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Children with persistent antisocial and aggressive behavior are diagnosed as having disruptive behavior
disorder. The authors review evidence that antisocial children, and especially those who persist with this
behavior as they grow older, have a range of neurobiological characteristics. It is argued that serotonergic
functioning and stress-regulating mechanisms are important in explaining individual differences in
antisocial behavior. Moreover, low fear of punishment and physiological underactivity may predispose
antisocial individuals to seek out stimulation or take risks and may help to explain poor conditioning and
socialization. The authors propose a theoretical model highlighting the interplay between neurobiological
deficits and cognitive and emotional functioning as mediators of the link between early adversity and
antisocial behavior problems in childhood. Implications for intervention programs are discussed.
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This review is concerned with the role of neurobiological sys-temperament and a nonoptimal environment in which ineffective
tems in the development and maintenance of antisocial behaviosocialization plays a key role: A difficult child is more likely to
In considering neurobiological influences on behavior, the recog<licit harsh, inconsistent, and negative socialization behaviors, and
nition that any behavior is the outcome of a complex interplay ofas a result, a difficult temperament ultimately develops into anti-
individual, developmental, and social factors is important. In thesocial behavior (Patterson, Reid, & Dishion, 1992). Although there
case of the etiology of childhood aggression and antisocial behavare factors that contribute to antisocial behavior in childhood
ior, contributing factors may play a more or less important role atbecoming chronic, not all antisocial children become antisocial
different points in childhood and adolescence. For example, harshdolescents, and not all antisocial adolescents become antisocial
parental discipline with cruel punishment appears to play a causadults (Robins, 1978). A study of the neurobiological factors
role in the development of antisocial behavior in childhood, involved in antisocial behavior can help explain why these behav-
whereas the absence of parental supervision appears to be @ral patterns persist or desist over time.
important factor in antisocial behavior in late childhood or ado- In this review, we argue that serotonergic functioning and stress-
lescence (Lahey, McBurnett, Loeber, & Hart, 1995). Anotherregulating mechanisms, including the hypothalamic-pituitary-
example is that the early (perinatal) hormonal environment isadrenal (HPA) axis and the autonomic nervous system (ANS), are
assumed to play a role in shaping temperament and its developmportant in explaining individual differences in antisocial behav-
ment before the onset of important social influences such as peéor. Moreover, low fear of punishment and physiological underac-
interactions. tivity may predispose antisocial individuals to seek out stimulation

With regard to young children, it is likely that the origin of or take risks and may help to explain poor social conditioning and
antisocial behavior is to be found in a combination of difficult socialization. In light of the findings from the studies that were to
be reviewed, it was our firm belief that an investigation of the
neurobiological factors involved in children’s antisocial behavior
would ultimately indicate which individuals are most at risk, which
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ciation, 1994), in terms of the violation of social or legal norms aggressively when provoked. Thus, although the distinction be-
(delinquency, criminality), or as aggressive behavior (Plomin,tween hostile and instrumental aggression has been appealing from
Nitz, & Rowe, 1990). These operationalizations are related but noa phenomenological or descriptive point of view, we should keep
synonymous. Given that few studies have examined neurobiologn mind that the different subtypes, if they exist at all (see Bush-
ical factors in childhood-onset antisocial behavior, we decided tanan & Anderson, 2001), are not mutually exclusive, and that it
adopt relatively broad inclusion criteria, such that studies exammay well be unreasonable to expect a dichotomy in a situation in
ining any of the four operationalizations are included in the presentwhich there is a complex interplay between different brain struc-
review (i.e., psychiatric, antisocial, violent, and aggressive; segures and multiple hormonal and arousal systems.

Lynam, 1996; Moffitt, 1993, 2005). Following Rhee and Wald-
man’s (20_02) suggestion, we use th_e teantisocial behaviorto Antisocial Behavior in Child Psychiatry
refer to this omnibus operationalization.

When aggressive and antisocial behavior becomes a pervasive
pattern that affects diverse domains of children’s functioning, one
refers either to an ODD or a CIDEM-IV, see Table 1). The term

Aggressiondefined as behavior deliberately aimed at inflicting disruptive behavior disordegncompasses both ODD and CD. The
physical and/or psychological damage on persons or propertyprevalence of these disorders is relatively high: 2.0% for CD and
represents a problem of significant clinical and social concern. Ir8.2% for ODD (Lahey, Waldman, & McBurnett, 1999). The prob-
psychiatry, aggression does not constitute a separate diagnostam behavior of children with these disorders is often quite stable
entity itself, but it appears in several psychopathological condi-and persistent (Offord et al., 1992). Conduct problems in child-
tions, the most important being CD, substance use disorder, netnrood are associated with a host of negative outcomes in adulthood;
rological disorders involving the frontal and temporal lobes, andthey predict not only future antisocial behavior (Fombonne,
personality disorders such as borderline and antisocial personalityostear, Cooper, Harrington, & Rutter, 2001; Zoccolillo, Pickles,
disorder (APD; as described in tRsSM-IV, American Psychiatric  Quinton, & Rutter, 1992; Zoccolillo & Rogers, 1991) but also
Association, 1994). substance abuse and dependence in adulthood (Kazdin, 1995;

Despite its common occurrence and clinical importance, theréfford & Bennett, 1994), early pregnancy in antisocial girls (Bar-
have been few attempts to classify aggressive behavior systematone et al., 1998), persistent health problems (Bardone et al.,
ically for clinical purposes (Vitiello & Stoff, 1997). The psycho- 1998), and other forms of psychiatric illness such as depression.
social complexity of this behavior and its etiological heterogeneity ~Although the short-term effectiveness of intervention strategies
are major obstacles to any clinically valid subtyping. This situation(e.g., parent management training, cognitive behavioral therapy)
contrasts with the literature on nonhuman species: Subtypes dfas been demonstrated (Kazdin, 2001), the long-term effectiveness
aggression have been identified using behavioral, neuroef treatment appears to be limited (Offord & Bennett, 1994). In
anatomical, and biochemical approaches (Miczek, Fish, Dearticular, the high persistence, poor prognosis, and limited effec-
Bold, & de Almeida, 2002; Moyer, 1976). In humans, two tiveness of treatments of childhood antisocial behavior lend im-
major forms of aggression have been identified: an impulsiveportance to the investigation of biological correlates of antisocial
reactive-hostile-affective (impulsive) subtype and a controlled-behavior in childhood. An understanding of these factors in anti-
proactive-instrumental-predatory (controlled) subtype, which aresocial children should generate hypotheses concerning both the
qualitatively different from each other with respect to their phe-underlying neurobiological mechanisms and the etiology of anti-
nomenology and neurobiological features (Vitiello & Stoff, 1997). social behavior. Furthermore, biological studies of antisocial be-

Impulsive aggression is typically explosive, uncontrolled, ac-havior could lead to new approaches to the treatment of psychiatric
companied by anger or fear, and characterized by high levels ofonditions that are associated with aggression. Such approaches
arousal. It may also be self-destructive. There is an increasingnight involve pharmacological interventions to manipulate indi-
body of research that has linked impulsive aggression and neuraectly or perhaps even directly the biological substrates of aggres-
transmitter abnormalities, specifically a reduction of serotonergicsion or lead to hypotheses that influence the content of
activity (Stoff & Vitiello, 1996; see below). In contrast, individuals psychotherapy.
who manifest nonimpulsive, controlled (predatory) aggression are We critically evaluate the evidence that antisocial behavior, as
less likely to be affectively unstable; their aggression is instrumensebserved in child psychiatric patients with DBD, stems partly from
tal, in the sense that it is normally used to achieve a goal beyondhanges in the developing neurobiological systems of these chil-
harming a victim. The level of arousal of individuals engaging in dren. In particular, we focus on the roles of the HPA axis and the
this form of aggression is thought to be low, as evidenced by theib-hydroxytryptamine (5-HT; serotonin) neurotransmitter system,
low baseline heart rate (HR) and skin conductance (SC) levelghe functions of which may be altered in children with antisocial
although it is not known whether their arousal levels are also lowbehavior, particularly that which has its onset early in life.
during the commission of violent or antisocial acts themselves.

At present it is unclear whether the distinction between impul-
sive and controlled aggression applies to childhood aggression,
although it has been suggested that child psychiatric cases with Conduct problems and attention-deficit/hyperactivity disorder
aggressive behavioral problems more often show impulsive agiADHD) are highly overlapping behavioral disorders, and have
gression than controlled aggression (Vitiello & Stoff, 1997). It is been found to co-occur in 30%-50% of cases in epidemiological
likely, however, that those individuals who employ instrumental and clinical samples (Lynam, 1996). Although the issue of whether
forms of aggression under some circumstances will also behavBBD and ADHD are distinct categories is still controversial,

Antisocial Behavior and Aggression Subtypes

Clinical Subtyping and Overlap
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Table 1
Diagnostic and Statistical Manual of Mental Disorders (4th ed.) Diagnostic Criteria for the Disruptive Behavior Disorders:
Oppositional Defiant Disorder and Conduct Disorder

Criteria Subcriteria

Oppositional defiant disorder

A pattern of negativistic, hostile and defiant behavior
lasting at least 6 months, during which four (or
more) of the following subcriteria are present:

1. Often loses temper
2. Often argues with adults
3. Often actively defies or refuses to comply with adults’ requests or rules
4. Often deliberately annoys people
5. Often blames others for his or her mistakes or misbehavior
6. Is often touchy or easily annoyed by others
7. Is often angry and resentful
8. Is often spiteful or vindictive
The disturbance in behavior causes significant
impairment in social, academic, or occupational
functioning.
The behaviors do not occur exclusively during the course
of a psychotic or mood disorder.
Criteria are not met for conduct disorder and, if
individual is age 18 years or older, criteria are not
met for antisocial personality disorder.

Conduct disorder

A repetitive and persistent pattern of behavior in which
either the basic rights of others or major age-
appropriate societal norms or rules are violated, as
manifested by the presence of three (or more) of the
following subcriteria in the past 12 months, with at
least one criterion present in the past 6 months:
Aggression to people and animals 1. Often bullies, threatens, or intimidates others
2. Often initiates physical fights
3. Has used a weapon that can cause serious physical harm to others (e.g., a bat, brick,
broken bottle, knife, gun)
. Has been physically cruel to people
. Has been physically cruel to animals
. Has stolen while confronting a victim (e.g., mugging, purse snhatching, extortion,
armed robbery)
7. Has forced someone into sexual activity

o oA

Destruction of property 8. Has deliberately engaged in fire setting with the intention of causing serious damage
9. Has deliberately destroyed others’ property (other than by fire setting)
Deceitfulness or theft 10. Has broken into someone else’s house, building, or car

11. Often lies to obtain goods or favors or to avoid obligations (i.e., “cons” others)
12. Has stolen items of nontrivial value without confronting a victim (e.g., shoplifting,
but without breaking and entering; forgery)
Serious violations of rules 13. Often stays out at night despite parental prohibitions, beginning before 13 years
14. Has run away from home overnight at least twice while living in parental or parental
surrogate home (or once without returning for a lengthy period)
15. Often truant from school, beginning before age 13 years
The disturbance in behavior causes significant
impairment in social, academic, or occupational
functioning.
If individual is age 18 years or older, criteria are not met
for antisocial personality disorder.

researchers accept the notion that the two domains are at leastdeed, an important objective of our review of the neurobio-
partially independent (Hinshaw, 1987). Of note is that ADHD logical bases of childhood antisocial behavior is to highlight
and DBD have different background factors and correlatesevidence that ADHD and DBD are separate diagnostic catego-
including socioeconomic status, family hostility, parental anti- ries with distinct neurobiological impairments.

social behavior, and cognitive and achievement variables (Ly-

nam, :_L996). The foc_:us of the_ present review is on a_ntiso_cial Antisocial Children: A Developmental Problem
behavior; thus, studies examining the role of neurobiological

variables in clinical samples of ADHD (alone) will not be  Robins’s (1966) conclusion that tomorrow’s antisocial adult can
included. However, if a sample comprised children with comor-be found among today’s antisocial children still poses one of the
bid DBD and ADHD, the study in question was included. most challenging questions in developmental research. Childhood
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conduct problems are a major risk factor for adult disorders that Etiological Factors: Genes and Family Environment

are characterized by antisocial behavior, and aggression in general

not only is predictive of antisocial outcomes in adulthood but also Research on the etiology of antisocial behavior has focused
is stable across generations (Huesmann, Eron, Lefkowitz, &lmost exclusively on the role of dysfunctional family influences,
Walder, 1984; Lynam, 1996; Robins, 1966). Lynam (1996) ob-such as economic problems, parental psychopathology, coercive
served that “although all chronic offenders have a history ofparenting, physical abuse, and family conflict (Moffitt & Caspi,
childhood antisocial behavior, childhood antisocial behavior is s02001). Often, these variables are considered to be environmental
common that it predicts chronic offending only weakly, if at all. influences, and the possibility that they may also reflect genetic
This asymmetry hobbles researchers’ attempts to identify the denfluences is not considered (see Moffitt's, 2005, discussion of
velopmental correlates of the chronic offender . . . The golden graihow bad parenting should be treated as a phenotype in future
of high-risk research has become the identification of the minoritybehavioral-genetic research on antisocial behavior). This is unfor-
of children who are most likely to persist in their antisocial tunate because disentangling the influences of nature and nurture is
behavior from among the multitude of children who engage ina first step toward the goal of explaining the etiology of antisocial
some antisocial acts” (p. 211). behavior (Rhee & Waldman, 2002, p. 490).

Lynam (1996) identified children with a combination of ADHD It is well known that antisocial behavior is concentrated in a
and CD characteristics as being at greatest risk for chronic offendrelatively small percentage of families (Farrington, Jolliffe, Loe-
ing and explained their persistence by pointing out that theirber, Stouthamer-Loeber, & Kalb, 2001), that children with disrup-
behavioral, neuropsychological, and physiological deficits are simtive behavioral problems are more likely to have parents who show
ilar to those of adult psychopaths. antisocial behavior (e.g., Biederman, Munir, & Knee, 1987; Lahey

A decade has passed since the publication of Lynam’s seminait al., 1987; Stewart, deBlois, & Cummings, 1980), and that the
paper and we are now in a position to provide a more compreherintergenerational transmission of antisocial behavior has been
sive understanding of the nature of the (neurobiological) factorsvell-documented (Huesmann et al., 1984).
and processes that cause and maintain these deficits. In doing so,Meta-analytic studies (Rhee & Waldman, 2002) have concluded
we attempt to explain why children with antisocial problems havethat genes influence 40%-50% of population variation in antiso-
neuropsychological problems and difficulties in response regulacial behavior, but the proportion is greater (60%—65%) for aggres-
tion (Newman & Wallace, 1993; Van Goozen, Cohen-Kettenis, etsive antisociality (Tackett, Krueger, lacono, & McGue, 2005).
al., 2004). We also explain why antisocial children have distinctBiological characteristics related to aggressive behavior may be
social information-processing deficits that cause their behaviorathe result of genetic variation. Within the domain of adolescent
problems to become persistent (Milich & Dodge, 1984), and weantisocial behavior, studies that have distinguished between ag-
propose an integrative theoretical model linking genetic factorsgression and delinquency or rule-breaking have reported a greater
early adversity, cognitive and neurobiological regulatory mecha-genetic component (65%) for persistent aggressive behavior than
nisms, and childhood antisocial behavior. for delinquent behavior (35%; Eley, Lichtenstein, & Moffitt,
2003). In terms of adult antisocial behavior, monozygotic twins
have been shown to have a higher (35%-52%) concordance rate
for antisocial behavior and for criminal conviction than dizygotic

The primary goal of our review is to discuss the evidence thatwins (13%—23%). Adoption studies are also consistent in showing
specific neurobiological systems are involved in childhood-onset genetic effect on adult criminality. For example, adoptees from
antisocial behavior. These factors are responsible for the severitg biological parent with a criminal conviction show a higher rate of
of the behavioral problems observed in antisocial children, butriminality compared with adoptees whose biological parents do
they also play a role in their persistence, because they influenceot exhibit antisocial behavior, even when the former group are
children’s interactions with their environment. separated from their biological parents soon after birth (Bohman,

We first briefly introduce two main factors in the theoretical Cloninger, Sigvardsson, & von Knorring, 1982; Cadoret, Yates,
model that are presented later in the article (see Figure 1), nameljroughton, Woodworth, & Stewart, 1995). There also appears to
genetic factors and early childhood adversity. In this section, webe a genetic influence on CD in adolescence, although it is con-
seek to explain how the children’s genotype, through evocativesiderably smaller than that for adult APD (Lyons et al., 1995). This
gene-environment processes, can create environments that reiatter finding may reflect the fact that all the participants who
force their antisocial behavior, thereby increasing the risk of perengaged in antisocial behavior during adolescence were included
sistence in behavioral problems. in the analysis. According to Moffitt (1993), this strategy would

