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Violence and aggression are public health problems that can benefit from ongoing research into risk reduction
and prevention. Current developmental theories of violence and aggression emphasize biological and
psychosocial factors, particularly during adolescence. However, there has been less focus on understanding
the interactive, multiplicative effects of these processes. Furthermore, little attention has been given to the
pre-, peri-, and postnatal periods, where prevention and intervention may yield effective results. Early health
risk factors that influence negative behavioral outcomes include prenatal and postnatal nutrition, tobacco use
during pregnancy, maternal depression, birth complications, traumatic brain injury, lead exposure, and child
abuse. There is an ample literature to suggest that these early health risk factors may increase the likelihood of
childhood externalizing behaviors, aggression, juvenile delinquency, adult criminal behavior, and/or violence.
This paper proposes an early health risk factors framework for violence prediction, built on existing
developmental theories of criminal behavior and supported by empirical findings. This framework addresses
gaps in the adolescent psychopathology literature and presents a novel conceptualization of behavioral
disturbance that emphasizes the pre-, peri-, and post-natal periods, when a child's development is critical and
the opportunity for behavioral and environmental modification is high. Implications for such a framework on
violence prevention programs are discussed.
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1. Introduction

Childhood aggression, teenage delinquency, and adult violent acts
are being increasingly viewed as a public health issue. Identifying
early risk factors is an important first step in preventing violence — a
major societal problem. Despite decades of research into social and
biological risk factors for antisocial and aggressive behavior in
children and adults (Farrington, 2000; Virkkunen, Goldman, Nielsen,
& Linnoila, 1995; Webster-Stratton & Hammond, 1999), very little is
known about the effects of early childhood health factors on these
outcomes. More specifically, research into the causes of antisocial and
violent behavior has been hindered by three key empirical, concep-
tual, and methodological gaps in the literature.
1.1. Gaps in the current literature

The main empirical gap is that the role of early childhood health
risk factors, such as prenatal factors, has been relatively neglected in
the child and adolescent psychopathology literature. Recent research
indicates that the prenatal stage of child development may be a key
period in which effective interventions can potentially prevent later
aggressive and violent behavior (Liu & Wuerker, 2005). Despite this,
there remains a dearth of literature explicitly discussing the unique
impact of prenatal contributors to these outcomes.

The second gap which is conceptual in nature is that to date
theoretical frameworks of early risk factors for violence and
aggression have not effectively integrated social and biological factors.
Furthermore, health risk factors have been largely ignored from these
frameworks. One exception is Raine, Brennan, Farrington, and
Mednick (1997) and Raine, Venables, and Mednick (1997), who
more than a decade ago proposed a biosocial interaction model for
understanding antisocial behavior. It is clear that childhood external-
izing behaviors and adult violence are both byproducts of multiple
processes. Violent behavior in adults and externalizing behavior in
children are complex phenomena, and it is likely that neither
biological nor psychosocial perspectives alone can adequately explain
these outcomes. Considering early health factors along with biosocial
processes provides a multi-perspective, cross-disciplinary approach
that may improve the empirical foundation of the literature and lead
to the development of more effective interventions.

The third gap which is methodological in nature concerns lack of
prospective longitudinal studies on early health risk factors for
negative behavioral outcomes. In the past, studies on childhood
antisocial and aggressive behavior were mainly correlational and
based on cross-sectional study designs or retrospective investigations.
Prospective, longitudinal studies, while still correlational, can help
tease out the temporal ordering of variables and assess whether the
data are consistent with a causal model, particularly when structural
equation modeling is used. For instance, a 15-year follow-up study on
the impact of nurse home visits during prenatal and early childhood
periods found that nurse-visited children displayed significantly
fewer behavioral problems (e.g., arrests, running away, and convic-
tions) later in life than children who were not nurse-visited (Olds
et al., 1998). Such studies provide compelling evidence that tackling
early health risk factors may effectively reduce later aggressive and
antisocial behavior and that longitudinal approaches can be used
successfully to investigate these effects.
1.2. Current theoretical models and the need for a new approach

Some of the most important research on developmental theories
on violence and aggression has emanated from the work of Moffitt,
Farrington, and Fergusson. Moffitt's dual pathway developmental
theory of criminal behavior (Moffitt, 1993; Moffitt, Caspi, Harrington,
& Milne, 2002) categorizes antisocial adolescents according to their
age of onset of deviant behavior (i.e., “early starters” versus “late
starters”). “Early starters” are more likely to develop into life-course
persistent (LCP) offenders rather than adolescent-limited offenders
(as with “late starters”). Individuals in the LCP group are characterized
by a combination of temperamental (e.g., negative emotionality) and
neurological (e.g., inattention, hyperactivity, low IQ, and low resting
heart rate) antecedents that begin early in life and give rise to deviant
behavior that steadily continues throughout adolescence, especially
when combined with environmental deficits such as poor parenting.
For instance, Moffitt et al. (2002) previously reported that childhood-
onset delinquency had the strongest association with psychopathic
personality traits, mental-health problems, substance dependence,
greater number of children within the family, family financial
problems, parental work problems, and drug-related and violent
criminal behavior. Poor neurological status has also predicted male
delinquency that began before age 13 years and persisted at high
levels afterwards (Moffitt, Lynam, & Silva, 2006).

Farrington's integrated cognitive antisocial potential theory
(Farrington, 2005) parallels Moffitt's framework in that it too
emphasizes the predictability and developmental trajectories of
criminal behavior, with particular attention paid to temperamental
and neurological influences. His theory considers an individual's
antisocial potential (AP), or likelihood of engaging in antisocial
behaviors, as well as cognitive thought processes that predispose to
antisocial behavior. Farrington differentiates individuals with long-
term AP from those with short-term AP, much like Moffitt's LCP and
adolescent-persistent distinction. Similar to Moffitt's findings among
LCP individuals, Farrington has reported that individuals with long-
term AP are more likely to come from unstable family environments,
exhibit lower IQ, display poor attention and hyperactivity, and have
poor socialization skills. Indeed, Farrington noted that the most
important childhood (ages 8–10 years) predictors of later delinquen-
cy were childhood antisocial behavior, impulsivity, low IQ and
attainment, family criminality, poverty, large family size, and poor
parental child-rearing behavior (Farrington, 1995, 2000, 2001). What
makes his approach particularly unique, however, is that it is based on
data collected on multigenerational sources (Farrington & Welsh,
2007), allowing for a more thorough examination of both individual
and family-related antecedents, such as poor parental supervision,
parental conflict, and parental antisocial behaviors.

