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Key points

• Children with conduct disorder (CD) display a pervasive pattern of antisocial and aggressive behavior, including rule-
breaking, aggression, and disregard for the rights of others.

• CD can be subtyped by age of onset (childhood-versus adolescent-onset), the presence of callous-unemotional traits, or by
the type of aggressive behavior (reactive versus proactive aggression).

• Risk factors like genetic predisposition, exposure to abuse or violence, and parent substance abuse and psychopathology can
contribute to the development of CD.

• CD predicts differences in gray matter volume and functional differences in brain regions involved in empathy, reward
sensitivity, and acute threat.

• Sex differences in neurocognitive function are observed in CD.
• Treatment may be improved by advancements in neurocognitive training and testing.

Glossary
Adaptive Calibration Model Amodel that argues exposure to violence in the community leads to symptoms of hypervigilance
and hyperarousal, combined with deficits in processing social information
Callous-unemotional (CU) traits A clinical subtype of conduct disorder in which children display limited prosocial emotions
Community violence exposure (CVE) Exposure to violence in a community setting and/or being a victim of violence
Conduct disorder (CD) A developmental disorder characterized by a pattern of chronic behavioral problems which include
rule-breaking, aggression, and disregard for the rights of others
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Delayed onset pathway A theory that certain risk factors for the development of a disorder may be present in childhood but do
not lead to overt symptoms until adolescence or adulthood. This may partially explain sex differences in the development of
CD
Diffusion tensor imaging A neuroimaging technique that detects how water travels along the white matter tracts in the brain.
Greater diffusivity of water flow in white matter tracts indicates reduced white matter microstructure
Electroencephalogram testing A test that measures electrical activity in the brain using electrodes attached to the scalp
Externalizing disorders Mental disorders (e.g., CD, attention-deficit disorder, oppositional defiance disorder) that are
characterized by problematic behavior related to poor impulse-control, including rule-breaking, impulsivity, aggression, and
inattention
Functional connectivity The statistical relationship between specific physiological signals in time, assessed using techniques
such as functional magnetic resonance imaging or electroencephalography
Functional magnetic resonance imaging (fMRI) A technique for measuring and mapping brain activity that uses magnetic
resonance to detect changes in blood flow
Gender paradox pathway A theory in which a disorder with a lower occurrence in one sex (e.g., females with CD), is thought to
be associated with more severe symptoms and impairment in that sex
Limited prosocial emotions (LPE) A subtype of conduct disorder in which children display a lack of empathy or remorse,
shallow affect, or lack of concern about performance
Pathogenic Adaptation Model A model theorizing that chronic exposure to violence desensitizes emotional responses to
violence to reduce emotional pain
Proactive aggression A type of aggression that is employed to manipulate and coerce others for personal gain and is usually
unprovoked
Reactive aggression A reactive response to negative situations in which children exhibit higher autonomic responses, poor
impulse control, anger, and defensive reactions
Social learning theory A theory proposed by Albert Bandura that contends that social behavior is learned through observing
and imitating others. It suggests that aggression is maintained through reinforcing properties of that behavior
Theory of mind The capacity to represent the mental states of others, which is often impaired in CD
Transcranial magnetic stimulation A noninvasive procedure in which a magnetic field is used to cause electric current at
a specific area of the brain through electromagnetic induction

Abstract

Conduct disorder (CD) is a developmental disorder that is characterized by chronic rule-breaking, aggression, and disregard
for the rights of others. CD is a leading cause of referral to mental health services and the societal cost for youth with CD is
highdapproximately ten times greater than for children without CD. The etiology of CD is complex and can be multiply
determined by genetic and environmental risk factors. CD is also associated with impairments in brain structure and
function, including reduced gray matter volume and functional differences in regions responsible for empathic processes,
threat response, and reward sensitivity. In this article, we review dispositional and contextual risk factors for CD, outline
neural correlates of its clinical phenomenology, and discuss opportunities to leverage neurocognitive research for treatment.

Introduction

Conduct disorder (CD) is a developmental disorder characterized by a pattern of chronic conduct problems which include rule-
breaking, aggression, and disregard for the rights of others (Blair et al., 2014). Such problems continue to receive increased attention
in the media due to mounting violent incidents perpetrated by youth and thus, a comprehensive understanding of root causes is
needed. CD in youth predicts an elevated risk for comorbid conditions (Angold et al., 1999), criminal behavior (Fergusson et al.,
2005), and educational disruption (Frick et al., 2014b). It also incurs a significant financial burden on the individual and society
(Scott et al., 2001). This chapter summarizes contemporary research on CD, with a focus on novel insights from developmental
cognitive neuroscience. First, we review genetic and environmental risk factors for CD, emphasizing prenatal, parenting, and
community influences. Second, we outline how antisocial and aggressive behavior in CD predicts differences in brain structure
and function. Third, we discuss sex differences in the prevalence and presentation of conduct problems, as well as other demo-
graphic considerations. Finally, we outline how neurocognitive testing can be used to predict treatment response or target CD
subtypes and discuss how this might inform treatment considerations.
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Clinical diagnosis

The clinical diagnosis of CD is included in the most recent edition of the major psychiatric classification system, the DSM-5-TR
(American Psychiatric Association, 2022) which describes the defining features of CD as involving repetitive and persistent patterns
of behavior in which others’ rights or major age-appropriate norms are violated. Such behaviors include aggression to people or
animals, destruction of property, deceitfulness or theft, and/or serious rule violations. Because these definitions result in heteroge-
neous groups of individuals (Fairchild et al., 2014), the DSM-5-TR also includes several subtypes.