Next, we present the evidence in support of the involvement ofun the risk of including a large proportion of adolescence-limited
different hormonal parameters in adult antisocial behavior, beforentisocials for whom the evidence for genetic influences is con-
we proceed to describe and discuss the findings from research miderably weaker than it is for individuals with life-course persis-
children. We point out the implications of these findings for theory tent antisocial behavior.
and clinical practice. In a similar fashion, data are reviewed In considering the possible role of genetic mechanisms, it is
suggesting that the ANS and serotonergic system are dysfunctionahportant to recognize that interactions between genetic predispo-
in individuals with pervasive antisocial behavior. We then discusssitions and the environment in which they are expressed appear to
the possible causes of deviant biological correlates in childhoodbe crucial in the etiology of antisocial behavior problems (Rutter,
antisocial behavior, and toward the end of the review, we preserSilberg, O’Connor, & Simonoff, 1999). A genetic predisposition
an integrative theoretical model of the neurobiological bases ofoward aggressive or antisocial behavior may be expressed in
early-onset antisocial behavior. adverse rearing environments in which the child receives harsh or

The Present Review
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Figure 1. The proposed theoretical model represents the direct and indirect pathways through which family
factors (early childhood adversity, genetic factors) are hypothesized to influence early-onset antisocial behavior
problems. Bold paths in the model constitute theoretically informed and supported pathways on the basis of our
review of the evidence. Dashed paths represent substantive influences that may vary on the basis of our review
of prior evidence. Factors represented by circles (e.g., early childhood adversity) constitute latent indexes of
primary theoretical constructs (i.e, they are respectively composed of correlated but conceptually distinct
elements). Genetic factors constitute a manifest index and are therefore represented by a box (see Bollen, 1989,
for conventions relating to path model representation). Paths from genetic factors and early problem behaviors
are presented as light gray and dashed, not to suggest that they represent nonsignificant influences, but rather that
they are secondary (genetic) or optional (estimation of initial symptom levels) in estimating this proposed
theoretical model. Note also that this model highlights the important role of neurobiological mechanisms in the
etiology of childhood antisocial behavior. It does not, however, represent a life-course model of the persistence
and development of antisocial behavior across childhood, adolescence, and adulthood. Rather, by highlighting
the role of neurobiological mechanisms underlying childhood antisocial behavior, this model identifies an
important site of intervention. Effective intervention, of course, is linked to persistence and future development
of antisocial behavior.

inconsistent discipline, or is exposed to high levels of interparentatievelopment of aggressive or antisocial behavior (Cadoret, Yates,
conflict or marital breakdown (EI-Sheikh & Harger, 2001; El- Troughton, Woodworth, & Stewart, 1995; Caspi et al., 2002; Foley
Sheikh, Harger, & Whitson, 2001). Conversely, the effects of suctet al., 2004; see Raine, 2002, for a review).

a predisposition may be minimized if the child is raised in a The child’s genotype can also evoke negative behavior from the
positive environment in which the parents express warmth towareénvironment (e.g., bad parenting, negative peer contacts), because
their offspring and/or adopt a consistent, authoritative parentinghe individual’s genetically influenced behavior (i.e., tempera-
style. Unfortunately, antisocial individuals are more likely than ment) leads him or her to create, seek out, or otherwise end up in
other people to provide an adverse rearing environment for theienvironments that match the genotype (Rutter & Silberg, 2002).
offspring (Rutter, Giller, & Hagell, 1998). One study that provides Antisocial behavior can bring about each of these processes at any
some insight into the importance of GemeEnvironment inter-  point in the life course, and these active evocative gene-
actions in the etiology of antisocial behavior is that of Bohmanenvironment processes are of enormous importance in understand-
(1996). In this adoptee study of petty criminality, it was shown thating the continuity of antisocial behavior (Caspi & Moffitt, 1995;
individuals lacking a genetic predisposition or environmental riskMoffitt, 2005).

factors had only a 3% chance of becoming recidivist criminals in

adulthooq. _Ind?viduals exposed to_environmgntal ri_sk hgq a 6% Temperament, Evocative Interactions, and Early

rate of criminality, whereas those with a genetic predisposition had Adverse Effects

a 12% incidence of criminality. In contrast, the incidence of

criminality in individuals with both genetic and environmental risk  Early brain development is especially vulnerable to the effects
factors present was as high as 40%. Other studies also illustrate tlhd environmental stressors, and this applies to both prenatal and
importance of considering Gene Environment interactions in the postnatal development (Dawson, Ashman, & Carver, 2000;
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Huizink, Mulder, & Buitelaar, 2004). Evidence for such environ- cents (17-18 years) have sometimes been reported to be higher in
mental effects on brain development comes from studies examiraggressive individuals (Dabbs, Jurkovic, & Frady, 1991; Scerbo &
ing pregnancies with elevated risk because of maternal smokind<olko, 1994), several studies of prepubertal children have not
poor nutrition, exposure to alcohol and drugs, or maternal psychofound a relationship between aggression and testosterone (Con-
pathology (e.g., Lundy et al., 1999), and atypical caretaker—childstantino et al., 1993; Van Goozen, Matthys, Cohen-Kettenis, Thi-
interactions such as those involving depressed mothers, irregulggsen, & Van Engeland, 1998). Moreover, lower levels of testos-
and unpredictable parenting, or exposure to abuse and negletgrone have been found in children at risk for substance abuse
(e.g., Ashman, Dawson, Panagiotides, Yamada, & Wilkinson(Dawes et al., 1999). Furthermore, recent evidence indicates that
2002; Carlson & Earls, 1997). It is now known that such environ-testosterone levels are related to social dominance, rather than
mental effects can attenuate the infant’s stress systems through thggression per se (Mazur & Booth, 1998; Rowe, Maughan, Worth-
mediating effects of early learning and the amygdala (Susmaman, Costello, & Angold, 2004). Thus, high testosterone levels
2006). The dampening or downregulation of the stress system tmay be associated with peer group leadership, both within groups
chronic stressors over the first year of life is clearly an adaptiveof healthy children and within antisocial groups, such as gangs
mechanism (Gunnar & Donzella, 2002), avoiding chronic arousalRowe et al., 2004).
and excessive energy expenditure that would ultimately result in In prepubertal children, an important part of the androgenic
serious pathophysiological consequences or even death. activity is of adrenal rather than gonadal origin. From around the

Some children are born with a more easy-going temperamendge of 6, children exhibit a gradual increase in androgens of
than others. It has been established that early temperament amadrenal origin, a period called tlaglrenarchgC. R. Parker, 1999),
later personality are related (Caspi, Henry, McGee, Moffitt, & and it is not until puberty that gonadal androgens, such as testos-
Silva, 1995) and that personality is in general highly stable (Caspterone, become important. Therefore, it is quite likely that the
& Bem, 1990). In the case of difficult or hard-to-manage children, testosterone—aggression relationship does not emerge until after
their behavior evokes distinctive responses from others (parentguberty, and research in prepubertal children should therefore also
peers, and teachers) that are more likely to exacerbate than focus on adrenal androgens, such as DHEA, its sulfate (DHEA-S)
ameliorate the child’s existing tendencies (Lynam, 1996; Moffitt, and androstenedione. Higher levels of DHEA-S have been found
1993). Moreover, environmental factors that are independent oin both child and adolescent patients with CD (Dmitrieva, Oades,
the child’s genetic makeup or temperament can act as contributorflauffa, & Eggers, 2001; Van Goozen, Matthys, Cohen-Kettenis,
causes of persistence. Such factors include marital discord (Harol@hijssen, & Van Engeland, 1998; Van Goozen, Van den Ban, et
& Conger, 1997), disrupted parenting (Erel & Burman, 1995), oral., 2000). However, there are also studies that have not found
parental psychopathology (Downey & Coyne, 1990). differences in DHEA-S between aggressive and nonaggressive
children (Constantino et al., 1993).

The positive relationship observed between DBD symptoms and
plasma levels of DHEA-S is of interest because DHEA-S has

In line with findings from aggressive adults with APD GABA, antagonistic (i.e., neuroexcitatory) actions and could con
(Virkkunen, 1985; Woodman, Hinton, & O'Neill, 1978), which is tribute to increased aggression (Majewska, Demirgoren, Spivak, &
almost always preceded by CD in childhood (Robins, 1978), therd.ondon, 1990). It is also possible that higher DHEA-S levels add
is now convincing evidence for changes in the functioning ofto a larger pool of endogenous testosterone. The results of the few
several interrelated neuroendocrine systems in children with antistudies conducted so far demonstrate that adrenal androgen func-
social behavior. In this section, we focus on the androgens, tegioning is an important topic for future research on the origins of
tosterone, and dehydroepiandrosterone (DHEA), before discussiraggression in children.
in detail the role of HPA axis hormones such as corticotropin-
releasmg hormone (CRH), adrenocorticotropic hormone (ACTH),HPA Axis Hormones
and cortisol.

Neuroendocrine Features of Antisocial Behavior

The stress system has its peripheral limbs in the HPA axis and
the sympathetic adrenal medullary systems. Psychological stress
associated with various life events has been widely studied with

The rationale for considering androgens to be involved in ag+tespect to the concentration and secretion of the adrenal stress
gressive behavior is that males have both higher concentrations dformone cortisol. Events generally found to be stressful, as de-
androgens and higher levels of aggressive behavior than femalefined by an increase in cortisol, include anticipation of the death of
Although an association between androgens and aggression hagamily member, hospital admission, surgery, mental performance
been clearly established in animals (e.g., Higley et al., 1996), theests, public speaking, and anticipation of strenuous exercise (L. N.
evidence in humans is less clear cut (Archer, 1991; ArcherParker, 1989). However, considerable individual variation in cor-
Graham-Kevan, & Davies, 2005). In adults, elevated testosterontsol reactivity is evident in most studies. The intensity and dura-
levels in cerebrospinal fluid (CSF), plasma, and saliva have beetion of a stress response and its long-term consequences appear to
linked to antisocial behavior and violent crime (e.g., Banks & depend on the degree of stressor controllability, as perceived by
Dabbs, 1996; Dabbs, Frady, Carr, & Besch, 1987; Dabbs, Jurkthe individual (Huether, 1996).
ovic, & Frady, 1991; Dabbs & Morris, 1990; Ehrenkranz, Bliss, &  Adrenal cortisol secretion represents the final step in a neuroen-
Sheard, 1974; Virkkunen et al., 1994). Studies of children anddocrine cascade beginning in the paraventricular nucleus (PVN) of
adolescents have yielded mixed results (e.g., Granger et al., 2008)e hypothalamus. In response to activation by limbic, cortical, and
Maras et al., 2003). Although testosterone levels in older adolesether afferent inputs, CRH is released into the portal venous

Androgens
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system by the PVN. CRH stimulates the release of ACTH from thebeen equivocal findings across studies (see Table 2). Some studies
anterior pituitary. The release of ACTH, in turn, leads to activationhave found associations between reduced basal cortisol concentra-
of the adrenal glands, resulting in the synthesis and release dions and aggressive behavior (Kariyawasam, Zaw, & Handley,
cortisol. Once secreted into general circulation, cortisol acts on 2002; McBurnett, Lahey, Rathouz, & Loeber, 2000; Oosterlaan,
variety of target cells to mobilize the physiological response toGeurts, Knol, & Sergeant, 2005; Pajer, Gardner, Rubin, Perel, &
stress. Cortisol also crosses the blood—brain barrier to act at sité¢eal, 2001; Shoal, Giancola, & Kirillova, 2003; Van de Wiel, Van
in the central nervous system, where it activates negative feedbadkoozen, Matthys, Snoek, & Van Engeland, 2004; Vanyukov et al.,
mechanisms that inhibit the release of CRH and ACTH, therebyl993); other studies found no such relationship (Azar et al., 2004;
reducing HPA axis activity (e.g., Chrousos & Gold, 1992). Kruesi et al., 1989; Scerbo & Kolko, 1994; Schulz, Halperin,
The HPA system has a diurnal rhythm. Cortisol is secreted inNewcorn, Sharma, & Gabriel, 1997; Stoff et al.,, 1992; Van
pulses, and the frequency of these pulses varies with time of dayGoozen, Matthys, Cohen-Kettenis, Buitelaar, & Van Engeland,
the highest frequency being in the early morning, resulting in high2000) or even a positive relationship (Van Bokhoven, Van
early-morning levels (Deuschle et al., 1997). As the dayGoozen, et al.,, 2005). There have also been studies that found
progresses, the pulses become less frequent and cortisol levedssociations between reduced basal cortisol concentrations and
therefore decrease. The HPA system in children reaches functionalggression toward peers (Tennes, Kreye, Avitable, & Wells, 1986)
maturity by the 4th year of life (Genazzani et al., 1983; Herman,and hostility towards teachers (Tennes & Kreye, 1985) in healthy
Arthur-Smith, Hammock, & Josephs, 1988), although recent exschool children. Interestingly, McBurnett et al. (1991) found that
perimental studies have observed a normal circadian rhythm in 12anxious children with CD had higher cortisol levels than did

to 18-month-old infants (Goldberg et al., 2003). children with CD alone.
In the majority of studies referred to above, the findings have
HPA Axis and Aggression been correlational in nature, with the result that it has not been

. L . . _possible to draw causal inferences between low cortisol concen-
Studies of antisocial adults have observed a negative relation-_ . e . :

) . . . trations and antisocial behavior. There have been very few studies
ship between cortisol levels and the magnitude of behaviora

devaton (e, Bergrin & arama, 1904, Vikuren, 195, 1 S50 08D o houng it ow ot s pecede.
Woodman, Hinton, & O’Neill, 1978). Lower levels of cortisol 99

could mean that these individuals are physiologically under_used to predict which individuals will exhibit a pervasive pattern

. . : of antisocial behavior throughout adolescence and into young

aroused (sedrousal Theories of Aggressiaection, below), that .
; . . . adulthood. The study that comes closest to demonstrating a lon-
the negative feedback mechanisms acting on their HPA axes are

" . %tudinal, albeit noncausal, link between low cortisol levels and
hypersensitive, or that they have an increased threshold for strea ressive behavior is that of Shoal et al. (2003). This was a 5-year
(Kruesi, Schmidt, Donnelly, Hibbs, & Hamburger, 1989). Most 99 : ' Y

studies have focused on cortisol levels as an index of HPA axiéongltudlnal study investigating the relationship between cortisol

o . ; . concentrations at ages 10-12 years and aggressive behavior, as
activity. Although the measurement of cortisol provides important ;
. o . o easured using the Youth Self-Report Scale (Achenbach, 1991),
information in this respect, cortisol is secreted by the adrena

. at ages 15-17 years. The results showed that low cortisol was
cortex and therefore reflects a relatively late response. Only four A ; .
rpoderately predictive of aggressive behavior 5 years later and,

fstupll_es have measured ACT.H or CRH in aggressive or ant'SOC'q’urther, that this relationship appeared to be mediated by the
individuals. Virkkunen and Linnoila (1993) and Virkkunen et al. . - .
effects of cortisol on a personality variable the authors tertoed

fr}wg?]?gijguor}?er!?jve\/f; vl\/?t\;1€|§n OAfPAI‘DCI:mma::g vf/:itShthzf;ll ?hlcocrl)or:lt(;él self control(Shoal et al., 2003). A further study with a longitudinal
P P y component was performed by McBurnett et al. (2000). They

participants, and they found no differences in CSF CRH IeVels'olemonstrated that clinic-referred boys with consistently low cor-

Susman et al. (1999) reported that CRH levels were lower Ir}isol levels in samples obtained 2 years apart showed the highest

pregnant t_eenage mothers with DBDs compared .W!th teenagﬁavels of aggressive CD symptoms over time. A limitation of this
mothers without symptoms of DBD. In contrast, Dmitrieva et al. . . . .
study was that it failed to control for the time of saliva collection.

(2001) found higher plasma ACTH levels in adolescents with CD. Another point of interest is that basal glucocorticoid concentra-

Measuring ACTH and CRH for scientific purposes is challeng-|Eions have been re . .
. : . ported to be moderately heritable in humans
ing because the sampling has to be performed in plasma or CS(I'nins et al., 1999 Meikle, Stringham, Woodward, & Bishop

Given the |QW tolerability of the measurement _procedures Ir"1988), so it seems unlikely that basal cortisol levels could fall after
volved, particularly lumbar puncture for ascertainment of CSF

: o . he onset of antisocial behavior. Finally, it should be noted that
samples, and the accompanying ethical issues, relatively few stud- L .
: . : . arental antisocial personality symptom counts have been shown
ies have examined the role of these parameters in childhoo

: . . . 0 be inversely related to cortisol concentrations in their children
aggression. However, given the importance Of. thg HPA axis Sy.S(Vanyukov et al., 1993). This suggests that cortisol may be in-
tem. n psyphopathology in general, and antisocial behavior InvoIved in the intergenerational transmission of antisocial behavior
particular, it will in future be necessary to develop methods

of studying the influence of these higher level peptides anc{"md prov_ides further i_ndir_ect evide_nce that this steroid plays a role
hormones. in the etlc_)l_ogy of antlsc>_C|_aI b_ehavpr._ _

In addition to the difficulties arising from the correlational
nature of the majority of studies, another feature of research in this
area is that results have been relatively mixed. This may be due to

Few studies have been conducted on cortisol levels or th¢he use of different methods for collecting cortisol (salivary vs.
cortisol response to stress in aggressive children, and there hayptasma vs. urinary free cortisol, and under basal conditions vs.