Support for these theories has come in part from important
empirical testing by Fergusson and colleagues (Fergusson & Horwood,
2001, 2002; Fergusson, Horwood, & Lynskey, 1994), who used
longitudinal trajectory models to apply Moffitt's and Farrington's
approaches and identify potential future offenders. Based on
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structural equation modeling, they observed that early childhood
conduct problems predicted later delinquency and accounted for
much of the relationship between IQ/academic achievement and
delinquency (Fergusson and Horwood, 1995, 2001). These findings
are consistent with those of Moffitt and Caspi (2001) who reported
that childhood-onset delinquency – though not adolescent-onset
delinquency – was associated with inadequate parenting, neurocog-
nitive problems, and temperament and behavior problems during
childhood. In a 21-year longitudinal study, Fergusson and Horwood
(2002) identified male gender, parental criminality, parental conflict,
novelty seeking, low IQ, and low self esteem as being most predictive
of an offending trajectory.

While research from Moffitt, Farrington, and Fergusson has been
influential in the field of developmental psychopathology, there is
room for improvement. The children in Moffitt's studies were all over
3 years of age. Similarly, Farrington's samples were ages 10 years and
older, and Fergusson's samples were all ages 8 years and older. The
theoretical model presented in this paper – the early health risk factor
model – builds upon the work of these researchers by taking an
integrated approach that includes health, biological, and psychosocial
variables to better understanding predictors of negative behaviors,
but it is unique in its application to early childhood. It is specifically
designed to focus on the early childhood trajectory years and beyond
and developmental outcomes, and in this way can be conceptualized
as an extension of Moffitt's LCP model (Moffitt, 1993; Moffitt et al.,
2002). Second, while Moffitt's and Farrington's models recognize the
importance of biological as well as psychosocial factors, they do not
necessarily emphasize the interactive effects between these variables.
This is an important consideration, as possible synergistic effects may
further increase the risk for negative outcomes beyond that of each of
the risk factors independently. This framework addresses this
oversight by proposing a greater focus on the interrelationships
between a child's biological and environmental background.

The field may benefit from a conceptual framework that both
supports replicated findings about violence and aggression risk factors
in children and adolescents while at the same time addressing the
above described gaps, thus providing a relatively new perspective on
understanding, predicting, and preventing these outcomes. This paper
therefore introduces a new framework of early childhood health risk
factors that stresses the multiplicative effects of biological, psychoso-
cial, and environmental factors. The focus on early childhood health
risk factors also helps inform the development of violence prevention
programs, which may reduce childhood behaviors and possible
prevent their escalation into more serious juvenile delinquency and
adult crime. This framework is presented below, followed by a brief
review of recent empirical finding to support this proposal.

2. An early health conceptual framework for violence study

2.1. Overview of the conceptual framework

The World Health Organization (WHO) defines health risk factors
as behaviors and conditions that increase the likelihood for major
injury, disease, or death (Ezzati, Lopez, Rodgers, & Murray, 2004).
Among the 20 health risk factors that the WHO identifies as being of
primary importance, preventable health risk factors include low
childhood and maternal weight, tobacco and alcohol use, iron
deficiency, obesity, high cholesterol and blood pressure, and unsafe
sexual practices. These factors have considerable impact on longevity
and quality of life, as worldwide estimates suggest they contribute to
more than 29 million deaths annually (Ezzati et al., 2004).

This proposal for an early health risk factor framework (Fig. 1) is
built upon the author's previous model of child externalizing behavior
(Liu, 2004) which was derived from a biosocial model of violence
(Raine, Brennan, et al., 1997; Raine, Venables & Mednick, 1997). In
this proposed new framework, health risk factors are defined as
byproducts of biological and psychosocial processes during the pre-,
peri-, and postnatal period and are hypothesized to be predictors of
adverse outcomes, including childhood externalizing behavior, juve-
nile delinquency, and adult violence. Of note, the early health risk
factors outlined in this framework focuses only on those which occur
during prenatal period and childhood, are known to impair brain
functions, and which would consequently be expected to influence
behavior. Specifically, more negative behavioral conditions are
hypothesized to be derived from prenatal insults or toxins, including
fetal alcohol syndrome, and emerge on the basis of neural mal-
development that results in cognitive dysfunction (Bishop & Rutter,
2009), in turn predisposing to life-course-persistent anti-social
behavior (Moffitt, 1993). As a result, not all early health risk factors
can be exhaustively encompassed since some are still lacking
empirical evidence demonstrating their relationship to neurological
deficits and violent/aggressive behaviors. In this framework, biolog-
ical factors by themselves are hypothesized to directly give rise to
behavioral outcomes. Similarly, social risk factors can independently
and directly lead to externalizing behaviors. Importantly, the
framework emphasizes that the interaction between the biological
and psychosocial risk factors, which develops early health risk factors,
along with potential mediators, may account for the relationship
between the predictors and the expected outcomes.

Further discussion of the components of this proposed framework
follows below, with subsequent descriptions of the empirical
evidence supporting each component. Early childhood health risk
factors assumed to increase the risk of childhood externalizing
behavior and adult violence include exposure to alcohol, tobacco,
toxicity and drugs during pregnancy; head injury during early
childhood; teenage pregnancy; birth complications; and malnutrition
both of the pregnant mother and the child in early postnatal years.
This empirical review does not aim to cover all these health factors
and will instead focus on those of greatest relevance to the proposed
framework (summarized in Table 1).