Age of onset

One subtype approach is to use the age of onset of CD symptoms to categorize CD into childhood-onset (or life course persistent)
versus adolescent-onset (or adolescent-limited) subtypes (e.g., Lahey et al., 1998). The childhood-onset subtype refers to when one
or more symptoms is present before age 10 years, whereas the adolescent-onset subtype refers to when all symptoms emerge after
age 10. This classification has generally been shown to have ecological validity as researchers have charted different family environ-
ments, developmental trajectories, and comorbidity profiles of the childhood and adolescent subtypes (Silberg et al., 2015). Over-
all, the earlier the onset of CD symptoms, the more severe and chronic the behaviors and the stronger the neurodevelopmental
influences on the behaviors (Fairchild et al., 2019). The adolescent-onset pathway is more common and comparatively transient
relative to the childhood-onset pathway. Adolescent involvement in antisocial behavior characteristic of CD is believed to emerge
alongside puberty as a relatively normative response to the turbulent years between biological maturation and access to mature
privileges (Odgers et al., 2008). Even though there is some disagreement with regards to the age cut-off (Fairchild et al., 2013b;
Moffitt et al., 2008), it appears that the childhood versus adolescent-onset subtypes have both clinical and etiological utility.

Callous-unemotional traits

A second subtype approach differentiates between children who score high versus low on callous-unemotional (CU) traits. CU
traits are present in approximately 21%–50% of clinic-referred samples with CD (Kahn et al., 2012) and identify a subtype with
distinctive clinical features and neurocognitive perturbations, as well as a differential response to intervention. They were
formally added to the DSM-5 (American Psychiatric Association, 2013) as a specifier for CD diagnoses. Of note, because of
concerns about the potentially stigmatizing nature of the term “callous–unemotional,” this specifier is instead indicated for
youth with CD by the phrase “with limited prosocial emotions” (LPE). The LPE specifier is applied when a child meeting diag-
nostic criteria for CD persistently (�12 months) exhibits two or more of the following characteristics across multiple settings:
(a) lack of remorse or guilt; (b) callous lack of empathy; (c) unconcerned about performance; or (d) shallow or deficient affect.
These four criteria consistently load on a second-order CU factor (Essau et al., 2006) and parallel the Affective Dimension of
psychopathy that has been considered core to defining this construct in adult samples (Hare and Neumann, 2008). Compared
with CD youth who exhibit empathy, remorse, and concern about academic performance, youth with CD and high CU traits
show a more severe and chronic symptomatology (Viding and McCrory, 2012a), higher rates of proactive aggression (Andrade
et al., 2015), and learning styles that are motivated more by potential rewards and insensitive to negative consequences (Frick
et al., 2014a). The pervasiveness of the CD with LPE subtype has led scholars to argue that the former is more likely to be a neuro-
developmental disorder than the latter (e.g., Wakschlag et al., 2018).

Proactive/reactive aggression versus nonaggressive rule-breaking

A third subtyping approach is to focus on CD children who exhibit aggressive behavior and consider subtypes based on distinct
patterns of aggression. This approach differentiates between proactive, or instrumental, and reactive, or hostile, forms of aggression
(e.g., Dodge et al., 1997; Frick and Ellis, 1999; Gao et al., 2015). In contrast to CD youth with proactive aggression, those with reac-
tive aggression are more reactive to negative situations and exhibit higher autonomic responses (Frick and Ellis, 1999), indicating
that their engagement in aggressive behavior might be due to over-arousal. The reactive aggression construct comes from the
frustration-aggression model of aggressive behavior, whereby aggression is seen as a defensive reaction to perceived threat and is
characterized by poor impulse control, anger, and defensive reactions (Berkowitz, 1990). Proactive aggression, on the other
hand, is typically unprovoked and is employed to manipulate and coerce others for personal gain. This construct is derived
from social learning theory, which contends that aggression is a form of instrumental behavior that is maintained through reinforc-
ing properties of that behavior (Price, 1989). Importantly for diagnosis and treatment, numerous studies document a different
developmental course to the two forms of aggression. For example, proactive aggression, but not reactive aggression, predicts later
delinquency in aggressive children (Vitaro et al., 1998), though reactive aggressive children are at higher risk for social rejection by
their peers than proactively aggressive children (Dodge et al., 1990).

Finally, nonaggressive rule-breakers can be distinguished from physically aggressive children with conduct problems (Burt,
2013; Frick et al., 1993). Children with physically aggressive versus nonaggressive rule-breaking subtypes tend to display different
developmental trajectories. Rule-breaking, such as status and property violations, is infrequent in early childhood and increases
throughout adolescence (Barker et al., 2007; Bongers et al., 2004). By contrast, physical aggression is highest during early childhood
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and decreases throughout childhood and adolescence (Stranger et al., 1997; Tremblay et al., 2003), save for a subset of children
whose aggressive behavior persists at high rates (Tremblay et al., 2003; see Burt, 2009 for a meta-analytic review).

