how they would handle a variety of 

hypothetical situations involving their child. Two scales, parental warmth/involvement and 

parental harsh discipline, were developed for the present study in consultation with Capaldi and 

colleagues. Scales were developed using data from CHBS in an iterative process with attention 

to item construct validity, factor loadings, scale internal consistency, and previous research using 

this interview.  

For items that were included in the parental warmth/involvement subscale, parents were 

asked to rate how often they engaged in the particular behavior on a five-point Likert scale 

ranging from 1 (never) to 5 (always). Sample items include, “How often do you show your child 

you like it when s/he helps around the house without being told?” and “How often do you talk 

with your child about his/her plans for the coming day (like what’s happening with school or 

friends)?” Items were summed to create a parental warmth/involvement scale (5 items, α = .72). 

Higher scores indicate higher levels of parental warmth and involvement.  For items that were 

included in the harsh discipline subscale, parents were asked to respond to questions about their 
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disciplinary behaviors (e.g., how they would handle various situations involving their child) in 

forced choice response formats. Sample hypothetical behaviors presented to parents included, 

“Physically fights (push, kick, shove) with brothers or sisters or other kids,” and “Ignores you 

when you ask him/her to do something.” Parents’ responses were then assigned to a category 

(e.g., harsh, physical discipline). Examples of responses that comprise the harsh, physical 

discipline category include, “Spank,” “Wash mouth,” and “Threaten physical or psychological 

harm.” Items were recoded so that responses assigned to the harsh, physical discipline category 

received a 1 and all other response categories received a 0. The recoded items were then summed 

to create a harsh parental discipline scale (30 items, α = .79). Higher scores indicate higher levels 

of harsh discipline.  

Statistical Analyses 

The primary questions and respective hypotheses were examined using multiple 

regression analyses that were conducted using the statistical software Mplus 5.1 (Muthén & 

Muthén, 1998-2007). Prior to analysis, all variables were examined for missing values and fit 

between their distributions and the assumptions of multiple regression analysis including 

normality, linearity, and homoscedasticity of residuals using SPSS/PASW statistical software. 

Given the presence of missing data, parameter estimates and model tests were conducted using 

Full Information Maximum Likelihood (FIML) methods as implemented in Mplus. Unlike 

listwise or casewise deletion that may bias the dataset, FIML is a useful approach to missing data 

given that it estimates values for missing data based on all of the available data (Graham, 2009; 

Little & Rubin, 2002).  

To determine whether the variables’ distributions met the assumption of normality, I 

examined univariate indices of skewness and kurtosis to determine if the absolute value of any of 
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these indices is greater than 2.0. Multivariate normality was then assessed using a p < .001 

criterion for Mahalanobis distance. Bivariate correlations were also conducted to examine the 

relations among the study variables.  

To minimize multicollinearity, the independent variables were standardized (M = 0, SD = 

1) before inclusion in the regression equations, and these standardized variables were used to 

create a CD × CU cross-product interaction term (Aiken & West, 1991). For significant 

interaction terms, post hoc probing of moderational effects was conducted using procedures 

outlined by Holmbeck (2002). Following these procedures, two new conditional moderator 

variables (± 1 SD from the mean) were created, in addition to two new interaction terms using 

the new conditional variables. Subsequently, two post-hoc regressions were conducted. Each of 

these regressions involved concurrent entry of the CD variable, the CU variable, and the CD × 

CU cross-product interaction term. The results of these analyses allowed me to compute 

unstandardized betas (slopes) and a regression equation for children experiencing high (1 SD 

above the mean) and low (1 SD below the mean) levels of CU symptoms. Significant 

unstandardized betas associated with the CU variable would indicate that the slope of the line for 

high or low CU symptoms was significantly different from zero. Specific tests of the hypotheses 

are described below. 

Aim 1: To examine differences in the relation between CD symptoms and PNS functioning based 

on whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample. 

Hypothesis 1a:  It was predicted that among children with higher CD symptom severity, 

those with both high and low CU symptom severity would show attenuated baseline RSA.  
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To test this hypothesis, multiple regression analysis was used to examine the relations 

among CD symptoms, CU traits, and children’s PNS functioning. For all regressions, 

child sex, age, and household income were entered into the first step to control for these 

variables. To examine whether the relation between CD symptoms and baseline RSA 

differed for children with high and low levels of CU traits, CD symptom severity, CU 

trait severity, and the CD×CU interaction term were entered into the second step of the 

multiple regression equation for which baseline RSA was the dependent variable.  

Hypothesis 1b: It was predicted that among children with higher CD symptom severity, 

those with low CU symptom severity would show low RSA reactivity (excessive RSA/PNS 

withdrawal) compared to those with high CU symptom severity  

Similar to tests for Hypothesis 1a, to examine the relations among CD symptoms, CU 

traits, and RSA reactivity, CD symptom severity, CU trait severity, and the CD×CU 

interaction term were entered into the second step of a multiple regression equation for 

which RSA reactivity was the outcome.  

Aim 2: To examine differences in the relation between CD and SNS functioning based on 

whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample. 

Hypothesis 2a: It was predicted that among children with higher CD symptom severity, 

those with high CU symptom severity would show attenuated baseline PEP (longer 

baseline PEP), whereas those with low CU symptom severity would show heightened 

baseline PEP (shorter baseline PEP).  

Multiple regression analysis was used to examine the relations among CD symptoms, CU 

traits, and children’s SNS functioning. For all regressions, child sex, age, and household 
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income were entered into the first step in order to control for these variables. To examine 

whether the association between CD symptoms and baseline PEP differed for children 

with high and low levels of CU traits, CD symptom severity, CU trait severity, and the 

CD×CU interaction term were entered into the second step of a multiple regression 

equation for which baseline PEP was the outcome. 

Hypothesis 2b: It was predicted that among children with higher CD symptom severity, 

those with high CU symptom severity would show attenuated PEP reactivity (less PEP 

shortening), whereas those with low CU symptom severity would show heightened PEP 

reactivity (more PEP shortening). 

Similar to tests of Hypothesis 2a, to examine the relations among CD symptoms, CU 

traits, and PEP reactivity, CD symptom severity, CU trait severity, and the CD×CU 

interaction term were entered into a multiple regression equation for which PEP reactivity 

was the outcome variable.  

Aim 3: To examine whether (a) harsh parenting behaviors and (b) parental warmth/involvement 

moderate the relations between CD symptoms and ANS functioning and between CU traits and 

ANS functioning. 

Hypothesis 3a: It was predicted that harsh parenting behaviors would moderate 

relations between ANS functioning and CD symptoms, but not moderate relations 

between ANS functioning and CU traits.  

Hypothesis 3b: It was predicted that parental warmth/involvement would moderate 

relations between ANS functioning and CU traits, but not moderate relations between 

ANS functioning and CD symptoms. 
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 I next conducted a set of analyses examining whether parenting factors (i.e., harsh 

discipline or warmth) moderate the relation between either (a) CD symptoms and/or (b) 

CU traits and child ANS functioning. Given the sample size, I was under-powered to test 

a 3-way interaction among CD, CU, and the parenting variables, and wanted to minimize 

the total number of regression analyses conducted given issues related to Type I error. 

Thus, these moderational analyses were conducted only for ANS variables for which CD 

or CU main effects, or the CD×CU interaction term were significant based on the results 

of the analyses for the first two aims. For each parenting variable, cross-product 

interaction terms with either CD symptoms or CU traits were created. To examine 

whether the associations among CD or CU symptom severity and the ANS outcome 

differ based on the parenting variable, multiple regression analyses were conducted for 

which the ANS variable was the outcome. Child sex, age, and household income were 

entered into the first step in order to control for these variables, and CD or CU symptom 

severity, the parenting variable, and the CD or CU × parenting interaction term were 

entered into the second step. Post hoc probing was accomplished using the techniques 

described above (Aiken & West, 1991; Holmbeck, 2002).  

Power Analysis 

 A power analysis was conducted in order to determine the sample size necessary to test 

the hypotheses of the current study. With six predictors, as were tested in all hypotheses, 

sufficient power (.80, α = .05) to detect medium-to-large effect sizes (f
2
= .2) is attained with a 

sample size of 75 (Faul, Erdfelder, Lang, & Buchner, 2007). Therefore, the present sample 

provided adequate power for conducting the analyses involving CD, CU, parenting, and ANS 

functioning. 
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CHAPTER 3 

RESULTS 

 

Descriptive Statistics 

 

 Means, standard deviations, and number of participants for all study variables are 

presented in Table 1. Based on examination of skewness and kurtosis, one extreme outlier was 

identified and removed from all further analyses. Multivariate normality was also examined and 

no outliers were identified. Given these results, all further analyses were conducted without 

transforming or otherwise modifying the variables (excluding the log transformation of RSA 

variables discussed previously). Bivariate correlations for study variables are presented in Table 

2. CD symptom severity was positively associated with CU symptom severity. CD symptom 

severity was also positively associated with baseline PEP.  

Table 1 

Means, Standard Deviations, and Number of Participants for Study Variables 

Variable M SD n 

______________________________________________________________ 

Age 9.87 1.19 99 

CU traits 23.60 10.48 85 

CD symptoms 2.39 3.26 94 

PEP Baseline 100.65 11.48 70 

RSA Baseline 4.04 .45 62 
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Table 1 Cont. 

Means, Standard Deviations, and Number of Participants for Study Variables 

Variable M SD n 

______________________________________________________________ 

PEP Reactivity .54 3.64 70 

RSA Reactivity .09 .20 61 

Parental Harsh Discipline 3.77 3.55 99 

Parental Warmth/Involvement 21.92 3.09 95 

______________________________________________________________ 

Note. CU = callous-unemotional, CD = conduct disorder, PEP = pre-ejection 

period, RSA = respiratory sinus arrythmia. 
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Table 2  

 

Bivariate Correlations among Study Variables 
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Aim 1: To examine differences in the relation between CD symptoms and PNS functioning based 

on whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample.  

Hypothesis 1a: It was predicted that among children with higher CD symptom severity, those 

with both high and low CU symptom severity would show attenuated baseline RSA. 

 Multiple regression analyses examining the relations among CD symptoms, CU traits, 

and baseline RSA were conducted. Results for these regression analyses are presented in Table 3. 

These analyses revealed that after controlling for child sex, age, and household income, the 

CD×CU interaction term was significantly associated with baseline RSA (β = -0.44, p < .05). To 

explore this relation, post hoc probing procedures were conducted (Aiken & West, 1991; 

Holmbeck, 2002). From these analyses, I derived unstandardized betas (slopes) and a regression 

equation for children presenting high (1 SD above the mean) and low (1 SD below the mean) CU 

trait scores. For low CU trait scores the slope was significantly different from zero (B = 1.41, 

t(56) = 2.64, p < .05), indicating that among children with lower CU trait severity, higher CD 

symptoms were associated with higher baseline RSA, and lower CD symptoms were associated 

with lower baseline RSA (Figure 2). For high CU trait scores, the slope also was significant (B = 

-1.27, t(56) = -2.79, p < .05), indicating that among children with higher CU trait severity, higher 

CD symptoms were associated with lower baseline RSA, and lower CD symptoms were 

associated with higher baseline RSA (Figure 2).  
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Table 3 

Multiple Regression Analysis Summary for Variables Predicting Baseline RSA 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .05 .05 .05 

   Age  -.01  .05  -.02    

   Sex .05 .12  .06     

   Household Income .07 .04 .22    

Step 2     .21* .16 .27 

   CD symptoms .12 .08 .27    

   CU traits .00 .07 .00    

   CD symptoms × CU traits -.13 .05 -.44**    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 

* p < .05, ** p < .01. 
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Figure 2.  Relation between CD symptoms and baseline RSA among children with high (1 SD 

above mean) vs. low (1 SD below mean) levels of CU traits. 

 

Hypothesis 1b: It was predicted that among children with higher CD symptom severity, those 

with low CU symptom severity would show low RSA reactivity (excessive RSA/PNS withdrawal) 

compared to those with high CU symptom severity. 

 Multiple regression analyses examining whether the relation between CD symptoms and 

RSA reactivity differed for children with high and low levels of CU traits were conducted (Table 

4). After controlling for child sex, age, and household income, the CD×CU interaction term was 

significantly associated with RSA reactivity (β = -0.50, p < .05). Post-hoc probing demonstrated 

that the slopes for both high (B = -0.56, t(55) = -2.97, p < .05) and low (B = 0.66, t(55) = 3.00, p 

< .05) CU traits were significantly different from zero, indicating that the relation between CD 

symptom severity and RSA reactivity differs depending on CU trait severity. Examination of 

Figure 3 suggests that among children with higher CU trait severity, higher CD symptoms were 

associated with lower RSA reactivity, and lower CD symptoms were associated with higher RSA 
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reactivity. Contrary to prediction, among children with lower CU trait severity, higher CD 

symptoms were associated with higher RSA reactivity, and lower CD symptoms were associated 

with lower RSA reactivity.  

Table 4 

Multiple Regression Analysis Summary for Variables Predicting RSA Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

 

Step 1     .06 .06 .06 

   Age  -.03  .02  -.15    

   Sex .07 .05  .16     

   Household Income -.02 .02 -.14    

Step 2     .28** .22 .39 

   CD symptoms .06 .03 .31    

   CU traits -.01 .03 -.03    

   CD symptoms × CU traits -.06 .02 -.50**    

 

Note. CD = conduct disorder, CU = callous-unemotional. 

** p < .01. 
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Figure 3.  Relation between CD symptoms and RSA reactivity among children with high (1 SD 

above mean) vs. low (1 SD below mean) levels of CU traits. 

 

Aim 2: To examine differences in the relation between CD and SNS functioning based on 

whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample. 

Hypothesis 2a: It was predicted that among children with higher CD symptom severity, those 

with high CU symptom severity would show attenuated baseline PEP (longer baseline PEP), 

whereas those with low CU symptom severity would show heightened baseline PEP (shorter 

baseline PEP). 

 Multiple regression analyses examining the relations among CD symptoms, CU traits, 

and baseline PEP were conducted. After controlling for child age, sex and household income, 

results indicated that CD symptom severity, CU trait severity, and the CD × CU interaction term 

were not significantly associated with baseline PEP (all p’s > .21) (Table 5).  
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Table 5 

Multiple Regression Analysis Summary for Variables Predicting Baseline PEP 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .10 .10 .11 

   Age  .93  1.11  .10    

   Sex -4.23 2.76  -.18     

   Household Income -1.63 .88 -.22    

Step 2     .17 .07 .20 

   CD symptoms 2.32 1.86 .20    

   CU traits .39 1.59 .04    

   CD symptoms × CU traits -.25 1.04 -.04    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 
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Hypothesis 2b: It was predicted that among children with higher CD symptom severity, those 

with high CU symptom severity would show attenuated PEP reactivity (less PEP shortening), 

whereas those with low CU symptom severity would show heightened PEP reactivity (more PEP 

shortening).   

 Contrary to prediction, CD symptom severity, CU traits, and the CD×CU interaction term 

were not significantly associated with PEP reactivity (all p’s > .71) (Table 6).  

Table 6 

Multiple Regression Analysis Summary for Variables Predicting PEP Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

 

Step 1     .01 .01 .01 

   Age  .24  .37  .08    

   Sex -.24 .93  -.03     

   Household Income .23 .30 .09    

Step 2     .03 .02 .03 

   CD symptoms .05 .65 .01    

   CU traits .21 .56 .06    

   CD symptoms × CU traits -.00 .37 -.00    

____________________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 
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Aim 3: To examine whether (a) harsh parenting behaviors and (b) parental warmth/involvement 

moderate the relations between CD symptoms and ANS functioning and between CU traits and 

ANS functioning. 

 A set of analyses was conducted examining whether parenting factors (i.e., harsh 

discipline or warmth/involvement) moderated the relation between either (a) CD symptoms 

and/or (b) CU traits and child autonomic functioning. These moderational analyses were 

conducted only predicting baseline RSA and RSA reactivity as these were the only ANS 

variables for which CD and/or CU symptoms were significantly associated based on the results 

of the first two aims. 

Hypothesis 3a: It was predicted that harsh parenting behaviors would moderate relations 

between CD symptoms and ANS functioning, but not moderate relations between CU traits and 

ANS functioning.  

 To examine whether harsh parental discipline moderated the relations between CD or CU 

symptoms and baseline RSA or RSA reactivity, a series of regression equations were conducted 

for which RSA (baseline or reactivity) was the outcome variable (Aiken & West, 1991). Each 

multiple regression analysis included the following steps: (a) child age, sex, and household 

income and (b) CD or CU symptoms, harsh parental discipline, and the CD or CU × harsh 

parental discipline cross-product interaction term. To better capture the CD-only vs. CD+CU 

distinction in these analyses, I controlled for CU traits in the analyses involving the CD × harsh 

parental discipline interaction term, but did not control for CD in the analyses involving the CU 

× harsh parental discipline interaction.  Results revealed that neither the CD × harsh parental 

discipline nor the CU × harsh parental discipline interaction terms significantly predicted RSA 

baseline or reactivity. However, there was a marginally significant main effect (β = 0.25, p = .06) 
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of harsh parental discipline on baseline RSA in the analyses involving the CD × harsh parental 

discipline interaction. Results are presented in Tables 7, 8, 9, and 10. 