Empirical Findings in Children
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Table 2
Studies on the Relationship Between Hypothalamic-Pituitary-Adrenal (HPA) Axis Indices in Aggressive Children and Adolescents

Participants

Mean age Age range

Study HPA axis index Sample (years) (years) Outcome
Kruesi et al. (1989) Urinary cortisol 19 ADHD/CD/ODD boys 105 No differences
19 HC boys 10.5
McBurnett et al. (1991) Saliva cortisol 67 clinic-referred CD boys 8-13 CD/ANX CD/ANX—
Stoff et al. (1992) Plasma cortisol 8 male adolescent DBD boys 14.7 No differences
8 male adolescent HC boys 15.3
Vanyukov et al. (1993) Saliva cortisol 78 boys with PSUD father; 10-12 Negative correlation with CD symptom
72 boys with HC father count
Scerbo & Kolko (1994) Saliva cortisol 40 clinic-referred DBD boys 7-14 Negative correlation with inattention/
overactivity; positive correlation
with internalizing behavior
Moss et al. (1995) Saliva cortisol 81 boys with PSUD father; 10-12 Boys with PSUD father (higher

Stress

Schulz et al. (1997) Plasma cortisol

Saliva cortisol
Stress

Van Goozen, Matthys,
Cohen-Kettenis,
Gispen-de Wied, et al.
(1998)

Moss et al. (1999) Saliva cortisol

Stress

Saliva cortisol 2-
year follow-up
Saliva cortisol

Stress

Plasma ACTH

McBurnett et al. (2000)

Van Goozen, Matthys, et
al. (2000)
Dmitrieva et al. (2001)

Pajer et al. (2001) Plasma cortisol

Kariyawasam et al. Saliva cortisol
(2002)

Shoal et al. (2003) Saliva cortisol

5-year follow-up

Snoek et al. (2004) Saliva cortisol

Stress

Van de Wiel et al. (2004) Saliva cortisol

Stress and treatment

follow-up

QOosterlaan et al. (2005) Saliva cortisol

Van Bokhoven, Van Saliva cortisol

Goozen, et al. (2005)

103 boys with HC father

50 clinic-referred ADHD boys:

23 aggressive
27 nonaggressive
21 ODD boys
31 HC boys

120 boys with PSUD father
178 boys with HC father

38 clinic-referred DBD boys

26 DBD children
26 HC children
28 CD boys
13 HC boys

47 CD girls
37 HC girls
32 ODD/ADHD
25 HC

314 HC boys

26 HC
15 ODD
31 ODD/ADHD
23 ADHD
22 DBD children

25 children varying in levels of

antisocial behavior
194 male youths

aggressive and delinquency) boys
with HC father
No differences

9.0
9.0
10.2 OBINC; cortisol increase during
9.6 stress strongest in HE/HA; cortisol
decrease strongest in HE/LA
10.8 Boys with PSUD fathmys with
11.0 HC father: cortisol response prior to
evoked related potential testing
7-12 (at Correlation between low cortisol and
entry) persistence/early onset aggression
10.1 Baseline: BBHC
10.0 Stress: DBLHC
13.2 CDNC
13.9
16.6 €INC
16.0
10.6 ODD/ADHD (without stimulant
11.3 medication)< HC
10-12 Low cortisol related to low self-control
and more aggressive behavior 5
years later
Baseline: no differences
Stress: HE ADHD > ODD =
ODD/ADHD
Low baseline cortisol related to more
severe DBD; low cortisol stress
response related to less improvement
after intervention
6-12 High (aggressive) CD symptom

severity associated with low cortisol

13 Higher cortisol in CD boys=(19);
higher cortisol in physically
aggressive boys(= 75); higher
cortisol in high reactive aggressive
boys fi = 39)

Note. ADHD = attention-deficit/hyperactivity disorder; CB conduct disorder; ODD-= oppositional defiant disorder; HE healthy control subjects;
ANX = anxiety; DBD= disruptive behavior disorder; PSUB psychoactive substance use disorder;+Bigh externalizing; HA= high anxiety; LA=
low anxiety; ACTH = adrenocorticotropic hormone.

during stress), different definitions of antisocial behavior or ag-cortisol concentration, which is particularly problematic if they
gression, and varying methods of assessing antisocial behavidailed to control for the time of day of saliva or plasma collection.

(self-report vs. multiple informants, and using structured or semidn addition, several studies did not include a healthy control group
structured diagnostic interviews, questionnaires, or police recordspr used only healthy children or clinical cases as participants (and
A large number of studies made only a single measurement atherefore may have looked for variability within a narrowly de-
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fined group differing only moderately in terms of behavioral patients (CD/ODD) and is not related to aggressive behavior per
deviance). Given these limitations and methodological differencesse. Indeed, Snoek, Van Goozen, Matthys, Buitelaar, and Van
it is noteworthy that studies have nevertheless reported convergefingeland (2004) found that child psychiatric patients suffering
findings of an inverse relationship between cortisol levels androm ADHD showed a typical stress-induced cortisol response,
antisocial behavior. whereas children with DBD did not.

Wherever possible, we calculated effect sizes for the studies The effect size value for cortisol reactivity across the four
cited above investigating the relationship between basal cortisodtydies that have investigated this (Van Goozen, Matthys, Cohen-
levels and DBD or aggressive symptoms, and we found the MeaRettenis, Gispen-de Wied, et al., 1998; Van Goozen, Matthys, et

effect size across studies to de= —0.79. However, this value is 5, 2000: Moss et al.. 1995 1999)ds= 0.57, which corresponds
biased by a number of small studies with disproportionately 1arg&, 54 moderate effect size (after correcting for sample size the
effect sizes; the weighted average effect size, taking into accou%eighted mean effect size & = 0.42). The effect sizes for the

the effect of each study’s sample size, was considerably lower aéroup effects in Van Goozen and colleagues’ (Van Goozen, Mat-

d = —0.40. This _|nd|cates that there is, on aV(_erage, a S”_“a” _tths, Cohen-Kettenis, Gispen-de Wied, et al., 1998; Van Goozen,
moderate effect size (Cohen, 1988) across studies in the directi atthys, et al., 2000) studies, which used a stressor involving

of an inverse relationship between basal cortisol levels and DB o . . .
competition, social evaluation, and achievement stress were 0.98

symptoms. The range of effect sizes for these studies was betwe .
0.48 and—3.70, indicating that there was a great deal of variability?{‘]jlrge effect) and 0.61 (moderate effect), respectively, whereas

in terms of the direction and size of effects observed. This appealjgIOSS et al. (1_995’ 1999) had smaller effect S'stj:é 0.32 and
consistent with the suggestion that there were numerous metho&)-'36' respectively), probably because the studies used a large,
ological differences and variations in sample characteristics bel€terogeneous sample (the sons of fathers who had drug problems)
tween studies. Unfortunately, for three studies (McBurnett et al,2nd a relatively weak stressor.
1991, 2000; Susman et al., 1999) we could not calculate the effect !t iS known that children with DBD have often been exposed to
sizes because they did not provide values for the means or standa®gVerse rearing circumstances involving neglect, abuse, and do-
deviations of the respective groups’ basal cortisol values, or theynestic violence, but it is of course also true that their own problem
did not report a correlation (dR? equivalent) value for the rela  behavior elicits negative responses from peers, siblings, and par-
tionship between cortisol and ODD/CD symptoms. It should alsoents, which might be experienced as stressful (Kazdin, 1995). It
be noted that the correlation value used to yield an effect size fogould be that frequent exposure to stressful situations has resulted
Scerbo and Kolko (1994) was that for the relationship betweerin a habituation among these children to (some types) of stress, and
cortisol and staff-rated oppositional behavior; the other correlaas a result, they show low stress reactivity. In this context, it is
tions between cortisol and measures of aggressive behavior (e.gmportant to study the individual interpretation of the stressful
parent ratings) were not significant. event to find out whether the subjective experience of the antiso-
Findings of reduced basal levels of cortisol in antisocial indi- cial children is in line with their physiological experience. In two
viduals could support the stimulation-seeking theory (see below)studies, antisocial children, who did not show a cortisol response
This suggests that antisocial children seek out stressful situationgiuring stress, reported and showed intense emotions (i.e., they
for example fights, to increase their aversive, low basal cortisokeacted more aggressively towards their opponent), suggesting a
levels. On the other hand, the more often such children get inmismatch between subjective and physiological arousal (Snoek et
volved in dangero_us or stressful sitl_Jatio_ns, the more likely they arg)., 2004; Van Goozen, Matthys, et al., 2000).
eventually to habituate to these stimuli and subsequently show & A recent study showed that antisocial children with a blunted or

blunted cortisol response to stress. The effect of frequent exposutgqent cortisol response to stress showed the least improvement
(i.e., habituation) but also a lack of anticipatory fear, as suggestefiouowing a therapeutic intervention (Van de Wiel et al., 2004).

by the fearlessness theory (see below), would be better StUdIe(‘E{hildren with similar levels of externalizing behaviors to the

under stressful conditions. . _cortisol nonresponders, but who exhibited relatively typical corti-

Moss and colleagues found that at-risk sons of fathers with g : L

. . . sol responses in a stressful situation, were found to respond more
psychoactive substance use disorder secreted less cortisol in

ticipation of stress (Moss, Vanyukov, & Martin, 1995; MOSS,a%\;?;ab;ymt?atrr;atg:r;tf.aTh?::sflr;dlor:gos ng'\i\"ot:;tb:ﬁ;p'lctﬁ arge:jnld
Vanyukov, Yao, & Kirillova, 1999). In two psychological chal- ing simi v 99 WV ppositl Vi !

lenge studies, Van Goozen, Matthys, Cohen-Kettenis, Gispen-d eir disruptive peers, the children with attenuated HPA axis

Wied, et al. (1998) and Van Goozen, Matthys, et al. (2000) founoreactivity hagl a poqrer prognosis. The_se data ca_n be_interpreted in
that children with ODD had lower cortisol levels than did healthy WO Ways: First, children with HPA axis dysfunction simply have

control participants when exposed to frustration and provocation? More serious and ingrained form of the disorder, despite showing

Specifically, the latter study reported that children with ODD and similar rates of externalizing behavior as their peers, or second,
healthy control subjects did not differ in terms of baseline cortisolimpairment of HPA axis functioning may prevent the types of
levels, but the stress-induced increase in saliva cortisol observed #Pgnitive or emotional processing that play a critical role in the
the control group was absent in the ODD group. Although in-therapeutic process. The latter interpretation suggests that children
creased cortisol stress reactivity has also been found in relation t¢ith early-onset antisocial behavior and either low basal cortisol
aggressive behavior, this has been reported in only healthy subjedgvels or attenuated cortisol reactivity may be more effectively
and community samples (Gerra et al., 1997; Scarpa, Fikretoglu, &reated using pharmacologically based therapies that reinstate typ-
Luscher, 2000). These results suggest that a pattern of low cortisatal HPA axis functioning, perhaps as a precursor or an adjunct to
reactivity during stress is a specific characteristic of antisocialpsychological forms of treatment.
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Interactions Between Cortisol and DHEA forms of aggression seem to be related to a reduced functioning of
in Antisocial Children the HPA axis. How can these apparently opposing findings be
reconciled? Haller and colleagues (Haller, HalaMikics, &
Although there is evidence that baseline cortisol levels andkruk, 2004; Haller, van de Schraaf, & Kruk, 2001) have developed
cortisol reactivity are reduced and DHEA-S levels are elevated iy hypoarousal-driven aggression model in animals, which is in-
children with DBD (Van Goozen, Matthys, et al., 2000; Van tended to mimic human pathological aggression, specifically the
Goozen, Matthys, Cohen-Kettenis, Gispen-de Wied, et al., 1998onsequences of chronically low levels of cortisol as observed in
Van Goozen, Matthys, Cohen-Kettenis, Thijssen, & Van Enge-highly violent or psychopathic adults and aggressive children with
land, 1998; Van Goozen, Van den Ban, et al., 2000), it is worthCD. In this hypoarousal model, the animal behaves in a predatory
noting that there appear to be important functional interactiongashion and appears to interpret the presence of any conspecific,
between these adrenal steroids in the CNS. In particular, DHE/%Ven a much smaller animal that does not represent an equa|
appears to moderate some of the effects of cortisol, and it maypponent, as a threat. Haller and colleagues showed that although
even antagonize its effects in some brain areas, such as the highe central amygdala is not involved in aggression relating to
pocampus (Kimonides, Spillantini, Sofroniew, Fawcett, & Her- hyperarousal (i.e., escalation of aggression in healthy, intact ani-
bert, 1999). It is therefore important to examine the interactionsmals), it is strongly activated in the glucocorticoid deficient animal
between these hormones in antisocial children. This approach hafuring fighting situations (see Figure 2). This may explain such
paid dividends in the study of adolescent depression, in which ianimals’ aberrant behavior and their evaluation of social situations
has been found that an elevated cortisol/DHEA ratio predicts theis more threatening than is justified.
onset of persistent depression (Goodyer, Herbert, & Tamplin, Specifically, Haller et al. (2001) removed the adrenal glands of
2003). The absolute levels of cortisol were found to be lessodents and implanted slow-release pellets to provide a continuous,
important than the ratio between levels of cortisol and DHEA-S,jow level of corticosterone (the main glucocorticoid hormone in
leading to suggestions that depression might be associated withrgdents). Using this model of glucocorticoid deficiency, Haller and
syndrome of functional hypercortisolaemia, in which moderatecolleagues showed that rats with low concentrations of circulating
increases in cortisol levels are amplified by reductions in thecorticosterone exhibit abnormal levels of aggressiveness and attempt
hormones that antagonize some of the effects of cortisol. DBD$o inflict the maximum amount of damage to a conspecific in a
may be associated with the reverse syndrome, a functional hypgonresident-intruder fighting situation (Haia Liposits, Kruk, &
cortisolaemia, in which the effects of reduced cortisol levels areHaller, 2002; Haller et al., 2001, 2004). In normal circumstances, a

exacerbated by increases in DHEA-S concentrations. resident animal confronted with a smaller intruder will provide threat
cues to discourage the intruder from attempting to fight and will direct

Stress-Induced and Pathological Aggression: its blows to nonvulnerable areas of the body (Blanchard, Hori, Rodg-
Animal Research ers, Hendrie, & Blanchard, 1989; Haller et al., 2001). In contrast, rats

with glucocorticoid deficiency were shown to provide far fewer threat

Stress is a primary factor in promoting aggression and violence irtues to the intruder and to direct the majority of their attacks to
humans. Indeed, recent studies have suggested that aggressiorvignerable parts of the opponent’s body, such as the head, stomach, or
associated with both stress and increased cortisol levels (Gerra et ateck (Haller et al., 2001). Acute injections of corticosterone prior to
1997). However, how stress mechanisms and the mechanisms iaxposure to the fighting situation were shown to prevent this abnor-
volved in aggression interact on a neurobiological level has onlymal pattern of aggressive behavior. The authors concluded that an
recently received attention. Kruk, Halasz, Meelis, and Haller (2004)acute increase in cortisol is important in making the correct interpre-
demonstrated a fast positive feedback loop between the adrenocortidation of the type of social conflict one is dealing with. If one fails to
stress response and the brain area that controls aggression, that is, itiidate an acute cortisol response, it may be more difficult to evaluate
hypothalamus. Specifically, stimulation of the aggressive area in théhe true nature of the conflict.
hypothalamus rapidly activated the HPA axis, even in the absence of In a subsequent study, Haller's group (Hsdaet al., 2002)
an opponent or in the context of physical fighting. Hypothalamicinvestigated the neural background of glucocorticoid dysfunction
aggression was also quickly facilitated by an injection of corticostein defensive aggression. They found that the abnormal behavior as
rone. The authors concluded that this fast, mutual, positive feedbackhown by adrenalectomized rats did not involve activation of the
system could contribute to the precipitation and the escalation obrain areas that are normally involved in the control of aggression
violent behavior under stressful conditions (Kruk et al., 2004). Thesdcortex, amygdala, septum, hypothalamus, periaquaductal grey,
findings have clear implications for aggression regulation and treatand locus coeruleus). Instead, the brain areas involved in mediat-
ment. Hypothalamic aggression is selectively sensitive to serotonergiag the stress response (the parvocellular part of the PVN of the
medication and the beta-blocker propranolol. Alternatively, regulatiorhypothalamus or pPVN) and fear reactions (central nucleus of the
of the adrenocortical stress response with CRF antagonists or certaimmygdala or CeA) were activated. Hsdaet al. (2002) concluded
anxiolytics, which reduce different stress-induced behaviors, may béhat abnormal aggressiveness due to glucocorticoid hypofunction
effective in counteracting acute stress-precipitated violence (Kruk ek related to increased sensitivity to stressors and fear-eliciting
al., 2004). stimuli, possibly in the sense that signals coming from the oppo-

Thus in healthy animals and humans, aggression is potentiatetkents are misinterpreted, resulting in a behavioral response that is
by high levels of arousal, an effect that is partly mediated bycharacteristic of more critical situations.
elevations in corticosteroid concentrations. In this respect this type How can these findings be applied to the human situation? First,
of aggression can be thought of as reactive. However, we earlieve speculate that glucocorticoid hypofunction in antisocial chil-
reviewed evidence that pathological or persistent and devianiren might enhance their fear reactions, resulting in an overreac-
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Figure 2. Brain mechanisms thought to be involved in normal, reactive aggression (A) and abnormal forms of
aggression (B) in the rat, according to Haller et al. (2005). In circumstances where reactive aggression is
exhibited, there is an inverse relationship between serotonergic activity in the midbrain raphe and attack patterns
towards non-vulnerable targets. This explains the efficacy of 5-HT enhancing drugs (such as SSRIs) in reducing
reactive aggression. There is also a positive feedback loop between glucocorticoid secretion and reactive
aggression, such that exposure to stressors increases the probability of aggressing. The very act of fighting is
itself a stressor, leading to increased secretion of glucocorticoids. In contrast, glucocorticoid-deficient animals
exhibit abnormal forms of aggression, fighting when they are far larger than their opponent and directing attacks
towards vulnerable targets such as the head. Activity in neurons of the central nucleus of the amygdala and
paraventricular nucleus (PVN) of the hypothalamus is strongly enhanced while the restraining influence of raphe
5-HT neurons is removed. This lack of a relationship between 5-HT activity and abnormal aggression explains
the failure of 5-HT-acting drugs to inhibit this form of aggression. Since 5-HT modulates the excitability of
neurons in the amygdala, an effect that is glucocorticoid dependent, reduced efficacy of 5-HT to inhibit cellular
activity may underlie the increased activation of the amygdala in glucocorticoid-deficient animals.