2.2. Overview of components of the framework

2.2.1. Biological risk factors
During the pre-, peri-, and postnatal periods, pertinent biological

risk factors include both genetic and maternal pathophysiological
processes that can impede fetal growth and development (Liu &
Wuerker, 2005). While many early biological risk factors during the
pre- and postnatal period may be linked to childhood externalizing
behaviors, subsequent sections briefly review only a few of the most
important factors, including maternal malnutrition, smoking during
pregnancy, and birth complications.

2.2.2. Psychosocial risk factors
Psychosocial risk factors have been hypothesized to be associated

with an increased risk for negative behavioral outcomes. Research on
psychosocial risk factors has focused on child abuse (Widom, 1989),
marital conflict (Margolin, John, & Gleberman, 1988), poor parenting
(Hodgins, Kratzer, & Mcneil, 2001), poor child rearing (Webster-
Stratton & Hammond, 1999), domestic violence (Stoff, Breiling, &
Maser, 1997), intimate partner violence (Campbell, Glass, Sharps,
Laughon, & Bloom, 2007), and community violence (Scarpa & Haden,
2006). Other important considerations include low socioeconomic
status, high psychosocial stress, negative attitudes about pregnancy,
pregnancy during adolescence, and psychiatric disorders including
substance abuse.

2.2.3. Protective factors (prevention and intervention)
In this framework, protective factors are proposed to be intro-

duced as early as before health risk factors are developed, and can
serve to reduce biological vulnerability and intervene psychosocial
influence each individually as well as to break down the interaction
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Fig. 1. Health risk factor for violence.
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effects which produce early health risk factors. Protective factors
increase one's resilience, enhance resistance to risk, and strengthen
individual defenses against the development of negative outcomes.
The prenatal developmental period is intuitively an important time in
which to focus on preventative measures because the developing
fetus is highly vulnerable to influences from the environment such as
maternal nutrition, toxins, and other health-related variables. Thus,
proper prenatal care, including regular physical examinations, proper
nutrition, general healthy lifestyle, avoidance of toxic chemicals (e.g.,
tobacco and substance use), as well as strong parental bonding and
family harmony, is vital for risk reduction and increasing the chance of
a positive outcome despite risk exposure.

2.2.4. Health risk factors: the interaction between biology and the
psychosocial environment

Etiology of child externalizing behavior, delinquency, and adult
violence is complex, and it is likely that both genes and environment
contribute (Baker, Raine, Liu, & Jacobson, 2008). An interaction refers
to the effects of two risk factors that are not merely additive, but are
instead multiplicative. The framework argues that the likelihood of
early health factors leading to later externalizing behavior would be
strongly increased when biological risk factors combine with social
risk factors. For example, birth complications, an early health risk
factor which has been repeatedly found to predispose children to later
violence (Liu, Raine, Wuerker, Venables, & Mednick, 2009) can be due
to both biological risk factors (e.g. poor nutrition) and psychosocial
risk factors (e.g. lack of prenatal care). The argument that psychosocial
and biological factors interact to influence behavior is also supported
by other studies. Maternal cigarette smoking has been found to
interact with paternal cigarette smoking to increase the risk of
juvenile offending (Gibson & Tibbetts, 2000). Rasanen et al. (1999)
found that maternal smoking combined with social risk factors
(teenage pregnancy, single family status, and unwanted pregnancy),
increased the odds ratios for violent offending by up to 9-fold for non-
persistent offenses and up to 14-fold for persistent offenses.
Furthermore, Caspi et al. (2002) also found that maltreated children
with a genotype conferring high levels of monoamine oxidase A
(MAO-A) expression were less likely to develop antisocial problems.
Kim-Cohen et al. (2006) then further reported that mental health
problems are significantly stronger in males with the genotype
conferring low MAOA activity.

Recently, epigenetics – the study of inherited alterations in gene
expression brought about by mechanisms other than changes in the
underlying DNA sequence – has gained increasing attention in health
risk factor research as recognition of multiple influences onmaternal–
fetal pathways has emerged. Epigenetic factors appear important in
predicting behavioral outcomes as they may impinge on the
neurodevelopment of the fetus' growing brain. For example, exposure
to environmental chemicals during the prenatal period may affect
gene transcription, which subsequently influences the development
of epigenetic disorders (Fushiki, 2009). Given that biology and the
social environment are intertwined and may even have synergistic
effects as opposed to independent effects, they are collectively defined
unitarily as “health risk factors”.

This framework also recognizes the reciprocal interaction between
biological and psychosocial risk factors. The reciprocal interaction is
thus defined because psychosocial factors can give rise to biological
risk factors, just as biological risk factors can predispose certain
individuals to social risk factors. For example, teenage pregnancy as
one component of social adversity is generally viewed as a
psychosocial risk factor, but it could be that genetic/biological traits
(e.g. high hormone levels) may predispose some teenager to engage
in sexual activities and become pregnant. Another example of
reciprocal interaction is that substance abuse is often viewed as a
social–behavioral problem (Curran, White, & Hansell, 2000), but it
could also be argued that individuals who abuse drugs and alcohol
have a genetic/biological vulnerability to such behavior (Raine,
Brennan, et al., 1997; Raine, Venables, & Mednick, 1997).

Thus, this framework proposes that early health risk factors, which
results from the interaction between biological and psychosocial risk
factors, are critically important in predisposition of later aggression,
hyperactivity, and delinquency.



Table 1
Review of early health risk factors that may increase risk of childhood aggression.

Key health risk factors Possible mechanism Key intervention/prevention strategy

Smoking during
pregnancy

Nicotine and carbon monoxide impairment of the noradrenergic
system, decreased dopamine and serotonin

Assess smoking status of all expecting or prospective mothers;
individual smoking cessation counseling, such as Quit Works,
a counseling and referral service used in Massachusetts;
pharmacotherapy, such as nicotine patch, gum,
inhalers, sprays (Centers For Disease Control and Prevention, 2006);
early prevention programs in schools focused on dealing with peer
pressure to smoke and building self-esteem (Botvin et al., 1995).