Risk factors

Genetic influences

Conduct and related externalizing disorders (e.g., substance abuse) are among the most active areas of behavioral genetic research,
and accumulating evidence confirms that individual differences in CD are heritable (see Salvatore and Dick, 2018 for a review).
Reported heritability estimates are between 40% and 50% (Jaffee et al., 2005), with higher estimates in males than in females (Gel-
horn et al., 2006), and in CD youth with CU than in CD youth alone (Viding et al., 2005; Viding andMcCrory, 2012b). Twin studies
have identified two dissociable separate genetic factors that appear to contribute to CD, one of which relates to rule breaking and the
other to overt aggression (Kendler et al., 2013), suggesting that the genetic makeup of CD does not reflect a single dimension of
liability. Even though the genetic contribution to CD increases from childhood to adolescence it is not stable across the lifespan,
suggesting that partially distinct genes contribute to CD at different developmental stages. Similarly, distinct genetic influences
appear to underlie baseline levels versus the developmental course of CU traits. A recent study observed that individual differences
in the baseline level of CU traits showed high heritability (76.5%), whereas individual differences in the developmental course of
CU traits were moderately heritable (43.6%) (Takahashi et al., 2021). Despite the importance of genetic factors in accounting for
individual differences in CD symptoms broadly and CU traits specifically, environments are likely to play a considerable role in
shaping how these symptoms and traits emerge (Henry et al., 2018). Accumulating evidence from twin studies suggests that
child-specific environmental influences are important for explaining variance in the development of CU (Viding and McCrory,
2012b). Shared environmental factors also appear to contribute to covariation among childhood ADHD, ODD, and CD (Burt
et al., 2001).

Environmental risk factors

Child abuse
Child abuse and other maladaptive parenting behaviors, including harsh or coercive parenting (e.g., corporal punishment, shout-
ing, and threatening) are robust predictors of conduct problems (Jaffee et al., 2012; Johnson et al., 2017), even after controlling for
early-emerging antisocial behavior, child temperament, and parental antisociality (Lansford et al., 2002; Taylor et al., 2010). Coer-
cive parent-child interactions can generalize to peers through biases in how children process social information, including hostile
attribution biases, encoding errors, and positive evaluations of aggression (Dodge et al., 1995; Dodge and Pettit, 2003). While social
information processing biases are often considered dysfunctional, they may be adaptive responses to abusive home environments
(Pollak and Sinha, 2002).

Although harsh parenting may directly contribute to the development of childhood CD, causal interpretations are complicated
by several factors. First, parenting practices and children’s conduct problems are bidirectionally associated (Pearl et al., 2014).
Because children’s misbehavior often leads to parental discipline, harsh parenting may be spurred by children’s repeated aggressive
or oppositional behaviors. Aggression and emotional lability can also be negatively reinforced via escape conditioning, whereby
children with conduct problems and their parents escalate conflict as a way to end the aversive interaction more quickly (Patterson
et al., 1989). Genetic confounds may also partially account for the association between harsh parenting and children’s conduct
problems, although twin designs strive to disaggregate parental from shared genetic variance. Parental maltreatment is a stronger
predictor for CD in children at high genetic risk (Jaffee et al., 2005). Further, parents of children with CD are often impulsive
and have poor emotion regulation themselves, and frequently display both overreactive outbursts and lax parenting (Frick et al.,
1992; Lorber, 2012). Poor parental monitoring may allow children to engage in more delinquent behaviors.

Parental substance use and psychopathology
Smoking during pregnancy
Maternal smoking during pregnancy predicts CD (Wakschlag et al., 1997, 2002), particularly among boys (Fergusson et al., 1998;
Weissman et al., 1999). There is a dose-response relationship between prenatal tobacco exposure and childhood conduct problems
(Brennan et al., 2002) and women who smoke throughout their pregnancy have children withmore conduct problems than women
who quit smoking during their pregnancy (Robinson et al., 2010). Smoking during pregnancy is a known prenatal risk factor for
conduct problems in children reared by their biological mother as well as children reared by the adoptive parents (Gaysina
et al., 2013), suggesting shared environmental mechanisms do not explain the association between prenatal tobacco exposure
and conduct problems.

Behavioral effects of tobacco exposure may also be confounded by familial (Maughan et al., 2004b; Silberg et al., 2003) and
genetic (Rhee and Waldman, 2002) factors. Mothers who smoke during pregnancy are often younger, from lower socioeconomic
backgrounds, and tend to experience greater levels of stress during pregnancy than those who do not (Maughan et al., 2004a; Roza
et al., 2009). They are also more likely to provide a child-rearing environment promoting or condoning externalizing behavior
(Maughan et al., 2004b). Genetic confounders may additionally obscure relationships between intrauterine tobacco exposure
and CD. Common genetic risk underlies antisocial behavior (Rhee and Waldman, 2002), women’s smoking initiation and nicotine
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dependence (Kendler et al., 1999), and prenatal smoking (D’Onofrio et al., 2003), suggesting that tobacco-exposed children may be
at risk for antisocial behavior regardless of maternal smoking history.

Substance use disorders
Parent substance abuse, including alcohol abuse and drug use, has also been linked to disruptive behaviors in children (Bountress
and Chassin, 2015; Ruisch et al., 2018; Stanger et al., 1999). Common genetic factors are known to link CD and substance use disor-
ders (Arcos-Burgos et al., 2012) so parental substance use disorders may confer risk for childhood conduct problems via a shared
general vulnerability to externalizing disorders (Hicks et al., 2004). However, these effects are also likely environmentally mediated.
Parents’ substance use disorders often impede caregivers’ abilities to maintain supportive parent-child interactions (Hayward et al.,
2010), which may contribute to increased conduct problems (see section on “Child Abuse”). Although a parent’s recovery from
a substance use disorder usually improves outcomes for children, conduct problems may persist (DeLucia et al., 2001; Hussong
et al., 2010). Inconsistent parenting enables children to associate with deviant peers (Dishion and Owen, 2009), whomaymaintain
children’s externalizing behaviors after a parent recovers from a substance use disorder.