\
of E

tion which could lead to abnormal aggression. Indeed, Van Although caution should be exercised in extrapolating from
Goozen, Matthys, et al. (2000) showed that children with DBD,animal models to human behavior, it is possible to speculate that
although showing no cortisol response to frustration and provocareduced basal cortisol levels and/or a failure in the ability of
tion, reported significantly more intense negative emotions tharantisocial children to activate their HPA axis in response to stress
did healthy control participants and also responded more aggresnay underlie their persistent aggressive behavior because they are
sively toward their opponent. Secondly, the animal findings fit oversensitive to stressful or fearful events, but at the same time do
with findings on social information-processing deficits in antiso- not take in (i.e., cognitively) or experience (physiologically) the
cial children: They appraise ambiguous or innocuous situations asegative consequences of their behavior. The animal studies also
threatening (e.g., Milich & Dodge, 1984), they underestimate thesuggest that if a normal pattern of cortisol reactivity to stress were
risks involved in potentially dangerous situations, and they over+einstated, this would reduce the level of aggression shown by
estimate their chances of success in enacting aggressive responségidren with DBDs. On the other hand, if it is true that one cause
(Matthys, Cuperus, & Van Engeland, 1999). Moreover, evidenceof HPA axis dysregulation relates to exposure to uncontrollable
from an emotion recognition study shows that children with psy-stress and unpredictable conflict, such as is the case in physical and
chopathic tendencies exhibited a selective impairment in the recsexual abuse or parental rejection, one can also see that a shutting
ognition of fearful and sad facial expressions (Blair, Colledge,down of the stress response may function as a protective mecha-
Murray, & Mitchell, 2001). This is in line with behavioral research nism in the cycle of violence.

showing that antisocial individuals are insensitive to cues of threat

or actual punishment (e.g., Newman & Wallace, 1993; Vang,cocorticoids and Memory in Antisocial Children

Goozen, Snoek, Matthys, Van Rossum, & Van Engeland, 2004).

Thus, antisocial children appear not only to interpret negative As well as playing an important role in the etiology of aggres-
emotional situations incorrectly, leading to impulsive aggressivesive behavior, glucocorticoid deficiencies may also be involved in
and hostile behavior, but they also fail to appraise the riskssome of the learning and memory difficulties experienced by
involved in displaying their aggressive behavior. children with antisocial behavior (Moffitt & Caspi, 2001; Raine et
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al., 2005; Vermeiren, De Clippele, Schwab-Stone, Ruchkin, &awakening response in DBD individuals because of the efficacy of
Deboutte, 2002). Glucocorticoids modulate memory processes in their feedback mechanisms.

complex fashion, and while many studies have demonstrated that Second, the effects of different types of stressors (for example,
exogenous and endogenous glucocorticoids are capable of impashame, fear, or pain) on cortisol responsivity should be examined
ing some aspects of memory performance (de Quervainto ascertain whether attenuated cortisol responses to stress are a
Roozendaal, Nitsch, McGaugh, & Hock, 2000; Kirschbaum, Wolf, general feature of DBD, or whether they are specific to situations
May, Wippich, & Hellhammer, 1996; Newcomer, Craft, Hershey, involving aggression. Third, HPA axis dysregulation has also been
Atkins, & Bardgett, 1994; Newcomer et al., 1999), there is alsoassociated with other psychiatric disorders (such as major depres-
evidence that endogenous glucocorticoids are capable of enhansive disorder and posttraumatic stress disorder). Therefore, the
ing memory performance under some conditions (Buchanan &iagnostic specificity of the pattern of HPA axis hypo(re)activity
Lovallo, 2001; Sandi, Loscertales, & Guaza, 1997; Shors, Weissin persistently antisocial children should be investigated using
& Thompson, 1992). This is particularly true when the memory different child psychiatric groups (see Snoek et al., 2004).

tests in question involve the presentation of emotionally arousing Fourth, although the measurement of salivary cortisol, as carried
material (Buchanan & Lovallo, 2001). Furthermore, a recent studyout in most studies, provides us with information on HPA axis
found improved memory performance in women who exhibited areactivity, cortisol is secreted by the adrenals and therefore reflects
noticeable cortisol response under test conditions, relative to thosa relatively late response. It would therefore be interesting to
who did not show a cortisol increase (Domes, Heinrichs, Reichinvestigate the functioning of higher levels of the HPA axis, for
wald, & Hautzinger, 2002). There are also several studies from thexample, at the level of the pituitary (ACTH) and/or the hypothal-
animal literature that demonstrate that corticosteroids exert a faamus (CRH). This might be achieved through CRH challenge tests
cilitatory effect on memory performance (Roozendaal, 2000), parto examine the sensitivity of pituitary CRH receptors.

ticularly involving aversive conditioning. Thus, the available evi-  Finally, it is not clear whether interactions between DHEA-S
dence suggests that glucocorticoid deficiencies could adverselgnd cortisol are altered in DBDs, although there is preliminary
affect our learning and memory abilities, particularly under con-evidence that DHEA concentrations are elevated in children with
ditions that involve learning from punishment which are normally antisocial behavior. Because the available evidence indicates that

accompanied by high arousal states. DHEA-S may moderate some effects of cortisol (Karishma &
Herbert, 2002) or even function to antagonize them (Kimonides et

Concluding Remarks on HPA Axis Activity in al., 1999), clarification of this relationship is important in under-

Aggressive Children standing the biological foundations of early-onset antisocial
behavior.

Several studies support the notion that HPA axis activity is
important in explaining the differences between disruptive,tha ANS
conduct-disordered, and nondisruptive children. In particular,
early-onset forms of DBD seem to be associated with a blunted or The ANS, through its sympathetic and parasympathetic
absent cortisol response to stress and reduced basal cortisol secbeanches, regulates critical life functions on a moment-to-moment
tion. However, there are some issues that require clarification. basis and governs the “fight or flight” reaction. In physiological

First, it is not clear whether antisocial children are characterizederms, the parasympathetic nervous system is concerned with the
by general hypoactivity of the HPA axis or whether their axis is conservation and restoration of energy; it causes a reduction in HR
specifically hyporesponsive during stress (or even during specifi@nd blood pressure, and it facilitates digestion and absorption of
types of stressful situations, such as those involving aggression awtrients, and consequently the excretion of waste products. In
threat). Future studies should characterize both basal cortisol levetontrast, the sympathetic nervous system enables the body to
and the cortisol response to stress within the same experimentglepare for fear, flight, or fight. Sympathetic responses include an
design. With respect to basal cortisol levels, the assessment of thiecrease in HR, blood pressure and cardiac output, a diversion of
24-hr cortisol rhythm would be the optimal strategy, becauseblood flow from the skin and splanchnic vessels to those supplying
studies have generally assessed cortisol levels at a single poiskeletal muscle, increased pupillary size, bronchiolar dilation, con-
during the day (or even failed to control for the point in the diurnal traction of the sphincter, and metabolic changes such as the
cycle at which the plasma or saliva sample was taken). Thus, it isnobilization of fat and glycogen. Like other neurons, those of
possible that negative findings in this respect merely reflect thehe ANS convey their messages to the appropriate end organs
choice of a sampling point at which hormone levels are similarby releasing transmitter substances to which the receptors of the
across groups and that determination of hormone levels at target cells are responsive. The most important of these trans-
different time point would yield contrasting results (Pajer & Gard- mitters are acetylcholine (parasympathetic) and norepinephrine
ner, 2004). In addition, studies characterizing the diurnal cycle of[NE] sympathetic).
cortisol in children with DBD would be useful because they would
provide indirect information about the mechanisms of ”egati"eArousaI Theories of Aggression
feedback regulation operating in these individuals. For instance, it
would also be instructive to examine the cortisol awakening re- An extensive body of research has accumulated on ANS corre-
sponse in these individuals (typically, salivary cortisol concentradates of antisocial, delinquent, criminal, psychopathic, and violent
tions show a 50%—160% increase relative to waking levels withinbehavior. In particular, SC and HR have frequently been used to
30-45 min of awakening (Clow, Thorn, Evans, & Hucklebridge, assess the extent of autonomic arousal (Ortiz & Raine, 2004;
2004), as one might expect a reduced, or more rapidly terminatedRaine, 1993, 1996). HR reflects both sympathetic and parasympa-
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thetic nervous system activity, unlike SC activity, which reflects negative correlations with clinical measures of antisocial behavior.
only sympathetic processes. One influential psychophysiologicaDf interest, autonomic hypoarousal is another characteristic of the
theory of antisocial behavior is that antisocial individuals areglucocorticoid-deficiency model developed by Haller and col-
chronically underaroused (Raine, 1993, 1996). There are two maileagues (described above; Haller et al., 2001, 2004; see Figure 2).
theoretical interpretations of reduced arousal in antisocial individdn addition to abnormal fighting patterns, these animals showed
uals. The fearlessness theory claims that low levels of arousal amauch smaller HR increases following exposure to a social stressor
markers of low levels of fear (Raine, 1993). Fearless children ar¢han controls (Haller et al., 2004). They also exhibited lower HR
more likely to engage in physical fights to obtain rewards andresponses in a nonsocial stress test, the elevated-plus maze, which
social status because they are not concerned about the negatigethought to measure anxiety-like behavior. This appears consis-
consequences of their aggressive actions (e.g., punishment lgnt with the fearlessness interpretation of low autonomic activity
authority figures or physical injury). in antisocial behavior.

A second theory of reduced arousal is the stimulation-seeking Results of a recent meta-analysis indicate that low resting HR is
theory (Zuckerman, 1979), which argues that low arousal repreene of the best-replicated biological markers of antisocial and
sents an aversive physiological state and that individuals witraggressive behavior in childhood and adolescent community sam-
tonically low arousal levels seek out stimulation to raise theirples, with an average effect size 6f0.44 from 40 independent
arousal to an optimal or normal level. According to this view, studies comprising a total of 5,868 children (Ortiz & Raine, 2004).
antisocial behavior is a form of sensation seeking, in that commitThe effect size for those studies measuring the increase in HR
ting an assault, stealing a car, or perpetrating a robbery could beuring a stressor was even greater in magnitud®.76 from 9
stimulating for certain individuals. independent studies). There is also some indication that low HR is
diagnostically specific to antisocial behavior, as no other psychi-
atric conditions have been linked to reduced HR. Further evidence
for this assertion comes from studies that included a psychiatric

In a 9-year follow-up study, Raine, Venables, and Williams control group: These yielded an effect size ©0.45 (Ortiz &
(1990) found significantly lower ANS (lower HR and SC) activity Raine, 2004). The low HR-aggression relationship also appears
in adolescents who were convicted of crimes during the intervenindependent of any links with the comorbid condition of hyperac-
ing period. Furthermore, a longitudinal study by the same grougivity (Scarpa & Raine, 1997). In another recent meta-analysis,
carried out in Mauritius demonstrated that low basal HR at age 3.orber (2004) found that conduct problems in children were as-
years was consistently associated with increased aggressive behaociated with lower resting HR but increased HR reactivity. Con-
ior at age 11 (Raine, Venables, & Mednick, 1997). However, thereduct problems were also associated with lower levels of SC, both
have also been studies that failed to demonstrate a relationshigt rest and during task performance (Lorber, 2004). It is worth
between HR and levels of aggressive or antisocial behavionoting that conduct problems in adolescents were accompanied by
(Fowles & Furuseth, 1994; Raine & Venables, 1984). The studies similar constellation of HR abnormalities, but no robust differ-
on children with CD reviewed by Lahey, McBurnett, Loeber, and ences in SC levels were observed in this group. A final point of
Hart (1995) generally indicate lower levels of ANS activity in interest is that the pattern of autonomic deficits observed was quite
these children. laboni, Douglas, and Ditto (1997) also found lowedifferent in children and adolescents with conduct problems, as
levels of ANS activity in children with ADHD with or without compared with psychopathic adults, who showed reduced basal SC
CD/ODD. In one follow-up study, SC level was significantly levels, reduced SC levels during task performance, and lower SC
negatively correlated with later institutionalization (Kruesi et al., reactivity, but no consistent differences in resting HR or HR
1992). A recent longitudinal study also showed that low basal SGQeactivity (Lorber, 2004). Thus, although there is some degree of
level, measured in childhood, was the best predictor of poorcontinuity between CD in childhood/adolescence and APD or
outcome and serious antisocial behavior in adolescence, evgrsychopathy in adulthood (Lynam, 1996), there are also important
within a study group who all met diagnostic criteria for DBD in discontinuities in terms of the psychophysiological correlates of
childhood (Van Bokhoven, Matthys, Van Goozen, & Van Enge-these conditions.
land, 2005). However, Zahn and Kruesi (1993) found no evidence To summarize, these meta-analyses provide strong evidence that
of lower ANS baselines in boys with CD/ODD and/or ADHD, low resting HR and SC levels are robust correlates of antisocial
although ANS reactivity was lower. Garralda, Connell, and Taylorbehavior in children. There is less agreement regarding the direc-
(1991) studied patterns of SC and HR to sounds and situations wittion of changes in HR reactivity or HR during stress, but lower SC
varying emotional and alertive connotations. They found thatlevels during task performance are also consistently associated
children with emotional disorders were particularly reactive towith conduct problems in children. Findings in adolescents appear
situations with aversive components, whereas children with CDto be restricted to HR changes, whereas studies of adult psycho-
showed enhanced reactivity to reward situations and lowered repaths fail to show consistent changes in HR but document a
sponses to neutral situations. In two studies, Van Goozen, Matthysyidespread pattern of reduced electrodermal activity.
Cohen-Kettenis, Gispen-de Wied, et al. (1998) and Van Goozen,

Matth_ys, et al. (2000) found that children with C_D/ODD had lower Neurotransmitters

baseline levels of HR and SC compared with healthy control

children. The first study showed that HR levels during provocation We now review the role of different neurotransmitters, in par-
and frustration were higher in the children with CD/ODD than in ticular serotonin (5-HT), in antisocial behavior, again by first
the control participants. In the second study, the importance oéxamining the evidence in adults with antisocial personality, be-
baseline levels of SCL was demonstrated by highly significantfore going on to present and critique relevant findings in children.