Impaired basal ganglia, cerebral cortex and cerebellar cortex;
reduction in brain glucose; retardation in brain growth, structural
deficits to the corpus callosum

Birth complications
(preeclampsia,
preterm birth, and
gestational diabetes)

Direct brain injury (e.g. forceps delivery) Prenatal care, prenatal vitamins, ultrasound, patient education
Indirect brain damage due to hypoxia (e.g., cord compression)
with anoxia and selective damage to the hippocampus
Perinatal asphyxia leads to damage in the brainstem, thalamus,
basal ganglia, parasagittal areas, and hippocampus as well as
impaired intellectual abilities, slower academic progress,
and poorer visual–motor integration

Alcohol, drug abuse
during pregnancy

Structural deficits in the corpus callosum Screening prospective and expecting mothers for drug use/abuse, abuse
cessation education, referral for treatment and support, drug counseling,
group counseling (National Institute on Drug Abuse, 2009), early
prevention programs in schools focused on dealing with peer pressure
to take drugs, and building self-esteem (Botvin et al., 1995)

Brain growth retardation

Teenage pregnancy Decreased family stability Education of parents, children and teachers aimed at improving social
outcomes (academic achievement, resisting peer pressure, developing
positive alternatives)
and strengthening children's support system (Hawkins et al., 1999)

Increased risk of poverty
Increased risk of child abuse
Increased risk of poor school performance

Maternal depression Decreased responsiveness to children Screening and follow-up, such as community-based support programs
(Knitzer et al., 2008); education and awareness promotion;
family support.

Increased risk of affective and behavioral problems, such as hostility,
lack of warmth, and disengagement from the child
(Gelfand and Teti, 1990)

Malnutrition Reduction in brain cells Nutritional screening for diagnosis, nutritional intake, and
anthropometric measures (child weight, height, head circumference,
withvalues charted at each follow-up); referral to dietician, primary care
provider, or speech/language therapist (for swallowing, chewing
difficulty) as needed; education on adequate nutrition; food intake diary
(McCarthy et al., 2008; Royal College of Nursing, 2006)

Disturbed neurochemistry function (altered neurotransmitter
regulation with decreased serotonin and dopamine,
altered hormone regulation)
Exacerbation of neurotoxins

Lead exposure Neurotoxicity Blood lead level (BLL) screening, lead risk assessment of home,
education, information on sources of lead, follow-up with healthcare
provider (Wisconsin Council on Families and Children, 2000)
nutrition intervention

Decrease in prefrontal cortex gray matter volume
Alterations in neurotransmitters
Inhibition of NMDA receptor

Head injury Release of inflammatory mediators that contribute to cell-death
cascades or post-synaptic receptor modifications

Follow-up care with healthcare provider, educate on prevention in the
home (by use of bicycle helmets, car seats or booster seats, gates on
stairways and doors, window guards, no wheeled baby walkers)
(Park et al., 2008; Schutzman, 2008)

Release of free radicals
Excessive glutamate, excitotoxicity from calcium and zinc influx into
neurons, dysfunctional mitochondria, separation of axons from cell
body, microcirculatory derangements, break-down of blood-brain
barrier due to astrocyte foot process swelling (Park et al., 2008),
degenerative brain changes (Boll and Barth, 1983
as cited by Bijur et al., 1990)
Damage to prefrontal region that normally controls and regulates
reactions generated by limbic system
Injuries are associated with sensory and motor deficits, language
difficulties, and memory and attention dysfunctions.

Child abuse Traumatic brain injury (e.g., shaken baby syndrome), which can result
in diffuse axonal injury, subdural and/or subarachnoid hemorrhage

Education on child development and discipline, social services assistance,
screening and treatment of alcohol, drug abuse and psychological
problems, family planning, accessible healthcare (Bethea, 1999)Hypoxic/ischemic damage that can lead to cerebral edema and then

cerebral atrophy and/or infarction, chronic extra-axial fluid collection,
cystic encephalomalacia (Kairys et al., 2001)
Low family functioning, poor stability, and security within the family

Maternal stress Increased cortisol, which can affect the expression of thousands of
genes in fetal brain cells, so elevated levels of maternal cortisol may
impact fetal brain development

Minimize stress, including seeking psychological therapy is needed;
seek support from friends and family to reduce stress during pregnancy;
consume adequate protein (in pregnant rats, a 50% reduction in protein
intake wasassociated with a 33% drop in placental 11β-HSD2 activity)Down regulation in placental 11β-HSD2, increasing fetal exposure to

cortisol (Glover et al., 2009; Mairesse et al., 2007; O'Donnell et al., 2009)
Reductions in measured PI (pulsatility index) value in the middle
cerebral artery and a higher measured PI value in the umbilical artery
of the fetus, which is considered a sign of fetal hypoxia
(Sjöström et al., 1997)
HPA axis regulation of the fetus; changes in HPA axis activity are
associated with physical and mental disorders (Entringer et al., 2009)
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2.2.5. The mediating factor of the brain
Related to the concept of interactive effects, resulting in early

health risk factors, is mediating effects, which help explain the
mechanism of action when an outcome is observed. Low IQ is among
the most-replicated cognitive mediating factors for behavior pro-
blems (Hirschi & Hindelang, 1977; Moffitt, 1990). As discussed
previously, findings from Liu et al. (2009) document that low IQ
mediates the relationship between birth complications and external-
izing behaviors. Other authors have similarly found that low IQ
mediates the relationship between prenatal biological factors and
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externalizing outcomes, including such factors as nutrition (Liu, 2004;
Liu & Wuerker, 2005), maternal tobacco exposure (Weitzman, Byrd,
Aligne, & Moss, 2002), and maternal alcohol use (Korkman, Kettunen,
& Autti-Rämö, 2003). Furthermore, longitudinal studies have sug-
gested that neuropsychological deficits characterize child and adult
violence and antisocial behavior (Raine, 2002), and early neurocog-
nitive deficits precede the onset of these antisocial behaviors (Moffitt,
1990).