Maternal depression
Maternal depression is among the most extensively studied aspects of parental psychopathology in relation to the development of
CD. This work has consistently observed a greater prevalence of CD and behavioral problems among children of depressed mothers
(Field, 2011; Goodman et al., 2011; O’Connor et al., 2014) through influences on fetal development, postnatal differences in
parenting, and disruptions in parenting and mother-child interaction quality. Prenatal maternal depression is associated with atten-
uated levels of dopamine and serotonin, as well as elevated cortisol and norepinephrine levels (Lundy et al., 1999), which can cause
limited transport of oxygen and nutrients to the fetus (Teixeira et al., 1999). This may contribute to premature birth, low birth-
weight, and increased rates of attentional, emotional, and behavioral problems later on (Glover, 2011; O’Connor et al., 2014).

A significant portion of the association between maternal depression and CD is thought to be accounted for by disruptions in
maternal parenting and mother-child interaction quality (Kim-Cohen et al., 2005; Tully et al., 2008). Depressed mothers tend to be
more hostile, irritable, critical, and less engaged, warm, and responsive relative to nondepressed mothers (Lovejoy et al., 2000).
Maternal warmth and negativity predict child conduct problems even after controlling for genetic influences, underscoring the
importance of parent-child interactions in the development of CD (Caspi et al., 2004). Children’s conduct problems also exacerbate
maternal depression (Shaw et al., 2016) and negative parenting practices (Pardini et al., 2008), suggesting that bidirectional influ-
ences of negative mother and child behavior maintain or escalate existing problems over time (Elgar et al., 2004; Pearl et al., 2014).

Community violence exposure
Community violence exposure (CVE), defined as witnessing of violence in a community and/or falling victim to violent acts oneself
(Schwab-Stone et al., 1995), is a significant public health concern among urban youth, particularly among adolescent males of color
(Abram et al., 2004; Ford et al., 2008; Zimmerman and Messner, 2013). Unsurprisingly, youth exposed to community violence
show substantially higher rates of externalizing problems than non-exposed youth, as reported in a recent comprehensive meta-
analysis of CVE on youth mental health (Fowler et al., 2009). Conduct problems, including aggression (e.g., physical fights, threat-
ening others), and delinquency (e.g., vandalism and theft), are reliably associated with both witnessing violence (McCabe et al.,
2005; Miller et al., 1999) and being directly victimized (Gorman-Smith and Tolan, 1998). Importantly, even though children
with CD may find themselves in violent situations more frequently or deliberately than children without CD (Halliday-Boykins
and Graham, 2001), effects of CVE on subsequent conduct problems persist even after controlling for children’s initial levels of
aggression (Weaver et al., 2008).

One model used to explain the association between CVE and aggressive and antisocial behavior is the Adaptive Calibration
Model (Giudice et al., 2011) which asserts that CVE leads to hypervigilance and hyperarousal symptoms such as irritability, anger,
and rage, combined with deficits in social information processing (Phan et al., 2020). Hypervigilance can lead to heightened sensi-
tivity to threat, whereas hyperarousal can prevent individuals from accessing social cues to regulate behavior. In addition, mounting
evidence suggests that social information processing and other social–cognitive processes may be instrumental in the development
of aggressive behavior (Rowell Huesmann, 1988). For example, aggressive children are more likely than nonaggressive children to
endorse aggressive behavioral standards (Dodge et al., 1997) and cognitions regarding the legitimacy of aggression as a social
response (Slaby and Guerra, 1988). Under this conceptualization, escalations in aggressive behavior could be viewed as an adaptive
response to perceived threat and misconstrual of benign situations (Katz et al., 2007; Shahinfar et al., 2001). Only limited work to
date has investigated the neural correlates of CVE in youth, finding that exposure to community violence has been associated with
smaller gray matter volumes in adolescence (e.g., Bajnath et al., 2020; Butler et al., 2018; Saxbe et al., 2018).

A different model, the Pathologic Adaptation Model (Ng-Mak et al., 2004; Schwab-Stone et al., 1995), argues instead that
chronic and repeated exposure to violence may actually numb or desensitize a person’s emotional response to violence as a way
to guard against pain. Emotional desensitization occurs when individuals experience a blunting of emotional reactions to CVE,
which would typically elicit a strong emotional response (Funk et al., 2004). Under this model, youth exposed to high levels of
community violence exhibit lower than expected levels of psychological distress, but the numbing and desensitization are malad-
aptive in that they promote aggressive and violent behavior (Garbarino, 1995), as cited by (Ng-Mak et al., 2004). Youth become
emotionally desensitized to the effects of violence exposure, which, in contrast with the adaptive calibration model, decreases their
immediate distress while increasing their propensity for perpetrating aggression (Garbarino et al., 2002; Mrug et al., 2016). More
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research testing the desensitization model of CVE is needed, particularly with longitudinal data across development, as most
evidence to date comes from cross-sectional studies focused on adolescents (Foster and Brooks-Gunn, 2009).