Table 7 

Multiple Regression Analysis Summary for the CD × Harsh Parental Discipline Interaction 

Term Predicting Baseline RSA 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .05 .05 .05 

   Age  -.01  .05  -.02    

   Sex .05 .12  .06     

   Household Income .07 .04 .22    

Step 2     .15 .10 .18 

   CD symptoms -.02 .07 -.04    

   CU traits .01 .07 .02    

  Harsh Parental Discipline .12 .06 .25
†
    

   CD × Harsh Parental Discipline .10 .08 .19    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 
†
p < .10. 
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Table 8 

Multiple Regression Analysis Summary for the CD × Harsh Parental Discipline Interaction 

Term Predicting RSA Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .06 .06 .06 

   Age  -.03  .02 -.15    

   Sex .07 .05  .16     

   Household Income -.02 .02 -.14    

Step 2     .12 .06 .14 

   CD symptoms .00 .03 .00    

   CU traits -.00 .03 -.01    

   Harsh Parental Discipline .00 .03 .01    

   CD × Harsh Parental Discipline -.02 .03 -.08    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 
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Table 9 

Multiple Regression Analysis Summary for the CU × Harsh Parental Discipline Interaction 

Term Predicting Baseline RSA 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .05 .05 .01 

   Age  -.01  .05  -.02    

   Sex .05 .12  .06     

   Household Income .07 .04 .22
†
    

Step 2     .15
†
 .02 .03 

   CU traits .02 .06 .04    

   Harsh Parental Discipline .06 .06 .13    

   CU × Harsh Parental Discipline -.11 .07 -.21    

__________________________________________________________________________ 

Note. CU = callous-unemotional. 

†
p < .10. 
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Table 10 

Multiple Regression Analysis Summary for the CU × Harsh Parental Discipline Interaction 

Term Predicting RSA Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .06 .06 .06 

   Age  -.03  .02  -.15    

   Sex .07 .05  .16     

   Household Income -.02 .02 -.14    

Step 2     .11 .05 .12 

   CU traits -.00 .03 -.02    

   Harsh Parental Discipline .01 .03 .05    

   CU × Harsh Parental Discipline -.01 .03 -.04    

__________________________________________________________________________ 

Note. CU = callous-unemotional. 
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Hypothesis 3b: It was predicted that parental warmth/involvement would moderate relations 

between CU traits and ANS functioning, but not moderate relations between CD symptoms and 

ANS functioning. 

 To examine whether parental warmth/involvement moderated the relations between CD 

or CU symptoms and baseline RSA or RSA reactivity, a series of regression equations were 

conducted for which RSA (baseline or reactivity) was the outcome variable (Aiken & West, 

1991). Each multiple regression analysis included the following steps: (a) child age, sex and 

household income, and (b) CD or CU symptoms, parental warmth/involvement, and the CD or 

CU × parental warmth/involvement cross-product interaction term. Again, to better capture the 

CD-only vs. CD+CU distinction in these analyses, I controlled for CU traits in the analyses 

involving the CD × parental warmth/involvement interaction term, but did not control for CD in 

the analyses involving the CU × parental warmth/involvement interaction.  Results indicated that 

neither the CD × parental warmth/involvement nor the CU × parental warmth/involvement 

interaction terms significantly predicted baseline RSA or RSA reactivity. There were however, 

non-significant trends with respect to the main effects. Specifically, parental 

warmth/involvement tended to be associated with baseline RSA (β = -0.23, p = .09) as well as 

RSA reactivity (β = -0.23, p = .08) in the analyses examining the CD × parental 

warmth/involvement interaction. Furthermore, parental warmth/involvement tended to be 

associated with RSA reactivity (β = -0.23, p = .09) in the analyses examining the CU × parental 

warmth/involvement interaction. Results are presented in Tables 11, 12, 13 and 14.
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Table 11 

Multiple Regression Analysis Summary for the CD × Parental Warmth/Involvement Interaction 

Term Predicting Baseline RSA 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .05 .05 .05 

   Age  -.00  .05  -.02    

   Sex .05 .12  .06     

   Household Income .07 .04 .22    

Step 2     .16
†
 .11 .19 

   CD symptoms .02 .07 .04    

   CU traits -.02 .08 -.04    

   Parental Warmth/Involvement -.11 .07 -.23
†
    

   CD × Parental Warmth/Involvement -.06 .06 -.14    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional. 

†
p < .10. 
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Table 12 

Multiple Regression Analysis Summary for the CD × Parental Warmth/Involvement Interaction 

Term Predicting RSA Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .06 .06 .06 

   Age  -.03  .02  -.15    

   Sex .07 .05  .16     

   Household Income -.02 .02 -.14    

Step 2     .16
†
 .10 .19 

   CD symptoms .00 .03 .01    

   CU traits -.02 .03 -.09    

   Parental Warmth/Involvement -.05 .03 -.23
†
    

   CD × Parental Warmth/Involvement .01 .02 .06    

__________________________________________________________________________ 

Note. CD = conduct disorder, CU = callous-unemotional.  

†
p < .10. 
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Table 13 

Multiple Regression Analysis Summary for the CU × Parental Warmth/Involvement Interaction 

Term Predicting Baseline RSA 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .05 .05 .05 

   Age  -.01  .05  -.02    

   Sex .05 .12  .06     

   Household Income .07 .04 .22    

Step 2     .14
†
 .09 .16 

   CU traits .00 .08 .00    

   Parental Warmth/Involvement -.11 .07 -.22    

   CU × Parental Warmth/Involvement -.05 .07 -.10    

__________________________________________________________________________ 

Note. CU = callous-unemotional.  

†
p < .10. 
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Table 14 

Multiple Regression Analysis Summary for the CU × Parental Warmth/Involvement Interaction 

Term Predicting RSA Reactivity 

Step and Variable B SE B β R
2
 ∆R

2
 f

2
 

__________________________________________________________________________ 

Step 1     .06 .06 .06 

   Age  -.03  .02  -.15    

   Sex .07 .05  .16     

   Household Income -.02 .02 -.14    

Step 2     .14
†
 .08 .16 

   CU traits -.02 .03 -.12    

   Parental Warmth/Involvement -.05 .03 -.23
†
    

   CU × Parental Warmth/Involvement .02 .03 .07    

__________________________________________________________________________ 

Note. CU = callous-unemotional. 

 
†
p < .10. 
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CHAPTER 4 

DISCUSSION 

 

 Given the detrimental outcomes associated with childhood-onset CD for both society and 

the individual, it is essential to improve our understanding of distinct etiologies and trajectories 

of subtypes of CD, as well as to tailor intervention efforts.  One strategy for addressing these 

goals and for decreasing heterogeneity within the CD category is to consider CU traits among 

youth with CD. In particular, the examination of CU traits in conjunction with childhood-onset 

CD is crucial given that children with CD and high levels of CU traits demonstrate a particularly 

pernicious and stable pattern of aggression and antisocial behavior compared to other youth with 

CD (Frick, 2012; McMahon et al., 2010; Rowe et al., 2009). However, despite the important 

implications for etiological and intervention models, little research has examined CD with and 

without CU traits in childhood, and there is a dearth of research examining risk factors and/or 

mechanisms that may underpin the development of these particular subtypes of childhood-onset 

CD.  

The primary goal of this study was to examine the relations among CD, CU, and child-

specific and contextual risk factors. Specifically, in the present study, I investigated whether CU 

traits moderated the relations between CD symptoms and (a) PNS functioning at baseline and 

PNS reactivity and (b) SNS functioning at baseline and SNS reactivity. I also examined whether 

particular parenting behaviors (i.e., harsh discipline and warmth/involvement) moderated the 

relations between CD and CU and children's ANS functioning. Findings indicate that the 

relations between CD symptoms and PNS functioning (baseline RSA and RSA reactivity) do in 

fact differ based on levels of CU traits. Thus, among children with high CD symptoms, those 

with high levels of CU traits evidenced different patterns of PNS functioning compared to those 
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with low levels of CU traits. The results of the present analyses provide support for the assertion 

that there are distinct patterns of ANS functioning for childhood-onset CD with and without high 

levels of CU traits, and that the ability to regulate emotions is likely a key factor in 

distinguishing CD+CU from CD-only (Frick, 2006, 2012). Furthermore, the present study 

extends the existing literature by providing the first empirical investigation of the associations 

among CD symptoms, CU traits, and ANS functioning using separate and concurrent assessment 

of PNS and SNS functioning among a low income, ethnic minority sample of children in middle 

childhood.  

Aim 1: To examine differences in the relation between CD symptoms and PNS functioning based 

on whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample.  

I hypothesized that higher CD symptom severity would be associated with low baseline 

RSA among children high and low on CU traits. Instead, findings demonstrated that CU traits 

moderated the relation between CD symptoms and baseline RSA. Among children with higher 

CD symptom severity, high CU symptom severity was associated with low baseline RSA, 

consistent with the predicted associations, but low CU symptom severity was actually associated 

with higher baseline RSA. This finding is contrary to prediction and somewhat contrary to 

previous research. As low baseline RSA is associated with emotion dysregulation whereas high 

baseline RSA is associated with social competence, empathy, and emotion regulation 

(Beauchaine, 2001, 2012; Beauchaine et al., 2007; Eisenberg et al., 1995; Fabes, Eisenberg, & 

Eisenbud, 1993; Fox & Field, 1989), I expected that high CD symptom severity would be 

associated with low baseline RSA. Much of the extant research examining relations between CD 

and RSA has found an association between high CD symptoms and low baseline RSA; however, 
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some community samples have not found this relation (Calkins et al., 2007; El-Sheikh et al., 

2001; El-Sheikh & Whitson, 2006).  

This particular finding may be a function of the current sample in two ways. First, this is 

a community sample drawn from low income, contextually disadvantaged neighborhoods 

characterized by high crime and violence. It is possible that some of the behaviors that 

characterize CD are actually adaptive and allow individuals to more effectively navigate living in 

this type of environment. If this were the case, exhibiting higher levels of CD symptoms, albeit 

lower levels than what would be seen in a clinical sample, would not necessarily preclude a child 

from also demonstrating social competence as CD behaviors might be considered socially 

competent within low income, urban environments. Thus, given that the mean level of CD 

symptoms for this sample is lower than what we would expect among a clinically diagnosed (but 

higher than the normative) sample, it may be that engaging in CD behaviors is not necessarily 

maladaptive within this context. This is a prime example of why it is crucial to consider the role 

of context in investigations of behavior as the developmental psychopathology perspective 

advocates.   

Second, this unexpected finding may be a consequence of the age of the current sample. 

As discussed previously, prior research has indicated that parasympathetic deficiencies 

associated with externalizing symptoms come "online" during middle childhood (Beauchaine et 

al., 2007), and RSA evidences developmental changes until late childhood or early adolescence 

(El-Sheikh, 2005; Hinnant & El-Sheikh, 2009; Hinnant et al., 2011). Therefore, had RSA been 

assessed in this sample at a later age, relations may have been different. In addition, the current 

sample had a mean age of almost 10 years old, with some participants over the age of 11. 

Although the age range of the current sample qualifies as middle childhood, the current DSM 
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criteria pertaining to CD specifies a diagnosis of childhood-onset CD as the onset of CD 

symptoms prior to age 10, and a diagnosis of adolescent-onset CD as the absence of CD 

symptoms prior to age 10. In the current study, parents reported on current symptoms, and we 

did not gather information on age of onset.  

Moreover, evidence shows that the age of onset of puberty has decreased significantly 

over time in the US, and the age of pubertal development has been found to be even lower 

among ethnic minority children (Herman-Giddens, et al. 1997; Wu, Mendola, & Buck, 2002). 

This suggests that some of the children in this sample may be starting puberty. Therefore, 

because some models link adolescent-onset CD to puberty, it is possible that some of the 

children in this sample may actually be exhibiting CD symptoms that are time-limited, consistent 

with adolescent-onset CD. Youth with adolescent-onset CD are less likely to demonstrate 

problems with emotional reactivity and regulation compared to youth with childhood-onset CD 

(Frick, 2012; Frick & Viding, 2009; Moffitt, 2003, 2006; Moffitt, Caspi, Dickson, Silva, & 

Stanton, 1996; Moffitt, Caspi, Harrington, & Milne, 2002). As high baseline RSA is associated 

with better emotion regulation, this discrepancy in the current findings may stem from the 

assessment of children who are actually displaying time-limited CD (consistent with adolescent-

onset CD), rather than childhood-onset and potentially life-course-persistent CD (Moffitt, 1993). 

Though speculative but in line with this explanation, it is possible that some of the behaviors that 

the parents reported as CD symptoms are actually the beginnings of the normative 

developmental increase in risk-taking and sensation-seeking behavior that occurs during 

adolescence (Steinberg, 2008; Steinberg et al., 2008; Stephenson, Hoyle, Palmgreen & Slater, 

2003). Moreover, the high crime and violence to which children are exposed when living in low 

income, urban neighborhoods could exacerbate normative adolescent rebellion and/or 
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adolescent-onset CD (Frick, 2012). Ultimately, these are empirical questions that need to be 

examined in similar samples of children of varying ages with attention to pubertal development 

and using prospective designs to consider the developmental pathways of CD and CU among at-

risk youth. If the current findings are accurate, results would suggest that these patterns of 

findings are characteristic of community samples of children with high CD symptom severity 

who differ on levels of CU traits and that there may be meaningful differences between clinical 

and community samples of children in terms of baseline PNS functioning. If the current results 

do not generalize to similar samples, this may suggest that contextual factors and age exert an 

important influence on relations among CD, CU, and ANS functioning.  

 In addition, among children with lower CD symptom severity, low CU symptom severity 

was associated with lower baseline RSA. This finding is contrary to expectations, as previous 

research indicates that low baseline RSA is associated with emotion dysregulation whereas high 

baseline RSA is associated with social competence, empathy, and emotion regulation. Thus, I 

expected that among children with low CD symptom severity, those with low CU symptom 

severity would exhibit higher baseline RSA. However, the current finding is not completely 

inconsistent with previous literature. Low baseline RSA is a non-specific marker of emotion 

dysregulation and is associated with internalizing symptoms (Dietrich et al., 2007; Forbes, Fox, 

Cohn, Galles, & Kovacs, 2006; Hinnant & El-Sheikh, 2009). Furthermore, low income, urban 

youth are at elevated risk for internalizing symptoms (Singer, Anglin, Song, & Longhofer, 1995). 

Thus, it could be that this group of youth with low CD, low CU, and low baseline RSA actually 

has elevated levels of internalizing symptoms. Given the high comorbidity between internalizing 

and externalizing disorders in childhood (Bubier & Drabick, 2009; Connor, Ford, Albert, & 

Doerfler, 2007; Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Drabick, Gadow, & Loney, 
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2008; Drabick, Gadow, & Sprafkin, 2006; Drabick, Ollendick, & Bubier, 2010; Wolff & 

Ollendick, 2006), future research with CD should consider the potential role of internalizing 

symptoms.  

As suggested, this finding may also be related to the context in which these children live. 

Lower baseline RSA is indicative of higher arousal at rest (Hinnant & El-Sheikh, 2009), which 

may be manifested behaviorally among low income, urban children as over-vigilance to potential 

dangers in their environment. This increased vigilance may be adaptive for effective functioning, 

given that these children reside in high crime and violence neighborhoods (Taylor & Seeman, 

1999). Thus, this finding may be indicative of the influence of context on biological functioning 

(Boyce, 2006, 2007; Boyce & Ellis, 2005; Obradovic et al., 2010). However, future studies are 

necessary in order to clarify the bi-directional influences of context and children’s ANS 

functioning.  

 In terms of RSA reactivity, I hypothesized that among children with higher CD symptom 

severity, lower CU traits would be associated with lower RSA reactivity scores. Nevertheless, in 

the present sample, among children with higher CD symptom severity, those with lower CU 

symptom severity exhibited higher RSA reactivity (PNS activation). Although this finding is 

contrary to prediction, the literature regarding relations between RSA reactivity and CD 

symptoms (or externalizing behavior problems more broadly) is mixed. Both Obradvic et al. 

(2010) and Boyce et al. (2001) have reported relations between PNS activation in response to 

challenge (high RSA reactivity in the current study) and externalizing behavior problems in 

community samples of children, yet other studies report the opposite relation or no relation at all.  

Furthermore, several studies have reported a relation between PNS activation in response to 

challenge and child maladjustment in the context of adversity (El-Sheikh et al., 2001; El-Sheikh 
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& Whitson, 2006; Katz & Gottman, 1995, 1997). Thus, the current finding may be a reflection of 

both the use of a community sample in the present study, as well as the environment in which 

these children live. 

 Among children with higher CD symptom severity relative to youth in the present 

sample, higher CU symptom severity was associated with low RSA reactivity, or PNS 

withdrawal relative to baseline, which is consistent with the temperamental profile of children 

who are high on both CD and CU symptoms.  PNS withdrawal in response to challenges is the 

typical and adaptive response to stressors, as this process allows a person to effectively utilize 

attentional and social resources to engage or disengage with the environment (Bornstein & 

Suess, 2000). The antisocial behavior of children with elevated levels of both CD symptoms and 

CU traits is thought to stem from deficits in moral development rather than deficits in emotion 

regulation (Frick, 2006, 2012; Frick & White, 2008), and PNS withdrawal in response to 

stressors is associated with better emotion and behavioral regulation (Calkins, 1997; El-Sheikh et 

al., 2001; El-Sheikh & Whitson, 2006; Porges, 2007). Thus, based on the literature, it is 

reasonable to expect that children with higher levels of both CD and CU symptoms would 

display "normative" emotion regulation abilities that would therefore be reflected in "normative" 

RSA reactivity, or RSA reactivity similar to that for children with low symptom levels. These 

normative levels of RSA reactivity, and therefore emotion regulation, afford children who are 

elevated on both CD and CU the ability to control their emotional response in the face of a threat 

or stressor, and to thus be more planful and less impulsive with their use of aggression, which is 

reflected in the high levels of proactive aggression exhibited by this group with childhood-onset 

CD. In addition, among children with low levels of CD symptom severity, lower levels of CU 

symptom severity were also associated with low RSA reactivity.  Although both of these groups 
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exhibited PNS withdrawal that was lower than the mean, it is unclear from the literature what 

level of PNS withdrawal is adaptive. Future research will be necessary to better understand the 

relations among PNS withdrawal, CD, and CU traits among children who experience different 

contextual influences.  