Spatial IQ is defined as the non-verbal ability to perform complex
visuo-spatial tasks (such as putting blocks together to form a pre-
specified pattern, work one's way through a maze) and is related to
problem solving abilities in mathematics, engineering, architecture,
science, art, and games. Low spatial IQ at age 3, as well as low verbal
and spatial IQ at age 11, predicted life-course-persistent antisocial
behavior in community children (Raine et al., 2002). Similar results,
showing that impairments in spatial abilities, but not verbal abilities,
have been identified among antisocial children (Speltz et al., 1999). A
possible mechanism by which low IQ in general functions as a
mediating factor could be through its numerous psychosocial
influences, including decreased bonding with parents, school failure,
occupational failure, and low self-esteem — all of which increase the
likelihood for antisocial behavior (Liu, Li, & Fang, 2010).

Regarding specific components of intelligence, verbal IQ on the
widely-used Wechsler scales has been more strongly correlated with
achievement than performance IQ (Kaufman & Lichtenberger, 2006).
The predictive relationship between low verbal intelligence and later
criminal behavior may reflect low academic achievement and school
difficulties in general.

The relationship between spatial abilities and antisocial behavior
may be due to right hemispheric damage, which would result in
visuospatial deficits. Right hemisphere dominance aids in facial
recognition and orientation, attention, and arousal in infants and
young children. Impairment to this brain hemisphere could hinder
child–parent bonding and affective processing and regulation (Raine
et al., 2005). As such, in this proposed framework cognition is
hypothesized to mediate the biosocial risk on externalizing and
violent behaviors.

2.2.6. Impact of early health risk factors on neurodevelopment and
subsequent behaviors

Raine (2002) and Raine et al. (2002, 2003) present evidence from
brain imaging, neuropsychological, and neurological studies that
uniformly suggest damage or dysfunction to the prefrontal cortex as a
significant predisposition to antisocial behavior. Low IQ and neuro-
cognitive deficits manifested in the right hemisphere, and specifically
in the visual and motor cortices, appear particularly important. These
deficits can impair a child's ability to establish visual and physical
connections with the parents, thereby reducing parental bonding.
Individuals who show significant instrumental aggression have
shown evidence of amygdala dysfunction, resulting in resistance to
aversive conditioning and passive avoidance learning (Blair, 2004).

The processes that can induce neurocognitive deficits are numer-
ous. Sowell et al. (2007) collected functional MRI data showing that
children with heavy prenatal alcohol exposure exhibit functional
abnormalities in the left medial temporal and dorsal prefrontal lobes
and difficulties, areas which are pertinent in verbal learning. De Haan
et al. (2006) as well as others (Sie et al., 2000) have put forth imaging
evidence that perinatal asphyxia in term birth infants can lead to
damage to the brainstem, thalamus, basal ganglia, parasagittal areas,
and hippocampus. In an earlier study by Robertson et al. (1989),
among infants who survived peri-natal asphyxia 25% showed
significant neurological impairments, including encephalopathy,
which has been correlated with impaired general intellectual abilities,
slower academic progress, and poorer visual–motor integration in
school-aged children. Non-accidental head injury, including shaken-
baby syndrome, can cause diffuse neurological insult particularly to
the prefrontal cortex. It is no surprise therefore that these injuries are
significantly associated with a range of negative neurological out-
comes, including a greater incidence of convulsions and subsequent
hypoxia; sensory processing and motor deficits; language difficulties;
and memory, attention, and other executive dysfunction (Ashton,
2010). Of note, infants and very young children appear to be especially
prone to these negative outcomes (Ashton, 2010). Bellinger (2008)
reports that lead exposure may preferentially inhibit functioning in
several areas of the brain, including the ventrolateral prefrontal
cortex, anterior cingulate cortex, postcentral gyri, inferior parietal
lobule, and cerebellum. More recently, brain imaging studies show
that exposure to lead during childhood is associated with decreased
gray matter volume in adulthood, especially in portions of the
prefrontal cortex which are responsible for mood regulation and
decision-making (Cecil et al., 2008), which in turn predisposes these
individuals to violent and criminal behavior. Consequently, lead
exposure has been associated with outcomes related to poor impulse
control, including violent offending, substance use, and ADHD
(Bellinger, 2008).

3. Empirical evidence of health risk factors during prenatal and
early childhood

The following section briefly reviews the current empirical
evidence supporting components of this framework. This includes
the following health risk factors: prenatal maternal smoking;
malnutrition; lead exposure; birth complications; childhood head
injury; maternal depression and stress; and child abuse. While these
do not exhaustively represent all health risk factors of importance to
behavioral outcomes, they reflect factors that are most salient, are
well-supported by the literature and, to a large degree are amenable
to prevention and intervention strategies.

3.1. Smoking during pregnancy

There is increasing evidence recognizing a significant association
between smoking during pregnancy and later conduct disorder and
violent offending (Ashford et al., 2008; D'Onofrio et al., 2010; Gibson
& Tibbetts, 2000; Raine, 2002; Rasanen et al., 1999; Wakschlag et al.,
2009), even after controlling for demographic, parental, and perinatal
risk confounds (Brennan et al., 1999, 2002). In a large birth cohort of
males (N=4169), Brennan et al. (1999) found a two-fold increase in
adult violent offending among offspring of motherswho smoked 20 or
more cigarettes per day during pregnancy, with an increasing dose–
response relationship between number of cigarettes smoked and rates
of violence. Furthermore, a recent study has shown that even second-
hand exposure to cigarette smoking in themother has been associated
with increased externalizing psychopathology in the child (Gatzke-
Kopp & Beauchaine, 2007).The exact mechanism through which
maternal tobacco exposure predisposes to behavioral problems in
offspring is unclear. However, carbon monoxide and nicotine have
been implicated in numerous areas of declining neurofunctioning,
including noradrenergic disruption and serotonin and dopamine
regulation (Muneoka et al., 1997); reductions in brain glucose
(Eckstein et al., 1997); and basal ganglia, cerebral cortex, and
cerebellar cortex dysfunction (Olds, 1997; Raine, 2002).