Neurocognitive processes

Emerging research on outcome prediction relies on a neuroscience systems approach, which links individual differences in behavior
with neural mechanisms that shape brain function. In the sections that follow, we outline contemporary research on brain-behavior
associations and relate it to clinical phenomenology of CD.

Empathy (CD/CU)

A core feature of CD is a reduced empathy for others’ distress (Blair, 2005; Lovett and Sheffield, 2007). As empathy has been theo-
rized to be necessary for inhibiting aggression toward others (Eisenberg et al., 2005; Moomey, 2005), lack of empathy may underlie
why children with CD inflict physical and psychological harm on others (Blair, 2005; Zahn-Waxler et al., 1995). Functional
magnetic resonance imaging (fMRI) studies have examined the networks underlying empathy deficits in CD by testing how children
(1) process emotional facial affect, (2) respond to others’ physical pain, and (3) represent others’ thoughts and emotional states, or
theory of mind.

Emotion recognition

Emotional expressions provide important cues to salient features of the environment and the emotional state of others. Meta-
analytic evidence finds that CD is associated with behavioral impairments in emotion recognition, particularly for distress cues
like fearful and sad expressions (Blair et al., 2005; Dawel et al., 2012; Marsh and Blair, 2008; Schwenck et al., 2012; Stevens
et al., 2001). fMRI studies in children with CD have tested deficits in emotion processing by employing tasks in which participants
view faces displaying fear or sadness, often varying in intensity. The amygdala is a key brain region for processing salient emotional
expressions that is particularly engaged by fearful emotions among healthy controls (Morris et al., 1996; Whalen et al., 1998). Chil-
dren with CD display reduced amygdala responses to fearful (Marsh et al., 2008; Noordermeer et al., 2016; Viding et al., 2012) and
sad and angry (Passamonti et al., 2010) expressions relative to typically developing populations. There is also some evidence that
children with CD may display aberrant activation in other emotion-processing regions like the ventromedial prefrontal cortex
(vmPFC), fusiform gyrus, dorsolateral prefrontal cortex, and anterior insula (Fairchild et al., 2014; Menks et al., 2021). The direction
of amygdala response may also depend on the presence of CU traits; some studies find increased amygdala response for children
with low CU traits and reduced amygdala response for children with high CU traits (e.g., Sebastian et al., 2014). This would suggest
that reduced responsiveness to others’ emotional distress is associated with reduced guilt and instrumental aggression and may not
be present for reactive aggressive subtypes.

Physical pain

In addition to displaying hypoactivation to others’ emotional distress, children with CD also exhibit reduced neural response to
others experiencing physical pain. In typical populations, viewing others in pain increases activation in brain regions that process
somatosensory and affective dimensions of pain in oneself, including the anterior insula, anterior midcingulate cortex, amygdala,
and supplementary motor area (Botvinick et al., 2005; Lamm et al., 2011; Michalska et al., 2016; Saarela et al., 2007). The amygdala
and anterior insula may play an especially strong role in empathy for others’ pain among youth (Decety and Michalska, 2010).
Children with both CD and CU exhibit reduced response in the amygdala, insula, and ACC when observing others being harmed
(Decety et al., 2013; Lockwood et al., 2013; Marsh et al., 2013; Michalska et al., 2016). Observing people in pain may trigger
empathic distress and influence subsequent moral behaviors (Hoffman, 1982), so a blunted response to others’ pain may
contribute to aggressive tendencies observed in CD (Blair, 2005).

Theory of mind

One way to test empathy is by testing participants’ ability to represent the mental states of others, or theory of mind. Many CD
researchers make the distinction between cognitive and emotional theory of mind, as impairments may differ across types. Cogni-
tive theory of mind is the ability to infer others’ intentions and beliefs, whereas emotional theory of mind is the ability to infer
others’ emotional states. Cognitive theory of mind recruits the temporal pole, superior temporal cortex, temporoparietal junction,
posterior cingulate cortex, and rostral medial frontal cortex (Happé and Frith, 2014). Children with CD don’t typically display
behavioral deficits in cognitive theory of mind (Jones et al., 2010), and neural regions implicated in mentalizing show normative
recruitment in youth with CD and elevated CU traits during cognitive theory of mind tasks (Sebastian et al., 2012). Findings may
depend on task instruction; A recent study observed that adults with psychopathic traits could display cognitive theory of mind
when instructed, but they failed to do so automatically (Drayton et al., 2018). Thus, it is possible that children with CD may be
able to deliberately but not automatically take the perspective of others. By contrast, children with CD display impairments in
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emotional theory of mind, or the ability to infer emotional states of others (Sharp et al., 2015). Youth with CD and CU traits show
reduced recruitment of the amygdala and anterior insula for emotional relative to cognitive theory of mind when compared to
healthy controls (Decety et al., 2013; Lockwood et al., 2013; Marsh et al., 2013; Michalska et al., 2016).