 Interestingly, among children with lower CD symptom severity, those with high CU 

symptom severity demonstrated high RSA reactivity (PNS activation in response to stressors). 

Based on the literature linking PNS withdrawal with better emotion regulation abilities, I would 

expect that children who are lower on CD symptoms, but higher on CU symptoms only would 

exhibit low RSA reactivity. However, this finding may reflect the general link between 

autonomic underarousal and psychopathic traits. It is also possible that among children with 

higher CU traits in the current sample, the stressors used in the present study to elicit reactivity 

were not found to be stressful. Thus, if these children did not experience the challenge as a 

stressor, their PNS response may not have been an accurate reflection of their typical PNS 

response in the face of “real world” stressors. Future research examining these relations should 

consider utilizing different challenges that may prove to be more stressful such as peer 

provocation or a frustration-inducing task or use manipulation checks to determine whether the 

participants experienced the stressors as challenging. It is also the case that there have been no 

studies to date that have assessed RSA separately in examinations of children with CD in 

combination with high and low levels of CU traits. Thus, the findings from the current study 

must be considered preliminary until future research can assess the generalizability of the present 

results.  
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Aim 2: To examine differences in the relation between CD and SNS functioning based on 

whether children exhibit high or low levels of CU traits relative to other youth in the present 

sample. 

 Contrary to hypotheses, neither CD nor CU symptom severity was significantly 

associated with PEP variables (baseline PEP and PEP reactivity). These results are surprising 

given that individual differences in SNS functioning become apparent prior to those related to 

PNS functioning. There is also the possibility that other variables not considered in the current 

analyses may better account for these relations. For example, bivariate correlations indicate that 

household income was negatively associated with PEP at baseline; in other words, higher 

household income was associated with decreased sympathetic arousal at baseline. Thus, other 

variables such as neighborhood factors (i.e., neighborhood danger, neighborhood cohesion) may 

be important to consider in examinations of the relations among CD, CU, and PEP indices. For 

example, among first to third grade children drawn from the same neighborhoods as the current 

sample, Bubier et al. (2009) found that child SNS functioning moderated the relations between 

neighborhood cohesion and externalizing behavior problems. More specifically, the authors 

found that among children with attenuated baseline PEP, higher levels of neighborhood cohesion 

were related to lower levels of externalizing behavior problems, whereas among children with 

heightened baseline PEP, higher neighborhood cohesion was associated with higher levels of 

externalizing problems. These results suggest that contextual factors may be especially important 

to consider in addition to child-specific variables when examining relations between behavior 

problems and ANS functioning among ethnic minority children residing in the inner city.  

Non-significant results related to PEP variables also may stem from the particular tasks 

utilized in the psychophysiological protocol administered in the present study. PEP is an 
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indicator of SNS response specifically to reward (Beauchaine, 2009, 2012; Beauchaine et al., 

2008; Brenner & Beauchaine, 2011; Brenner et al., 2005); thus, it is possible that the tasks used 

in the current protocol were not considered rewarding by the participants and therefore did not 

adequately elicit PEP reactivity. However, prior work from an earlier phase of the Child Health 

and Behavior Study (CHBS) utilizing the same psychophysiological protocol demonstrated 

significant associations between PEP indices and externalizing behavior problems (e.g., Bubier 

& Drabick, 2008; Bubier et al., 2009). The sample from this earlier phase of CHBS data 

collection consisted of children in first through third grade drawn from the same neighborhoods 

as the current sample. Among this sample, Bubier and Drabick found a significant association 

between attenuated PEP reactivity and hyperactive-impulsive symptoms. However, this relation 

was specific to PEP reactivity during the emotion-inducing task of the psychophysiological 

protocol. Furthermore, among this same sample, Bubier et al. reported a significant association 

between baseline PEP and externalizing behaviors, which consisted of both symptoms of ODD 

and CD, and that baseline PEP moderated the relation between neighborhood cohesion and 

externalizing behaviors. Therefore, there are a couple of potential reasons for the lack of 

significant findings related to PEP variables in the present investigation. First, the children in the 

current study were older than those in the earlier phase of CHBS. Patterns of SNS functioning 

stabilize by middle childhood, earlier than patterns of PNS functioning (Bornstein & Suess, 

2000; Calkins & Keane, 2004; Doussard-Roosevelt, Montgomery, & Porges, 2003; El-Sheikh, 

2005, 2007; El-Sheikh et al., 2009; Hinnant & El-Sheikh, 2009; Hinnant, Elmore-Staton, & El-

Sheikh, 2011). Furthermore, in a longitudinal investigation of the development of RSA and PEP, 

Hinnant et al. (2011) found a significant increase in children’s PEP across ages 8 to 10. More 

specifically, the authors reported that although there was a great deal of variability in PEP levels 
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at age 8, PEP changed in the same way (i.e., increased) for all of the children over time. It is 

therefore possible that compared to the earlier phase of CHBS, there is reduced variability in 

PEP among the current sample, making it more difficult to detect inter-individual differences. 

Thus, the lack of significant findings in the current study may reflect the developmental course 

of PEP.  

Second, prior work in CHBS examined relations among PEP variables and ADHD and 

externalizing behaviors more broadly, whereas the current study examined specifically CD 

symptoms and CU traits. Thus, it may be that among this sample, use of the more narrowly 

defined constructs of CD and CU, which also have lower base rates than externalizing behaviors, 

led to reduced variability and power to predict outcomes. However, given that this is the first 

study to my knowledge to address relations among PEP functioning, CD, and CU, future 

research will be necessary to determine which of these explanations can account for these 

discrepant findings. In addition, future research examining relations among CD, CU, and PEP 

should consider the use of alternative tasks that may better approximate conditions of reward and 

include contextual factors as predictors to determine whether the current findings are specific to 

the sample. If the current findings were replicated in future research, it would suggest that 

differences in PEP between children who are high on CD symptom severity but differ in level of 

CU symptom severity may be specific to samples of children with clinical levels of CD 

symptoms, as opposed to the lower levels of CD symptoms identified in community-based 

samples of youth.    
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Aim 3: To examine whether (a) harsh parenting behaviors and (b) parental warmth/involvement 

moderate the relations between CD symptoms and ANS functioning and between CU traits and 

ANS functioning. 

 Multiple regression analyses examining child × context interactions allowed for a more in 

depth examination of the relations between child-specific and contextual risk factors and child 

ANS functioning. Multiple regression analyses were limited to RSA variables, as RSA was the 

only outcome for which significant prediction was evidenced from the first two aims.  

Harsh Parental Discipline 

 Harsh parental discipline did not moderate the relations between CD and RSA variables, 

or between CU and RSA variables. The lack of prediction from CD was not hypothesized, 

though the lack of prediction from CU was expected. There are several explanations to account 

for the lack of significant findings. First, given the small sample size, I may have been 

underpowered to detect effects. Second, it is possible that the scale used to assess harsh parental 

discipline in the present study did not adequately capture children's experiences of harsh parental 

discipline. Measurement of harsh parental discipline relied on open-ended responses by parents; 

given the potentially sensitive nature of the subject, parents may have underreported their use of 

harsh discipline. Furthermore, the presence of harsh discipline is based on parental responses to 

hypothetical scenarios and it is unclear whether these situations adequately captured situations 

that would elicit harsh parenting behaviors. Future research would benefit from the examination 

of parenting behavior as reported from different sources and utilizing different methods. Lastly, 

the lack of significant findings related to harsh parental discipline may be due to the nature of the 

sample. The sample was 98% African- American, and the literature suggests that the use of harsh 

parental discipline may be more normative among African Americans compared to other ethnic 
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groups (Deater-Deckard & Dodge, 1997). Furthermore, evidence indicates that there is a weaker 

relation between harsh parental behaviors and conduct problems among ethnic minority 

(particularly African-American), as compared to European-American, samples (Deater-Deckard 

& Dodge, 1997; Hill & Bush, 2001). This evidence suggests that ethnic minority children may 

differ in their sensitivity to the effects of harsh parental discipline, which could partially account 

for the lack of significant findings in the present study.  

Parental Warmth/Involvement 

 Consistent with hypotheses, parental warmth/involvement did not moderate the relation 

between CD symptoms and RSA variables. However, contrary to prediction, parental 

warmth/involvement did not moderate the relations between CU traits and RSA variables. As 

with harsh parental discipline, non-significant findings may be due to the way in which parental 

warmth/involvement was measured in the present study. Specifically, there may be various ways 

in which parents express warmth to their children that were not captured in the scale utilized in 

the present study (e.g., physical displays of affection). Furthermore, the current scale did not 

include parental verbal expressions of warmth or observation of positive affect expressed toward 

the child, both of which have been utilized to measure warmth in other studies with similar 

samples (e.g., Caspi et al., 2004; Davis-Kean, 2005; Mistry, Vandewater, Huston, & McLoyd, 

2002; Odgers et al., 2012; Shaw, Winslow, Owens, Vondra, Cohn, & Bell, 1998). Moreover, as 

parenting practices differ across ethnic and socioeconomic groups (Deater-Deckard & Dodge, 

1997; Harrison, Wilson, Pine, Chan, & Buriel, 1990; Hill & Bush, 2001), the construct of 

warmth/involvement may similarly vary. In particular, parents residing in low SES environments 

have been found to demonstrate less warmth and responsiveness, and poverty has been found to 

diminish mothers’ ability to adequately respond to her child (Evans, Boxhill, & Pinkaya, 2008; 
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Grant, Compas, Stuhlmacher, Thurm, McMahon, & Halpert, 2003; Magnuson & Duncan, 2002; 

McCloyd, 1990). Future research that considers alternative approaches for operationalizing 

warmth/involvement that may be more relevant to the present sample’s characteristics would be 

useful for determining whether the lack of significant findings is a function of the interview used, 

sample characteristics, or other factors not addressed in the present study.   

Strengths, Limitations and Future Directions 

Strengths 

The current study has several strengths. First, I examined relations among ANS 

functioning and CD and CU in an urban, low income, and thus, at-risk, sample. Elucidating the 

ways in which different risk factors for behavioral maladjustment interact with each other is of 

particular importance among this population, given increased risk of CD among youth residing in 

urban, low income neighborhoods (Aneshensel & Sucoff, 1996; Attar, Guerra, & Tolan, 1994; 

Farrington, 1998; Farrington, Ullrich, & Salekin, 2010; Kimonis et al., 2008a; Leventhal & 

Brooks-Gunn, 2000; Schonberg & Shaw, 2007; Thornberry, Huizinga, & Loeber, 1995). 

Another strength of the present study is the consideration of CU traits within the context 

of childhood-onset CD symptoms, given the potentially negative course and correlates but dearth 

of research that considers CU traits in examinations of childhood-onset CD. In addition, the 

present study utilized objective physiological measures of emotional and behavioral states rather 

than self-report, and the use of different reporters and indices reduces concerns regarding mono-

rater and mono-method biases. Furthermore, the present study contributes to the extant literature 

by including RSA and PEP indices, which allows for the examination of the independent 

contributions of the PNS and the SNS. It is clear that these two branches of the ANS do not 

influence behavior in the same way (Beauchaine, 2009); thus, this approach enhances our 
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understanding of human behavior by delineating the contributions of each branch and the 

sympathetic and parasympathetic patterns that ultimately result in particular types of behavior, 

including CD with and without CU. 

Limitations and Future Directions 

In spite of its strengths, the present study has several limitations. First, the sample size 

was relatively small, particularly for tests of moderation. Although a power analysis indicated 

sufficient power for examining these relations, the small sample size suggests that I may have 

been underpowered to detect effects and to consider CD, CU, and parenting variables 

concurrently in the ancillary analyses. Furthermore, the sample size limited the ability to utilize 

more complex statistical analyses such as structural equation modeling, which allows for the 

examination of multiple outcomes concurrently, as well as inter-relations among predictors, and 

therefore may have been better able to capture the nature of the relations between CD and CU. 

However, findings provide preliminary evidence for distinctions and potential developmental 

pathways for childhood-onset CD with and without higher levels of CU traits that can be further 

investigated and validated in larger, prospective studies using varied statistical methodology.  

Furthermore, although the examination of these processes in an inner city sample is a 

strength of the current investigation, the sampling method (i.e., self-selection) presents potential 

sampling biases. For instance, it is possible that the self-selection method is more conducive to 

the recruitment of families with higher levels of functioning (i.e., families that have more 

resources or are better able to access available resources, or are experiencing fewer stressors, 

etc.) compared to other families of similar background and SES. Thus, it is possible that the 

children who participated may demonstrate lower levels of behavioral and psychological 

symptoms compared to others experiencing similar levels of contextual disadvantage. However, 
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children in this sample demonstrated higher mean levels of CD symptoms compared to children 

in the normative sample. Therefore, it is also a possibility that families who elected to participate 

in the present study may have done so because their children manifest significant symptoms of 

psychopathology. In light of these competing possibilities, future research is necessary to assess 

the generalizability of the current findings.   

In addition, SES and ethnicity were confounded in this sample. However, the sample is 

representative of the schools and neighborhoods from which it was drawn. Future research that 

disentangles SES and ethnicity will be necessary to address this confound, though I chose to 

focus on this sample of children given elevated risk associated with CD among contextually 

disadvantaged children, as well as the importance of prevention and early intervention efforts 

among at-risk youth. Furthermore, PEP and RSA were assessed at the same time point as CD 

symptoms and CU traits; therefore, I could not evaluate prospective relations between ANS 

functioning and CD symptoms and CU traits. Future research using a prospective design is 

necessary to establish whether specific patterns of ANS functioning are correlates or contribute 

to the development of CD symptoms with and without high levels of CU traits. Such prospective 

research also could aid in elucidating factors that may protect or buffer risk among children with 

maladaptive patterns of ANS functioning from detrimental outcomes. 

Additionally, although the present study examined parenting behaviors as moderators of 

the relations between CD symptoms or CU traits and children’s ANS functioning, it is likely that 

parent-child influences are bidirectional and transactional. The present study, however, was 

cross-sectional and therefore did not account for such bidirectional effects. Thus, future research 

should include longitudinal and cross-lagged designs that can disentangle the direction of effects 

between parents and children.    
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Furthermore, future research should examine other potential moderators of these 

relations, including other contextual factors that are expected to influence youth during this 

developmental period (e.g., neighborhood factors, peer influence). In addition to the more 

proximal, stage-relevant contextual influences examined in the current study (i.e., parent-child 

relations), it is important to consider the influence of other contextual factors whose influence 

may change over time and that may influence relations among childhood-onset CD, CU traits, 

and ANS functioning (Bubier et al., 2009; Lynam, Caspi, Moffitt, Wikstrom, & Loeber, 2000; 

Meier, Slutske, Arndt, & Cadoret, 2008; Scarpa, Tanaka, & Haden, 2008). Nevertheless, 

although contextual risk factors differentially predict behavior problems depending on youth's 

ANS functioning (e.g., Bubier et al., 2009; Scarpa et al., 2008), there is a dearth of research 

examining moderation between contextual factors and ANS functioning in the development of 

CD with and without CU traits. Thus, future research would benefit from examination of such 

moderators, as consideration of interactions between contextual and child-specific variables can 

help to determine the utility and roles of these factors in conferring or buffering risk for 

childhood-onset CD with and without CU traits.  

Another important challenge for future research in this area would be to consider how 

these processes might differ in terms of child sex. Given the small sample size in the current 

study, sex differences were not examined. Although there are sex differences in prevalence rates, 

developmental trajectories, correlates, and outcomes of CD and CU traits (Costello et al., 2003; 

Dadds et al., 2009; Fanti et al., 2009; Fontaine, Rijsdijk, McCrory, & Viding, 2010; Silverthorn 

& Frick, 1999; Vitale et al., 2005; Xie, Drabick, & Chen, 2011), and ANS-behavior relations 

often differ for boys and girls (Beauchaine, 2009; Beauchaine et al., 2008; Wang et al., 2012), 
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much more research is needed regarding sex differences in the links between CD with and 

without CU traits and ANS functioning.  

Lastly, CD symptoms were operationalized using a dimensional rating scale, rather than a 

diagnostic interview. Thus, results pertaining to CD symptoms are not equivalent to the 

diagnostic category of CD. However, the CASI-4 is a DSM-referenced instrument and has been 

used in many studies of CD (Beauchaine et al., 2008; Drabick, Gadow, & Sprafkin, 2006; Frick 

et al., 2000b; Kochanska, Barry, Aksan, & Boldt, 2008; Kochanska, Barry, Stellern, & 

O'Bleness, 2009). Furthermore, even at levels below that which is required for a clinical 

diagnosis, CD symptoms can cause significant impairment and a dimensional approach is more 

useful for identifying patterns of maladaptation that can inform etiological and intervention 

models (Angold et al., 1999; Drabick, 2009).   

In sum, results of the present study suggest that patterns of PNS functioning differ 

between children with high levels of CD symptoms with and without high levels of CU traits. 