3.2. Malnutrition

Nutrition factors play an active and critical role in brain
development during pregnancy and early childhood. Human studies
suggest that a deficiency in macronutrients (e.g. protein), micronu-
trients (e.g. the trace elements zinc and iron), and a component of
omega-3 fatty acids (docosahexaenoic acid or DHA — a long-chain
essential fatty acid) can disturb brain functioning and thus further
predispose to behavior disorders in children (Breakey, 1997; Fishbein,
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2001; Lister et al., 2005; Liu & Raine, 2006; Werbach, 1992).
Neugebauer, Hoek, and Susser (1999) found that the male offspring
of mothers severely malnourished during the first and second
trimesters of pregnancy had 2.5 times the normal rate of antisocial
personality disorder in adulthood. Postnatally, prospective findings
indicate that children with protein, zinc, iron, and vitamin B
deficiencies at age 3 years exhibited greater antisocial, aggressive,
and/or hyperactive behaviors at ages 8, 11, and 17 years and the
effects are mediated by cognitive deficits (Liu, Raine, Venables, &
Mednick, 2003; Liu, Raine, Venables, & Mednick, 2004). Zinc
deficiency has been specifically associated with greater violence
and aggression (Liu et al., 2004;Watts, 1990) as well as hyperactivity
(Brophy, 1986). In animal models, monkeys and rats deprived of the
amino acid tryptophan show higher rates of aggression (Bjork,
Dougherty, Moeller, Cherek, & Swann, 1999), possibly due to the role
of tryptophan in synthesizing serotonin, which has been shown to be
reduced in individuals with impulsivity and violent behaviors
(Virkkunen, Goldman, Nielsen, & Linnoila, 1995; Werbach, 1995).
Low iron has also been linked to aggression, conduct disorder, and
juvenile delinquency (Rosen et al., 1985; Werbach, 1995). Further-
more, iron supplementation was shown to improve cognitive and
behavioral outcomes among non-iron deficient children with
attention-deficit hyperactivity disorder (Sever, Ashkenazi, Tyano, &
Weizman, 1997).

The precise mechanism of action in these relationships is not well
understood. There is speculation that proteins or minerals play a role
in either regulating neurotransmitters or hormones, or else exacer-
bate neurotoxins, and in doing so predispose to brain dysfunction,
aggression, and hyperactivity (Coccaro, Kavoussi, & Hauger, 1997;
Ferris & Grisso, 1996; Liu & Raine, 2006). Despite these promising
findings, the research literature on malnutrition and externalizing
behaviors remains both limited and controversial (Liu et al., 2004).

3.3. Lead exposure

The toxic effects of lead on neurodevelopment are well-known,
along with their consequent impact on behavior and development
(Bellinger et al., 2005; Chen & Rogan, 2005; Dietrich, Ris, Succop,
Berger, & Bornschein, 2001; Koller, Brown, Spurgeon, & Levy, 2004;
Needleman, Riess, Tobin, & Biesecker, 1996). Both animal studies
(Delville, 1999) and human studies have found that higher lead levels
measured either in the bone or blood are significantly related to
aggressive and delinquent behavior in childhood (Burns, Baghurst,
Sawyer, McMichael, & Tong, 1999; Needleman et al., 1996) as well as
in early adulthood (Wright et al., 2009). Monkeys exposed to lead
show patterns of behavioral impairment resembling the deficits of
children with attention deficit hyperactivity disorder (ADHD) (Rice,
2000). Burns et al. (1999) found that school children from a lead-
smelting community had increased externalizing behavior problems.
This effect remained after controlling for a number of confounding
variables, including quality of the child's home environment, maternal
psychopathology, and the child's IQ. Sciarillo, Alexander, and Farrell
(1992) found that children with elevated blood lead had behavior
problem scores that were 2.7 times than those of the controls. In
addition, even children with low lead exposure may suffer from
impaired cognitive performance (Koller et al., 2004). For example,
Needleman et al. (1996) found that children with elevated bone lead
levels but no symptoms of lead toxicity showed higher aggression and
delinquency scores compared to low-lead counterparts (Needleman
et al., 1996). More recently, Wright et al. (2009) found that elevated
blood lead concentrations during the prenatal and postnatal are
associated with higher rates of criminal arrests in early adulthood.
Nevertheless, studies in this area are to date few and limited, with
many studies limited by small sample size or restriction to males only.

It is recognized that elevated blood lead concentrations are more
common among children living in poverty, likely accounting for the
mediating role of socioeconomic status between lead and behavioral
outcomes (ATSDR, 1992; Hubbs-Tait, Nation, Krebs, & Bellinger,
2005). Environmental toxicity, micronutrients deficiency, and nega-
tive social environments may all produce adverse cognitive and
behavioral outcomes (Moore, 2005), underscoring the importance of
recognizing combined “health risk factors” (i.e. early health, biolog-
ical, and psychosocial factors).

3.4. Birth complications

Birth complications have been associated with antisocial behavior,
particularly in the context of mitigating factors such as socioeconomic
status and family stress. A large sample (N=4269) of Danish males
demonstrated an association between birth complications and violent
behavior in adulthood when combined with early maternal rejection
of the child (Raine et al., 1994). This has been replicated in four other
international samples (Sweden, Finland, Canada, and United States).
Prospective longitudinal research has similarly linked obstetric
complications in the context of disadvantaged familial environment
to increased adult violent crime (Piquero & Tibbetts, 1999). The
interaction between pregnancy complications and poor parenting also
predicts adult violence (Hodgins et al., 2001), as does the interaction
between increased serious obstetric complications and family
adversity (Arsenault, Tremblay, Boulerice, & Saucier, 2002). For
instance, in a sample of Finnish males (N=5587), the interaction
between perinatal risk and being an only child raised the odds of adult
violent offending by a factor of 4.4 (Kemppainen, Jokelainen, Jaervelin,
Isohanni, & Raesaenen, 2001).