Acute threat

Children with CU traits display blunted reactivity to threatening stimuli compared to control populations (Loney et al., 2003), and
some research suggests that CU traits may moderate the relationship between conduct problems and neural response to threat
stimuli. In typical populations, amygdala activation by acute threat leads to increased arousal (via projections to the brainstem)
and exaggerated attention to threat cues (Mobbs et al., 2007, 2009). Children with CU traits show reduced neural response in
the amygdala and other threat-relevant regions to a variety of threat stimuli relative to controls. CU traits are negatively related
to vmPFC responses to visual threat cues (Hwang et al., 2016) and amygdala responses during threat conditioning (Cohn et al.,
2013) and social provocation (White et al., 2016). Alternately, youth with conduct problems but low CU traits display elevated
amygdala responses to social threats relative to typically developing youth (Sebastian et al., 2014; Viding et al., 2012; White
et al., 2016). As reactive aggression may also be associated with increased amygdala responses to threat-related stimuli (Choe
et al., 2015), reactive versus callous subtypes may underlie differences in findings in CD response to acute threat.

Reward sensitivity

Children with CD display impairments in reward and punishment processing (Budhani and Blair, 2005; Finger et al., 2011). Two
key structures in representing reward and punishment magnitude are the vmPFC and ventral striatum (Cohen et al., 2005; Haber
and Knutson, 2010; Haber and McFarland, 1999; Rademacher et al., 2010), with activation changing as a function of the expected
value of the choice (e.g., activity increases when reinforcement is better than expected and decreases when it is worse than expected)
(Blair et al., 2006; O’Doherty, 2004). This mismatch between expectation and outcome is known as prediction error and it is an
important signal for individuals to update their expectations about their environment (Fletcher and Frith, 2009). Children with
CD display a lower behavioral sensitivity to rewards (Atarhouch et al., 2004; Sevecke et al., 2010; Thapar, 2005), decreased striatal
and vmPFC responses to rewarding stimuli (Finger et al., 2008; Rubia et al., 2009; White et al., 2013), and increased striatal and
vmPFC response to punishing stimuli (Finger et al., 2008). As a result, children with CD are less accurate at calculating expected
value information, which may impair their decision making. Youth with antisocial behavior and traits also exhibit disruptions
in the anterior insula, inferior frontal cortex, and dorsomedial prefrontal cortex (White et al., 2013), which are activated during
the anticipation of negative outcomes in order to steer the individual away from suboptimal choices (Budhani et al., 2007; Kuhnen
and Knutson, 2005). This impairment may lead to aggressive or destructive approach behaviors, despite repeated adverse conse-
quences of such behaviors.

Functional connectivity

Functional connectivity, or patterns of correlated activity between brain regions, appears to differ among children with and without
CD. Research on resting-state connectivity in typical populations finds that many brain regions display connectivity patterns in the
absence of external stimuli (Fransson, 2005). The so-called “default mode network”, which includes the medial prefrontal cortex,
parietal cortices, posterior cingulate cortex/precuneus, and the medial temporal lobes, is involved self-referential thinking (Buckner
et al., 2008), social cognition (Spreng et al., 2009) and affect (D’Argembeau et al., 2010). Several studies have observed reduced
connectivity in the default mode network for children with conduct problems relative to healthy controls (Broulidakis et al.,
2016; Dalwani et al., 2014). Researchers theorize that self-other distinction is necessary for empathic functioning, especially
when one’s own emotional state conflicts with the other’s (de Waal, 2008). To empathize, people must simultaneously experience
the affect of others and recognize that the other, not the self, is the source of the emotion. Thus, functional impairments in regions
involved in self-referential cognition and socio-emotional processes, like those comprised in the default mode network, may
underlie empathy and decision-making deficits in CD.

Brain structure

In line with fMRI studies finding that children with CD display atypical neural activity in key regions for decision making and
empathic responding, researchers have also observed structural abnormalities in these regions. Children with CD exhibit reductions
in amygdala volume (Fairchild et al., 2011; Fairchild et al., 2013a; Sterzer et al., 2007), as well as temporal cortex volume (Fairchild
et al., 2011; Huebner et al., 2008; Michalska et al., 2015) and thickness (Hyatt et al., 2012). Several studies have also observed
reduced vmPFC volume (Ermer et al., 2013; Huebner et al., 2008), cortical thickness (Fahim et al., 2011), and folding (Hyatt
et al., 2012) in children with CD or CU traits, though evidence remains inconclusive (De Brito et al., 2009; Fairchild et al.,
2011, 2013a; Sterzer et al., 2007). In youth with CD, the insula also displays reduced gray matter volume (Fairchild et al., 2011;
Sterzer et al., 2007), thickness (Fahim et al., 2011), and folding (Hyatt et al., 2012). As outlined in the previous section, many
of these brain regions are involved in threat processing, decision-making, face processing, empathy, and emotion regulation, all
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of which are impaired in CD. Thus, reduced volume, cortical thickness, or folding in these key structures may contribute to impaired
empathy, poor decision-making, and increased aggression that is typical of conduct problems.

Sex differences

Distinct patterns of CD are evident between males and females at a population level from early in life (Moffitt et al., 2001), with
a lower prevalence of CD among girls in the general population (Tiet et al., 2001) and variations in degree throughout development.
In girls, childhood-onset CD appears to be significantly less common than in boys, with an increasing prevalence of CD in adoles-
cent girls, resulting in only slightly lower rates of adolescent-onset CD in girls than boys (Brennan and Shaw, 2013; Moffitt et al.,
2001), although see Keenan et al. (2010). Mounting evidence also points to sex differences in the clinical phenotype among youth
with CD, with girls more likely to exhibit reactive and relational aggression than the proactive and physical aggression more
commonly observed in boys with CD (Ackermann et al., 2019; Kroneman et al., 2009) and less likely to exhibit CU traits than
boys (Colins et al., 2017; Euler et al., 2015).