These findings further support the existence of distinct subtypes of childhood-onset CD and 

highlight the need to distinguish these subtypes in future research. The findings from the present 

investigation provide preliminary evidence for unique relations among ANS functioning and 

childhood-onset CD with and without higher levels of CU traits and point to potentially distinct 

etiological mechanisms underlying the development of these subtypes. Ultimately, the goal of 

elucidating factors that are associated with and may contribute to distinctions between 

childhood-onset CD with and without CU traits is to inform etiological models of psychopathy 

and subsequently develop strategies to intervene before symptoms become more pernicious and 

intractable to treatment. Further examination of CD, CU, and ANS relations in various 

developmental periods and with developmentally relevant contextual factors could help to clarify 
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the developmental course of psychopathy and etiological models of CD+CU. In addition, 

findings from developmentally sensitive research designs could inform more individualized 

prevention and intervention strategies that could mitigate or prevent CD+CU and the associated 

negative course and sequelae.    

  



101 

 

REFERENCES CITED 

Aiken, L. S., & West, S. G. (1991). Multiple regression: Testing and interpreting interactions. 

Newbury Park, CA: Sage. 

Alkon, A., Goldstein, L. H., Smider, N., Essex, M. J., Kupfer, D. J., Boyce, W. T., et al. (2003).  

Developmental and contextual influences on autonomic reactivity in young children. 

Developmental Psychobiology, 42, 64-78. 

Anastassiou-Hadjicharalambous, X., & Warden, D. (2008). Physiologically-indexed and self-

perceived affective empathy in conduct-disordered children high and low on callous-

unemotional traits. Child Psychiatry and Human Development, 39, 503-517. 

Aneshensel, C. S., & Sucoff, C. A. (1996). The neighborhood context of adolescent mental 

health. Journal of Health and Social Behavior, 37, 293-310. 

Angold, A., Costello, E. J., Farmer, E. M. Z., Burns, B. J., & Erkanli, A. (1999). Impaired but  

undiagnosed. Journal of the American Academy of Child and Adolescent Psychiatry, 38, 

129-137. 

Arnett, P. A., & Newman, J. P. (2000). Gray's three-arousal model: An empirical investigation. 

Personality and Individual Differences, 28, 1171-1189. 

Attar, B. K., Guerra, N. G., & Tolan, P. H. (1994). Neighborhood disadvantage, stressful life 

events, and adjustment in urban elementary-school children. Journal of Clinical Child 

Psychology, 23, 391-400. 

Baker, L. A., Tuvblad, C., Reynolds, C., Zheng, M., Lozano, D. I., & Raine, A. (2009). Resting  

heart rate and the development of antisocial behavior from age 9 to 14: Genetic and 

environmental influences. Development and Psychopathology, 21, 939-960. 

Bandura, A. (1973). Aggression: A social learning analysis. Oxford, England: Prentice-Hall. 



102 

 

Barry, C. T., Frick, P. J., DeShazo, T. M., McCoy, M., Ellis, M., & Loney, B. R. (2000). The 

importance of callous-unemotional traits for extending the concept of psychopathy to 

children. Journal of Abnormal Psychology, 109, 335-340. 

Beauchaine, T. P. (2001). Vagal tone, development, and Gray's motivational theory: Toward an 

integrated model of autonomic nervous system functioning in psychopathology. 

Development and Psychopathology, 13, 183-214. 

Beauchaine, T. P. (2009). Some difficulties in interpreting psychophysiological research with 

children. Monographs of the Society for Research in Child Development, 74, 80-88. 

Beauchaine, T. P. (2012). Physiological markers of emotional and behavioral dysregulation in  

externalizing psychopathology. Monographs of the Society for Research in Child 

Development, 77, 79–86. 

Beauchaine, T. P., Gatzke-Kopp, L., & Mead, H. K. (2007). Polyvagal Theory and 

developmental psychopathology: Emotion dysregulation and conduct problems from 

preschool to adolescence. Biological Psychology, 74, 174-184. 

Beauchaine, T. P., Hong, J., & Marsh, P. (2008). Sex differences in autonomic correlates of 

conduct problems and aggression. Journal of the American Academy of Child and 

Adolescent Psychiatry, 47, 788-796. 

Beauchaine, T. P., Katkin, E. S., Strassberg, Z., & Snarr, J. (2001). Disinhibitory 

psychopathology in male adolescents: Discriminating conduct disorder from attention-

deficit/hyperactivity disorder through concurrent assessment of multiple autonomic 

states. Journal of Abnormal Psychology, 110, 610-624. 

 

 



103 

 

Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P. (1999). Different contributions of the  

human amygdala and ventromedial prefrontal cortex to decision-making. Journal of 

Neuroscience, 19, 5473-5481. 

Benes, F.M. (2006). The development of the prefrontal cortex: The maturation of 

neurotransmitter systems and their interactions. In D. Cicchetti & D.J. Cohen (Eds.), 

Developmental psychopathology, 2
nd

 ed. Vol. 2: Developmental neuroscience (pp. 216-

258). Hoboken, NJ: Wiley.  

Berntson, G. G., Bigger, T. J., Eckberg, D. L., Grossman, P., Kaufmann, P. G., Malik, M., et al. 

(1997). Heart rate variability: Origins, methods, and interpretive caveats. 

Psychophysiology, 34, 623-648.  

Berntson, G. G., Cacioppo, J. T., & Quigley, K. S. (1993). Respiratory sinus arrhythmia:  

Autonomic origins, physiological mechanisms, and psychophysiological implications. 

Psychophysiology, 30, 183-196. 

Berntson, G. G., Cacioppo, J. T., Quigley, K. S., & Fabro, V. T. (1994). Autonomic space and  

psychophysiological response. Psychophysiology, 31, 44-61. 

Bio-Impedance Technology, Inc. (n.d.), COP-WIN (Version 6.0-H) [Computer software]. Chapel  

 Hill, NC. 

Birbaumer, N., Veit, R., Lotze, M., Erb, M., Hermann, C., Grodd, W., et al. (2005). Deficient  

fear conditioning in psychopathy: A functional magnetic resonance imaging study. 

Archives of General Psychiatry, 62, 799-805. 

Blair, K. S., Morton, J., Leonard, A., & Blair, R. J. R. (2006a). Impaired decision-making on the  

basis of both reward and punishment information in individuals with psychopathy. 

Personality and Individual Differences, 41, 155-165. 



104 

 

Blair, R. J. R. (1995). A cognitive developmental approach to morality: Investigating the 

psychopath. Cognition, 57, 1-29. 

Blair, R. J. R. (1999). Responsiveness to distress cues in the child with psychopathic tendencies. 

Personality and Individual Differences, 27, 135-145. 

Blair, R. J. R. (2004). The roles of orbital frontal cortex in the modulation of antisocial behavior.  

Brain and Cognition, 55, 198-208. 

Blair, R. J. R. (2005). Applying a cognitive neuroscience perspective to the disorder of  

psychopathy. Development and Psychopathology, 17, 865-891. 

Blair, R. J. R. (2007). The amygdala and ventromedial prefrontal cortex in morality and  

psychopathy. Trends in Cognitive Sciences, 11, 387-392. 

Blair, R. J. R. (2009). Too much of a good thing: Increased grey matter in boys with conduct 

problems and callous-unemotional traits. Brain: A Journal of Neurology, 132, 831-832. 

Blair, R. J. R. (2010). Neuroimaging of psychopathy and antisocial behavior: A targeted review. 

Current Psychiatry Reports, 12, 76-82. 

Blair, R. J. R., Budhani, S., Colledge, E., & Scott, S. (2005). Deafness to fear in boys with 

psychopathic tendencies. Journal of Child Psychology and Psychiatry, 46, 327-336. 

Blair, R. J. R., Colledge, E., Murray, L., & Mitchell, D. G. V. (2001). A selective impairment in 

the processing of sad and fearful expressions in children with psychopathic tendencies. 

Journal of Abnormal Child Psychology, 29, 491-498. 

Blair, R. J. R., Jones, L., Clark, F., & Smith, M. (1997). The psychopathic individual: A lack of 

responsiveness to distress cues? Psychophysiology, 34, 192-198. 

Blair, R. J. R., Peschardt, K. S., Budhani, S., Mitchell, D. G. V., & Pine, D. S. (2006b). The 

development of psychopathy. Journal of Child Psychology and Psychiatry, 47, 262-275. 



105 

 

Bornstein, M. H., & Suess, P. E. (2000). Child and mother cardiac vagal tone: Continuity, 

stability, and concordance across the first 5 years. Developmental Psychology, 36, 54-65. 

Boyce, W. (2006). Symphonic causation and the origins of childhood psychopathology. In D.  

Cicchetti & D. J. Cohen (Eds.), Developmental psychopathology, Vol 2: Developmental 

neuroscience (2nd ed.) (pp. 797-817). Hoboken, NJ: Wiley.  

Boyce, W. (2007). A biology of misfortune: Stress reactivity, social context, and the ontogeny of  

psychopathology in early life. In A. S. Masten (Ed.), Multilevel dynamics in 

developmental psychopathology: Pathways to the future (pp. 45-82). New York, NY: 

Taylor & Francis/Lawrence Erlbaum. 

Boyce, W., & Ellis, B. J. (2005). Biological sensitivity to context: I. An evolutionary-

developmental theory of the origins and functions of stress reactivity. Development and 

Psychopathology, 17, 271-301. 

Boyce, W. T., Quas, J., Alkon, A., Smider, N. A., Essex, M. J., Kupfer, D. J., et al. (2001). 

Autonomic reactivity and psychopathology in middle childhood. British Journal of 

Psychiatry, 179, 144-150. 

Brandt, J. R., Kennedy, W. A., Patrick, C. J., & Curtin, J. J. (1997). Assessment of psychopathy 

in a population of incarcerated adolescent offenders. Psychological Assessment, 9, 429-

435. 

Brenner, S. L., & Beauchaine, T. P. (2011). Pre‐ejection period reactivity and psychiatric 

comorbidity prospectively predict substance use initiation among middle‐schoolers: A 

pilot study. Psychophysiology, 48, 1587-1595. 

Brenner, S. L., Beauchaine, T. P., & Sylvers, P. D. (2005). A comparison of psychophysiological 

and self-report measures of BAS and BIS activation. Psychophysiology, 42, 108-115. 



106 

 

Brestan, E. V., & Eyberg, S. M. (1998). Effective psychosocial treatments of conduct-disordered 

children and adolescents: 29 years, 82 studies, and 5,272 kids. Journal of Clinical Child 

Psychology, 27, 180-189. 

Brody, G. H., & Shaffer, D. R. (1982). Contributions of parents and peers to children's moral  

socialization. Developmental Review, 2, 31-75. 

Brownley, K. A., Hurwitz, B. E., & Schneiderman, N. (2000). Cardiovascular psychophysiology. 

In J. T. Cacioppo, L. G. Tassinary, & G. G. Berntson (Eds.), Handbook of 

psychophysiology (2nd ed.) (pp. 224-264). New York, NY: Cambridge University Press. 

Bubier, J. L., & Drabick, D. A. G. (2008). Affective decision-making and externalizing  

behaviors: The role of autonomic activity. Journal of Abnormal Child Psychology, 36, 

941-953. 

Bubier, J. L., & Drabick, D. A. G. (2009). Co-occurring anxiety and disruptive behavior  

disorders: The roles of anxious symptoms, reactive aggression, and shared risk processes. 

Clinical Psychology Review, 29, 658-669. 

Bubier, J. L., Drabick, D. A. G., & Breiner, T. (2009). Autonomic functioning moderates the 

relations between contextual factors and externalizing behaviors among inner-city 

children. Journal of Family Psychology, 23, 500-510. 

Budhani, S., & Blair, R. J. R. (2005). Response reversal and children with psychopathic  

tendencies: Success is a function of salience of contingency change. Journal of Child 

Psychology and Psychiatry, 46, 972-981. 

Caldwell, M., Skeem, J., Salekin, R., & Van Rybroek, G. (2006). Treatment response of  

adolescent offenders with psychopathy features: A 2-Year follow-up. Criminal Justice 

and Behavior, 33, 571-596. 



107 

 

Calkins, S. D. (1997). Cardiac vagal tone indices of temperamental reactivity and behavioral 

regulation in young children. Developmental Psychobiology, 31, 125-135. 

Calkins, S. D., Graziano, P. A., & Keane, S. P. (2007). Cardiac vagal regulation differentiates 

among children at risk for behavior problems. Biological Psychology, 74, 144-153. 

Calkins, S. D., & Keane, S. P. (2004). Cardiac vagal regulation across the preschool period: 

Stability, continuity, and implications for childhood adjustment. Developmental 

Psychobiology, 45, 101-112. 

Capaldi, D.M., & Patterson, G.R. (1989). Psychometric properties of fourteen latent constructs 

from the Oregon Youth Study. NY: Springer-Verlag. 

Carre, J. M., Fisher, P. M., Manuck, S. B., & Hariri, A. R. (2012). Interaction between trait 

anxiety and trait anger predict amygdala reactivity to angry facial expressions in men but 

not women. Social Cognitive and Affective Neuroscience, 7, 213-221.   

Caspi, A., Moffitt, T. E., Morgan, J., Rutter, M., Taylor, A., Arseneault, L., et al. (2004).  

Maternal expressed emotion predicts children’s antisocial behavior problems: Using 

monozygotic-twin differences to identify environmental effects on behavioral 

development. Developmental Psychology, 40, 149–161. 

Christian, R. E., Frick, P. J., Hill, N. L., & Tyler, L. (1997). Psychopathy and conduct problems 

in children: II. Implications for subtyping children with conduct problems. Journal of the 

American Academy of Child and Adolescent Psychiatry, 36, 233-241. 

Cicchetti, D., & Rogosch, F. A. (1996). Equifinality and multifinality in developmental 

psychopathology. Development and Psychopathology, 8, 597-600. 

Cleckley, H. (1976). The mask of sanity. St. Louis, MO: Mosby. 

 



108 

 

Coccaro, E. F., McCloskey, M. S., Fitzgerald, D. A., & Phan, K. L. (2007). Amygdala and  

orbitofrontal reactivity to social threat in individuals with impulsive aggression. 

Biological Psychiatry, 62, 168-178. 

Cohen, P., Cohen, J., Kasen, S., & Velez, C. N. (1993). An epidemiological study of disorders in  

late childhood and adolescence: I. Age- and gender-specific prevalence. Journal of Child 

Psychology and Psychiatry, 34, 851-867.  

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scientific construct: 

Methodological challenges and directions for child development research. Child 

Development, 75, 317-333. 

Compton, K., Snyder, J., Schrepferman, L., Bank, L., & Shortt, J.W. (2003). The contribution of 

parents and siblings to antisocial and depressive behavior in adolescents: A double 

jeopardy coercion model. Development and Psychopathology, 15, 163-182. 

Connor, D. F., Ford, J. D., Albert, D. B., & Doerfler, L. A. (2007). Conduct disorder subtype and 

comorbidity. Annals of Clinical Psychiatry, 19, 161-168. 

Cooke, D. J., & Michie, C. (1997). An item response theory analysis of the Hare Psychopathy 

Checklist--Revised. Psychological Assessment, 9, 3-14. 

Cooke, D. J., & Michie, C. (2001). Refining the construct of psychopath: Towards a hierarchical 

model. Psychological Assessment, 13, 171-188. 

Cools, R., Clark, L., Owen, A. M., & Robbins, T. W. (2002). Defining the neural mechanisms of  

 probabilistic reversal learning using event-related functional magnetic resonance 

imaging. Journal of Neuroscience, 22, 4563-4567. 

 

 



109 

 

Costello, E.J., Mustillo, S., Erkanli, A., Keeler, G., & Angold, A. (2003). Prevalence and 

development of psychiatric disorders in childhood and adolescence. Archives of General 

Psychiatry, 60, 837-844. 

Cote, S. M., Vaillancourt, T., Barker, E. D., Nagin, D., & Tremblay, R. E. (2007). The joint 

development of physical and indirect aggression: Predictors of continuity and change 

during childhood. Development and Psychopathology, 19, 37-55. 

Crapanzano, A. M., Frick, P. J., & Terranova, A. M. (2010). Patterns of physical and relational 

aggression in a school-based sample of boys and girls. Journal of Abnormal Child 

Psychology, 38, 433-445. 

Crowe, S. L., & Blair, R. J. R. (2008). The development of antisocial behavior: What can we  

learn from functional neuroimaging studies? Development and Psychopathology, 20, 

1145-1159. 

Crowell, S. E., Beauchaine, T. P., Gatzke-Kopp, L., Sylvers, P., Mead, H., & Chipman-Chacon, 

J. (2006). Autonomic correlates of attention-deficit/hyperactivity disorder and 

oppositional defiant disorder in preschool children. Journal of Abnormal Psychology, 

115, 174-178. 

Crowell, S. E., Beauchaine, T. P., McCauley, E., Smith, C. J., Stevens, A. L., & Sylvers, P. 

(2005). Psychological, autonomic, and serotonergic correlates of parasuicide among 

adolescent girls. Development and Psychopathology, 17, 1105-1127. 

Dadds, M. R., Fraser, J., Frost, A., & Hawes, D. J. (2005). Disentangling the underlying 

dimensions of psychopathy and conduct problems in childhood: A community study. 

Journal of Consulting and Clinical Psychology, 73, 400-410. 

 



110 

 

Dadds, M. R., Hawes, D. J., Frost, A. D. J., Vassallo, S., Bunn, P., Hunter, K., et al. (2009).  

Learning to “talk the talk”: The relationship of psychopathic traits to deficits in empathy 

across childhood. Journal of Child Psychology and Psychiatry, 50, 599-606. 

Dadds, M. R., Perry, Y., Hawes, D. J., Merz, S., Riddell, A. C., Haines, D. J., et al. (2006). 

Attention to the eyes and fear-recognition deficits in child psychopathy. British Journal 

of Psychiatry, 189, 280-281. 