Empirical Findings
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This section ends with a discussion of the theoretical and clinicakeverity of the aggression that is exhibited by the individual. It is
implications of these data. Although between 50 and 100 moletherefore possible to speculate that 5-HT is involved in restraining
cules have been identified as neurotransmitters in the CNS, onlpgrepotent impulses towards aggressive behavior. However, how
the monoamines (i.e., 5-HT, NE, and dopamine [DA]) have beerb-HT activity exactly influences aggressive or impulsive behavior
systematically studied with respect to human aggression, and dh humans is not yet understood.
these three monoamines, the most extensively studied is 5-HT. In Returning to animal research, Haller, Mikics, Halasz, and Toth
this review, we only discuss the role of 5-HT in antisocial (2005) recently suggested that the role of serotonin could be
behavior* different in normal and hypoarousal-driven aggression (see Figure
2). They showed that there was an inverse relationship between
activation of 5-HT neurons in the dorsal raphe nucleus and attacks
on nonvulnerable targets (offensive aggression), which is consis-
The 5-HT system is one of the most widely distributed neuro-tent with an inhibitory influence of 5-HT. In contrast, there was no
transmitter systems in the brain. The majority of 5-HT-containingrelationship between 5-HT neuronal activation and attacks on
neurons is localized along the midline of the brainstem and givesulnerable targets (this is considered an abnormal pattern of ag-
rise to long axons that innervate a huge variety of projection areagression consistent with defensive aggression or predator-like be-
throughout the nervous system, from the spinal cord to the cortexhavior). In addition, lesions of the raphe nuclei have been shown
Forebrain 5-HT is derived almost entirely from neurons located into modulate offensive but not defensive aggression (de Bruin, Van
the dorsal and median raphe nuclei of the midbrain (Jacobs &yen, & Van de Poll, 1983). These findings are interesting be-
Azmitia, 1992). Prominent forebrain terminal regions include thecause it is well known that serotonergic medication (effective in
hypothalamus, frontal cortex, hippocampus, amygdala, and striareducing aggression in certain personality disorders), has little or
tum (Jacobs & Azmitia, 1992; Lucki, 1998). The number of no effect on aggression in conduct and APDs (reviewed below).
recognized 5-HT receptors has increased in the past 2 decadddaller et al. (2005) suggested that the reduced influence of 5-HT
reaching a total of 14 different receptors which have been classiin hypoarousal-driven aggression could be due to the overriding
fied into seven receptor families (5-HT) on the basis of their effects of central amygdala activation or changes in prefrontal
structural, functional, and to some extent, pharmacological chareortical functioning. Alternatively, it is possible that low glucocor-
acteristics (Barnes & Sharp, 1999). Since the discovery of 5-HT irticoid secretion impairs the functioning of the 5-HT system, which
the brain, the amount of research on this neurotransmitter hasxplains the low efficacy of raphe neurons in controlling aggres-
expanded enormously. 5-HT has been shown to influence a broaglon under these circumstances.
range of physiological and psychological processes, such as car-
diovascular function, respiration, and thermoregulation and a vagmpirical Findings

riety of behavioral functions, including circadian rhythm entrain- ) ]
ment, the sleep-wake cycle, appetite, sexual behavior, A substantial body of evidence has suggested that 5-HT plays a

sensorimotor reactivity, pain sensitivity, learning and aggressiori®/€ in aggression directed towards others, other people’s property
(Lucki, 1998). It is therefore not surprising that changes in the(€-g-, arson), and oneself (e.g., suicide). Clinical and preclinical
functioning of the 5-HT system are implicated in a wide range ofStudies together suggest that a decrease in 5-HT function relates to
psychiatric disorders. These disorders include depression, anxietycreased aggression (see Tuinier, Verhoeven, & Van Praag, 1995,
disorders, schizophrenia, and anorexia nervosa. In addition, £t @ review of clinical findings; see Higley et al., 1992; Mehiman
less-structured range of impulse-related disorders or personalit§t &l-» 1994, for findings in nonhuman primates).

features including aggression, substance abuse, and gambling have

been associated with alterations of 5-HT function (Lucki, 1998). CSF 5-HIAA

The Serotonergic System

) Most neurochemical studies have found an inverse relationship
5-HT and Aggression between CSF 5-hydroxyindoleacetic acid (5-HIAA; a major me-
tabolite of 5-HT) concentrations and aggressive behavior. Brown

In an influential thesis, Spoont (1992) argued that 5-HT stabi- .
. . . S L and colleagues were among the first to demonstrate low CSF
lizes information processing in neural systems, resulting in con-

trolled behavioral, affective, and cognitive output, whereas distur-

bances .in 5"'_|T activity result in altered information processing 1 Although biochemical studies in antisocial children (Kruesi et al.,
tendencies. High levels of 5-HT were proposed to lead to excessivegao, 1992; Rogeness, Javors, & Pliszka, 1992) have not provided clear
restraint, cognitive inflexibility and anxiety, whereas low levels evidence of a relationship between NE or DA, on the one hand, and
were thought to lead to behavioral disinhibition and distractibility. aggressive behavior, on the other, clinical findings have supported an
Coccaro and Kavoussi (1996) proposed a model for impulsivénvolvement of these monoamines in aggressive behavior. One study
aggression in which the threshold for aggressive action, given thé<!€in et al,, 1997) showed that methylphenidate, which stimulates the
proper environmental circumstances, is modulated by overall 5_H-felease of NE and DA, reduced antisocial behavior reports in children with

system function. Diminished serotonergic function is thought toCP independent of ADHD symptoms. Moreover, the knowledge that the
reward system in the brain and DA are implicated in the neurobiology of

disinhibit aggression directed against the self and others, perha%?idiction (Dackis & O’Brien, 2001) and that children with CD are at
by sharpening sensitivity to stimuli that elicit irritation and aggres- ¢onsiderable risk of substance abuse (Kazdin, 1995) is consistent with an
sion and blunting sensitivity to cues that signal punishmentinyolvement of DA in the modulation of aggressive behavior in children.
(Spoont, 1992). In addition, there appears to be a positive relamore research is needed to clarify the precise role of NE and DA in the
tionship between the degree of 5-HT system impairment and th@stigation and regulation of aggressive behavior in children.
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5-HIAA levels in aggressive, personality-disordered subjectsand aggressive behavior in personality-disordered patients (Coc-
(Brown et al., 1982; Brown, Goodwin, Ballenger, Goyer, & Major, caro, Kavoussi, Cooper, & Hauger, 1997).

1979). Inverse relationships between CSF 5-HIAA and aggressive To date, only three studies have measured 5-HIAA in CSF in
or violent behavior have been reported in a number of antisociathildren (Castellar® et al., 1994; Kruesi et al., 1990, 1992; see
and both clinical and nonclinical samples, including alcoholic Table 3). Kruesi et al. (1990) found that children with DBD and/or
individuals (Limson et al., 1991), arsonists (Virkkunen, Nuutila, ADHD had lower 5-HIAA levels compared with children suffering
Goodwin, & Linnoila, 1987), men who murder their sexual part- from obsessive-compulsive disorder. CSF 5-HIAA concentrations
ners (Lidberg, Tuck, Asberg, Scalia-Tomba, & Bertilsson, 1985),were also inversely correlated with ratings of aggressive behavior
and research volunteers without psychopathology (Roy, Adinoffjn the disruptive group. At the 2-year follow-up, CSF 5-HIAA

& Linnoila, 1988). It has been suggested that a deficit in 5-HT levels were found to be a predictor of the severity of physical
availability and/or turnover is mainly associated with impulsive aggressive behavior and poor outcome (Kruesi et al., 1992). In
forms of aggression. For example, Linnoila et al. (1983) found thaicontrast, Castelldrsoet al. (1994) found in their study of 29 boys
impulsive violent offenders (with an APD) had lower CSF with ADHD that CSF 5-HIAA levels were positively correlated
5-HIAA levels than offenders who had committed nonimpulsive, with measures of aggression and impulsivity. The authors noted
premeditated acts of violence. However, there are also studies th#tat their ADHD group was more hyperactive and less aggressive
failed to find an inverse relationship between CSF 5-HIAA levelsthan the Kruesi et al. (1990) sample and speculated that 5-HT

Table 3
Studies on Central 5-Hydroxytryptamine (5-HT) Indices of Aggression in Aggressive Children and Adolescents
Participants
Mean age Age range
Study 5-HT index Sample (years) (years) Outcome
Kruesi et al. CSF-5-HIAA 29 ADHD, ODD or CD 6.7-17.4 ADHD, ODD, or CB. OCD; No correlation
(1990) 43 OCD 6.5-19.8  with CBCL aggression; negative correlation
with DICA aggressionr(= —.40)
Stoff et al. PRL response to 15 male prepubertal CD/ODE 10.2 No differences, no correlations with
(1992) dI-fenfluramine ADHD aggression ratings
8 male adolescent CD/ODEx 14.7
ADHD
8 male adolescent HC 15.3
Kruesi et al. CSF-5-HIAA 2-year prospective study of 29 Predictive for physical aggression € —.53)
(1992) ADHD, ODD or CD
Castellane et CSF, plasma, 29 boys with ADHD with or 9.2 Positive correlation between CSF-5-HIAA and
al. (1994) urinary 5-HIAA without CD/ODD Brown-Goodwin scale for Aggression &
.42) and CBCL delinquency (= .42) and
externalizing = .38)
Halperin et al. PRL response to 25 ADHD boys: ADHD/aggressive- ADHD/nonaggressive
(1994) dI-fenfluramine 10 ADHD/aggressive and 8.6
15 ADHD/nonaggressive 8.5
Halperin et al. PRL response to 25 ADHD boys: No differences
(21997) dI-fenfluramine 13 ADHD/aggressive and 9.5
12 ADHD/nonaggressive 9.5
Pine et al. PRL reponse to 34 younger brothers of convicted 10.0 Positive correlation with CBCL aggression
(1997) dI-fenfluramine delinquents: 13 CD/ODD, 5 (r = .48) and externalizingr(= .47)

ADHD, 16 other psychiatric
diagnoses or no diagnosis

Donovan et al. Thermal response to 27 ADHD prepubescent boys Negative correlation with teacher ratings of
(1999) dI-fenfluramine aggression
Soloff et al. PRL/CORT 36 participants: 19.4 No differences between AUD and HC; AUD
(2000) response to dl- 18 AUD, of whom 9 with comorbid  16.0 + CD had elevated CORT response; CORT
fenfluramine CD, and 18 HC response correlated positively with
measures of aggression
Schulz etal. PRL response to 46 boys: 7-11 No differences
(2001) dI-fenfluramine 13 nonaggressive ADHD 9.3
28 aggressive ADHD 9.3
5 aggressive without ADHD 104
Snoek et al. GH response to 35 children: 20 DBD and 15 HC 7-12 DBB HC
(2002) sumatriptan

Note. 5-hydroxytryptamine= serotonin; CSF= cerebrospinal fluid; 5-HIAA= 5-hydroxyindoleacetic acid; ADHDG= attention-deficit/hyperactivity
disorder; ODD= oppositional defiant disorder; CB conduct disorder; OCB- obsessive compulsive disorder; DIGADiagnostic Interview for Children
and Adolescents; PRE Prolactin; HC= normal controls; CBCL= Child Behavior Checklist; CORF cortisol; AUD = alcohol use disorder; GH
growth hormone; DBD= disruptive behavior disorder.
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measures may only correlate negatively with aggression in group&000) on children of alcoholic parents found that puberty mod-
of children with a core aggression problem. These contrastingrated the relationship between 5-HT (whole blood 5-HT) and
results on CSF 5-HIAA in different groups of externalizing chil- aggression, with a relationship found in pubescent children but not
dren suggest that the 5-HT-aggression hypothesis could depend am prepubescent children.
various factors, including the severity of the aggressive behavioral Although these studies on various peripheral 5-HT measures
problems and the precise characteristics of the sample (e.g., diagrovide evidence for a relationship with aggressive behavior, it is
nostic status, age group). important to note that some authors have argued that peripheral
measures of 5-HT functioning may not be related to central 5-HT
measures (Mann, 1995). However, it could also be argued that if
5-HT dysfunction is a trait marker of aggression, and if it is caused
The advantages of peripheral measures of 5-HT function are thdty disorders in the synthesis or breakdown of 5-HT, it should also
they are minimally invasive and therefore especially useful forbe readily apparent in peripheral measures (Van Goozen et al.,
research in children. Peripheral measurement strategies involvE999). Nevertheless, it is not entirely clear how the various pe-
assaying whole blood 5-HT and measuring 5-HT receptors occurripheral 5-HT measures relate to each other and to indices of
ring on blood platelet cells (platelet imipramine or paroxetine central 5-HT functioning. It is, therefore, difficult to compare the
binding site density). These latter elements appear to be similar teesults of the different (central and peripheral) studies and to
those in the brain and have been used as indexes of either prdetermine the direction of the relationship between 5-HT and
or postsynaptic central 5-HT receptor functioning (Berman,aggressive behavior, particularly in children. Measuring peripheral
Kavoussi, & Coccaro, 1997). and central 5-HT measures simultaneously in the same individuals
Platelet imipramine binding parameters in children with CD should shed some light on this important issue.
have been shown to be inversely correlated with aggressive be-
havior as measured by tht_e.ChiId Behavior C_hecklist (Birmaher ebharmacological Challenge Studies
al., 1990; Stoff, Pollock, Vitiello, Behar, & Bridger, 1987). These
results are comparable with the negative relationship reported Pharmacochallenge measurement techniques provide a useful
between platelet tritiated paroxetine binding and aggression irlternative method of assessing the relationship between central
adult patients with personality disorder (Coccaro, Kavoussi, Shes-HT and aggression. Using a pharmacochallenge paradigm, one
line, Lish, & Csernansky, 1996). However, in a further study, Stoff can obtain information about the dynamic functioning of neuroen-
et al. (1991) failed to demonstrate this inverse relationship, possidocrine or neurotransmitter systems in the brain, such as the 5-HT
bly because of insufficient statistical power of the study or to thesystem. In this method, a single dose of a centrally active agent
less severe CD symptomatology in the sample. Blumensohn et alhat stimulates one specific neurotransmitter system is adminis-
(1995) found lower platelet ketanserin binding in delinquent ado-tered and an acute change in behavior or in circulating pituitary
lescents than in matched control participants, suggestive of eithdrormones is used as an index of synaptic activation by the agent.
low density or low affinity of the platelet 5-Hj, receptor. Pine et  In these procedures, the site of action of the agent used is impor-
al. (1996) confirmed this finding of low density of 5H] recep tant; that is, are the effects mediated specifically by postsynaptic
tors in boys whose parents had histories of either substance abuseechanisms, or a combination of pre- and postsynaptic ones? For
or incarceration. These findings of low 5-EJ receptor binding example, the prolactin (PRL) response to acute challenge with
contrast with the results of a study by Coccaro, Kavoussi, Shelingenfluramine is thought to reflect the integrated result of pre- and
Berman, and Csernansky (1997), which showed a positive relgpostsynaptic 5-HT mechanisms, as it causes 5-HT to be released
tionship between 5-HJ, receptor binding and self-reported-as into the synapse and also blocks its reuptake.
saultiveness in personality-disordered adults. In adults with personality disorders, the PRL response to fen-
Moffitt et al. (1998) found support for a positive relationship fluramine has been found to be inversely correlated with aggres-
between whole blood 5-HT and violence in an epidemiologicalsion, impulsivity, and irritability (e.g., Coccaro, 1989; Coccaro et
study. Studies of aggressive children using whole-blood 5-HTal., 1989; Coccaro, Kavoussi, Cooper, & Hauger, 1997). Similarly,
assays have yielded mixed results: Some reported a negativ@’Keane et al. (1992) reported a blunted PRL response to fenflu-
correlation with aggression (Hanna, Yuwiler, & Coates, 1995);ramine challenge in convicted murderers diagnosed as having
others found higher levels or positive relationships with whole APD relative to healthy control participants. The inverse relation-
blood 5-HT (Hughes, Petty, Sheikha, & Kramer, 1996; Pliszka,ship between PRL response to fenfluramine and aggressive behav-
Rogeness, Renner, Sherman, & Broussard, 1988; Unis et al., 199i9r, however, has not been universally replicated. Fishbein, Lozo-
or no differences compared with healthy or psychiatric controlvsky, and Jaffe (1989) found a positive correlation between PRL
participants (Cook, Stein, Ellison, Unis, & Leventhal, 1995; Roge-response to fenfluramine and self-reported aggressive behavior in
ness, Hernandez, Macedo, & Mitchell, 1982; see Table 4). Withsubstance abusers.
respect to whole blood 5-HT, it is important to note that this 5-HT As mentioned above, the PRL response to fenfluramine chal-
measure might be inversely related to CSF 5-HIAA (McBride etlenge provides an index of the net 5-HT functioning, rather than
al., 1989). In two studies, Van Goozen, Matthys, Cohen-Kettenisinformation about the functioning of specific postsynaptic recep-
Westenberg, and Van Engeland (1999) found that plasma 5-HIAAors. A few studies have investigated the effects of agonist probes
was significantly lower in children with DBD than in healthy that specifically stimulate postsynaptic receptors in aggressive
control children and strongly inversely correlated with aggressiorindividuals. For example, Coccaro, Gabriel, and Siever (1990)
as observed by others and as elicited experimentally. A relativeljound an inverse relationship between the PRL response to a
recent study by Twitchell, Hanna, Cook, Fitzgerald, and Zuckerchallenge with buspirone, an agonist that stimulates postsynaptic

Peripheral Measures of 5-HT
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Table 4
Studies on Peripheral 5-Hydroxytryptamine (5-HT) Indices of Aggression in Aggressive Children and Adolescents

Participants

Mean age Age range

Study 5-HT index Sample (years) (years) Outcome
Rogeness et Whole blood 5-HT Male boys: 9 CD/socialized, 16 CD/ No differences
al. (1982) unsocialized, and 20 HC 7-13
Stoff et al.  PlateletH-imipramine 17 CD/ADHD 10.8 CD< HC; negative correlation with CBCL
(1987) binding 15 HC 10.7 aggressionr(= —.72), delinquencyr(=
—.70) and externalizingr(= —.72)
Pliszka et Whole blood 5-HT Male adolescent offenders: CD and CD/MDD/Anxiety
al. (1988) 19 CD 15.3 MDD/Anxiety; positive correlation with
8 CD/MDD/anxiety 15.7 CD (r = .53)
17 MDD/anxiety 12.4
Birmaher et  PlatelefH-imipramine 23 boys: 7 CD and 16 CD/ADHD 12.6 Negative correlation with CBCL aggression
al. (1990) binding (r = —.50), externalizingrn( = —.48),
hostility (r = —.53) and total behavior (
= —.47)
Stoff et al. PlateletH-imipramine 42 boys with CD/ODD+ ADHD No differences
(1991) binding or ADHD alone and 9.5
26 HC 10.2
Blumensohn Platelet 5-HT A 28 male adolescent delinquents with CD < HC
et al. binding H- CD 16.1
(1995) ketanserin binding) 76 male HC 15.2
Cook et al.  Whole blood 5-HT 22 ADHD children 9.9 No differences
(1995) 30 ADHD + CD/ODD children 8.2
Hanna et al. Whole blood 5-HT 6 OCD/DBD boys 145 OCD/DBE OCD; negative correlation
(1995) 12 OCD boys and girls 13.3 with CBCL aggressionr(= —.63) and
externalizing { = —.59)
Hughes et  Whole blood 5-HT 30 mood disorder 14.4 Behavior disordeHC > mood and mixed
al. (1996) 27 behavior disorder 13.3 disorder
47 mixed mood/behavior disorders 14.1
14 HC 15.4
Pine et al. Platelet 5-HT 5 34 younger brothers of convicted Boys whose parents had history of substance
(1996) binding H- delinquents 8.3 abuse or incarceratio boys of parents
lysergic acid without such a history; no relation with
diethylamide diagnoses of CD/ODD/ADHD
binding)
Unis et al. Whole blood 5-HT 29 CD/childhood onset 14.7 Whole blood 5-HT: CD/child onse€D/
(1997) and plateletH- 13 CD/adolescent onset 15.0 adolescent onset; positive correlation with
paroxetine binding violence rating
Van Goozen Plasma 5-HIAA Study 1: CD< HC; negative correlation with CBCL
et al. 15 CD/ODD 10.2 aggression and delinquency in Studyrl (
(1999) 25 HC 9.6 = —.45 andr = —.44) and Study 2r(=
—.61 andr = —.59)
Study 2:
22 CD/ODD 10.1
25 HC 10.2
Twitchell et Whole blood 5-HT 62 children of alcoholics Negative correlation with CBCL
al. (2000) disinhibition ¢ = —.54) in pubescent

children g = 48), but not in prepubescent
children o = 14)

Note. 5-hydroxytryptamine= serotonin; CD= conduct disorder; HG= normal control subjects; ADHD= attention-deficit/hyperactivity disorder;
CBCL = Child Behavior Checklist; MDD= major depressive disorder; ODB oppositional defiant disorder; OCB obsessive compulsive disorder;
DBD = disruptive behavior disorder.