Relative to boys, girls with CD tend to score higher on dimensional measures of internalizing symptoms and show a higher
number of lifetime psychiatric comorbidities such as alcohol use disorder, accompanied by more severe CD symptoms (Konrad
et al., 2021). Such observations have led some investigators to espouse the “gender paradox pathway” theory, whereby a disorder
with a lower occurrence in a particular sex (as is observed in CD) is thought to be associated with more severe symptoms and
impairment in that sex (Eme, 1992; Michalska et al., 2015). Other investigators instead support the “delayed-onset pathway”
theory, proposing that many of the risk factors that contribute to the development of CD in girls, including neurocognitive deficits
and a dysfunctional family environment, may already be present in childhood, but do not engender overt aggressive and antisocial
behavior until affected girls reach adolescence (Silverthorn and Frick, 1999).

Despite these known differences in prevalence and clinical manifestation of CD, sex differences in neurocognitive phenotypes
are not well understood, as research directed at characterizing neurodevelopmental trajectories of CD has focused largely on males.
A neurocognitive lens can complement extant behavioral and epidemiological research on sex differences in CD and help investi-
gators refine theories about origins of antisocial behaviors in girls. The advent of large-scale international collaborative consortia
like ENIGMA, a network of expert researchers pooling their data to meta-analyze evidence in neuroimaging datasets worldwide
(Thompson et al., 2014), and FemNAT-CD, a multi-disciplinary study of 9–18-year-old youth from across Europe that is over-
sampled for girls (Freitag et al., 2018), is beginning to change the research landscape and address the lack of data on female
CD. The objective of FemNAT-CD is to longitudinally examine similarities and differences between male and female adolescent
CD using amulti-level approach that also includes neurocognitive and neuroimagingmeasures. Early findings from the project indi-
cate that relative to healthy youth, male and female youth with CD show impaired emotion recognition and regulation, and
impaired emotional learning from punishment, and that these deficits are similar between males and females, suggesting that
observable deficits in these domains are shared between males and females with antisocial behavior/traits (Ibrahim et al.,
2021). The potential differential neural underpinnings of these deficits are only beginning to be explored by the project. One recent
study from the consortium compared the brain structure of a subsample of females and males with CD with sex-matched, typically
developing adolescents, showing that males exhibited lower and females showed higher cortical thickness and folding in the supra-
marginal gyrus relative to gender-matched controls (Smaragdi et al., 2017). Earlier work with smaller samples has also reported
opposite patterns of gray matter volume disruptions in girls versus boys, including in the anterior insula (Fairchild et al., 2013a)
and superior temporal sulcus (STS) (Michalska et al., 2015), although at uncorrected levels warranting replication.

Work by FemNAT-CD using diffusion tensor imaging (DTI), an MRI technique that characterizes microstructure of white matter
tracts by assessing the direction and motion of water molecules, likewise suggests differential deficits between males and females
with CD. In an analysis of fractional anisotropy (FA; a connectivity measure characterizing the degree of anisotropy of water mole-
cules) in 24 youth with CD and 174 typically developing youth aged 9–18 years, youth with CD exhibited higher axial diffusivity in
the corpus callosum and lower radial diffusivity and mean diffusivity in the anterior thalamic radiation relative to typically devel-
oping youth. Here too, males and females exhibited opposite changes in the left hemisphere within the internal capsule, fornix,
posterior thalamic radiation, and uncinate fasciculus (Villemonteix et al., 2022).

Similar to structural MRI, only a small number of females have been included in fMRI studies to date (see Freitag et al., 2018 for
a review). As reviewed above, fMRI studies of CD have provided robust evidence for hypo-activation in the amygdala, insula, ante-
rior cingulate, superior frontal gyrus, striatum, and fusiform gyrus in youth with CD relative to typically developing youth. These
networks are implicated in emotion processing, empathy, interoception, reward processing, and cognitive control. One of the few
studies to include boys and girls in the same experiment showed that there were common associations between conduct problems
and alterations in brain activation between males and females (e.g., an inverse association between CD symptoms and anterior
insula activity when viewing stimuli depicting others being harmed), as well as sex differences, such as a stronger inverse association
between CD symptoms and STS activity in females compared with males (Michalska et al., 2016). A different study observed atyp-
ical insula and MPFC responses to all faces in girls with CD (Fairchild et al., 2014), whereas an earlier study using the same task in
boys found emotion-specific effects (reduced neural responses to angry faces in the CD group) (Passamonti et al., 2010). To more
comprehensively understand whether interventions tailored to the sex of the patient are indicated, more work is needed.
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Other demographic considerations

Despite an increasing epidemiological evidence base, data regarding prevalence rates in CD across race and ethnicity remain uncer-
tain, with research indicating that disproportionate rates of CD are diagnosed in African American and Latinx youth of color (Bird
et al., 2001; Kilgus et al., 1995; Lahey et al., 1995). European American children are more likely to be diagnosed with the milder
oppositional defiant disorder or ADHD (Fadus et al., 2020), whereas African American children are more likely to be diagnosed
with CD (Proctor et al., 1992). Of note, CD has been overdiagnosed in male urban, low-income, youth from Latinx and African
American backgrounds (Mandell et al., 2007; Proctor et al., 1992), who are also more likely to be diagnosed with more serious
problems associated with neurological functioning than their white peers. A CD diagnosis is one of the most frequent diagnoses
given within the juvenile justice system, carrying with it stigma and more punitive repercussions than other diagnoses (Drerup
et al., 2008; Mizock and Harkins, 2011; Teplin et al., 2002).