Daversa, M. T. (2010). Early environmental predictors of the affective and interpersonal  

constructs of psychopathy. International Journal of Offender Therapy and Comparative 

Criminology, 54, 6-21. 

Davidson, R. J. (2002). Anxiety and affective style: Role of prefrontal cortex and amygdala.  

Biological Psychiatry, 51, 68-80. 

Davis, M. (2000). The role of the amygdala in conditioned and unconditioned fear and anxiety. 

In J. P. Aggleton (Ed.), The amygdala: A functional analysis (pp. 289–310). Oxford, 

England: Oxford University Press.  

Davis-Kean, P. E. (2005). The influence of parent education and family income on child 

achievement: The indirect role of parental expectations and the home environment. 

Journal of Family Psychology, 19, 294-304. 

Dawson, M. E., Schell, A. M., & Filion, D. L. (1990). The electrodermal system. In J. T.  

Cacioppo & L. G. Tassinary (Eds.), Principles of psychophysiology: Physical, social, and 

inferential elements (pp. 295-324). New York, NY: Cambridge University Press.  

Deater-Deckard, K., & Dodge, K. A. (1997). Externalizing behavior problems and discipline  

revisited: Nonlinear effects and variation by culture, context, and gender. Psychological 

Inquiry, 8, 161-175. 



111 

 

Delamater, A. M., & Lahey, B. B. (1983). Physiological correlates of conduct problems and 

anxiety in hyperactive and learning-disabled children. Journal of Abnormal Child 

Psychology, 11, 85-100. 

Dietrich, A., Riese, H., Sondeijker, F. E. P. L., Greaves-Lord, K., van Roon, A. M., Ormel, J., et  

al. (2007). Externalizing and internalizing problems in relation to autonomic function: A 

population-based study in preadolescents. Journal of American Academy of Child and 

Adolescent Psychiatry, 46, 378–386. 

Dodge, K. A. (2003). Do social information-processing patterns mediate aggressive behavior? In 

B. B. Lahey, T. E. Moffitt, & A. Caspi (Eds.), Causes of conduct disorder and juvenile 

delinquency (pp. 254-274). New York, NY: Guilford. 

Dodge, K. A. (2006). Translational science in action: Hostile attributional style and the 

development of aggressive behavior problems. Development and Psychopathology, 18, 

791-814. 

Dodge, K. A., & Pettit, G. S. (2003). A biopsychosocial model of the development of chronic 

conduct problems in adolescence. Developmental Psychology, 39, 349-371. 

Donegan, N. H., Sanislow, C. A., Blumberg, H. P., Fulbright, R. K., Lacadie, C., Skudlarski, P., 

et al. (2003). Amygdala hyperreactivity in borderline personality disorder: Implications 

for emotional dysregulation. Biological Psychiatry, 54, 1284-1293. 

Donzella, B., Gunnar, M. R., Krueger, W. K., & Alwin, J. (2000). Cortisol and vagal tone 

responses to competitive challenge in preschoolers: Associations with temperament. 

Developmental Psychobiology, 37, 209-220. 

 

 



112 

 

Drabick, D. A. G. (2009). Can a developmental psychopathology perspective facilitate a  

paradigm shift toward a mixed categorical-dimensional classification system? Clinical 

Psychology: Science and Practice, 16, 41-49. 

Drabick, D. A. G., & Steinberg, L. (2011). Developmental psychopathology. In B. Brown & M.  

Prinstein (Eds.), Encyclopedia of adolescence, Vol. 3 (pp. 136-142). San Diego, CA: 

Academic Press. 

Drabick, D. G., Gadow, K. D., & Loney, J. (2008). Co-occurring ODD and GAD symptom  

groups: Source-specific syndromes and cross-informant comorbidity. Journal of Clinical 

Child and Adolescent Psychology, 37, 314-326. 

Drabick, D. A. G., Gadow, K. D., & Sprafkin, J. (2006). Co-occurrence of conduct disorder and  

depression in a clinic-based sample of boys with ADHD. Journal of Child Psychology 

and Psychiatry, 47, 766-774. 

Drabick, D. A. G., Ollendick, T. H., & Bubier, J. L. (2010) Co-occurrence of ODD and anxiety:  

Shared risk processes and evidence for a dual-pathway model. Clinical Psychology: 

Science and Practice, 17, 307-318. 

Edens, J. F., & Cahill, M. A. (2007). Psychopathy in adolescence and criminal recidivism in 

young adulthood: Longitudinal results from a multiethnic sample of youthful offenders. 

Assessment, 14, 57-64. 

Edens, J. F., Campbell, J. S., & Weir, J. M. (2007). Youth psychopathy and criminal recidivism: 

A meta-analysis of the psychopathy checklist measures. Law and Human Behavior, 31, 

53-75. 

 

 



113 

 

Edens, J. F., Skeem, J. L., Cruise, K. R., & Cauffman, E. (2001). Assessment of 'juvenile 

psychopathy' and its association with violence: A critical review. Behavioral Sciences 

and the Law, 19, 53-80. 

Eisenberg, N. (2002). Empathy-related emotional responses, altruism, and their socialization. In  

R. J. Davidson & A. Harrington (Eds.), Visions of compassion: Western scientists and 

Tibetan Buddhists examine human nature (pp. 131-164). New York, NY: Oxford 

University Press. 

Eisenberg, N., Fabes, R. A., Bustamante, D., Mathy, R. M., Miller, P. A., & Lindholm, E. 

(1988). Differentiation of vicariously induced emotional reactions in children. 

Developmental Psychology, 24, 237-246.  

Eisenberg, N., Fabes, R., Miller, P. A., & Shell, R. (1990). Preschoolers' vicarious emotional  

responding and their situational and dispositional prosocial behavior. Developmental 

Psychology, 36, 507-529. 

Eisenberg, N., Fabes, R. A., Murphy, B., Karbon, M., Smith, M., & Maszk, P. (1996). The  

relations of children's dispositional empathy-related responding to their emotionality, 

regulation, and social functioning. Developmental Psychology, 32, 195-209. 

Eisenberg, N., Fabes, R. A., Murphy, B., & Maszk, P. (1995). The role of emotionality and 

regulation in children's social functioning: A longitudinal study. Child Development, 66, 

1360-1384. 

Eisenberg, N., Smith, C. L., Sadovsky, A., & Spinrad, T. L. (2004). Effortful control: Relations 

with emotion regulation, adjustment, and socialization in childhood. In R. F. Baumeister 

& K. D. Vohs (Eds.), Handbook of self-regulation: Research, theory, and applications 

(pp. 259-282). New York, NY: Guilford. 



114 

 

El-Sheikh, M. (2005). Stability of respiratory sinus arrhythmia in children and young 

adolescents: A longitudinal examination. Developmental Psychobiology, 46, 66-74. 

El-Sheikh, M. (2007). Children's skin conductance level and reactivity: Are these measures 

stable over time and across tasks? Developmental Psychobiology, 49, 180-186. 

El-Sheikh, M., Harger, J., & Whitson, S. M. (2001). Exposure to interparental conflict and 

children’s adjustment and physical health: The moderating role of vagal tone. Child 

Development, 72, 1617-1636. 

El-Sheikh, M., Kouros, C. D., Erath, S., Cummings, E. M., Keller, P., Staton, L., et al. (2009). 

Marital conflict and children's externalizing behavior: Interactions between 

parasympathetic and sympathetic nervous system activity: I. Introduction. Monographs of 

the Society for Research in Child Development, 74, 1-18. 

El-Sheikh, M., & Whitson, S. A. (2006). Longitudinal relations between marital conflict and 

child adjustment: Vagal regulation as a protective factor. Journal of Family Psychology, 

20, 30-39. 

Ellis, B. J., & Boyce, W. (2008). Biological sensitivity to context. Current Directions in 

Psychological Science, 17, 183-187. 

Erath, S. A., El-Sheikh, M., & Cummings, E. M. (2009). Harsh parenting and child externalizing 

behavior: Skin conductance level reactivity as a moderator. Child Development, 80, 578-

592. 

Essau, C. A., Sasagawa, S., & Frick, P. J. (2006). Callous-unemotional traits in a community 

sample of adolescents. Assessment, 13, 454-469. 

 

 



115 

 

Evans, G. W., Boxhill, L., & Pinkaya, M. (2008). Poverty and maternal responsiveness: 

The role of maternal stress and social resources. International Journal of Behavioral 

Development, 32, 232–237. 

Evans, G. W., & English, K. (2002). The environment of poverty: Multiple stressor exposure, 

psychophysiological stress, and socioemotional adjustment. Child Development, 73, 

1238-1248. 

Ezpeleta, L., Keeler, G., Alaatin, E., Costello, E., & Angold, A. (2001). Epidemiology of 

psychiatric disability in childhood and adolescence. Journal of Child Psychology and 

Psychiatry, 42, 901-914. 

Fabes, R. A., Eisenberg, N., & Eisenbud, L. (1993). Behavioral and physiological correlates of 

children's reactions to others in distress. Developmental Psychology, 29, 655-663. 

Fanti, K. A., Frick, P. J., & Georgiou, S. (2009). Linking callous-unemotional traits to 

instrumental and non-instrumental forms of aggression. Journal of Psychopathology and 

Behavioral Assessment, 31, 285-298. 

Farrington, D. P. (1998). Youth crime and antisocial behavior. In A. Campbell & S. Muncer 

(Eds.), The social child. (pp. 353-392). Hove, England: Psychology Press. 

Farrington, D. P., Ullrich, S., & Salekin, R. T. (2010). Environmental influences on child and 

adolescent psychopathy. In R. T. Salekin & D. R. Lynam (Eds.), Handbook of child and 

adolescent psychopathy (pp. 202-230). New York, NY: Guilford Press. 

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical 

power analysis program for the social, behavioral, and biomedical sciences. Behavior 

Research Methods, 39, 175-191. 

 



116 

 

Feshbach, N. D., & Feshbach, S. (1982). Empathy training and the regulation of aggression:  

Potentialities and limitations. Academic Psychology Bulletin, 4, 399-413. 

Field, T., Lang, C., Martinez, A., & Yando, R. (1996). Preschool follow-up of infants of 

dysphoric mothers. Journal of Clinical Child Psychology, 25, 272-279. 

Fisher, L., & Blair, R. J. R. (1998). Cognitive impairment and its relationship to psychopathic 

tendencies in children with emotional and behavioral difficulties. Journal of Abnormal 

Child Psychology, 26, 511-519. 

Fite, P. J., Stoppelbein, L., & Greening, L. (2009). Proactive and reactive aggression in a child 

psychiatric inpatient population: Relations to psychopathic characteristics. Criminal 

Justice and Behavior, 36, 481-493. 

Fleitlich-Bilyk, B., & Goodman, R. (2004). Prevalence of child and adolescent psychiatric  

disorders in Southeast Brazil. Journal of the American Academy of Child and Adolescent 

Psychiatry, 43, 727-734. 

Flor, H., Birbaumer, N., Hermann, C., Ziegler, S., & Patrick, C. J. (2002). Aversive Pavlovian  

conditioning in psychopaths: Peripheral and central correlates. Psychophysiology, 39, 

505-518. 

Fontaine, N. M. G., McCrory, E. J. P., Boivin, M., Moffitt, T. E., & Viding, E. (2011). Predictors 

and outcomes of joint trajectories of callous-unemotional traits and conduct problems in 

childhood. Journal of Abnormal Psychology, 120, 730-742. 

Fontaine, N. G., Rijsdijk, F. V., McCrory, E. P., & Viding, E. (2010). Etiology of different 

developmental trajectories of callous-unemotional traits. Journal of the American 

Academy of Child and Adolescent Psychiatry, 49, 656-664. 

 



117 

 

Forbes, E. E., Fox, N. A., Cohn, J. F., Galles, S. F., & Kovacs, M. (2006). Children’s affect  

regulation during a disappointment: Psychophysiological responses and relation to parent 

history of depression. Biological Psychology, 71, 264–277. 

Ford, T., Goodman, R., & Meltzer, H. (2003). The British Child and Adolescent Mental Health  

Survey 1999: The prevalence of DSM-IV disorders. Journal of the American Academy of 

Child and Adolescent Psychiatry, 42, 1203-1211. 

Forsman, M., Larsson, H., Andershed, H., & Lichtenstein, P. (2007). The association between 

persistent disruptive childhood behaviour and the psychopathic personality constellation 

in adolescence: A twin study. British Journal of Developmental Psychology, 25, 383-398. 

Forsman, M., Lichtenstein, P., Andershed, H., & Larsson, H. (2008). Genetic effects explain the 

stability of psychopathic personality from mid- to late adolescence. Journal of Abnormal 

Psychology, 117, 606-617. 

Forth, A. E., Hart, S. D., & Hare, R. D. (1990). Assessment of psychopathy in male young 

offenders. Psychological Assessment, 2, 342-344. 

Fowles, D. C. (2000). Electrodermal hyporeactivity and antisocial behavior: Does anxiety 

mediate the relationship? Journal of Affective Disorders, 61, 177-189. 

Fowles, D. C., & Kochanska, G. (2000). Temperament as a moderator of pathways to conscience 

in children: The contribution of electrodermal activity. Psychophysiology, 37, 788-795. 

Fox, N. A., & Field, T. M. (1989). Individual differences in preschool entry behavior. Journal of 

Applied Developmental Psychology, 10, 527-540. 

Frick, P. J. (1994). Family dysfunction and the disruptive behavior disorders: A review of recent 

empirical findings. Advances in Clinical Child Psychology, 16, 203-226. 

 



118 

 

Frick, P. J. (1998). Conduct disorders. In T. H. Ollendick & M. Hersen (Eds.), Handbook of child 

psychopathology (3rd ed.) (pp. 213-237). New York, NY: Plenum. 

Frick, P.J. (2003). The Inventory of Callous-Unemotional Traits. Unpublished rating scale. The 

University of New Orleans: New Orleans, LA. 

Frick, P. J. (2006). Developmental pathways to conduct disorder. Child and Adolescent 

Psychiatric Clinics of North America, 15, 311-331. 

Frick, P. J. (2012). Developmental pathways to conduct disorder: Implications for future 

directions in research, assessment, and treatment. Journal of Clinical Child and 

Adolescent Psychology, 41, 378-389. 

Frick, P.J., & Hare, R.D. (2001). The antisocial process screening device. Toronto: Multi-Health 

Systems. 

Frick, P. J., Barry, C. T., & Bodin, S. D. (2000a). Applying the concept of psychopathy to 

children: Implications for the assessment of antisocial youth. In C. B. Gacono (Ed.), The 

clinical and forensic assessment of psychopathy: A practitioner's guide (pp. 3-24). 

Mahwah, NJ: Lawrence Erlbaum. 

Frick, P. J., Bodin, S. D., & Barry, C. T. (2000b). Psychopathic traits and conduct problems in 

community and clinic-referred samples of children: Further development of the 

Psychopathy Screening Device. Psychological Assessment, 12, 382-393. 

Frick, P. J., Cornell, A. H., Barry, C. T., Bodin, S. D., & Dane, H. E. (2003a). Callous-

unemotional traits and conduct problems in the prediction of conduct problem severity, 

aggression, and self-report of delinquency. Journal of Abnormal Child Psychology, 31, 

457-470. 

 



119 

 

Frick, P. J., Cornell, A. H., Bodin, S. D., Dane, H. E., Barry, C. T., & Loney, B. R. (2003b). 

Callous-unemotional traits and developmental pathways to severe conduct problems. 

Developmental Psychology, 39, 246-260. 

Frick, P. J., & Dickens, C. (2006). Current perspectives on conduct disorder. Current Psychiatry 

Reports, 8, 59-72. 

Frick, P. J., & Ellis, M. (1999). Callous-unemotional traits and subtypes of conduct disorder. 

Clinical Child and Family Psychology Review, 2, 149-168. 

Frick, P. J., Kimonis, E. R., Dandreaux, D. M., & Farell, J. M. (2003c). The 4 year stability of 

psychopathic traits in non-referred youth. Behavioral Sciences and the Law, 21, 713-736. 

Frick, P. J., Lilienfeld, S. O., Ellis, M., Loney, B., & Silverthorn, P. (1999). The association 

between anxiety and psychopathy dimensions in children. Journal of Abnormal Child 

Psychology, 27, 383-392. 

Frick, P. J., & Loney, B. R. (1999). Outcomes of children and adolescents with oppositional 

defiant disorder and conduct disorder. In H. C. Quay & A. E. Hogan (Eds.), Handbook of 

disruptive behavior disorders (pp. 507-524). Dordrecht, Netherlands: Kluwer. 

Frick, P. J., & Marsee, M. A. (2006). Psychopathy and developmental pathways to antisocial 

behavior in youth. In C. J. Patrick (Ed.), Handbook of psychopathy (pp. 353-374). New 

York, NY: Guilford. 

Frick, P.J., & Moffitt, T.E. (2010). A proposal to the DSM-V Childhood Disorders and the 

ADHD and Disruptive Behavior Disorders Work Groups to include a specifier to the 

diagnosis of conduct disorder based on the presence of callous-unemotional traits. 

Retrieved December 20, 2010, from http://www.dsm5.org/Proposed Revision 

Attachments/Proposal for Callous and Unemotional Specifier of Conduct Disorder.pdf 

http://www.dsm5.org/Proposed


120 

 

Frick, P. J., & Morris, A. S. (2004). Temperament and developmental pathways to conduct 

problems. Journal of Clinical Child and Adolescent Psychology, 33, 54-68. 

Frick, P. J., O'Brien, B. S., Wootton, J. M., & McBurnett, K. (1994). Psychopathy and conduct 

problems in children. Journal of Abnormal Psychology, 103, 700-707. 