5-HT, 5 receptors, and indices of impulsive aggression. HoweverPanzak, 1990). No differences in PRL response to m-CPP, how-
the PRL response to buspirone may actually be mediated bgver, were found in aggressive patients with panic disorder or
dopaminergic, rather than serotonergic, mechanisms (Maskall, Ziglepression compared with nonaggressive patients (Wetzler, Kahn,
Lam, Clark, & Kuan, 1995), so buspirone is not an ideal probe ofAsnis, Korn, & Van Praag, 1991). It is important to bear in mind
5-HT function. In another study, men with APD were found to that the presence of depression (Coccaro et al., 1989), substance
exhibit a significantly reduced PRL response to meta-abuse (Fishbein, Lozovsky, & Jaffe, 1989), or anxiety disorders
chlorophenylpiperazine (m-CPP), another postsynaptic 5-HT refWetzler et al., 1991) may influence the direction or the degree of
ceptor agonist, compared with control subjects (Moss, Yao, &the relation between challenge indexes of 5-HT and aggression.
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In addition, reduced 5-HT postsynaptic receptor sensitivity is5-HT, 5,15 receptor agonist, sumatriptan (Snoek et al., 2002). This
at variance with findings of lower CSF 5-HIAA and lower PRL receptor subtype is of particular interest because animal studies
responses to fenfluramine. Specifically, if low CSF 5-HIAA have suggested that 5-Hd;, , receptor has a privileged role in the
reflects a decreased 5-HT metabolism and if low PRL responsestiology of aggression (see below). Consistent with previous re-
to fenfluramine can be interpreted as a decreased release pbrts of 5-HT abnormalities in children with DBD and aggressive
5-HT, one would expect to find a postsynaptic receptor hyper-adults, the study demonstrated that the growth hormone response
sensitivity. A postsynaptic receptor hyposensitivity would be to sumatriptan was enhanced in children with DBD (Snoek et al.,
more consistent with a chronic excessive release of 5-HT. Som2002). This suggests that the sensitivity of postsynaptic 5gH5
challenge studies (the majority using fenfluramine) have beemeceptors is increased in children with DBD, perhaps as a result of
conducted in aggressive children or adolescents (see Table & primary deficit in brain 5-HT levels, which subsequently leads to
and the findings are less clear cut than those in aggressivepregulation of 5-HT receptor number.
adults. In the studies of Halperin et al. (1994, 1997) a signifi- In summary, although some pharmacochallenge studies in
cantly enhanced PRL response to fenfluramine was observed ichildren provide evidence for a relationship between 5-HT and
young K 9.1 years) aggressive ADHD boys, whereas the olderaggression, the results of the majority of these studies appear to
(> 9.1 years) aggressive ADHD boys did not show an elevatede in the opposite direction (with four studies showing an
response. The authors suggested that aggressive ADHD chiklevated hormonal response or a positive relationship and one
dren, who initially have an enhanced PRL response to fenflustudy showing a negative relationship between 5-HT and ag-
ramine, do not undergo typical developmental changes in 5-HTgression) compared with the results in aggressive adults. These
function and subsequently have a blunted response. In line witkliscrepant findings may result from an aberrant development of
this pattern of enhanced responsivity are the results of Pine éghe 5-HT system in aggressive children (Halperin et al., 1997;
al.’s (1997) study, which investigated the serotonergic functionPine et al., 1997). However, the samples of the above-
in 34 younger brothers of convicted delinquents. They foundmentioned studies consisted largely of children with comorbid
that aggressive behavior, but also adverse rearing circumADHD, and only two studies used a healthy control group as
stances, were positively correlated with the PRL response t@omparison (Snoek et al., 2002; Soloff et al., 2000). Moreover,
fenfluramine challenge. Castellanet al. (1994) also demon- the distinction between aggressive and nonaggressive groups
strated an increased PRL response to fenfluramine administravas based mostly on questionnaire results and not on a positive
tion in children with ADHD. Furthermore, an elevated cortisol or negative diagnosis of DBD. Because prevalence rates of
response to fenfluramine has been found in adolescents withomorbid ADHD and DBD range between 50% and 90%, it is
alcohol abuse disorder and comorbid CD compared with paralmost impossible to completely avoid this contamination with
ticipants with alcohol abuse disorder and no CD and healthyADHD in child psychiatric research samples. Future studies of
control participants (Soloff, Lynch, & Moss, 2000), although no children, however, should mainly focus on DBD samples be-
differences in the PRL response to fenfluramine were foundcause these disorders refer specifically to a pattern of aggres-
between these groups. sive behavior. DBD (with or without ADHD) and ADHD (with-

Stoff et al. (1992) found no relationship between the PRLout DBD) groups could be used to investigate possible
response to fenfluramine and aggression in prepubertal and addifferences in 5-HT activity between these diagnostic groups.
lescent boys with DBD with or without ADHD. In line with these In addition, a criticism of pharmacochallenge measures is that
results, a recent study by Schulz et al. (2001) failed to show ahe majority of probes currently in use lack specificity; that is, they
relationship between the PRL response to fenfluramine and agypically activate more than a single neurotransmitter system or
gression in clinically referred boys divided into nonaggressivereceptor subtype. Itis also difficult to determine whether hormonal
ADHD, aggressive ADHD, and aggressive non-ADHD groups.responses result from the stimulation of neurons (which would be
However, because the study did not include a healthy controén index of neurotransmitter receptor functioning) or whether the
group, it was not possible to exclude an association of central 5-HEffects are produced by the direct activation of the glands that
with some underlying, related construct like impulse control, amanufacture specific hormones (Coccaro & Kavoussi, 1994). The
symptom that is associated with ADHD and disruptive behavior indevelopment of selective neurotransmitter agonists that activate a
children, rather than physical aggression per se. The only fenfluspecific receptor subtype will therefore be important in under-
ramine challenge study supporting the negative relationship bestanding the origins of the hormonal responses in question and
tween 5-HT and aggression in children was conducted by Donowhy they are compromised in individuals with persistent antisocial
van, Halperin, Newcorn, and Sharma (1999). They found aand aggressive behavior.
significant inverse relationship between the temperature response
to fenfluramine and teacher ratings of aggression in prepubesce@ffect of Manipulations of the Serotonergic System on
ADHD boy§. However, they reported that the magnltude of theAggreSSion in Humans
hyperthermic response was unrelated to changes in plasma levels
of PRL and cortisol, suggesting that temperature and neuroendo- Establishing a causal relationship between low 5-HT levels and
crine responses to fenfluramine are mediated by distinct 5-HTaggression can be facilitated only by experimental studies in which
mechanisms. it is shown that manipulations of the serotonergic system have a

In addition to these studies examining the neuroendocrine redirect effect on aggressive behavior. Pharmacological manipula-
sponse to fenfluramine administration, which is likely to reflect thetion of the 5-HT system through tryptophan depletion or supple-
activation of several different 5-HT receptor subtypes, a recentnentation (tryptophan is an amino acid necessary for the synthesis
study has investigated the neuroendocrine response to the selectioe5-HT) resulted in changes in the predicted direction in aggres-
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sive individuals tested under laboratory conditions (Bjork, Dough-These findings are supported by the established antiaggressive
erty, Moeller, Cherek, & Swann, 1999; Bjork, Dougherty, Moeller, properties of a class of 5-HFE, receptor agonists (such as eltopr
& Swann, 2000). Various psychopharmacological agents includingzine), termederenicsin animals (de Almeida & Miczek, 2002;
antipsychotics, lithium, anticonvulsants, benzodiazepines, and an®livier, Mos, Van Oorschot, & Hen, 1995).
phetamines have been shown to alter aggressive behavior in adultsBecause of the variety of behavioral contexts in which antisocial
and children (Mann, 1995; McDougle, Stigler, & Posey, 2003; behaviors arise, and the diversity of neuromolecular mechanisms
Stoff & Vitiello, 1996). In addition to the effect of these agents on that contribute to these behaviors, we expect that numerous alleles
several different neurotransmitter systems, many of them mawill be found to influence aggressive and antisocial behavior.
have marked effects on the 5-HT system. A few studies investiAggression alleles per se (in other words, influencing aggression
gating the anti-aggressive effect of agents that primarily affect thesut nothing else) probably do not exist, but there are some alleles
5-HT system, like selective serotonin reuptake inhibitors (SSRIS)that have been associated with aggression or aggression-related
have demonstrated their efficacy in reducing aggression in aduliiisorders’> For example, a point mutation in the monoamine-oxi
psychiatric patients (Coccaro & Kavoussi, 1997; Fava et al., 1993gase A gene (MAO-A is an enzyme that breaks down 5-HT, NE,
Kavoussi, Liu, & Coccaro, 1994; Salzman et al., 1995). and DA) was described in a Dutch family with borderline mental
In children, however, the results are less clear. Controlled studretardation and intermittent explosive aggression (Brunner, Nelen,
ies of the effects of serotonergic agents on aggression in pediatrigan zandvoort, et al., 1993; Brunner, Nelen, Breakefield, Ropers,
samples are few in number. Most of the available data come frong van Oost, 1993). Although this appears to be an extremely rare
single case reports and open label trials in limited numbers otondition, recent studies have shown that polymorphisms in the
patients. Two open label studies have described favorable effeciyao-A gene may also be important in the etiology of antisocial
of trazodone in the treatment of aggressive behavior in pediatrigehavior, in combination with environmental factors such as ex-
inpatients (Ghaziuddin & Alessi, 1992; Zubieta & Alessi, 1992). nosure to maltreatment in childhood (Caspi et al., 2002). The low
One open pilot study showed a reduction in impulsive aggressioRtivity form of the MAO-A gene is found in approximately
in 11 children with DBD after treatment with the SSRI citalopram 3094350 of the population and does not constitute a genetic risk
(Armenteros & Lewis, 2002). However, one open label studyfactor by itself. However, antisocial behavior is observed in a very
found no improvement in aggressive behavior when investigating,igh proportion of individuals who both express the low activity

the effect of three different SSRIs (fluoxetine, paroxetine, andMAO-A gene and have experienced severe maltreatment or other
sertraline) on the aggressive behavior of 19 hospitalized adolescef;ms of chronic adversity in childhood (Foley et al., 2004).

psy(_:hiatric patients_(Constantino, Liberman, & Kincaid, 1997). InAlthough it is not understood why a reduction in functional

addition, an unpublished study showed that an 8-week treatmerhao_A activity should lead to a reduced tolerance to life stress
with the SS_R' fluvoxamine h_ad only limited effects_ On aggressiVe,ng environmental adversity, it has been reported that in MAO-A
and oppositional symptoms in a group of 15 hospitalized children ot mice there are marked elevations in 5-HT concentra-
with DBD (Snoek, 2002). Fluvoxamine also did not affect the yqq i the developing brain (Cases et al., 1995). In light of the

growth. hormong response to the 5-HJp rfeceptor agqnig,t role 5-HT plays in shaping the developing brain, this deficiency in
sumatriptan, which suggests that changes in the sensitivity oK/IAO-A activity may have negative consequences for brain devel-

Ipoi_tsynapglc ‘:"HI‘?l’lD receftgri in ?BPS are re:alltlvelly I?gg;'_l_opment (Cases et al., 1996). Thus, it is possible to speculate that
asting and not easily corrected Dy restoring normal 1evels of - exposure to early adversity, which is known to cause subtle
Considered together, these drug intervention studies suggest tha]ianges in 5-HT functioning (Gartside, Johnson, Leitch, Troakes
currently available SSRI drugs are of limited use in the treatmen ' ' ' '

of children with DBDs. %('Ingr.am, 20035 Van ngl,.Van.Gem.ert, Meuer, & Jee2004), .
might interact with preexisting disruptions in 5-HT neurotransmis-

) sion resulting from low MAO-A activity to produce enhanced
The 5-HT,g Receptor and Serotonergic Genes impulsivity, aggressive behavior and even subtle brain abnormal-

As noted above, a total of 14 different 5-HT receptors have beer'1tles (Qqses ?’t al., 1995). . .
Variations in 5-HT measures related to aggressive behavior are

described (Barnes_& Sharp, 1999)' The;e varous SHT receptorlso thought to be genetically determined. One heritability study
subtypes may mediate aggressive behavior in different ways. Stud-""". d outin Rh K detected a heritability of
ies on rodents have suggested that 5:KTeceptor stimulation carried out In Rhesus macaque monkeys detected a hentablity o

leads to a decrease in aggressive behavior. Treatment with agonis%g% for CSF 5-HIAA levels (Higley et al., 1993). A study by

of this receptor (such as buspirone) reduced offensive aggressio yitchell et al, (200_1) on chilqren (?f alcoholic in(_jividugls sug-
(Mos, Olivier, Poth, Van Oorschot, & Van Aken, 1993). More- gested that aggressive behavior might be genetically influenced

over, in humans a reduced sensitivity of 5-HTreceptors is through the_regulation of the 5-HT tran;porter. In humans, antiso-
associated with impulsive aggression (Coccaro et al., 1990), anﬁ'aI alcohollsm has been foun.d t‘? be linked to the &Hﬁ_ene_
5-HT, receptor antagonists, which include most antipsychotic_(l‘appala'nen et al., 1998), Whlch_ls broadly consistent with find-
drugs, are known to have antiaggressive properties (Mann, 1995}9S In 5-HT,g receptor mutant mice.

More recently, in preclinical research there has been a special
interest in the 5-HTg rec._eptor (previously called 5-HF,; recep 2 Although several reports have suggested an association between do
tor as the human equivalent of the rodent 5;Treceptor).  ,amine receptor genes and personality traits such as novelty seeking,
Specifically, 5-HT,z knockout mice appear to be more aggressiveApHD, or alcohol abuse problems, these molecular genetic findings are
toward intruders than their conspecific wild-type mice (Bou- not discussed here because they are not related to aggression or CD per se
wknecht et al., 2001; Ramboz et al., 1996; Saudou et al., 1994hut instead to some of its related disorders (e.g., ADHD or alcohol abuse).
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Finally, an interesting extension to a genetic perspective orwith DBD suggests that these drugs are ineffective in this respect,
antisocial behavior was presented by Hariri et al. (2002), whait is possible that novel antidepressant drugs with actions on the
proposed that genetically driven variation in 5-HT transporter5-HT system will be useful in the treatment of DBDs.
function (short SLC6A4 allele) and subsequent excitability of the
amygdala_ to emotional stimuli may contribute to indivio!ua! (_Jlif- Interactions Between the 5-HT System and the HPA Axis
ferences in fear. The relevance of the amygdala and of individual
differences in sensitivity to fear is discussed below. So far, we have described evidence for reduced basal cortisol

In conclusion, it is probably true that the more severe andevels, attenuated cortisol reactivity, and 5-HT system impairments
persistent forms of antisocial behavior in humans are influenced byn children and adults with persistent antisocial behavior. It should
genetic factors, although environmental factors will also have abe noted that these systems interact at several levels. For example,
considerable role to play. Current molecular genetic findings sugactivation of postsynaptic 5-HT receptors in the hypothalamus
gest that an interaction between the low-activity form of the (particularly the 5-HT, and 5-HT,, subtypes) stimulates HPA
MAO-A gene and environmental adversity plays an important roleaxis activity and causes an elevation in ACTH and cortisol (Bagdy,
in the etiology of antisocial behavior. However, this represents justi996; Fuller, 1992). In humans, it has been shown that adminis-
part of the explanation, because only 30%—-35% of the populatiotration of the SSRI fluoxetine for 6 days enhances the cortisol
carries this form of the gene, and antisocial behavior is alsaesponse to awakening (Harmer, Bhagwagar, Shelley, & Cowen,
observed in those with the high activity form of the MAO-A gene 2003). Conversely, a disruption of 5-HT neurotransmission by
(Caspi et al., 2002). Still, the MAO-A and 5-HJ receptor genes tryptophan depletion impairs normal HPA axis functioning (i.e.,

will be interesting candidates for future research. the cortisol-elevating effect of a speech stressor was blunted;
Sobczak, Honig, Nicolson, & Riedel, 2002). Vielhaber et al.