Associations between race-ethnicity and CD are largely artifacts of the associations of African American and Latinx ethnicity and
lower SES (Lahey et al., 1995). Minoritized youth are disproportionately exposed to environmental risk factors and lived experi-
ences related to race-ethnicity that may contribute to and sustain children’s externalizing problems (Kim et al., 2003; Kimonis
et al., 2014). For example, as discussed above, CVE and neighborhood disadvantage are both positively associated with antisocial
behavior characteristic of CD (Fowler et al., 2009; Kimonis et al., 2014). Likewise, segregation and experiences of racial discrimi-
nation within one’s neighborhood leads to increased externalizing behaviors among urban youth (Riina et al., 2013). Yet, structural
and subjective factors are not the only contributions to disparities in prevalence rates in CD. Clinical bias can also lead to overdiag-
nosis in these groups (Fadus et al., 2020). When considering sources of bias, researchers should intentionally question and bemind-
ful of stigma, clinical bias, and stigmatizing language in batteries probing problem behavior in minoritized groups.

Utilizing neurocognitive research for treatment

Children with CD, especially those with CU traits, tend to be resistant to treatment (Bakker et al., 2017; Frick et al., 2014b; Masi
et al., 2013). However, some theorize that research on the neurobiological atypicalities observed in these populations may provide
new avenues for treatment. For instance, it may be possible to treat deficits in brain function pharmacologically, hormonally, or
with behavioral therapy (Glenn and Raine, 2009). Repetitive transcranial magnetic stimulation is a non-invasive treatment method
that alters brain function using strong, pulsed magnetic fields. Preliminary work has found this method effective in changing brain
function and behavior in depressed adults (Schutter and van Honk, 2006). Transcranial stimulation can also influence risk-taking
and moral decision-making in adults (Di Nuzzo et al., 2018; Fecteau et al., 2007; Young et al., 2010), suggesting that it may be
similarly effective in altering brain functioning in individuals with psychopathic traits (Canavero, 2014; Glenn and Raine,
2009). However, the ethical considerations of changing brain function in children must first be addressed.

Another promising means by which neuroimaging can be leveraged to treat children with CD is by identifying neural markers
that predict successful treatment. Several studies using electroencephalogram testing have found that neural markers of self-
regulation predict treatment response in children with conduct problems. For example, brain activity during a go/no-go task,
designed to elicit self-regulatory processes, differed between children who improved following cognitive-behavioral therapy and
parent management training (Woltering et al., 2011) and children who did not improve. These neural signatures were N2 and
frontal P3 event-related potential magnitudes, which are influenced by PFC regions. In a different study, children with behavior
problems who improved following treatment showed a reduction in vmPFC activation during the go/no-go task from pretreatment
to posttreatment, bringing them in line with nonclinical children (Lewis et al., 2008). These studies suggest that neural markers of
self-regulation may contribute to improvements following treatment. Finally, Woltering et al. (2015) observed that, among children
with disruptive behavior problems, theta power decreased for long-term improvers compared to non-improvers. These findings may
suggest that improvers display more efficient communication between frontolimbic and occipitoparietal regions. Fewer studies have
leveraged fMRI to examine neural signatures of successful treatment of conduct problems (Byrd et al., 2018), and to our knowledge,
none have been successful in identifying them.

Although the possible use of neuroimaging to predict or alter CD treatment response is in its early stages, neuropsychological
training has been implemented in children and adults with antisocial or externalizing behaviors. Neuropsychological models
suggest that children’s neurological functioning influences social, cognitive, and behavioral function (Greenberg et al., 2004),
and so treating neuropsychological deficits can lead to behavioral improvements. For instance, emotion recognition training has
led to behavioral improvements in youth with conduct problems, including improved affective empathy (Dadds et al., 2012),
improved emotion recognition, and decreased severity of offenses (Hubble et al., 2015), compared to untrained offenders.

Neuropsychological training has also been used to target treatment to specific antisocial subtypes in adults: individuals with
psychopathic versus externalizing traits (Baskin-Sommers et al., 2015). Both groups completed a training on attention to context,
with the goal of training individuals to attend to and integrate contextual cues in their environment. Individuals with psychopathic
traits, but not the externalizing subgroup, performed better on tasks measuring attention to context following training, which they
hypothesized was through treating deficiencies in goal-directed behavior. Future work might leverage neuropsychological testing to
treat specific conduct problems, for instance CU traits or reactive aggression.
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Summary

The familial and societal cost for CD is high; CD is a leading cause of referral to mental health services (Coghill, 2013; Frick and
Silverthorn), and public service usage costs are significantly greater for children with CD than for those with low or no conduct
problems (Scott et al., 2001; Rivenbark et al., 2018; Erskine et al., 2014). Unfortunately, many children with CD are resistant to
treatment (Bakker et al., 2017; Frick et al., 2014b; Masi et al., 2013), and CD can be a precursor to antisocial personality disorder
in adulthood. Research on neurocognitive risk factors for CD can be leveraged to improve treatment planning. We are optimistic
that methodological advances in neurocognitive training and testing will enhance our understanding of the etiology of CD and
improve diagnosis and treatment outcomes.
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