Frick, P. J., Stickle, T. R., Dandreaux, D. M., Farrell, J. M., & Kimonis, E. R. (2005). Callous-

unemotional traits in predicting the severity and stability of conduct problems and 

delinquency. Journal of Abnormal Child Psychology, 33, 471-487. 

Frick, P. J., & Viding, E. (2009). Antisocial behavior from a developmental psychopathology 

perspective. Development and Psychopathology, 21, 1111-1131. 

Frick, P. J., & White, S. F. (2008). Research review: The importance of callous-unemotional 

traits for developmental models of aggressive and antisocial behavior. Journal of Child 

Psychology and Psychiatry, 49, 359-375. 

Fung, M. T., Raine, A., Loeber, R., Lynam, D. R., Steinhauer, S. R., Venables, P. H., et al. 

(2005). Reduced electrodermal activity in psychopathy-prone adolescents. Journal of 

Abnormal Psychology, 114, 187-196. 

Gadow, K. D., & Sprafkin, J. (1994). Child Symptom Inventories manual. Stony Brook, NY:  

Checkmate Plus. 

Gadow, K.D., & Sprafkin, J. (1995). Adolescent supplement to the Child Symptom Inventories 

manual. Stony Brook, NY: Checkmate Plus. 

Gadow, K.D., & Sprafkin, J. (1997). Child Symptom Inventory-4 norms manual. Stony Brook, 

NY: Checkmate Plus. 



121 

 

Gadow, K.D., & Sprafkin, J. (2002). Child Symptom Inventory-4 screening and norms manual. 

Stony Brook, NY: Checkmate Plus. 

Gadow, K.D., & Sprafkin, J. (2005). Child and Adolescent Symptom Inventory-4R. Stony Brook, 

NY: Checkmate Plus. 

Gadow, K.D., & Sprafkin, J. (2008). Adolescent Symptom Inventory-4 screening and norms 

manual. Stony Brook, NY: Checkmate Plus. 

Gadow, K.D., & Sprafkin, J. (2010). The Symptom Inventories: An Annotated Bibliography [On- 

line]. Stony Brook, NY: Checkmate Plus. Available: www.checkmateplus.com 

Gao, Y., Glenn, A. L., Schug, R. A., Yang, Y., & Raine, A. (2009). The neurobiology of  

psychopathy: A neurodevelopmental perspective. Canadian Psychiatric Association 

Journal, 54, 813-823. 

Garai, E. P., Forehand, R., Colletti, C. J. M., & Rakow, A. (2009). The role of anxiety/depression  

in the development of youth high risk behaviors: An examination of two competing 

hypotheses in a sample of African-American, single mother families. Journal of 

Psychopathology and Behavioral Assessment, 31, 340-346. 

George, D. T., Nutt, D. J., Walker, W. V., & Porges, S. W. (1989). Lactate and hyperventilation  

substantially attenuate vagal tone in normal volunteers: A possible mechanism of panic 

provocation? Archives of General Psychiatry, 46, 153-156. 

Gershoff, E. T. (2002). Corporal punishment by parents and associated child behaviors and 

experiences: A meta-analytic and theoretical review. Psychological Bulletin, 128, 539-

579. 

 

 

http://www.checkmateplus.com/


122 

 

Glenn, A. L., Raine, A., Venables, P. H., & Mednick, S. A. (2007). Early temperamental and 

psychophysiological precursors of adult psychopathic personality. Journal of Abnormal 

Psychology, 116, 508-518. 

Gordon, H. L., Baird, A. A., & End, A. (2004). Functional differences among those high and low  

on a trait measure of psychopathy. Biological Psychiatry, 56, 516-521. 

Gottman, J. M., & Katz, L. F. (2002). Children's emotional reactions to stressful parent-child 

interactions: The link between emotion regulation and vagal tone. Marriage and Family 

Review, 34, 265-283. 

Graham, J.W. (2009). Missing data analysis: Making it work in the real world. Annual Review of 

Psychology, 60, 549-576. 

Grant, K. E., Compas, B. E., Stuhlmacher, A. F., Thurm, A. E., McMahon, S. D., & Halpert, J.  

A. (2003). Stressors and child and adolescent psychopathology: Moving from markers to 

mechanisms of risk. Psychological Bulletin, 129, 447–466. 

Gray, J. A. (1982). Precis of the neuropsychology of anxiety: An enquiry into the functions of 

the septo-hippocampal system. Behavioral and Brain Sciences, 5, 469-534. 

Gray, J. A. (1987). Perspectives on anxiety and impulsivity: A commentary. Journal of Research 

in Personality, 21, 493-509. 

Gray, J. A. & McNaughton, N. (2000). The neuropsychology of anxiety: An enquiry into the  

functions of the septo-hippocampal system. Oxford, England: Oxford University Press.  

Greene, J. D., Sommerville, R., Nystrom, L. E., Darley, J. M., & Cohen, J. D. (2001). An fMRI  

investigation of emotional engagement in moral judgment. Science, 293, 2105-2108.  

Hare, R. D. (1970). Psychopathy: Theory and research. Oxford, England: Wiley. 

 



123 

 

Hare, R. D. (1980). A research scale for the assessment of psychopathy in criminal populations. 

Personality and Individual Differences, 1, 111-119. 

Hare, R. D. (1993). Psychopathy, mental disorder, and crime. In S. D. Hart & S. Hodgins (Eds.), 

Mental disorder and crime (pp. 104-115). Thousand Oaks, CA: Sage. 

Hare, R. D., Hart, S. D., & Harpur, T. J. (1991). Psychopathy and the DSM-IV criteria for 

antisocial personality disorder. Journal of Abnormal Psychology, 100, 391-398. 

Hare, R. D., & Neumann, C. S. (2006). The PCL-R assessment of psychopathy: Development, 

structural properties, and new directions. In C. J. Patrick (Ed.), Handbook of psychopathy 

(pp. 58-88). New York, NY: Guilford. 

Hariri, A. R., Tessitore, A., Mattay, V. S., Fera, F., & Weinberger, D. R. (2002). The amygdala 

response to emotional stimuli: A comparison of faces and scenes. Neuroimage, 17, 317-

323. 

Harper, R. M., Bandler, R., Spriggs, D., & Alger, J. R. (2000). Lateralised and widespread brain  

activation during transient blood pressure elevation revealed by magnetic resonance 

imaging. Journal of Comparative Neurology, 417, 195-204. 

Harper, R. M., Gozal, D., Bandler, R., Spriggs, D., Lee, J., Alger, J. (1998). Regional brain  

activation in humans during respiratory and blood pressure challenges. Clinical and 

Experimental Pharmacology and Physiology, 25, 483–486. 

Harpur, T. J., Hare, R. D., & Hakstian, A. R. (1989). Two-factor conceptualization of 

psychopathy: Construct validity and assessment implications. Psychological Assessment, 

1, 6-17. 

Harrison, A. O., Wilson, M. N., Pine, C. J., & Chan, S. Q. (1990). Family ecologies of ethnic 

minority children. Child Development, 61, 347-362. 



124 

 

Hastings, P. D., Nuselovici, J. N., Utendale, W. T., Coutya, J., McShane, K. E., & Sullivan, C. 

(2008). Applying the Polyvagal Theory to children's emotion regulation: Social context, 

socialization, and adjustment. Biological Psychology, 79, 299-306. 

Hastings, P. D., Zahn-Waxler, C., & McShane, K. (2006). We are, by nature, moral creatures:  

Biological bases of concern for others. In M. Killen & J. G. Smetana (Eds.), Handbook of 

moral development (pp. 483-516). Mahwah, NJ: Lawrence Erlbaum.  

Hastings, P. D., Zahn-Waxler, C., Robinson, J., Usher, B., & Bridges, D. (2000). The  

development of concern for others in children with behavior problems. Developmental 

Psychology, 36, 531-546. 

Hawes, D. J., Brennan, J., & Dadds, M. R. (2009). Cortisol, callous-unemotional traits, and 

pathways to antisocial behavior. Current Opinion in Psychiatry, 22, 357-362. 

Hawes, D. J., & Dadds, M. R. (2005). The treatment of conduct problems in children with 

callous-unemotional traits. Journal of Consulting and Clinical Psychology, 73, 737-741. 

Hemphill, J. F., Hare, R. D., & Wong, S. (1998). Psychopathy and recidivism: A review. Legal 

and Criminological Psychology, 3, 139-170. 

Herba, C., & Phillips, M. (2004). Annotation: Development of facial expression recognition from  

childhood to adolescence: Behavioural and neurological perspectives. Journal of Child 

Psychology and Psychiatry, 45, 1185-1198. 

Herman-Giddens, M. E. , Slora, E. J., Wasserman, R. C., Bourdony, C. J., Bhapkar, M. V., Koch,  

G. G., et al. (1997). Secondary sexual characteristics and menses in young girls seen in 

office practice: A study from the pediatric research in office settings network. Pediatrics, 

99, 505–512. 

 



125 

 

Hill, N. E. & Bush, K. R. (2001). Relationships between parenting environment and children’s  

mental health among African American and European American mothers and children. 

Journal of Marriage and Family, 63, 954-966. 

Hinnant, J. B., & El-Sheikh, M. (2009). Children’s externalizing and internalizing symptoms  

over time: The role of individual differences in patterns of RSA responding. Journal of 

Abnormal Child Psychology, 37, 1049-1061. 

Hinnant, J. B., Elmore-Staton, L., & El-Sheikh, M. (2011). Developmental trajectories of  

respiratory sinus arrhythmia and preejection period in middle childhood. Developmental 

Psychobiology, 53, 59-68. 

Hipwell, A.E., Pardini, D.A., Loeber, R., & Sembower, M. (2007). Callous-unemotional  

behaviors in young girls: Shared and unique effects relative to conduct problems. Journal 

of Clinical Child and Adolescent Psychology, 36, 293-304. 

Hoffman, M. L. (1984). Interaction of affect and cognition in empathy. In C. E. Izard, J. Kagan, 

& R. B. Zajonc (Eds.), Emotions, cognition, and behavior (pp. 103–131). Cambridge, 

UK: Cambridge University Press. 

Hoffman, M. L. (1994). Discipline and internalization. Developmental Psychology, 30, 26-28. 

Holmbeck, G. N. (2002). Post-hoc probing of significant moderational and mediational effects in  

studies of pediatric populations. Journal of Pediatric Psychology, 27, 87-96. 

Holmgren, R. A., Eisenberg, N., & Fabes, R. A. (1998). The relations of children's situational  

empathy-related emotions to dispositional prosocial behaviour. International Journal of 

Behavioral Development, 22, 169-193. 



126 

 

Houtveen, J. H., & Molenaar, P. C. M. (2001). Comparison between the Fourier and Wavelet 

methods of spectral analysis applied to stationary and nonstationary heart period data. 

Psychophysiology, 38, 729-735.  

Johnstone, L., & Cooke, D. J. (2004). Psychopathic-like traits in childhood: Conceptual and 

measurement concerns. Behavioral Sciences and the Law, 22, 103-125. 

Jones, A. P., Laurens, K. R., Herba, C. M., Barker, G. J., & Viding, E. (2009). Amygdala  

hypoactivity to fearful faces in boys with conduct problems and callous-unemotional 

traits. American Journal of Psychiatry, 166, 95-102. 

Jordan, D., Khalid, M. E. M., Schneiderman, N. & Spyer, K. M. (1982). The location and  

properties of preganglionic vagal cardiomotor neurones in the rabbit. Pflugers Archives 

European Journal of Physiology, 395, 244-250.  

Kagan, J. (1998). Biology and the child. In W. Damon & N. Eisenberg (Eds.), Handbook of child 

psychology, 5th ed., Vol. 3: Social, emotional, and personality development (pp. 177-

235). Hoboken, NJ: Wiley. 

Katz, L., & Gottman, J. M. (1995). Vagal tone protects children from marital conflict. 

Development and Psychopathology, 7, 83-92. 

Katz, L. F., & Gottman, J. M. (1997). Buffering children from marital conflict and dissolution.  

Journal of Clinical Child Psychology, 26, 157–171. 

Kazdin, A. E. (1995). Child, parent and family dysfunction as predictors of outcome in 

cognitive-behavioral treatment of antisocial children. Behaviour Research and Therapy, 

33, 271-281. 

 

 



127 

 

Keenan, K., & Shaw, D. S. (1995). The development of coercive family processes: The 

interaction between aversive toddler behavior and parenting factors. In J. McCord (Ed.), 

Coercion and punishment in long-term perspectives (pp. 165-180). New York, NY: 

Cambridge University Press. 

Keiley, M. K., Lofthouse, N., Bates, J. E., Dodge, K. A., & Pettit, G. S. (2003). Differential risks 

of covarying and pure components in mother and teacher reports of externalizing and 

internalizing behavior across ages 5 to 14. Journal of Abnormal Child Psychology, 31, 

267-283. 

Kennedy, A. E., Rubin, K. H., Hastings, P. D., & Maisel, B. (2004). Longitudinal relations 

between child vagal tone and parenting behavior: 2 to 4 Years. Developmental 

Psychobiology, 45, 10-21. 

Kerig, P. K., & Stellwagen, K. K. (2010). Roles of callous-unemotional traits, narcissism, and 

Machiavellianism in childhood aggression. Journal of Psychopathology and Behavioral 

Assessment, 32, 343-352. 

Kiang, L., Moreno, A. J., & Robinson, J. L. (2004). Maternal preconceptions about parenting 

predict child temperament, maternal sensitivity, and children's empathy. Developmental 

Psychology, 40, 1081-1092. 

Kibler, J. L., Prosser, V. L., & Ma, M. (2004). Cardiovascular correlates of misconduct in 

children and adolescents. Journal of Psychophysiology, 18, 184-189. 

Kiehl, K. A., Smith, A. M., Hare, R. D., Mendrek, A., Forster, B. B., Brink, J., et al. (2001).  

Limbic abnormalities in affective processing by criminal psychopaths as revealed by 

functional magnetic resonance imaging. Biological Psychiatry, 50, 677-684. 

 



128 

 

Killcross, S., Robbins, T. W., & Everitt, B. J. (1997). Different types of fear-conditioned  

behaviour mediated by separate nuclei within amygdala. Nature, 388, 377-380. 

Kimonis, E. R., Frick, P. J., & Barry, C. T. (2004). Callous-unemotional traits and delinquent 

peer affiliation. Journal of Consulting and Clinical Psychology, 72, 956-966. 

Kimonis, E. R., Frick, P. J., Fazekas, H., & Loney, B. R. (2006). Psychopathy, aggression, and 

the processing of emotional stimuli in non-referred girls and boys. Behavioral Sciences 

and the Law, 24, 21-37. 

Kimonis, E. R., Frick, P. J., Munoz, L. C., & Aucoin, K. J. (2008a). Callous-unemotional traits 

and the emotional processing of distress cues in detained boys: Testing the moderating 

role of aggression, exposure to community violence, and histories of abuse. Development 

and Psychopathology, 20, 569-589. 

Kimonis, E. R., Frick, P. J., Skeem, J. L., Marsee, M. A., Cruise, K., Munoz, L. C., et al. 

(2008b). Assessing callous-unemotional traits in adolescent offenders: Validation of the 

Inventory of Callous-Unemotional Traits. International Journal of Law and Psychiatry, 

31, 241-252. 

Kochanska, G. (1991). Socialization and temperament in the development of guilt and  

conscience. Child Development, 62, 1379-1392. 

Kochanska, G. (1993). Toward a synthesis of parental socialization and child temperament in 

early development of conscience. Child Development, 64, 325-347. 

Kochanska, G. (1995). Children's temperament, mother's discipline, and security of attachment: 

Multiple pathways to emerging internalization. Child Development, 66, 597-615. 

Kochanska, G. (1997). Multiple pathways to conscience for children with different 

temperaments: From toddlerhood to age 5. Developmental Psychology, 33, 228-240. 



129 

 

Kochanska, G., & Aksan, N. (2006). Children's conscience and self-regulation. Journal of  

Personality, 74, 1587-1617. 

Kochanska, G., Barry, R. A., Aksan, N. & Boldt, L. J. (2008). A developmental model of  

maternal and child contributions to disruptive conduct: The first six years. Journal of 

Child Psychology and Psychiatry, 49, 1220-1227.  

Kochanska, G., Barry, R. A., Stellern, S. A., & O'Bleness, J. J. (2009). Early attachment  

organization moderates the parent–child mutually coercive pathway to children’s 

antisocial conduct. Child Development, 80, 1288-1300. 

Kochanska, G., Forman, D. R., Aksan, N., & Dunbar, S. B. (2005). Pathways to conscience: 

Early mother-child mutually responsive orientation and children's moral emotion, 

conduct, and cognition. Journal of Child Psychology and Psychiatry, 46, 19-34. 

Koenigs, M., & Tranel, D. (2007). Irrational economic decision-making after ventromedial  

prefrontal damage: Evidence from the Ultimatum Game. Journal of Neuroscience, 27, 

951-956. 

Kopp, C. B. (1989). Regulation of distress and negative emotions: A developmental view. 

Developmental Psychology, 25, 343-354. 

Kotler, J. S., & McMahon, R. J. (2005). Child psychopathy: Theories, measurement, and 

relations with the development and persistence of conduct problems. Clinical Child and 

Family Psychology Review, 8, 291-325. 

Lahey, B. B., & Loeber, R. (1994). Framework for a developmental model of oppositional 

defiant disorder and conduct disorder. In D. K. Routh (Ed.), Disruptive behavior 

disorders in childhood (pp. 139-180). New York, NY: Plenum. 