Recent evidence suggests that cognition might represent a possible
thirdvariable accounting for the relationshipbetweenbirth complications
and later externalizing behavior. Liu et al. (2009) examined the influence
of birth complications in predisposing to externalizing behaviors at age
11 years. Birth complications included prenatal factors such as hyperten-
sion, low blood albumin, bleeding, and other illness (e.g., diabetes,
pneumonia, asthma, and epilepsy). Perinatal factors consisted of breech
fetal positioning, premature rupture of membrane, fetal distress, and use
of instrument delivery (e.g., forceps, Cesarean section). Postnatal factors
included cyanosis and treatment with oxygen. Among a sample of nearly
1800 children, low IQ was significantly associated with both birth
complications and externalizing behavior and was found to mediate the
birth complications–externalizing behavior relationship. Birth complica-
tions may directly contribute to brain dysfunction by impeding proper
neurodevelopment. For example, hypoxia selectively damages the
hippocampal formation, thereby impairing the limbic system, a brain
area repeatedly documented by brain imaging research to be associated
with aggression regulation anddisinhibition (Liu&Wuerker, 2005; Raine,
2002).

3.5. Head injury

The literature linking even minor head injuries to violent behavior
has consistently implicated traumatic brain injury in children in
increasing emotional dysregulation and behavioral problems, includ-
ing externalizing behaviors (Andrews, Rose, & Johnson, 1998;
Hatzitaskos et al., 1994; Max et al., 1998). Findings from neuropsy-
chological assessments indicate significantly greater frontal and
temporal dysfunction among antisocial individuals as compared to
controls (Moffitt, 1990). Neuropsychological impairment may in part
be a function of poor maternal prenatal conditions (e.g., alcohol and
tobacco exposure). Furthermore, brain imaging studies have found
that aggressive prisoners exhibit significantly reduced glucose
metabolism in the prefrontal cortex relative to matched controls
(Raine, Venables, & Mednick, 1997). While findings are variable,
antisocial and violent individuals as a group appear to be more likely
to demonstrate neurocognitive deficits relative to non-violent
controls.
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3.6. Maternal depression

Maternal depression has been consistently found to increase the
potential for negative behaviors in the offspring (Hoffman, Crnic, &
Baker, 2006; Phelan, Khoury, Atherton, & Kahn, 2007). In one sample,
maternal depression was associated with a six-fold increase in the risk
for childhood externalizing behavior (Mohan, Fitzgerald, & Collins,
1998). More recently, a large-scale longitudinal study found that
maternal depression was significantly associated with externalizing
behavior among boys at the age of 24 months, but by the time the
children entered first grade, the relationship was stronger among girls
(Blatt-Eisengart, Drabick,Monahan,&Steinberg, 2009). This is consistent
with other researchers who have noted amoderating effect of gender on
the relationship between maternal depression and externalizing
behavior (Burt et al., 2005; Wall & Holden, 1994). The contribution of
maternal mental health on childhood aggression may be mediated by
family factors, such as intra-family conflict and degree of spousal support
(Malik et al., 2007) or other maternal characteristics, such as hostile and
controlling behaviors (Marchand, Hock, & Widaman, 2002).

3.7. Maternal stress

Although not outlined in the proposed framework, maternal stress
should also be recognized as an important, overarching component of
health risk factors as it can result from any of the above risk factors.
Prenatal maternal stress is viewed as exposure of a pregnant woman
to distress – either psychosocial or environmental – which induces
biochemical changes in the mother that subsequently adversely affect
the fetus' growing organ systems, including the brain. As a
multifaceted factor, prenatal stress has been studied in various
forms, such as chronic anxiety (Sjöström, Valentin, Thelin, & Maršál,
1997) and psychosocial stress (Entringer, Kumsta, Hellhammer,
Wadhwa, & Wüst, 2009). Associations have been found between
prenatal stress and low birth weight (Wadhwa, Sandman, & Garite,
2001). Additionally, findings from animal studies have linked prenatal
stress to neurodevelopmental modifications in rats (Glover, Bergman,
Sarkar, & O'Connor, 2009). However, while recent research has
demonstrated an association between prenatal stress and the
developing fetus (particularly the development of the hypothalamic–
pituitary–adrenal, or HPA, axis, — Glover et al., 2009) the link between
prenatal stress and behavior remains largely unresolved.

Prenatal stress can be measured through biomarkers, such as
cortisol level measurements, or through self-report, such as the
Spielberger State-Trait Anxiety Inventory (STAI). Maternal anxiety as
measured by the STAI was thought to be related to a down regulation
in placental 11β-HSD2, an enzyme that protects the fetus from high
levels of circulating maternal cortisol (Glover et al., 2009). High
cortisol levels are associated with adverse birth outcomes and may
alter fetal development and subsequent adult health (Evans, Myers, &
Monk, 2008). Furthermore, prenatal stress can be denoted retrospec-
tively. Study shows that experiencing a major negative life event was
found to be associated with an alteration in the fetus' hypothalamic–
pituitary–adrenal axis functioning (Entringer et al., 2009). Such
changes are associated with physical and mental disorders, and the
study authors concluded that psychosocial stress has a strong impact
on an offspring's mental and behavioral development. Prenatal stress,
including exposure to toxicants such as cocaine during pregnancy, has
been shown to be linked to elevated salivary cortisol stress reactivity
in school-aged children (Lester et al., 2010) and Susman et al. (2010)
found that high cortisol reactivity in early adolescent children was
directly related to antisocial and rule-breaking behavior.