Concluding Remarks on 5-HT Activity in (2005) showed that tryptophan depletion in the evening signifi-

Aggressive Children cantly lowered salivary cortisol levels the following morning.

Although these findings await replication, they have implications

Several, but not all, peripheral and central measures of 5-HTor the etiology of antisocial behavior, because it appears that
activity provide evidence for a role of this neurotransmitter in thecortisol reactivity is impaired when 5-HT neurotransmission is
modulation of antisocial behavior in children. The different 5-HT disrupted.
measures used in the studies complicate the interpretation of the In addition to the effects of 5-HT manipulations on HPA axis
findings, because the exact association between the various 5-Hictivity, there is a large body of evidence showing that glucocor-
indices (peripheral and central) is not fully understood. In adultsticoids modulate 5-HJ, receptor binding and messenger RNA
there is compelling evidence for an inverse relationship betweemxpression in animals (Chalmers, Kwak, Mansour, Akil, &
5-HT measures (CSF 5-HIAA and PRL response to fenfluraminéVatson, 1993; see Chaouloff, 1995, for a review). Recent evidence
challenge) and antisocial behavior, but the direction of the relahas suggested that 5-HJ receptor sensitivity in the dorsal raphe
tionship in children is less straightforward. The majority of the nucleus and the hippocampus may be altered by prolonged glu-
results of pharmacological challenge studies in children point to aocorticoid administration (Fairchild, Leitch, & Ingram, 2003;
positive relationship between the hormonal responses and aggreikarten, Nair, van Essen, Sibug, &J8e1999), and this may have
sive behavior. It has been suggested that age is an important factoonsequences for 5-HT neurotransmission in key projection re-
in explaining these inconsistent results and that antisocial behaviagions such as the frontal cortex (Gartside, Leitch, & Young, 2003;
may be associated with developmental abnormalities of the 5-HBee Porter, Gallagher, Watson, & Young, 2004, for a review of the
system. In addition, the contrasting results (between differenevidence for effects of glucocorticoids on 5-HT function in
studies of children and when child studies are compared with adulbumans).
studies) may originate from differences in the composition of the Although it is difficult to extrapolate from these studies, in
antisocial samples and differences in the outcome measures usadhich glucocorticoid levels have been experimentally manipulated
in the studies. Future challenge studies focusing on well-define@r 5-HT neurotransmission enhanced or disrupted, to humans with
antisocial groups are needed to explore the 5-HT—aggression re constellation of HPA axis abnormalities and 5-HT impairments,
lationship more closely. As well as biochemical studies, there ha# is possible that these interactions play a role in the etiology of
been important recent research into the genetics of aggression aadtisocial behavior. Chronic reductions in basal glucocorticoid
antisocial behavior: Animal studies have implicated the 54T concentrations could underlie some of the 5-HT abnormalities seen
receptor in aggressive behavior (Saudou et al., 1994), which conin these individuals. Similarly, 5-HT system disturbances could
plements evidence that the sensitivity of 5-|{J - receptors is  impair normal HPA axis functioning, particularly with respect to
increased in children with DBD (Snoek et al., 2002). In addition, cortisol reactivity to stress. Future research should study interac-
recent studies have pointed to a role for the gene encoding fations between the 5-HT system and the HPA axis in children with
MAO-A, such that the risk for antisocial behavior appears to beantisocial behavior.
dramatically increased in individuals who carry the low activity
form of tr_le MAO-A gene and who have also been expos_ed tQEndophenotypes
adverse life experiences such as abuse or neglect (Caspi et al.,
2002; Foley et al., 2004). Finally, very few studies have examined Antisocial behavior, like all complex behaviors, is phenotypi-
the effects of specific 5-HT receptor agonists and antagonists onally and etiologically heterogeneous. As a result, there has been
disruptive behavior in children. Although evidence from studiesincreasing interest in distinguishing specific phenotypic traits or
investigating the anti-aggressive properties of SSRIs in childrermarkers, also called endophenotypes, thought to represent biolog-
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ical systems underlying the behavior concerned (Moffitt, 2005). Itis that long-term outcomes can be different (even opposite: hypo-
is assumed that these endophenotypes are under greater gendtinctional vs. hyperfunctional), depending on the developmental
influence than the behavior at large. The advantage of this apstate of the HPA axis at the time of the stressor and on the duration,
proach is that endophenotypes are better distributed than disordefrequency, and intensity of the early stressor (see Sanchez et al.,
and that they can be studied in healthy populations. Some possibR001). Although it has been more difficult to demonstrate lasting
endophenotypes for antisocial behavior are fearlessness, sensatialterations in primate HPA axis functioning following exposure to
seeking, stress responsivity, punishment insensitivity, rewarcarly adversity, in recent years it has become clear that manipu-
oversensitivity, serotonergic dysfunction, DHEA-S—cortisol im- lations that disrupt the quality of mother—infant interactions (such
balance, elevated testosterone levels, negative trait emotionalitps unpredictable foraging demand conditions or repeated separa-
impulsivity, and executive dysfunction (see Moffitt, 2005). An tion of the mother from the infant’s social group) are capable of
important next step is to establish whether (and which) endopheinducing long-term changes in HPA axis activity. CSF cortisol
notypes mediate the pathways between measured genes and amtincentrations in the infant were reported to be reduced following
social behavior. maternal exposure to chronic stress (Coplan et al., 1996), and
urinary cortisol levels were lower following a period of repeated
Early Adverse Experiences and Their Effects on maternal separation (Qettling, F.eldon, & Pryce, 2092). In addition,
Biological Correlates of Aggression aflattenec_i diurnal profile of cortisol was observed in monk_eys that
had previously undergone repeated maternal separation 6-18
As mentioned before, the etiology of antisocial behavior cannoimonths earlier (Sanchez et al., 2005).
be entirely explained by underlying genetic or biological factors; The few studies of the effects of early stress on neurobiological
environmental factors also contribute. Some risk factors are presystems conducted in clinical populations of traumatized children
natal, such as exposure to maternal smoking in utero (Silberg et alhave generally been consistent with findings from animal studies.
2003; Thapar et al., 2003), low birth weight/gestational age; others$tudies of various adult psychiatric patients with a history of early
are postnatal, such as maltreatment (Caspi et al., 2002), or advechildhood abuse have revealed long-term changes in HPA axis
sity, consisting of a combination of parental neglect, interparentahctivity (Heim, Newport, Bonsall, Miller, & Nemeroff, 2001),
violence, and inconsistent discipline (Foley et al., 2004). Some ohoradrenergic function (see Bremner & Vermetten, 2001), and the
the best candidate environmental risks are those with evidence akerotonergic system (Rinne, Westenberg, den Boer, & Van den
a plausible effect on biological systems in psychopathology; stresBrink, 2000). There is also evidence for long-term changes in HPA
responsiveness, variations in parental care, maternal psychopathaixis functioning in children and adolescents with a history of abuse
ogy, maternal negativity, child abuse and neglect, poverty, expofCicchetti & Rogosch, 2001; De Bellis et al., 1999; Duval et al.,
sure to parental violence and conflict, and parental separation an2D04), and a recent study showed an association between child-
divorce (Moffitt, 2005). hood maltreatment, neglect, and subtle brain abnormalities in the
Animal studies in nonhuman primates and rodents consistentlgingulate cortex and corpus callosum (Teicher, Dumont, Vaituzis,
show that early life stressors have long-term neurobiological conGiedd, & Andersen, 2004). Different studies of severely socially
sequences, including effects on the HPA axis and the noradrenedeprived children raised in Romanian orphanages during the
gic, dopaminergic and serotonergic systems, that persist into aduteaucescu era showed that these children failed to show a normal
life (reviewed by Bremner & Vermetten, 2001; Sanchez, Ladd, &daily pattern of cortisol secretion, compared to healthy children
Plotsky, 2001). Kraemer, Ebert, Schmidt, and McKinney (1989)raised at home with their parents (Carlson & Earls, 1997; Gunnar,
showed in their study of rhesus monkeys that disruption of earlyMorison, Chisholm, & Schuder, 2001). Rather than experiencing a
social attachment, an important factor in the development of vulimorning peak and an evening trough in cortisol levels, the insti-
nerability to psychopathology, produced changes in CSF measurestionalized children exhibited a relatively flat diurnal profile
of biogenic amine system activity. Rosenblum et al. (1994) ad{Carlson & Earls, 1997). These findings have been paralleled in
ministered the noradrenergic agonist yohimbine and the serotonenonhuman primates and provide evidence that a lack of stimulation
gic agonist m-CPP to two groups of adult primates that had beein the early years of life may lead to drastic changes in HPA axis
reared under conditions of normal or disrupted social developmenfunction, particularly in terms of cortisol reactivity.
The animals exposed to social deprivation were hyperresponsive to An intriguing issue is why some individuals exposed to early
yohimbine and hyporesponsive to m-CPP. There is also evidencadversity exhibit elevated basal cortisol levels, exaggerated HPA
for impairments of 5-HT neurotransmission in male rats exposeaxis reactivity (i.e., increased glucocorticoid secretion), and auto-
to maternal separation early in the postnatal period (Gartsidenomic responses to psychosocial stress, and are therefore at risk of
Johnson, et al., 2003). Finally, Liu et al. (1997) found that, asdeveloping mood and anxiety disorders (Heim et al., 2001; Heim,
adults, the offspring of mothers that exhibited more licking andNewport, et al., 2000), whereas others appear to show the opposite
grooming of pups during the first 10 days of life showed reducedpattern of reduced basal cortisol and attenuated physiological and
plasma ACTH and glucocorticoid responses to acute stress, irendocrine responses to stress (Carlson & Earls, 1997; Gunnar &
creased hippocampal glucocorticoid receptor messenger RNA eXdonzella, 2002; Gunnar, Morison, Chisholm, & Schuder, 2001).
pression, enhanced glucocorticoid feedback sensitivity, and deA/e assert that a number of factors could be involved in the
creased levels of hypothalamic CRH messenger RNA. Liu et aldevelopment of these opposite patterns of HPA axis functioning.
concluded that maternal behavior serves to program HPA re- A first factor that could be involved in the development of
sponses to stress in the offspring and variations in maternal camepposite patterns of HPA functioning is gender. There are clear
may affect the development of individual differences in neuroen-gender differences in the prevalence rates for psychopathology,
docrine responses to stress in rats. Another very interesting findingith females being more prone to develop internalizing disorders,
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such as depression, anxiety, and eating disorders, and males shogaily rhythm), their HPA axis response to stress, or both. This is
ing a greater tendency to develop externalizing disorders, such adearly an important topic for future research.

ODD and CD (Cyranowski, Frank, Young, & Shear, 2000). These

ir?ternalizing and externaliging dis.ord.ers are associated with oppo- Is the Amygdala Dysfunctional in Early-Onset

site patterns of HPA axis functioning (as has been_ explained Antisocial Behavior?

above). Research has shown that males and females differ not only

in their neuroendocrine responses to stress (Kirschbaum, Kudielka, The amygdala is thought to play a key role in the perception of
Gaab, Schommer, & Hellhammer, 1999) but also in sensitivity tothreat signals in the environment (Amaral, 2003), since localized
different types of stressors (Stroud, Salovey, & Epel, 2002). Thudilateral amygdala lesions abolish the response to fear-inducing
gender could play a moderating role in the relation between earlgtimuli, such as replica snakes, in nonhuman primates (Prather et
adversity and psychopathology. Second, the type of stressor |rﬁ|, 2001). In addition, amygdalectomized primates show far more
volved—for examp|e, physica| or sexual abuse’ neg|ectl or ma|SOCia”y affiliative behavior and less anXiety when confronted with
treatment—could be an important determinant. Recently, Lee@ Novel conspecific than control primates (Emery et al., 2001).
Geracioti, Kascow, and Coccaro (2005), examining retrospectivelyf hus, the amygdala appears to be involved in evaluating the
physical and emotional abuse, and physical and emotional neg|e@pvironment for potential threats, such as natural predators and
in men with personality disorders, found a positive relationshipn©vel conspecifics (members of the same species). This general
specifically between emotional neglect and CSF CRH concentraPTinciple has been supported by neuropsychological studies of
tion, which is suggestive of an increased HPA axis function.humans with amygdala damage demonstrating that the recognition
According to the authors, emotional neglect is analogous to th@f féar and anger is impaired in these patients (Adolphs, Tranel,
disruptions in maternal care as administered in the rodent handling@masio, & Damasio, 1994, 1995; Calder et al., 1996) and neu-

and separation paradigms (Meaney et al., 1996) and the primaf@maging studies in which the amygdala has been shown to be

variable foraging paradigms (Coplan et al., 1996). Future resealrda]ctivated by the viewing of fearful facial expressions (Morris et al.,
96; Whalen et al., 1998) and negatively valenced pictures (Lane

should address this issue and examine the effects of different typ
et al., 1997).

of stressors on HPA axis development and functioning. A ber of studies h ided indirect evid for deficit
A third factor that could influence long-term HPA functioning is . number ot studies have provided indirect evidence Tor deticits
n amygdala functioning in children with early-onset CD or psy-

the timing or the duration of the stressor(s). To our knowledge, nd ) . . ;
. . . chopathic tendencies. For example, in one study it was shown that
human research has examined the neurobiological effects of stre

SS. . . S
at different developmental stages. The animal literature sugges&,ﬁ”dren with DBD had a blunted response to auditory stimuli that
’ normally elicit a startle reflex (Van Goozen, Snoek, et al., 2004).

that the timing of exposure to adversity, and its intensity, has 4 . . . :
" . urthermore, there was an inverse relationship between delin-
critical influence on the eventual outcome. For example, rats

- uency ratings and the magnitude of startle responses measured
separated for 24 hr at postnatal days (PND) 3—-4 exhibit an enduency rating 9 P
. . while viewing unpleasant pictures (Van Goozen, Snoek, et al.,

hanced ACTH response to a mild stressor relative to controls . . -
h th ted at PND 11-12 sh ft ted AC 04). The interpretation that these findings are due to amygdala
whereas (\)/se sgparaz aKI L& E S ovlvga;r;a Enu;e impairment is consistent with a report showing that damage to the
response (Van Oers, de Kloet, evine, ). Fur ermore,right amygdala dramatically reduces startle amplitude to an aver-

animals subjected to Iong-term social isolation after weaning Sho"\éive auditory stimulus, and prevents the potentiating effect of
reduced responses to restraint stress (Sanchez, Aguado, S"’"r‘chl‘:fégatively-valenced pictures on the startle response (Angrilli et al.,