 



130 

 

Laird, R. D., Jordan, K. Y., Dodge, K. A., Pettit, G. S., & Bates, J. E. (2001). Peer rejection in 

childhood, involvement with antisocial peers in early adolescence, and the development 

of externalizing behavior problems. Development and Psychopathology, 13, 337-354. 

Larsson, H., Andershed, H., & Lichtenstein, P. (2006). A genetic factor explains most of the 

variation in the psychopathic personality. Journal of Abnormal Psychology, 115, 221-

230. 

Larsson, H., Viding, E., & Plomin, R. (2008). Callous-unemotional traits and antisocial behavior: 

Genetic, environmental, and early parenting characteristics. Criminal Justice and 

Behavior, 35, 197-211. 

LeDoux, J. (1998). Fear and the brain: Where have we been, and where are we going? Biological  

Psychiatry, 44, 1229-1238. 

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual Review of Neuroscience, 23, 155- 

184. 

Lee, T. M., Chan, S. C., & Raine, A. (2008). Strong limbic and weak frontal activation to 

 aggressive stimuli in spouse abusers. Molecular Psychiatry, 13, 655-656. 

Leve, L.D., Kim, H.K., & Pears, K.C. (2005). Childhood temperament and family environment 

as predictors of internalizing and externalizing trajectories from ages 5 to 17. Journal of 

Abnormal Child Psychology, 33, 505-520. 

Leventhal, T. & Brooks-Gunn, J. (2000). The neighborhoods they live in: The effects of 

neighborhood residence on child and adolescent outcomes. Psychological Bulletin, 126, 

309-337. 

 

 



131 

 

Levy, M. N., & Warner, M. R. (1994). Parasympathetic effects on cardiac function. In J. A.  

Armour & J. L. Ardell (Eds.), Neurocardiology (pp. 53-76). New York, NY: Oxford 

University Press. 

Little, R.J.A., & Rubin, D.B. (2002). Statistical analyses with missing data (2
nd

 ed.). New York: 

Wiley.  

Lobaugh, N. J., Gibson, E., & Taylor, M. J. (2006). Children recruit distinct neural systems for  

implicit emotional face processing. NeuroReport, 17, 215-219. 

Loeber, R., & Farrington, D. P. (2000). Young children who commit crime: Epidemiology, 

developmental origins, risk factors, early interventions, and policy implications. 

Development and Psychopathology, 12, 737-762. 

Loney, B. R., Frick, P. J., Ellis, M., & McCoy, M. G. (1998). Intelligence, callous-unemotional 

traits, and antisocial behavior. Journal of Psychopathology and Behavioral Assessment, 

20, 231-247. 

Lorber, M. F. (2004). Psychophysiology of aggression, psychopathy, and conduct problems: A 

meta-analysis. Psychological Bulletin, 130, 531-552. 

Luciana, M. (2006). Cognitive neuroscience and the prefrontal cortex: Normative development 

and vulnerability to psychopathology. In D. Cicchetti & D.J. Cohen (Eds.), 

Developmental psychopathology, 2
nd

 ed., Vol. 2: Developmental neuroscience (pp. 292-

331). Hoboken, NJ: Wiley.  

Luo, Q., Nakic, M., Wheatley, T., Richell, R., Martin, A., & Blair, R. J. (2006). The neural basis  

of implicit moral attitude—an IAT study using event-related fMRI. NeuroImage, 30, 

1449–1457. 

 



132 

 

Lyman, R. D., & Campbell, N. R. (1996). Treating children and adolescents in residential and 

inpatient settings. Thousand Oaks, CA: Sage. 

Lynam, D. R. (1996). Early identification of chronic offenders: Who is the fledgling psychopath? 

Psychological Bulletin, 120, 209-234. 

Lynam, D. R. (1997). Pursuing the psychopath: Capturing the fledgling psychopath in a 

nomological net. Journal of Abnormal Psychology, 106, 425-438. 

Lynam, D. R., Caspi, A., Moffitt, T. E., Wikstrom, P.-O., Loeber, R., & Novak, S. (2000). The 

interaction between impulsivity and neighborhood context on offending: The effects of 

impulsivity are stronger in poorer neighborhoods. Journal of Abnormal Psychology, 109, 

563-574. 

Lynam, D. R., Charnigo, R., Moffitt, T. E., Raine, A., Loeber, R., & Stouthamer-Loeber, M. 

(2009). The stability of psychopathy across adolescence. Development and 

Psychopathology, 21, 1133-1153. 

Lyonfields, J. D., Borkovec, T. D., & Thayer, J. F. (1995). Vagal tone in generalized anxiety 

disorder and the effects of aversive imagery and worrisome thinking. Behavior Therapy, 

26, 457-466. 

Magnuson, K. A., & Duncan, G. J. (2002). Parents in poverty. In H. Marc (Ed.), Handbook of  

parenting: Vol. 4. Social conditions and applied parenting (pp. 95–121). Mahwah, NJ: 

Erlbaum. 

Marmorstein, N. R. (2007). Relationships between anxiety and externalizing disorders in youth:  

The influences of age and gender. Journal of Anxiety Disorders, 21, 420-432. 

 

 



133 

 

Marsee, M. A., & Frick, P. J. (2007). Exploring the cognitive and emotional correlates to 

proactive and reactive aggression in a sample of detained girls. Journal of Abnormal 

Child Psychology, 35, 969-981. 

Marsh, A. A., Finger, E. C., Mitchell, D. G. V., Reid, M. E., Sims, C., Kosson, D. S., et al.  

(2008). Reduced amygdala response to fearful expressions in children and adolescents 

with callous-unemotional traits and disruptive behavior disorders. American Journal of 

Psychiatry, 165, 712-720. 

Maughan, B., Rowe, R., Messer, J., Goodman, R., & Meltzer, H. (2004). Conduct disorder and  

oppositional defiant disorder in a national sample: Developmental epidemiology. Journal 

of Child Psychology and Psychiatry, 45, 609-621. 

McBurnett, K., Harris, S. M., Swanson, J. M., Pfiffner, L. J., Tamm, L., & Freeland, D. (1993). 

Neuropsychological and psychophysiological differentiation of inattention/overactivity 

and aggression/defiance symptom groups. Journal of Clinical Child Psychology, 22, 165-

171. 

McMahon, R. J., Witkiewitz, K., Kotler, J. S., & Conduct Problems Prevention Research Group. 

(2010). Predictive validity of callous-unemotional traits measured in early adolescence 

with respect to multiple antisocial outcomes. Journal of Abnormal Psychology, 199, 752-

763. 

Meier, M. H., Slutske, W. S., Arndt, S., & Cadoret, R. J. (2008). Impulsive and callous traits are 

more strongly associated with delinquent behavior in higher risk neighborhoods among 

boys and girls. Journal of Abnormal Psychology, 117, 377-385. 

 

 



134 

 

Mezzacappa, E., Kindlon, D., Earls, F., & Saul, J. P. (1994). The utility of spectral analytic 

techniques in the study of the autonomic regulation of beat-to-beat heart rate variability. 

International Journal of Methods in Psychiatric Research, 4, 29-44. 

Mezzacappa, E., Tremblay, R. E., Kindlon, D., & Saul, J. P. (1997). Anxiety, antisocial behavior, 

and heart rate regulation in adolescent males. Journal of Child Psychology and 

Psychiatry, 38, 457-469. 

Mistry, R. S., Vandewater, E. A., Huston, A. C., & McLoyd, V. C. (2002). Economic well-being 

and children’s social adjustment: The role of family process in an ethnically diverse low-

income sample. Child Development, 73, 935-951. 

Moffitt, T. E. (1993). Adolescence-limited and life-course-persistent antisocial behavior: A 

developmental taxonomy. Psychological Review, 100, 674-701. 

Moffitt, T. E. (2003). Life-course-persistent and adolescence-limited antisocial behavior: A 10-

year research review and a research agenda. In B. B. Lahey, T. E. Moffitt, & A. Caspi 

(Eds.), Causes of conduct disorder and juvenile delinquency (pp. 49-75). New York, NY: 

Guilford. 

Moffitt, T. E. (2006). Life-course persistent versus adolescence-limited antisocial behavior. In D. 

Cicchetti & D. J. Cohen (Eds.), Developmental psychopathology, 2
nd

 ed., Vol. 3: Risk, 

disorder, and adaptation (pp. 570-598). New York, NY: Wiley. 

Moffitt, T. E., Arseneault, L., Jaffee, S. R., Kim-Cohen, J., Koenen, K. C., Odgers, C. L., et al. 

(2008). Research review: DSM-V conduct disorder: Research needs for an evidence base. 

Journal of Child Psychology and Psychiatry, 49, 3-33. 

 

 



135 

 

Moffitt, T. E., & Caspi, A. (2001). Childhood predictors differentiate life-course persistent and 

adolescence-limited antisocial pathways among males and females. Development and 

Psychopathology, 13, 355-375. 

Moffitt, T. E., Caspi, A., Dickson, N., Silva, P., & Stanton, W. (1996). Childhood-onset versus 

adolescent-limited antisocial conduct problems in males: Natural history from ages 3 to 

18 years. Development and Psychopathology, 8, 399-424. 

Moffitt, T. E., Caspi, A., Harrington, H., & Milne, B. J. (2002). Males on the life-course-

persistent and adolescence-limited antisocial pathways: Follow-up at age 26 years. 

Development and Psychopathology, 14, 179-207. 

Moll, J., de Oliviera-Souza, R., Eslinger, P. J., Bramati, I. E., Mourao-Miranda, J. N.,  

Andreiuolo, P. A., et al. (2002). The neural correlates of moral sensitivity: A functional 

magnetic resonance imaging investigation of basic and moral emotions. Journal of 

Neuroscience, 22, 2730-2736. 

Morris, A. S., Silk, J. S., Steinberg, L., Myers, S. S., & Robinson, L. R. (2007). The role of the 

family context in the development of emotion regulation. Social Development, 16, 361-

388. 

Munoz, L. C. (2009). Callous-unemotional traits are related to combined deficits in recognizing 

afraid faces and body poses. Journal of the American Academy of Child and Adolescent 

Psychiatry, 48, 554-562. 

Munoz, L. C., & Frick, P. J. (2007). The reliability, stability, and predictive utility of the self-

report version of the Antisocial Process Screening Device. Scandinavian Journal of 

Psychology, 48, 299-312. 

 



136 

 

Murray-Close, D., & Crick, N. R. (2007). Gender differences in the association between 

cardiovascular reactivity and aggressive conduct. International Journal of 

Psychophysiology, 65, 103-113. 

Muthén, L., & Muthén, B. (1998-2007). Mplus User’s Guide (4
th

 Edition). Los Angeles, CA:  

Muthén & Muthén. 

Narhi, V., Lehto-Salo, P., Ahonen, T., & Marttunen, M. (2010). Neuropsychological subgroups 

of adolescents with conduct disorder. Scandinavian Journal of Psychology, 51, 278-284. 

Nevrokard (n.d.). Long-Term Heart Rate Variability (LT-HRV) [Computer software]. Ljubljana, 

Slovenia. 

New, A. S., Hazlett, E. A., Newmark, R. E., Zhang, J., Triebwasser, J., Meyerson, D., et al. 

(2009). Laboratory induced aggression: A PET study of aggressive individuals with 

borderline personality disorder. Biological Psychiatry, 66, 1107-114.  

Newman, J. P. (1987). Reaction to punishment in extraverts and psychopaths: Implications for 

the impulsive behavior of disinhibited individuals. Journal of Research in Personality, 

21, 464-480. 

Obradovic, J., Bush, N. R., Stamperdahl, J., Adler, N. E., & Boyce, W. T. (2010). Biological 

sensitivity to context: The interactive effects of stress reactivity and family adversity on 

socioemotional behavior and school readiness. Child Development, 81, 270-289. 

O'Brien, B. S., & Frick, P. J. (1996). Reward dominance: Associations with anxiety, conduct 

problems, and psychopathy in children. Journal of Abnormal Child Psychology, 24, 223-

240. 

 

 



137 

 

O'Brien, B. S., Frick, P. J., & Lyman, R. D. (1994). Reward dominance among children with 

disruptive behavior disorders. Journal of Psychopathology and Behavioral Assessment, 

16, 131-145. 

Odgers, C. L., Caspi, A., Russell, M. A., Sampson, R. J., Arseneault, L., & Moffit, T. E. (2012).  

Supportive parenting mediates neighborhood socioeconomic disparities in children's 

antisocial behavior from ages 5-12. Development And Psychopathology, 24(3), 705-721. 

Ollendick, T. H., Seligman, L. D., & Butcher, A. T. (1999). Does anxiety mitigate the behavioral  

expression of severe conduct disorder in delinquent youths? Journal of Anxiety 

Disorders, 13, 565-574. 

Orobio de Castro, B., Veerman, J. W., Koops, W., Bosch, J. D., & Monshouwer, H. J. (2002). 

Hostile attribution of intent and aggressive behavior: A meta-analysis. Child 

Development, 73, 916-934. 

Ortiz, J., & Raine, A. (2004). Heart rate level and antisocial behavior in children and 

adolescents: A meta-analysis. Journal of the American Academy of Child and Adolescent 

Psychiatry, 43, 154-162. 

Oxford, M., Cavell, T. A., & Hughes, J. N. (2003). Callous/unemotional traits moderate the 

relation between ineffective parenting and child externalizing problems: A partial 

replication and extension. Journal of Clinical Child and Adolescent Psychology, 32, 577-

585. 

Pardini, D. A., & Fite, P. J. (2010). Symptoms of conduct disorder, oppositional defiant disorder, 

attention-deficit/hyperactivity disorder, and callous-unemotional traits as unique 

predictors of psychosocial maladjustment in boys: Advancing an evidence base for DSM-

V. Journal of the American Academy of Child and Adolescent Psychiatry, 49, 1134-1144. 



138 

 

Pardini, D. A., & Loeber, R. (2007). Interpersonal and affective features of psychopathy in 

children and adolescents: Advancing a developmental perspective. Introduction to special 

section. Journal of Clinical Child and Adolescent Psychology, 36, 269-275. 

Pardini, D. A., Lochman, J. E., & Frick, P. J. (2003). Callous/unemotional traits and social-

cognitive processes in adjudicated youths. Journal of the American Academy of Child 

and Adolescent Psychiatry, 42, 364-371. 

Pardini, D. A., Lochman, J. E., & Powell, N. (2007). The development of callous-unemotional 

traits and antisocial behavior in children: Are there shared and/or unique predictors? 

Journal of Clinical Child and Adolescent Psychology, 36, 319-333. 

Patrick, C. J. (2008). Psychophysiological correlates of aggression and violence: An integrative 

review. Philosophical Transactions of the Royal Society, 363, 2543-2555. 

Patrick, C. J., Bradley, M. M., & Lang, P. J. (1993). Emotion in the criminal psychopath: Startle 

reflex modulation. Journal of Abnormal Psychology, 102, 82-92. 

Patterson, C. M., & Newman, J. P. (1993). Reflectivity and learning from aversive events:  

Toward a psychological mechanism for the syndromes of disinhibition. Psychological 

Review, 100, 716-736. 

Patterson, G. R. (1982). Coercive family processes. Eugene, OR: Castalia. 

Patterson, G. R. (1986). Performance models for antisocial boys. American Psychologist, 41, 

432-444. 

Patterson, G. R. (2002). The early development of coercive family process. In J. B. Reid, G. R. 

Patterson, & J. Snyder (Eds.), Antisocial behavior in children and adolescents: A 

developmental analysis and model for intervention (pp. 25-44). Washington, DC: 

American Psychological Association. 



139 

 

Patterson, G. R., & Capaldi, D. M. (1990). A mediational model for boys' depressed mood. In J. 

E. Rolf, A. S. Masten, D. Cicchetti, K. H. Nuechterlein, & S. Weintraub (Eds.), Risk and 

protective factors in the development of psychopathology (pp. 141-163). New York, NY: 

Cambridge University Press. 

Patterson, G. R., Reid, J. B., & Dishion, T. J. (1992). Antisocial boys. Eugene, OR: Castalia. 

Pettitt, G. S., & Arsiwalla, D. D. (2008). Commentary on special section on 'Bidirectional 

parent-child relationships': The continuing evolution of dynamic, transactional models of 

parenting and youth behavior problems. Journal of Abnormal Child Psychology, 36, 711-

718. 

Pine, D. S., Wasserman, G. A., Miller, L., Coplan, J. D., Bagiella, E., Kovelenku, P., et al. 

(1998). Heart period variability and psychopathology in urban boys at risk for 

delinquency. Psychophysiology, 35, 521-529. 

Porges, S. W. (1995). Orienting in a defensive world: Mammalian modifications of our 

evolutionary heritage: A Polyvagal Theory. Psychophysiology, 32, 301-318. 

Porges, S. W. (2003). The Polyvagal Theory: Phylogenetic contributions to social behavior. 

Physiology and Behavior, 79, 503-513. 

Porges, S. W. (2007). The polyvagal perspective. Biological Psychology, 74, 116-143. 

Porges, S. W., Doussard-Roosevelt, J. A., Portales, A. L., & Greenspan, S. I. (1996). Infant  

regulation of the vagal 'brake' predicts child behavior problems: A psychobiological 

model of social behavior. Developmental Psychobiology, 29, 697-712. 

Posthumus, J. A., Bocker, K. B. E., Raaijmakers, M. A. J., Van Engeland, H., & Matthys, W. 

(2009). Heart rate and skin conductance in four-year-old children with aggressive 

behavior. Biological Psychology, 82, 164-168. 