3.8. Child abuse

It is not surprising that child abuse and neglect are strongly
associated with a host of negative outcomes, including behavioral
disturbance in adolescence and later adulthood (Teicher, 2000;
Widom, 1989). Abused and neglected children were nearly five
times as likely to be arrested for juvenile delinquency, with Caucasian
youth demonstrating a staggering 20-fold increase in risk for juvenile
arrest for violent crime (English, Widom, & Brandford, 2002).
Moreover, the odds of arrest for criminal behavior as an adult were
twice as high among victims of abuse. These trends were demon-
strated in both males and females. Child maltreatment has also been
linked to other negative outcomes, such as drug use and psychiatric
illness (Kelly and McArdle, 1997; U.S. Department of Health and
Human Services, 2008), which may indirectly increase the odds for
aggression and violent behavior. In a review of the long-term
consequences of exposure to abuse, Teicher (2000) identified four
possible pathways that may explain such findings, including abnor-
malities in limbic functioning (predisposing to inhibition failure and
poor emotional regulation), left hemispheric damage to the hippo-
campus (resulting in memory impairment), decreased activation of
cross-hemispheric connections, and dysregulation of emotion and
attention resulting from impairment to the vernis of the cerebellum.
From a psychosocial perspective, low self-esteem – a common feature
of abuse victims (U.S. Department of Health and Human Services,
2001) – has been found to significantly increase the odds of
aggression over time (Donnellan, Trzesniewski, Robins, Moffitt, &
Caspi, 2005).

4. Significance of the framework and implications

While the proposed framework should be viewed as heuristic, it
may nevertheless provide an improved conceptual framework to
better understand and prevent violent and externalizing behavior in
children and adolescents. Research is needed in order to test the
hypotheses suggested by this framework. Nonetheless, the signifi-
cance and potential contribution made by the framework can be
viewed at four levels.

First, violence is a problem that exacts significant social, psycho-
logical, and economic tolls. Childhood externalizing behavior is a well-
documented predisposition to adult violence (Farrington, 1989, 2001;
Ferris & Grisso, 1996; Surgeon General, 2001). Increased awareness of
contributing factors to childhood externalizing behavior can therefore
help better elucidate the etiology of violence and crime. Second, the
development of interventions to reduce aggression in children hinges
on the ability to identify early risk factors that are amenable to change.
For instance, Webster-Stratton and Hammond (1997) found that
parental training that results in improved competence and maternal
parenting skills was associated with a reduction in childhood conduct
problems. Consequently, research on risk factors may help inform the
development of such prevention programs. Additionally, because
violence is considered a public health problem, prevention research
plays a vital role in informing public policy and acquiring the
economic support needed by local, state, and national agencies to
implement violence prevention programs. From a theoretical per-
spective, the early health risk factor framework emphasizes interac-
tive effects between biological and psychosocial processes, which
allows for the examination of health risk factors from the main effect
perspective as well as the interactive or biosocial perspective. Thus, it
may help provide a clearer theoretical framework for future research
on violence prediction and prevention.

Lastly, from a clinical perspective, there has been little recognition
of the ways in which general medicine and public health can
contribute to violence prevention, but the framework's emphasis on
the early childhood developmental period may help facilitate greater
discussion about the role of public health prevention initiatives,
including those among general medicine. Health promotion programs
implemented early in the child's life, such as pre- and post-natal home
visits by nurses, have been shown to play an important role in reducing
future negative behaviors, including juvenile delinquency (Olds et al.,



71J. Liu / Aggression and Violent Behavior 16 (2011) 63–73
1998). Olds et al. (1998) found that children of mothers who received
nurse home visits during the pre- and postnatal period displayed
strikingly fewer antisocial behaviors at age 15 years than children of
mothers who did not receive such visits, including 55% fewer arrests
and 80% fewer criminal convictions. Nurse-visited children also had
significantly lower rates of cigarette and alcohol use (Olds et al., 1998).
Health visitation andwellness programsmay be particularly useful for
at-risk individuals, such as single and low-income mothers.

While theremay certainly be a role for general medicine in helping
to shape future child behavior, it should be noted that there are
individual differences in susceptibility to early risk factors. For
instance, given the same level of lead exposure in the same
environment, some children do not develop high blood lead levels
or behavioral problems, while others clearly do. These individual
differences might reflect effects of protective or ameliorative factors,
such as nutrition and parenting. More studies need to be conducted to
understand why some risk factors do not uniformly result in adverse
outcomes. Along these lines, one shortcoming of this proposed
framework is that while interactions between the factors described
earlier likely result in violent and aggressive behavior, there is a lack
of empirical data to explain the underlying mechanisms of action in
these interactions. Further research is needed before definitive
conclusions can be made about cause-and-effect relationships and
the underlying mechanisms.

Use of public health prevention programs may be particularly
well-suited to the early childhood developmental period. Tremblay's
research on the prevention of criminal behavior, in which he
characterizes the preschool years as being “the best window of
opportunity” for successfully intervening to reduce physical aggres-
sion (Tremblay, 2002, 2010), suggests that optimal results come with
three important caveats. First, the intervention should be applied
early on in the child's life rather than waiting until adolescence.
Second, it should address multiple risk factors rather than a single
factor. Third, it should be conducted over an extended period of time
(Tremblay & Craig, 1995; Tremblay, 2010). Specifically, targeting
parenting behaviors, socially disruptive behaviors, and cognitive skills
are advocated. Such an intervention might include teaching children
verbal skills tomediate their use of physical aggression, helping young
children learn to delay gratification, and teaching children coopera-
tive skills to improve social interactions (Tremblay & Craig, 1995;
Tremblay, 2010). School- and home-based programs can effectively
apply such interventions or work closely with parents to impart these
skills to children early on, before aggressive behavior escalates
throughout the developmental trajectory.

The question of “nature versus nurture” has long been debated and
continues to be controversial even today. In the past, sociologists have
placed a great emphasis on social factors, while biological psychologists
argued that violent behavior is rooted in pathophysiology. By focusing
on the early developmental period, this framework serves as an
extension ofMoffitt's LCP pathway, and the emphasis of this framework
on interaction effects is consistentwith themultifactorial approach (i.e.,
developmental, psychosocial, and environmental) described by Moffitt,
Farrington, Raine, Fergusson, and others. This framework's conceptu-
alization is easily adaptable to prevention efforts, such as those
suggested by Tremblay, as early health risk factors are amenable to
intervention, as indicated by findings for Olds' longitudinal study. By
concentrating on early, modifiable risk factors, health professionals can
play a greater role in secondary and tertiary prevention. This
symbolizes a new and exciting interface between the contributions of
scientists, educators, and practitioners alike, and may help address the
long-standing public health concern of how to prevent violence.
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