Toscano, & Saphier, 1998). This is in sharp contrast with a”'mf’}'slg%)_ In a study of facial expression recognition in boys with
experiencing repeated maternal separation at PND 2-20, whichsychopathic tendencies (and probably some form of DBD, since
show an exaggerated HPA axis response to stress (Ladd, Owens e, \vere recruited from schools for children with emotional and
Nemeroff, 1996). These studies illustrate the importance of exampenayioral difficulties), it was reported that participants scoring
ining the consequences of different types of early life stress and thgjghly on the Psychopathy Screening Device (PSD) showed a
timing of such experiences in naturalistic studies in humans. Withse|ective impairment in the recognition of sad and fearful expres-
respect to chronicity, Heim, Ehlert, and Hellhammer (2000) de-sjons (Blair, Colledge, Murray, & Mitchell, 2001). These findings
scribed evidence that hypocortisolism was observed in otherwisgaye therefore been interpreted as supporting amygdala-based
healthy individuals living under conditions of ongoing stress. A gccounts of DBD, in which deficits in amygdala function render
pattern of decreased ACTH and corticosterone secretion and renhe individual relatively “fearless” and unable to recognize cues
duced responsiveness to challenge has also been found in rodefism the environment that signal either threat or submission.
living under conditions of chronic stress due to exposure to con- A recent neuroimaging study directly tested the possibility that
tinuous electric shocks or immobilization. In recognizing that amygdala function may be impaired in CD by examining the
antisocial children often come from problematic backgrounds, antheural response to viewing negatively valenced pictures from the
that many of them have been neglected or abused (Kazdin, 1995ternational Affective Pictures System (Sterzer, Stadler, Krebs,
it is reasonable to assume that they have often been exposed Kideinschmidt, & Poustka, 2005). Stertzer et al. reported reduced
prolonged or uncontrollable stress and that these experiences hagetivation in the left amygdala of children with severe CD when
had a lasting effect on the developing neurobiological systems ofiewing these pictures, although this result became significant only
the brain, including the HPA axis and the 5-HT system. At presentwhen they corrected for the influence of anxiety and depressive
however, it is unclear whether such experiences, if it can besymptoms (Sterzer et al., 2005). It is also worth noting that an
established (retrospectively) that these have occurred in childreanusual deactivation of the right dorsal anterior cingulate cortex
with antisocial behavior, have altered their basal cortisol secretionvas observed in these patients during viewing of negative pictures,
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which may relate to their difficulties in regulating emotional (Path I). This does not negate the importance of this latter factor,
behavior. Hariri, Mattay, Tessitore, Fera, and Weinberger (2003however, as a mechanism through which variation in children’s
suggested that the anterior cingulate cortex and the ventral présehavior problems may be explained. Indeed, the impact of early
frontal cortex comprise an important network involved in the childhood adversity on neurobiological function may serve as a
regulation of amygdala activity. Together with the evidence forcatalyst for disruptions in children’s cognitive and emotional func-
impairments in amygdala function and recent preliminary datationing, an outcome determined by initial neurobiological dysfunc-
suggesting that prefrontal cortical volumes may be reduced irtion. Rather than represent this interplay as unidirectional, this
children with CD (Kruesi, Casanova, Mannheim, & Johnson-relationship is represented as bidirectional, reciprocal or transac-
Bilder, 2004), it is possible to speculate that this network lesstional in nature. That is, initial disruptions in neurobiological
effectively regulates amygdala activity in individuals with CD, functioning facilitate disruptions in cognitive and emotional func-
thereby preventing them from exercising cognitive control overtioning (Path G), which in turn affect further disruption at a
their emotional behavior. The combination of insensitivity to cuesneurobiological level (Path H). Genetic factors are also empha-
signaling threat and submission (such as sad facial expressionsjzed in this model as a source of familial influence on children’s
and impaired emotion regulation may mean that children withneurobiological and cognitive and emotional functioning. Consis-
early-onset CD are not governed by the same external or internaént with recent proposals (Moffitt, Caspi, & Rutter, 2005; Rutter
constraints as are other children. & Silberg, 2002), variation in the genetic makeup of children
A further point of interest is that the prefrontal cortex and likely interacts with early childhood adversity to adversely affect
amygdala both exert considerable control over HPA axis activityneurobiological development and functioning (Paths D and C). In
(Herman et al., 2003). The amygdala has an excitatory influencaddition, evidence suggests that genetic factors may exert direct
on CRH-secreting cells in the PVN of the hypothalamus that driveeffects on neurobiological deficits (Path A) and disinhibited cog-
the HPA axis, while the prefrontal cortex inhibits HPA axis acti- nitive and emotional problems (Rutter & Silberg, 2002). Through
vation (Herman et al., 2003). Thus an underactive amygdala (or ahis combination of genetic and family environmental factors, the
least its principal output region, the central nucleus of the amygprimary pathways by which early childhood adversity affects
dala) or deficits in the functioning of prefrontal cortex-anterior childhood disruptive behavior problems are through the reciprocal
cingulate cortex-amygdala circuitry, possibly due to prefrontalinterplay between neurobiological deficits and disinhibited cogni-
cortex volume reductions (Kruesi et al., 2004; Raine, Lencztive and emotional problems, with the latter serving as the psy-
Bihrle, LaCasse, & Colletti, 2000), could underlie some of the chological gateway through which neurobiological deficits express
problems with stress response systems observed in antisocitieir impact on childhood antisocial behavior. Importantly, this
individuals. model also proposes that for these hypothesized direction of ef-
fects to be established, these processes must be considered as
unfolding over time. Future longitudinal research, therefore, is

Integrative Theoretical Model :
essential.

The Role of Neurobiological Mechanisms in the Etiology
of Childhood Antisocial Behavior Correlation Versus Causality: The Need for

. . ) . o .. Longitudinal Research
An integrative theoretical model is proposed linking familial

factors (e.g., genetic influences, early childhood adversity) to As has already been mentioned, the majority of studies consid-
negative behavioral outputs (e.g., antisocial behavior problemsgred in this review, and representative of the state-of-the-art re-
through the mediating and transactional interplay between (a¥earch regarding the neurobiological bases of childhood antisocial
neurobiological deficits (e.g., 5-HT; HPA axis, ANS) and (b) behavior, are cross-sectional and correlational in nature, thereby
disinhibited cognitive and emotional problems (e.g., learning andimiting any conclusions regarding the causal nature of neurobio-
memory impairments or hostile attributional processes). Thidogical influences on behavior. Although only experimental re-
model incorporates three primary components identified by Mor-search can unambiguously address questions of cause and effect,
ton and Frith (1995) and Krol, Morton, and De Bruyn (2004) in longitudinal correlational designs can investigate whether changes
accounting for the etiological foundations of childhood antisocialin one variable predict changes in another variable and can test
behavior—biological, cognitive and emotional, and behavioralhypotheses representing different causal relations between vari-
output. Rather than represent these components as simple cor@bles (Grych, Harold, & Miles, 2003). The theoretical model
lates, our model proposes that biological, cognitive, and emotiongbroposed in Figure 1 explicitly hypothesizes that early childhood
factors serve as mediating elements in the link between earlpdversity and genetic factors act as precursors to disruptions in
family influences and later behavioral output (see Figure 1). Speneurobiological, cognitive and emotional functioning which,
cifically, we hypothesized that rather than early childhood adverthrough a bidirectional interplay, transfer effects to disruptive
sity (e.g., hostile parenting, parental conflict and violence, orbehaviors. It is possible, of course, that antisocial behavior may
negative life events) exerting a main or direct effect on childhoodfeed into the family system such that a child may experience
antisocial behavior (behavioral output), effects are mediated byeightened levels of family disruption (e.g., hostile parenting;
neurobiological deficits (Path E) as well as disinhibited cognitive Patterson & Stouthamer-Loeber, 1984), which in turn may interact
and emotional functioning (Path F). These factors, in turn, exertith genetic susceptibility to adversely affect neurobiological,
effects on early-onset antisocial behavior, with evidence suggestognitive, and emotional functioning. In addition, it may also be
ing that effects may emanate more from disinhibited cognitivethe case that children experiencing higher levels of behavioral
problems (Path J) over time than from neurobiological deficitsdisruption tend to view many situations, including family adversity
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(e.g., family conflict and negative parenting), as more threateningn HPA axis functioning and ANS system activity is particularly
than do less behaviorally distressed children (see also our earli@rucial in this developmental sequence (Raine et al., 1997) because
discussion of appraisal patterns in antisocial children). Watson and results in the individual becoming emotionally detached from his
Pennebaker (1989) noted that an individual’s report of physical oor her actions and unable to learn from what others might expe-
psychological well-being may be affected by trait-level character—rience as negative events (e.g., punishment situations). If, as dis-
istics that determine long-term individual differences in affectivity cussed before, the cortisol (HPA) and ANS responses to stress act
in addition to state-level fluctuations in mood. According to as a form of warning signal to restrain ongoing behavior in
Watson and Pennebaker, individuals who score high on trait negsituations of (psychological or physical) danger, then children who
ative affectivity are likely to experience a higher level of distressfail to activate these systems are likely to behave in a more
than others, even in the absence of any overt stress. As a resutlisinhibited fashion. Again, this could arise because of genetic
these individuals tend to have a less favorable self-view and #$actors (such as polymorphisms in the gene encoding the glucocor-
more negative view of others (such as parents), and are generalticoid receptor, which confer increased sensitivity of HPA axis
less satisfied with themselves and their lives (i.e., disrupted cogfeedback mechanisms) or through exposure to uncontrollable
nitive and emotional functioning; Harold, Shelton, Goeke-Morey, stress or maltreatment in early childhood. Together these factors
& Cummings, 2004). Thus, a trait-like negative affectivity could permanently compromise HPA axis and ANS function.
inflate the associations between self-reports of family adversity As explained above, we do not claim that antisocial children
and any index of cognitive, emotional, or behavioral functioning. consistently fail to realize they are in danger or face punishment.
Given that concurrent data cannot distinguish between thes&hese individuals have been shown not only to have a hostility
substantively different interpretations of the associations bebias, which leads them to appraise even ambiguous or innocuous
tween family factors, neurobiological, cognitive, emotional, situations as threatening (e.g., Milich & Dodge, 1984), but also to
and behavioral functioning, a critical next step in building this experience more intense negative emotions than control partici-
area of research is to conduct prospective longitudinal studiepants when stressed (Van Goozen, Matthys, et al., 2000). What
that permit tests of the mediating and moderating factors thatherefore seems to be the case is that their appraisal of the situa-
underlie early adverse influences on antisocial behavior intion, that is, their understanding and appraisal of the danger, is not
childhood. Collecting prospective data improves the confidenceaccompanied by contextually-appropriate patterns of emotional
with which one can infer cause-and-effect relations because iarousal, and does not lead to activation of autonomic or endocrine
provides an opportunity to examine changes in constructs ovestress response systems. Moreover, children who, as a result of
time, allows for tests of the influence of children’s behavior on their risky or impulsive behavior, place themselves in threatening
family adversity and vice versa, and makes it possible to controbr dangerous situations might gradually become further desensi-
for a negative affectivity bias that might artifactually inflate tized to stress because of habituation. This leads to a vicious cycle
zero-order associations between measures of cognitive, emadn which the child becomes increasingly resistant to stress and is
tional, and behavioral functioning in childhood. In addition, a therefore able to place him- or herself in increasingly threatening
longitudinal research design also provides opportunity to consituations. As a result of this genetically based hypersensitivity of
trol for initial levels of behavioral disruption (e.g., aggression) the HPA axis, the experience of negative life events, and the
so that the impact of such disruption on neurobiological, cog-frequent exposure to situations which other children experience as
nitive, and emotional functioning may be assessed over timestressful, antisocial individuals may become unable to initiate
For example, by including an initial estimate of behavior prob- normal stress responses in conditions that typically evoke anger,
lems in assessment of the pathways hypothesized in our prdear, or embarrassment.
posed theoretical model (see Figure 1, Path K), an estimate of It is also important to note that disturbances in HPA axis
change in later behavior as a function of all proposed mediatingunctioning could lead to 5-HT system impairments, which are
factors may be determined (Kessler & Greenberg, 1981). Lonassociated with problems in impulse regulation and reactive ag-
gitudinal studies, however, cannot provide definitive supportgression (see Figure 2). Given the key role of the prefrontal cortex
for a causal relation between constructs because of the possi behavioral inhibition and the modulation of amygdala activity,
bility that an unmeasured third variable could account for thereductions in 5-HT concentrations and changes in receptor sensi-
associations, both concurrently and over time. Complementingivity in the prefrontal cortex may be particularly important in this
longitudinal correlational studies with carefully designed andrespect (Davidson, Putnam, & Larson, 2000). In addition to the
conducted experimental studies (a multimethod approachinfluence of the HPA axis on the development and functioning of
serves as the gold standard by which future research in this arghe 5-HT system, it is of interest that there are important reciprocal
may be evaluated. connections between brain regions and systems implicated in
aggression, that is, the amygdala, the prefrontal cortex, compo-
nents of the 5-HT system, and the CRH neurons of the PVN which
drive HPA axis activity (Herman et al., 2003). 5-HT receptors and
glucocorticoid receptors are both expressed in the amygdala
We believe that a combination of genetic factors, either directly(Ahima, Krozowski, & Harlan, 1991; Wright, Seroogy, Lundgren,
influencing the development of stress response systems (chieflpavis, & Jennes, 1995), the amygdala being sensitive to circulat-
the HPA axis and the sympathetic nervous system) and the 5-Hing levels of glucocorticoids and receiving an extensive 5-HT
neurotransmitter system or together with early exposure to adveiinnervation from the midbrain raphe (Kawahara, Yoshida, Yokoo,
sity, act to predispose the individual towards more severe andNishi, & Tanaka, 1993). It has been shown that 5-HT normally
persistent antisocial behavior. We also propose that an early deficinhibits the excitability of amygdala neurons, an effect that is

Implications of the Model: The Mediating Role of
Neurobiological Functioning
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dependent on moderate concentrations of glucocorticoid hormonds affective disorders such as unipolar depression, the HPA axis
(Stutzmann, McEwen, & LeDoux, 1998). In individuals with low appears to be dysregulated at several levels, and both structural and
basal cortisol levels and impaired 5-HT neurotransmission, amygfunctional elements of the system are affected (Holsboer, 2000).
dala function may be dysregulated, an effect that could be com&iven the heterogeneity of groups of children with antisocial
pounded by impairment of anterior cingulate function. behavior, and the high rates of comorbidity with affective disor-
These neurobiological consequences of genetically based hypeders, anxiety, and posttraumatic stress, it is likely that the situation
sensitivity of the HPA axis, early exposure to chronic stress, ands even more complex in aggressive and antisocial individuals. It
self-selection for exciting but often dangerous or punishing envi-will also be instructive to understand more about the temporal
ronments have predictive power in terms of discriminating be-characteristics of the HPA axis dysregulation observed in these
tween those who persist in antisocial behavior and those whandividuals. For example, does impairment of the autonomic and
desist from such activities. Those individuals who are considere@ndocrine response to stress precede the onset of antisocial behav-
high risk because of the presence of early-life adversity, parentdbr, or is it a consequence of engaging in such behavior? We would
criminality, or APD, but who exhibit preserved or even enhancedassert that it is the former, but longitudinal studies examining this
basal ANS or HPA axis activity or emotional, ANS, and HPA axis question are needed. They would allow further identification of
reactivity to stress, seem to be protected from engaging in antiseendocrine or neurobiological markers that would aid prediction of
cial behavior or exhibit desistence from such behavior (Brennan elife outcomes, prioritization of treatment resources, development
al., 1997; Van de Wiel et al., 2004). Interestingly, this finding of new types of psychological intervention, and discovery of novel
holds even in adolescents who were already engaging in antisocipharmacological treatment targets (e.g., the glucocorticoid recep-
behavior (Raine, Venables, & Williams, 1995) or who were clin- tor or CRH receptor). In addition, such studies would enable us to
ically diagnosed with DBD in childhood (Van Bokhoven, Matthys, develop early interventions that are effective in deflecting the path
et al., 2005). Thus normal HPA axis functioning and high auto-of the would-be life-course persistent offender.
nomic reactivity both appear to serve as protective factors that In conclusion, despite massive efforts to eliminate antisocial
permit the individual to exercise a greater degree of self-controbehavior we are still confronted by aggression, antisocial behavior
over behavior. Raine, Brennan, and Farrington (1997) proposednd violence in our everyday lives (World Health Organization,
that those who desist from antisocial behavior have a more opeR002). Moreover, very costly interventions designed to reduce or
attentional stance to the environment as opposed to the narrowlgrevent antisocial behavior often prove on average only modestly
focused attention of the persistent offender. Because of their asuccessful. As Moffitt (2005) recently put it, “Valuable resources
tentional openness, the desisting group could be more responsive@ve been wasted because intervention programs have proceeded
to new situations or to new behavioral contingencies and couldn the basis of risk factors without sufficient research to under-
also be more fearful and conscientious (see also Babcock, Greestand causal processes” (p. 534). We believe that a better under-

Webb, & Yerington, 2005). standing of the neurobiological correlates of antisocial and aggres-
sive behavior will prove essential for the prevention and treatment
Implications for Intervention of persistent antisocial behavior in children and adults.

As with any theory, it is important that our proposed model
generates hypotheses that can be tested in a causal context. One
PrediCtiQn arisi_ng .from the model is that re_inStatem(?m of normalachenbach, T. (1991 Manual for the Youth Self Report and 1991 Profile.
HPA axis functioning, perhaps by temporarily saturating glucocor- Burlington, VT: University of Vermont, Department of Psychiatry.
ticoid receptors to reduce their sensitivity in the long term, shouldAdolphs, R., Tranel, D., Damasio, H., & Damasio, A. R. (1994, December
ameliorate some forms of disruptive behavior and enhance the 15). Impaired recognition of emotion in facial expressions following
response to therapeutic interventions. By restoring stress responsebilateral damage to the human amygdaature, 372669-672.
systems to a relatively normal state of activity, it may be possibleAdolphs, R., Tranel, D., Damasio, H., & Damasio, A.R. (1995). Fear and
to repair the apparent disjunction between strong emotional reac- 1€ uman amygdalaournal of Neuroscience, 15879-5891. ,

. - . - - Ahima, R., Krozowski, Z., & Harlan, R. (1991). Type | corticosteroid
tions (often inappropriate or seemingly out of proportion to the o L ST

R - . receptor-like immunoreactivity in the rat CNS: Distribution and regula-
precipitating conditions) and weak or nonexistent stress responses

. . . tion by corticosteroidsJournal of Comparative Neurology, 31822—
to situations that normally elicit anger, embarrassment, or fear. g3g

This connection between the cognitive and emotional component&maral, D. G. (2003). The amygdala, social behaviour, and danger detec-

of an experience and the accompanying physiological reaction tion. Annals of the New York Academy of Sciences, 1880-347.

may be crucial for some aspects of emotional regulation andimerican Psychiatric Association. (1994)iagnostic and statistical man-

development. Clearly, to accomplish this reinstatement of stress ual of mental disorderg4th ed.). Washington, DC: Author.

reactivity, we need to know more about the functioning of stresgAngrilli, A., Mauri, A., Palomba, D., Flor, H., Birbaumer, N., Sartori, G.,

response systems in children and adolescents with DBDs. In par- e_t al. (1996). Startl_e refle_x and emotion modulation impairment after a

ticular, further research is required to investigate the regulatory N9htamygdala lesionBrain, 119,1991-2000. _

mechanisms acting on the HPA axis in these individuals, as IOWArch_e_r, J. (1991). The influence of testosterone on human aggression.
British Journal of Psychology, 82,-28.

basal cortisol concentrations or reduced cortisol reactivity COUIdArCher, J., Graham-Kevan, N., & Davies, M. (2005). Testosterone and

resuIF from changes at several different levels of the axis (€.9., aggression: A reanalysis of Book, Starzyk, and Quinsey’s (2001) study.
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