140 

 

Qu, M., Zhang, Y., Webster, J. G., & Tompkins, W. J. (1986). Motion artifact from spot and 

band electrodes during impedance cardiography. Transactions on Biomedical 

Engineering, 11, 1029-1036. 

Quay, H. C., & Parsons, L. B. (1970). The differential behavioral classification of the juvenile 

offender. Washington, DC: Bureau of Prisons. 

Raine, A. (2002). Biosocial studies of antisocial and violent behavior in children and adults: A 

review. Journal of Abnormal Child Psychology, 30, 311-326. 

Raine, A., & Venables, P. H. (1984). Tonic heart rate level, social class and antisocial behaviour 

in adolescents. Biological Psychology, 18, 123-132. 

Raine, A., Venables, P. H., Dalais, C., Mellingen, K., Reynolds, C., & Mednick, S. A. (2001). 

Early educational and health enrichment at age 3-5 years is associated with increased 

autonomic and central nervous system arousal and orienting at age 11 years: Evidence 

from the Mauritius Child Health Project. Psychophysiology, 38, 254-266. 

Raine, A., Venables, P. H., & Mednick, S. A. (1997). Low resting heart rate at age 3 years 

predisposes to aggression at age 11 years: Evidence from the Mauritius Child Health 

Project. Journal of the American Academy of Child and Adolescent Psychiatry, 36, 1457-

1464. 

Raine, A., & Yang, Y. (2006). Neural foundations to moral reasoning and antisocial behavior.  

Social Cognitive and Affective Neuroscience, 1, 203-213. 

Rice, M. E., Harris, G. T., & Cormier, C. A. (1992). An evaluation of a maximum security  

therapeutic community for psychopaths and other mentally disordered offenders. Law 

and Human Behavior, 16, 399-412. 

 



141 

 

Roose, A., Bijttebier, P., Decoene, S., Claes, L., & Frick, P. J. (2010). Assessing the affective  

 features of psychopathy in adolescence: A further validation of the Inventory of Callous 

 and Unemotional Traits. Assessment, 17, 44-57. 

Rothbart, M. K., & Ahadi, S. A. (1994). Temperament and the development of personality.  

Journal of Abnormal Psychology, 103, 55-66. 

Rothbart, M. K., Ahadi, S. A., & Evans, D. E. (2000). Temperament and personality: Origins and  

outcomes. Journal of Personality and Social Psychology, 78, 122-135. 

Rothbart, M. K., Ahadi, S. A., & Hershey, K. L. (1994). Temperament and social behavior in  

childhood. Journal of Developmental Psychology, 40, 21-39. 

Rothbart, M. K., & Bates, J. E. (1998). Temperament. In W. Damon & N. Eisenberg (Eds.), 

Handbook of child psychology, 5
th

 ed. Vol 3: Social, emotional, and personality 

development (pp. 105-176). Hoboken, NJ: Wiley. 

Rothbart, M. K., & Bates, J. E. (2006). Temperament. In N. Eisenberg, W. Damon, & R. M. 

Lerner (Eds.), Handbook of child psychology, 6
th

 ed. Vol. 3: Social, emotional, and 

personality development (pp. 99-166). Hoboken, NJ: Wiley. 

Rowe, R., Maughan, B., Moran, P., Ford, T., Briskman, J., & Goodman, R. (2009). The role of 

callous and unemotional traits in the diagnosis of conduct disorder. Journal of Child 

Psychology and Psychiatry, 51, 688-695. 

Rutter, M., & Sroufe, L. A. (2000). Developmental psychopathology: Concepts and challenges.  

Development and Psychopathology, 12, 265-296. 

Salekin, R. T. (2008). Psychopathy and recidivism from mid-adolescence to young adulthood: 

Cumulating legal problems and limiting life opportunities. Journal of Abnormal 

Psychology, 117, 386-395. 



142 

 

Salekin, R. T., Neumann, C. S., Leistico, A.-M. R., & Zalot, A. A. (2004). Psychopathy in youth 

and intelligence: An investigation of Cleckley's hypothesis. Journal of Clinical Child and 

Adolescent Psychology, 33, 731-742. 

Salekin, R. T., Worley, C., & Grimes, R. D. (2010). Treatment of psychopathy: A review and  

brief introduction to the mental model approach for psychopathy. Behavioral Sciences 

and the Law, 28, 235-266. 

Santucci, A. K., Silk, J. S., Shaw, D. S., Gentzler, A., Fox, N. A., & Kovacs, M. (2008). Vagal  

tone and temperament as predictors of emotion regulation strategies in young children. 

Developmental Psychobiology, 50, 205-216. 

Scaramella, L. V., & Leve, L. D. (2004). Clarifying parent-child reciprocities during early 

childhood: The early childhood coercion model. Clinical Child and Family Psychology 

Review, 7, 89-107. 

Scarpa, A., & Raine, A. (1997). Psychophysiology of anger and violent behavior. Psychiatric 

Clinics of North America, 20, 375-394. 

Scarpa, A., Tanaka, A., & Haden, S. C. (2008). Biosocial bases of reactive and proactive 

aggression: The roles of community violence exposure and heart rate. Journal of 

Community Psychology, 36, 969-988. 

Schneider, K. M., Nicolotti, L., & Delamater, A. (2002). Aggression and cardiovascular response 

in children. Journal of Pediatric Psychology, 27, 565-573. 

Schonberg, M. A., & Shaw, D. S. (2007). Do the predictors of child conduct problems vary by 

high- and low-levels of socioeconomic and neighborhood risk? Clinical Child and 

Family Psychology Review, 10, 101-136. 

 



143 

 

Schwartz, D., & Proctor, L. J. (2000). Community violence exposure and children's social 

adjustment in the school peer group: The mediating roles of emotion regulation and 

social cognition. Journal of Consulting and Clinical Psychology, 68, 670-683. 

Seagrave, D., & Grisso, T. (2002). Adolescent development and the measurement of juvenile 

psychopathy. Law and Human Behavior, 26, 219-239. 

Sevecke, K., Pukrop, R., Kosson, D. S., & Krischer, M. K. (2009). Factor structure of the Hare 

Psychopathy Checklist: Youth version in German female and male detainees and 

community adolescents. Psychological Assessment, 21, 45-56. 

Shaffer, D., Fisher, P., Dulcan, M., Davies, M., Piacentini, J., Schwab-Stone, M., et al. (1996).  

The NIMH Diagnostic Interview Schedule for Children (DISC 2): Description, 

acceptability, prevalence rates, and performance in the MECA study. Journal of the 

American Academy of Child and Adolescent Psychiatry, 35, 865-877. 

Shaffer, D., Fisher, P., Lucas, C.P., Dulcan, M.K., & Schwab-Stone, M.E. (2000). NIMH  

Diagnostic Interview Schedule for Children-Version IV (NIMH DISC-IV): Description, 

differences from previous versions, and reliability of some common diagnoses. Journal 

of the American Academy of Child and Adolescent Psychiatry, 39, 28-38. 

Shannon, K. E., Beauchaine, T. P., Brenner, S. L., Neuhaus, E., & Gatzke-Kopp, L. (2007).  

Familial and temperamental predictors of resilience in children at risk for conduct 

disorder and depression. Development and Psychopathology, 19, 701-727. 

Shaw, D. S., Winslow, E. B., Owens, E. B., Vondra, J. I., Cohn, J. F., & Bell, R. Q. (1998). The  

development of early externalizing problems among children from low income families: 

A transformational perspective. Journal of Abnormal Child Psychology, 26, 95-107.  

 



144 

 

Sherwood, A., Allen, M. T., Fahrenbert, J., Kelsey, R. M., Lovallo, W. R., & van Doornen, L. J.  

P. (1990). Committee report: Methodological guidelines for impedance cardiography. 

Psychophysiology, 27, 1–23. 

Shirtcliff, E. A., Vitacco, M. J., Graf, A. R., Gostisha, A. J., Merz, J. L., & Zahn-Waxler, C.  

(2009). Neurobiology of empathy and callousness: Implications for the development of 

antisocial behavior. Behavioral Sciences and the Law, 27, 137-171. 

Silk, J. S., Sessa, F. M., Sheffield Morris, A., Steinberg, L., & Avenevoli, S. (2004). 

Neighborhood cohesion as a buffer against hostile maternal parenting. Journal of Family 

Psychology, 18, 135-146. 

Silverthorn, P., & Frick, P. J. (1999). Developmental pathways to antisocial behavior: The  

delayed-onset pathway in girls. Development and Psychopathology, 11, 101-126. 

Singer, T. (2006). The neuronal basis and ontogeny of empathy and mind reading: Review of 

literature and implications for future research. Neuroscience and Biobehavioral Reviews, 

30, 855–863. 

Singer, M. I., Anglin, T. M., Song, L. Y., & Longhofer, L. (1995). Adolescents’ exposure to 

violence and associated symptoms of psychological trauma. Journal of the American 

Medical Association, 273, 477-482.  

Skeem, J. L., & Cauffman, E. (2003). Views of the downward extension: Comparing the youth 

version of the Psychopathy Checklist with the Youth Psychopathic Traits Inventory. 

Behavioral Sciences and the Law, 21, 737-770. 

Steinberg, L. (2008). A social neuroscience perspective on adolescent risk-taking. 

Developmental Review, 28, 78-106. 

 



145 

 

Steinberg, L., Albert, D., Cauffman, E., Banich, M., Graham, S., & Woolard, J. (2008). Age 

differences in sensation seeking and impulsivity as indexed by behavior and self-report: 

Evidence for a dual systems model. Developmental Psychology, 44, 1764-1778. 

Steinberg, L., & Avenevoli, S. (2000). The role of context in the development of  

psychopathology: A conceptual framework and some speculative propositions. Child 

Development, 71, 66-74. 

Stephenson, M. T., Hoyle, R. H., Palmgreen, P., & Slater, M. D. (2003). Brief measures of 

sensation seeking for screening and large-scale surveys. Drug and Alcohol Dependence, 

72, 279-286. 

Stevens, D., Charman, T., & Blair, R. J. R. (2001). Recognition of emotion in facial expressions 

and vocal tones in children with psychopathic tendencies. Journal of Genetic Psychology: 

Research and Theory on Human Development, 162, 201-211. 

Stormshack, E.A., Bierman, K.L., McMahon, R.J., Lengua, L.L., & Conduct Problems 

Prevention Group (2000). Parenting practices and child disruptive behavior problems in 

early elementary school. Journal of Clinical Child Psychology, 29, 17-29. 

Suess, P. E., Porges, S. W., & Plude, D. J. (1994). Cardiac vagal tone and sustained attention in  

school-age children. Psychophysiology, 31, 17-22. 

Taylor, S. E., & Seeman, T. E. (1999). Psychosocial resources and the SES–health relationship.  

Annals of the New York Academy of Sciences, 896, 210–225. 

Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. Monographs of  

the Society for Research in Child Development, 59, 25-52. 

 

 



146 

 

Thornberry, T. P., Huizinga, D., & Loeber, R. (1995). The prevention of serious delinquency and 

violence: Implications from the program of research on the causes and correlates of 

delinquency. In J. C. Howell, B. Krisberg, J. D. Hawkins, & J. J. Wilson (Eds.), 

Sourcebook on serious, violent and chronic juvenile offenders (pp. 213-237). Thousand 

Oaks, CA: Sage. 

Toupin, J., Mercier, H., Dery, M. l., Cote, G., & Hodgins, S. (1995). Validity of the PCL-R for 

adolescents. Issues in Criminological and Legal Psychology, 24, 143-145. 

Tranel, D., Bechara, A., & Damasio, A. R. (2000). Decision making and the somatic marker  

hypothesis. In  M. S. Gazzaniga (Ed.), The new cognitive neurosciences, 2
nd

 ed. (pp. 

1047-1061). Cambridge, MA: MIT Press. 

van Bokhoven, I., Matthys, W., van Goozen, S. H. M., & van Engeland, H. (2005). Prediction of 

adolescent outcome in children with disruptive behaviour disorders: A study of 

neurobiological, psychological and family factors. European Child and Adolescent 

Psychiatry, 14, 153-163. 

van Goozen, S. H. M., Fairchild, G., Snoek, H., & Harold, G. T. (2007). The evidence for a 

neurobiological model of childhood antisocial behavior. Psychological Bulletin, 133, 

149-182. 

van Goozen, S. H. M., Matthys, W., Cohen-Kettenis, P. T., Buitelaar, J. K., & van Engeland, H. 

(2000). Hypothalamic-pituitary-adrenal axis and autonomic nervous system activity in 

disruptive children and matched controls. Journal of the American Academy of Child and 

Adolescent Psychiatry, 39, 1438-1445. 

 

 



147 

 

van Goozen, S. H. M., Matthys, W., Cohen-Kettenis, P. T., Gispen-de Wied, C., Wiegant, V. M., 

& Engeland, H. V. (1998). Salivary cortisol and cardiovascular activity during stress in 

oppositional-defiant disorder boys and normal controls. Biological Psychiatry, 43, 531-

539. 

Vasilev, C. A., Crowell, S. E., Beauchaine, T. P., Mead, H. K., & Gatzke-Kopp, L. M. (2009).  

Correspondence between physiological and self-report measures of emotion 

dysregulation: A longitudinal investigation of youth with and without psychopathology. 

Journal of Child Psychology and Psychiatry, 50, 1357-1364. 

Veit, R., Flor, H., Erb, M., Hermann, C., Lotze, M., Grodd, W., et al. (2002). Brain circuits  

involved in emotional learning in antisocial behavior and social phobia in humans. 

Neuroscience Letters, 328, 233–236.  

Viding, E., Blair, R. J. R., Moffitt, T. E., & Plomin, R. (2005). Evidence for substantial genetic 

risk for psychopathy in 7-year-olds. Journal of Child Psychology and Psychiatry, 46, 

592-597. 

Viding, E., Frick, P. J., & Plomin, R. (2007). Aetiology of the relationship between callous- 

unemotional traits and conduct problems in childhood. British Journal of Psychiatry, 190, 

s33-s38. 

Vitale, J. E., Newman, J. P., Bates, J. E., Goodnight, J., Dodge, K. A., & Pettit, G. S. (2005).  

Deficient behavioral inhibition and anomalous selective attention in a community sample 

of adolescents with psychopathic traits and low-anxiety traits. Journal of Abnormal Child 

Psychology, 33, 461-470. 

 

 



148 

 

Wang, P., Baker, L. A., Gao, Y., Raine, A., & Lozano, D. I. (2012). Psychopathic traits and  

physiological response to aversive stimuli in children aged 9-11 years. Journal of 

Abnormal Child Psychology, 40, 759-769. 

Weber, E. J. M., Van der Molen, M. W., & Molenaar, P. C. M. (1994). Heart rate and sustained  

attention during childhood: Age changes in anticipatory heart rate, primary bradycardia, 

and respiratory sinus arrhythmia. Psychophysiology, 31, 164-174. 

White, S. F., Cruise, K. R., & Frick, P. J. (2009). Differential correlates to self-report and parent- 

report of callous-unemotional traits in a sample of juvenile sexual offenders. Behavioral 

Sciences and the Law, 27, 910-928. 

Williams, L. M., Das, P., Liddell, B., Olivieri, G., Peduto, A., Brammer, M. J., et al. (2005).  

BOLD, sweat and fears: fMRI and skin conductance distinguish facial fear signals. 

NeuroReport, 16, 49-52. 

Williams, S. C., Lochman, J. E., Phillips, N. C., & Barry, T. D. (2003). Aggressive and 

nonaggressive boys’ physiological and cognitive processes in response to peer 

provocations. Journal of Clinical Child and Adolescent Psychology, 32, 568-576. 

Wolff, J. C., & Ollendick, T. H. (2006). The comorbidity of conduct problems and depression in 

childhood and adolescence. Clinical Child and Family Psychology Review, 9, 201-220. 

Wootton, J. M., Frick, P. J., Shelton, K. K., & Silverthorn, P. (1997). Ineffective parenting and  

childhood conduct problems: The moderating role of callous-unemotional traits. Journal 

of Consulting and Clinical Psychology, 65, 301-308. 

Wu, T., Mendola, P., & Buck, G. (2002). Ethnic differences in the presence of secondary sex  

characteristics and menarche among US girls: The Third National Health and Nutrition 

Examination Survey, 1988–1994. Pediatrics, 110, 752–757. 



149 

 

Xie, H., Drabick, D. A. G., & Chen, D. (2011). Developmental trajectories of aggression from 

late childhood through adolescence: Similarities and differences across gender. 

Aggressive Behavior, 37, 387-404. 

Yang, Y., & Raine, A. (2009). Prefrontal structural and functional brain imaging findings in  

antisocial, violent, and psychopathic individuals: A meta-analysis. Psychiatry Research: 

Neuroimaging, 174, 81-88. 

Yang, Y., Raine, A., Narr, K. L., Colletti, P., & Toga, A. W. (2009). Localization of  

deformations within the amygdala in individuals with psychopathy. Archives of General 

Psychiatry, 66, 986–994. 

Yeragani, V. K., Pohl, R., Berger, R. D., Balon, R., Ramesh, C., Glitz, D., et al. (1993). 

Decreased heart rate variability in panic disorder patients: A study of power-spectral 

analysis of heart rate. Psychiatry Research, 46, 89-103. 

Young, L., & Koenigs, M. (2007). Investigating emotion in moral cognition: A review of  

evidence from functional neuroimaging and neuropsychology. British Medical Bulletin, 

84, 69–79. 

Zahn-Waxler, C., Cole, P. M., Welsh, J. D., & Fox, N. A. (1995). Psychophysiological correlates  

of empathy and prosocial behaviors in preschool children with behavior problems. 

Development and Psychopathology, 7, 27-48. 

 
 


